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Identifying, assessing and developing groundwater resources is an urgent priority for
emergency relief and lorgrm development ithe countriesof the Horn of Africa

affected by drought and water scarcity. As a response to this context, UNESCO, in

May 201 2 , | aunched the iIinitiative AStrength
Famine in the Horn of Africa: Tapping Groundwater Resources for Emergency
Water Supplyo through support of the Govi
to mapout droughiresilient groundwater resources in affected areas and strengthen
regional capacities in managing groundwater for dropgéparedness. In order to

take advantage of the established networ
partner FAGSWALIM (Somalia Water and_and Information Management) in

Somalia, an agreement of this UNESEAO partnership was formalized that

governs the framework of the overall project.

SWALI M6s pr i mwithiry theoobeyak mrdjeciy te contribute to better
decisions on the use &omaliwater and land resources by providing reliable and
up-to-date information The main stakeholders are Somali administrations, UN
organizations, development agencies and NGOs. The project was igeviaps of

the overwhelming lack of structured and accessible information on water and land
resources and with the need to develop an overview in water and land resources, in
order to improve policies and interventions in support of improved rural livag#o

The objective of this report and related analysis comprises a desk review and
stakeholder consultations to capture the impacts of climate change on groundwater
recharge in Somalilandnd Puntland, to compile related information and identify
vulnerabilities and opportunities related to the water resources situation. Based on a
situational analysis an understanding of the current situation and aspects where
suitable management could beed to improve water availability through aquifer
recharge as well as through mitigation and planning aspects considering both bulk
supply and drought situations. Respectively the objective includes the development
of technical aspects and policy recomm&ions and the dissemination of study
results.The methodology used to achieve these results includes desk studies and an
analysis of existing data, stakeholder workshops as well as meetings with the
respective analysis of the collected information amdg@ntation in this report.

As a baseline description of conditions in the area of interest, the climate in the
different areas oSomaliland and Puntlanals well as the groundwater and surface
water resources are described in a situational analysis.eFuxhthe physical
conditions including quality aspects, current sources and means of graodd
surface water use are described and water demand and availability compared and the
available data described.

Climate change which has an important input itite study is described in detail

both regarding the physical background as well as the impacts that are expected for
Somaliland and Puntlandéummarizing the analysis of global climate model results

as generated by IPCC and evaluated by UNDP, the expeud@de in temperature,
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rainfall and event intensity as well as the expected impacts on evaporation, runoff
and infiltration and respective impacts on resource availability are shown.

Rising Increased Reduction in infiltration
temperatures evaporatn
Increased runoff
More extreme Increased downpoly
rainfall events intensities C more water reaching strear
and riverbeds

C less water available for pla
growth
C opportunity for point recharg

where water is needed

Based on the surfaceand groundwateresources assessment as well as climate
change information and expected impacts, vulnerabilities, sustainability limits and
recharge possibilities were assessed. The importance to consider anthropogenic
drivers like population growth with respectively ieasing water demand and
resulting reduction of pecapita water availability as well as the limitation imposed

to any study due to the extreme limited data situation were expressed. In order to
draw up the potential for situational improvement, groundwatehrarge possibilities
including sand dams, underground dams, check dams, infiltration ponds, contour
trenching, soil bunding and tillage are presented and described in detail. Based on the
geology of the area with respective impacts on recharge capaciyell as water
quality, the suitability of different areas for groundwater recharge is described and
application examples in form of case studies given for Boosaaso, Hargeysa and
Qardho. These show the possibilities but also the difficulties relatecbtmdvater
recharge.

Following the physical and engineering aspects to improve the water supply situation
in Somaliland and Puntlandhe institutional situation was assessed with each a
distinguished look into the rural and urban areas. The existinitutitsial situation

and capacity for implementation of policies was described and improvements
suggested both on policy as well as execution levels. It was found that problems are
not related to missing policies but rather related to missing ability tdemgnt

policy aspects and enforce changes. Respectively recommendations did focus on
implementation guidelines and the need to involve the private sector, but also
highlighted the need for licensing of the use of natural resources including water,
pastureand forest resources. The latter two are especially important with regards to
drought management where it is not so much the lack of water but the lack of pasture
that is causing problems. The drivers in this regard are found in population growth
with theresulting increasing livestock numbers and respectively increasing pressure
on pasture resources. The situation is exacerbated by the need for alternative
livelihoods of people that drop out of the pastoralist lifestyle due to natural resources
limitations and who move into tree cutting for charcoal burning and who in this way
have a detrimental effect on the resource situation.

iv



ExecutiveSummary

An important aspect in developing mitigation mechanisms to deal with the resource
scarcity is to acknowledge the current limitasoto enforce policies by the
authorities and the respective need to have consensus within the population for any
successful interventions. The following aspects were found to be of use:

Urban centres

- Possibilities for improving the supply situation degaenuch on the particular
conditions for the respective area. As an example, Boosaaso could benefit
from sand dams or underground dams that can be built in the sandy riverbeds
that discharge water from the coastal range. In other locations, especially on
the plateau, such possibilities are not available

- Population growth in the urban centres (average 4.3%, partly over 20%
annually, e.g. in Hargeisa) is very high. Given the capacities of the authorities
and the economy it will therefore not be possible tecldy improve the
supply and distribution situation from boreholes through a supply network.
Water tankers could anyhow be used more efficient to flexibly deal with the
water supply needs of the population until grid based solutions have been
developed andystem losses reduced

Rural areas

- A strategic grid of boreholes, where necessary of very deep boreholes is seen
as a basic necessity to provide water on a spatial scale. This borehole grid
should also be introduced in areas where water is currently isdpipy
Berkads in order to overcome the direct dependence on seasonal rainfall.

- A well organized fleet of water tankers will be necessary to flexibly supply
water in rural areas and to react to water shortage emergencies that are
expected to increase inetfiuture.

- The introduction of rangeland management principles, tailored to the specific
conditions in Somaliland and Puntlando ensure the sustainable use of
pasture resources and avoid tree cutting as well as control land grabbing is
seen as an essaitistep for sustainable resource management. Especially
with a denser borehole grid and more organized water supply in place,
pressure and resulting damage of pasture resources will increasingly become
an issue.

- Migration will still play a major role inadjusting to a changing water and
pasture situation, respectively land ownership needs to be controlled.

- Enforcement is a problematic issue especially in the rural areas. Education
and consensus building in the local population is therefore essentiahbdebe
to introduce new rules. The traditional systems should as much as possible be
used and adapted to implement the rangeland management principles

- Market reforms will be needed to be able to reduce livestock numbers during
droughts

As a supplementaryol for emergency preparedness groundwater monitoring would
be an important aspect to monitor resource availability and avoidesyéwitation.

