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1. INTRODUTON
1.1 General
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nationd food production is primarily produced for subsistence of the farming houseliBlds
Alila and RAtieno, 2006) Rapid population growth, effects of climate change as well as
shortage of land and water lead to the depletion of natural resources. Theeogallis
prominent in arid and serarid parts of the country like Turkana and Marsabit counties,

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

The arid and serarid areas of the country make up to:80 2 ¥ { K Ster@dycaydi NEB Q a
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 @xistence. The famine of 2@ 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 focsen addressg the challenges which are
associated with shortage of moisture through utilipatiof floods occurring in the counties.

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

Floodbasedfarming is a unique form of water resourdevelopment andnanagement that
usesoften unpredictable and occasionallestructive water supply from ephemeral streams
for various farming activities. It @imate smart agriculturehat can be widely appliedor
crop production, agroforest and rangelandnanagement domestic and livestock water
supply, recharging groundwer. Floodbased farming can be expresstmiough:
A Mainly Spate irrigationc direct diversion of flashy foods in to the downstream
command area
A Flood inundation and recessiomivers overflow their embankment and flood
adjacent areas
A Flood spreading weirg; direct diversion/storage of flashy foods in to/at the
upstream side command area
A Road water harvest harvesting flood from road culverts to supplement nearby

cultivated land.
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Spate irrigation is one of the traditional practices employed by farmersi-pgstoralists 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 strearfibese ephemeral streams are
also sources of fertile sediments which are characterized by deep and fertile soil suitable for

agriculture as a result shany years oélluvial deposition.

Floodbased farming systems accounts for over 30 and 15 millemanes across the world
and SubSaharan Africa respectively. It also supports around 75 million most vulnerable
segments of society across the worktlood based farming practices is found in the Middle
East, North Africa, West Asia, East Africa and mdrtstin America. In some countries it has
a long historyg more than 5000 years in Yemen, Pakistan and (Farvansteenbergen el
2011). The arid and serarid areas of Kenyamakeupta80 2 F G KS O2dzy i NB Q&
approximately 30% of the Kayan population lives in this regioMuthigani 2011, reports
that the spate irrigation potential of Kenya could reach as much as 800,000negpaper
also discusses aboubiie of thespateirrigation systems in Kenya inciad:
1 ThePokomo and Marakote mple along the Tana River
1 The Somalis in North Eastern Provinaed newly introduced in Mandera District
(Takaba and Banisa Divisions).
1 Over flow from Daua River along the Kenya Ethiopia boarder is used in @reas
Rhamu, RhamDimtu, MalkaMari, Harere.
1 In WajirDistrict Buna DivisionKorondile Location.
1 In Habasweimistrictflood fed.
1 The North Eastern ProvindacludesModogashe especially along Lagddrg stream
in Garissa District and Booni Forest area in Masalani District. Dashedowdx
farmingis practiced along the lower reaches of the Tana River.
1 Over flow from the Tana within thimmediate flood plains that extends about 2 to 5
Km provide adequate moisture for crops groafiter the flood event.
1 The Marakwet in Northern Rift Valley iredya.
According to this paper, the mogtlgrown crops by the flood fedpate irrigation are

sorghum, maize and rarely rice.



The new agricultural sector progranwhich is called at¥5 NBR dzZ3aKi wSaAif ASyOS
Y Sy gihpemented by GIZ and with fundinjom the German Government aBrat
contributing to higher drought resilience in the two regions of Northern Kenya (Marsabit
and Turkana counties), among othefe field interventions havefocused on supporting

the two counties to implement activities fosustainable intensification of smatale
production systems, drought resilient pastoral system and transfer of clisabsitive
technologies to enhance food security and household incoriiée. purpose of thigield
researchwas to explore thebright spots for usingflood based farming in the Turkana
County Thisreport 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
& G Kdéntification of potential bright spots for floodbased irrigation systems in Turkana

and Marsabit County, northern Kenga®

1.2 Objective

The overall objective of the study is to introduce improved flood walkdization systemto
Turkana Countyhat can serve as a modedrfscaling up. It generally aims to demonstrate
feasible and efficient way of using flood water through improved diversion, storage, canal
and associated structures and application systefsithermore, the studyhas included
identifying potential bright pots where properly designed and managed fldmbsed
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:
Assesghree or more preselected sites in Turkan@ountywith a high potential for spate

and flood irrigation regarding their irrigation potential, structure type, as well as their rough
costs, longerm maintenance and capacity negds well as imaginable ris&§failures and

how to address/reduce them.

