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Executive Summary

Severe flooding occu frequently in Jowhar area along Shabelle RiesirB This flooding is aaing
catastrophic loss of human lives, damage and economic loss. Effective flood managemensraquire
broad and practial approach. Although flood disaste@naot completely be gvented, major part

of potential loss of lives @hdamages can be reducéy comprehensive mitigation measures. The
river flood and retention have been analyzed by usinggraéed hydrologic ath hydraulic modeling.
Everyflow has be@ simulated by a praessbased1D/2D hydrological mode(HEGRAS)coupked
with the GIS analysiddodel simulation results under the design rainfall event, i.e. flood depth, flood
extent, and riskdamages for the sitation with and without flood mitigatiormeasures have been
compared and evaluated to determine an optimal séhatigation measuresThe results reveal that

a combination ofull rehabilitation of both the JOSP and upstream DFRC schantkeehabilitation

of Kalunde, 21 Oct, Labaébdi Isse, med Isse, Akhwaan dnQarfaxyaale canalas well as
rehabilitation of breaches and breakage mté on the river embankmenmmight reduce the
occurrence of major out of bank flooding by approxiniate4% and 41% fohé economic damage
so that it is no longer an annually expedtevent in the lower reaches of the River Shahéllith
some river bankaising and strengtheningnd dredging of the river channel might expect up to a 1
in 5 year standat of protection. Theresults of this study will be useful for improving the pneise
flood defense practice in Jowhar area.




1.Introduction

1.1 Backgound andRationale
Somalia has frequently been affected Byoods,droughts, and faminesdue to hidnly variable
rainfal, infrastructural breakdowns and the collapse of the natica@ministration as a consequence
of civil war. Flods and waterelated hunanitariancrises have always been great conce@mate
change projections for Somalia indicateanges in both tempmture and precipitation regimes in
the future (WB 2021). These changes in temperature and precipitation reggwill, in turn, impact
the magniude and, in some cases, the seasonality of peak runoff and floods throughout the country.

The Juba and ShabellRivers are the only perennial traheundary streams in Saatia and
Oz2yaidAaiddziS GKS o0l astgroddcéhgicktiazode adigihatiNg i thy 2
Ethiopian highlandsvhere the main streams and their tributaries are géeincised into thesteep
slopes of the upper reachashile the Juba River possses an additional seasonal tributary from the
Keryan catchment Lag Derar(an et al 2007, Basnyat 20).7/However, in Somalidn the middle

and lower reaches, there is artual absence of thutaries and other drainage channels; there are
some springed streams and some local runoff, but these cantrizi S 2 N @igeslob 2 &
heavy rainfalllt is estimated that more than 90 percent of the runoff for the Juba ahdb8lle
Rivers is geerated in Ethiopiaammer 1989, Artan et al. 2007, Basng807, Mutua and Balint
2009.

The Juba and ShabeRivers are the main elementstbf water resource base in south Somalia and
assessing their water availability in timenstitutes a fundametal piece of research for planning

2y

purposes in the basin®adh the two rivers constitute the basis for the ofui NBE Q& Y2& i LINE R
agricultural zone in Somaliga. Sa LA GS {2YFf Al Qa @dzt ySNI 6tfS R2gyal

bilateral treaties Galnan, 2011) nor any national or subnational arrangements fosteategic or
integrated use of the Juba and ShdbdRivers on the Somalide.

The Shabelle River, with its very special nature, fed by rains on Ethiopian highlandsijtfopesgle

all through the years to face great challenges to survive in spitheferiods of abundant floods.
The threat of natwal flooding arises wheever there is heavy and continuous rainfall in a basin.
While artificial flooding of agricultural lanis largely due tdllegal manmade openings on the dikes
and high natural embamkents to create an outlet for irrigation water ithe dry season. This
flooding is causing catastrophic loss of human liirgsastructuredamage and economic losshe
downdream segments ofShabelle River Basiare marked by an inverse topography, witlater
courses at some locations on higher elevattban the adjacent lagh as a result, the lower parts of
the riverine floodplains are highly susceptible to flooding (amitaite widely usedr gravityfed
irrigation and deshek farming).

Somalia has lEn under civil unrest since the mi®80s, with tle unrest degenerating to civil war

1991.¢ KS O2ybA Ol KI & OFidgadify thitukolt the dodntyl wh & defleg of | y R
clasles between the various militant factions ands$oof central government control. The
destruction of social andeconomic infrastructure, asset strippinggthnic cleansing and the
disruption of food suppliehave, sometimes, éen compoundd by drought, causg famine and
additional deathsAfter the outtreak of war, gricultural production fell by about 50%, largelye

to a reduction in cultivated area, and the abandonment of irrigation schemes and collapse of




irrigation infrastructure [lbara et al. 200). Roblems were compounded by damage to the
remairing schemes @zd SR 0& &ASOSNB Db22RAY 3 ElNifia 28voHencés R
resulting in increased unemployment, frequent occurrence of floods and above all substantial
decrease n crop production lading to chronic food insecurity at national catnousehold leel.

These floods force thousands of people living in the lowlands to move to higher grounds. The people

affected are mostly in Hiran, Middle Shabelle and Lower Shabellensediorecent yearsSomalia
has seen an increase in frequency anemsity of fbods the damage from the floods has become
much more severe, witd981, 1997, 2005, 2002011, 20132015, 2016, 2018, 2019, 2020, 2021
causing tremendous more damage thamyiously.

Due to thke country's economic disparity, those affectage often affeted severely. With little
technology to forecast the floods, and little money to build adequate housing, or provide
transportation away from affected areas, the number of pkpaffected increass dramatically.
Along with the flooding, the gpulation of ®malia suffers fronfood crisesand diseases. Some
diseases become prevalent directly from the flooding and mosquito popunlatioreases. Malaria
outbreaksand virus outbreak are direct result®f the massive flooding, which have devastgtin
effects on he human populationThe communities in the flood areas are not resilient to the
problems the floods bring, and this causes massive damageutoan life, infrastructure and
cropland, all worsenig an already fragile humanitarian situation.

In 2018, 215,00(people have been displaced and over 630,000 affected by flotml019, over
500,000 people were displaced by the floods. In 2020, almost 1 million people were affedtesl by
floods, with 400000 being displace(@©CHA, 2020 JowharDistrict was the west hit region, with
40% of residents were displaced from their hofwith Jowhar city toping the hardest hit areas and
more than 66,000 people from 27 villagesre displacel, the flood destrogd over 40,000 hectares
of farmlard, disrupting learning in2l.schools and damagg 82%of WASH infrastructures.

Unless appropriate actions and mitigation Jowhar Riverine areaare taken quickly, the
consequences can again turn intbsastrous for theO 2 dzy 4 NBE @ | & dzOd&liéhdaadt dzt
Y yI 3SYS yes fopaidrijpdziiensive assessment in Jowhar area amderstanding of lie
problem, longterm planning,availability of resources for taking immediate action during flood
events and coordinatiorbetween different public and prate agencies.

1.2 Study pjectives
The werall objectiveof this study is tocarrying out of a comprehensiv&udy for assessing flood
risks, preparing flood maps, and developimitigation plans intendedd protect the commuity
from floodingin Jowhariverine areaslongShabelleRier.

It is important to note that this work will produce a general overview assessment of flood risk;
information that could help inform future planning; analysis of risk gaifion options and improve

the resilience of the communities from recurrent flabdnd identiying areas unsuitable for urban
expansion.Further detailed sitespecific analysis will be conducted when determining specific

1 Okiror, Samuel (8 May 2018).ethal flash floods hit east African countries already inméfed". The Guardian
Retrievedl8 May2018
2 Jump up te@b"UN: Floods in centt&omalia hit nearly 1 fibn people’ AP.org. May 18, 2020.

GAGF

YT


https://www.theguardian.com/global-development/2018/may/08/deadly-flash-floods-east-africa-dire-need-kenya-rwanda-somalia
https://en.wikipedia.org/wiki/The_Guardian
https://en.wikipedia.org/wiki/Somali_Flash_Floods#cite_ref-AP_2020_15-0
https://en.wikipedia.org/wiki/Somali_Flash_Floods#cite_ref-AP_2020_15-1
https://hosted.ap.org/reformer/article/d0c08c8648d6c1c72b97afd46c0ff192/un-floods-central-somalia-hit-nearly-1-million-people

vulnerability, risk and mitigatioactions, as well asost estimate as and when they decide to pursue
further action.

Three specific objectives are identified:

1 Reduce the adverse impact of floods and the likelihood in Jowhar riverine areas

1 Conductcomprehensivedetailed hydrological invéigations using irsitu measurements
coupled with remote sensing and GIS analysied propose possible solutions or
recommendations for flood mitigations activities.

1 Propose an integrated flood management plan for Jowhar riverine areas that can be used fo
other areasin Sonalia.

1.3 StudyApproach ad Activities

The current study:

1 Identfied, accessed, and reviewed relevant documents, to the degree possitiie whie
timeframe and resources

1 Met with a wide range of stakeholders, in international and laoganizations worig in
various projects in Somalia. This inclddgomali govenment officials.

