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PREFACE
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1 Introduction

1.1 Background

South Sudan (Figure 1) is the newest country in Africa with an area more than 64 million
hectares and a population of around 8 million. It occupies an important area within the Nile

basin.
REPUBLIC OF SOUTH SUDAN
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Figure 1: Map of South Sudan (source: Office of the President of The Republic of South
Sudan).

The sum of the internal and external water resources available to South Sudan will depend on
some projections on future changes in water demands and the availability of water resources.
Predicting this future is by definition a delicate matter with lots of uncertainties that might be
involved. This is especially the case for South Sudan, a country still recovering from decades of
conflict and as a result is anticipating changes and developments while at the same time still
lacking well worked-out long term strategic plans for development of agriculture, industries, etc.

The major water consumers currently in South Sudan are domestic and agriculture. The current
water demand is higher than the actual consumption, taking into account the fact that for a
substantial number of inhabitants the water consumption is below the basic human needs.
Actual figures on water usage by irrigated agriculture in South Sudan are not available.
Industrial water use is very marginal in South Sudan, as the only industries are some oil
refineries, some envisaged sugar cane factories and one brewery. No figures on the industrial
water consumption are available. A number of dams are planned to be built in South Sudan and
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the estimated total annual evaporation from their lakes is considered negligible. Other water
demands come from s-eochsumpt hbadridsmavigatiénrardh i s
environment sectors.

South Sudan is almost entirely situated within the White Nile basin, and it is where its main
tributaries of Bahr el-Ghazal, Bahr el-Jebel and the Sobat River meet. When high river
discharges coincide with the peak of rainfall, water spills over the banks of rivers; spreading into
large areas, which are relatively flat and lower than banks of the rivers, creating wetlands whose
area is approximately 0.033 10° km? (3 million ha) of which 1.4 million is seasonal and the rest of
1.6 million is permanent. Therefore, only part of river discharges entering the area flow out,
hence the region was termed Sudd (barrier/blockage in Arabic Language). Table 1 below shows
an overview of average annual flow volumes in the White Nile basin (Sutcliffe and Parks, 1999).

Table 1: Overview of average annual volumes in the White Nile basin (in BCM)

Basin runoff flow to wetlands remaining
Bahr el-Jebel 33 17 16

Bahr el Ghazal 11.3 11 0.3

Sobat 175 4 135
Total 61.8 32 29.8

Geological formations in South Sudan consist mainly of sedimentary/alluvial deposits known as
Umrwaba, including the Baggara and the Sudd groundwater basins; in addition to crystalline
rock formation known as basement complex, where water occurs in fractures/faults and
weathered zones. Table 2 below shows the estimated storage volume, annual recharge and
annual abstraction (in million cubic meters, BCM) of the Sudd and the Baggara aquifers from
three different sources. Differences in numbers between the sources are striking, especially with
respect to annual recharge. Therefore, in South Sudan, the substantial mutual differences in
numbers between the different sources demonstrate a lack of understanding of groundwater
recharge and abstraction. But, despite this huge knowledge gap, groundwater is the primary
source of drinking water for the majority of people.

Table 2: Storage, Annual recharge and annual abstraction of the Sudd and Baggara aquifers in
billion cubic meters (BCM)

Sudd Baggara
Source Stor. Rech. Abstr. Stor. Rech. Abstr.
Yousif and Abdalla [2010] | 1.8 0.034 0.003 1.7 0.030 0.028
Medani [2009] 4.5 0.080 - 5.4 0.040 -
Omer [2008] - 0.341 0.0018 - 0.155 0.012

At present there is no exact figure about how much groundwater is abstracted from the different
basins in South Sudan. However, from the limited information available, there is large
groundwater potential and current abstraction is only a small fraction of the resources available.