1.3 Project Area Description

1.3.1Location
Turkana County ife largest county in Kenyaituated in North Western Kenyl the west,

it is bordered by Ugandalt is also bordered to the north and north edsy Ethiopia and



South SudanPokot and Baringo Countiedso border itowardsthe south, Samburu County

to the South East, and Marsabit Couiatyd Lake Turkan@ the Eastlt shares Lake Turkana

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

between Longitudes 36 n Q

Py RQ®Ic&
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TurkanaCountyhas six sub counties namely Turkana North, Turkana West, Turkana Central,

Loima, Turkana South and Turkana East.

Turkana Administrative Map !
KIBISH
LAPUR
TURKAN TURKANA N ™

LOKICHOGGIC KAALING L

l'.'}ﬁ()/ AUNG g
{
~,
TURKWEL mhKANA CENTRAL

CENTRAL ‘u-cm)bv\

LOIMA

101 50000

N Lt KERO
\ \
» \\\rf‘ f
W
OKICHAR .
w )*‘E(‘" KATILL 2
s TURKANA SQUTH
0 2 %9 100 Kitomaters AN
Legend

Lakes
(:l Turkana Districts
Turkana Divisions

TURKAN EAST

LOKORI /f
LOMELC

\"

ProWater

50000

W00

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

1.3.2Climate

According to theFood Security Master Plan for Turkana Cousitydy report Turkana

countyf A S a

GAGKAY YSye In@iicladsified §s atidrand:skmid 13hés

+LL |

(ASAL) characterized by warm and hot climatevhich about 65 %of it is very arid, 2%

arid, 3% semiarid and 3% other landsThe temperatures range between 2T and 41°C

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

average rainfall of about 150550 mm.The rainfall pattern and distribution is erratic and
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unreliable bothin time and space. There are two rainfall seasamsa year As per the
analysis undertaken ugy the LodwarmeteorologicalstationQ 80 yearsof rainfall data, the

long rains (akiporo) usually occur betwedtarch and May and the short rains between
October andDecember The annual maximum and minimum rainfai;ige between374

and 52 mm and the mean annual is179 mm. The driest periods (akamu) are January,
February and September. The rainfall is distributed on an-east 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 blyood Security Mast Plan for Turkana County indicates thatied

to the low rainfall and high tempatures there is a lot of evap@nspiration resulting into
deposition of salt in the soil and capping on the surface. As a result, only abétiof3the
O2dzyieQa az2Af Oy 0SS NIYGSR a Y2RSNIGSt e
moderately fertile soils are found at the centrdams 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 aagortion of the Loriu Plateaus.

For the last two and a half decades, the county has fretjyesuffered 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.

1.3.3Topography
The tgography of the county iglominated by flat lowland areas with mountainous
boundaries. The altitude of the county varibstween 260 and 2276 m above mean sea

level.
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Figure2 Topographic feature of Turkana County (Source: F&mturity Master Plan for Turkana County,
2012)

1.4 Scope of the &idy
The work involvd the assessment of potential areas for flood based farming uses and
identification of three or more potential sites the county. It also proposgimproved flood
water management practices, knowledge gaps and necessary capacity building strategies.
The scope of the services coedrall necessary tasks to achieve the objectives, without
limiting to the specific activities outlined in the ToRhe detailed and required dleerables
of the studyareasare given below.
1 Assess the potential of areas and sites suitable for spate irrigation in TuCkandy,
northern Kenya (maps, field visits, interviews with irrigation and agricultural experts)
1 Analysis of existent as well dsgh potential areas for spate and flood irrigation
schemes in Turkana County, together with irrigation and agricultural experts of the
respective ministries.
1 Analysis of knowledge gaps and capacity development needs of the relevant
(agricultural) instititions on county level.
1 Report about the findings during field visits and interviews, including risks analysis of

failures and problems and how to address/reduce them.



