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Social organisation and community action are prerequisites for spate irrigation systems: construction of an agim in a dry river bed (IFAD)

Spate Irrigation (puTpen)

TO/ZLOPXOW/TIONT

Spate irrigation is a traditional water diversion and spreading technology.

Spate irrigation has a long history in Eritrea and still forms the livelihood base for rural
communities in arid lowlands of the country.

Purpose of the Technology: It is a traditional water diversion and spreading technique under
which seasonal floods of short duration - springing from the rainfall-rich highlands - are
diverted from ephemeral rivers (wadis) to irrigate cascades of leveled and bunded fields in
the coastal plains.

Establishment / maintenance activities and inputs: The diversion structures include the
following elements: (1) the ‘agim’, a temporary 3-4 m high river diversion structure on the low-
flow side of the wadi, made from brushwood, tree trunks, earth, stones and/or boulders,
erected to divert a large part of the flow during a spate flow to adjacent agricultural fields; (2)
a primary, and several secondary, distribution canals; unlined, bordered by earthen
embankments; convey and spread the floodwater to the irriEabIe fields; (3) the fields,
rectangular shaped, of about 1-2 ha, separated by earthen bunds. Floodwater is distributed
from field to field: when a field is completely flooded (to a depth of about 0.5 m), water is
conveyed to the immediate downstream field by breaching one of the bunds. This process
continues until all the water is used up. Arable fields need to be flooded several times. The
water soaks deep into the soil profile (up to 2.4 m) and provides moisture sufficient for two or
even three harvests: crop growth is entirely dependent on the residual soil moisture. The
main crop grown is sorghum; maize is the next most important. Sedimentation is as important
as water management: With each flood, soil is built up by depositing rich sediment on the
fields. Due to the force of the floods, the diversion structures are frequently damaged and/or
washed away. Reconstruction and maintenance are labour-intensive and require collective
community action.

Natural / human environment: Elaborate local regulations, organization and cooperation at
the community level are prerequisites for successful management of spate irrigation systems.

Spate Irrigation
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OYH WHXXNAM33HA XaMparacaH TeXHONorm
H3BTPYY/IC3H ra3pbiH TOO:

COHrocoH 6avipLunyyabiH rasapsyiiH
xon6ont
e 39.0,16.0

TexXHOIOrniAH TapXanT: rasap A33p XUr4
TapxcaH (160.0 km?)

TycraiA xamraananTtTai rasap HyTarT?:

X3p3arKuUnTuiiH orHoo: >50 XununiiH emHe
(ynamxnant)

HyTarwyynnbiH Tepen
la3ap awmrnaryzblH caHaadnnraap
Ynamxknant cucteMuiiH xacar (> 50 xuin)
Typwmnt/cypanraaHsl yp AyH
FaAHbI Tecen/xeTenbepuiit
L3MXISTINMP
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Fertile sediments and spate irrigation result in high sorghum yields (IFAD)

TEXHO NH AHTAN

YHACH 30pUNnro lasap awwvrnant
YANABIPAINNIAT Calixpyynax

o o TapuanaHruiid Tan6ai
raspblH ZOPOWTALIT Byypyynax, CIPruiinax, HEXeH CIPrasx

3KOCUCTEMUIE XaMraanax /&g e Har HacT yp Tapuia: yp Tapua - 3pA3H3 W, yp Tapya -
CaB raspbIr xamraanax (ycHbl 3x/ rofiblH agar) - bycaz TeXHONOrUTO KNprH Copro

xocnyynax

61ONOTNIAH TEPeN 3yMNNIAr xamraanax / caixpyynax
raMLUrVAH 3pCANVIAr Byypyynax

YYP aMbCranblH eepunent/ akcTpum 6arigan 6010H TyyHUIA
Heneenenj facaH 30XMLOX

YYP aMbCrablH 66punentT, TYYHWUI yp Heneer baracrax

VP alnrtam 3a1nH 3acruiii Heneer 6uin 60arox

HUIrIMZ Y3YY13X YP Heneer 6uii 6oarox

YcaH xaHramx
baliranuiiH ycanraaTam
baliranuiin/ycanraaTtai apra XoCo/icoH
6ypaH ycanraaTan

Fa3pbIH OPOMTONTOM X0/1600TO 30pUIITO JlopotiTonbiH Tepen
raspblH JOPOVTN00C YpbAUMAaH CIPruiinax
[a3pblH JOPOUTALIT Byypyynax
XY4T3l JOPONTCOH ra3pbIr HOX6H CIPrasx/ camxpyynax
raspbiH JOPOATONZ AdCaH 30XMULIOX