1 Collect data on irrigation another infrastructures.

1 Synthesized and critically analyzed the information obtained] daveloped preliminary
ideas.

1 Prepaedthe current FinaReport

1.4 Data forthe Sudy

Data collection and review to ¢hstudy consisted of reports, land and water data include streamflow
data, rainfall data, storage daf@rimarily from SWALIMnd McDonald, field data collected for the
study (topographic and pissical survely and discussions with stakeholders.

The chosa method for evaluating and further develop the available surface water management
methodologies was pesfmed as a multloop process (g 1.1). which includes a computer naid

part, the top log describes a classic model creation process where data aheusystem was
gathered, simplifications were made and a computer model was created and calibrated. This model
could then describe flood scenarios with precipitation datairgsut. The next stepvas to test
measures by implement them into the model anchmiew simulations.

The analysis undertaken is substantially dependent on data avilable. It was not within the resources
of the study to verify data/information received; coanslons reached arenevitably, subject to the
quality and completeness of dataeageived. The focusof the study was mainly on the
implementation and assessment of flood mitigation measures in form of surface water control and
only briefly handled generdllood risk managemen
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2.StudyArea Description

2.1 Sudy Area

Jowthar is the cajial city of HiShabelle
State andalso the aministrative city of
Middle Shabelle Region. The Shabelle
River passes through the town o
Jowhar, which is located 90 km north q:-
Mogadishu and it has strategic
importance because of its location Q&
connecs Mogadishu to the rest of the
central regions through the main road
that crosses the country. Jowh&own
consists offour urban villages, namelyi-\sf:
Horseed, Bulosheikh, Kulmis, dan
Hantiwadag. Theirst two villages are
located on the east side of the town
and the last two are on the wegide.

The builtup area of Jowhatown is with

different types of shelters, huts, iror
sheet roofs, public buildings and ID
tents.

N

During the ltalian ®lonialism in 19"
century Jowhar was developed am
agricultural ceter experimenting with
new cultivation techniques andlams,
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roads,schools, bspitals, a church and g

mosque and railroad system that linkeFigure2-1 Study area and catchment

Jowhar to Mogadishu to export the

products from theirlargescalefarms were built by the Italiang here is an adtrip in the north of
the town.In 2016 Jowhar became the capital city of the nefetyned HiShabelleState of Somalia.

Figure2-2 Old sugar cane fetory and train inJowhar area
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UNFPA Somalia populaiti estimates of 2014 indicate that Jowhar district has a total populatfon o
179,097; comprising an urban population 68,090, a rural population 089637 and 26,370 IDPS.
Jowhar has the highest percentage of rural populatimng within the rural sdtements after
Balcad districtDemographic estimates of the urban villagdgslowhar that have been developed are
not considered reliableAnalysis thragh satellite imagerghows somehorizontalgrowth in Jowhar
city in the last20 yearssurrounded in all directions by crops but in a very different way between
Hantiwadag, KulmjsHorseed and Buulo Sheikbaving an area along thever without new
constuuctions. Without regulating and managing the new construction in Jowhar thérdea risk

of loss of fertile agricultural land, urban fragmentation, illegal occupation, lasgutks and
difficulties to provide basic services and infrastructure.

Legend
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Figure2-3 Project area with main réerence features

Floods, lowrainfall and chronic foodhortages as well as clan conflicts have caused movement into
the regional capital since 281when the Somali national army supported by AMISbktated the

city. The estimation of IDPs within theban areaabout 5,820 n seven settlements, all of thein

the east side of the town called Teyaglo, Sheikh Omar, Jilaly and Biaso camp.

2.2 SocieEcamomic Context

{2YFEALFQa SO2y2Ye -haged ant NiEhBdted byCegrifutuzY While\ i2 ig” also
suwpported by remittancesand large aid flows. Agriculture plays a key role by constituting 75% of
GDP, and 93% of total export§he supply of watefrom the Shakelle River has allowed the

3 UNFPA Population Estimati Survey 2014
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agriculturaldevelopment of Jowhar district to the extent that became of the major supjrs of
food and export crops for the countrfpue to the lack of maintenance of the infrastructures and
absence of river mnagement, Johar has lost this protagonism.

The majoity of the population is engaged in the agriculturallarestock sectorsThecommon types

of agricultural products include maize, beans, rice, sesame, onions and sorghum and also fruits that
grow in the area such @ mango, guava, tomatoes, lettuce, ongprpeppers, cabbages, oranges,
lemons, and papaya. Litesk production such asattle, goats, camels, sheeps and poultry is also a
productive sector. However, there is no official data about the ehkaestock numlers in Jowhar.

The local markets functies relatively wellthe main market is in Hantiwadaglade. It is an open
market where people sell and buy different items ranging from food, clothing, and utensils to
medicines About 69% of Somalisze below tre poverty line. Poverty is thereby mastute among
children, youth, and IDPs, as well as pesdising in rural areas

Jowhar has two main roads and two minor roads that connect it to other main town or its
neighboring village. The main higay starts fom Mogadishu, passes through Jowhar, &meh goes
further to the central regions of the countnAnother one is the om that comes from Jalalagsi on
the north. However, the conditions of these roads are very poor which makes the exploitdtion
W2 ¢ K lotediid vetyddifficult.Jowhar has a fuctioning airstrip, 17km outside dhe town. There

are seven schools in Jowhafive of them are private while the other two schools are public. In
addition, Jowhar has twaniversitiesand 1 public bspitaland three other private hospital

Jowhar expdences pockets of insecurity and some lack of accessegroutes out of the awn.
These continued conflict and frequent natural disaster have contributed to significant poverty in
Somalia. The socialimpacts and potential aggravation of resouroglated conflicts is well
documented inprevious studies. The giict remains under ti control of pregovernment forces. A
sizeable portion of these forces are Burundian troops of the African Mission in i8qABISOM).
Troops of the Somali National Army (SIHA8 also present. The Islamist groupShlabaab stithdive

in the rural areasurrounding Jowhadistrict, providing harsh treatment, forced recruitment és

vis the local populations. It infiltrategther areas and conducts deadly attacks on citizens.

2.3 Geneaalized Characteristics of therda

231 Climate

dimate is semiarid andJowhartown is relatively wet, compared to many other parts of Somalia.
There are two wet seasons (Gu and Deyr) and two dry ssaStaal and HagaaJhe Gu rain season
starts as edy as the secot half of March with around 408m rainfdl on an annual averagd he
second rainy season (Deyr) is characterized by a shorter duration and less amounts of precipitation
in the months ofOctobe to the end of NovemberThe mean annual rainffais approximately
367mm/yr, most of which falls in th@u and Dayr rainy seass. Variability is high in space and time.
Thedry seasonsre very dry and warm, with @an monthly temperature is in theangeof 27.45-
29.8°C.Rainfall has been modeled fro1901 to 2020\{/B, 2021 data from megorological statns

(Figure 2.4
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Potential Evapotranspiration rates arbigh ranging between 120 to 189 mm per ybacauseof the
vegetation density isrelatively high and high soil water content in the floodples. Bvapo
transpirationexceeds rainfall in the area artdmeans that water dmand by plants is much higher
than the available rainfall and explains the high sensitivity of the area to droughts.

37.5 °C 84 mm

35 °C 72 mm

325 °C 60 mm
bt 30 °C 48 mm =
= m
= 0,
2 3
= 8
e o
— 27.5°C 3B mm =

25 °C 24 mm

N I I I I | I -
Jan Jul Aug Sep Oct

Feb Mar Apr May Jun Nov Dec

Min-Temperature -+ Mean-Temperature -8 Max-Temperature @ Precipitation

Figure2-4 Monthly rainfall and temperature variations of Jowhar area for the period of 1901 to 2020 (sourcerldlV
Bank, 2021)
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2.3.2 Topography

Morphologically, theShabelleRiverflows within almost a flat valley due to the sediment loads
deposit &d the riva bed © be elevated above the plain in the areas downstream of Bulo Burti
towards the Jowhar making it more vulnerable to flooding. Irrigation is widely practiced any
breakage of the riveembankments can lead textensive devastating floodinghe surromdingsof
Jowhar are characterized for being vast extensions of crops fieldanBtream of the town, the
elevation is about 90m a.s.l. and the terrain is flat. The small hills in the ligigrcorner of the

map mark the end of stabilized saddnes.Thecontous depict higher elevation close to the river
and lower elevation further away from the river. The two branches on the left side are areas where
the water diverts during heavy floodtongitudinal profile along the valley and shoelsvaion
changegradudly with higher elevation close to the river and lower elevation further away from the
river and with the very low slope of the rivétere several irrigation canals depart from tiiner.

