B

Seedbed preparation and spillways construction. Top Left: The construction of th

e tone dikes. Top Right: Soil leveling of the fields for

improved water infiltration. Bottom Left: Local community workers inspecting the dike. Bottom Right: A well prepared seedbed after leveling.

(Shukri Ismail)

Marab - Water Harvesting Based Floodplain Agriculture (MWopaaHus)

Marab in Arabic “o oJI”

OMNVNCAHUE

The Marab is a local downstream water harvesting measure in an integrated
watershed context, where up/midstream users and applied land management
practices affect the Marab.

The technology diverts and spreads excess runoff over deep-soil flood plains. The
technology comprises local gully-filling, grading/leveling of seed bed, and construction
of a bund-and-spillway system creating several compartments for flood-irrigated
agriculture.

Arid drylands of Jordan receive less than 200mm average annual rainfall. The specific site is
located close by Al Majeddyeh village, around 30km south-east of Amman. The average annual
rainfall at the site is around 130mm. The average temperature is above 18 degrees Celsius.
The human environment is characterized by agro-pastoralists. These are farmers that live in
permanent houses but transport their livestock to graze. As consequence of the natural
environment and mis-management (e.g. overgrazing) desertification has been an increasin%Iy
problem, not only from an environmental perspective (e.g. carbon stocking; lack of water), but
also from an socio-economic perspective, because desertification leads to reduced productive
lands, consequently resulting in less income for the rural population.

Therefore, the aim of the technology is to achieve high-yield agriculture throu%h flood/macro-
catchment water harvesting in arid environments commonly unsuitable for field crop
agriculture, creating beneficial impact for local land users. The hi§h yield barley is fed to the
livestock (goats and sheeps) of the local agro-pastoralists. Applied in an integrated watershed
approach, it meets agricultural demands and motivates sustainable dryland ecosystem
management in the uplands. The Marab-technology has a buffering effect on extreme runoff
through water retention, for further use in downstream areas, including the trapping of
relative fertile sediments from upstream. As the Marab increases yields, it also improves the
livelihood of the local population.

The Marab-technology is a macro-catchment water harvesting technology. The Marab is
located in the natural depression of the watershed (10 square kilometres), therefore most of
the water from the watershed is captured here, instead of being spilled awaP/. Combining this
natural depression with the construction of bunds and specific soil leveling, [eads to
decreased run-off, thus highly increased water infiltration and soil moisture. Thereby, the
biomass-production increased as well.

The watershed is characterized by degraded lands qutream (720 ha), where low yield and
subsidized barley cultivation is practiced, and by gullies. In a limited part (12 ha) of the
upstream area, Vallerani micro-catchments are implemented as a pilot-plot. This might seem
contradicting since upstream micro-catchment water harvesting decreases the water in the
Marab downstream. However, the Vallerani micro-catchments also have beneficial impacts on
the watershed and the Marab, such as flattening peak water flows, reducing erosion and
providing fodder. The reduction in water run-off for the Marab as consequence of the Vallerani
structures is not significant, due to the small size of the pilot area. But the relations between
upstream and downstream should be taken into account.

Upstream watershed measures to buffer and/or avoid extreme runoff events (extreme
downstream flooding) in the Marab such as micro-catchment water harvesting structures
(Vallerani tractor plow system) and the out-planting of native shrub seedlings, as well as the
stabilization of erosive gully systems through gully Blugging and revegetation of side banks are
advised to be taken before implementing the Marab technology downstream, as they
safeguard and protect the Marab. But they are not further into account in this documentation.
Establishment of the downstream Marab system includes:

+Local filling of downstream gull(system) with deep soil
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Marab - Water Harvesting Based Floodplain Agriculture

MECTOIMOJIOXEHW

o

MecTtononoxxeHme: Al Majeddyeh Village, Al
Jiza District, NopgaHus

Yucno uccne 0BaHHbIX YUacTKOB, rge
npumeHsieTcss TeXHONOrUA: OTAe/IbHbIi
yyacTok

Feorpajpunueckas npmvesiska Bbl6paHHbIX
y4acTKoB
e 36.13303, 31.72667

MpocTpaHCTBEHHOE pacnpocTpaHeHue
TexHoNornu: NprMeHeHseTcs ToueyHo/ Ha
He6ObLUIMX yUacTKax

Ha nocTosiHHO oxpaHAeMoWVi TeppuUToprun?:
HeTt

MpoAo/HKNTENbHOCTL MPUMEHEHUSA
TexHonorum: 2017

Tun BHeAgpeHNA/ NPUMeHeHUs
KaK NMHHOBaUUS (MHMUMATKBA)
3emnenonb3oBaTteneri
KaK YacTb TPaAVNLMOHHONM CUCTEMbI
3emsenonb3oBaHus (bonee 50 neT Hasag)
B KayeCTBe Hay4HOro/ nonesoro
3KCNepyMeHTa
uepes NpoekTbl/ BHeLUHee BMeLLaTe1bCTBO
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*Leveling/grading of flood plains

