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1. INTRODUCTION 

1.1 General 

YŜƴȅŀΩǎ ŀƎǊƛŎǳƭǘǳǊŜ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ ǎƳŀƭƭ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛƻƴ ǎȅǎǘŜƳǎ ǿƘŜǊŜ тр % of the 

national food production is primarily produced for subsistence of the farming households (P. 

Alila and R. Atieno, 2006). Rapid population growth, effects of climate change as well as 

shortage of land and water lead to the depletion of natural resources. The challenge is 

prominent in arid and semi-arid parts of the country like Turkana and Marsabit counties, 

where the rainfall is much smaller than the annual potential evapotranspiration.  

 

The arid and semi-arid areas of the country make up to 80 ҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ territory and 

approximately 30 % of the Kenyan population lives in this region. Some of the greatest 

challenge in this area is the high frequency of drought periods threatening food security, 

poverty eradication and peaceful co-existence. The famine of 2011 was one of the worst 

recent human catastrophes and had a significant impact on the livelihoods of the region and 

its inhabitants. Therefore, this study focuses on addressing the challenges which are 

associated with shortage of moisture through utilization of floods occurring in the counties. 

The utilization of flood for agriculture hereafter is referred as flood based farming.  

 

Flood-based farming is a unique form of water resource development and management that 

uses often unpredictable and occasionally destructive water supply from ephemeral streams 

for various farming activities. It is climate smart agriculture that can be widely applied for 

crop production, agro-forest and rangeland management, domestic and livestock water 

supply, recharging groundwater. Flood-based farming can be expressed through: 

Å Mainly Spate irrigation ς direct diversion of flashy foods in to the downstream 

command area 

Å Flood inundation and recession- rivers overflow their embankment and flood 

adjacent areas  

Å Flood spreading weirs ς direct diversion/storage of flashy foods in to/at the 

upstream side command area 

Å Road water harvest ς harvesting flood from road culverts to supplement nearby 

cultivated land. 
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Spate irrigation is one of the traditional practices employed by farmers/ agro-pastoralists to 

supplement rain fed agriculture. It can occur particularly where lowland areas are bordered 

by mountainous or high land catchments where short duration floods (from a few hours to a 

few days) flow from the catchments in ephemeral streams. These ephemeral streams are 

also sources of fertile sediments which are characterized by deep and fertile soil suitable for 

agriculture as a result of many years of alluvial deposition.   

 

Flood-based farming systems accounts for over 30 and 15 million hectares across the world 

and Sub-Saharan Africa respectively. It also supports around 75 million most vulnerable 

segments of society across the world. Flood based farming practices is found in the Middle 

East, North Africa, West Asia, East Africa and parts of Latin America. In some countries it has 

a long history ς more than 5000 years in Yemen, Pakistan and Iran (F. Vansteenbergen et. al 

2011). The arid and semi-arid areas of Kenya make up to 80 ҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘŜǊǊƛǘƻǊȅ ŀƴŘ 

approximately 30 % of the Kenyan population lives in this region. Muthigani 2011, reports 

that the spate irrigation potential of Kenya could reach as much as 800,000 ha. The paper 

also discusses about some of the spate irrigation systems in Kenya including: 

¶ The Pokomo and Marakote people along the Tana River  

¶ The Somalis in North Eastern Province and newly introduced in Mandera District 

(Takaba and Banisa Divisions). 

¶ Over flow from Daua River along the Kenya Ethiopia boarder is used in areas of 

Rhamu, Rhamu Dimtu, Malka-Mari, Harere.  

¶ In Wajir District Buna Division - Korondile Location.  

¶ In Habaswein District flood fed.  

¶ The North Eastern Province includes Modogashe especially along Lagdera dry stream 

in Garissa District and Booni Forest area in Masalani District. Dasheik (ox-bow) 

farming is practiced along the lower reaches of the Tana River.  

¶ Over flow from the Tana within the immediate flood plains that extends about 2 to 5 

Km provide adequate moisture for crops grown after the flood event.  

¶ The Marakwet in Northern Rift Valley in Kenya.  