1.1.1  Socio-economy

Years of conflict and neglect have left South Sudan one of the most underdeveloped regions in
the world, despite its rich resource base. Poverty is widespread, and is especially acute in rural
areas and the more remote corners of the Country. Poverty in South Sudan has many
dimensions, including low levels of consumption, and poor health and education. The legacy of
the prolonged war in South Sudan makes the fight against poverty more demanding and
challenging. SSCCSE carried out the National Baseline Household Survey (NBHS) in 2009 that
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gave the first precise estimates of consumption in South Sudan. The survey provided the basic
information for the poverty estimates in SSDP. South Sudan has experienced very low levels of
investment or development in basic services or infrastructure over the past five decades since
the independence of Sudan. The average household is still agricultural, with 78% of households
depending on crop farming or animal husbandry as their primary source of livelihood. There is
no national labour market; job seeking is localised with most relying on the informal sector. 53%
of the working population in South Sudan work as unpaid family workers and only 12% as paid
employees. According to provisional SSCCSE estimates, nhominal GDP of South Sudan in 2009
was 24.95 billion Sudanese pounds (SSP), or SSP2,967 per capita. With an average exchange
rate in 2009 of 2.31 pounds per US dollar, this is $1,285 per capita. GDP is dominated by the olil
sector; in 2009, oil exports were 66% of the value of GDP. GDP per capita of South Sudan is
shown against comparator countries in Figure 2. Gross National Income (GNI) is equal to GDP
plus income from South Sudanese citizens earned abroad minus income of foreigners earned in
South Sudan. The GNI for South Sudan is $888 per capita, making South Sudan a low -income
country.

Figure 2: GDP per capita in South Sudan and comparators
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1.1.2 Demographic context

South Sudan has a population of 8.3 million according to the 5" Sudan Population and Housing
Census (2008, Table 3), of which 1.4 million live in urban areas, compared with 6.9 million in
rural areas. The population is therefore currently predominantly rural (83%) and dependent on
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subsistence agriculture. South Sudan is a young country with half (51%) the population under
the age of 18 and 72% under the age of 30.

Table 3: Selected demographic indicators by place of residence

South Sudan Urban Rural
Total population 8,260,490 1,405,186 6,855,304
Male 4,287,300 754,086 3,633,214
Female 3,973,190 651,100 3,322,090
Average household size 7 9 7
Dependency ratio (%) 88 75 91

(<14 +>55)/14-55 population

Source: 5th Sudan Population and Housing Census (2008).

1.1.3 Millennium Development Goals, current status

Incidence and depth of poverty

51% of the population lives below the national consumption poverty line. There is no direct
internationally comparator because Purchasing Power Parity (PPP) data are not available for
South Sudan. However, data on infant mortality; maternal mortality; the ratio of the proportion of
births attended by skilled health personnel; measles immunisation coverage; the proportion of
the population below minimum level of dietary consumption; net enrolment and completions
rates in primary education, and literacy rates suggest that the incidence of poverty in South
Sudan is actually greater than this. Infant mortality is the ninth worst in the world and South
Sudan is in the bottom five countries for 11 of the 22 Millennium Development Goal (MDG)
indicators for which there are data.

The poverty gap is 24%. This measure is an estimate of the average shortfall in consumption
relative to the poverty line. The poverty gap in the population as a whole is 24% (see Table 4).
Table 4 summarises the two different poverty measures according to three criteria: by urban
and rural areas, by greater region and by state. Table 5 looks at poverty incidence by household
head characteristics; namely sex and education.

South Sudan has a high degree of food insecurity with 47% of the population being
undernourished. Inadequate food consumption is one of the key signs of poverty. The level of
food insecurity in South Sudan is significant given between one third and one half of the
population was either severely or moderately food insecure over the past three years. The food
security situation is relatively better in Western Equatoria State (WES), Central Equatoria (CES)
and Unity, where less than a quarter of their population was insecure. On the other hand, food
insecurity was highest in Eastern Equatoria State (EES), Warrap and NBS where close to half
their population was food insecure (Table 5).
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Table 4: South Sudan poverty estimates

FeteTEe ) || Fevaiyen Share of Share of national
0 A
y gap population (%) poverty (%)

South Sudan 51 23.7 100 100
Urban 24 8.8 15.6 7.5
Rural 55 26.5 84.4 92.5
Greater Upper Nile 44 19.9 33.3 28.8
Greater Babhr el

62 35.8 43.6
Ghazal 30.5
Greater Equatoria 45 19.9 30.9 27.7
Upper Nile State

26 12.6 6.4
(UNS) 9.8
Jonglei State (JS) 48 22.2 14.3 13.7
Unity State 68 34.6 6.4 8.7
Warrap State (WS) | 64 34.1 14.2 18
Northern Bahr el

7 g 14.
Ghazal (NBS) 6 36.8 o S
Western Bahr el

43 3.7 3.2
Ghazal State (WBS) 17.6
Lakes 49 22.6 8.1 7.9
Western Equatoria

42 7.6 6.3
State (WES) 155
Central Equatoria State
(CES) 44 925 13.1 11.3
Eastern Equatoria State
(EES) 50 108 10.2 10.1

Source: SSCCSE (2010) Poverty in Southern Sudan: Estimates from NBHS 2009.