XON60raonryi
I'T™M 6ynar 'TM apra xam»x33
e YOKyynanTblH MEHEXMEHT (ycaH XxaHramx, yC 3alinyynant 33par.) . Bapunra Gaiiryynamkuiin apra xamxa3 - S3: LWaTancan
® rajaprbiH yCHbl MEHEXMEHT (bynar, ros, Hyyp, T3HMC r3X M3T) - cyBar, LWyyayy, rongmposn

TEXHUKWINH 3YPAT

TeXHVIKUIAH Y3YYI3NTYYA
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Cross section of an agim (top left); Components of a traditional spate
irrigation system: (1) agim; (2) main distribution canal; (3) irrigated
fields; (4) earthen embankments. Arrows indicate the water flow

water flow

Technical knowledge required for field staff / advisors: high

Technical knowledge required for land users: high

Main technical functions: control of concentrated runoff: drain / divert,
increase of infiltration, water harvesting / increase water supply,

water spreading

Diversion ditch/ drainage
Depth of ditches/pits/dams (m): 4.00

Construction material (earth): earth

Construction material (stone): stones

Construction material (wood): brushwood, tree trunks /

Author: Mats Gurtner, Center for Development and Environment,
University of Bern

BN BONTOX BA APYUIAX: YA AXXUNIATAA, MATEPVIATT BA 3APAAT

MaTtepwan, 3apA/ibiH TOOL00 3apaang Heneenex XaMrumH vyxan Xy4uH 3ynnc

e TOOLOO/ICOH 3apAnyya; Data on labour inputs for construction/maintenance of canals and

e 3apzan TOOLIOXOZ aluurnacaH BaatoT: TOA0PXOMTryiA field bunds are not included, therefore not included in the tables

e BantoTblH xaHW (am.gon): 1 am.A0on = TOA0PXOMryii above. Costs for agim reconstruction are 40% of establishment. Total
e Har epuiiH aXnnyHbl XeA6AMep XeCHUN AyHAAX: TOL0PXOWryi maintenance costs depend on the number of reconstructions during

normal spate season (2-4 times). The yearly cost (establishment and
maintenance) reaches US$ 60-156.

X3pamKyy/K 3XN3X34 Waapanaratan yin axuniaraa

1. Construction of diversion structure (agim) (Xyrauaa / gastamx: before rainy season)

2. Construction of main distribution canal (Xyrauaa / gaBTamx: before rainy season)

3. Construction of secondary distribution canals (Xyrauaa / gaBTamx: before rainy season)

4. Leveling of fields (Xyrauaa / gaBTamx: before rainy season)

5. Establish embankments around fields and within fields (Xyrauaa / gasTamx: before rainy season)

Buii 6onroxo Wwaapaaraax Matepuan 6a sapaan

3apgan | HwiAT gyHraac
H < < .
3apAsibiH H3p, Tepen X3VDKMX H3MK | TOO X3aMyK33 3”wa: Y'is BYPUIH HuiAT ra3f P
(Topopxouryia) epTer | awwvrnarymiiH
(Topopxoryii) TenceH %

Xeaenwviep 3pxs3aT

Labour |ha | 1.0 | 24.0 24.0

ToHor TOXeependK

Animal traction |ha | 10 | 36.0 36.0
TexHonory 6uii 601rox HUAT YH3 epTer 60.0
TexHosorv 6uvi 60/1roX HAKT YH3 epTer, am.40/1/1ap 60.0

Apuwnraa, ypcran yinn axunnaraa

1. Reconstruction / repair of diversion structures (2-4 times / year; collective community action) (Xyrauaa / gaBstamx: 2-4 times / year)

2. Desilting / repair of distribution canals (Xyrauaa / gaBTamx: annual)

3. Raising of bund heights due to silting up of fields (Xyrauaa / gaBTamx: annual)

4. Flood fields (community action, during highland rainy season: July-September). Most likely a field receives 3 irrigation turns, on a bi-weekly
interval between any 2 turns (Xyrauaa / gaBtamx: rainy season (july-september))

5. Soil tillage (15 cm deep; using oxen-drawn plough) to break capillary uplift of soil water and to create evaporation barrier (Xyrauaa / gaBTamx:
end of flooding season)