«Construction of earth bunds

«Construction of the spillways (stone made)

+ Seedbed preparation for planting annual crop such as barley

Marab agricultural production is high and stable. It can reach around 5-6 t ha-1 of barley,
compared with the low and strongly varying yields of around 0.05-0.30 t ha-1 in traditionally,
without macro water harvesting, cultivated barley. Marab barle?/ produces grains (for fodder
and reseeding purposes) and re?uires local inputs, such as fertilizer. The Marab mitigates
downstream flooding and loss of sediments from the watershed. Local farmers applying the

Marab technology are very satisfied, because of the extremely increased yield as consequence
of the technology. However, as water is captured in the watershed, tensions may arise
between the downstream (Marab) users and the upstream users.

Late stage barley in the Marab. This picture shows well the
extraordinary height of the barley, which indicates relative
healthy barley. (Mira Haddad)

KJTACCNOUKALL

TEXHO

1%

OcHOBHas uenb

]S ]

MoBbILLEHVEe NMPOV3BOACTBA

CHIDKEHVe Uy NpeAoTBpalleHne gerpajaunmy 3emenb,
BOCCTaHOB/IEHME HapyLUEHHbIX 3eMeb

COXpaHeHMe 3KocucTeM

3aLmTa bacceliHOB pek (MPVBOAOPa3AeNbHON YacT/ HUXKHEro
TeyeHVs) - B codeTaHu ¢ gpyrumun TexHonornsamm
COXpaHeHe/ NnoBbilleHVe 61opasHoobpasus

CHIDKEHME pUcKa CTUXUIAHBIX 6eACTBUA

aZanTaumns K U3MeHeHNo KnmaTa / 3KCTpemMasibHbIM MOroAHbIM
ABNEHVSM W UX NOCNeACTBUSIM

CMsATYEHVE NOCNeACTBUNA N3MEHEHMS KIMMaTa

co3zaHvie 61aronpusiTHbIX 3KOHOMUYECKMX YCI0BUIA

co3zaHne 61aronpUsTHbIX COLMaNbHBIX YCI0BUIA

Llenb, cBsizaHHas ¢ gerpagaumeit semenb

Wocat SLM Technologies

npesoTBpaLleHVie aerpajaunm 3emenb

CHWXeHVe Aerpajaumn 3emenb

BOCCTaHOB/EHVE/ peabunmtaums HapyLleHHbIX 3eMeb
aZanTauus K Aerpasjaunm 3emenb

He MpUMeHNMO

3emaenonb3oBaHue

KombunHpoBaHHOe 3emMnenonb3oBaHve B Npejeniax O4HOM 1 TOM xe
3emMesibHOl eAnHMLBL: [a - Arpo-nacTbuLHoe X035ACTBO ( BKItOYas
pacTeHNeBOACTBO-XMBOTHOBOACTBO)

R

By

MaxoTHble yrobs 1 NaaHTauumn

e OgfHONeTHVe KyNbTypbl: 3ePHOBbIE KYNbTYpbl - A4MEHb
Yucno ypoxaes 3a rog: 1

MpUMEHSAOTCS N1 MOCEBbI B MeXAYPSAAbAX? HeT
MpumeHseTca N1 ceBoobopoT? HeT

NacTéuniyHbIe yroabs
e [lonykoyeBOe CKOTOBO/ACTBO
e (CrolNnoBOe CcoAepxaHune/ HyneBow Bbinac
Bug XMBOTHbIX: KO3bl, OBLIA
Mcnonb3yeTca N1 KOMNAEKCHOe 3eMnesenbyecko-
XNBOTHOBOZYECKOE X03ACTBO? HeT

BoaocHabyxeHue

6orapHble 3emnu
coyeTaHue 6orapHbIX 1 OpoLLaeMblX 3eMenb
nosiHoe opolleHne

Tvin gerpagauum, Ha 60pb6y C KOTOPbLIM HanpaeseHa

945
30

BOZHas 3po3Ms NoYB - BOn: NoBepxHOCTHasA 3p03Ua/CMbIB
BEPXHVX MOYBEHHbIX FOPU30OHTOB , B3/ oBpaxHasa apo3us /
oBparoobpasoBaHue , B34: KocBeHHOe BO3/jeNCTBYE BOLHOW
3po3unn

yxyalweHve ¢pUsnyecknx CBOMCTB NouB - Ok:
pacTpeckMBaHme 1 KopKoobpasoBaHyie

6uonornyeckas gerpagaums - bp: cokpalueHue
pacTuTeNbHOro NokpoBa, bk: cokpalyeHve KonnyecTsa
6romaccel
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Aerpagaums BoAHbIX pecypcoB - Ba: nouseHHas 3acyxa