Jalalagsi

Bulo Burto

Cadale

Wanla Weyn

Elevation (meters a.s.l)

Settlements

Airfield . District capital , NORTH

<115 - 161 - 190
[ ] T
Primary Roads
Shabelle River -
= = it 0 5 10 20 Kilometers
‘:\ {3100 211292 Jowhar district [ Neighbouring districts b i n i n non g

Figure2-5 Generalized topgraphic relief of Jowhar area

2.3.3 LandUse andLand Cover

The landscape of thareais strongly conditioned bghabelleRiver.Land cover in the study area
consist urban and associated areas (settlement/towns, roads apdraiy Natural Water bodiesand

in the surroundings of Jowhar are chamttedfor being vast extensions of crops fields. Mango crop
fields are common along éhriver while the cereals crop fields ocdurther away from the river
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Smaller areas of mixedrops intude rice, banana, mango, coconut and sesantes& crops are
irrigated under gravity from the river through agxtensive irrigation networklevelopedin period
between 1920sand 1990s Irrigation water is abstracted by barrages with weirs cotimgl wate
flow into primary canals that commandewater into secondarganals

Half of the Jowhar Sugar Estate comprises of abandoned fields due to wateglagyl salinity
problems. While the canals that used to irrigate these areas are still prabegtareonly functional

in the upstream reaches, with the channels dabsially silted up in the abandoned areas of the
estate. This orthogonal network isexpally developed at the east side of the town while the flood
prone areas of the west are resexd for fice plantations. Land is affected by moderate to strong
degradaton, especially in the east side, mainly due to increasing farming, reduction of ‘egeta
cover, and tree cutting.

Jalalagsi

Bulo Burto
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Wanla Weyn

Landcover of the Study Area
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Figure2-6 Land cover ofowhar area
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2.3.4 Saoll

The soil of the region is typically Haplic Vertisol whioth&acterizedby its low nutrientavailability,
poor workability and imperfect drainagéromMahadeyWeyneto Jowhar the soils on both banks
adjacent to the river consist oinfe- textured brown vertisols with good watdrolding capacity and
have been exterigely usedfor rainfed agriculure and flood- and controlled irrigation on the
Jowhar Sugar scheme. Between Jowhar and Balcad the soils adjacent to the river weretgay, ver
suitable for irrigated agriculturelnfiltration rates for such soilsra low, frequently less than
25mm/hour. They have high water holding capast usually as much as 2080mm/m or more. In
some casessoils have salinities aboveiS/cm leading to serious salinity problems unless careful
irrigation practices are followed.

Bulo Burto Jalalagsi

Cadale

Wanla Weyn

Soil Types
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NORTH
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|

Figure2-7 Soil map of Jowhar area. Classification codes are based on (FAO, 2009)

2.3.5 Geologyand Hydrogeology

Most of the sothern parts of Smalia consist of the basement complex rocks, overlain by Mesozoic
sediments oflimestone, marls, sandstones amtluvial sediments.The area supunding Jwhar is
constituted by black and daitkrown alluvial clay and sandiag with widespead secondary gygsum
crystals. There is a great difference in the lithological sequence dllingal deposits penetrated by
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wells drilled in the areaMajority of the population in Jowhar uses river water for drinking beside
handdug wels and few bordwoles during the months when the river gets dryor domestic
consumption and for irrigation pugses, the population rely more on water from tBédabelleRiver
Most of the wells arainlined and unprotected; some have concrete linings, latreot covered.

A large groundwater reservoir yielding water of good quality has been identified in the afdhen
Sugar Factory. Its extension, thickness, vertical and dwaat lithological changes, as well as water
quality variations, have not beenefined yet. Theuppermost waterbearing zone of the alluvial
aquiferbetween 7 and 17 ngenerallyhas a low prductivity and a high salinitwith EC valueip to
9,000uS/cmandthere are, however, some hardlig wells 1612 m deep, with E€alues of less tha

2,00uS/cm water salinity inboreholes should decrease by sealing off the top 20 m of the alluvial
sediments

Bulo Burto Jalalagsi

Jowhar

Cadale

Wanla Wayn

Hydrogeology of the Study Area

Mesozoic Sedimentary - Cretaceous undifferentiated @ Dams NORTH
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Mesozoic Sedimentary - Upper Cretaceous

Quaternary Unconsolidated Sediments ® Boreholes ll) l :5 ) 1|0 L ZIOKtIometers

Figure2-8 Generalized hydregeology and available water sources in Jowhar area

Water-bearing layers tappelly these wells are mogtrobably hydraulically interconnected with the
river water. A decrease in salinityittv depth has been observed in drilled wells. Low permeability
and the widespread presence of sedamny gypsum in the clay and sandy clay layemsrdtm a depth

of 20m arethe main reasons for the higher salinity of the upper sediments compared with therlo
ones.In addition, the shallow depth of the water table in large areas, used by the intensgagion

18



during the past 50 years, has built sipil salinity which ledwes nto the upper part of the aquifein
several boreholes where the upper part ¢fie aquifer has not been sealed off,ater quality
changes during pumping andater of better quaity is generally obtained after a certain amouoft
pumping, indicatinghat the lower waterbearing zone produces water of better quality than the
upper waer-bearing zone.

2.3.6  Hydrology

Shabelle Rivebegins in the highlands of Ethiopighere the main geam and its tributaries are
deeply incised intohe steepslopes of the upperaaches and then flows southeast into Somalia
through Bulo Burti, Mehaddey Weyand Jowhar to Baladwvhere it turns southwest and runs
roughly parallel to the coast from whidhis sepaated by a range of sand hills about % wide.
After passinghrough Afgoy, Audegle and Coriokbe river becomes seasonal.

) Shabelle River Basin
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Figure2-9 Shabelle River Watershed

During most years, the river dries up near the mouth of the Jubba River, wisdasons of heavy
rainfall; the river actudl reaches the Jubba and thus the Somali $ka.river has a total catchment
area of approximately 307,000knof which 65% lies ithin Ethiopia.In the middle and lower
reaches, there is a virtual absencetdbutaries and other drainage channels. Olang reaches,
particularlyShabelleRiver banks lie above the level of the satmding land, so that any spillages are
lost permanatly from theNA @S NJ | YR y 2 NEddzN 1948 21GCN 2@ Shaddelle 0
Riversuffers from flow variability, both inteannually and intreannually, resulting in both water
shortages and floodindepositing vast amounts of sediment which make tiver vallgs the most
fertile areas in the country.
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Jowhar is located in the Hirshabeliger floodplain, an area that is susceptible to floods in times of
high water discharges from the adjacent rivers and bursting, poorly maintained irrigation channels.
While thetown itself is not located on the most flood prone area, torrential rains #ioods turn
Jowhar into an island accessible only by boat from Balcad, sasittecently as November 2021

Meteorological and hydrological observations constitute the firstpsie producing higiyuality
weather and flood forecasts with proper lead tim&s well as providing baseline data for water
resources management, drought forecastingd a longterm climate trend.Juba and Shabelle rivers
are the only gauged rivers in Salia. Hydrological and meteorological data collection and
observation in Somal started in the late 1894 by installation of first weather station in Kismayo.
The hydremeteorological network expanded rapidly and other stations were located in the coastal
areas where Italian and British colonizers settled at the turn of the twemtentury.

Hydrological data collection and analysis started in Somalia with the installation of -hydro
meteorologicalric stations in Jublzaad Shabelle Basin whistarted in the late 1894 by installation

of first weather station in Kismaydhe hydremeteorological network expanded rapidly and other
stations were located in the coastal areas where Italian and British colonizers settled at the turn of
the twentieth century.Currently in total 7 River Gauging stationstaff gauge readingspstalled
alongShabelle River, sonw them are not functional, and albeit at different levels of data reliability
and latency ¢ee Table2.1). There is limited information available on rivdov/s in the Ethiopian
portion of the catchment. The earliest level readingdl sivailable inSomalia date back to 1951 at
Beled Weyne.

Table2-1 Location and operation status of river gauging stations iraBhlle Basin

#  Station Name River Longitude Lattude Operation Status
1 Belet Weyne Shabelle 45.20596 4.73598 Functional
2 Bulo Burti Shabelle 45.56727 3.85702 Functional
3 Mahadey Weyne  Shabelle 45.53038 2.97098 Functional
4 Jowhar Shabelle 45.504% 2.77872 Functional
5 Balad Shabelle 45.39167 2.35000 Non-Functional
6 Afgoi Shabelle 45.12500 2.14444 Non-Functional
7 Audegle Shabelle 44.83333 1.98611 Non-Functional

From the end of 1990 to 2000, the hydrometric network collapsechpletely and he river gauging
stations were not monitored. Nadata is available for this periodlhese gaugesere rehabilitated
previously by the SWALIM, CEFA, CARE and World Vision InternatioeHbrt was made by IGAD
ICPAC to fix new staff gauges at the samvelldatum of the gauges that were maintained def
the war.The recent data shows distinct differences from the earlierywee datain terms of the
magnitude of flow. Houghtoi€arr et al. (2011) reviewettie trends between 1962010 and 2002
2010 at BeleWeyne andBulo Burti and found no significatrends at the 95% confidence level.
Analysis of the differences in the 196990 and 20022014 records shows an increase in average
flows at BeletWeyne by 58% and at Bulo Burti by 50%. Due to the high wiogesin the current
stagedischargerelationdhip, the confidence in this data isw and it should not really be used to
conceptualizethe current state ofthe river. On face value though the recent record appears to
supportthe notion that accretion increasing water levels within the gvchannd.