1 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
Turkanacounty,

1 Propose appropriate flood water management and use for improving flood water
productivity;

1 Submit report and maps both in hard and soft copies.



2.HYDROLOGICAL ANALYSIS

Hydrological analysis is fundamental for the designof safe, stable and economical
structures Ddermining the design peak discharges and quartifythe volume of water
resources available in the basin/catchmemte paramountfor desigmng the structures.
Although the importance of the analysis is clear and-debatable, its reliability is often
guestioned as it is a key factor on the feasibility and sustadlityaloif the project. However,
the degree of reliability depends on the availability lohg term hydrological data. This
howeveris a major challenge in most parts of Arid and S&nmd parts of Africa l& Turkana
and Marsabit countiesTherefore, the hytblogical analysis fothe design of flood based

farming needs care and creshecking using several approaches.

Dueto the absence of the stream flodata within the visitedLaga, which is common in
arid and semarid areas, therunoff volume estimatios have been undertaken using
rainfallrunoff relationship developed by American soil and water conservation, (9C3.

This model is basically developedfter several experimental resultior undertaking runoff
estimates inunguaged catchments. Tis model depends on Curve Numbers. The SCS

method is employed to estimate the direainoff volume of the counties.

Toestimate the design peak flood the SCS model needs a daily rainfall data, which is missing
for both counties. Therefore, empirical equat®practiced in several parts of arid and semi

arid areas of the worldhave been employedThe empirical equationemployed here are
developed from an experience of several similar countriear@f and semarid partslike
Yemen, Bawana, ZimbabweSouth Africa, Namibiaand Ethiopia. In additiorelder people

of the communityhave also been interviewed fdine frequency and extent of the floods in
each siteas hisis very helpfuto crosscheck the modetesultswith reality; which is very

important in aeas where there ishortage of data and problem of data reliability.

2.1 RunoffVolume Estimation
2.1.1 Average and Dependable Rainfalls
The rainfalldata from the meteorological station at Lodwar is used floe analysis mainly

because of the availabilityf the longterm monthly rainfall datain the station and it is the

8



only station in the county where rainfall data is availalilae Lodwameteorologicaktation
has a monthlyrainfall data from 1926 to 2007, which is for 82 years. The monthly average
rainfall data for all 82 years data is presenied-igure3. However, he recent 30 years data

have been used forugantifying the potential runoff/flood volumend the50 % and 75%
dependable rainfakestimates argresented in Figurd.
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Figure3 Monthly average rainfall of Lodwameteorologicalstation (from 1926 to 2007)

As it can be observed frofigure 3, the long term monthly average rainfdibr Lodwar
meteorologicaktation hasbimodal rainfall pattern with peaks in Apahd Novembewhere

the largest rainfall occurs during the first season which is between March and May. The
secondrainfallseason is from October to December. The legn monthly average rainfall

peaks are 43 mm in April and 19 mm in November.



30

50 % and 75 % Monthly Dependable Rainfall (mm) - Lodwar Station
R 25
F
~ 20
m m 50 % Monthly Dependable Rainfall (mm)
r? 15 m 75% Monthly Dependable Rainfal (mm)
M
° 10
n
t
h 5
0. | i | i Ll

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec
Month

Figure4 Monthly dependable rainfall of LodwaMeteorologicalstation (from 1980 to 2007)

Figure4 showsthat, the 50 % and 75 %ependable rainfall resulbf the Lodwar stationAs
a result,the rainfall with50 % of probabilitycan ocur in both seasons with values of 28 mm
and 3 mm, in April (first season) and November (second season) respeciikelyainfall

with 75% probability mainly occurs in the first seas@nich is28 mm, in April.