KaTteropus Y31 MeponpwuaTtus Y31

e YnydlieHve NoYBeHHOro/ pacTnUTeIbHOro Nokposa ArpoHoMuyeckue MeponpuaTys - A3: MoBepxHOCTHas
e cbop aTMOCHepHBIX 0CasKoB obpaboTka nous, Ad: Fnybokasi obpaboTka Mous
e Boz00TBO/ 1 OCyLLEHME

= MH)XeHepHble MeponpuaTusa - V12: Haceinu, Bansl, 13:
4 CTyneH4aTble KaHaBbl (@pblKy), KaHasibl, BOLOTOKM

TEXHVWYECKUIA PUCYHOK

TexHn4eckne xapakTepuctukmn

The overall Marab (reshaped flood plain) area is 10 hectares. The
natural flood plain was leveled up to the sides; the natural slope in
flow direction ranges between 0.1 and 1.5% (D). The later stone bund
construction (soil relocation) and siltation/erosion processes over time
develop a slight step-terraced bund compartment system, with the
single compartments having much smaller slope than the overall
Marab. At the sides, the levelled area slightly increases towards the
natural terrain (natural terrain at the sides is around 0.1 to 0.3m
higher compared with the leveled Marab). This avoids side outflow of
water during design storms (*). Bund structures, along the contour, are
built with a loader up to around 0.7 to 1.0m height and around 2.0 -
3.0m bottom width. The bunds are built with compaction through the
loader. Interspace between the bunds is between 10-50 meters (C),
depending on the local slope in the flow direction, having around 0.1
to 0.3m soil surface elevation difference between the bunds. Stone
made design-spillways (A) are being constructed around the middle of 2019)
each bund, with certain position change between the bund in

downstream direction. Thus, spillways do not perfectly align with

respect to the bund, but create a meandering flow around the center.

The stone-protected design-spillways are designed to safely route at

least the expected 2-5 year return period flood event. The Marab plain

is not perfectly even, especially at the sides, to avoid water flowing

around the bunds during design storms. However, the Marab-

technology is also designed to cope with more extreme events, a

storm of 5-10 return period, without significant damages. Therefore,

there are emergency-spillways (**) implemented at the sides of each

bund (B). These emergency-spillways allow excess water to flow out

sideways rather than flow over the bund which would damage the

structures. Note:

Based on above considerations and calculations bund spillway lengths

reach 50-60m in the specific watershed.

* A design storm is a rainfall event that results in a flood event as
water accumulates throughout the watershed. The Marab is designed
to harvest the water optimally by (design) spill ways that keep the
water in the Marab. A design storm relates to a certain return period.
In general a longer return period (i.e. less frequent) accounts for a
more intense event hence a more severe flooding event.

** An emergency spill way is a structure that is designed to discharge
excess water coming from storms more extreme than the design storm
(i.e. with less frequent storms). In practice this means that the Marab
is protected from excess water.

The cross-section shows the dimensions. Downstream of a bund the
width is 70 centimeter. The foundation is 20 centimeter high. The
upstream width is 30 centimeter. The total width of the bund varies
between 2.2 meter and 2.5 meter.

Cross Section of Structure and Spillway

stone spillway contour earth structure
land surface h H n/q—> width 30cm
A/
T A — 1} foundation
= 20cm

" width2.2-2.5m
width 70cm
Author: Stefan Strohmeier

SAMNYCK U TEKYLLLEE OBC/TYXXVBAHWE: MEPOMPUATINA, HEOEXOAWNMbIE PECYPCbI 1 SATPATHI

MopacyeT BNOXEHWNIA U 3aTpaT Hav6onee 3HauMMble GaKTopbI, BAUSAIOLLME HA CTOMMOCTb
3aTpart
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e [logcunTaHHbIe 3aTpaThl: Ha MIOLWAAb, rAe NpUMeEHseTcs

TexHonoruvs (pasmep 1 egnHuua naowagu: 10 ha)

o JleHeXHble eANHLbI, UCMONb30BaHHbIE A/A NMoAcyeTa 3aTpaT:

Aonnapsl CLLUA

e O6MeHHbIN Kypc (k gonnapy CLLA): 1 USD = HegocTyrnHO
o CpeAHWIi pa3mep 4HEBHOMO 3apaboTka AN HAHATBIX PaBOTHNKOB:

35

MeponpuaTtumsa, Heob6xoauMMble AN HAaYana peanusauum
1. Implement upstream watershed rehabilitation measure (e.g. Upstream Vallerani micro water harvesting) (Cpokn/ noBTopsieMocTb

nposegeHus: Prior of Marab-Technology construction)

The special and heavy machinery affect the cost significantly, since
these were not available in the area. The implementation of the
technology is labour intensive, therefore labour costs are significant
as well. However, these costs are initially, so these specific costs are
almost zero after establishment. In addition, all the maintenance is
payed for by the land users. So, only the establishment was payed
for by external parties.