20



The absence of accurate forecasting and weather information resulted losses of economic and
thousands of lives in the past two decad&®maliain generalis lacking technidaand institutional
capacityto analyze, forecast, develop and disseate timdy early warnings messages for floods
and flash floods, drought, cyclones and accurate hydrological, hydrogeological and meteorological
information to enable the efficient and economic management of wateoueses.

2.3.7 River Characteristics

The peakdischargeon the Shabelleoccurs in Ethiopia andnnual flows decrease progressiveds
the river flows downstreamBased on stream flow data from 1963 to 19¥@e longterm mean
annual flovs in the ShabelleRiver atBelet Weyne(catchment area o207,488 Krf) andat Balcad
(catchment area 0214,516Kn¥) are 2.4 and 1.5iBon cubic meters (BCM) respectivelphis is
mainly due to various factors such as: not mucimtribution to flows from the Somali catchment
areas, frequentoccurrence of bank futtondition ard spilling of flood water into the flood plains and
natural flood relief channelgjver diversions for irrigation both during low and high flow periods,
and losses due tevaporation and infiltration/recharg of the graundwater along the river.

Table2-2 Longterm Average Flows in some stations a long Shabelle River (m3/s)

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Belet 135 138 30 79.8 151.2 827 57 110 151.8 129.6 77.5 36.9 75
Weyne

Bulu 143 98 145 319 656 56.1 408 673 748 719 57.2 317 447
Burti

M.weyne 17.2 13.1 21.1 53.6 1045 748 52 98.3 1228 1114 746 37.5 65.1
Balcad 17.2 131 21.1 53.6 1045 748 52 983 1228 1114 746 375 65.1

The Shabelleriver channel does not have the capacity to carry mowre than the typical annual
flood. Despite a history of embankmemonstruction,out-of-bank spilloccuis yearlyin Mahaday
Weyne, Jowhar, Balcad and Afgoykiring the flood periodswhen the capacityof the channel is
exceeded and flooding occurEinregulatedsettlement in flood plains and the recent practice of
breaching riverembankments for informal flood irrigation has progressively incredksmt risk to
the riverine communities.

Floodcontrol andriver regulation infrastruture has continued to declinéJnregulatedsettlement in
flood plains and the recent practice of breaching rigetbankments for informal flood irrigation has
progressively increaseftbod risk to the riverine commuiies. There are two distinct flood seasons
on the Shabelle coincidingwith the Gu and Byr rains.Over the 1963 to 1990 recorded data period,
the Gu and Byr floods are similar in terms of the percentage of annual tlemugh theDeyr floods
are sustainedor longer HoughtonCarr et al., 201)1 During the period of 1970 t@980 the peak
flows in the river atAfgoyare shown to be approximately 16@/s. In the period afteiconstruction
of the JOSP, mawum flows were around 80 to(@n®/s, reflecting the infuence of the active
operation of the scheme at thaime.
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2.3.8 ShabelleRiver Hydrological Challenges

DSALIA UGS o0SAy3a (KS I NBSaid 09nabdlighas2he leadtirudifdial I Q&

rivers of Ethiopia. This isud to its physical geography and limited rainfall. However, despite being a
little resource inBhiopia, it is a major source of water for Somalia, albeit not developed to its full
capacity.The leryth of river valley from Mahadey Weyn ®alad, which ishte reach serving irrigated
agriculture in the Middle Shabelle, is so®@km,typically the rive embankments are 0.5m to 1.5m
high, reasonablywell formed and grass coveretlocally, floodembankmems may exceed 2m in
height. The topography iMahadey Weyrio Jowhar areas particularly unfavourable to containing
the river, with the riverine areabeing raised above the surrounding flood pldirig 2.10) This
means that even aninor breach in theiver embankment can result in widespread floodagythe
river escapes from its perched position into the surroundingdplain which is located at aveer
elevation. Damages from loveturn period flooding are therefore high when compared to areas
wherethe extent of flooding is confined by rising topographyas fromthe river.
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Figure2-10 DEMmap showsriverine areas raised above the surrounding flood plain

Due to climate conditions, the basiaalso frequently affected by recurrent droughts, causing major
water problems to both Ethiopia and Somalia. For the last four year (2@®L9) ShabelleRiver
have experiaced unprecedented hydrological aditions, as it has turned totally dryHg 211),
mainly due to lack of rains, climate change effects, and isg@atilization in upstream areas.
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Figure2-11 Photos shows the river running dry

These hydrological conditions have already negativelpamed the lves of many vulnerable
downstream commuities as well as the river ecology. These effects onShabelleRiverare the
worst in living memoryAs a effect ofon-goingclimate change combined with other changes in the
physical environment, i ShabelleRiver is currently undergoing major hydogical changes which
may result in unknown outcomes in terms of its capacity to maintain communities arelthyn
environment. Somalia is therefore concerned about the hydrological clsaobthe river.

2.3.9 Sdlimentation

The heavy sediment loads in the rivevater during times of high flow have presented severe
operation and maintenance problems for the Jowharasugstate and the Jowhar Offstream Storage
Project in the past, specifically with the sedimetisa of canas and the occlusion of intakes. The
Duduble and FAO Flood Relief channel have also experienced similar problems. Particularly high
sediment concentitions were recorded during 1980 and 1981 as part of the Jowhar Offstream
Storage Reservoir opation. The najor land use types driving this raté tpsoil loss were noted to

be livestock grazing, fugood collection, and the negative effects of expansad urban centers It
seems that sediment concentrations are very high in the Gu season, a§pedien theriver flow

has been lower than average the preceding months. The inference is that the Ethiopian catchment
contributes high sediment loads wheéine Gu season rains fall on a drougtticken catchment.

2.3.10 TheRiverManagement Challenge

The ShdelleRive isA YL NI F yi NB&A2dzNDOS o6FasSa F2N {2YFfAFXS |
Traditional socieeconomic activities in southern Somalia areosgly based on the ailability of

water in the river. Water resourcen the river is stronglylinked to thevery survival of the Somali

national economy, as well as its social and environmentatvestig h the riverine areas. The rivey
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therefore vitd to the weltbeing of the nation. Unlike Ethiopia, which has larger rivers in its
territories, Samalia lack sgnificant alternatives to the Juba arhabellerivers as long as water
development for agricultural productions is concerned. In addition, theers pass through
ecologically sensitive areas of both inland and coastal ecosystems. Taerddapy ratioof Somalia

to the waters of the Juba an&habelleare extremely high. In Somalia, where agriculture is
impossible without irrigation, water secuwyiis one of the most important issues.

Due to its length and the area it covers in Somdtia ShabelleRive is the most important source of
water for irrigation activities and domestic water supply to many communities in cestrahern
Somalia. Theiver was the most developed river in Somalia before the state collapse in 1991. Before
the oubreak of thecivil war in 1991, nindarrages in theShabelleRiverwith irrigation canals were
built. Inside Somalia, no dam was built on SBieabelleRiver, lut there were many major agricultural
development activities taking place along the river, thhatd much ofthe available water. Before

the civil war started in 1991, plans were in hand to further increase utilization ofiviee water
resources, as theapacity to expand irrigation schemes remained high.

However, the civil war damaged the riviefrastructures; structures that are today in great need for
rehabilitations and improved management. During the civil war years, there were no proper
operationand maintenane of the barrages, e¢amlsand river beds. The river and the infrastructures
suffered mainly flom uncontrolled siltation, in turn caused by land degradation and soil erosion. This
led to the river and all its irrigation channels were filledhwéands that haveeduced the river
capacity to carry water. As a consequence, the agricdlemamunitieshawe then started to break

up the river banks to irrigate their land. This has in turn affected the river morphology.

2.3.11 Gauging Stations

There islimited information available on river flows in the Ethiopiaortion of the catchment. The
earliest levelreadings still available iSomalia date back to 1951 at Beled Weyne. As there is very
little inflow in the Somalian portion of the catchment, thiauge is important foestimated water
availability in SomaliaBefore the outbreak of the civivar, therewere six gauging statioresach in
operation in Juba andhabellerivers within Somalia. Rivegauges (staff gauge readings) and
discharge measuremémecords areavailable for these stations up to 1990.

Ly GKS 1 0SS wmdT n teferioiatosiNBe state af thehydemdtriR detwbrk, and
records at many stations became intermittentnreliable or norexistent. In 1981 began the +e
establshment of staffgauges and river level recorders, with an extensive progrardissharge
measuements to deermine new stagelischarge ratingurves. These measurements covered the
full range of the flow duratiorcurve, covering both the severe drought tre Shabellen 1981 and
the exceptional flood events in the following year.