In addition to the monitoring an early warning system should be developed and
introduced, aiming at long ternorecasts by considering global meteorological

Vv
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patterns. Respective potential approaches, i.e. including Sea Surface Temperature
fluctuations with their respective flino and LaNina effects have been described in
detail.

Vi



Glossary of Somali Terms

Glossary of SomaliTerms

Ballehdam Surface dam

Berkad Traditional water basins which collect surface water

Deyr Second transition period, an important rainy season from October to
November

Gu Transition period, an important rainy season from April to May

Haffir dam  Surface dam on relatively flat terrain for water harvesting

Jilaal Northeast monsoon, a dry and hot season from December to March

Qat/Mirah  Plant native to the horn of Africa usad a stimulant

Xagaa Southwest monsoon, a dry and hot season from June to September
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List of Abbreviations

AR4
DEM
DG
ENSO
ET

ETa
ETp
FAO
HADMA
HEC-HMS
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UN
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UNO
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Assessment Report Number Four (IPCC)
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Director General

El Nino-Southern Oscillation

Evapotranspiration

Actual Evapotranspiration

Potential Evapotranspiration

Food and Agriculture Organization

HumanitarianAffairs and Disaster Management Agency
Hydrologic Engineering Center Hydrologic Modeling System of

International Fund for Agricultural Development
International Labour Organization

International Panel on Climate Change

Latitude

Longitude

Multi Model Data

Ministry of Mining, Energy and Water Resources

National Adaptation Program for Action

Normalized Difference Vegetation Index

National Enwonment Research and DisasReeparedness Agency
Non Governmental Organization

National Oceanic and Atmospheric Administration
Potential Evapotranspiration

Public Private Partnership

Puntland State Agency for Water, Energy and Natural Resources
Relative HImidity

Special Report on Emissions Scenarios

Shuttle Radar Topography Mission
SeaSurfaceTemperature

Somalia Water and Land Information Management
Somalia Water Soursgénformation Management System
SurfaceWaterLevel

Tropical Rainfall Measuring Mission

United Nations

United Nations Development Program

United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
United Nations Children’s Fund

United Nations Organizen

United Nations Office for Project Services

United States Army Corps of Engineers
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Chapter 1 Introduction

1. Introduction

Identifying, assessing and developing groundwater resources is now an urgent
priority for emergency relief and loigrm development iall countries in the Horn

of Africa affected by drought and water scarcity. As a response to this context,
UNESCO, in May 2012, | aunched the initia
Drought and Famine in the Horn of Africa: Tapping Groundwater Resources for
Emergency Water Supplyo through support
project aims to maput droughtresilient groundwater resources in affected areas
and strengthen regional capacities in managing groundwater for drought
preparedness. In order to take advantage of the established network and experienced
profile of UNE SSWALOM (Sgnalia Water and EaAdOnformation
Management) in Somalia, an agreement of this UNEEBO partnership was
formalized that governs the framework of the overall project. As part of this project,
SWALIM has recently finalized a hydrogeological survey arskasment in selected

areas of Somaliland and Puntland which has come up with a wealth of information
on potential groundwater resources which supplements SWALIMS previous
activities inSomaliwater and land resources information management.

Forthework @ scri bed in this report, SWALI Mo s
to better decisions on the use $bmali water and land resources by providing
reliable and ugo-date information (FAO SWALIM, 2010). The main stakeholders

are Somali administrations, Udtganizations, development agencies and NGOs. The
project was set up in view of the overwhelming lack of structured and accessible
information on water and land resources and with the need to develop an overview in
water and land resources, in order t@iove policies and interventions in support of
improved rural livelihoods.

Unt i | now the three phases of SWALIM pro
Vision and Medium Term |I mpl ementation St
was developed, suppiented by additional resources for SWALIM professional
service. The work in Phase Il focused on collection and interpretation of available

and accurate information on water and land resources. Phase Il took over
responsibility for River Basin ManagemenREM) and carried out an aerial
photography survey that has produced very high accuracy digital aerial photographs,

a digital elevation model and near infrared images of the riverine areas (Juba,
Shabelle) in soutleentral Somalia as well as severathe-field studies including a

water points inventory. The information was stored in a GIS database. The
information collected and processed includes:

A rainfall and other climatic paramet
A river levels and stream flow dat a

A geol ogi cal , ilchavapterigcsaphi ¢ and so

A land cover, | and use and l and suital
A previous studies, maps nd data ser |
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SWALIM is currently in Phase |V which is
Somali institutions to managetural resources information with future transfer of
activities to the field and applied info
hydrogeological assessment of Somaliland and Puntland. The main objective of the
hydrogeological assessment is to aeeatbase for sustainable groundwater use and
development. To achieve this, extensive field surveys and trainings have been carried

out and a systematic approach for compiling the existing information has been taken

for classifying the aquifer systems andlkiating the water resources.

The objective of this report and related analysis comprises a desk review and
stakeholder consultations to capture the impacts of climate change on groundwater
recharge in Somaliland and Puntland, to compile related infmmand identify
vulnerabilities and opportunities related to the water resources situation. Based on a
situational analysis an understanding of the current situation and aspects where
suitable management could be used to improve water availability thraggjfer
recharge as well as through mitigation and planning aspects considering both bulk
supply and drought situations. Respectively the objective includes the development
of technical aspects and policy recommendations and the dissemination of study
results.
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2. Methodology

The methodology utilized for developing this report inciikiey contact interviews,
desk literature review,stakeholder workshopswith authority officials and
stakeholders from Somaliland and Puntlamd analysis of available datasets with
regards to climate, surface water and groundwateist of main stakeholders is
provided in the Annex.

2.1 Key contact interviews

The stakehter workshops were complemented by individual meetings with
authorities and stakeholders Hargeysaas well as with agency officials from
Puntland in order to discuss specific aspects in more détgtings include:

- DG Water ResourcesMinistry of Mining, Energy and Water
ResourcesSomaliland

- Hargeysa Water Agency, Somaliland

- Representatives from PSAWEN, Puntland

- UNICEF Hargeysa

- IFAD Hargeysa

- NERAD Hargeysa

2.2 Desk literature review

Desk literature reviews included a thorough screening of literature that has
previously been developed by SWALIM as well as other literature sources. An
overview is given in the literature list.

2.3 Stakeholder workshops

Two workshops were carried out iHargeysa Somaliland, to which authority
officials as well as stakeholders from water utilities and international organizations
were invited. An initial workshop was carried out at the beginning of the assignment
after a first literatureeviewwas compleed and a baseline situation was presented to

the participants as a base to discuss problems and possible solutions. The second
workshop was carried out towards the end of the assignment and findings were
presented, discussed and refined together witpahgipants.