Apuunraa, ypcran yiln axunnaraaHg waapaargax marepuan 6a 3apgan
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3apgan | HwiAT gyHraac
H3rKuiAH yH3 | 6ypuiAH HUIAT rasa
3apasibiH H3p, Tepen XaMDKUX H3rK | T0o X3avpka3 (Tvopxoﬁr\\{(ﬁ) YP eprer amvnmarqvu‘/’l:
(ToAOpXOAryiA) TenceH %
Xeaenwviep 3pxsNAT
Labour |ha | 1.0 | 240 | 240 |
ToHor Texeepemk
Animal traction |ha | 1.0 | 36.0 36.0
TexHonorniiH apuunraa/ypcran yiin axxwuiaraaHg, Waapgaraax HUAT yH3 epTer 60.0
TexHos10M apyniax 6a ypcras axibiH HAKT yH3 epTer, am.40/1ap 60.0

BAVITAIMNH HBXLB

Xunuiin ayHaax xyp TyHaac
<250 mm
251-500 mm
501-750 mm
751-1,000 mm
1,001-1,500 mm
1,501-2,000 mm
2,001-3,000 mm
3,001-4,000 mm
> 4,000 mm

Hanyy

xaBTrani (0-2 %)
6ara 33par Hanyy (3-5 %)
AYHZA 33p3r Hanyy (6-10 %)
x3Bruii (11-15 %)
Hanyy (16-30 %)
nx Hanyy (31-60 %)
3ry, Hanyy (>60 %)

XepcHwii 3y3aaH
Maw HUMMH (0-20 cm)
HUMMH (21-50 cm)
AYHZA 33p3ar 3y3aaH (51-80 cm)
3y3aaH (81-120 cm)

Mall 3y3aaH (>120 cm)

FYHWIA yCHBI TYBLUWH
ragapraac
<5M™m
5-50 m
>50 ™

3yAnuiiH onoH sH3 6arigan
Mx
AYHA 33p3ar
bara

Arpo-yyp ambcranbiH 6yc
YNArnar
ynrnar
xarac xyypari

Xyypaii

FagaprbiH xan63p
T3rw eHAepner / tan
Hypyy
WAEEERIE]
[L0B TONTOA
631
XeHA W

XepcHWii 6yT3Ly, (6HreH xepc)
BYAYYH/ XOHIeH (3n1Capxar)
AYHAAX (3NC3HLRP,
LaBpaHuap)
HapWIiH /XyHA (LWaBapnar)

[agaprbiH YCHbI XYPT33MX
XaHrantTanm

caviH

AYHA 33par

XaHranTry/ 6anxryi

AMbpax OpYHbl O/10H SIH3
6anpan
Nx

LYHA 33par
bara

Yyp ambcranbiH Y3YYI3ATYYA
Thermal climate class: tropics

JlanaiiH TYBLLUHeeC A33LWXMN

eHaep
0-100 4.1.4. M.

101-500 A.7.4. m.
501-1,000 A.7.4 M.
1,001-1,500 4.7.4 M.
1,501-2,000 a.7.4 M.
2,001-2,500 g.7.4. M.
2,501-3,000 a4.T.4. M.
3,001-4,000 g.7.4 M.
> 4,000 a4.7.4. M.

XepcHuii 6yTaL (ragapraac
poow > 20 cm)
6YAYYH/ XOHreH (31CapXxar)
AYHAAX (3N1C3HLRP,
LaBpaHuap)
HapWIiH /XyHZ4 (LwaBapnar)

YcHbI YaHap
(6onoBcpyynaaryii)

CaliH YaHapblH YHAHbI YC
MYy YaHapblH YHAHbI yC
(U3B3PLUYYI3X
LaapanaraTai)
36BX6H rasap TapuanaHrmiiH
3opuynantaap awmrnax
(ycanraa)
awmrnax 6010MXryin

YCHbI YaHap rax:

TexHONnoruir HIBTPYYCIH
rYArap Hexuen
XOTrop Hexuen
xamMaapanryi

©OHreH XepCcHUIA AN3MaruniiH
X3MXK33

nx (>3 %)

AyHa (1-3 %)

6ara (<1 %)

YCHbI AaBOKUNTBIH
TYBLUVHWIAT OPYHBbI acyyaan
raX Toougor yy?

