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SUMMARY
Theworld hasembarked on millennium development goals that include eradicating poverty and
hunger and ensuring environmental sustainability. Thispaper focuseson enhancing returnson
investments in agricultural water through effective integration of livestock production. It suggests
that multi-sectoral approaches to investment in water, soil, crop and livestock will have greater
development impact and profitability than developing water and livestock independently in thesame
areas.

In African agriculture, livestock are important, and demand for livestock products isgrowing rapidly
particularly in urban areas– aprocessdriven by urban population growth buoyed up by increasing
discretionary income. Great opportunitiesexist for Africa’spoor livestock herdersand farmers to
engage in this rapidly expanding market, to increase their incomeand to climb out of poverty. But
increased animal production results in heightened demands for agricultural water.

African livestock use about 200 billion m3/year of rain and irrigated water most of which (99%) is
depleted through transpiration in the processof producing feed. Thiswater exceeds that estimated by
FAO for agricultural water withdrawal in sub-Saharan Africabut assumes that water isexplicitly
accounted for as transpiration cost of producing plant material for feed. Whereuseof crop residues
for feed increases, water useefficiency will also increasebecause thewater used isusually factored
into thecost of crop production. Understanding and managing livestock use of water resourcesand
improving livestock water productivity is thereforevital for better management of agricultural water
in Africa.

Livestock in Africanumber about 250 million Tropical Livestock Units (TLU = 250 kg of live animal
weight and includecattle, sheep, goats, equinesand camelsbut in thispaper excludeswine, fish and
poultry). Animal production takesplace on about half of Africa’s30 million km2. About a third of
Africa’sstock of animals resides in Sudan and Ethiopiawith another third in Nigeria, South Africa
and other East African countries (Kenya, Tanzania, Somalia, and Uganda). These arecountrieswhere
priority must be given to integrating livestock development with investments in agricultural water.
Evidence suggests that animal numbers and densities along with their demand for water will increase
following development of agricultural water resources.

Africa’s livestock producing areaof about 16 million km2 wasclassified into water-livestock
investment domains (WLD) madeup of threebasic production systems: livestock-dominated grazing
lands; mixed crop-livestock rainfed production; and mixed large-scale irrigation systems. Mixed
rainfed systems includesmall-scale irrigation carried out by householdsand communities. Large-
scale irrigation systemshaveAfrica’shighest livestock densities followed by mixed rainfed systems
and then by livestock-dominated grazing systems. The mixed rainfed crop-livestock systemshave the
largest numbersof animalswhile the livestock-dominated systemscover thegreatest land area. Each
system presentsunique agricultural water investment opportunities.

Case studiesshow that irrigation farmersand labourersbenefit from livestock keeping. In Gezira,
Sudan, 90% of the residentskeep animalsand about 36% of tenants©income comes from selling them
and animal products. In Ethiopia, livestock in smaller community based irrigationssystemsare
essential for providing farm power. In areaswith good market access, there isgreat opportunity to
take advantageof abundant crop residues to produceanimal productsasaprofitablecomplementary
activity to irrigated crop production. Irrigation isoneapproach to intensification of agriculture that is
a response to growing demand for food for increasing human populations. Thus, irrigation
development will likely coincidegeographically with opportunities for poor livestock keepers to
supply the rapidly increasing demand for livestock productsespecially in urban areas. Planning for
and making useof irrigated crop residueswill bean important sourceof feed needed to support
increased production of animal productsand may significantly increase the return on investments in
water resources.

Mixed crop-livestock rainfed systemswith good access to marketshave the prospect of benefiting
from increasing demand for high value food products including milk and meat. In both Kenya and
Ethiopia, smallholder dairy producers realize significant increasesand stability in year-round income
through useof agricultural water to quench their cows’ thirst. Whether piped or harvested, provision
of drinking water on acontinuousbasis reduces labour costsof fetching water, increasesconversion
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efficiency of both irrigated rainfed foragesand crop residues, and increasesmilk production and
animal growth resulting in increased family income. Building on the principle that crop residues are
by-productsof crop production, it follows that their use as feed increases the return on investments in
both rainfed and irrigated crop production. Thisstudy suggests that in planning irrigation, effort be
made to assessand value the role of livestock in household enterprises and to understand how returns
on investments in agricultural water development will enhanceor reducereturns from various
livestock enterpriseoptions.

Livestock-dominated production often takesplacerelatively far from marketswhere thereare limited
livelihood alternatives. Investments in irrigation open up two opportunities for enhancing traditional
herding practices. The Gezira and other nearby irrigation schemesarepart of a complex market chain
that enablesdistant herders to engage in the market becausecrop residuesproduced in theschemes
areused to fatten animalsafter they loseweight during the long trek to themarket centre in
Khartoum. In planning large-scale irrigation, moreequitablesharing of benefitsarising from
investmentscan beachieved through inclusion of pastoralist stakeholders in theplanning process.
Such action may catalyze schemedesigns that enable herders to accesswater during dry seasonsand
take advantageof crop residuesas feed. Without such planning, water development may deprive
herdersof access to feed and water resources. In addition, investments in strategically located and
well-managed watering sites in rangeland areaswith surplus feed can help offset pastoralists’ lossof
resources resulting from expanded irrigation and rainfed cropping elsewhere.

Apart from numerousopportunities to increase returnson investment in agricultural water through
systematic integration of livestock and water development in irrigated, mixed rainfed and livestock-
dominant production systems, multi-sectoral approaches to meeting the MDG goal of ensuring
environmental sustainability areneeded. Improved integrated management of water, soil, cropsand
livestock through measuressuch asconservation tillage, terracing and manure management may result
in increase soil moisture for crop growth and reduced siltation of downstream irrigation infrastructure.
Integration of water and livestock management will beparticularly helpful in highland mixed rainfed
farming systems. In all systems, better veterinary care can increaseprofitability of animalsproduced
with agricultural water and reducerelated human health risks.

Economic analyses from theGezira irrigation system of Sudan, theAwash River basin of Ethiopia,
and irrigation systems in Laikipia, Kenya, demonstrate that including animal production within
irrigation systemscan beprofitable for farming households. Revenues generated arenot simply due
to use of crop residues, crop by-productsand irrigated fodder. Rather, converting these low value
feeds into high value animal providesgreater income and returnson investments than enterprises
based on cropsalone. In addition, farmersvalue the diversification of incomesources, the
opportunity for year-round income, and manure that helpsmaintain soil fertility.

Thisstudy concludes that integrated investments in water and livestock development can avoid lost
opportunities to increasesbeneficial returns, result in moreequitablesharing of benefits, lead to more
sustainableoutcomes, and increaseoverall net returnson investmentsmade in agricultural water.
Livestock areone of themajor assets that householdsaccumulateas aresult of their efforts to climb
out poverty. Investments in agricultural water designed to reducepoverty will bemoresuccessful if
irrigation planning also helpssecureand safeguard their animal assets. Failure to take into account
needsof livestock keepers and their animalsmay reduce investment returns, have negative
environmental impact and result in enhanced transmission of zoonotic diseases to people.
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RÉSUMÉ

Le titre: Quels investissements dans les systèmesde production intégrés eau – élevage –
agriculture en Afrique Subsaharienne

Le monde entier s’est engagésur lavoiedesobjectifsdedéveloppement du millénaire, qui
comprennent entre autres l’éradication de la pauvreté et de la faim dans le respect de
l’environnement. Cedocument a pour thème les investissementspermettant d’ intégrer lesdomaines
de l’eau agricoleet de l’élevage. Il soutient que les approchesplurisectoriellesdes investissementsen
matièrede gestion de l’eau, dessols, descultureset de l’élevage génèreront desbénéficessupérieursà
ceux résultant d’approchessectorielles.

L’élevage est essentiel à l’agricultureen Afriqueet lademande deproduitsd’origineanimale
augmente rapidement surtout en zoneurbaine–un phénomènedû à la croissance démographique
stimuléepar l’augmentation constantedesrevenus. Leséleveurset les fermierspauvresd’Afriqueont
la réellepossibilitéde tirer profit decesmarchés en expansion rapide, de voir leurs revenusaugmenter
et desortir de lapauvreté. Mais l’augmentation de la production animale se traduit par desbesoins
croissantsen eau agricole.

En Afrique, l’élevageconsomme annuellement environ 200 m3 d’eau de pluieou d’ irrigation par
unité degrosbovin ; laquasi- totalité decetteeau (99%) est perduepar évaporation lorsde la
production du fourrage. Ce volume est supérieur à laquantité d’eau prélevéepour l’agricultureen
Afrique subsaharienne telle qu’estiméepar laFAO parceque, en termeséconomiques, l’eau
comptabilisée est celle qui est transpirée dans leprocessusdeproduction du fourrageuniquement.
Lorsque des résidusdeculturesont utiliséspour l’alimentation du bétail, laquantitéd’eau consommée
est bien inférieurecar elle est généralement comptabiliséedans le coût deproduction de lacéréale
produite. Pour unegestion améliorée de l’eau agricole en Afrique, il est essentiel debien comprendre
et debien gérer l’utilisation decette eau par l’élevage et d’augmenter laproductivitéde l’eau dansce
secteur.

L’Afriquecompteenviron 250 million d’unitésdebétail tropical (UBT= 250 kg depoidsvif) àsavoir
lesbovins, lesmoutons, leschèvres, leschevaux et les chameaux maiscedocument n’ incluspas les
porcs, lespoissons et les volailles). Laproduction animales’étend sur la moitiéenviron des30
millionsdekm2 du continent. A peu prèsun tiersdesanimaux se trouve au Soudan et en Ethiopieet
un autre tiersau Nigeria, en Afriquedu Sud et danscertainspaysd’Afriquede l’Est (Kenya,
Tanzanie, Somalie, Ouganda). Danscespays, l’ intégration dessystèmesd’élevage aux
investissementsen matière d’eau agricoledoit êtreunepriorité. Les faitsmontrent que lenombreet la
densitédesanimaux ainsi que leursbesoinsen eau augmenteront suivant l’utilisation desressources
en eau agricole.

La zonede production animale de l’Afrique, qui couvre16 millionsdekm2 aété repartieen Water-
livestock investment domains(WLD), composésde troisprincipaux systèmesdeproduction : leszones
àprédominancedepâturage ; lessystèmesde production agricolepluviale avec élevage associé et les
systèmesdominéspar lagrande irrigation. Lespetitspérimètres irriguésgéréspar les foyerset les
communautés font partiedessystèmesde production agricolepluvialeavec élevageassocié. Les
grandspérimètres irriguésont lesplusgrandesdensitésde bétail ; ensuiteviennent leszonesde
production mixtesd’agricultureet élevage et les zones àprédominancedepâturage. Lesanimaux sont
plusnombreux dans les zonesdeproduction agricoleet animale alorsque leszonesà prédominance
d’élevage sont plusétendues. Chaquesystèmeoffrederéellespossibilitésd’ investissement en matière
d’eau agricole.

Desétudesde casont montréque les agriculteursqui pratiquent l’ irrigation et lessalariésagricoles
tirent profit de l’élevage. Dans la Gezira, au Soudan, 90% deshabitantsélèvent desanimaux et
environ 30% du revenu desagriculteursprovient de la ventede cesdernierset aussi desproduits
d’origineanimale. En Ethiopie, l’élevagesur lespetitspérimètres irriguésgéréspar lescommunautés
est important pour la traction animale. Dans leszonesoù l’accès au marché est facile, il serait
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avantageux demettre àprofit lesquantitésconsidérablesde résidusdesculturespour laproduction de
produitsanimaux, une activité rentablecomplémentaireà laculture irriguée. L’ irrigation est un
moyen qui permet d’ intensifier l’agricultureafin derépondreaux besoinsgrandissantsen nourriture
despopulationsqui augmentent deplusen plus. Ainsi, il y ade forteschancesque dans lesendroits
où l’ irrigation est utilisée, leséleveurspauvresacquièrent la capacitéde satisfaire lesbesoins
croissantsdeproduitsanimaux, en particulier ceux des zonesurbaines. L’utilisation desrésidusdes
cultures irriguéespourrait constituer unepart importantedenourriturepour lesanimaux, ce qui est
nécessaireà laproduction croissantedeproduitsd’origineanimale et pourrait augmenter de façon
sensible la rentabilitédes investissementsdans le domainedes ressourcesen eau.

Les systèmesdeproduction mixte, culturepluviale et élevage, bénéficiant d’un accès facile aux
marchésont la possibilité de tirer profit du besoin croissant deproduitsalimentairesde qualité tels
que le lait et laviande. Au Kenya comme en Ethiopie, lespetitsproducteurs laitiersont vu leurs
revenus annuelsaugmenter de façon sensible et atteindre une certaine stabilité grâceà l’utilisation de
l’eau agricole pour étancher lasoif de leursvaches. Qu’ il s’agissed’eau courante ou d’eau récoltée,
l’ approvisionnement continu en eau potablea réduit le coût de lamain d’œuvrequi était prévuepour
aller en chercher, et augmenté laproduction de lait et lenombredesanimaux, ce qui apour résultat
uneaugmentation du revenu familial. Partant du principeque les résidusdeculturessont des sous
produitsagricoles, leur utilisation commefourragepermet d’augmenter la rentabilitédes
investissementsdans ledomainede laproduction agricolepluviale et irriguée. Cetteétudedonneà
entendrequ’en mettant au point un systèmed’ irrigation, il est important d’évaluer le rôlede l’élevage
dans l’entreprise familialeet decomprendre àquel point la rentabilitédes investissementsdans le
domainede l’eau agricole renforceraou réduira les revenusprovenant desdifférents typesde
systèmesd’élevage.