2.3.1 Inception workshop

A three dayinception workshopwas carried out irHargeysa Somaliland, with
participants from Somaliland and Puntland from28.09.2012. A participants list is
shown in the Annex.



Chapter 2 Methodology

Presentations and interactiowith stakeholders and workshop participants

Current knowledge based on the results of various studies, includingSWa&LIM

work, was presented to the stakeholders in the workshop. The presentation was split
into a geophysical part, explaining the cutreater situation inSomaliland and
Puntland a climate change part where the expected impacthdategionas well as

the related uncertainties were explained and a policy part where the currently
existing policies were discussed. The presentations were held interactively and
included feedback and updating of slides as well as group work and presentations on
sdected topics by the participants.

Presented facts included the information mapped by SWALIM, including drainage
network, strategic water sources, hydrogeology and groundwater quality as well as
the data obtained during field surveys including waterigutdsting and borehole
yields andi depths. Climate change presentations focused on a description of the
recent and current climate, climate change projections, the involved uncertainties as
well as the potential impacts of climate change on water ééifzand environment
(including soil moisture and recharge). The absence of official documents for
Somalia, as prepared with UNDP or UNFCCC support elsewhere, was highlighted.

The water availability situation was further assessed in cooperation with the
participants highlighting different types of water resources, their distribution and
sustainability. In addition the pasture situation and development was discussed.
Considering the water users development and behaviour it was concluded that while
climatechange has an increasing effect, the driver and main booster of the problem
of reducing percapita water availability is the population growth, directly through
increasing water demands of tiggowing population and indirectly through the
increasing need®r livelihoods with related water and pasture demand for livestock
as well as the trend for alternative livelihoods like tree cutting for charcoal burning.
In general the participants reported a trend of decreasing sustainability of the
soci et y dige | waused hy fpopulation pressure. Especially the aspects of
unsustainable use of water sources, overgrazing and related destruction of vegetation
and tree cutting for charcoal burning were named. The problem is exacerbated in and
around urban centres.

Stakehol der and workshop participantsd c

Main results from stakeholder consultations during the workshop as well as obtained
during individual meetings show the following:

- Population is growing rapidligading to increasing pressure, competition and
overuse of natural resources

- Per capita water availability reducing due to increasing population numbers

- Animal numbers have increased with the growing populale&ading to
increased pressure on pastanel water resources
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- Overgrazing is now common and seriously damages the pasture. Rain/dry
season grazing area separation does not exist anymore in many places but
areas are grazed throughout without times for regeneration

- Per family herd sizes are reduciag a result of population growth and
respective splitting of herds as well as due to reducing per capita pastdre
water availability (based on land bearing capacity limits reached) leading to
increasing pressure and increasing vulnerability

- Livelihoods change away from pastoralist lifestyle to alternative, mostly
unsustainable livelihoods

- Deforestation is increasing due to charcoal production by people needing
alternative livelihoods

- Qat/Mirah is a main problem

- Increased consumptive behaviour of thepulation especially for Qat is
resulting in increased need for income (charcoal)

- Land grabbing is taking place, mainly by people that have abandoned the
pastoralist lifestyle, causing problems for the remaining pastoralists

- Urban population growth thatuch exceeds rural population increase is seen
as a challenge fur future sustainable supply. The cuHargeysawellfield
could be at its limit judging from its slightlyedlininglevels

- The mostly hard groundwater foundSomaliland and Puntland a poblem
as not well suited for human and partly even animal consumption

- Water trucking is the current main adaptation mechanism to cope with
droughts though not sustainable

- Groundwater levels have not yet been reported to decline significantly though
the aqufer supplyingHargeysas reported to be slightlgverused

- The institutions inSomaliland and Puntlanthck strength to implement
policies and control development (e.g. land grabbing). In addition the
traditional structures have been weakened and aréulessonal

- Policies have been put in place but implementation seems difficult

- Management of water sources is a main issue, especially Haffir dams need
proper construction and management of use

- Currently there is limited industry in the country. Currentedepments (e.g.
tanneries arountiargeysa do not have to follow environmental regulations
and could potentially have a significant potential for water pollution and
resulting reduction in water availability

- Conflicts arising between pastoralists and cbal burners show the
increasing population pressure on resources

As opportunities some alternatives for increasing water availability were named

- Sand dams have been shown as excellent assets for locally increasing water
availability. Water currently dcharged to the sea could be retained and used
in this way

- Balleh dams for shallow groundwater recharge in relatively flat areas through
construction of broad retention structures and collector drains which would
promote concentrated water infiltration
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- Boreholesi though only after detailed assessments followed by test drilling
to avoid dry or salty boreholes. Borehole construction would need to be
accompanied by well organized trainings of sufficient time to allow for
sustainable operation of the bor&d®

- Rainwater harvesting from roofs should be promoted

- Drought planning and preparedness is necessary. As boreholes when put in
place attract settlements to form, a possible way forward could be boreholes
that will be used in emergencies orilythough it ould be expected that a
Aper manent emergencyao state woul d b e
borehole to be used permanently

2.3.2 Second stakeholder workshojp presentation of results

A two day stakeholder workshop was heldHargeysa Somaliland, durig 28-
29.11.2012. The workshop focussed on both technical as well as institutional and
policy aspects with an agenda as follows:

Technical aspects including potential for implementation

1. Background, recap from last workshop, drivers of problems

2. Present amh discuss situational analysis and inventory of
- areas suitable for management of aquifer recharge and
- aquifer recharge techniques including indigenous approaches;

3. Present and discuss draft plan for establishing a groundwater monitoring and
early warning sgtem in Somaliland and Puntland

Institutional and plicy aspects

1. Policy background, current situation

2. Present and discuss

- components for a draft policy on the use of groundwater in emergency
situations for Somalilandnd Puntland considering rural and urban areas

- proposed actionable strategies and policies for drought management, with
specific consideration of vulnerabilities, opportunities and potentials for
adaptation

3. Present and discuss inventory of existing knogé and capacities in

Somaliland and Puntland for drought mitigation and planning

Participants contributed excellently to the aspects discussed in the workshop and
provided significant input especially on the questions wdammendationsould-
and whatvould not work under the local conditions



Chapter 2 Methodology

2.4 Data analysis and projections

Available datasets were collected, sorted, checked for consistency and analyzed with
regards to the study objectives, the results are presented in this report.