According to this paper, the mostly grown crops by the flood fed/spate irrigation are 

sorghum, maize and rarely rice. 
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The new agricultural sector program, which is called as Ψ5ǊƻǳƎƘǘ wŜǎƛƭƛŜƴŎŜ ƛƴ ƴƻǊǘƘŜǊƴ 

YŜƴȅŀΩ, implemented by GIZ and with funding from the German Government aims at 

contributing to higher drought resilience in the two regions of Northern Kenya (Marsabit 

and Turkana counties), among others. The field interventions have focused on supporting 

the two counties to implement activities for sustainable intensification of small-scale 

production systems, drought resilient pastoral system and transfer of climate-sensitive 

technologies to enhance food security and household incomes. The purpose of this field 

research was; to explore the bright spots for using flood based farming in the Turkana 

County. This report is therefore, prepared based on the invitation made by the Client and 

the Terms of Reference (TOR) prepared for this purpose. The required services are namely 

άǘƘŜ Identification of potential bright spots for flood-based irrigation systems in Turkana 

and Marsabit County, northern KenyaέΦ  

 

1.2 Objective 

The overall objective of the study is to introduce improved flood water utilization system to 

Turkana County that can serve as a model for scaling up. It generally aims to demonstrate 

feasible and efficient way of using flood water through improved diversion, storage, canal 

and associated structures and application systems. Furthermore, the study has included 

identifying potential bright spots where properly designed and managed flood-based 

irrigation systems are having tangible positive impacts on the livelihoods of the respective 

rural communities in Turkana County, northern Kenya. 

 

The specific objectives of the assignment are: 

Assess three or more pre-selected sites in Turkana County with a high potential for spate 

and flood irrigation regarding their irrigation potential, structure type, as well as their rough 

costs, long-term maintenance and capacity needs, as well as imaginable risks of failures and 

how to address/reduce them. 

 

1.3 Project Area Description 

1.3.1 Location 

Turkana County is the largest county in Kenya, situated in North Western Kenya. In the west, 

it is bordered by Uganda. It is also bordered to the north and north east by Ethiopia and 
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South Sudan. Pokot and Baringo Counties also border it towards the south, Samburu County 

to the South East, and Marsabit County and Lake Turkana to the East. It shares Lake Turkana 

with Marsabit County. The total area of the county is estimated 77,000 Km² and lies 

between Longitudes 340 олΩ ŀƴŘ ос0 плΩ9ŀǎǘ ŀƴŘ ōŜǘǿŜŜƴ [ŀǘƛǘǳŘŜǎ м0 олΩ ŀƴŘ р0 олΩ bƻǊǘƘΦ 

Turkana County has six sub counties namely Turkana North, Turkana West, Turkana Central, 

Loima, Turkana South and Turkana East. 

 

Figure 1 Turkana county administrative map (Food Security Master Plan for Turkana County, 2013) 

 

1.3.2 Climate 

According to the Food Security Master Plan for Turkana County study report, Turkana 

county ƭƛŜǎ ǿƛǘƘƛƴ YŜƴȅŀΩǎ ȊƻƴŜ ±Σ ±L ŀƴŘ ±LL ŀnd is classified as arid and semi-arid lands 

(ASAL) characterized by warm and hot climate, in which about 65 % of it is very arid, 29 % 

arid, 3 % semi-arid and 3 % other lands. The temperatures range between 20 oC and 41 oC 

with a mean of 30.5 oC. The County is generally hot and dry most of the year with an 

average rainfall of about 150 - 550 mm. The rainfall pattern and distribution is erratic and 
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unreliable both in time and space. There are two rainfall seasons in a year. As per the 

analysis undertaken using the Lodwar meteorological stationΩǎ 30 years of rainfall data, the 

long rains (akiporo) usually occur between March and May and the short rains between 

October and December. The annual maximum and minimum rainfalls range between 374 

and 52 mm and the mean annual is 179 mm. The driest periods (akamu) are January, 

February and September. The rainfall is distributed on an east-west gradient with more 

rainfall in the western parts and other areas of higher elevation.  The rainfalls in brief violet 

storms resulting in flush floods. The surface runoff and potential evaporation rates are 

extremely high. 