2. Implement gully rehabilitation measure (e.g. Midstream gully rehabilitation) (Cpokun/ nosTopsiemocTb npoBegeHus: Prior of Marab-Technology

construction)

3. Marab site selection (flood plain): topographic assessment (slope, soil depth, etc.) and consideration of watershed hydrology (e.g. for bund and
spillway design) (Cpokn/ noBTopsieMocTb nNpoBeseHus: Before the rainy season)

N OB

(Aug. - Nov.))

CTOMMOCTb BJIOXKEHWUI 1 3aTpaT no 3anycky (per 10 ha)

. Grading/levelling of natural flood plain incl. gully fill (with soil material) (Cpoku/ noBTOpsieMocTb nNpoBegeHusi: season (Aug. - Nov.))
. Implement bund structures (based on step 4) (Cpokn/ noBTopsieMoCTb NpoBeseHns: season (Aug. - Nov.))
. Construct stone made design and emergence spillways (based on step 5) (Cpokn/ noBTopsieMocTb NpoBegeHus: season (Aug. - Nov.))

. Preparation of compartmentalized agricultural fields (bund interspaces) for field crop agriculture (Cpokn/ NoBTOpsieMOCTb NPOBeAeHMsA: season

3aTpaTthbl Ha CTOV?':::::
OnuwwuTe 3aTpaThl EauHunua Konunuectso eAvHIALY Ha eAVHULY % 3aTpar, onniaueHHeIx
(AMEEI};I) (Bonnape! 3em/ienosib3oBaTensiMm
CLLA)
Onnata Tpyaa
Local Workers person-days 50,0 35,0 1750,0
Land Survey person-days 6,0 35,0 210,0
Engineer (+assistance) person-days 15,0 50,0 750,0
Drivers of heavy machinery person-days 12,0 35,0 420,0
O6opyaoBaHue
Grader machine-days 3,0 250,0 750,0
Loader machine-days 10,0 250,0 2500,0
Deep Plow machine-days 3,0 200,0 600,0
Tractor (to pull the shallow and deep plow) machine-days 5,0 200,0 1000,0
Shallow Plow machine-days 2,0 200,0 400,0
Water Tank Truck Tank 1,0 50,0 50,0
Small Equipment (Shovel, pickaxe, buckets) Equipment 1,0 200,0 200,0
CTpouTenbHble MaTepuarbl
Stones Kubic Metre 200,0 10,0 2000,0
Apyrve
Transportation of heavy machinery 1,0 2000,0 2000,0
Security 1,0 300,0 300,0
06LLas cToMMocTb 3anycka TexHonornm 12'930.0
O6Luyme 3aTpatbl Ha co3gaHvie TexHonorvm B gosnapax CLLA 12'930.0

Tekylliee 06cny>XmBaHue

1. Maintaining the structures based on observations and possible damages after the rainy season, so no clear maintenance plans (Cpoku/

noBTOpsieMoCTb NpoBegeHusi: Before the rainy season (Oct. - Nov.)/upon observation)

CTOMMOCTb BJIOXKEHWI 1 3aTpaT no akcnnyatauum (per 10 ha)

3aTpaThbl Ha o6uwan
CTOMMOCTb
eAvHuLY % 3aTpaT, onjia4eHHbIX
OonuvwuTe 3aTpaThl EavHunua Konnuecteo Ha eAVHULYY
(Aonnapbl 3emienosib3oBaTeNI IMn
clwA) (Aonnapbl
CLLA)
Onnata Tpyaa
Engineer person days 2,0 50,0 100,0 100,0
per year
d
Worker person aays 6,0 35,0 210,0 100,0
per year
O6opypoBaHue
hine d
Loader machine gays 1,0 250,0 250,0 100,0
per year
CTpouTenbHble MaTepuarnbl
Stones Kubic Metre 10,0 10,0 100,0 100,0
06Las CTOMMOCTb nogAep)kaHmsa TexHosorum 660.0
ObLuyme 3aTpaTbl Ha nojaepxaHue TexHonorm B 4onnapax CLUA 660.0