Tuniam

Yryr

YepuiiH gaBTam
Tniam
Yryi

TEXHO/IOTM H3BTPYY/IC3H TA3AP ALLUVTNATY/AbIH TOAOPXOWMNIONT

3ax 333/IUIAH UUr XaHgnara
aMb 3yyx apra xan63puiiH
(eepuiiree xaHrax)
XO0NMMOT (aMbxupraa 6a
xXyfanaaaHa)
XyAanjaa HarimaaHbl/ 3ax
333/1UIAH

CyypVH 3CB3N1 HYYANVIAH
CyypbLuman
Xarac-HyyA31uniaH
HyyasnniiH

Wocat SLM Technologies

OpnorbiH 6ycag 3Xx yycBap
HuiAT opnoreiH 10 %-mac
AooLl
HwuiAT opnoreiH 10-50 %

HuiAT opnorbiH 50 %-mac A33Lw

XyBb XYH 3CB3N 6ynryya
XyBb XYH / epx

6yN3r / 0NIOH HUNTUIAH
XOpLLOO

YuH3313r1 6alia/bIH TYBLUVH
HaH Aayy
AAYY

AYHAAX

YMH3IN13T

Malll YMH33N3T

Xyric
EIVEIREY
3parTan

Spate Irrigation

MexaHUKXXyynanTbiH TYBLUUH

rap axmn

epAnIH xecer
MeXaHUKXKcaH / MOTOpTO

Hac
XYyxaq
3anyyc

LyHA Hac
axmymar Hac
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©pXUINH 30puynantaap

aXunTaH (KOMNaHW, 3acrmiH

rasap)

XamKa3

Fasap emunen

Fasap awmrnax apx

alimrnax raspbiH Tanbaii 6ara-xamMxasHuin TOpPUIH H33NTT31 XYPT3X (30XMOH
<05ra AYHA-XIMXIIHWNIA KOMMaHW 6aryynantryi)
0.5-1 ra TOM-X3MXK33HUIA H3rANNIAH/ TOCrOH H3rANINH XaN63p33p (30XMOH
1-2ra 6ynar 6arryynantramn)
2.5 ra XyBb XYH, 6MUNIAH TYP33CUIAH Xa163p33p
5-15ra rPPYUUAIYH XyBb XYH
- XYBb XYH, ©MYMIAH
;g.?gorara MPYUUNIITIN ye aumrna)f 3px
100-500 ra H33/1TT3 XYPTIX (30xroH
500-1,000 ra baviryynantryi)
1.000-10.000 ra H3TANIH x3n6uap33p (30X10OH
>’1 0 OOOVra 6a|/|ryyn§nTTaV|)
' TYP3I3CUIAH X3163p33p
XyBb XYH

[J34 6yT3L, YANUNATIZHWIA XYPTIIMXK

HBJ166

HWiAram-3 4niiH 3acrniiH yp Hesnee
Yp TapuaHsbl yprat, 6yypcaH Y| HIMITACIH
TIX33/ YANAB3PA3N

byypcaH Y HIM3rACOH ) )
Residues are fed to livestock
6yTa3MXUT Tanbari (awwmrnant/
TapunT Xuiiraax Tanbait Byypcan /1 HIMIMACH ' o i oo )
P A ) Without irrigation, agricultural production is not possible

TyXaliH ax axyiiH opsioro 6yypcaH /| HIM3rACOH
HwiAiram-coénbiH yp Henee
XYHCHWIA atoynryii 6angan/ eepuiiH .

6yypcaH Y caiixupcaH
X3P3rudar XxaHrax
0JIOH HUATWIAH NHCTUTYL|, cynapcaH /| 6XKCIH
SKONOTUIAH Yp Henee

C XypuMTAyynax (ypcau, 60pooHbl

yexyp Y (ypcau P byypcaH ¥ caixmpcaH
yC, uac r.m.)
XOPCHUI YniAr 6yypcaH /| H3M3rACaH
LUMMT 6OANCLIH 3pranT/ caprant 6yypcaH /. HAMIMACIH

33prangas Tan6aiig nnpax Henee

OPTOr BA ALUMMWH LUMHXWNTI3

Buii 6onrox 3apaantari XxapbLyynaxaZ 0/1COH aLumr
Ypcran 3apgantaii xapbLlyyaaxag, 0/1COH aLur

no data

YYP AMbCIAJ1bIH ©66PYN6/T

Yyp ambCranbiH aaxum eepunent

XUAWIAH AyHAaX TemnepaTtyp ©cent MaLL Myy 7 [ maw caiin
Yyp ambcranaac xamaapax aroy (ramLumr)

OPOH HYTIWIH aagap 6opoo MalLLl Myy 7 [ vaw cain
OPOH HYTIUIAH CanXyH Lyypra Mall Myy 7 [ maw caiin
raH rauur MaLL myy 7 [ maw caiin
YCHbI yep (ron) MaLl Myy v MaLL caiiH