Table 5: Level of food insecurity by states, 2010

Projected
. . Moderately food

St population Severely food insecure insecure Food secure

(2011)

Number Number % Number % Number %
EES 986,000 143,000 14.5 337,000 34 506,000 51
JS 1,478,000 219,000 14.8 351,000 24 908,000 61
Lakes 807,000 106,000 13.2 224,000 28 477,000 59
NBS 848,000 58,000 6.9 309,000 36 481,000 57
UNS 1,037,000 73,000 7.0 319,000 31 645,000 62
WS 1,071,000 154,000 14.4 367,000 34 550,000 51
WBS 368,000 24,000 6.5 72,000 20 272,000 74
WES 676,000 18,000 2.7 123,000 18 535,000 79
CES 1,224,000 51,000 4.2 211,000 17 962,000 79
Unity 664,000 40,000 6.0 97,000 15 527,000 79
State
Total 9,157,745 886,000 9.7 2,410,000 | 26.3 5,863,000 | 64

Source: compiled from WFP, 2011 6Annual Neec
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The Food and Agriculture Organisation (FAO)/World Food Programme (WFP) estimated cereal
production in South Sudan to have been 695,000 tonnes in 2010 (28.5% higher than in 2000),
but this still falls short of domestic consumption needs by 291,000 tonnes. Domestic production
would have to be 42 % above 2010 levels to meet the shortfall. FAO/WFP estimates that food
assistance requirements will remain high with a monthly average of 816,000 beneficiaries of
food aid. This is expected to rise during the lean season to 2.7 million food aid beneficiaries per
month. This reflects that a significant proportion of the population (as high as 33% in the lean
season) will continue to depend on food aid to ensure a minimum level of nutritional intake.

1.1.4 Social development

Poverty is a multi-dimensional phenomenon that affects populations through reduced access to
healthcare, education and economic opportunities. There has been almost no development in
the form of basic services over the past five decades since independence. This is clearly seen
in the poor levels of various social indicators like literacy levels, infant mortality rates and
access to water and sanitation. Two decades of conflict have resulted in many not having
access to schools, hospitals or safe sources of drinking water. The terrain of South Sudan and
the geographical constraints that reduce access to large regions further increases the difficulty
of improving social indicators. Infrastructure investments planned under the SSDP seek to
address directly the issue of accessibility.

Education status

South Sudan is a young nation with over 4 million children (below the age of 18) in 2008. In
2010 it was estimated that there were over 2 million children of primary school-going age but
only 900,000 were actually attending school. The second MDG is to universal primary
education. As can be seen in the following indicators, South Sudan still has a long way to go to
achieve this. Only 40% of the population between 15-24 is literate. The literacy rate for males in
this age group is 55% compared with 28% for females. In Kenya, the figure for adult literacy (15
and above) is 87% compared with 27% in South Sudan. Among the primary school age children
less than half are in schools. The net primary school enrolment rate in 2010 was 44%, the fourth
lowest in the world. Moreover, there is significant variation between genders with the enrolment
rate for males being 51% compared to 37% for females. This is far lower than the average for
the region. Kenya has an enrolment rate of 86% and Uganda has an almost universal enrolment
rate at 97%. Only 37% of the population above the age of six has ever attended school in South
Sudan. Amongst these, 68% are attending school now, reflecting the near absence of formal
education in earlier years.

Health status

The infant mortality rate in South Sudan in 2006 was 102 per 1000 live births which is the ninth
highest in the world. In the same year, the maternal mortality rate was 2054 per 100,000 live
births, rated the highest in the world. Nutritional intake remains a challenge with 33% of the
children under the age of five moderately or severely underweight and 34% suffering from
moderate or severe stunting.
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| Table 6: Selected social indicators

Access
. Ever Literacy mz:(tearlri]til Children 12-23 :rc;proved . +
Region ::Eg:ﬁd rate (154)  rate - irrr:]cr)]rqmg:]si,sed f:ﬂlz/ s Phone+ Bicycle
100,000 " water,

%1
Southern Sudan 37% 27% 2054 17 55 15 25
Upper Nile 50% 45% 2094 29 35 30 13
Jonglei 27% 16% 1861 12 67 5 7
Unity 32% 26% 1732 24 54 27 9
Warrap 22% 16% 2173 12 52 9 21
N. Bahr El Ghazal 28% 21% 2182 6 66 7 32
W. Bahr El Ghazal 40% 34% 2216 6 45 25 44
Lakes 26% 18% 2243 7 71 13 40
Western Equatoria 58% 33% 2327 8 40 11 56
Central Equatoria 58% 44% 1867 44 51 28 36
Eastern Equatoria 27% 19% 1844 14 63 8 12

* As a percentage of population six years and over.
+ Percentage of households that own a phone/bicycle.
Sources: 1 NBHS (2009) 2 SHHS (2006).