La production agricole àprédominanced’élevage se fait souvent assez loin desmarchésoù lesmodes
desubsistance sont limités. Il y adeux possibilitésd’améliorer lespratiques traditionnellesde
l’élevage grâce aux investissementsdans ledomainede l’ irrigation. Lespérimètres irriguésde Gezira
et deszonesenvironnantes font partie d’unechaîne complexedemarchéspermettant aux éleveursde
prendrepart au marché car les résidusde culturesen provenance decespérimètressont utiliséspour
engraisser les animaux qui ont maigri pendant leur long acheminement vers lemarchédeKhartoum.
Une répartition équitable desbénéficesprovenant des investissements est possiblegrâce à
l’ intégration desacteurs ruraux au processusd’aménagement lorsde la mise en placedes grands
périmètres irrigués. Une telle démarchepourrait favoriser la conception despérimètres irrigués, cequi
permettrait aux éleveursde disposer d’eau en saison sèche et d’utiliser les résidusdes culturescomme
fourrage. Sans ce typed’aménagement, l’utilisation de l’eau pour l’ irrigation peut priver les éleveurs
de fourrage et de ressourcesen eau. De plus, le fait d’ investir au niveau dessitesd’ irrigation ayant un
emplacement stratégiqueet qui sont bien gérésdans leszonesdepâturageou il existeun surplusde
fourragepeut contribuer àcompenser laperte des ressourcesdeséleveursdue à l’ irrigation intensive
et à l’agriculturepluvialedans lesautres régions.

En plusdesnombreusespossibilitésd’améliorer la rentabilitédes investissements dans ledomainede
l’eau agricole grâceà l’ intégration systématiquede l’élevageet de l’utilisation de l’eau aux systèmes
deproduction agricole irriguée, pluviale avec élevage associé, il est nécessaired’adopter des
approchesplurisectoriellesvisant à atteindre lesObjectifsdeDéveloppement du Millénaire relatifsau
respect de l’environnement . Une meilleuregestion communede l’eau, dessols, descultureset de
l’élevage par desmoyens telsque les techniquesde labour améliorées, le système des terrasseset la
gestion de lamatièreorganique, permet d’obtenir dessolsplushumides favorables aux cultureset
peut réduire l’envasement des canaux d’ irrigation en aval. L’ intégration de la gestion de l’eau et de
l’élevage serait particulièrement utile dans lessystèmesdeproduction agricole pluviale avec élevage
associéen région montagneuse. Dans tous lessystèmes, demeilleurssoins vétérinairespermettraient
d’augmenter la rentabilitédesanimaux produitsgrâceà l’eau agricoleet de réduire les risquespour la
santédeshumains.

Les analyseséconomiquesà partir du systèmed©irrigation deGeziraau Soudan, du basin de la rivière
Awash en Ethiopieet dessystèmesd©irrigation à Laikipia, Kenyadémontrent que l©intégration de la
production animaleau sein des systèmesd©irrigation peut êtreprofitablepour les famillespaysanes.
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Les revenusgénérésne sont passimplement dûsà l©utilisation des résidusderécolte, dessous-
produitset du fourage irrigué. Plutôt, la conversion de cesalimentsde faible valeur en produits
animaux de grande valeur tel que le lait offre souvent un revenu et desmargesbénéficairesplus
grandsque dans les entreprisesbasées seulement sur l©agriculture irriguée. En plus, lespaysans
apprécient ladiversification des sourcesderevenu, l©opportunitéd©un revenu étalé sur toute l©année et
la fumurequi contribueau maintien de la fertilitédu sol.

Cetteétudemontreenfin que l’ investissement dans les domainesde l’eau et de l’élevagepermet de
maintenir lescapacitésd’augmenter la rentabilité, d’obtenir unerépartition équitabledesbénéfices
ainsi quedesrésultatsplusdurables. Lebétail constitue l’un desprincipaux biens que les familles
amassent dans leur luttepour sortir de la pauvreté. L’ investissement dans ledomainede l’eau agricole
conçu pour réduire lapauvreté serait plusefficace si lapolitique d’ irrigation contribuait aussi à
protéger les ressources animales. Si lesbesoinsdeséleveurs et de leurs animaux nesont pasprisen
considération, celapeut entraîner unebaisse de la rentabilitédes investissements, avoir une incidence
négativesur l’ environnement et causer uneaugmentation de la transmission desmaladiesd’origine
animale aux humains.
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INTRODUCTION
4.1 Crops, livestock and peopledepend on agricultural water. SIWI, IFPRI, IUCN and IWMI (2005)

state that abalanced human diet of 3000 kcal/day requires three to four m3 of water per day or 70
times that needed for household use. However, SIWI also states that water requirements to
produceonekg of grain-fed beef and poultry requireat least 15 m3 and about 5 m3 respectively,
but grains, pulses, and root cropsrequire less than two m3/kg produced. Such figureshave led
many policy-makers and investors to conclude that animal production should be discouraged
because it uses too much water in awater scarceworld. Given the need for agricultural water
development in Africa to produce more food and to contribute to poverty reduction, there isneed
to ensure that livestock keeping contributes to these two development goals rather than
constraining them. Thispaper examinesopportunities for making investments in agricultural
water in Sub-Saharan Africa (SSA) moreeffective through integration of livestock keeping and
production practices into agricultural water management. The intent is to increase overall returns
on investments in agricultural water and to ensuresustainability of water resourcesdeveloped for
agricultural purposes. The premise is that in poor African household enterprises, cropsand
livestock areboth integral componentson which human wellbeing dependsand that investments
in agricultural water to enhance yield and profitability of cropswill affect and beaffected by
livestock keeping within the farming systems.

4.2 Agricultural water isvital for livestock, but poorly managed animals can degrade water
resources. Domestic animalsprovide food for people, manure, traction and transport essential to
farm production, income generation through saleof animal products, and ameans to help
overcomedrought and seasonal food deficits. They providean effective livelihood-based
pathway out of poverty for the rural poor, particularly in areashaving good access to markets
(Thornton et al., 2002). Evidence suggests that integrating investments in agricultural water with
livestock will benefit both sectorsand lead to overall improvements in livelihoodsand decreased
poverty. Ignoring thisoption often leads to lost opportunities for benefits, contamination of
agricultural water resources, degradation of irrigation infrastructureand conflict especially
between pastoralistsand farmers.

4.3 Sub-Saharan Africawill undergo dramatic and dynamic changesover thenext 20 to 30 years.
Driving thischange are two major forces. First, thehuman population will increase by more than
50%, and much of thisgrowth will concentrate in urban areas. Second, the global development
community is committed to achieving the MDGsof halving poverty and hunger levelsand
ensuring environmental sustainability by 2015. Structural change associated with rapid increases
in livestock production and demand provides good opportunities for reducing poverty and hunger
through increased investments in livestock development, but thiswill requiresubstantial
quantitiesof agricultural water to produce feed. Ensuring that currently poor farmersand herders
benefit from thisdevelopment process rather than lose access to water resourcesrequires
investments in agricultural water that enable an optimal mix of crop and livestock based
enterprises. Effectiveand sustainable integrated water, soil, crop and livestock management of
what theECA (2001) calls thepopulation-agriculture-environment nexus isneeded.

4.4 Thispaper focuseson opportunities to enhance investment returns in agricultural water through
integration of livestock into production systemsby considering three issues. The first is the
development context of thedynamic livestock sector including theanticipated rapid growth in
demand for animal products that are transforming the livestock sector and placing increased
demand on agricultural water resources. Thesecond isacontinent-wide spatial analysisof the
current and projected distribution of livestock with implications for related pressure on water
resourcesand investment options that better integrate agricultural water and livestock
development. Thirdly, thispaper suggests aset of water-livestock investment strategiesand
options that can help guide planners toward moreeffective useof water and more beneficial
animal production.
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METHODOLOGY
4.5 This report is theoutcomeand summary of a literature review and a seriesof case studies (Peden

et al., 2004), GIS-based spatial analysesof livestock, water and people and in Africa, and
synthesis to highlight key issuesand generate suggested strategiesand options for agricultural
water investment to help improve the impact of both water and livestock development on poverty
reduction in Africa.

4.6 Agricultural water isa loosely defined term. Lacking agenerally accepted definition, thispaper
follows thespirit of thedescription given by the journal, Agricultural Water Management, that
states: “Thescope includessuch diverseaspectsas irrigation and drainageof cultivated areas,
collection and storage of precipitation water in relation to soil propertiesand vegetation cover;
the roleof ground and surfacewater in nutrient cycling, water balanceproblems, exploitation
and protection of water resources, control of flooding, erosion and desert creep, water quality
and pollution both by, and of, agricultural water, effectsof land useson water resources, water
for recreation in rural areas, and economic and legal aspectsof water use. Basic soil-water-
plant relationships (are) considered only as far as is relevant to agricultural water
management.” We have explicitly accepted that livestock aremajor usersof agriculturewater.

4.7 To develop abrief Africa-wideoverview of livestock interactionswith agricultural water, we
combined individual species into tropical livestock units (TLU) whereoneTLU is 250 kg of live
animal weight, and each individual hasbeen assigned aTLU valueTable1 (FAO, 2004b). The
data presented refer collectively to cattle, sheep, goats, equinesand camels. They do not include
swineand poultry partly becauseof lack of good data. In future, these two will, nevertheless
becomemore important in meeting projected and rapidly rising urban demand for meat. Both of
these speciesalso hold promise for reducing poverty near market centresbecause poor farmers
can acquire a few animalsand raise them profitably in almost landlesshouseholds.

Table1: Tropical Livestock Unit (TLU) equivalent for livestock speciesused in thisstudy with
poultry and swinenot included and whereoneTLU equals250 kg live animal weight.

Species TLU/head Species TLU/head Species TLU/head

Cattle 1.0 Horse 0.8 Camel 1.4

Sheep or goat 0.11 Donkey 0.5 Mule 0.7

Note: Assuming the average person weighs, 60 kg then one person equals about 0.25 TLU.

Stratification of Afr ica

4.8 Based on availabledatasets for Africa, a stratification of Sub-Saharan Africa into water-livestock
investment domains (WLD) wasdeveloped. WLDsrepresent theoverlay or cartographic
intersection of farming system types, physical access to markets, water availability and the
human population in 2000. Thisstratification formsa framework for identifying opportunities
for investments in integrated water-livestock development. Because cartographic dataused in
thesesanalyseswereavailable for all of Africa, wedid not limit thespatial analyses to Sub-
Saharan Africa, the focus for this investment study.

4.9 The farming systemsdescription differentiatesbetween livestock-dominant production (grazing
areas) with littleor no cropping and mixed crop-livestock systemsthat can besub-divided into
rainfed and irrigated areas. Public domain data from diversesourcesand availableat ILRI were
used and thesedata are available for future use. Physical market access for SSA wasdescribed
by cost-distance analysis, and it represents thephysical access to townswith apopulation of
more than 50,000 in theyear 2000. The physical access in termsof weighted time unitswas
calculated on the basisof land cover, slopesand transport routes. An additional travel timecost
was taken into account at national boundaries, since these act asbarriers to travel.

4.10 Thehuman population estimates to 2030 werebased on 2004 figures from theCentre for
International Earth Science Information Network to match country-level projectionsaccording to
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theUN medium estimates, but with some spatial modelling within countries, to takeaccount of
market demand.

4.11 For water availability, river basin values from theFAO Atlasof Water Resources and Irrigation
in Africawereused (FAO 2003). The values for Internally Renewable Water Resource (IRWR)
and Natural Inflow (NI) wereadded up and combined into a “Discretionary Surface Water”
raster dataset. IRWR represents the sub-basins contribution to theoverall runoff of themajor
basin and isactually thedifferencebetween precipitation and actual evapotranspiration or the
"surplus" rainfall that either infiltrates to rechargeaquifersor runsoff into rivers. It iscalculated
using amodel that takes into account precipitation, reference evapotranspiration, and soil
moisture storage capacity. Thisso-called “surplus” was then routed through theriver basinsand
natural inflow calculated.

4.12 Making the stratification useful required limiting thenumber of WLD classes, and this in turn
requiressimplifying thenumber categories in the input spatial datasets. An expert working
group agreed on the following classes for input data, but werecognized that these aresomewhat
subjective choices:

· Farming systems: a) rainfed agriculture highly dominated by livestock with littleor no
cropping; b) mixed crop-livestock production in rainfed areas, and c) mixed crop-livestock
production in mixed large-scale irrigation schemes. Mixed large-scale irrigation was
defined aspixels from thespatial data that had more than 10% of the land as irrigated
command areaswithin livestock producing areasonly. Small-scalehousehold and
community based irrigation and somemid-size irrigation systemswill fall under themixed
rainfed crop-livestock system. Thus, theseanalysesmay differ from the recently
published IWMI Global Map of Irrigated Area, 1999 (IWMI 2004) that singlesout some
areasclassified as irrigation mosaic.

· Market access: a) “Good” with travel time thenearest market centre less than 60 weighted
time unitsand b) “bad” with travel timegreater than 60.

· Human population density: a) “High” greater than 50 people/km2, and b) “ low” with less
than 50 people/km2.

· Discretion water availability: a) “High” with more than 300 mm/year equivalence, and b)
“ low” with less than 300 mm/year equivalence.

Ranking pr ior ities of countr ies and WLDsfor investments in water and livestock

4.13 With these four criteriaand classes, there are 24 possibleWLD. Consultation with peers
reached aconsensus that six factorscould be feasibly used to assess the importanceof the WLDs
in termsof thepotential benefit that would come from integrating investments in agricultural
water with livestock development. Theseare:

· Theextent of land area for each WLD,
· Thenumber of TLU,
· Thedensity of TLU calculated by dividing theNumber of TLU by the extent of land area

for each WLD,
· Thehuman population sizeLU,
· Thehuman population growth rateestimated by back-calculating rates that would bring

about theprojected change in population from to 2000 to 2030, and
· Thenumber of poor livestock keepers classified aspoor according to the World Bank

poverty rate; i.e., they fall below their home country-defined poverty line (Thornton et al ,
2002).

4.14 Fifty African countrieswere ranked six times, once for each of the foregoing criteria. An overall
ranking wasobtained by calculating thesimplesum of the six ranks. Werecognize that other
criteriacould havebeen chosen and that weightingson each criterion could have been assigned,
but thiswasnot donebecause there wasno clear advantage for doing so. Similarly, the WLDs
were also ranked according thesame criterion and procedure. Wealso recognized that many
livestock liveoutside thedefined WLD areas especially in urban environments. Thisstudy did
not address the issuesof urban agriculture in detail, but it isgrowing in importance.
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4.15 Stratifying Africahassome limitation. Country-country differences in data collection, accuracy
and precision vary. The resultswill bemost reliableat describing trendsover large areas. For
small areas, resultsshould be used with caution and there will beaneed for moredetailed local
assessmentsprior to making specific investments. Thisstudy integrates livestock acrossAfrica
using theTLU concept, but thismasks the fact therearesignificant within species, inter-breed
variation in animal weightsand thenatureof their useof and impact on water resources. This
study did not look at wildlifeproducing areasor includewildlife in TLU estimates.