HYTATLLYYNAX BA JACAH 30XNLIOX

TyxaiiH HyTar A3BcrapT TeXHO/IOrIAr HIBTPYYJ/ICIH rasap
awmrnarygbiH XyBb

TexHONOriAr HIBTPYYJICIH 6YX XYMYYCUIAH X34 Hb MaTepuannar
ypaMmLlyynan aBanrymrasp TeXHONOTUIAT X3IP3MKYYICIH 637

KNLWB33/ TYpLUNAT 0-10%
1-10 % 11-50%
11-50% 51-90%
>50% 91-100%

TexHonorv He eepunergex 6y Hexuen 6aligang aacaH
30XULOXbIH TY/[, ©0PUNOrACcoH Yy?
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Twniim
Yryn
fimap eepunenTeHs sm3ar B3?
YYP aMbCrasiblH ©epunenT/ sKCTPUM Y3343/

3aXx 333/1UMH eepynent
AXKNN XBA6MEP 3PXN3X 6ONOMXK (K.Hb LUNAXNX XOA46/1Te8HU

yamMaac)
AYTHIIT, CYPTAMX
[aByy Tan: rasap awwmrnarumiiH 6ognoop Cyn Tan/ pytargan / apcasn: razap awimraardymiii

6op,noopp,aBaH Tyynax 6010MXyyA,
Highly labour-intensive and time consuming maintenance; water
diversion structures are frequently breached / washed away by
heavy floods; canals are obstructed through deposition of
boulders, gravel and coarse sediments. To overcome all 3
problems, recommendations focus on building permanent flood
diversion and distribution structures which:

e Great demand for wood: huge numbers of trees are annually
needed for (re-)constructing diversion structures (1) withstand the
force of heavy floods and divert the water effectively;

e Irrigation efficiency is only about 20% because of the difficulty of
controlling large amounts of water in a short period of time (and
often at night) and because water is lost by percolation, seepage
and evaporation (2) eliminate the need to cut trees

e None (3) reduce human and animal labour inputs

e None (4) increase productivity; Lining the main canals with
cements would reduce water loss by percolation and seepage.
Proper leveling of basin fields helps to distribute the floodwater
uniformly

[laByy Tan: aMx3Trary 3cean 6ycag M3f3313/1 6rceH XYMYYCUIAH
6oanoop
e Spate irrigation forms the livelihood base for rural communities in
arid lowlands of the country

Cyn Tan/ gytargan / 3pcadn: 3MX3Trary 3cean 6ycag M34337131
OrcoH XyMyycuiiH 6oanoopgaBsaH Tyynax 6010MXKyya

CYYPb M3A33J1271YY/,

OMX3Trary XsiHaH Toxvongyynardmg, XsHary
Unknown User Fabian Ottiger
Deborah Niggli

Alexandra Gavilano
BapumT)KyyncaH orHoo: 08 10-p cap 2010 CyynuniiH winH3umn: 18 3-p cap 2019

M3433131 erceH XyH
Haile Abraham Mehari - T'TM M3praxunTaH

WO CAT M3433111IAH CaH JaxXb 6YP3H TOAOpPXOANONT
https://qcat.wocat.net/mn/wocat/technologies/view/technologies_1333/

Xon6oraox N'MM mag3snan
TOAOPXONryi

BapuMT>XXyynanTbIr 30X1OH 6aliryysncaH

Bariryynnara
e UNESCO - IHE (UNESCO - IHE) - Hngepnara

Tecen
e Book project: SLM in Practice - Guidelines and Best Practices for Sub-Saharan Africa (SLM in Practice)
e Book project: Water Harvesting - Guidelines to Good Practice (Water Harvesting)

Fon cypBanx 6apumT canT

e Abraham Mehari H, Van Steenbergen F, Verheijen O, Van Aarst S:Spate Irrigation, Livelihood Improvement and Adaptation to Climate
Variability and Change:

e Mehretab Tesfai Stroosnijder L:The Eritrean spate irrigation system:

e Berhane Haile G, Van Steenbergen F: Agricultural Water Management in Ephemeral Rivers: Community Management in Spate Irrigation in
Eritrea; in African Water Journal:

Xon6oraox M3A33/1/IMAH NMHTEpPHET xon600c¢
e Abraham Mehari, Depeweg, H, Schultz B (2005): Hydraulic Performance Evaluation of The Wadi Laba Spate Irrigation Systemin Eritrea, in
Irrigation and Drainage. 54: 389-406: www.interscience.wiley.com
e Berhane Haile G: Community Spate Irrigation in Bada, Eritrea n Mehretab Tesfai, Stroosnijder L (2000): The Eritrean spate irrigation system:
linkinghub.elsevier.com/retrieve/pii/S0378377400001153
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