The situationhanalysis which forms a main part of the assignment was carried out
by holistically evaluating the available information and data to compile a picture of
the current situation. A respective section structure in this report was used for a
logical presentadn of the results.
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3. General area description

An overview of the areas of Somaliland and Puntland is given in Figure 1.
Somaliland is situated in northest, with a land area of 137,600 KmPuntlandis
situated in nortkeast andoccupies a total land area of 212,%h0*. Some of the

main towns in the regionare: Hargeysa (>500000 inhabitants), Boosaaso
(>110000), Burco (>10M00), Boorama (>80,000), Garowe (>3900), and
Gaalkacyo, Ceerigaabo, La&aanood (all over 3000) (SWALIM, 2012) The

entire region faces high population growth with on averag&4calculated based

on UNDP figures between 1999 and 2005. For the urban centres the situation is
exacerbated with annual growth rates of partlgrd®0% for example in Hargeisa.

Caluula

Djibouti Gulf of Aden

u,:x{l-,;,-}:L‘-)

Ethiopia

AEX. GecEye. Getmagpng, Aerogrid, IGN, IGP, and the GIS User Communty

Figurel: Map of Somaliland and Puntland

Somaliland and Puntland have a varying topography featuring coastal plains,
mountain ranges andpdateau. Altitude ranges between sea level ahadn.

Faillace & Faillace (1986) stated thtte regioncan be divided into three major
physiographic provinces which again are divided into seven-dstigions
(hydrogeological provinces) with similar hydrogeological characteristics:

1. The coastal belt andaging plain
a. Gulf of Aden Coast
b. Sloping Plains
2. The mountainous zone incised by the numerous Toggas

8
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a. Mountainous Zone
3. The plateaus and valleys which include the large unduldsadd and Sool
plateaus and thidugaalandDharoorvalleys
a. DharoorDepression
b. Hawd Plateau
c. Taleex Plateau andugaalValley
d. SoolHawd and Sool Plateaus

The limits between some provinces are not always well defined. In fact, the
geological formations of the Hawd, Sdgawd, and Sool plateaus belong to the
Eocene and are widely pased in these areas. At a regional scale the movement and
discharge of groundwater is better defined within the subdivision of the area
according to the three major physiographic provinces than within the seven
hydrogeological provinces. The respectiveolggy of the area was described
extensively by Faillace & Faillace (1986).

3.1 Climate

The climate in the region varies from desert in the Reatstern parts of the coastal
areas of the Gulf of Aden basin and some areas iDhlaeoorbasin in the north
east; to arid and semi arid in much of the Gulf of Aden basin.

SWALIM Technical Report No. W1 provides an overview of the climate of
Somaliland and Puntland. The area is characterized as arid andrggr(moist
semtarid climate is prevailing in thenountainous areas of the Gulf of Aden) and
rainfall is generally low and erratic. There is a significant spatial variation in the
rainfall in the area as studied by Basnyat (2007). The mountain region in the western
part of the Gulf of Aden basin receivesore than 500 mm of annual rainfall e.g.
Boorama(543 mm) and in Sheikh (515 mm). However, the coastal areas in the
northern part of the Gulf of Aden receive very little annual rainfall (less than 20 mm
in Berbera,Caluulaand Boosaaso. The catchment argatheDharoorbasin also
receive little water (e.gskushuban72 mm) The western part of tidugaalbasin

near the mountains receive about 240 mm Beug.0) and further east it decreases to
about 110 mm (e.g. Qardholhe Somali areas ddgaden basimeceive from 205

mm (Ceelbuuy to 170 mm Gaalkacy. In addition the temporal variation (annual
and interannual) is high and erratic.

The distribution of rainfall is linked to the four seasons:
- Jilaalthe northeast monsoon, a dry and hot seasonBrecember to March

- Gu a transition period, an important rainy season from April to May
- Xagaathe southwest monsoon, a dry and hot season from June to September

- Deyr second transition period, an important rainy season from October to
November.

Climate shifts towards very hot and very arid regime during JilaaKagdaseasons

9
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and at the beginnings of rainy seasons, particularly the Gu season. Despite Deyr wet
character the areal percentage of rainfall can be quite low as in the Gulf of Aden. The
mountainous western region of the Gulf of Aden basinBogramareceives a good
amount of rainfall inKagaacompared to Deyr and other seasons. Rainfall in Gu and
Xagaaseasons is good for rafed agriculture. The locations the coastal regions
(stations CaluulaBoosaasocand Berbera) receive very little rain. Basnyat (2007)
noticed that in the case of basins out of the coast, about 50% and 30% of the annual
rainfall occur in the Gu and Deyr seasons, respectively. He alsgddibat in terms

of the seasonal variations of the rainfall, there is an exponential correlation between
elevations and Xagaa rainfall and inversgponential correlation between elevation

and Deyr rainfall. In higher elevations especially in the naistern regiosithere is

more Xagaa rainfall than in other rems and less of Deyr rainfall. However, no
correlation was seen in the % of rainfall falling in Jilaal and Gu seasons.

Annual Potential Evapotranspiration (PET) excee@9@mm in the northra basins

and is even as high as 3000 mm in the Gulf of Aden. In most locations, PET exceeds
rainfall in all months of the year. Except for few locations in the extreme northwest,
even 0.5 PET exceeds rainfall in all months giving zero values for theslonge
vegetation growing period in most of the areas. This is why most areas in the
northern basins are not suitable for agriculture (Basnyat, 2007).

The mean air temperatures are generally high: in the range of about 25° C to more
than 35° C in the northern coastal regions (e.g. Berbera8Bandaasp while it is

cooler in the norttwestern mountain region (e.g. Shiekh) where it varies from about

15° Cto about 23° C. In the inland areas of Digaroor Togdheeflugaalbasins, it

varies between 22° C to about 33° C. The mean temperature is highest from June to
August in the Gulf of Aden basin areas whereas the peak temperature occurs from
May to Septembyein the inland areas of tHeharoor Togdheeilugaaland Ogaden

basins. In the eastern coastal areas of the Central Coastal basin, the mean temperature
is cooler than the inland and northern coastal regions and is more or less constant
between 25° C to alit 28° C throughout the year.

Somaliland and Puntland are likely exposed to the climate variations and changes
more than some oth@artsof African continent. Hemming (1966, cited by German
Agro-Action, 2005) statedhat Somalilanchas been in a statd ecological change

for many decades if not hundreds of years, and practically all the changes have been
towards a reduction in the vegetation cover. This assessment suggests that the most
recent process of climatic change has been one of decreasingl ramd that
desertification has proceeded considerably in the last 500 years. Butzer (1961) has
constructed a map indicating the percentage rainfall decrease during the period 1911
1940 and he places most of Somaliland between 20 and 25% reductionifidasign
portion of the reduction in vegetation cover and desertification can anyhow be
attributed to the growing population with respective increase in grazing pressure.