Case studies

4.16 Thecase studiesaredescribed in detail in Peden et al. (2004). They were conducted in Ethiopia,
Sudan and Kenya, countries that contain areasrepresenting all major WLD (Table2), haveabout
one third of Africa’sdomestic animalsand includeawiderangeof agro-ecologiesand
production systems. Thus, they go along way toward representing the rangeof many of
conditions found in theWLDs. Nevertheless, investors and development personnel areadvised
to assess local conditions, issuesand prioritiesaspart of future planning processes.

Table2: Case studiesshowing links (“X”) to major production systems

Relevant production system *
Mixed crop-livestock Livestock-

dominant
Urban

Location Case study

Ir r igated Rainfed

Ethiopia - Afar Pastoralists’ emergency relief X
Ethiopia - Awash Fasciolosis & irrigation X X X

Ethiopia - BoranaPlateau Wealth savings X

Ethiopia - Rift Valley Households & community X

Ethiopia - Tigray Water harvesting & livestock X X X
Ethiopia -Koka Siltation: Kokadam X X X

Kenya - multi-district Water for dairying X X

Kenya -Laikipia New Mutaro irrigation X X

Sudan - Gezira Gezira large-scale irrigation X X X

Sudan - Khartoum Urban livestock X X
Sudan - Khordofan & Dafur Rain-fed livestock X X

* Although most case studies were conducted in specific sites or production systems, lessons learned are often
relevant to other production systems and WLDs becauseanimals may move from one to another.
Nevertheless, individual production systems may haveunique roles to play in the market chain for animals
and livestock products that span two or more WLDs.

Note: Casestudy details, except Ethiopia Rift Valley and Kenya - New Mutaro are given in Peden et al. (2004).

DEVELOPMENT CONTEXT
4.17 Human population growth in Africadrives increasing demand for food production meaning that

the latter must grow at a rateof 6% per year from now until 2030 to provide for not only the
future increase in mouths to feed, but also to overcome current food shortages(FARA 2003).
Achieving food security requiresyield increasesof 62%, higher cropping intensitiesof 13%, and
expansion of cropland by 25% (FAO 2003). Historically, most agricultural water development
strategies to feed the futurepopulation ignored the important roles livestock play in contributing
high quality food products to human dietsand in providing animal power for crop production
that enhances food security. Frequently, they also overlook theneed to mitigate the negative
impact of irrigation development on pastoralists’ livelihoodscaused by lossof vital dry season
watering and grazing areas. Similarly, livestock development hasgiven littleattention to itsuse
of and impact on water resources. Thissection highlightskey issuesof human demography,
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increasing demand for livestock products, the impact of livestock-related degradation of land and
water resourcesand theuse of water by livestock in Africa.

Human population and income growth

4.18 Thenumber of people in Africacontinues to grow at about 2.5% per year (Table 3) (World
Bank, 2004) and at this ratesdoublesevery 16 yearswhileGDP is increasing at 3.2 %/year. The
SSA urban population growth rate isabout 5% per annum, and thenumber of urban dwellershas
increased from 23% in 1980 to 34% in 2000 (World Bank, 2004). To meet growing urban
demand for food, production of vegetables, melonsand livestock products (Table4), is rising
rapidly. Income growth, particularly among therising urban middle class, correlateswith
changing consumption patterns that aredriving thedemand for high valueproducts including
processed foodssuch asmeat, milk, and other dairy products. On thesupply side, liberalization
of agricultural tradeand globalization drivechanges in theagri-food economy with easier access
to imported foods. Therapid riseof supermarkets in developing countries, including many areas
in sub-Saharan Africa, also providesnew opportunities for poor rural and peri-urban people to
participate in dynamic markets (Weatherspoon and Reardon, 2003).

Table3: Annual growth rates (%) of population, urban population, and GDP

Rural + urban Urban GDPRegion
1975-
1984

1985-
1994

1995-
2004

1975-
1979

1980-
1990

1990-
2002

1975-
1984

1985-
1994

1995-
2004

Africa– All 2.9 2.7 2.4 4.5 4.5 4.1 3.3 2.0 3.5

Sub-Saharan Africa 3.0 2.8 2.5 5.0 4.9 4.7 2.3 1.7 3.2
Source: The World Bank’s African Development Indicators, 2004

Table4: Production Growth Per Capita in Developing Countries, 1975-2001.

Crops % Per
annum

Livestock
products

% Per
annum

Cereals 0.4 Milk 1.7
Vegetables & melons 3.4 Pork 4.0

Poultry 5.9

Source: FAO Data files 2003

Demand for livestock products

4.19 Livestock production, particularly poultry and pork, hashad oneof the fastest growth rates in the
agricultural sector in developing countriesover thepast 25 years (Table4). By 2020, livestock
will compriseabout 30% of the valueof global agricultural output making it oneof themost
important agricultural sectors in financial terms(deHaan et al., 2001). Projectionsof trends in
the livestock sub-sector (Table5) suggest that by 2020 consumption of meat will grow by 3.5%
per annum and milk by 3.8% per annum in SSA (Delgado et al., 1999) whileproduction will
grow by 3.4 and 4.0% respectively. At thishigh rate of growth, per capitaconsumption in SSA
will still beonly about onethird of the level expected in developed countriesand remain below
that anticipated for other developing areasof Asia and Latin America. Projected production
trendspredict that annual growth of meat production will increase by 3.4 % and milk production
by 4.0 % (Delgado et al., 1999) (Table 4).

Increased demand for water

4.20 Theanticipated rapid increase in consumer demand that will motivate increased supply of animal
products to urban marketsand lead to correspondingly great increases in water use by the
livestock sub-sector. Managing thisdemand for additional water for livestock productsdictatesa
need to integrated livestock development with investments in agricultural water development.
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Table5: Projected trends in meat and milk consumption and production, 1993-2020.
Projected % annual
growth 1993-2020

Total in 2020
(Million metric tons)

Per capita in 2020
(Kg/year)

Region

Meat Milk Meat Milk Meat Milk

Consumption:
W. Asia & N. Africa 2.8 3.0 15 51 24 80
Sub-Saharan Afr ica 3.5 3.8 12 31 11 30
Developing world 2.8 3.3 188 391 30 62
Developed world 0.6 0.2 115 262 83 189
World 1.8 1.7 303 654 39 85

Production:
W. Asia & N. Africa 2.5 2.6 11 46 18 72
Sub-Saharan Afr ica 3.4 4.0 11 31 10 30
Developing world 2.7 3.2 183 401 29 63
Developed world 0.7 0.4 121 371 87 267
World 1.8 1.6 303 772 39 100

Source: Delgado et al., 1999

Degradation and conservation of water and land resources

4.21 Environmental degradation isboth acause and aresult of poverty in Africa. Major concerns
include lossof arableand grazing land, declining soil productivity, lossof biodiversity, pollution
and depletion of fresh water resources. “Becauseof poverty, many farmersare incapable of
making intensiveagriculture that requiressignificant inputsor to undertakeother soil
improvement investments. Theonly alternative for them is to use thesoil until it iscompletely
degraded. … Thedegraded environment produces less food, makesbiomass fuel scarcer,
reduces ecosystem resilience, and renderspeoplemalnourished and moresusceptible to
diseases” (ECA 2001). Annual cropping isaprimary cause of land and water degradation,
especially in high rainfall mountainousareasprone to excessive run-off, soil lossand
sedimentation (Hurni, 1989). Soil lost from farmers’ fields in Ethiopia’sAwash River basin
reduced electrical generation capacity of the country’s largest integrated water development
schemeby 30% (Berhe, 2004 and Eyasu, 2003)) and irrigation potential is threatened. Sudan’s
Gezira irrigation scheme hasexperienced seriousdecline in irrigation capacity due to siltation
(Peden et al., 2004). Poor animal husbandry aggravates land and water degradation especially
where limited feed constrainsanimal production and farmers feed too much crop residue to their
animals thereby decreasing thepositiveaffect residues haveon soil and water conservation.
Figure 1 qualitatively describes livestock-related risk based on theconvergenceof slope, soil
texture, annual rainfall, tree-cover, and estimated livestock densities for 2000 and 2030. Serious
land degradation ismost likely to occur in Sudan, Nigeriaand higher elevationsof East Africa,
especially Ethiopia.

4.22 Well-planned integration of livestock with water resourcedevelopment can mitigate the impacts
of livestock-related land degradation. For example, land degradation adjacent to irrigation
infrastructurecontributes to the degradation of and reduced returnson investments. Better
upslopemanagement of soil reducesdownslope siltation and damageto irrigation infrastructure
by reducing run-off and soil erosion and increasing infiltration and retaining soil. An integrated
approach to land and water management will not only improve upsloperainfed production, but
also protect downslopeagricultural water. Thekey is to minimizeexposureof the soil to erosive
rainfall. Conservation tillage, terracing and maintaining vegetative ground cover soil organic
matter can greatly help. Limiting animal grazing on crop stubbleand limiting removal of crop
residue for consumption by zero-grazed animalscan also contribute to soil and water
conservation. Conservation tillageenables retention of water in farmers’ fieldsand increaseson-
farm production. It also reduces thedemand for animal power, and thus thenumber of oxen
farmersneed. With fewer animals required, demand for animal feed is less. Much of themanure
that animalsproducecould also be returned to thesoil to help retain moisture, but farming
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householdsneed alternative energy sources. Providing socially acceptableand affordable fuel
can enable soil and water conservation that will have many benefits including protection of
downslopeagricultural water resources. Opportunitiesexist in mixed rainfed crop-livestock
systemsto integrate investments in development of agricultural water and crop and livestock
production moreefficiently and beneficially than isolated separate investment in these individual
agricultural sub-sectors.

Figure 1: Livestock-related threat of degradation of land and water resources in 2000 and projected to 2030
indicating areas whereextra caremay be needed to ensure that livestock keeping practices do not
cause lower than expected returns on investments in agricultural water.
[Source: ILRI, 2004]

4.23 Land-use isdynamic asone form of agriculture replacesanother. In planning theexpansion of
irrigation, there isgreat need to factor into financial feasibility studies thecosts imposed on
displaced livestock keepers and thedamagethat livestock keeping can subsequently do to water
resources(Peden et al., 2004). Not doing so will likely reduceoverall returnson such
investments.

Livestock in Afr ica and their use of and impact on agr icultural water

4.24 Livestock production typically makesup about 10-30% of African agricultural GDP
(OAU/IBAR, 2003) and more than half in someAfrican countries (e.g., Sudan and Somalia).
Thisexcludes thenon-market valueanimalsprovide such as traction and transport that are
essential for producing food cropsand moving them to marketsand consumers. With thehuman
population in Africaexpected to grow by more than 50% over thenext 20 years, investments to
increase food production must correspondingly follow. Livestock productsmake up an
important and rapidly increasing shareof diets in Africa (Table5), and water isa vital input for
animal production. Already, food production usesmore than 70% of managed water in
developing countries. Achieving a50% increase in food production with the same amount of
water isnot possiblewithout increasing water useefficiency. Because of thecurrent importance
and thehigher rateof growth of livestock production, there isa great need to factor livestock
production into planning for water resourcedevelopment. Most of thescientific literatureon
water useby livestock in Africa focuseson drinking water (Seleshi et al., 2003; Peden et al.,
2003), but thisamounts to about onepercent of the water animals require. In contrast water used
to produce feed can account for up to 99% of thewater used by animals. A few studies (e.g.,
Goodland and Pimental, 2000) consider the feed dimension of water use, but thisusually focuses
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on industrialize livestock production in developed countriesand isnot relevant to the currently
African context. Ascountriesbecomemore industrialized, livestock can useup to half of all
agricultural water, and there is growing interest in using waste water for feed production. A
crucial knowledgegap exists in understanding the roleof livestock in overall water useand the
efficiency of water use in livestock production. Animal production needs to be part of the
solution and not theproblem.

4.25 Assuming that agricultural water isallocated specifically for the purposeof producing animal
feed, then total livestock useof water will beasmuch as100 times greater than that needed for
drinking alone(Peden et al., 2003). In grazing systems, feed production dependson rainwater
that isoften unavailabledirectly to meet other human needsalthough itsuse by animalsmay
affect ground water recharge, flooding and important ecosystem services and hydrology.
However, crop residues are produced asby-productsof crop production, and their use asanimal
feed doesnot require much, if any, additional water in excessof what thecrop alonewould have
used. A key challenge and opportunity for adding value to investments in rain and irrigation
water is to develop strategiesof how, when and where to produce animal feed derived from crop
residues. Increasing useof crop residues for animal feed and shifting feed sourcing to land
unsuitable for rainfed crop production may bepart of thesolution. Experience from northern
Ethiopiademonstrates that farmersoften choose to plant low-valuemaize rather than high-value
cash crops such as tomatoesbecause they also placehigh valueon having quality crop residue to
feed to their animals. In some cases, farmers choose to irrigatehigh quality foragecrops such as
alfalfabecauseof high demand for dairy productsand opportunities to fatten sheep or cattle
make theenterpriseprofitable. The trade-offsbetween using irrigation water for forage
production and food cropsmust beconsidered including selection of crops that havehigh value
asanimal feed thepotential for marketing of animalsand animal products. Furthermore,
strategic investments in watering points for livestock can help spread grazing pressure to areas
where feed production does compete with human food production. Balanced and selected
investment in water supply for livestock drinking may complement investment in water
development for production of human food and animal feed.