A further declne in monitoring and maintenance after this periotbcessitated another program of
rejuvenating the hydrometrigprogramin 1983. From the end of 1990 to 2000 ethydrometric
network collapsedcompletely and the river gauging stations were not monitorech #éata is
avdlable for this periodinrecent yeargecording stations wereehabilitatedand staff gauges have
been installecby SWALIM. River level observatichave continuedince then at these sites

2.3.12 Vulnerability
Jowhar is located in the Hirshabelléver floodgain, in an area that is extremely disaster prone
including floods in times of high water discharges from the adjacent rivers and bursting, poorly
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maintained irrigation channels. Recently the floods of 2021 turn Jowhar town into an island
accessble only ly boat from Balcad town witimore than 27 villages located along the riverbank in
Jowhar district have been affected effected with an estimated £2¥,people having fled their
homes and moved to nearby highland villages and approximately 3)868eholds & isolated.
Most displaced people are arriving in Tawakal, Jiliyaale, Sheikh @mag and Waqwagley IDPs
camps The increment of temperature caomed with lack of water availability as result of climate
change increase the prevision of dgits frequercy and persistency that cause crop loss, livdstoc
loss and affect human healthThese are one of the most prevailing reasons for internal
displacenents of population and force the communities to depend on humanitarian resources and
other relief providers,including AlShabaab, for survival. Communities are vulnerable to those risks
and will further threaten livelihood, water insecurity, food securibfodiversity and soil fertility,
enhancing the prevalence of pests and waberne diseass.

Acwording tothe communities environmental degradation and health problems, such as malaria, are
amongst the main threats. Hydmeteorological hazards, resourbased and political conflicts, land
degradation, and the lack of coping mechanisms andptida capacitiesare amongst the root
causes of vulnerability. Very limited effort is being made towards systematic disaster risk reduction.
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In the area thee are flooding prone areathat affect cormunicaions, livelihoods and health
conditions.Tawakal, Jilyale, Biaso, Sheikh Omar and WagwagleycHdiss are idertied as one of

the most vulnerable structures, given their lack of physical sturdiness, @outason and health
condtions. They aralso, gnerally, very exposed to flood points as their location tends to be near
the river, which makes them highly welrable to river breakages. Public facilities are also vulnerable
since many of them are conceated around the main rad going south orthe edge of Kulmis
settlement. The concentration of public facilities and the proximity to the river make it a highly
vulnerable zone.

It is observed that river breakage points coincide with areas where the aipaegetation around
the river is absentThese & points where the water floods unconstrained by riverside vegetation,
increasing exposure on already sensitiivéng structures. When the riparian forest is thicker, the
vegetation seems to hold water, tigating the extension ofhe flooded area protecting the living
structures on the area.

2.4 Climate ®@ange and Floods

Climate variability and change already stoty affected population food security, drinking water
supply and irrigation, public health ¢gms, environmental managment, and lifesgle acoss
Somalia.Over half of the populations are pastoralists where the timing and amount of rainfall are
crucial fdors determining the adequacy of grazing and the prospects of prosperity. Unfortunately,
Somdia has been highly susuoible to the efects of climate change and extreme weather
conditions, such as periods of extended drought, flash floods, erraticatiaimfid disruptionto the
monsoon seasons, strong winds, cyclones, sandstorms and dust sidnicis has been exacerbate

by conflict andimited governance that persisted for decadd#e following is key historical climate
trends are summarized for theantry (since 1960, unless otherwise noted):

- Since the 1960's, a warming trend has been obstmesomalia.

- All averaggemperatures inthe pag decades have been higher than normal, and the period
between 1991 and 2016 was one of the warmest periodssanrd.

- An increase of between 0.5°C and 1.5°C has been observed in the absolute maximum
monthly temperatures in the pastthree decades. Ae aveage increase in minimum
temperature is 1.5°C and the increase is most significant in April and May.

- Rainfall isincreasingly erratic, with marked seasonal deficits when compared to long term
past averages. He changing dynamics arassociated decreses incrop and livestock
production and increasing food deficits.

- Significant increase in rainfall has been registddhe months of Aprit May and October
¢ November and the period between 1991 and 2016 wexorded high rainfall tes.

- Heavy rainfall evels appear to be increasingly frequent, with changes in rainfall patterns,
including decreased reliability andskpredictability.

- The number of extreme events is likely to increase and droughts appeas tocbeasingly
frequent.

The $mulated temperatue and rainfall data derived from the Coordinated Regional Downscaling
Experiment (CORDEX) RCMs of three modat$SBMES, MRESMLR and GFEESM2M were
compared with the observed data from stations, soméhwire-war data and othes with both pre
war andpost war data. The models have been run for historical period covering the period from
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1981 until 2005 and futwr projection 2006 up to 2100. The results for future projections of rainfall
and temperature ag given for IPCC superiod 2031¢ 2060 in the nar future, and 20722100 in the

far future, relative to a reference period of 192010. Analysis of the projesd rainfall indicated a
decreasing trend in rainfall leading up to 2030 followed by an increatiee near (20322060) and

far future (20732100) compared to the reference period (192010).Under RCP4.5 and RCP8.5
scenarios, mean annual rainfall is exfes to increase by between 5% ari®% over much of
Somalia. Future plans should therefore fecim areas and seasswlere substantial changeare
expected to occur.

Figure 2.14shows the recorded number of days with very heavy rainfall (20mm/day) esahior
19862005, and projected values for 202000 and recorded -Bay Cumulative Rainfall fd986
2005 and projeted 5-Day Cumulative RairlfalOyr Return Level by 2050 under all RCPs of CIMP5
ensemble modeling. Note, the shaded ranges illustrate ititer-model differencesin the case of
temperature, the projections from all the models showe@ttrease in minimumand maximum
temperatures unér both scenarios with RCP8.5 and RCP4.5 in the near-22G8) and far future
(2072:2100) compared to the refence period (1982010), like being observed by temperature
projectionover other parts of thevorld.
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Figure2-13igure 2.13: Average Monthly Temperature and Rainfall of Somalia for 299320, 193-1960,1961-1990 anc
1991-2016
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Figure2-14 Projected change in monthly precipitation for Somalfar near future (20312060); far future (20742100)
during RCP8.5 scenario
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The projected temperature change scenarios show that Somalia future development and livelihoods
will in future face increased thrémof climate extremes unless effective climate amtnadaptation
systems form integral componé&nof national developmenstrategies. Results however show that
projected change in temperature will vary from season to eeaand district to district. The
northern parts of the country are more likely to be&armer compared to the southern parts. Under
RCPA4.5 scenario, the teenature increase by the end of the century relative to the reference period
(1981-2010) is expecteddtbe between 1.5 and 2.5°C.
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Figure2-16 Projected Chage in Monthly Temperature for Somalia for near future (2062060); far future(2071-2100)
during RCP8.5 scenario

The spatial patterns of temperature changes in theftaure (20722100) were snilar to those in

the near future eéite the changes are much bigger under RCP8.5. The warming is likely to be less
in the southern parts of the country compared to the timrn parts. The northern parts are
expected to experience up to 3°C under RCRdemario compred to 5°C under RCB&cenario.
Results from the temperature time serieSi2.17) show an increasing temperatures in both the
near to long term future. This in line with global and regional reports that project an increase in
the averaje temperatue by 2060 and &urther increase by 2100°%

4IPCC. (2014), Africa. l@timate Change 2014: Impacts, Adaptatiand Vulnerability. Part B: Regional Aspects.

5Few, R., Seytal, McGahey, D Leavy, J., Budd., Asen, M., Bewket, Wet al. (2015) Vulnerability and Adapion to Climate Change
in SemiArid Areas in East Africa. ASSAR Working Paper, 111

6 Anyah, R.O. and Qiu, W. (2012) Characteristic 20th aficC2htury Precipitation andiemperature Patterns an@hanges over the
Greater Horn of Africa. International Journ&l@imatology, 32347-363. https://doi.org/10.1002/joc.2270
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2.5 Historical Background of Climatinduced Natural Disasters

Many of the hazards affecting Soheathat originate from hydraneteorological events such as
heavy precipitation prolonged dry spells or extreme temperatures that have adversely affected the
lives, property, and livelihoods of the Somali people for centuries. These are primary hazads whi
lead to secondary and tertiary kards, including floods ahflash floods, drought, cyclones and other
climaterelated diseases and epidemics. Floods andhfflzods follow weather events, either heavy
rain. While droughts could result in heat wavesdamater scarcity, both droughts arfdosts will
result in damge or loss of crops and important impacts on human and animal health. Pest and
disease outbreaks nyabetriggered by drought or excess precipitation. The distinction of hazards in
such a cascanfj manner is the first step in proggsing from weather foresis and warnings to
multi-hazard, impacbased forecasts and warningsaple 2.}.