Large sections of the population do not have access to a modern health service with only 44%
of settlements lying within a 5km radius of a primary healthcare unit. User rates are estimated to
be as low as 0.2 outpatient contacts per person per year.

While preventable diseases are major sources of morbidity and mortality, only 17% of children
aged 12-23 months were fully immunised in 2006.

HIV/AIDS has not yet reached epidemic proportions in South Sudan with incidence currently at
3%, which is lower than in neighbouring countries. However, knowledge of the disease and
contraceptive use remain low, which makes it a potential danger in the coming years. 45% of
women have heard of AIDS and only 4% use any form of contraception, the second lowest rate
in the world.

Lack of access to safe drinking water and sanitation facilities is another cause of disease.
Currently only 55% of the population has access to improved sources of drinking water
according to World Health Organisation (WHO) definitions. Sanitation remains a challenge with
80% of the population not having access to any toilet facilities.

These all are important indicators to track, especially given the MDGs commitment to reducing
child mortality, improving maternal health, combating HIV/AIDS and ensuring environmental
sustainability (Goals 4, 5, 6 and 7).

Institutions

Ministry of Water Resources and Irrigation (MWRI) leads the development of policies,
strategies, guidelines, regulations and standards; in addition to coordination of other regional,
national, bilateral and donor group projects such as NBI, UNICEF, FAO, ect. MWRI is to ensure
coordinated development and management of water resources (including irrigation
development) on the one hand, and provision and sustainability of water and sanitation services
on the other hand. Overall, the responsibility for operating and managing the facilities and
delivering of services lies with the state and county levels of the government. MWRI therefore is
the central policy making, regulating and coordinating body in the water sector of South Sudan.
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There is currently a Water Sector Steering Committee (WSSC), chaired by MWRI that guides
the policy, institutional and legal framework process.There is an ongoing organized inclusive
multi-stakeholder driven consultation, to identify key building blocks for water sector legislations
that: Cater for the establishment of appropriate institutions (government, community, civil
society, etc) with clearly separated mandates, roles and responsibilities pertaining to regulating
water aspects such as extraction, use, pollution control, conservation, safe water and improved
sanitation service delivery. This will lead to formalization of the present ad-hoc water licensing
systems, including payment of water fees for abstraction (by the Directorate of Water
Resources Management); issuing of drilling permits (by the Directorate of Rural Water Supply
and Sanitation), payment for irrigation system water use (by the Directorate of Irrigation and
Drainage), etc. Therefore, the institutional framework for irrigation and water resources
development is still evolving. Main policies are the South Sudan Water Policy of 2007; the
South Sudan Development Plan (SSDP) and the WASH Strategic Framework of 2011; Draft
Agricultural Policy Framework of 2011; Land Act of 2009; etc.

The South Sudan Water Sector Strategic Framework, concluded in 2011 provides direction for
Water Resources Management (WRM) and the overall Water Sector governance and
development. This Strategic Framework is developed in order to implement the Water Policy in
a systematic approach; move from ad-hoc emergency interventions to a holistic, government-
led planning and implementation of well-targeted development programs; and to attract
investment towards achieving water and sanitation MDG targets; and contributing to a
diversified and sustainable economic development.
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SOUTH SUDAN T INSTITUTIONAL

Main guiding policies, act and ordinances

South Sudan Water Policy 2007, reflects the vision for water sector,
and establishes basic principles and objectives to guide future
water sector development, in prioritizing user needs. T includes
vision for the agricultural and forest sector (MWRI, 2010)

SPLM Policy Framework for the Government of South Sudan
(GOSS) 2010, Work Draft

UNICEEF is guiding together with DRWS MWRI and the Directorate
of Rural Water Supply and Sanitation) development of the water
sector.

Water, Sanitation and Hygiene (WASH) Sector Strategic Frame
work of 2011.