4.26 Apart from the importance of animal production in African agriculture and food production,
poorly managed livestock contribute to water contamination, degradation and depletion.
Undesirable interactionsof livestock with water resourcesaggravate theunacceptably low health
standardsof many Africans. Part of thesolution to improved planning, development and
management of water in Africamay beachieved through investment in better livestock keeping
practices that are consistent with maximizing sustainable return on investments in futurewater
resourcedevelopment. Livestock grazing and watering along the edgesof water bodiessuch as
riversand dams leads to removal of riparian vegetation, increased sedimentation, contamination
of domestic water with zoonotic parasitesand may create environmentsmore favourable for
mosquitoes that transmit several seriousdiseasesespecially malaria. However, thereareoften
relatively simpleways to alleviate someof these threats. For example, Atwill et al. (2002)
showed that three-metrewide buffer stripswere 99.9% effective in filtering Cryptosporidium
from agricultural run-off suggesting that thissimple investment in water management could
greatly reduce aubiquitoushuman parasite that isasignificant factor in people’scapacity to cope
with HIV.

Conflict – impact of agr icultural water development on pastoralists

4.27 As “pastoralistsmigrate they moveover largeareasof grazing land. They may use land and a
water sourceonce a year and return thenext year to find that it hasbeen taken over by farmers
who haveviewed the land asunused” ). “ In mixed villageswherepastoralistsare in a minority,
… pastoralistsareoften excluded from …development activities” . … “ It isvery clear that
livelihoodsand land use impact strongly on water projects, and without a very good
understanding of all the issues, implementersof interventionscan actually make thingsworse for
marginalized, vulnerable people” (WaterAid, 2003). Africa-wide, experienceshowsthat
investments in agricultural water development often lead to conflict because theneedsof
livestock keeperswerenot addressed.
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SPATIAL ANALYSES OF LIVESTOCK AND WATER
4.28 Dynamic changes are taking placerelated to continued human population growth, urbanization,

rapid increases in demand for livestock products, and increasing competition for thewater and
land resourceson which livestock production and human well being depend. Given the twin
challengesof ensuring that development investment contributes to poverty reduction and that
overall benefitsexceed financial and other costs, strategic targeting of locationsand options for
investment isneeded. This is true for investments in agricultural water and livestock sector
development. Taking acontinent-wide approach to understanding opportunities for effective
improvements in water development that takes into account the reality that livestock arepresent
in and around many irrigation systemsand that livestock elsewheredepend on significant
amountsof water requiresan analysesof where livestock are important and where access to
water they need is limited. Key criteriaselected to assess thepotential for investment in
agricultural water to promote livestock sector growth were thepopulation (size, density and
distribution), thedistribution of key livestock production systems, market access and the
availablediscretionary water (Figure2).

4.29 Human population density isoneof themost important correlatesof livestock keeping –
domestic animalsarenumerouswherever there aremany rural people in Africa. High and low
human densitiesweredefined asgreater and less than 50 people/km2 respectively.

4.30 Livestock production systemsoccur in abroad band extending from Senegal eastward to Somalia
and south to South Africaand again westward to Namibiaand Angola. Significant populations
also occur in North Africaalong theshoresof theWestern Mediterranean, along theEgyptian
Nile, and in Madagascar. Thereare four basic production systems. Theseare:

· Extensive livestock-dominated areaswhere there is littleopportunity for crop production;
· Mixed rainfed crop-livestock agriculturewhere livestock form an integral part of African

livelihood strategiesand providediversebenefits in termsof goodsand services;
· Mixed large-scale irrigated areas that are cover asmall area in Africabut areoften have high

animal densities; and
· Urban or industrial livestock production that isnot addressed in detail in thispaper.

About half of Africa’s land area isnot suitable for livestock production especially in extremely
dry areasof theSahara and humid regionsof theCongo Basin where animal disease is
problematic.

4.31 Profitable investment in agricultural water and livestock dependson access to markets. Thus
market accesswaschosen asa criterion for defining WLDs. “Good (market) access” refers to
good physical access to market centreshaving at least 50,000 peoplebut modulated by physical
barrierssuch asnational boundaries that restrict the passageof goodsand people. Market access
wascalculated on the basisof land cover, slopes, and transport routes. Thenational boundaries
were considered to act as significant barriers to travel and assuch integrated into thecalculations.

4.32 High and low available discretionary surface water refers to greater and less than 300 mm of
rainfall equivalencerespectively and isbased on thesum of the Internally RenewableWater
ResourceNatural Inflow extracted (FAO, 2004a). Thisavailable discretionary water is
indicativeof thepotential for developing agricultural water from surface supplies, but doesnot
take into account options for using ground water.

4.33 Thecartographic intersection of human population, livestock production systems, market access
and availablewater resulted in identification of an initial Africa-wide set of water-livestock
investment domains (WLDs) shown in Figure3. The following paragraphsdescribehow these
WLDsaredistributed in Africaand suggest domainswherebetter integration of water and
livestock development may warrant high priority and areaswhere thismay be less important.

Overview of Water -livestock Domains in Afr ica

4.34 Africaencompassesabout 50 countries including theoffshoreonesof Madagascar and Comoros
(Table6). The total area isabout 30 million km2, but only 54% or about 16 million km2 appear
to be important for livestock production. About 627 million people, about 80% of Africa’s
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population in 2000, resided in these WLDs(Figure3). Some animals reside within non-WLD
areasbecauseproducerscan import feed. Sudan, South Africa, Ethiopiaand Nigeriacontain
about aquarter of Africa livestock producing land and are themost important in termsof area
devoted to livestock production. Western Saharadoesnot includeany area considered suitable
for livestock production while theComoroswas so small it hasbeen excluded from further
consideration.

Livestock and human populations within WLDs by country

4.35 Table7 summarizes the estimated human and livestock population (TLUs) by country within the
WLDsand excludesconsideration of thenon-WLD areas. The WLDshave a total stock of about
250 million TLUs, and a third of these(80 million TLU) are found in Sudan and Ethiopiaalone
while 60% are found within Sudan, Ethiopia, Nigeria, Tanzania, Somalia, South Africaand
Kenya. Thehuman population within theWLDs isabout 627 million people and thiswill rise
to about 1.1 billion by 2030. Forty-threepercent (273 million people) livewithin the WLDsof
theseven countrieshaving thehighest animal stocking level. Africawide, there are about 140
million poor livestock keepers (defined by Thornton et al., 2002) in theWLDS and about half of
these are also found in theseven countrieshaving thehighest stocking rates. With the
exception of South Africa, theseseven countriesall havehigh human population growth rates
with Nigeriaand Ethiopiaexpected grow at 2.4 and 2.0 %/year and to reach about 183 and 113
million people to feed by 2030. All thehuman and animal population figures in Table7 refer
only to peopleand livestock residing within theWLDsand do not take into account 180 million
Africanswho dwell elsewhere (Table6).

Livestock and human populations within WLDs by country

4.36 Table7 summarizes the estimated human and livestock population (TLUs) by country within the
WLDsand excludesconsideration of thenon-WLD areas. The WLDshave a total stock of about
250 million TLUs, and a third of these(80 million TLU) are found in Sudan and Ethiopiaalone
while 60% are found within Sudan, Ethiopia, Nigeria, Tanzania, Somalia, South Africaand
Kenya. Thehuman population within theWLDs isabout 627 million people and thiswill rise
to about 1.1 billion by 2030. Forty-threepercent (273 million people) livewithin the WLDsof
theseven countrieshaving thehighest animal stocking level. Africawide, there are about 140
million poor livestock keepers (defined by Thornton et al., 2002) in theWLDS and about half of
these are also found in theseven countrieshaving thehighest stocking rates. With the
exception of South Africa, theseseven countriesall havehigh human population growth rates
with Nigeriaand Ethiopiaexpected grow at 2.4 and 2.0 %/year and to reach about 183 and 113
million people to feed by 2030. All thehuman and animal population figures in Table7 refer
only to peopleand livestock residing within theWLDsand do not take into account 180 million
Africanswho dwell elsewhere (Table6).
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Figure2: Simplified classificationsof agricultureproduction systems, market access, available
discretionary water and human population density used to generate water-livestock
investment domains (WLDs).
Note: In some WLDs, opportunitiesmay exist for integrated investment and development that will be
more effectiveand provide greater returns than is likely from investing in agricultural water alone to
support crop production. Good and poor market access refers to physical access to markets based on
travel time. Areas not included in the farming systems include Forest, mountain, wetlands, and some
industrialized agricultural and urban areas. Livestock may exist outside of the “farming systems” ,
but thesewill besupported largely by import of animal feed. Mixed irrigated systems are defined in
GIS terms aspixels that have at least 10% of their area occupied by irrigated fields (command area)
and that also contain significant livestock production. Some irrigated land in Africadoes not fall
within livestock areas whilemany small to mid-sized irrigation systems, particularly thosesupported
by water harvesting will fall under mixed rainfed crop-livestock systems.
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Figure3: Sixteen water-livestock investment domains identifying where carefully targeted
opportunitiesmay exist for investing in integrated agricultural water and livestock
development in Africa.
Note: High and low discretionary surface water refers to greater and less than 300 mm of rainfall
equivalence respectively. “LS”, “MR” , and “MI” refer to livestock-dominant, mixed rainfed crop-
livestock and mixed irrigated production systems respectively. “Good (market) access” refers to
good physical access to markets having a population of at least 50,000 people but modulated by
physical barriers such as national boundaries that restrict the passage of goods and people. High
population refers to areas with average human densities exceeding 50 people/km2. Market access
wascalculated on the basis of land cover, slopes, and transport routes. The national boundaries were
considered to act as significant barriers to travel and assuch integrated into thecalculations.



14

Table6: List of African countriesshowing areaand % cover of water-livestock investment domains
(WLDs) and thehuman population in 2000 living within them.
WLDsare ranked from top left to lower right according the total area described by a WLD.

WLD area 2000 Human pop.
in WLDs

WLD area 2000 Human pop.
in WLDs

Country

M illion
km2

% of
country

Millions % of
country

Country

Million
km2

% of
Country

Millions % of
country

Sudan 1.442 57 23.572 76 Ghana 0.206 86 14.692 74

South Africa 1.126 92 36.725 84 Uganda 0.191 79 20.473 85

Ethiopia 0.992 87 55.5 88 Senegal 0.18 91 7.049 72

Nigeria 0.854 94 100.243 87 Mauritania 0.141 14 1.071 40

D.R. Congo 0.744 32 25.048 49 Egypt 0.119 12 60.69 83

Angola 0.74 59 7.374 56 Benin 0.112 96 4.749 77

Namibia 0.681 82 1.405 73 Congo 0.104 30 1.634 49

Chad 0.651 51 7.425 92 Malawi 0.077 65 10.059 84

Tanzania 0.621 66 25.064 69 Eritrea 0.073 61 3.055 84

Zambia 0.618 82 8.941 85 Gabon 0.072 27 0.28 22

Mali 0.602 48 10.523 92 Liberia 0.062 65 1.649 54

Mozambique 0.583 74 12.985 71 Tunisia 0.062 40 7.088 74

Somalia 0.566 89 7.787 88 Togo 0.056 98 3.907 87

Botswana 0.559 97 1.53 99 S. Leone 0.053 73 2.845 64

C. Afr. Rep. 0.552 89 2.726 76 Libya 0.037 2 2.076 39

Kenya 0.507 87 23.434 74 Lesotho 0.03 100 2.004 100

Niger 0.459 39 10.466 94 G. Bissau 0.027 78 0.847 71

Madagascar 0.453 76 11.543 72 Burundi 0.021 79 5.524 85

Zimbabwe 0.378 96 11.443 91 Rwanda 0.02 80 6.421 82

Cameroon 0.3 64 12.007 80 Swaziland 0.014 82 0.742 81

Burkina Faso 0.274 99 11.461 99 Eq. Guinea 0.009 32 0.14 31

Ivory Coast 0.264 82 11.307 68 Gambia 0.009 80 0.801 61

Guinea 0.228 93 7.132 88 Djibouti 0.007 32 0.416 68

Algeria 0.223 10 20.493 67 Comoros 0 10 0.042 6

Morocco 0.209 51 21.253 71 W. Sahara 0 0 0.001 0

Sub-total within WLDs 16.305 54 625.642 78
Sub-total within non-WLD areas 13.673 46 180.058 22
Afr ica-wide total 29.978 100 805.700 100

Pr ior ity countr ies and WLDs for water -livestock investment

4.37 Numerous subjective criteriaexist by which countriescould beranked in termsof priority for
investment within theWLDs. Weused six shown in Table7. They includeextent of theWLDs
with in thecountry (km2), TLU population, TLU density, human population in 2000, estimated
human population growth rate from 2000 to 2030, and thenumber of poor livestock keepers in
2000. Collectively, these criteria takecognizanceof thecurrent importanceof livestock-based
livelihoodsand thedevelopment challengeof meeting the needsof hundredsof millionsof
people, most of whom are poor and many of whom are poor livestock keepers. Prioritiesmust
also balance the absolutenumber of poor (that tend be greatest in large countries) with thehuman
density that can be very high in small countries. Thepossible rankings for individual criteria
range from 1 to 48 for thehighest to lowest rank or importancerespectively. The overall
ranking isbased on thesimplesum of these6 individual criteria (Table8). Countrieswith large
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animal populationsand high animal densitieshave the highest demands for water for livestock.
Ethiopia, Nigeriaand Sudan top thispriority list. However, some countriesof lower priority
may have important local areaswhere water-livestock investment may be warranted.
Nevertheless, investments in agricultural water in these countriesmay realize increased benefits
by pursuing opportunities to enhance impacts and returns through integrating animal
requirements for water and the impacts livestock may haveon water resources. Thecountriesat
the top of this list are likely to beoneswhere investments in agricultural water can most benefit
from including provision for thepresence and production of livestock.

4.38 Thesameranking criteriaused for prioritizing countries (Table 8) wereused to establish relative
importanceof the WLDson an African-widebasis. With two classeseach of market access
(good or bad), human population density (high or low) and availablediscretionary water (high or
low) along with three basic livestock production systems, there are24 possible combinations that
can be used to describe thewater-livestock development regions for Africa (Figures2 and 3).
Wehave called these WLDs. Sixteen WLDscontain more than 96% each of the land area,
population, poor livestock keepersand TLUs and tend to haverelatively high animal densities.
(Table9). Thispaper does not address theother 8 WLDsbecause the Africa-wide spatial
analysesused herein are not sufficiently reliable to reliably assessvery small areas.