MPPOAHBLIE YC/TOBNA

AonosHnTeNbHble XapaKTePUCTUKN KTMMaTa
CpeziHero0Boe KONM4ecTBO ocajkos B mm: 130.0
In the specific site/dry areas of Jordan rainy season usually ranges

CpepHerofoBoe KOJINYECTBO

0caakoB

<250 mm
251-500 mm
501-750 mm
751-1000 mm
1001-1500 mm
1501-2000 mm
2001-3000 mm
3001-4000 mm
> 4000 mm

CkioH

nonorue (0-2%)
rnokatkle (3-5%)
nokaTo-kpyTble (6-10%)
KpyTble (11-15%)
oyeHb kpyTble (16-30%)
ypes3BblYaliHO KpyTble (31-
60%)
obpbIBUCTBIE (>60%)

MoLHOCTb NoYB
noBepxHOCTHble (0-20 cm)
Herny6okue (21-50 cm)
ymepeHHo rny6okue (51-80
«Y)]
rny6okue (81-120 cm)

oueHb rnybokue (> 120 cm)

YpoBeHb rpyHTOBbLIX BOJ,
Ha MOBEepPXHOCTU
<5wm
5-50 m

>50m

Buposoe pasHoobpasne
BblCOKOE
cpeaHas

HM3Koe

Arpoknnmartunyeckasi 30Ha
BnaXHasa
YMepeHHOo-BNaXKHas
nonysacyLunmsas

3acywnmeas

dopmbl penbeda

nnaTto/ paBHVHbI
rpe6Hn XxpebToB/X0NMOB
CKOHbI rop
CKNTOHbI XO/IMOB
MO/ HOXbS
AHLLA AONVH

paHynomeTpuyecknii coctaB

(BepxHero ropmnsoHTa)
rpy6blii KPyNHO3€e PHUCTbIIA/
NErkui (necyaHsblii)

cpegHve dpakumm
(CYrMMHWCTBINA, CynecyaHbIi)

TOHKOAMCMEPCHBIV/ TAXENLIN
(FVHUCTBIN)

[loCTYNHOCTb NOBEPXHOCTHbIX
BOA

N36bITOK

xopollas

cpesHaAs
HEe/0CTaTOUHbI/ OTCYTCTBYIOT

Pa3sHoo6pasue

MecToo6UTaHnA
BblICOKOE
cpeaHAan

HU3Koe

from November until April

Queen Alia International Airport long-time avergae annual rainfall is
around 150 mm (around 10km west of the site)

At the site a rainfall tipping bucket has been installed in 2016.
HasBaHne meTeocTtaHumn: Queen Alia International Airport

The maximum temperature usually occurres in August.

The average daily maximum temperature is 25.01 °C.

The average daily minimum temperature is 8.5 °C

BbicoTa Hag ypoBHEM Mops
0-100 M Hag ypoBHEM MOpS
101-500 M H.y.m.

501-1000 M H.y.Mm.
1001-1500 M H.y.Mm.
1501-2000 M H.y.m.
2001-2500 M H.y.m.
2501-3000 M H.y.Mm.
3001-4000 M H.y.m.
>4 TbIC. M H.Y.M.

IpaHynomMeTpuYeckumin cocTaB

(Ha rny6uHe 6onee 20 cm)
rpy6bIi KPYNHO3€e PHUCTbIA/
NErkui (mecyaHblii)

cpeaHve Gpakumm
(CYrIMHWCTBIN, cynecYaHblin)
TOHKOAMCMEPCHbIN/ TAXENbIV
(FMNHUCTBIN)

KauectBo BOAbI (6€3

06paboTKku)
NUTbeBas BOZA XOpPOLLEero
KayecTBa
nuTbeBas BOAa Maoxoro
KayecTBa (HeobxoAMa
0obpaboTka)
VCKNHOUNTENBHO AN
CeNbCKOX0351MCTBEHHOIO
MCMOb30BaHVA (OpoLLeHue)
HenpurogHasa ang
1CNONb30BaHNSA
KauecTBo BOAbI OTHOCUTCS K:
0BEPXHOCTHbIE BOAbI

TexHoNOrvs NpPUMeHseTcs B
B YC/I0BUSIX BbIMYK/IOrO
penbeda
B CUTYyaLMAX BOrHYTOro
penbeda
He MeeT 3HaveHud

Copep>kaHve opraHM4ecKoro
BELLIeCTBa B BEpXHEM
NOYBEHHOM FrOpPU30HTE
Bblcokoe (> 3%)
cpeaHee (1-3%)
Hu3koe (< 1%)

fBnseTca N1 CONEHOCTb BOAbI
npo6nemoii?