Details of the climatic conditions for the different basins are described in the

following Sections, based on SWALIM, 2009. An overview of the basins is shown in
Figure 2.
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3.1.1 Climate of the Gulf of Aden drainage basin

The climate in this basin iery varied. Mostly arid and serarid though subhumid
in pockets. The coastal strip is classified as desert climate owing to its low rains. An
overview of climatic conditions is shown in Table 1.

The rainfall in the drainage basin is low and erratic it® mm/year in average.

The coastal region receives less than 100 mm (less than 20 @aluing Boosaaso

and Berbera) of annual rainfall. The rainfall increases inland where up to more than
500 mm annual rainfall is received eBporama(543 mm) and irSheikh (515 mm).

The basin has a bimodal rainfall distribution, with two rainy seasons (Gu and
Deyr).The first main rainy season (Gu) occurs in the period between April and June
and the second rainy season (Deyr) from September to November. There are two
distinct seasons of dry periods: Jilaal afmbjaawhich occur in DecemberMarch

and July- August, respectively. The Gu season dominates over the Deyr in quantity
and reliability of rainfall and as such it is treated as the primary cropping season. The
Gu rains start to reduce in June in most parts of the basin save for the mountainous
areas aroun8ooramawhich continues to receive a little but significant rains for rain

fed agriculture in the months of July and August.

11



Chapter 3General area description

Potential Evapotranspiration (PEfanges from about, 200 to 3000 mm per annum

in the northeast coastal region€éluulaand Berbera) whereas it is only4&0 to
1,630 mm per annum inland. The rate of evaporation is generally higher than rainfall
throughout the year.

Mean temperaturés high in the range of about 25°C to more than 35°C in the
northern coastal regions (e.g. Berbera Bodsaaspwhile it is cooler in the north
western mountain region (e.Hargeysa where it varies from about 15°C to about
23°C.

The relative humidity RH) is higher in the coastal regions than in the inland areas.
In the case of the Gulf of Aden basin which has wide topographical variations, RH in
the northern coastal regio@4luulaand Berbera) is higher (¥16%) than inland.

Tablel: Mean monthly meteorological conditions for the Gulf of Aden basin

Weather Jan | Feb| Mar | Apr | May | Jun | Jul | Aug | Sep| Oct | Nov | Dec
parameter

Rainfall (mm) | 4 7 15 |39 |25 |12 |21 |33 |30 |10 |11 |4

PET (mm) 164|140|176 | 176|209 | 274|282 | 284 | 238| 179]| 146 | 141

MeanTemp |23 |23 |25 |27 |28 |31 |31 |30 |29 |26 (24 |23
Q)

3.1.2 Climate of the Dharoor drainage basin

Within theDharoordrainage basin, climate is mostly desert with less than 100 mm of
rainfall per year with very high temperatures and high evaporation rates. It is one of
the driest regions in Somalia. However, on rare occasions, high and short duration
rainfalls are foundt o gener ate fAspateso of runof f .
localized flooding and soil erosion in the steeper mountainous areas in the northern
and southern parts of the basin. An overview of climatic conditions is shown in Table
2.

The main rainy seaso(Gu) is in April and May while Deyr season occurs in
September to November. These seasons however do not produce any significant
rainfall. The long term mean monthly rainfall in April and May do not exceed 50 mm

of rainfall.

Temperatures here are vdngh throughout the year, June through to September are
the hottest months of the year in this region ranging between 30 to 33 °C of mean
daily temperature. December and January are the coolest months of the year; 20 to 23
°C of mean daily temperatures.

Evaporation rates are very high in this basin and are always higher than the rainfall

throughout the year except in April and May during the rainy season. The average
potential evapotranspiration (PET) in the catchment is estimated t@@& @m per

12
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annum with maximum evaporation rates taking place in the months of June to
September.

Table2: Mean monthly climate statistics in Dharoor drainage basin

Weather Jan | Feb| Mar | Apr | May | Jun | Jul | Aug | Sep| Oct | Nov | Dec
parameter

Rainfall (mm) | O 0 3 22 |21 |2 0 5 7 6 5 1

PET (mm) 174|151]198 | 201|273 | 315|301 | 310 | 288 | 208| 165 | 171

Temperature |26 |26 |29 |32 |35 |35 |34 |34 |34 |31 |28 |27
G

3.1.3 Climate of the Togdheer/Nugaal drainage basin

Rainfall in the Togdheer/Nugaal drainage basins is low and erratic just like the rest
of the country. There are both a seasonal as well-ameual variations in the
amount of rainfall in the area. The mean annual rainfall for the basin is about 168
mm. However, some areas arouBdrco and the mountainous areas@d#erigaabo
receive and average of up to 400mm per annum and is classified as semi arid areas.
The central areas of the basin including Qardho, Laas Caanood and Garoowe receive
the least rains in the catchment; less than 100mm per year falling in into a very arid
climate zone. Rainfall in this basin increases with increasing altitude. About 51% and
20% of the annual rainfall occur during the Gu and Deyr seasons respectively. The
Xagaaseason running from July to September benefits from an extension of the Gu
rains andthus receives about 20% of the annual total rainfall. Xiaigaaseason is

very important for rain fed agriculture which is common in some parts of the basin.
An overview of climatic conditions is shown in Table 3.

Potential evapotranspiration (PEfnges from about,Z00 mm inBurcoto 2,700
mm in the coastal regions. Highest monthly PET values are on different months
depending on location.

The mean air temperatures are generally high in the drainage basin. Mean
temperature is in the range of ab@2° C to more than 33° C being highest from
May to September in the basin. Higher differences in daily minimum and maximum
temperature occur inland compared to nearer the coast.

Table3: Mean monthly climate statistics in Nugaahithage basin

Weather Jan | Feb| Mar | Apr | May | Jun | Jul | Aug | Sep| Oct | Nov | Dec
parameter
Rainfall (mm)| O 0 3 22 |21 |2 0 5 7 6 5 1

PET (mm) 174| 151|198 | 201 | 273 | 315|301 | 310 | 288 | 208| 165 | 171
MeanTemp |26 (26 |29 |32 |35 |35 |34 (34 |34 |31 |28 |27
)
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3.1.4 Climate ofthe Ogaden drainage basin

Rainfall in Ogaden drainage basins is low and erratic. There are both seasonal as well
as interannual variations in the amount of rainfall in the area. The mean annual
rainfall for the basin is about 280 mm. However, the nawehtern parts of the basin
receive an average of up to 500 mm/year and are classified as semi arid climate zone.
The area to the south of the basin bordering the Shabelle basin in southern Somalia is
also semirid with annual rains of up to 40@im/year. he rest of the basin which
includes the central parts is largely classified as desert.