4.39 Mixed irrigated farming systemscover only asmall part of Africa (Figure4), but they have the
highest livestock densities (55 TLU/km2) compared to 20 TLU/km2 and 11 TLU/km2

respectively for mixed rainfed agricultureand livestock-dominated grazing areas(Table9).
They are largely confined to Egypt, Sudan, Morocco, South Africa, Tunisia and Ethiopia (Table
10). Corrected for extent of land area, areas in and around large-scale irrigation systemsare very
important for animal production. Themixed rainfed crop-livestock production systems (Figure
5) aremost important for animal production and have animal densitiesof about 20 TLU/km2,
about 130 million TLU that share a land basewith 450 million or than half of Africa’s total
human population. Most of thepoor livestock keepers (109 million people) dwell in mixed
rainfed systems. The livestock-dominated systems(Figure 6) are most important in termsof the
land areasused (9 million km2) compared to 7 and 1 million km2 for livestock-dominated and
irrigated systemsrespectively. Africa-wide, theanalysessuggest that anticipated human
population growth will be1.5, 1.9 and 2.0 %/year in irrigated, livestock-dominated and mixed
rainfed areas respectively. Thesespatially dynamic and variabledemographic trendswill be
critical to planning for development of both water and livestock resourcesbecause population
shiftswill affect both demand for agricultural productsand thedistribution of poverty.
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Table7: Human and livestock populations in WLDswithin African countries ranked in decreasing
order by TLU*

Countr ies
with WLDs

TLU
(Millions)

WLD Area
(km2)

WLD density
(TLU/km2)

WLD People
2000 (Millions)

Human pop.
growth

(%/year) A

Poor L ivestock
Keepers 2000

(Millions)B

Sudan 45.937 1.442 31.9 23.572 1.6 6.040
Ethiopia 34.405 0.992 34.7 55.500 2.4 16.140
Nigeria 19.539 0.854 22.9 100.243 2.0 22.310
Tanzania 15.709 0.621 25.3 25.064 1.6 7.680
Somalia 14.545 0.566 25.7 7.787 3.4 3.110
South Africa 13.153 1.126 11.7 36.725 -0.1 8.690
Kenya 12.449 0.507 24.6 23.434 1.0 5.700
Mali 8.112 0.602 13.5 10.523 3.2 3.050
Chad 7.569 0.651 11.6 7.425 2.7 3.310
Burkina Faso 6.874 0.274 25.1 11.461 3.0 3.570
Madagascar 6.266 0.453 13.8 11.543 2.5 4.020
Zimbabwe 5.388 0.378 14.3 11.443 0.0 1.750
Niger 5.292 0.459 11.5 10.466 3.5 4.520
Uganda 5.108 0.191 26.8 20.473 3.4 5.020
Cameroon 4.769 0.300 15.9 12.007 1.3 3.320
Morocco 4.532 0.209 21.7 21.253 1.1 0.000
Senegal 3.803 0.180 21.2 7.049 2.0 1.890
Egypt 3.669 0.119 30.9 60.690 1.6 0.000
Angola 3.159 0.740 4.3 7.374 2.6 2.050
Botswana 2.867 0.559 5.1 1.530 0.0 0.650
Namibia 2.659 0.681 3.9 1.405 0.8 0.750
Zambia 2.517 0.618 4.1 8.941 1.2 4.610
C. African. Rep. 2.440 0.552 4.4 2.726 1.5 1.000
Algeria 2.436 0.223 10.9 20.493 1.2 0.000
Eritrea 2.262 0.073 30.9 3.055 2.6 0.960
Ghana 1.677 0.206 8.2 14.692 1.7 3.070
Tunisia 1.608 0.062 25.8 7.088 0.9 0.000
Guinea 1.385 0.228 6.1 7.132 2.1 1.750
Lesotho 1.119 0.030 36.8 2.004 -0.8 0.740
Benin 1.074 0.112 9.6 4.749 2.2 0.950
Ivory Coast 0.813 0.264 3.1 11.307 1.2 2.750
Democratic R 0.811 0.744 1.1 25.048 2.5 6.320
Rwanda 0.775 0.020 38.3 6.421 1.9 1.930
Malawi 0.746 0.077 9.7 10.059 1.9 3.040
Mauritania 0.709 0.141 5.0 1.071 2.5 0.130
Mozambique 0.586 0.583 1.0 12.985 1.3 3.450
Swaziland 0.532 0.014 37.4 0.742 0.3 0.230
Guinea Bissau 0.451 0.027 17.0 0.847 3.1 0.240
Togo 0.405 0.056 7.2 3.907 2.1 0.970
Burundi 0.354 0.021 16.5 5.524 2.5 1.240
Sierra Leone 0.335 0.053 6.3 2.845 2.2 1.290
Djibouti 0.319 0.007 46.2 0.416 1.6 0.070
Gambia 0.247 0.009 28.7 0.801 1.5 0.110
Liberia 0.049 0.062 0.8 1.649 2.9 0.470
Libya 0.049 0.037 1.3 2.076 1.4 0.000
Congo 0.032 0.104 0.3 1.634 2.9 0.290
Gabon 0.019 0.072 0.3 0.280 1.5 0.160
Eq. Guinea 0.003 0.009 0.3 0.140 2.3 0.040

WLD TOTAL 249.555 16.305 15.3 625.642 1.9 139.380
* See section 4.6.4; One TLU (Tropical livestock unit) is 250 kg of live animal weight and integrates the numbers of
cattle, sheep, goats, equines, camels into one index.
A) Human population growth rates are those estimated to prevail from 2000 to 2030.
B) Livestock keepers are classified as poor according to the World Bank poverty rate (i.e., they fall below their home
country-defined poverty line; see Thornton et al , 2002).
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Table8: African countrieshaving WLDsranked according to importance for key livestock and
human demographic indicators.

Integrated ranking*Extent of
WLD area

TLU TLU
Density

Human Pop.
2000

Human pop.
growth

No. of poor
livestock
keepersA Country Rank

Sudan Sudan Djibouti Nigeria Somalia Nigeria Ethiopia 1

S. Africa Ethiopia Swaziland Ethiopia Niger Ethiopia Niger ia 2

Ethiopia Nigeria Rwanda Egypt Uganda S. Africa Sudan 3

Nigeria Tanzania Lesotho Uganda G. Bissau Tanzania Somalia 4

D.R. Congo Somalia Ethiopia D.R. Congo Mali D.R. Congo Tanzania 5

Angola S. Africa Sudan Tanzania B. Faso Sudan Uganda 6

Namibia Kenya Egypt Sudan Congo Kenya B. Faso 7

Chad Mali Eritrea S. Africa Liberia Uganda Mali 8

Tanzania Chad Gambia Kenya Chad Zambia Niger 9

Zambia B. Faso Uganda Morocco Angola Niger Chad 10

Mali Madagascar Tunisia Algeria Eritrea Madagascar Madagascar 11

Mozambique Zimbabwe Somalia Niger Madagascar B. Faso S. Afr ica 12

Somalia Niger Tanzania B. Faso Burundi Mozambique Kenya 13

Botswana Uganda B. Faso Mali D.R. Congo Cameroon D.R. Congo 14

C.A.R. Cameroon Kenya Ghana Mauritania Chad Angola 15

Kenya Morocco Nigeria Madagascar Ethiopia Malawi Cameroon 16

Niger Senegal Morocco Somalia Eq. Guinea Somalia Senegal 17

Madagascar Egypt Senegal Mozambique Benin Mali Egypt 18

Zimbabwe Angola G. Bissau Cameroon Senegal Ghana Eritrea 19

Cameroon Botswana Burundi Malawi Gambia Ivory Coast Zambia 20

B. Faso Namibia Cameroon Ivory Coast Nigeria Angola Ghana 21`

Ivory Coast Zambia Zimbabwe Chad Togo Rwanda Morocco 22

Guinea C.A.R. Madagascar Angola Guinea Senegal Zimbabwe 23

Algeria Algeria Mali Senegal Malawi Guinea Malawi 24

Morocco Eritrea S. Africa Zambia Gabon Zimbabwe Rwanda 25

Ghana Ghana Chad Guinea Rwanda S. Leone Guinea 26

Uganda Tunisia Niger Burundi Djibouti Burundi Mozambique 27

Senegal Guinea Algeria Rwanda Ghana C.A.R. Benin 28

Mauritania Lesotho Malawi Zimbabwe Tanzania Eritrea Burundi 29

Egypt Benin Benin Benin Sudan Togo C.A.R. 30

Benin Ivory Coast Ghana Tunisia Egypt Benin Ivory Coast 31

Congo D.R. Congo Togo Togo Libya Namibia Algeria 32

Malawi Rwanda S. Leone Eritrea C.A.R. Lesotho G. Bissau 33

Eritrea Malawi Guinea C.A.R. Mozambique Botswana Namibia 34

Gabon Mauritania Botswana Congo Morocco Liberia Botswana 35

Tunisia Mozambique Mauritania Liberia Cameroon Congo Togo 36

Liberia Swaziland C.A.R. S. Leone Ivory Coast G. Bissau Mauritania 37

Togo G. Bissau Angola Libya Algeria Swaziland Tunisia 38

S. Leone Togo Zambia Mauritania Zambia Gabon Lesotho 39

Libya Burundi Namibia G. Bissau Namibia Mauritania Gambia 40

Lesotho S. Leone Ivory Coast Namibia Kenya Gambia Congo 41

G. Bissau Djibouti Libya Lesotho Tunisia Djibouti Djibouti 42

Burundi Gambia D.R. Congo Botswana S. Leone Eq. Guinea Liberia 43

Rwanda Liberia Mozambique Gambia Swaziland Egypt Swaziland 44

Swaziland Libya Liberia Swaziland Botswana Libya Sierra Leone 45

Gambia Congo Eq. Guinea Djibouti Zimbabwe Morocco Gabon 46

Eq. Guinea Gabon Congo Gabon S. Africa Algeria Libya 47

Djibouti Eq. Guinea Gabon Eq. Guinea Lesotho Tunisia Eq. Guinea 48

* Overall integrated ranking is based on the simplesum of the individual ranks for each criterion.
A) Livestock keepers are classified as poor according to the World Bank poverty rate(i.e., they fall below their home
country-defined poverty line; see Thornton et al , 2002).
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Figure4: Spatial analyses reveal someof Africa’shighest livestock densities (Table11)
occur in and around large-scale irrigationssystems.
Note: These irrigated areas are largely confined to Morocco, Tunisia, Egypt, Sudan, Ethiopiaand
South Africa. Some irrigation systems are not associated with WLDs, and much mid to small-scale
irrigation is carried out with mixed rainfed crop-livestock systems.
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Table10: Association of livestock with large-scale irrigation A based on large-scaleAfrica-wide
spatial analyses

Country Market
access

Human
density

Area
(Thousand

km2)

TLUX 1000 TLU per
km2

No. People
2000

(Thousands)

Poor Animal
Keepers

(Thousands)
Egypt Good Low 54 758 14.0 1,019 0

Good High 37 2,567 68.6 54,174 0
Good Low + High 91 3,324 36.4 55,193 0
Bad Low 20 5 0.2 41 0
Bad High <1 0 0.0 26 0
Bad Low + High 20 5 0.2 68 0
Country total 111 3,329 30.0 55,260 0

Sudan Good Low 43 2,893 68.0 674 178
Good High 8 557 71.5 1,021 33
Good Low + High 0 0 - 0 0
Bad Low 16 602 38.6 131 48
Bad High 0 0 0.0 0 0
Bad Low + High 16 602 38.6 131 48
Country total 177 7,381 41.7 57,086 260

Morocco Good Low 14 30 2.2 310 0
Good High 28 839 30.1 4,144 0
Good Low + High 0 0 0.0 0 0
Bad Low 15 71 4.7 265 0
Bad High 3 61 18.1 206 0
Bad Low + High 18 132 7.1 471 0
Country total 60 1,001 16.7 4,925 0

S. Afr ica Good Low 35 296 8.5 455 237
Good High 7 142 21.8 4,439 93
Good Low + High 41 438 10.6 4,894 330
Bad Low 8 27 3.4 5 5
Bad High <1 1 23.3 21 <1
Bad Low + High 8 28 3.5 26 5
Country total 49 466 9.5 4,921 335

Tunisia Good Low 3 26 10.2 91 0
Good High 10 414 40.1 2,782 0
Good Low + High 13 440 34.2 2,873 0
Bad Low <1 <1 0.1 1 0
Bad High 0 0 0.0 0 0
Bad Low + High <1 0 0.0 1 0
Country total 13 440 33.9 2,875 0

Ethiopia Good Low 0 0 - 0 0
Good High 5 681 131.0 957 103
Good Low + High 5 681 131.0 957 103
Bad Low 0 0 0 0
Bad High 1 109 113.2 141 20
Bad Low + High 1 109 113.2 141 20
Country total 6 790 128.2 1,098 123

Alger ia B Country total <1 1 8.4 13 0

TOTAL 305 10,079 33.00 70,918 718
A) GIS analyses at thecontinental scaledefined large-scale irrigation as pixels having at least 10% of the land areas

under irrigation. This picksup key countriesbut leaves out smaller schemes known to exist in countriessuch as
Uganda and Kenya. Thesedataarevalid for assessing continent-wide trends, but moredetailed study is needed at
local and regional levels.

B) Algeria’s irrigation area in Africa-widedatasetswas negligibleand details werenot included in this table.
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Correlation of agr icultural intensification, human populations and livestock density

4.40 Spatial analyses for WLDs in Africabuild on datashown in Table9 to highlight the fact that in
Africa thehighest animal densitiesareassociated with irrigation (Table11). Averagedensities
were11.3 19.7, and 54.6 TLU/km2 in livestock dominant, mixed rainfed and mixed irrigated
systemsrespectively when estimated using 16 priority WLDs(Table10). Because irrigation
occupiesasmall fraction of the land areaof Africa, thepercent of thecontinental herd in
irrigated areas issmall. However, stakeholdersplanning to invest in agricultural water need to
take into account evidence that either livestock numberswill increase in and around irrigated
areas, or they will already bepresent and thereforeaffected by irrigation development. The
highest animal densities (75.4 TLU/km2) occur in irrigated areaswith good access to market and
high human population densities. The lowest estimated densities (9.7 TLU/km2) were in
livestock-dominant and mixed rainfed production systemswith poor market accessand low
human population densities. Thissuggestsa convergenceof factors leading to increased animal
numberswhere there is likely to be thegreatest potential for apositive return on investments in
irrigation. Given thecentral roleof livestock in livelihoods for many poor African, investments
in agricultural water will need to ensure that interactionsbetween livestock and water
development contribute to improved lives for thepoor.