Table2-3 Table Primary, Secondary and Tertiary Hazards Cascading from Hy@teorological Events

Event Primary Hazard Secondary Hazard Tertiary Hazard

Thunderstorm - Heavy rainfall - Flash floods - Damage to structures, embankmen
- Strong winds - Riverfloods irrigation and drainage facilities
- Lightning pumping facilities

- Submerging fields

- Loss of infrastructure systes and
services (shelter, energy, amsport,
schools, hospitals, communications)

- Widespread economic losses

- Infectiousdisease

- Insect and pest problems

- Sand and silt deposition

- Waterborne diseases

- High sediment runoff into reservoirs

Drought - High temperatires - Water scarcity - High evaporation loss in reservoirs
- Heat waves - Low flow - Shotage of storage water in reservoir:
- Less rainfall - Less inflow - Insufficient diversion in channels
- Crop damage - Saltaffected soil

- Saltaffected soll
- Energy shortages
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- Pumping sysm difficulties

- Extreme - Heat waves - Heat stroke - Socioeconomic impacts

- Temperature - Heatrelated - Biobgical hazards - Changes in groundwater level
complications - Stresson vegetation - Waterborne diseases
with livestockand - Water insecurity - Food shortages

animals

During the past 28ears, Somalidas been affected by six moderate-strong El Nifio events in

which floods ofdifferent magnitudes were reported-(g 2.8). These floods led to the collapse of
virtually all large irrigation schemes and damaged theam#ipod relief channks, roads andther

major infrastructure. The flood recurrence at the Jubba and Shabekediose significant flooding

risks along the two rivers, mainly in the middle and lower reaches. Observational data for the 1985
2018 periodshow that drought, flods, cyclonesand climaterelated diseases and epidemics, whose
frequency, occurrence, arichpacts have increased in recent years, already pose a significant risk to
GKS O2dzy iNB Q& @dzf YySNI 6t S LJ2 Lddub ma$sive pfoblenisfyfoodNB O S v i
insecuity and population exodus from the workit areas.
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Figure2-18 Historical natural disasters (droughts, floods and cyclones) in Somalia (Source: Gure, 2021)

2.5.1 HistoricalFlood Records

During the rainy season, the Jubbad Shabelle river basins in soath Somalia are often impacted

by extreme flooding in the riparian zones. Temporal patterns of high rainfall variability exacerbate
flood events JNDP/ICPAC, 203When mid and frequent droughts occur, they are ofterléoved

by devastating floodsRobaet al, 2013; SWALIM;14, 20®). Intense rainfall and flash flooding
contribute to sedimentation of the river channels and deterioration of the riverine bundedFlo
diversion schemes are often required (e.g., Dudubleo&lRelief Channel (DFRC) and Jowbff
stream storage ProjectlQSP. However, the topography in the lower reaches of BteabelleRiver

is particularly unfavourable to containing the river, withe riverine areas being raised above the
surrounding fl@d plain. This means that even anor breach in the river embankent can result in
widespread flooding as the river escapes from its perched position into the surrounding floodplain.
Damages from M return period flooding are therefore significantly highthan one might expect
when compred to areas where the extemtf flooding is confined by topography rising away from
the river.

The river system in the MiddI8habellehas now declined to the poi where some flooding is
expected during each high flogeason (i.e. twice per year). Thigs become the expected coursé
events during a typical year and causes significant hardship through destruction of infrastructure,

7 Somalia National Aicin Programme (NAP) to the United Nations Conventionaimi@at Desertification (UNCD)
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inundation of crops, loss df/estock loss of life and in some cases the relocatibmany thousands
of people.

Jowhartown has been affected by theajor historical riverflood events which occurred iDeyr of
1961, Deyr of 1977, Gu of 1981, Deyr of 199u,o0f 2005, and Deyr of @6, Gu ¢ 2010 and Gu of
2015 Since then theflooding ha become progressively more frequeand in recent years has
became atwice yearly event, with some flooding occurring during each high flow pesmaharwill
continue to be vulnerable to any future floodkie to its location in the river plairA numberof
historical flood events werenvestigated during this studyl'hisincluded photographsyideos and
personal interviews.From this data some preliminargnodels were developed for calibration
purposes. Thee were reviewed and comments provided, exammgghe preliminary maps can be
sea inFigure 2.2Melow:

Figure2-19: Photos shows damages by the floods in Jowhar area

2.5.2 RecentFlood Events

Three relatively recent flood events occurred over the last 5 years. These events are of particular

relevance as éarge amount of dogmented evidence for thesevents can be found. A number of
pictures, personal experiences amitleos of thae events haw been collected and in some cases
used for verification in this study. These events included floo®0t6, 20182019, 2020 and 2021
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that caued tremendous moredamage than previous-rom this data some preliminary models were
developed forcalibrationpurposes.
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3.Existinglrrigation and Flood ©ntrol

Infrastructure

3.1 Schemes History of Irrigation Devepment:

Irrigated agricultural development started in 1@2vith the implementation oflavhar Sugar &ate
and Baro Weyne rice plantatido provide food securityand alleviate poverty for lhe peopleliving
along the riverine areag-he Jowhar Sugar Estat@s irrigatedfrom the 24.2 km Jowhar cHtream
canal.The scheme, located in Jowhar/Balcad district, initially used to obtain water frerhutyi di
Savoia andDuchess d'Aosta canals t¢ime left bank of the ShabelleRiver. The initial canalkas
constrwcted in 1920 o irrigate sugarcane on 10,579 ha of lyng floodplain through gravity-fed
irrigation system. Potential for scheme extensiwas estimated to b&2,357 ha.The Baro Weyne
rice plantation is located upstream of Jowhar Sugar estéte shieme was initated in 1982 to grow
rice and maize under gravity-fed irrigation system. The irrigated area covered 180 ha and extension
potential wasestimated at4,200 ha Between 1950 and 960, cetrain areas were broughtinder
controlled irrigation In 1967, UNDP coducted feasibility studieson the irrigation and flood water
controls on theShabelleRiverbasin and as resultanals were cortsucted to divert water from the
Shabelleo low-lying tracts of land.In 1976, a controlled irrigation system westablished aJowhar

to provide irrigation water to sugar plantationBetween 1980 and 1990 the irrigation areas largely
benefited from awell-established netwdk of canals and draingat controlled by barrages with
weirs, allowing for a consistesupplement to thescarce and unreliable rains, with abundant waters
from the Shabelle

The scale of irrigation development increased rapidly ¢ladter and by 1980 sme 60000 hectares
had beendevelopedin Jowhar and Balca®istricts. Between 1980 and 199Qrrigated ares
benefited from a welestablished network otanals and drainghat controlled by barrages with
weirs, allowing a consistentupply of water that vas supplemental to thescace and uneliable
rains. Irrigation systems were originally based a limited mumber of gated gravity fed river
intakes, feedingprimary canals(>2.5m wide approx.) controlled by barragasd designed in gch a
way as to havenough head tawommand thefields through secondary candls2.5m wide approx.)
controlled bybarragesand, further down, smaller tertiaryO I vy I £ & (2 AY RA dheRedzl t  F I |
are uncontrolled (informal) irrigation systenservedby canals directlyrébm the river with no, or
limited, control by barragesThus, water is only available in tleesanals at pgods of peak river
flow.

Much of the infrastructure is in a state of disrepair, either due to direct damage during periods of
conflict and civil torder, or because of sing neglect, although the exact current situation is
uncertain. River embankmentshave eroded, and barrages, punmtakes and canal systems show

some degree of sedimentation and vegetation growthich have rR dzOS R G KS radi¢ y I f 4 Q
sections. Silting upf the drainage systerwas accelerated by the lack of terminaltlets and the

flat topography of the irrigatiorarea which restricted drainage water to return by gravity into the

rivers. As a result, onlydctions of design dcharges were delivered, B considerably reducing the
areaunder irrigation.At present, oty certain pats of the irrigation facilities in the aregperate, at
diminishing levels of efficiency, and only a limited percentage of thaia currently irrgated.



Another result of he dysfunctional canal system is the breaching of riverbanKariners to obtan
irrigation water, which causes uncontrolled flooding and wateistage. Water shortages have also
caused conflict when farmetslocked canals antreached riverbank$or irrigation, thus depriving
farmers further downstream ofvater. Farmes have done thir utmost to take over management of
irrigation systemsfrom the dissolved government agencies and to some extent have partiall
succeeded.
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Figure3-1 Irrigation schemes and flood control infrastructures alongwhar area




3.2FloodCmtrol Infrastructures:

Due to the limited capacity dbhabelleriver channel to cay much more than the typical annual
flood and despite a historgf embankment construction, some flooding occurs in mostryedood
control anddiversioninfrastructures were constructedn the study arez.g.,Duduble Flood Relief
(Chnese) canaldowhar Off stream Storage Project (JO&P)egulatethe uncontrolled floodingand
divert water from the river during periods dfigh flow. Operation of these flood relief schara
significantly reduced uncontrolled flooding, bringing béngd the entire cathment downstream of
the flood diversion.

3.2.1 Duduble Flood ReliefChinesg Canal

Duduble relief canalwasconstructed betweenalalagsi andMehaddey Weynocated about43 Km
north of Jowhartown as primary flood controlThe feasibility stug for the schemeavas completed
in 1978 by Sir MacDonald & Partner Consulting ieegs and the canal was built in between 1983
85 by a Chines€onstruction Company named SIETCO with furaie audi Arabian gevnment
The canalvas designed with a maximuoapacity of 40r#fs with 10 km lengthand 25m wide bedby

5 m depth and 1:3 slogkembankmentwas intended taconvey floodwatergrom upper setion of
the river when flows exceed 00m¥/s into the thenproposedl million n¥ Duduble Reservoir (dam)
situated40 km north of dwharto reduce risk of flooding in thBhabellevalley.