 

The study undertaken by Food Security Master Plan for Turkana County indicates that, due 

to the low rainfall and high temperatures there is a lot of evapotranspiration resulting into 

deposition of salt in the soil and capping on the surface.  As a result, only about 30 % of the 

ŎƻǳƴǘȅΩǎ ǎƻƛƭ Ŏŀƴ ōŜ ǊŀǘŜŘ ŀǎ ƳƻŘŜǊŀǘŜƭȅ ǎǳƛǘŀōƭŜ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛƻƴΦ ¢ƘŜǎŜ 

moderately fertile soils are found at the central plains of Lorengippi, the upper Loima, the 

lowlands of the Turkwel, Nakaton and Kawalathe drainage along the lake at the lower 

Kalokol, Turkwel and Kerio rivers and a portion of the Loriu Plateaus. 

 

For the last two and a half decades, the county has frequently suffered from failures of the 

annual rains. However, years 2006, 2007 and 2011, witnessed a higher than expected 

rainfall. This resulted to flash floods with many parts of the county experiencing loss of 

livestock and pasture. 

 

1.3.3 Topography 

The topography of the county is dominated by flat lowland areas with mountainous 

boundaries. The altitude of the county varies between 260 and 2276 m above mean sea 

level.  
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Figure 2 Topographic feature of Turkana County (Source: Food Security Master Plan for Turkana County, 
2012) 

 

1.4 Scope of the Study 

The work involved the assessment of potential areas for flood based farming uses and 

identification of three or more potential sites in the county. It also proposed improved flood 

water management practices, knowledge gaps and necessary capacity building strategies. 

The scope of the services covered all necessary tasks to achieve the objectives, without 

limiting to the specific activities outlined in the ToR. The detailed and required deliverables 

of the study areas are given below. 

¶ Assess the potential of areas and sites suitable for spate irrigation in Turkana County, 

northern Kenya (maps, field visits, interviews with irrigation and agricultural experts) 

¶ Analysis of existent as well as high potential areas for spate and flood irrigation 

schemes in Turkana County, together with irrigation and agricultural experts of the 

respective ministries.  

¶ Analysis of knowledge gaps and capacity development needs of the relevant 

(agricultural) institutions on county level.  

¶ Report about the findings during field visits and interviews, including risks analysis of 

failures and problems and how to address/reduce them. 
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¶ Recommendations on the way forward, description and calculation of the needs and 

rough costs of investments for construction, installation, maintenance as well as 

capacity development of appropriate spate irrigation system at three or more sites in 

Turkana county, 

¶ Propose appropriate flood water management and use for improving flood water 

productivity; 

¶ Submit report and maps both in hard and soft copies. 
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2. HYDROLOGICAL ANALYSIS 
 

Hydrological analysis is fundamental for the designing of safe, stable and economical 

structures. Determining the design peak discharges and quantifying the volume of water 

resources available in the basin/catchment are paramount for designing the structures. 

Although the importance of the analysis is clear and non-debatable, its reliability is often 

questioned as it is a key factor on the feasibility and sustainability of the project. However, 

the degree of reliability depends on the availability of long term hydrological data. This 

however is a major challenge in most parts of Arid and Semi-Arid parts of Africa like Turkana 

and Marsabit counties. Therefore, the hydrological analysis for the design of flood based 

farming needs care and cross-checking using several approaches.  

 

Due to the absence of the stream flow data within the visited Lagas, which is common in 

arid and semi-arid areas, the runoff volume estimations have been undertaken using 

rainfall-runoff relationship developed by American soil and water conservation (SCS, 1972). 

This model is basically developed, after several experimental results, for undertaking runoff 

estimates in unguaged catchments. This model depends on Curve Numbers. The SCS 

method is employed to estimate the direct runoff volume of the counties.  