4.41 In the threeproduction systems, animal densitieswerehigher in WLDswith good market access
compared to poor accessand in high human density onescompared to low density WLDs(Table
11). Continent wide, therewere22 TLU/km2 in WLDswith good market accesscompared to 11
TLU/km2 in poor market accessareas. WLDs, Animal densitieswere33 and 12 TLU/km2 in
WLDswith high and low human densities respectively. Theseanalyses confirm that animals are
or tend to becomemorenumerousand dense in areaswith intensified agriculture. To theextent
that irrigation representsahigh degreeof intensification, livestock production and herd sizeswill
likely begreater in areaswith irrigation development.

Table11: TLU density (TLU/km2) for all WLDssummarized by human population, market access,
and availablediscretionary water for each production system

Production systemCr iter ia Cr iter ia
class Mixed ir r igated Mixed rainfed Livestock

dominant

Weighted
mean*

Bad 14.0 A 14.1 9.7 10.9Market access

Good 38.7 23.0 16.7 21.8

High 45.1 31.2 38.8 33.0Human population
density Low 26.1 A 13.6 10.9 12.1

High 54.9 15.2 9.5 13.8Available
discretionary water Low 16.3 21.6 12.1 16.1

Weighted mean 32.4 19.7 11.3

* Means weighted according total areacovered by the criteria in the left hand column.
A) Irrigated areawithin with bad market access and low population was so small that comparison with other

cells in table may not be very reliable.
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Water for dr inking and feed production

4.42 Most assessmentsof livestock useof water have focused on drinking water (e.g., Seleshi et al.,
2003 and King 1983), and typically livestock useabout 25 l/TLU/day. In practice, water intake
by animalsvariesgreatly and dependson many factors including prevailing weather, activity
levels, amount of feed consumed, lactation, and salinity of water. Water consumption can
double, and it is common in planning for water needsof livestock in Africa to budget for 50
l/TLU/day. Wherever, animalsmust trek long distances to find drinking water, herders reduce
watering frequency to every 2 or threedays. Resulting water stress reducesanimal production.
Providing continuouswater increasesanimal growth, efficiency of feed conversion, and milk
production (Stahl et al 2001; Muli, 2000). In thecontext of investing in irrigation development,
providing infrastructure to supply drinking water will increaseanimal feed conversion efficiency
and thusanimal productivity. In turn, thiscan lead to higher ratesof return on therelatively
small additional investment in drinking water that becomespart of an integrated irrigation
development strategy.

4.43 Agricultural water used for feed production ismuch greater than drinking water consumed by
animals. Asabaseline, livestock ingest about 2% of their livebody weight (5 kg/TLU/day) in
termsof dry matter intake to meet basic maintenancerequirements in a thermo-neutral setting.
Thisdoesnot includeadditional energy demandsassociated with thermoregulation, reproduction,
parasite infection, growth, and walking. With all of these included, food intakecan double to
about 10 kg/day/TLU of dry feed (Sonder et al., 2005). Assuming that onem3 of transpired
water generates4 kg of dry feed; water for feed production will vary between themaintenance
levelsof about 450 to about 900 m3/year or about 1200 to 2400 l/day. Thus the transpiration
depleted in using animal feed isabout 50 timesgreater than what animalsdrink.

4.44 Transpiration isnot theonly form of depleted water associated with feed production. Water
evaporates from plant and soil surfaces. Someestimatessuggest that evaporation can beup to six
timesmore than transpiration, particularly in heavily grazed areaswith little vegetative cover
(Sonder et al., 2005 and Palmer, 2000). In irrigated and rainfed pastures, it is important to
maintain completevegetativecover to ensure that asmuch water aspossible isdepleted through
productive transpiration rather than non-productiveevaporation. A key requirement is to limit
grazing pressure to levels that doesnot reduceplant cover.

4.45 Integrating livestock production into investment planning for agricultural water development can
significantly help reducewater-related constraints to feed production, particularly in mixed
rainfed and irrigated production systemswhere that contain themajority of Africa’sdomestic
animals. Water used to producecrops, in many cases leavesbehind crop residues. Using crop
residues for animal feed requires littleor no extrawater than that required by thecrop alone. In
areaswhere there isgood market access, planning investments in agricultural water can integrate
thevalueof livestock and livestock products that will begenerated by theuseof crop residues
for feed – an additional and valued outcomeof someirrigation systems. Thescientific literature
lacks information on therelativeamountsof crop residueand other feed crops animalsconsume
in Africa’sdiverseproduction systems, and more research on this isneeded. Understanding this
will beneeded to fully assess theefficiency with which domestic animalsuseagricultural water
and to comeup with investment strategies to maximize the return on investments in it.

4.46 To maximize the animal productivity madepossibleby production of crop residues and by-
products in irrigated and rainfed systems, an integrated approach may requireeffort to increase
thenutritional valueof these feed resources through measuressuch as improved feed storage,
silage, and application of urea to increase feed digestibility (Elzaki 2005; Merghani 2005).

4.47 In many areasof Africa, livestock areused for traction and transport and thusessential for crop
production. On heavy clay soils, humans cannot easily plough their land. Thecost of fuel-
dependent machines isprohibitiveparticularly in areaswithout access to markets. Animalsalso
providemanure that helps replenish soil fertility. Without theseservices, crop production
suffers. Water drunk or used for feed by animal isactually avital input for crop production.
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Agricultural investment planning that doesnot satisfy thewater requirementsof farmers’ animals
may limit returnsbecauseof failure to meet farmers’ needs for animal-based inputs to crop
production.

4.48 Tables12 and 13 respectively summarizewater requirements for producing livestock feed in
major animal producing countriesand in the top 16 WLDsshown in Figure3. Across the
WLDs, water for feed amounts to at least 112 m3/year to maintain cattle, sheep, goats, camels
and equines and could beashigh as224 billion m3/year to enablemaximum animal production.
On thisbasis, Sudan, Ethiopia, Nigeria, and Tanzaniaare likely to be the largest consumersof
water for livestock in Africausing up to 21, 15, 9 and 7 billion m3/year respectively. Livestock
in mixed large-scale irrigated, mixed rainfed and livestock-dominated areasrequireabout 2.3, 60,
and 46 billion m3/year to satisfy feed production to meet animal maintenanceneeds. Thiscan
double to more than 200 billion m3/year if animalsare producing well, an amount about twice
thereported sub-Saharan Africawater withdrawal of 97 billion m3 for agricultureand three times
greater than that for irrigation (FAO, 2004a). Becausemost of thiswater is “consumed” on
rainfed lands, many professionals involved in developing agricultural water see thisasbeing
irrelevant to them. However, the impact of grazing over largeareascan havemajor impactson
hydrology at watershed and river basin scales and thereby affect thequality, quantity and
distribution of seasonal flowsof water elsewhere. In addition, using relatively small amountsof
water madeavailable from within irrigation, water harvesting and ground-water systemsfor
watering animalsand for feed production has theeffect of leveraging moreefficient useof
adjacent rainfed pastureproduction thereby reducing animal related demands for feed from
irrigated and rainfed croplands.

Table12: Estimated water required for producing feed to meet maintenancerequirements* of
livestock in themajor livestock producing countriesand WLDs in Africa.

Country TLU
(Millions)

Water for
maintenance* feed

Country TLU
(Millions)

Water for
maintenance* feed

(Billion m3)

Sudan 46 21 Somalia 15 7
Ethiopia 34 15 South Africa 13 6
Nigeria 20 9 Kenya 12 6
Tanzania 16 7 Mali 8 4

Sub-total 171 77

Remaining Countries 86 39

TOTAL within WLDs 250 112

Total transpired if water used is double maintenance level 224
* Maintenance feed is theminimum required to meet basic metabolic needs but excludes energy required for

keeping warm or cool, walking, working, growth, reproduction and lactation. Actual feed consumed may beup
to doublemaintenance levels. Water needed to producemaintenance feed isabout 450 m3/year/TLU.

4.49 Water used for feed production can comefrom either rainfed or irrigated feed production. Three
important strategiescan reduce thisdemand for water. Thesearede-stocking, importing feed
(virtual water) and using crop residue for feed. From aproduction perspective, many African
livestock arepoor producersso that morearekept than would otherwisebenecessary.
Experience in diversesystemssuggests that replacing larger numbersof poor producing animals
with moreproductiveonescould lead to reduced demand for and useof water. In somewater-
scarceareas, importing animal feed may bemorebeneficial than locally producing feed. As
noted, water consumed in feed production accounts for most thewater used by livestock in
Africa. In mixed rainfed crop-livestock systems, Farmers already usemuch residue for feed in
mixed systems, and may havereduced water consumption for animal production accordingly by
asignificant but asyet un-quantified amount. Perhaps, theprimeopportunity for integrating
livestock development with investments in agricultural water lies in maximizing thevalueadded
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that comesfrom supplemental crop production with production of high valueand marketable
animal productsusing crop residues for which littleor no additional water isneeded.

4.50 Theaverageperson weighs about 65 kg, but thisvaries according to many factorssuch as the
number of children and nutrition in thepopulation. Thus, oneaverageperson isequivalent to
approximately 0.25 TLU so that Africa’spopulation of 627 million people in WLDs is
approximately 155 million TLU or only about 60% of the livestock TLUs. Because livestock
feed is lessdigestible than most human foods, people’s food intakerequirementsare less than
that of animals. Assuming that agricultural water (rain and irrigation water) isallocated to
production of animal feed and human food separately, morewater will beused to satisfy animal
dietary needs than human requirements. Thus, it isnot surprising that maintaining Africa’s
domestic animals requiresat least asmuch water as that withdrawn for human food production.

Table13: Estimated water required for producing feed to meet maintenancerequirements* of
livestock in thesixteen major WLDs in Africa.

Production
system

Market
access

Human
population

density

Available
discretionary

water

TLU
(Millions)

Water for
maintenance*

feed
(Billion m3)

Good High Low 3.06 1.4
Good High High 2.14 1.0

Mixed
ir r igated

Sub-total 5.20 2.3

Good High Low 46.28 20.8
Good High High 12.41 5.6
Good Low Low 30.89 13.9
Bad High Low 9.02 4.1
Bad Low Low 17.03 7.7
Bad High High 5.31 2.39

Good Low High 8.02 3.6
Bad Low High 5.42 2.4

Mixed
rainfed

Sub-total 134.38 60.5
Bad Low Low 53.46 24.1

Good Low Low 28.12 12.7
Bad Low High 9.71 4.4

Good Low High 6.22 2.8
Good High Low 3.62 1.6
Good High High 1.75 0.8

Livestock-
dominated

Sub -total 102.88 46.3

TOTAL 242.46 109.1
Total transpired if water used is double maintenance level 218.2
* Maintenance feed is theminimum required to meet basic metabolic needs but excludes energy required for

keeping warm or cool, walking, working, growth, reproduction and lactation. Actual feed consumed may beup
to doublemaintenance levels. Water needed to producemaintenance feed is about 450 m3/year/TLU.

Inter -WLD boundar ies

4.51 Integrated planning must recognize that WLDsarenot isolated islands. Rather they interact, and
theboundariesbetween them aredynamic zonesof change. This isparticularly truegiven that
livestock, unlikecrops, move. They can spend part of their lives in oneWLD and then moveto
another as in thecaseof themarket chain linking pastoralist Western Sudan to theGulf States
(Salih, 1985 and Peden et al., 2004). In addition, aparticular location may evolve through
agricultural intensification from a livestock-dominant, to mixed rainfed and, where feasible,
finally to large-scale irrigation. The transition processcreates conflict in which marginalized
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herdersoften loseaccess to their traditional livelihoods. Many cultural and socio-economic
differencesaggravated by inappropriateor inequitable land and water management policy can
help sustain thisconflict. Integrating theneedsof livestock keeperswith irrigation development
or expansion of rainfed agriculturemay identify and enablewin-win options for multi-
stakeholder useof sensitiveareas subject to competing demands for water resources.

Summary of spatial analyses of water and livestock

4.52 About 250 million TLU of African livestock depend on water. Domestic animalsaremost dense
in areas with high human populationsand particularly so in and around large-scale irrigation
schemes. Theseanimalshavemultiplepurposesand arehighly valued. Integrating animal water
requirements into investments in agricultural water development will likely result in increased
returnsparticularly in areas with good access to marketsand where improvements in irrigated
and rainfed farming producecrop residues that can enableadditional value added production. In
areaswith good market access, investment opportunities may focuson improving cash income
and profitability asameans to bring thepoor out of poverty. In areaswith poor market access,
investmentsmay have to put moreemphasison thesustainability of subsistence livelihoods.
Somelivestock-dominant grazing land that has low discretionary surfacewater may haveground
water that could sustain well-managed livestock drinking. AcrossAfrica, livestock usemore
internally renewablewater than peopledo for agricultureespecially when taking into account the
amount of water used to produceanimal feed. Based on preceding analysesof WLDs, the
following section outlinessomeoptions that can promotebetter-integrated water and livestock
development and providegreater overall returns to investments in agricultural water.

WATER LIVESTOCK INVESTMENT OPTIONS
4.53 Spatial analysesof water and livestock in Africa identified countriesand regionswhere livestock

are important. Wherever they arenumerous, animalsdepend on either rainfed or irrigated
agricultural production. In termsof land area covered, thenumber of people, thenumber or poor
livestock keepersand theTLU density, mixed rainfed crop livestock production systemsaremost
important. Theextensive livestock-dominated grazing landsof Africaaresecond in importance.
Although in termsof land areacovered, large-scale irrigation systemsare least important, animal
densitiesassociated with them are thehighest found in Africasuggesting that investments in
irrigation arealready sustaining significant livestock-based livelihoods. The tables that follow
suggest investment optionsand strategies that draw on casestudies (Peden et al., 2004) with
specific reference to highest ranking WLDs for each of the irrigated, mixed rainfed and livestock
dominant systems. Because livestock arenot stationary, often moving from oneWLD to
another, and becauseof theanticipated expansion of cultivated area in Africa, the individual
WLDSare inter-related. Investmentsor development in onewill affect othersdriving aneed for
spatially integrated water and livestock development.