Ja
Het

nOBTOpﬂeMOCTb 3atonnaeHusa
fla

HeTt

XAPAKTEPUCTVIKA 3EMJIEMOTb30OBATENEN, MPUMEHSHOLLMX TEXHOIOTUHO

PblHOYHas opmeHTaums
HaTypa/ibHOe X035ACTBO
(camoobecneyeHue)

CMeLLaHHbI (HaTypanbHbIA /

KOMMepYyeCKui)
TOBapHoe/ pbIHOYHOE
XO03AMCTBO

Océanbivi nm KoUeBoI
Océanbliin

Monykoueson
KoueBoli

Mnowagb, ncnonb3yemas
[AOMOX035ACTBOM

Wocat SLM Technologies

Aoxoabl U3 Apyrux

NCTOYHWKOB

< 10% BCex J0X0A0B
10-50% BCcex AoX0A0B
> 50% BCex J0X040B

NHamBugyanbHoe nnu

KONNeKTVBHOE X035NCTBO

YyacTHoe/ AOMOBajeHve
rpynna/ obLimHa
Koonepatus
ncnosb3yroulee HaeMHbIX
paboTHMKOB (KOMMNaHWS,

OTHOCUTENbHBIN YPOBEHb
JocTaTtka
OYeHb MI0XoM
NAoXol
cpeaHui
obecneyeHHbIN
BeCbMa obecrneyeHHbIn

Mon
XKEHLLMHBI
MY>XUVHbI

YpoBeHb MexaHu3aumm
py4HOI TpyA
TArnoBaga cuia
MexaHV31poBaHo/ ecTb
aBTOTPaHCNoOpPT

Bospacr
aetu
MOJTOZEXb
cpeAHuUli BospacT
no>Xxmnnowu

rocyf,apcrseo)
Macwitab Co6CTBEHHOCTb Ha 3eMJ1t0 I'IpaBa Ha 3emMJ/ienoJib3oBaHue
mesikoe rocysapcrseHHas
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<0,5ra
0,5-1ra
1-2ra
2-5ra
5-15ra
15-50 ra
50-100 ra
100-500 ra
500-1000 ra
1000-10000 ra
> 10000 ra

JocTyn K 6a30BbIM yC1yram Y MHopacTpykType

MeANLIMHCKOe 06CyXMBaHVe
obpasoBaHue

TeXHMYecKne KoOHCyabTaumm
3aHATOCTb (BHE X03511iCTBA)
PbIHKN

3N1eKTPOCHabXeHVe

TPaHCMOPT 1 JOPOXHas ceTb
BOJOCHabXeHVe 1 kaHanm3aums
dUHaHCOBbIE yCyrK

KpynHoe

naoxow
nioxow
naoxow
naoxow

S S S S S

naoxow
naoxow
MoXoW
nnoxoit |
naoxow

cpeAHero pasmepa

xopoLuast
xopoLuast
xopoLuas
xopoLuast
xopoLuast
xopoLuas
xopoLuast
xopoLuas
xopoLuast

YacTHOM KOMMNaHUN
obLWMHHasA/ noceskoBas
KONNeKTUBHas
VNHAVBUAYaNbHas, He
odpopmneHHas B

HeorpaHnyeHHoe
(HeKoHTpoNIpyemoe)
06LLIMHHOE (KOHTpOoNMpyemoe)

apeHaa

VIHAMBUAYaNbHOe

COH6CTBEHHOCTb
VHAVBUAYaNbHaS, MpaBa Ha BOAOBO/Ib30BaHVe
odopmneHHas B HeorpaHuyeHHoe
COBCTBEHHOCTb (HeKoHTpoNIpyemoe)
06LLIMHHOE (KOHTpOoNMpyemoe)
apeHza
VNHANBUAYaNbHOe
NA

BJIMAHNE

COHMaﬂbHO-3KOHOMMHECKOEBOBAeﬁCTBMe

MpoAyKTUBHOCTL
CeNIbCKOXO3ANCTBEHHbBIX KyNbTYp

npom3BoACTBO KOPMOB

KayeCTBO KOpMOB

nnowagb, ucnonb3yemas Ans
NpPOV3BOACTBa NPOAYKLMN (3eMAu,
fobaBnieHHble B 060poT/
nosb30BaHue)

yrnpaB/ieHne 3eMaamum
Ce/IbCKOXO3ACTBEHHbIE N3ePXKKM

L0X04bl X035ACTBa
obbem pabot

CHU3WA.

CHU3WA.

CHU3WA.

CHU3WA.

YCNOXHUNOCh

yBenuuun.

CHU3WA.

yBeAnUUn

CoumanbHoe 1 KynbTypHOe BO3/elicTBMe

NpoAOBO/IbCTBEHHAsA 6e30MacHOCTb/
camoobecneyeHne

3HaHWa B obnactn Y3/ gerpagaumm
3emenb

3Konoruyeckoe Bo3gelicTeme
cbop BOAbI/ BOAOYAEPXaHMe
(MOBEePXHOCTHBIN CTOK, poca, CHer 1
T.4.)