Figure3-2 Duduble (Chinese) relief canal

A 25 m wide supply canal head réafor with five vertical lift gates 4m wide x 2m hidbr
controllingflow. The regulator is a manually operated wheel and axle gape the head regulator is
also fitted with stop Ig and attendant handling geaSeveral control weirs and gates alotige
length of the supply canaSpecifically thecanalwastargeted to redice 40% of the flood while the
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remaining 60% was to be managed through Sabuun ddma .site was suitable for floaelief works,
being a natural spillage areA.20m wide reservoir oudt regulator fitted with four 4m%.8m vertical

lift gates for controling water flav is provided to allow excess flood water to be released to open
grassland to irrigate pasture.

& $./ 2 ' i
B I" p .
Figure3-3 Photos shows Duduble (Chineselief canal and head regulator

Due to neglect and lack of maintenance, the @lahecame completelgilted, not delivering any
water. Major rehabilitationwork was done ¥ UNDP Somalia in 2006. The gates weptaced, walk
ways and barrage deck rehabilitated. Although the canal maant for flood relief,10 tertiary
canalsduringthe rehabilitation praess by UNDP were constructedassist the communitie make
use of dverted flood waters for irrigation9 of these canalsneasure m long, 4 m wide and 2m
deep and the remainingre canal measures 7.5km in length, 8 m wide and @ep. Each is fitted
with a single sluice gate measuring 1m by 2m and rrete single bx culverts.

3.2.2 Jowhar Offstream StoragerBject (JOSR)

The Jowhar Offstream Storage Project (JOSP) was conceivied late 1960s, planned in the mid
1970s and im@mented in 198Qo divert water from the river during periods of high flomé store
excesswater in reservoir for later irrigatiomse downstream during the following dry seasonke
reservoir was operabnal between 1980 and 1990 and during that timedtesignificant impaabn
flows inthe lower ShabelleRiver. It should be ried that the JOB also included works within the
Jowharsugar estate to improve drainage of the estaléhe layout of the projectomponents is
illustrated inFigure 3.1TheJowha Off-stream Storage Bject schemecompriseghe following

1) Sabwn barrage
2) Supply cana[FAO)andhead regulator
w Footbridges(4)
w Road bridge(1)
w LY@SNISR a8LK2yQa 0600
w Pump stations (2)
w Supply Canal Owtfi (JOSR inlet structure)
3) Jowharoff-stream storageeservoir
w JOSR Nt Embankment
w JOSR South Embankment
4) Reservoir outletregulator
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5) Outlet canalandOutfall intoShabelleRiver

3.2.3 Sabw Barrage

Sabuunbarrage/bridge was the most importariiarrage acres the riverin Jowhar district. The
barrage was constructed in 192&d was combined with the FAO can@l regulate supply of
irrigation waterand to protect irrigated lands from fbmling inJowhar areaThe barrage has an
irrigable ommand area estimatecht 50,94ha (McDonald, 199k The barrage is a concrete
structurewith seven 2.5mhigh by 4m wide hand operated radial gateparated by 1m wde piers.
The gate sill is positioned@m below the top structure level and 2.2m above the ribed level.To
enable upstream water levels tbe lowered below the weir sill level ainmes of low flow 1.2m
square hand operated byass pestocks are proded in both abutments with stofog growes are
provided upstream and downstream of the gates.

:‘-'. : o
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Figure3-4 Upstream and dwnstream of Sabuun Barrage

The gées and all are stuck and embedded in mud, making it completelyopenaional. The
upstream of the barrage is blocked by treanks, siltedup and overlaid by a thick layer of sediment
blocking the inlets to the floodelief canal and the Jowhar edtream supply canal. The gears are
brokensome of them beyond repair, possitby explosiveand the walk rails are missing asesuit

of looting and vandalism after the break out of the civil warhe concrete structure selfis in bad
conditiors and he kridge deck is damaged many places with no gantry rails, hoists andpdtogs
present at the structure in barrage. The corterblock work potection is still present awnstream

of the barrage although there is considable danage and movement of the dtks.

3.2.4  Supply(FAO)Canaland Head Regulator

Qupply canal and head regutat was constructed in 1980 betwedviehaddeyWeyn and d&whar

town. The canal head regulator structure is combined with the barrage at Sabun to conveyance of
floodwaters from the Shabkd River to Jowhar Offtream Storage Reservoir duritige Gu and Deyr
flood seasons when river flows reach a prescribed minirdischarge Thecanal was designed with
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a length of 24.2km with a bed slope of 0.16m/km, bed width of Zi#d internal side slogs of 2:1
anddesign capacitgf 50m?/s.

Jowhard’own

Figure3-5 Sabuun Barrage, supplyAB) canal and had regulator

The canal head regator is a oncrete structure with five 1.8m high by 4m wide handecgted
vertical lifting wheel and axle type gates, separated bywiide piers.The gate sill is itioned 5.4m
below top structure level, 5m above the tier bed level and .2m above thecanal bedével. The
gated openings are provided with reinforcednooete breast walls allowing sealing on all fedges
of the gates on closuré’he head regulatostructure was rehabilitated around 200& part of the
UNDP projectDuring the first yeaof operaton the canal capacity was around 4%sand in later
yeas the typical maximum floweduced to 30m*¥s and then to less thar2Om®s in 1989
(MacDonald, 196).

A large accumulation of silt has forch@nmediately infront of the offtake of the canlaand Jowha

off stream supply canal and head regulator gates wetand to be completely buried and presently

the canal being used to grow banana plants. In gdrtbeconcrete structure of the head regiibr
appears tdbe in a fair condition and the samajorityof the operating gear is no longer present but
still need renovation. Small hole has been made in the breast wall of head regulator to allow water
for passing into a farm allocated along the catfarough smallcanal when river level is sufiéeitly

high.

In total, four footbridges and one roatiridge wereconstructed in different locations along the
supply canal to allow movement of peopldth two further crossings at the head regulator and
outfall structure Some of these bridges are stitesent aml in a serviceable condition and some are
no longer funtional and in most cases only the concrete piers remain, with the steel spanning
members having bEn removed from the structures.
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Figure3-6 Upstream and downstream of supply (FAO) canal and head regulator

Table3-1 Supply canal monthly mean flows (cubic meters per second) from 198®89:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
mean
1980 0.0 0.0 0.0 0.0 67 03 00 27 123 00 00 00 1.8
1981 0.0 00 0.1 39.2 405 34 0.0 4 205 264 13 0 11.3
1982 0.0 0.0 0.0 1.1 156 135 00 58 143 129 26.0 0.6 7.5
1983 0.0 0.0 0.0 0.0 61 170 15 136 284 26.8 10.7 0.0 8.7
1984 0.0 0.0 0.0 0.0 00 00 45 109 145 162 14 00 4.0
198 0.0 0.0 0.0 48 282 213 37 191 217 153 0.0 0.0 8.8
1986 0.0 0.0 0.0 1060 123 152 161 164 166 76 0.0 0.0 7.2
1987 0.0 0.0 0.0 00 118 345 312 188 13 00 00 0. 8.2
1988 0.0 0.0 0.0 0.1 84 00 63 202 214 216 148 0.1 7.8
1989 0.0 0.0 0.0 24 175 175 16.0 13.7 142 130 36 0.0 8.2
Mean 0.0 0.0 0.0 49 147 123 79 116 165 140 58 0.2
Max 0.0 0.0 01 392 405 345 312 202 284 268 26.0 1.0
Min 0.0 0.0 0.0 0.0 00 00 00 27 13 00 00 00

dphon structures were congructed along the supply candhcluding three inverted siphonfor
irrigation canal offaking from 21 October @nal tail escape of the 21October @nal discharging
into the supply canaltwo pumping statios for disposal into theresevoir or ino a drainage

evaporation area east of the reservoir perimet&é€he drainage pump station was equipped with five
diesel drien inclined axial flopumps each wh a nominal capacity of 900Il/s and pumped drainage
outfall culert allows the dainage water tobe dscharged from the pump station pond to the
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reservoir and Its comprised two 1.2m diameter pipes with outlets fitted with flap gates and inlets
fitted with hand operated sliding gateIhe concrete structure has sigodint damage andhie
pipework andpumpshave been removed.

The siphon structures are in a universally poor condition with the culvert barrels under the canal
completely silted up irall cases and the inlets and outlets obstructed by vegetation.chmerete

inlet and outletstructures appar in most cases to be in a serviceable condition but with concrete
repairs required in most cases. The tail escape structure of the(ttober @nal which is in a
particularly poor condition and requires completplacementMacDonald2015.

3.2.5 Supply(FAO)Canal Outfall

At the downstream end of theupply FAQ canal there is an outfall structure with bridge deck
controlling the drop in waterdvel from the supply canal intdowhar offstream storage reservair
Theoutfall comprises 49m wide weir phaced n the northern reservoir embankment, close to a high
ridge to the east of the reseoir. The weir crest is set 0.#babove the design levef the canal bed.
The downstream face of the weir includes eight rows of baffle blocks, &Idited basinand diy
stone pitching providing protection against erosionta®5m downstream of the weir base.