4.54 Therecommendationsmade in thisstudy arebased on Africa-wideanalysesand an overview of
selected casestudies. Integrating future investments in agricultural water and livestock
development will require full community and household involvement to ensure that sweeping
generalizationsdo not result in top-down imposition of development optionson farmers.
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Mixed large-scale ir r igation with good market access, high human population

4.55 From alivestock perspective, irrigated WLDsare important because they often havegood market
access and ahigh human population (Tables9 and 14 and Figure4) who demand animal
products. These areashavemany of the ingredientsnecessary for effectivemarketing of
livestock productsand have someof Africa’shighest livestock densities. The irrigation systems
providecrop residues for feed that can support many animalsoutright or supplement grazing
carried out in nearby areas. Evidence from Sudan and Kenyasuggests that poor farmersand
labourers increaseand stabilizeyear-round incomeby inclusion of animals in their production
systems. Also, animal often providepower needed for crop production and transport of crops to
markets. There isagreat opportunity to increase theprofitability and sustainability of irrigation
schemesby integrating livestock development and management within future investments to
construct new irrigation schemesor rehabilitateold one. In developing irrigation, inclusion of
non-irrigator stakeholderssuch aspastoralist has thepotential reduceconflict and promotemore
equitableoutcomesfor all.

4.56 Key investment strategiesand options include:
· Assessing thepotential contributionsof farm animals to farming incomeand prosperity.
· Providing drinking water at strategically located places to improveanimal production,

makemoreefficient useof feed resources, reduceany animal-caused damageto irrigation
infrastructure, and reducecontamination of community water resources. Thisoption opens
up opportunities for greatly increased milk production adding profitability to smallholders’
farm income.

· Providing appropriateveterinary services to prevent transmission of important water
borne-diseasessuch as Fasciolosis that retard animal production and zoonoses such as
cryptosporidium jeopardizehuman health.

· Considering theoption of including irrigated feed or dual-purpose food-feed crops to
provideanimal feed. This includes cropssuch grains that provide food for peopleaswell
as leguminous rotational fallows that at one timere-build soil fertility and provide feed
whileat other timesproduced marketablecrops. This feed can either besold directly to
external livestock keepersor sustain production of farmers’ draught and dairy animals.
Farmersmay also have theoption of using irrigated residues for fattening animals for sale
in nearby marketsor establishing small ruminant or poultry production enterprises that can
augment family incomeand nutrition. High quality feed produced under irrigation may
enable farmers to makebetter useof nearby lesser quality feed so that combined useof
irrigated and non-irrigated feed may lead to overall gains in animal production.

· Taking advantageof and valuing thepotential of manure to replenish soil fertility. In
somecases, evidence suggests that becauseanimals resident in irrigationsschemesalso
graze in adjacent lands, there isanet inflow of nutrients in the form of manure that can be
applied to farmers’ irrigated fields.

· Collaborating with up-stream and up-slopeusersof natural resources (water, soil,
vegetation, and animals) to establish mechanisms to stabilizewater in-flow for irrigation
schemes to reduce therisk of siltation of irrigation infrastructure. Thiswill include, but
not berestricted to livestock keeping stakeholders. Encouraging water usersassociations
to expand their mandates to includemanagement of non-water natural resourcessuch as
adjacent non-irrigated grazing land or forming partnershipswith other stakeholder groups
may be required.

· Assessing thepotential beneficial and negative impact that irrigationsrehabilitation and
development will haveon pastoralistswho have traditionally used theareasor could do so
in future.

· Considering thecontribution of cattle in irrigated systems to mitigating thescourgeof
malaria through zooprophylaxy, thephenomenon whereby mosquitoesprefer to bit cattle
more than people resulting in reduced malaria transmission (e.g., Aschwanden, 2005).
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Mixed crop-livestock rainfed production with good market access, high human
population, and low available surplus water

4.57 Thismixed crop-livestock rainfed system is themost important in Africa in termsof the218
million peoplepresent with 29 million poor livestock keepersand high TLU numbers (46
million) and density (34 million TLU/km2) (Tables9 and 15 and Figure5). Farmers value
domestic animals for many reasons. They areastoreof assets, provideanimal power and manure
and enable increased enhanced year-round nutrition and, particularly in areaswith good market
access, income. Lack of feed typically constrainsanimal production, while farmers’ choreof
taking animals long distances for watering further limitsproduction. In efforts to feed animals,
farmersoften allow their animals to eat too much crop residuegreatly aggravating land
degradation that isclosely associated with mixed rainfed crop-livestock farming systems. Much
mixed rainfed farming issubject to chronic and periodic water stressmaking it necessary to
investment in water development and conservation. In addition to constraints to animal
production, farmers facemany challenges in improving farm productivity. Such areasdemand
effective integrationsof water, soil, crop, and livestock management given theshared goal of
contributing to poverty reduction. Collaborative investments in thismixed crop-livestock system
with good market accessmay provideoneof thebest opportunities to promotepoverty reduction
in Africa.

4.58 Key investment strategiesand options include:
· Collaborative and integrated promotion of community water harvesting. Thecasestudies

clearly demonstrated that household and community water harvesting systems encourage
animal production. In most cases, harvested water will not beused in largeamounts for
growing animal feed, but production of specialized high quality fodder can enableanimals
to makebetter useof low quality feed grown on adjacent rainfed lands.

· Supply of continuously availabledrinking water for livestock. Typically, 50 l/TLU/day is
sufficient. With continuously availabledrinking water, farmerseliminate the time
consuming choreof fetching water and theproduction-reducing stress animalsexperience
from long treks. Farmershavedemonstrated awillingness in Ethiopia to re-allocate their
time to moreproductiveand profitableactivitiessuch as converting low valueperishable
milk into high valued and moredurableproductssuch asbutter. With lessstresson
animals, growth and milk production increasepotentially enhancing farm income.

· Establishing watering points for animals that arephysically separated from community
and household reservoirs. Drinking troughs impose littleadditional cost to establishment
of water harvesting systems, but confer many benefits to farmers including reduced
contamination of domestic water, reduced transmission of water-borne livestock and
zoonotic diseases, and reducesedimentation caused by grazing and trampling on riparian
vegetation.

· Promotion of conservation tillageespecially upslope from agricultural water infrastructure.
Benefits include increased and crop production, reduced need for so many draught
animals, reduced run-off and infiltration, soil moistureand nutrient retention. Included
here is theneed to retain at least 20% of thecrop residue in the fieldsasground cover and
mulch and to encourageuseof manure for soil fertility replenishment rather than for fuel.

· Establishment of local institutions to managecommon up-slopegrazing and cultivated
land to limit overstocking and downslopesiltation.

· Along with thecommon priority of helping makefarm inputssuch as fertilizer and
pesticidesavailable for crop production, provision of veterinary servicesand drugscan
similarly ensureoverall increased productivity of farming enterprisesbased on developed
agricultural water.

· Promotion of market opportunities for all productsof mixed crop-livestock systems
including high valueanimal productsalong with more traditional cash crops.
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Other mixed crop-livestock rainfed WLDs

4.59 About 75% of Africa’spoor livestock keepersdwell in mixed crop-livestock rainfed areas.
Many of thesereside in areaswith poor access to markets. For them, marketing is not an option.
However, animal keeping doesprovide ameans to procurehousehold nutrition and obtained
limited cash beyond theend of thegrowing season. Furthermore in many crop production
systems, livestock provide manure, traction and transport, without which farmerscould not feed
their families. In any subsistenceor market oriented farming system wherewater scarcity
constrainsagricultural production, oneof themost important water saving strategieswill be to
encouragewater demand management approaches involving animal keeping. Chief among these
ispromotion of dual-purpose food-feed crops (rainfed or irrigated) that essentially provide
animal feed without further useof water. Second, there isgreat need to encouragemeasuressuch
as improved veterinary services, zero-grazing and watering, and improved nutrition and breeds
that increaseper animal productivity and reducedemandson farm labor.

Livestock-dominant rainfed production with bad market access, low human population
and low available surplus water , and other livestock WLDs

4.60 In termsof the total number of TLUs(53 million) and thevast areaof land covered (5 million
km2), thesinglemost important WLD in Africa is the livestock dominant regionswith poor
market access, low human densitiesand low availablediscretionary water (Tables9 and 16 and
Figure6). Thereare few options for profitable investments in agricultural water. Water scarcity
is theprimary livelihood constraint. Traditionally, inhabitantshavesustained themselves
through nomadic lifestyles that meant shifting from oneplace to another in search of feed and
water – a livelihood system well adapted to relatively dry and drought pronepartsof Africa (e.g.,
WaterAid, 2003). Dry season watering spotsand grazing reserveshavebeen important for
survival. Often, theseoccur adjacent to expanding mixed rainfed farming systems, and
increasingly, they havebeen “developed” by turning them into large-scale irrigation schemes.
Land-usechanges in thesedry season reserveshasmadepastoralistsmorevulnerable to drought
and brought them into conflict with crop farmers. Appeals from theGovernment of Sudan
emphasize theneed to develop strategically placed groundwater based watering facilities that can
enablepastoralists takeadvantageof largerangeland areas that arecurrently unusablebecauseof
lack of drinking water for animals.

4.61 Key investment strategiesand options include:

· Provision of well-managed dry season watering sites for livestock in areaswhere there isa
year-round feed surplus. Such measuresmust be accompanied by effectivecommunity
based mechanismsto ensure that livestock numbersdo exceed thecarrying capacity of
land areasopened to increased grazing and heavily used areas immediately adjacent to the
water source.

· Provision of animal health services to increaseper animal productivity making de-stocking
more feasibleand profitable– ameasure that it is critical whereanimalscomeinto
sustained contact with agricultural water and whereanimal productsmust meet high health
and food safety standards.

· Promotion and development of innovativemarket chains that connect distant grazing lands
with urban and international markets. This implies linking theseareas with market centres
and providing feed to fatten animals after the long trek to themarket. Sudan’sexperience
includesestablishment of recognized migration routeswith water and feed reservesalong
theway. Linking irrigated areassuch asGezira through useof irrigated crop residues to
fatten animals implies that well-planned investments in irrigation can help enable
pastoralist to market animal productseven though they live in areaswith poor access to
markets.
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· Inclusion of pastoralists’ needsas legitimatestakeholdersduring planning, construction
and rehabilitation of large-scale irrigationssystems. ExperienceacrossAfrica
demonstrates that herders risk lossof access to traditional dry-season watering and
grazing areasas result of investments in irrigation and theexpansion of rainfed crop
production – asituation that commonly leads to conflict. Yet, therearegreat
opportunities to mitigate thisproblem by planning irrigation systemsso that herderscan
accessdrinking water and by enabling herders’ animals to takeadvantageof crop residues
as feeds.

· Promotion of socially acceptablealternativesavingsand drought risk avoidancemeasures
that could enablepastoralists to reduceherd sizes. Such measureswould reducepressure
on feed resourcesand evaporative lossof water enabling increased feed production that
could contribute to accumulation of feed reserves for use in drought yearsand
regeneration of biodiversity, rechargeof ground water and carbon sequestration.

4.62 Somelivestock-dominated havebetter access to marketsand high discretionary availablewater,
but they cover relatively small areas. They are likely among themost vulnerable to
encroachment from crop producers and irrigators. Increasingly, herderswill need to continuean
already started trend of adopting thehybrid livelihood of agro-pastoralism. The implication is
that investments in planning for agricultural water development will need to include these
herders in theplanning processas full stakeholdershaving an opportunity to benefit.

POTENTIAL FOR RETURNS ON INVESTMENT
Previousdiscussion highlightsdiverse interactionsbetween agricultural water development and
livestock keeping. These include thereality that livestock arealready associated with irrigation
development, that livestock usemuch water for feed, that providing small amountsof drinking water
greatly increases investment returnson production of irrigated and rainfed feeds, that livestock
management practices affect thesustainability of water resourcesdevelopment, that expansion of
rainfed and irrigated crop production can imposereal costsand human suffering by displacing
livestock keepers from their tradition natural resourcesbases, and that integrated planning results in
moreeffectiveuseof agricultural water. However, there is also need to examine thepotential for
increasing profitability arising from the integration of livestock production into water resources
development and theallocation of agricultural water for animal production. This isan important but
neglected issue. The following paragraphsbuild on someof thecasestudies listed in Table2 and
highlight some lessons learned from Sudan’sGezira Irrigation System and adjacent rainfed croplands,
Ethiopia’sAwash River Basin, and New Mutaro (and threeother) irrigated systems in Kenya.

Sudan’s Gezira ir r igation system

4.63 Elzaki (2005) used linear programming and enterprisebudgets to assessprofitability of various
strategies for integrating livestock production into thealready established Gezira irrigation
system. These includepresent practicesand alternativepossibilities. Dairy production wasmost
profitable (Table17) giving tenantsanet grossmargin of USD 829 in theproduction year, 2001-
2002. Animal production in total provided about 36% of total farm household incomein the
same years (Table18). Linear programming identified livelihood allocationsstrategies involving
increased animal production that would lead to further increases in profitability of irrigation
systems. Elzaki’sanalyses (2005) confirmed that “ the integration of fodder in therotation will
increase incomeand provideanimal feed and hence increasesmilk production” . Shespecifically
highlights theneed for improved feed sourcing strategieswithin irrigation systemsand the
importanceof maximizing animal productivity in irrigation systems through improved veterinary
care. She further shows that “unclear and contradicting policy of theGeziraScheme
management and theconflict between theanimal keepers and thecrop farmers” is themain
constraint facing improved returns in the irrigation system.
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Table17: Enterprisebudget showing additional costsand returnsarising from inclusion of
dairy, sheep and goat production on tenants’ farms in theGezira irrigation system of Sudan

Item USA Dollars

Dairy
cattle

Sheep Goats

Revenues:
Milk sales 550 60 72
Livestock sales 661 275 181
Fat sales 13 4 0
Wool reruns 0 1 0
Total revenues 1,224 339 253
Replacement costs 26 16 20
Herd net of replacement 158 39 13

Enterprise revenue (Gross output) 1,066 300 240

Enterprise expenses:
Cakes feed 38 10 10
Crops residues 21 2 3
Grain feed 112 15 14
Concentrates feed 21 0 0
Total costs of feed 379 27 26
Medicine + veterinary services 14 2 2
Labour (Shepherd+ milking labour) 21 27 25
Miscellaneous 6 2 2

Total variable costs 232 58 56
Gross margin 834 243 184
Fixed costs 4 2 2

Net gross margin 829 241 182
Source: Elzaki (2005) with exchange rate of 252 SDD/USD used.