Potential evapotranspiration (PET) ranges from abdi@®@inBurcoto 3000 mm in

the coastal regions. In general the evaporation is higher than rainfall throughout the
year except the months of May and October which happens to be the peak of Gu and
Deyr rainy seasons respectively.

The mean air temperatures are generally highthe drainage basin. Mean
temperature is high in the range of about 22° C to more than 33° C. March and April
are the hottest months of the year in this basin.

3.2 Groundwater resources

3.2.1 Groundwater situational analysis

While locally varying, tle general hydrogeological conditions $omaliland and
Puntlandcan be described as challenging with regards to water availability and water
quality. Climatic conditions range from seadmid to arid and surface water
availability as well as shallow groundter levels fluctuate with the rainfall
intensities in the different seasons. High salt concentrations in the groundwater of
many wells render them marginally suitable or unsuitable for humans and/or
livestock. Groundwater, being the primary source of watgpply, is generally
obtained from boreholes, dams, dugwells and springs. An overview of the
distribution of these water sources is shown in Figure 3.
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Figure3: Distribution of strategic water sources

Previous hydrogeologgurveys

The water resources situation Somaliland and Puntland characterized by water
scarcity and low water quality, affecting livestock and human population by
restricted water availability. Respectively, a variety of hydrologic and hydrogeologic
surveys have been conducted to investigate the situation. Investigations were
fragmented and results, due to the civil war, were lost and scattered but have been
collected by SWALIM as far as possible. Most information was anyhow collected
during recent sweys. The results of the most recent work, as well as a summary of
previous work has been included in the final SWALIM Phase IV report
AHy dr ogeol ongntaof Somalilansl ane Busitlamd 2 0 1 2 .

Hydrogeology

As part of the SWALI M (2012Spmalfildtdahd ogeol o
Puntand , a cl assi fication of main geol ogi ca
permeability and groundwater potential has been carried out. Further details
regarding the hydrogdogical characteristics of the main geological formations have
been described by SWALIM (2012). A thumbnail of the available geological map is
shown in Figure 4.
1. Basement Complex (Proterozoic): ortogneiss, schists, quartzites, marbles,
paragneiss intruddaly granites. Fissured aquifer to aquitard of low
permeability. Locally used.
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2. Jurassic (J): thick sequences of continental depiosasidstones (J1)
followed by marine limestones beds (6Q0m) slightly sandy in terminal
sections. Well permeable and Kérsd aquifer, productive wells.

3. Cretaceous (K): in NE regions, neritic limestones and thick continental
sandstones (Nubian facies,,00m). Forming barrier along Togga beds.
Fissured aquifer, low to moderate permeability. Low productive wells.

4. Lower Eocene EX Auradu Formation.: white, grey massive limestones
(HargeysaBurco, Ceerigaabo, Qanadala). Max. thickness 380m. In upper
parts Allahkajid beds are gypsiferous and chalky. Well karstified, fresh
groundwater reservoir of great importance.

5. Middle Eocene E2 Taleex Formation. (Sool region etc.). Evaportic rocks
from arid lagoonal depositional environment (~250m). Gypsum, anhydrite to
limestones, well bedded. FissufieHarstic aquifer, low to moderate
permeability, often with saline groundwater.

6. Upper Miocene E3 Karkar FormationBedded marly limestones and marls
(> 200m). N of Shiikh Daban series of lagoonal sandstones is replacing
Karkar limestones. Fissurdd@rstic aquifer moderate to well permeability.

7. Oligocene/Miocené OI,M: Upper Daban &rmation. of thick gypsiferous
sandstones (3@00m!) and Iskushuban Formation. Along Ocean of coarse
sandstones and limestones. Fissured aquifer of low permeability.

8. Pleistocene basalts. Fissured aquifer, cover of younger formations, well
permeable.

9. Quaernaryir ecent deposits: Toggabs alluviu
soils, calcreté lateritic crusts.

Figure4: Geological map ofomaliland and Puntland
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Groundwater sources and use

Water resources used Bomaliland and Puntlanidclude Berkads and small dams

for surface water catchments, while springs, shallow wells and boreholes are used for
tapping the groundwater resources. They are distributed according to suitability with
regards to terrain, water mmgce availability and aquifer characteristics.
Groundwater yields vary widely. While surface catchments rely on the quantity,
intensity and frequency of rains, groundwater yields depend on the aquifer
characteristics including yield, recharge and watelityu Pumping tests carried out

in boreholes throughout the region were described by Milanovic (2012), showing
characteristics as shown in Table 4. The results indicate a widely varying extraction
potential considering the required extraction efforts ffajepnd possible safe yield.

Table4: Borehole characteristics Bomaliland and Puntland
based on pumping tests in 27 boreholes (Milancovic, 2012

Borehole Water depth Drawdown Duration Discharge
depth m m m h I/s
Min 91 2 2 0 2
Max 403 215 163 48 20
Average 179 56 34 - 10

* pumping duration varying between zero and 48 hours depending on yield

Groundwater aquifers

Groundwater aquifers in Somalilarmhd Puntland are characterized by strongly
changing conditions regarding depths, yields and quality aspects. Recharge to the
aquifers is limited as dependent on the surface rainfall and evaporation as well as
runoff characteristics. Areas of groundwatetegmtial considering water quality and
aquifer depth can be tabulated as follows (Milanovic, 2011):
- Water quality fair to good, well depths shallow to moderate
o shallow aquifers in the sand dunes in the central coastal belt
o northern coastal regions
o along tle streams in the mountainous areas and sloping escarpment
0 coastal belt along the Gulf of Aden
- Water quality very poor and wells drilled often very deep
deep aquifers in the MudugGalgaduud plateau
o plateaus and valleys [Dharoorbasin
o plateaus and valfs in TogdheeMugaalbasins
o plateaus in Hawd and Sool plateaus and valleys

o

Milanovic (2011) further summarized that potentially productive aquifers occur
extensively throughousomaliland and Puntlan&hallow perched aquifers are often
found in the alluial sediments within the dry river beds and adjacent flood plains.
The water table configuration varies betweeri 20 m. Shallow dug wells are
developed within these perched aquifers and used by a majority of both the rural and
urban populations i8omailand and Puntland

17



Chapter 3General area description

Deep water aquifers are often found in alluvial deposits within the old river bed
channels, the Karkaar, TalgfTaleex) and Auradu formations. The water table
profile varies between 30 450 m. The majority of wells drilled within tke
materials from later geologic times produce hard water often with a high content of

sulphates, bicarbonates, carbonates, chlorides, etc. Nonetheless, these aquifers serve

as the main sources of water in the region. The many productive water wells which
have been drilled over the years attest to this fact.