2.12Land Use Land Cover
Land use landaver 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 analysisAs per the study map of the Turkana food security negist
plan, @epicted in figures below) the major land cover is shrub savanna or trees and shrub
SavanaFurthermore the land use mapreparedby the same author(figure 6) shows that

the dominant land usefor Turkanacounty ispastureland. The groundruth from the field
observation dictates to accept larmbvermap from theTurkana food security master plan
for the justification put below. Figuré shows picture taken during the flight from Lodwar
Nairobi The picture shows that the bushes and diw@are concentrating along the drainage
networks of theLaga/streams. The general features are consistent with the lemeermap

of the Turkana food security master plahherefore, for the overall estimation of potential

direct runoff depth,weighed lanl use of60 % barren land and 4% bush lands considered

10



The Curve numbevaluesfor both barren land and bush land (spares), for hydrological soll
group C, are 91 and #éspectively Therefore, the weighted average CN will be 85.4. The

table for Cure number is annexed.
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10600000
10600000
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Land Cover
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Figureb Land cover map of Turkana (Source: Food Security Master Plan of Turkana, 2012)
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Figure6 Land use map ofurkana couny (Source: Food Security Master Plan of Turkana, 201
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Figure7 Photograph from airplane near Lodwar while crossing Turkana Area

2.1.3 SCSCurve Number Mthod
The curve number method is the most commonly used method for estimating the volume of

runoff generated for every rainfaldrop. The CN for each soil type and land use/cover
dictates the expected maximum storage of the soil, S. In theGCBethod runoff starts
after initial abstraction la (interception, depression storage and evaporation) has been
satisfied. This abstracih 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 relationshighia followingmathematicalequation.

EdyE_ E .
e éHX X X fEquatiorl)

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

and S is watershed storagaif).

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

necessity of estimating both parameters, the relation between la and S was developed by

13



analyzing rainfaltunoff data for many small watershedsS@ 1972). Geerally, la is
considered to be 20% of the maximum soil storage, S (Equation 2).
E&q= . NX X X XEquation2)

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

“E= H X X X YEquation3)
Equation (3) is the rainfatunoff equation used by the SCS rmed for estimating depth of

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

r‘1:j . XXXX 09ljdzr GA2Y no
The storage parameter (S) varies spatially, due to changes in soils, land use/cover and slopes
and tempaally 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 selectedaily rainfall events, using Equation (5).
b =2E=xxxXx 69lidd GAzy po
Where: Q. is weighted runoff depthQ is runoff depth for each polygon (mmn#;is polygon

area (kn) andAis watershed area (ki

The direct runoff can be calculated usinguation 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 Figubelow The figure
shows a monthly directunoff for any catchment area in the countffhe analysis for the
potential runoff volume of a given catchment can be easily computed by employing
equation 5. The maximum runoff depth is expectéd occurduring April, with a runoff

depth of 21 mm and 4.5hm for 50% and 7%%6 dependable rainfaliespectively
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Figure8 Direct runoff depth of Turkana County for 50 % and %bdependable RF

2.2 PeakFloodEstimation
As discussed in section 2.1.1 of the repotbe trainfall data obtaned from Lodwar

meteorologicaktation isonly onmonthly base. Therefore, it is not possible to useidllata
for estimating the peak flood using S&3urve Number approach. Under such circumstance
where 24 hours rainfall data records are not availalitles common to use the empirical
equations developed in similar area$ arid and semarid regions which relate the peak

flood with catchment area and other parameters.

2.2.1 Watershed Area Delineation
Defining the catchment characteristics of the wethed 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 afterattigis
recorded using GPS anthe catchment areasidelineated GIS software. The hydrologic
characteristics of the catchmerstuch asvatershedarea,length of theMain Riverand mean
catchment elevation have been investigated The detail data of the catchment

characteristicas presented in the followinfigures9 to 13below.
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Figurel3Watershed area off iyaand Turk wellschemes

The results are as summarized in table 1 below.