4.64 Merghani (2005) demonstrated that in areasnear Gezira, that theprofitability of livestock
production using both irrigated and rainfed crop residues can begreatly enhanced by introducing
simple technologiessuch as silage that increase their nutritional valueand baling that reduces the
costsof transporting feeds to animals. In irrigated areas, these technologieshavebeen shown to
decreasemilk production from about USD 0.40 to about USD 0.25 per liter of milk and the
revenuesgenerated from crop residues can beasmuch as four times the incomederived from the
grain. WhileMerghani’sstudy focused on livestock production rather than water development,
the resultssuggest that integrating investments in agricultural water with improved animal
production can result in greatly enhanced profitability of water resourcesdevelopment.
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Table18: Sourcesof incomefor tenant households in theGezira irrigation systemsof Sudan

Source of Income USD/year Net income
as % of total

costs

Net income
as % of total
farm income

Crops:

Total returns 3245 `

Total costs 2112
Net crop income 1133 54 47.3

Vegetables: 0

Total returns 2034

Total costs 1663

Net vegetables income 371 22 15.5

Livestock:

Milk returns 6461

Fats and wool returns 168

Animals sold 1129

Total returns 7759

Total costs 6905

Net livestock income 854 12 35.6

Farm income 2358 88 98.5

Off-farm income 37 1.5

Total income 2395 100.0

Source: Elzaki (2005) with exchange rate of 252 SDD/USD used.

Awash River basin, Ethiopia

4.65 Although maize is still aminor crop in Ethiopia, residueand grain respectively contributed 35%
and 65% to thisgrain’sprofitability country-wide in theyears1995 to 2001 (CSA 2001 and
Gebremedhin et al. 2004), and most residue isused for animal feed. Building on studies
(Ayalneh 2004) of community-based irrigation in theAwash River basin, Ayalneh developed
enterprisebudgets to show theadditional profitability arising from the integration of milk and
irrigated maizeproduction in very poor farming households (Table16). Under present
conditions, milk production isvery low averaging only about one liter per cow per day. With
improved animal husbandry, yieldscould increasemore than ten fold. However, even with these
very low milk yieldsand notwithstanding thecomplexity of partitioning useof residues from
both irrigated and non-irrigated componentsof the farm into diverseanimal products (seenotes
in Table19), milk production appears to contribute to increased returnsover costs largely though
enabling farmers to increase the total benefitsderived from residue. For irrigated production
based on maizewithout dairying, residuecontributed about 27.41 USD/hectareor 19% of the
total return on investment of 297 USD/ha.
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4.66 By adding dairying to the irrigated production system, net returnsover cost increased from about
147 USD/ha to about 169 USD/hawith residueand valueadded milk making up about 47% of
net return. Give theextremely low level of animal productivity, thereappears to beamplescope
for increasing theprofitability of irrigated systemsby introducing husbandry practices that can
boost milk production.

Dairy production in four ir r igated systems of Kenya

4.67 Mati (2005) assessed four irrigated areas in Kenya to compare two agricultural enterprise
strategies:

� Net profitability under rainfed range livestock and crop production; and
� Net profitability of dairy production based on production of irrigated feed.
Table20 showsprofitability of converting two rangeland and two rainfed farming systems into
irrigated fodder production that farmersuse for valued added dairy production. In all cases,
incremental increases in net returnsweresubstantial ranging from about 600 to 2200 USD/ha.
Theratio of dairy to original net returnswashigher for the two rangeland communities than for
the two rainfed cropping systems. Mati (Figure7) also showsthat net returns from dairy
production compared favorably with those from cropssuch asFrench beans, onions, cabbage,
baby corn and water melon, but thehighest net returns resulted from production of snow peas and
tomatoes.

4.68 Apart from profitability, farmersappear to select livestock over somehigher valued
commoditiessuch as tomatoes and snow peas for several reasons that investment plannersneed
to recognize. Dairying enablesyear round income generation and appears to suffer less from
high variations in market prices than horticultural cropsand helpsdiversify sourcesof revenue.
Dairy cattlealso providemanure that farmers require in continuously cultivated irrigated crop
land. Furthermore, livestock also consumefood crops that farmerscould not send to market so
that surplusdoesnot go to waste.

Table20: Discounted returnson investments for small holder dairying based on irrigated fodder
compared to original rainfed land use in Kenya

Incremental income from
adopting ir r igation-based dairy

production

Study area and
or iginal rainfed
land use

Gross
income

(USD/ha)

Fixed
plus

var iable
costs

(USD/ha)

Net
returns

from milk
production
(USD/ha)

Net
returns
before

investment
(USD/ha)

(USD/ha) Ratio of dairy to
or iginal net returns

New Mutaro
(range) 1,081 450 631 23 608 26.4

Mashambani
(range) 1,656 544 1,113 13 1,100 84.6

Ontulili/Mwireri
(rainfed crops) 2,241 763 1,479 82 1,397 17.0

Emening
(rainfed crops) 3,438 1,031 2,406 113 2,293 20.2

Source: Mati (2005)

Profitability – a summary of selected cases

4.69 Theforegoing cases studies represent only a few of many possibleenterprisestrategies for
integrating livestock into irrigation development for thepurposeof increasing overall
profitability of investments in agricultural water. However, in all cases, farmers already are
choosing to integrate livestock production into irrigation development because they can realize
extra incomeand increased profitswhilehaving amorestableyear-round distribution of
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revenues. Dairying particularly compares favorably with net revenues from many irrigated
crops. Plannersneed to recognize that net returns from irrigation includesmore than just the
crop and crop residueproduction because farmersalso benefit from valueadded enterprises
associated with converting low valueresidues into high valued animal products. To maximize
thepotential added valued net residuesderived from irrigation-based livestock enterprises,
plannersneed to consider providing improved veterinary careand measures to increase feed
conversion efficienciesof crop residuesand byproducts. Finally, these general conclusions
should not replace conducting detailed enterpriseassessmentsof profitability when specific
investments in agricultural water arebeing contemplated.

Seasonal incomes (4 months) per hectare for some irrigated enterprises
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Figure7: Comparison of net incomes from smallholder crop and dairy production based on
irrigated farming in four communities in Kenya [NM = New Mutaro; O1 and O2 = two farmers
in Ontulili; Mw = Mwireri; Em = Emening; Is= Mashambani]

RECOMMENDATIONS
Experience from across Africasuggests that livestock keepershavebeen largely marginalized as
stakeholders in investments in developing agricultural water. Investment planning having themotive
to contribute to poverty reduction in SSA through profitableand beneficial development of
agricultural water should undertake to include in theplanning process livestock keepers and farmers
who could benefit from theadvantages that water development bringsaswell aswho areat risk of
losing access to their traditional natural resources endowments.

4.70 Africa-wide, evidencesuggests that livestock usemorewater for feed than peopledo for food.
Thiswater comesfrom both rainfed and irrigated production. Theprimary option for reducing
water used in livestock feed is to shift to animal consumption of crop residue– apracticewidely
used by African farmers. This implies:

· Policy and practice related to allocation, development and useof water in Africamust take
into account and plan for water used by domestic animals.
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· Promoting increased useof dual purpose food-feed crops isapractice that can greatly
reduce animal useof water, to theextent that irrigation development and water harvesting
intensifiesagricultural development in water constrained areas.

4.71 Large-scale irrigation systemshave thehighest livestock densities in Africa. Evidencesuggests
that demand for livestock productswill grow faster than thedemand for grainsand at about the
samerateas for horticultural crops. Irrigation planning has tended to ignore theprofit and
incomepotential of animal products, but in areaswheremarket access isgood, great
opportunitiesexist.

· Irrigation planning must consider water allocation for livestock feed, allocation of land
for cropsand livestock, access to animal drinking water, and expanding mandates of
water users’ associations to cover necessary collectiveaction for animal keeping, health
and marketing.

· Irrigation planning will benefit from provision of drinking water to zero-grazed milk
cows– an approach that hasbeen shown to significantly increaseper animal milk
production and profitability of smallholder dairying.

· Irrigation planning will benefit from taking measures such asconservation tillage and
zero grazing to reduceup-slopeand up-stream land degradation including both improved
annual crop and animal management that causessedimentation and sub-optimal irrigation
capacity of irrigation infrastructure.

· Irrigation plannersmust recognize that livestock areoften kept or rented to provide
manure for soil fertility maintenanceand animal power for traction and transport, and
adequateprovision of water and water-dependent feed will benecessary unlesshuman
labor or tractors replace them.

· Development institutionsmust recognize that many animals arekept as an asset savings
and drought coping mechanism in theabsenceof access to securealternatives.
Development plannerscan takepressureoff land and water resources if they can
encourage thedevelopment of socially acceptablesavingsand insurance institutions that
will benefit poor livestock keepers.

· Irrigation planning needs to engage in area-wide integrated development planning in
order to avoid causing harm to pastoralistswho traditionally depended on irrigated areas
asdry season grazing and watering places. Great opportunity exists to help avoid future
conflict – oneof Africa’spersistent challenges. For example, theGeziraschemeof
Sudan enables feed production from crop residues that form an essential link in the
market chain extending from grazing areasof thewest to distant international markets.

4.72 Mixed crop-livestock rainfed systemshavemoreof Africa’sdomestic animals than any other
production system, and limited feed constrainsproduction and livelihoods. Particularly in areas
lacking in water but with good market access, investments in agricultural water such aswater
harvesting systemscan beexpected. Smallholder farmerswill greatly benefit from integrated
water and livestock development. Livestock providemany goodsand services and serveas
primary meansby which rural poor peopleaccumulate wealth and climb out of poverty. But low
ratesof animal production arecommon. In many cases, animalsmust walk long distances to
watering sites– aprocess that reduces their productivity and requiresmuch household labor. A
number of suggestionscan help improveproductivity and profitable livestock keeping through
integrated water and livestock development:

· Agricultural water investment planners for mixed livestock systems should conduct an
assessment of thepotential for encouraging smallholder dairy production. Wheredeemed
appropriate, design of water supply infrastructureshould includeprovision of about 25
m3/year of water for each improved milk cow – an action that will freeup much labor,
increaseper animal productivity, and makemuch better useof rainfed produced crop
residue. Wherepossible, drinking water should becontinuously available for maximum
production.
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· Given that much of the future investment in water harvesting will takeplace in these
mixed rainfed systems, water harvesting systemsdesign should includedrinking troughs
that arephysically separated from water reservoirsand barriers to keep animalsout of
them to avoid contamination, sedimentation and the transmission of human and animal
water-bornediseases.

· Becauseanimals with access to water harvesting are at risk from water-bornediseases
such as Fasciolosis (Asrat, 2004), integrated diseaseand vector control may help increase
profitability and marketability of animalsand animal products. In thecaseof Fasciolosis,
curativedrugsprovided a1000% return on their purchasecosts asaresult of increased
animal productivity.

· Investment planning can benefit from adoption of water demand management approaches
related to livestock useof agricultural water resulting in improved animal productivity
through better animal health, zero grazing, zero watering, nutrient management, judicious
de-stocking and conservation tillage that will enablemore irrigation and rain water to be
used for non-livestock purposes, and thismust includeprovision to retain adequate
vegetativeground cover and soil organic matter essential for soil productivity. A key tool
for achieving thiswill beselection and useof dual-purpose food-feed crops.

· Just assmall-scale irrigation (water harvesting) often failsbecauseof poor marketing of
cash crops, thesame is true for smallholder dairying. Useof agricultural water to
promoteproduction of animal products for marketsmay requireactiveefforts to improve
market infrastructure, access to it and marketing organization that facilitate farmers’
access.

4.73 Livestock-dominant production systemsarenot areaswhere irrigation normally exists, but
pastoralists remain at risk from encroachment by both rainfed and irrigated farming. Thus
investment planning needs to address the immediateneedsof livestock keepers aswell as
measures to ensure that herdersdo not suffer futuremarginalization and disenfranchisement from
access to water and other resources.

· Significant violent conflict in Africa is rooted in thecompetition between crop farmers’
expansion into traditional dry season grazing areas long used by herders. Integration
planning involving livestock keepersas stakeholders can help mitigatepotential conflict
by ensuring that theshare in benefits. Optionsmay includeaccess to drinking water,
provision of migration corridors, and mechanisms to ensure that crop residuesor feed
reserves can beset aside to meet pastoralists.

· With full participation by pastoralist stakeholders, there isgreat opportunity to develop
watering pointsusing extensiveground water resources. Thismust beaccompanied by
development and functioning of effective community based institutions that will limit use
of thesewatering sites. This requiresputting limitson animal numbersand allowing land
adjacent to thewatering sites to regeneratevegetation.

· Becausemuch of the livestock-dominant land in Africa is far from markets, poverty-
focused planning using area-wide integration will enableherdersengage in market chains
that can span great distances from remoteareas to distant markets in urban areasor
abroad.

4.74 Livestock market chainsoften extend acrossmultiplecountriesand production systemswith
agricultural water used in each location to support drinking and feed production necessary for
animal production. In developing agricultural water resources, plannersneed to look beyond the
local environment to understand how profitability and sustainability of investments in water
resourceswill affect and beaffected by livestock production in moredistant areas. Doing so can
greatly enhance theoverall valueof such investmentsand help insuremoreequitableand wide-
spread sharing of benefits.
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