MOBEPXHOCTHbI CTOK

BOZHbIN JpeHax

YPOBeHb rPyHTOBbIX/ MOA3EMHbIX
BO/,

B/1a>XHOCTb Mo4B

MOYBEHHbIN NOKPOB

yTpaTta nous

aKKyMynsiLmMa NoYBEeHHOro
mMatepuana (HaMblB, 30/10Bas, 1 Ap.)
obpa3oBaHMe KOPKK Ha
NOBEPXHOCTW MoYB/ 3aneyvaTbiBaHVe
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CHU3WA.

CHU3WA.

CHM3UN.

yBenuyun.

CHU3WA.

CHU3UNCAa

CHU3WA.
CHM3UN.

yBenuuun.

CHU3WA.

yBenuuun.

yBenuyun.

yBenuyun.

yBenuuun.

yBenunyun.

ynpocTunoch

CHU3WUA.

yBeAnuun.

CHU3WA.

yayuwmn.

YAYHLWNN.

yayuLmn,

CHU3WUA.

YAYHLWNN.

BOCCTaHOBUANCA

yBeAnuun.
yayuLmn,

CHU3UA.

yBeAnuun.

CcoKparwun.

The crops produced are used as fodder

KonvuectBo g0 npumeHeHust ¥Y3I: 0.05ton/ha
Konnuectso nocne npumeHeHus Y3M: 5ton/ha

The production of the fodder is increased as the barley vy
is mostly used to feed animals and also the stubble is
grazed.

The barley is fed to the livestock

Due to the bunds (but very limited and inevitable)

Expenses are slightly increased due to possible
maintenance of the Marab. However, the increased yield
justifies this.

Due to possible maintenance

During the construction, local community were hired as
workers, this has significantly boosted their knowlegde
about SLM.
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rnoyBeHHoe / noA3emHoe
opraHuyeckoe BeLecTBO/ yriepos
pacTuTeNbHbIN MOKPOB CHU3NA. v yBenuunn.
6bromacca/ cogepxaHvie yrnepoja B

CHU3WA. v yBenunvun.

o CHU3WA. v yBenuunn.
Haja3eMHOWn 6romacce
nocneACTBUA HaBOAHEHNIA yBEeNUYUI. v cHU3WN.
B/INAHME 3aCyX yBEANUMA. 4 CHU3UA.

BnvisiHVe 3a npeaenaMu TeppUTOPUU NPUYMeHeH s
3aTonneHne y4acTkoB Hke no

TeyeHuto (HexxenaTesibHoe yBeMNANI. I cokparun. L )
( ) Reduced downstream flooding is desired

OT/IOXKEHWNE HAHOCOB HUXE Mo
TeUeHUo yBenundnn. v CHU3WUAN. X . X .
Reduced downstream siltation is desired

AHAJTNZ SPPEKTBHOCTU 3ATPAT

Hackonbko nony4vaemblivi pesynbTaT CONOCTaBUM C NepBOHaYasbHbIMU BOXKEHUSIMU
S¢dekTMBHOCTL 3aTpaT B
KpaTKOCPOYHOU nepcrnekTse
SddeKTMBHOCTL 3aTpaT B
[ONTOCPOYHON NepcnekTvse

Kpa|7|He oTpuLal NbHE O4YeHb NO3NTBHOE

KpaiiHe oTpuual MbHO v O4YeHb NO3UTUBHOE

Hackonbko nony4vaemblivi pe3ynbTaT COMOCTaBUM C 3aTpaTaMuy Ha TeXHUYeckoe 06cny>KnBaHme
S¢dekTMBHOCTL 3aTpaT B
KpaTKOCPOYHOU nepcrnekTse
SdPeKTBHOCTL 3aTpaT B
AONTOCPOYHON NepcnekTvee

KpaliHe oTpuual MEHO v OYeHb MNO3UTUBHOE

KpaVIHe oTpuual bHO ¥ 0YeHb No3nTUBHOE

The initial investment is quite large. Therefore, the short term returns is classified as slightly negative. After some seasons with good (stable)
crop yield the return of investment is positive. Long term benefits are classified positively.