 

To estimate the design peak flood the SCS model needs a daily rainfall data, which is missing 

for both counties. Therefore, empirical equations practiced in several parts of arid and semi-

arid areas of the world have been employed. The empirical equations employed here are 

developed from an experience of several similar countries of arid and semi-arid parts like 

Yemen, Botswana, Zimbabwe, South Africa, Namibia and Ethiopia. In addition, elder people 

of the community have also been interviewed for the frequency and extent of the floods in 

each site as this is very helpful to cross-check the model results with reality; which is very 

important in areas where there is shortage of data and problem of data reliability. 

 

 

2.1 Runoff Volume Estimation 

2.1.1 Average and Dependable Rainfalls 

The rainfall data from the meteorological station at Lodwar is used for the analysis, mainly 

because of the availability of the long-term monthly rainfall data in the station and it is the 
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only station in the county where rainfall data is available. The Lodwar meteorological station 

has a monthly rainfall data from 1926 to 2007, which is for 82 years. The monthly average 

rainfall data for all 82 years data is presented in Figure 3. However, the recent 30 years data 

have been used for quantifying the potential runoff/flood volume and the 50 % and 75 % 

dependable rainfall estimates are presented in Figure 4. 

 

 

Figure 3 Monthly average rainfall of Lodwar meteorological station (from 1926 to 2007) 

 

As it can be observed from Figure 3, the long term monthly average rainfall for Lodwar 

meteorological station has bimodal rainfall pattern with peaks in April and November where 

the largest rainfall occurs during the first season which is between March and May. The 

second rainfall season is from October to December. The long-term monthly average rainfall 

peaks are 43 mm in April and 19 mm in November.  
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Figure 4 Monthly dependable rainfall of Lodwar Meteorological station (from 1980 to 2007) 

 

Figure 4 shows that, the 50 % and 75 % dependable rainfall result of the Lodwar station. As 

a result, the rainfall with 50 % of probability can occur in both seasons with values of 28 mm 

and 3 mm, in April (first season) and November (second season) respectively. The rainfall 

with 75 % probability mainly occurs in the first season which is 28 mm, in April.  

 

2.1.2 Land Use Land Cover 

Land use land cover is also an important parameter which affects the conversion of direct 

rainfall into runoff. Different literatures have been reviewed in order to retrieve input data 

for the runoff volume analysis. As per the study map of the Turkana food security master 

plan, (depicted in figure 5 below), the major land cover is shrub savanna or trees and shrub 

Savana. Furthermore, the land use map prepared by the same author (figure 6), shows that 

the dominant land uses for Turkana county is pasture land. The ground truth from the field 

observation dictates to accept land cover map from the Turkana food security master plan, 

for the justification put below. Figure 7 shows picture taken during the flight from Lodwar to 

Nairobi. The picture shows that the bushes and shrubs are concentrating along the drainage 

networks of the Lagas/streams. The general features are consistent with the land cover map 

of the Turkana food security master plan. Therefore, for the overall estimation of potential 

direct runoff depth, weighed land use of 60 % barren land and 40 % bush land is considered.  
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The Curve number values for both barren land and bush land (spares), for hydrological soil 

group C, are 91 and 77 respectively. Therefore, the weighted average CN will be 85.4. The 

table for Curve number is annexed.  

 

 

Figure 5 Land cover map of Turkana (Source: Food Security Master Plan of Turkana, 2012) 
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Figure 6 Land use map of Turkana county (Source: Food Security Master Plan of Turkana, 2012) 
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Figure 7 Photograph from airplane near Lodwar while crossing Turkana Area 

 

2.1.3 SCS-Curve Number Method 

The curve number method is the most commonly used method for estimating the volume of 

runoff generated for every rainfall drop. The CN for each soil type and land use/cover 

dictates the expected maximum storage of the soil, S. In the SCS-CN method runoff starts 

after initial abstraction Ia (interception, depression storage and evaporation) has been 

satisfied. This abstraction comprises principally the interception, surface storage, and 

infiltration. The ratio of amount of actual retention to the maximum storage is assumed to 

be equal to the ratio of actual direct runoff to the effective rainfall (total rainfall minus initial 

abstraction). 