Groundwater quality

Groundwater quality was studied by Milanovic (2011) who describes groundwater
quality as related to the chemical composition of geological formations through
which the water has psed, as well as to the balance between recharge and
discharge. Concentrations of chemical components in groundwater vary widely
within the Somaliland and Puntland areas, depending on the location and type of
hydrogeological objects (spring, dug well, @d well). Generally, groundwater
quality in the study area is poor and usually does not meet all WHO guidelines for
acceptable drinking water.

In general, very few groundwater sources in Somaliland and Puntland will conform
to international standards. &lsalt content of the water commonly exceeds 1 g/l,
which under normal circumstances is the upper limit for human consumption. In
Somaliland and Puntland anyhow, acceptance of water with relatively high ion
concentrations is a necessity, as there is ysnalblternative.

Suitability limits have been defined as follows (WHO):
TDS (gr/l)  Suitability

07 1.0: Suitable for all normal purposes

1.17 3.0: Suitable for livestock, marginal for human consumption
3.17 5.0: Suitable for livestock, unsuitabter human consumption
5.17 7.0: Suitable for camels, marginal for other livestock

7.17 10.0:  Suitable for camels, marginal for goats and sheep, unsuitable for cattle
10.071 15.0: Marginal for camels, only in emergencies for goats and sheep
> 15: Unauitable for any domesticated animal life

In addition Milanovic (2012) observed that shallow aquifers are often
bacteriologically contaminated and may cause epidemics like cholera, diarrhoea and
dysentery.

The quality of the groundwater varies by regiond adepends mainly on the

underlying rock formations and their thickness. Some examples:

- Bari region: The EC varies between approximatehy8d to 4000e S/ ¢cm wi t h
ranges of 7.4 7.8

- SanaagNugaal Sool and Mudug regions: The EC varies between apped&lyn
2100to55 00 €S/ cm with aig® in the range

- Awdal, Galbeedand Togdheer regions: The EC ranges between 417 to

approximately 4 00 €S/ cm with aig6 in the range

18

P

of



Chapter 3General area description

The water quality of main deep aquifers as found within the KarRadeh(Taleex)

and Auradu formations is very poor. In the majority of the boreholes drilled within
these formations, the salinity levels go beyond the potable drinking standards.
Nevertheless, in an arid landscape like Somaliland and Puntland, whieisva
scarce, it is difficult to maintain water quality standards and thus define areas where
water can be used for different purposes. Water quality acceptance is subject to
availability and the habits of the people. Respectively the consumption oé salin
water is customary and toleratedlie region

Water demand and availability

Water demand and availability was analyzed by Stevanovic (2012) based on field
research and previous studies by different authors. Given the lack of perennial
streams and the mostly arid climate with little rainfall in Somaliland and Puntland,
groundwaterrepresents the sole reliable water resource in most of the study area.
However, aquifers are limited, mostly deep and often highly saline or low yielding
compared to the rising demand that is driven by population growth.

Hargeysa the capital of Somalitad is an example for this excessive growth. It is
located at the edge of the Hawd Plateau. Its population has increased considerably,
particularly during the last half century. From a small village wj@®@ in habitants

in 1930, Hargeysatoday is home tmearly one million inhabitants, or around one
quarter of the total population of Somaliland according to the 2009 census. While
being fed from hand dug wells along the water courses in its early sttygeysa

is today fed by an external water souraarfrtheGeed Deeblalluvial sedimentary

basin, about 25 km norhorthwest ofHargeysawith a total yield of 400 ni/day.

The recharge in this wellfield has been observed by FaillaEaiace (1986) who
reported that water level observation in some boreholes show that a certain amount
of recharge occurs during the rainy season. Fluctuations of 3.12 and 3.60 m were
observed in boreholes K1 and K12 respectively. Recharge in borehobesilkK? is

very fast, as was observed in March 1982, when water levels rose 1.80 and 0.70 m
respectively, after 82 mm of rain had fallen on @eed Deebleralley. The water

level however fell rapidly once the flood subsided. Overall, the groundwatecbkalan
calculated on the basis of the yearly water level fluctuation and on the amount of
abstraction, shows that the hydrological balance in 1976 and 1977 was positive due
to limited abstraction whereas after 191/%/7 it was always negative. According to

the Chinese Well Drilling Team (1986), aboy2a0 nv/day were exploited in excess

of the daily recharge of the basin and the annual drop of the water level in the valley
was 1.25 m. Today abstraction has increased even further into unsustainable
conditions.The situation is representative for many parts of the country in Boorama
(Awdal) for example, drawdown rates have accelerated fror.G.2n/year in 1986

to 3-4 m/year after 2004 (Petrucci, 2008).

Based on their regional assessment using field dataxastthg reports, Stevanovic
(2012) concluded that if the amount of around 60 l/capita/day is considered an
adequate standard for water requirement in urban areas of Bmhaind Puntland
(this figure is debatable given the general low water availability total water
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demands for 2.5 million residents are 150 x 1G3wich is equivalent to 1.77 ¥s.
Considering the fact that the current extraction rate for these settlements is8.74 m
(according to information provided by the water utilities),réhes a shortage of
around 1 n¥s, or, in other words, 60% of actual water needs for 12 cities are not
being met.

Faillace and Faillace (1986) also describe the difficulties with regards to groundwater
drilling in Somaliland and Puntland, quoting Macfadye ( 1 951 ) . AFour
were drilled for the military in 1903904, between Shiik{Sheikh)andBuuhoodle

all failed to find water. Altogether about2B0 meters were drilled. The depth of
these exploratory boreholes ranged from 6 to 135 m. Out ofethereholes, only 9

were deeper than 100 m; the deepest borehole was drilldargeysaResults were

very unsatisfactory: 22 boreholes were dry, 8 had a yield ranging from 1.1 to 1.4
mh, and 7 had a yield ranging from 3.3 to &mA borehole drilledn Seylac, 74

m deep, struck salt water. Macfadyen also reports six boreholes drilled in the Hawd
Plateau: three were drilled in Qaidr Boleh, one in Sigr Adr, and one in Dughoshe.
The deepest was a borehole drilled in Qaidr Boleh which was 175 m deeymdit f

only little water and was abandoned. The other boreholes were dry. In the late 1950s
12 exploratory boreholes were drilled for the water suppMargeysaThe deepest
reached 335 m. Eight were dry, three yielded marginal water in little amounts, and
one yielded water of good quality but had a small yield. To solve the water supply
problem ofHargeysal6 boreholes were drilled by the ChineseGeed Deeblén

1970 and in 1982; 12 are production wells with yields ranging from 39 to®80;m

the depthof these production wells ranges from 90 to 207 m. All wells were drilled
in old alluvial deposits. o

In the recent years some updated information about water sources and points resulted
from the survey conducted by UNICEF and FAO/SWAL(®D09) UNICEF has
undertaken a number of inventories in 1999 on the water sources in Puntland and
Somaliland. FAO/SWALIM, with the help of partner agencies, was also collecting
data on the water sources for creating a database called the Somalia Water Source
Information Management System (SWIMS). Next to collecting existing data, an
inventory of the strategic water sources was created through extensive field work.