VN3MEHEHWE KJTMMATA

lMocTeneHHOe N3MeHeHne KnumarTa

cpefHero4oBoe KONNYeCTBO 0CAAKOB CHUSWIOCh gyens naoxo 14 OYeHb XOpoLUO
3KCTpeMaanb|e sAB/eHUs, CBA3aHHbIe C USMeHeHeM KJinMaTa (CTI/IXVII?IHI:IE GEACTBVIH)
MeCTHbIe IMBHEBbIE A0XAN 0YeHb NA0X0 ¥ o4eHb X0poLWo
naBogKkn OYeHb NI0Xo Y| oueHb xopoLo
BHEZPEHWE 1 ADANTALMS
AOI'IH 3emenosib3oBaTenen (B npOLl,eHTaX), nprMeHsarLWnx Cpep,l/l nprMeHsrLWnx TexHonoruwo 3eMnenonb3OBaTeJ1el7l,
TexHonoruwo KakoBa Aond nuud, npnMmeHarwmnx eé rno co6CcTBeHHON
OTAeNbHble cayyYan/ sKkCnepumMeHT VHgmaTtumee, T.€. 6e3 Kakoro-num6o MaTepuaabHOro
-109
1-10% CTVIMY/TMPOBaHUSI CO CTOPOHBI?
11-50% 9
> 50% 0-10%
11-50%
51-90%

91-100%

Yuncno JOMOXO03ANCTB U/NNW NAOLLAAL NPUMEHEHNS
These are some farmers that live near the Marab. They try to copy the Marab in their fields.

Bbina nu TexHonorusa Y3MN moanéeuLumpoBaHa B HeAaBHee

BpeMms C Lebio aganTaumm K MeHsIoLMMCS YCI0BUAM cpefbl? The spillway design can be adapted to variable surface runoff
Jik:] occurrence (affected by climate change).
HeTt

K Kakmm nmeHHo MN3MeHAnLWnmMca yaioBmam CPEABI?
V3MEHEHWS KAnMaTa/ 3KCTpeMasibHble MOroAHbIe ABEHNS
MN3MeHs IoLLMEeCS YCI0BUS pblHKa
[OCTYMHOCTb paboyeli cubl (HaNpUMep, 13-3a MUrpaLmn

HaceneHws)
SAKNTHOYUNTENIBHBIE NMONOXEHNA N N3BJIEYEHHBIE YPOKW

CWNbHbIe CTOPOHBI: MO MHEHUIO 3eMJienosib30BaTesnen Cnabble CTOPOHbI/ Hef0CTaTKW/ PUCKA: MO MHEHUIO

e The farmers highly appreciate the improved economic situation as  3emienofb30BaTeNeiBO3MOXHbIE NYTW NPEOAO0/IEHUSs
consequence of the increased yield. e The Marab depends on upstream water users; can lead to

e Astrength of the Marab technology is that water is harvested and increased tensions Agreement among the community - conducting
minimally spilled away, preventing top-soil erosion and contacts/contracts among upstream and downstream farmers.
accumulating soil organic matter consequently preserving soil Joint watershed management and benefit share could be mediate
fertility. these tension. And might even lead to watershed rehabilitation.
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e The crop produces grains: can be (partially) used for re-seeding in e Highinitial investment and partially high maintenance costs
the coming seasons; economic gain + increase resilience. (including machinery) Once the implementation is linked with
larger environmental benefits - communities might receive funds
from the government or international donors.

e Loss of cultivation area where the bunds are placed Unavoidable.
However, the gain of interspaces exceeds these losses several

CunbHbIe CTOPOHDbI: MO MHEHUIO coCTaBUTeNna nnnm
OTBETCTBEHHbIX CcneyunanunucTos

e Economic improvement through targeted agricultural interventions
in the most suitable location(s) of a watershed. This aims at

decreasing the pressure on the fragile dry land ecosystem. The times.
locally increased yield raises awareness on non-sufficient field Cnabble CTOPOHbI/ HEAOCTATKW/ PUCKIA: MO MHEHMIO COCTaBUTENS
crop agriculture in uplands (commonly achieved) and might VNN OTBETCTBEHHbIX CMeLnaiMcTOBBO3MOXKHbIE MYyTHU
increase the willingness for more nature-based sustainable land npeoAoneHus
management measures in the less fertile and runoff generating e Tensions among multiple actors in the watershed (selection of
(more vulnerable uplands) parts of the watershed. Therefore, the Marab area) Develop institutions that could avoid these tensions
Marab technology could be a starting point for a watershed by establishing agreements, contracts, rules, or regulations.
rehabilitation initiative. e Heavy machinery in a vulnerable ecosystems - can induce other
e The Marab technology creates an opportunity for multiple crop requests/use by locals (improper use) Targeted policies in place &
introduction (due to natural flood irrigation) - aside from barley enforcements
monoculture (agro-diversity). e Increasing wealth inequality between farmers and/or
e Increased water infiltration conserves water and might lead to communities. Creation of institutions, which assure fair
deep percolation (groundwater recharge). distribution. This would benefit the whole watershed.
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