Figure3-7 Photo shows supply (FAO) canal outfall structy&@ource: WOOCA)

At present, the weir crest is completegroded and is inseparable from the rad bed. The
downstream face of the weir has been eradand does not povide protection against erosion as
was intended. This level of siltation is high in canal bed about 1.5m above the crest of the outlet
structure and prevents all flow down the canalhe concrete structure itself appears to be in a
servieable condition only sme minor cracks. e area around the structure is heavily vegetated
with trees and brush. The hand railing on the bridge crossing the asibken removed and needs

to be replaed. The downstream erosion protection is apparentlyll stresent. Itwould seem
sensible however to make some allowance for replenishment of this protection to the original design
thickness and extent.

3.2.6  JowharOff-Stream Storage Reservoir

Jowhar offstream storage reservoir located in a natural depressiomnstream of the dwhar Sugar
Estate on the left bank of th&habelleRiver andextending overapproximately 100kn? with
maximum live storage capacity 805 million m3at the time of designit compriseswo low earthen
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embankmentgNorth and South Embankmes) closing agaist the left bank river levee to the west
and a high ridge to the east.

Hgure 3-8 Photo shows Jowhar offtream storage reservoir and embankment

The reservoir was designdd collect surplus river flows durinthe Dyer season for subsequent
release for irrigation during the following dry season (Nevenber to Mard approx.). The reservoir
was commissioned in 1980 and was operational between E®t11990 and during thaime had a
significant impact on flows the lowerShabelleRiver.Table 3.2shows monthly mean volumes of
water stored in the resrvoir. The resevoir was filled to capacity in late 1989, and close to capacity
in December 1982, November 1983, August 188d December 1988.

The operating r@s at the reservoir at the point of comssioning are set out in the Operation and
Maintenane Marual (MacDoald 1981).Currently he reservoir has a thick layer of sediment and
does not contain any water.

Table3-2 Monthly mean volumes (million cubic meters) from 1980989:

1980 0 0 0 0 1.2 6.3 0 0 127 115 3.7 0.1 2.9
1981 0 0 0 28.2 1116 1411 96.8 56.8 785 130 156.1 136.2 78.3
1982 1042 72 397 106 241 697 679 588 804 104.8 160.2 1985 827
1983 1752 128.1 785 375 292 454 703 657 107 1529 189.2 1734 1043
1984 1435 1109 684 252 54 0.6 0.4 6.2 219 451 658 56.3 45.6
1985 342 131 36 39 384 842 865 809 1012 1227 1252 1116 67.4
1986 893 581 315 211 409 788 1068 136.3 160.6 176.7 163.2 144.8 101
1987 99 579 27 113 152 79.6 1556 1925 188.3 169.7 170.4 1495 110.1
1988 1042 455 187 9.7 131 158 13 28.7 768 128.1 1713 1821 67.4
1989 1589 1272 94.1 731 903 1187 1415 158.7 1715 189.4 208.8 2059 145
Mean 909 61.3 36.1 22 37 64 739 785 999 1231 1414 1358

Max 1752 1281 941 731 1116 1411 1556 1925 188.3 189.4 208.8 205.9

Min 0 0 0 0 1.2 0.6 0 0 127 115 3.7 0.1

The North Emankment, with alength of 11.3&m running from he RiveiShabek flood bund to the
supply canal otfiall structure, and it has an interceptor drain on its northern side that designed to

42



collect drainage water from theugar Estate and convey it to the pumpistation fordisposal into

the reservoir ormto a drainage posal areaThe South Embankmehas a length of 14.6km and is

the higher of the two embankments with a maximum height above ground level of 4.30m. These
embankments have been breached byoffiowaters manytimes and he banks are poorlyafinedin

some bcations. Extensive rehabilitatioand strengthening of the existing embankment will be
required, although this can only really be determined once the tagms has been cleared and a

full topographical surey has been completed.

3.2.7 Outlet Canaland Head Reglator

The reservoir outlet candd situated at the lowest point of a natural depress@mtrolled by outlet
regulator structure and itsjoins the Shabdle approximately 4@m downstream othe intake to the
supply canal craed by the suth embankment3.1km from the ShabelleRiver floodbund. The
design of the outlet canal is trapeziushaped with arinternal berm at ground level andeed width
of 19m the canal is designed to convey 2%3sto return the fows to the river and it was
commissioned inJure 1980.The embankments of the oetl canal are covered in dense bush blug
canal is completely silted, overgrown by trees and no water oullee channkbed is seasonally
cultivated in sora locations. Thend of the outlet channel haseen deliberatg} closed off by local
villagers tostop backflow of water from th&habelleRiver which causes local floodifidacDonald
2015.

Figure3-9 Outlet canal and head regulator

A 20m widereservoir aitlet Regulator Structureomprises 4 x 4neter-wide sluice gates with a total
capacity of 25rffs at full supply levefor controling the return flows to the river, via the outlet
canal For the outlet cank little flow data was available aftel985and there were several short
periodsof missing data. The flows for these periodsre/therefore séto zero. The maximum flow
ever pased dowrthe supply canal was about 23willion m? (in 1988.
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Figure3-10 Photo shows outlet canal and head regta

Table3-3 Monthly mean flow rates from the outet channel:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual
Mean

1980 0 0 0 0 1.4 9 0 0 24 52 0 0 1.5
1981 0 0 0 0 0 0 0 0 0 0 6.4 81 1.2
1982 10.8 10 89 36 0 0 0 0 0 0 0 0 2.7
1983 8.1 21.9 193 119 0 0 0 0 0 0 9.7 224 1.7
1984 199 179 198 16.6 8.7 0 0 0 0 0 139 86 8.7
1985 136 128 96 15 0 0 0 0 0 0
1986 * * 217 * * * * * * * * * *
1987 * * 202 * * * * * * * * * *
1988 234 * * * * * * * * * * * *
1989 * * * * * * * * * * * * *

* * * * * * * * * * * * *
Mean 108 104 124 56 1.7 15 0 0 04 09 6 7.8
Max 234 219 217 166 87 g 0 0 24 52 139 224
Min 0 0 0 0 0 0 0 0 0 0 0 0

The concrete structre of the outletregulator appears to be in a good conditiofiet gates are
appaently all present and in a closed positiand mostof the operating gar are no longer present




It is likely that minor concrete repair works are required in places; howehere are no obus
signs of major problems.

Flood control and river regulativinfrastricture has continued to declind.he sedimatation that
madethe riverine areas being ised above the surrounding flood plaimregulated settlement in
flood plairs and the recent gactice of breaching river embankments for informal flood atign has
progressively increased floodkito the iverine communitis.

3.2.8 Other Structures

Baroweyne rice plantation and Jowhaugar estate benefited from water diverted ugithe Sabuun
barrage and there werarigation systemand drainage infrastructureonstructed to irrigate these
schemegqsee Fig 3.1).

- TheJowhar SugaEstate

Both the supply ad outlet canalsof JOSPRused as flood relief infrastructures and also feed
secondary canals serving irrigated areasler Jowhar Sugar EstafEhe Jowhar Siag was founded
in 1920 and originally grew cotton.

Fdlowing independene in 1960a newsugarfactory was built in 1965, witlan annual capacity of
40,000tons ofsugar. In 883, the gross irrigated area of the Jowhar Estate was some 1650Gth
a netcultivable area of 8,230haith upgrade of therrigation systemand dainage infrastructure
Between 1983 and 1990he lack of proper maintenance coupled withvil war, poor irrigation
techniques had resulted in low irrigation efficiency and poor ititga distribution led to water
logging and salinity rpblems. Currentlythe factory and all the hidings on the esta had been
destroyed or stripped to a skeletal framdost of the canalsare silted up and/or overgrown and the
regulating structuresn poor condition.The drains remained largely ineffeaiv

Around 50% ofthe estate area is under ttivation, with a mkture of irrigated and rakfied crops
including sesame, aize and vegetable(ESWALIM 2015)Vater levels for irrigation abstractions in
the reach upstream of Jowhar are controlled by openatid Sabun barragand a fixed crest weir in
Jowhar townlrrigation for part of the estate is provided by twsecondarycanals, namely the Labaa
and 2P October (Gomey) canals and irrigation west o tiver is also bgecondary caals such as
Kalundi eanalwhich are opeated and maintained by theollective of farmes benefiting from the
irrigation.
- Jowhar Weir

A concreteweir was built in 1924y Italians upstream of Jowh&wn (Fig 3.12}o raise vater level

and control water getting into the canal®1® October, Laha and Kalundi) that irriga the
sugarcane platations its play a significant obstruction on reducirg tsediment transport that
causing the level of the upstream river bed to risethe long term consideration should be given to
replacing the weir wit a gated structure to beér allow the passagef silt. The weir in general in
fair conditions and ther are signs of cracking and movement of the right weir abutment and the left
abutment has almost completely disappeared.

370 meter wetof the weir thee is a bridge that connecthe main part of Jahar town to the old
sugar cane factory and the easterides of the town. Currently there is less water upstream of the
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weir; hence therdas no overflow downstream. This has resulted in dverbeds that areurrently
seen at Jowharral other locations dwnstream.
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Figure3-11 Map shows Baroweyr and Jowhar sugar Estate
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