3.2.2 GW database

Groundwater data fosomaliland and Puntland stored in FAGSWALIM's Soil

and Water source mformation managemergystem(SWIMS). Data is scarce and

only available for a few years and few boreholes and wéHsoundwater
measurements with regards to water tablth a wider spatial coveragare
available from two measuring camgas in 2008 and 2012. The datasets are not
entirely matching so a comparison has been conducted based on spot examples as
shown in Table 5 and Table 6. Results shodealinein water levels both in the
shallow wells as well as in the boreholes over the fgear period. Theleclining

levels are seen in most boreholes, even in rural locations. An overview is shown in
Figure 5. Comparing the values the different dates and the relation of the shallow
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water tables to the season needs to be considered. Then¥)8n was conducted

in May/June, i.e. at the end of the Gu rains, the 2012 mission took place in January,
i.e. in thedilaaldry season and more than two month after the end of the not so heavy
Deyr rains. Lower water levels can therefore be expectdisecond campaign due

to increased abstraction as well as possibly links to recharge, the reason for the
reduced water levels can respectively not be clearly allocated to the well utilization.

Table5: Water tdles in selectedhallow wells
data from 2009 SWMIS and 2012 hydrogeological survey conducted by SWALIM

SWL SWL Delta (m)

SOURCENAME LAT LON DATE (m) DATE (m) 0812
Badhan 10.7139 48.3364 14.06.08 1.7 23.01.12 4.6 -2.9
Ceel Af Weyne 9.9211 47.2199 18.05.08 15 17.01.12 1.0 0.5
Ceel Dhaab 8.9395 46.4969 15.05.08 2 03.01.12 45 -2.5
Fadhi Gaab 1 9.6688 47.0158 18.05.08 0.5 12.01.12 3.0 -2.5
Hali Bixisay 8.9589 46.6091 17.05.08 0.5 03.01.12 0.3 0.2
Higlo 9.0987 46.0858 15.06.08 3 03.01.12 5.0 -2.0
Lawyo Cado 11.4325 43.2950 15.05.08 3 210112 35 -0.5
Sin Carro 9.4766 47.0756 18.05.08 12 11.01.12 16.5 -4.5
Tokhoshi 11.3291 43.4190 14.05.08 2 220112 3.0 -1.0
Udaan 9.7033 43.8853 15.06.08 0.5 02.01.12 1.0 -0.5
Ulasan 1 9.0265 46.1864 15.06.08 6 03.01.12 6.0 0.0
Yufle 10.3813 47.1954 26.06.08 2 19.01.12 6.0 -4.0
Av. -1.6

Table6: Water tables in selectdmbreholes
data from 2009 SWMIS and 2012 hydrogeological survey conducted by SWALIM

Delta
SWL SWL 0812
SOURCENAME LAT LON DATE (m) DATE (m) (m)

Afraaga 9.9432 43.0761 24.05.08 101 10.01.12 106 -5.0
Darar Weyne 9.5797 47.5210 06.10.08 190 16.01.12 190 0.0
Dila 2 9.7685 43.3359 18.06.08 33 09.01.12 35 -2.0
Jidhi 10.6253 43.0719 15.05.08 30 20.01.12 34 -4.0
Av. -2.8
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Google earth

Figu'rexS':’ Gwro”undierbservation Ioions for008 and 2012
Campaign carried out by FAO SWALIM

3.3 Surface water

The surface waters &omaliland and Puntlartthve been described in the SWALIM
Technical Report No. WL1 and belong to three major river basins:

- Gulf of Aden basin

- Daroor basin

- TogdheerNugaalbasin

There are no any perennial streams in rdgion The rivers and drainages have
surface water my after periods of heavy rainfall. There are, however, many small
streams called Toggas (Wadis) originating from the plateaus and mountains that have
perennial flows in some stretches and at other stretches have a complex- surface
water groundwater intecdon (subsurface flow) where there is groundwater
recharge. After intense rainfall, most of these small streams can carry high floods as
well as sediment and debris. The surface runoff lasts from a few hours to a few days.

The drainage network, which imfluenced by local topography, rainfall, and
geology, is dense to very dense in the northern mountains. It is very thin or virtually
nonexistent in large parts of the central basin. Runoff in Somaliland and Puntland
basins generally takes place in semdostreams (Toggas) and in addition to
infiltration, it replenishes stream bed and flood plain aquifers. Runoff only occurs
after heavy rainfalls in the form of spate flows, which may last from a few hours to a
several days. In their mountainous sectigrasticularly in reaches where bedrock is
exposed, the flow may be permanent in some springs along the mountains such as
Iskushuban spring. In sandy fans and in valley bottoms in the gently rolling
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topography large quantities of water are infiltrated th® aquifers. Evaporation and
overland flows are also high in these plains. It could be said that little runoff reaches
the seas

Surface water resources are limited so the population largely relies on shallow and
deep groundwater resources, problems oaghere groundwater is brackish or
saline. Aquifers have been investigated by various organizations mainly using geo
electric resistivity (vertical electrical sounding) tests though problems exist with
regards to result analysis and accuracy as pointetyoltelchioly (2011), leading

to partly questionable results and recommendations and respectively dry boreholes
drilled.

3.3.1 Surface water situational analysis

The surface water situation f&omaliland and Puntlanidas been comprehensively
described byS WALI M (2009) in their Al nventory
Somaliaod. I nformation is extracted in thi

The major drainage basinstime regionare: the Gulf of Aden BasimharoorBasin,
Togdheeflugaal Basin and Ogaden Basin (gre 6). In addition to these, the
narrow strip of land along the Indian Ocean has short drainage networks and there is
not much flow in these drainage channels that reaches the Indian Ocean.

Figure6: Drainage basins and drageinetwork inSomaliland and Puntland

The drainagebasins have little surface runoff and rainfall in the basins are mostly
lost through infiltration and evaporation. There are, however, some short streams
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