 

Equation (1) shows the assumed relationship in the following mathematical equation.  

Ἔ ἓἩ Ἕ

ἡ
=

Ἕ

Ἔ ἓἩ
ΧΧΧΧ (Equation1) 

Where: P is total rainfall (mm); Ia is initial abstraction (mm); Q is actual direct runoff (mm); 

and S is watershed storage (mm). 

 

In the above equation, both parameters (Ia and S) need to be estimated. To eliminate the 

necessity of estimating both parameters, the relation between Ia and S was developed by 
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analyzing rainfall-runoff data for many small watersheds (SCS, 1972). Generally, Ia is 

considered to be 20% of the maximum soil storage, S (Equation 2). 

ἓἩ= .  ἡΧΧΧΧ όEquation 2) 

 

Substituting Equation (2) in Equation (1) gives: 

Ἕ=
(Ἔ . ἡ)

Ἔ+ . ἡ
ΧΧΧΧ όEquation 3) 

Equation (3) is the rainfall-runoff equation used by the SCS method for estimating depth of 

direct runoff from storm rainfall. The parameter S in Equation (3) is related to CN by:    

ἡ=
╒╝

.  ΧΧΧΧ ό9ǉǳŀǘƛƻƴ пύ 

 

The storage parameter (S) varies spatially, due to changes in soils, land use/cover and slopes 

and temporally due to changes in soil water content. As such, the CN method is able to 

reflect the effect of changes in land use/cover on runoff. 

After computing the depth of direct runoff, the weighted runoff depth will be estimated for 

the watershed for selected daily rainfall events, using Equation (5). 

╠╪○=
В╠░═░

═
 ΧΧΧΧ ό9ǉǳŀǘƛƻƴ рύ 

Where: Qav is weighted runoff depth, Qi is runoff depth for each polygon (mm); Ai is polygon 

area (km2) and A is watershed area (km2).  

 

 
The direct runoff can be calculated using equation 3. The soil storage (S) can also be 

calculated using equation 4. Therefore, the Soil storage for the overall area will be 4.342 

mm.  

 

The computed direct runoff depth for the county is presented in Figure 8 below. The figure 

shows a monthly direct runoff for any catchment area in the county. The analysis for the 

potential runoff volume of a given catchment can be easily computed by employing 

equation 5. The maximum runoff depth is expected to occur during April, with a runoff 

depth of 21 mm and 4.5 mm for 50 % and 75 % dependable rainfall, respectively. 
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Figure 8 Direct runoff depth of Turkana County for 50 % and 75 % dependable RF 

 

2.2 Peak Flood Estimation 

As discussed in section 2.1.1 of the report, the rainfall data obtained from Lodwar 

meteorological station is only on monthly bases. Therefore, it is not possible to use this data 

for estimating the peak flood using SCS-Curve Number approach. Under such circumstances, 

where 24 hours rainfall data records are not available, it is common to use the empirical 

equations developed in similar areas of arid and semi-arid regions which relate the peak 

flood with catchment area and other parameters. 

 

2.2.1 Watershed Area Delineation 

Defining the catchment characteristics of the watershed area is an important step in 

computing the runoff for catchments which do not acquire gauging stations. As a result, 

investigation of the nature of the watershed area has been carried out after the axis is 

recorded using GPS and the catchment area is delineated GIS software. The hydrologic 

characteristics of the catchment such as watershed area, length of the Main River and mean 

catchment elevation have been investigated. The detail data of the catchment 

characteristics as presented in the following figures 9 to 13 below. 
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Figure 9 Watershed area of the Kalapata and Kospir schemes 

 

 
Figure 10 Watershed area of the Kobuin and Kaapus schemes 
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Figure 11 Watershed area of Natira-Lokipoto and Nakatwan 
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Figure 12 Watershed area of Lomidat (1 and 2) and Nakibuse schemes 

 
Figure 13 Watershed area of Tiya and Turk well schemes 

 

The results are as summarized in table 1 below. 