Institutional mandate irrigation development (groudwater development,
Meghani, M. et al. 2007 and BMB Mott MacDonald, 200X)

Although OLS (Operation Lifeline Sudan) was ended in 2003,
UNICEF is still regarded the leading agency in the water sector (the
isect or Sobuth&udan) However, the
Ministry of Irrigation and Water Resources has already taken over a
responsibilities:
o Dir. of Water Resources Management and Coordinatior|
o Dir. of Hydrology and Survey
o Dir. of Irrigation and Drainage

Water Permit System i Drillers (Armstrong, T.; 200X)

In South Sudan all drillers are required to register with the nascent
Ministry of Water and Irrigation, but authorisations to drill boreholes
are not required.

UNICEF, in concert with the Directorate of Rural Water and
Sanitation (DRWS) has prepared standardised borehole completion
logs that all organisations providing boreholes should complete and
submit.

Land tenure

Guided by the 2009 South Sudan Land Act, supervised by the South Sudan
Land Commission (SSLC)

Government Effectiveness (percentile rank 0-100) (World Bank, 2009)

7.1

Rule of Law (-2.5 1 2.5, in which high values represent effective
enforcement of law (World Bank, 2009)

-1,34
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2 Countrywide irrigation potential

2.1 Terrain and soil

2.1.1 Relief, climate, and hydrography

South Sudan expands on clay plains, with gradual extend of uphill slopes to the mountains on
the Uganda frontier. At this frontier the mountains series of the Imatong, Didinga, and
Dongotono rise to more than 3,000 meters. It also expands in the west from water divide along
borders with Central African Republic and DR Congo eastward, passing through low lands of
the White Nile Valley and the Sudd wetlands to the Ethiopian highlands (NEPAD/FAQO, 2005).
The average annual rainfall approximately ranges from 500-600 mm/year to more than 1500
mm in the south western part of the Country. On the other hand, potential evaporation
decreases from a maximum annual value of 2400 mm to a minimum annual value of less than
1400 mm in the south-western part of the Country. Another important observation is that rainfall
in Southern Sudan suffers noticeable decreasing trend accorded to climate change though it is
relatively less in comparison to northern part of the country [Yousra & Magdoleen, 2009]

Based on climatic and soils attributes of t
South Sudan has wide range of geographical differences that entail location specific solutions.

The northern parts of Southern Sudan; fall under Sudano-Sahelian Region, within its
predominantly dry sub-humid and semiarid, with extensive grazing. From the averages for 1930
to 1960" (25 years), annual rainfall of this zone has declined. Hence, this zone is characterised
by occurrence of dry spells, especially in the first months of the rainy season. Also, in the 2
half of the season, the zone is characterised by heavy and stormy rains of short duration, hence
the rate of precipitation greatly exceeds infiltration rate into its flatlands. In addition, these heavy
rains coincide with high river inflows, resulting in an extensive flooding for long periodsz.

The southeast and eastern parts; fall under dry sub-humid and semiarid mountainous East
Africa, with potential for tropical rain-fed annual crops.

The southwest and western areas with good drainage conditions; fall under the Humid Central
Africa, within its predominantly moist sub-humid and humid of wide range of perennial tropical
crops and extensive areas under forest.

The climate of the South in general is seasonal with considerable annual variations, and its
mean temperature is greater than 25 °C, hence generally a warm thermal zone®. It is
characterised by single rainfall season, therefore a pattern of one growing period that becomes
shorter northwards. As a result, in the semiarid and dry sub-humid zones, precipitation exceeds
half the potential (or open water) evaporation for six months (see exemplary chart below), which
allows for a maximum growing period of around 180 days. And in the moist sub-humid zone,
precipitation exceeds half the potential evaporation for nine months, allowing for a growing
period of about 270 days. But, latter reports assert that growing season in South Sudan ranges
from 150 days in around the wetland plains northwards with a maximum of 850-mm/annum
rainfall to 240 days in the green belt zone southwards with 1,800-mm/annum rainfall (FAO,
special report on South Sudan, November, 16, 1998). Hence, a trend towards shorter single
rainfall seasons that continues from the South to the North.

! African Agriculture in the Next 25 Years: Annex IV, Irrigation and Water Control, FAO, 1986.

2 The zone in guestion mostly lies below the latitude passing through Mangalla.

% Harry van Velthuizen, Luc Verelst and Paolo Santacroce, Crop Production System Zones of the IGADD Sub-region,
FAEAgrometeorology Working Paper Series 10, 1995.
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Chart* of Rainfall & Evaporation over and River Discharges into Swamps and Marshes of South
Sudan

! This chart is based on 1941-1970 average rainfall (mm), derived from monthly rainfall records
at 8 stations between Mangalla and Malakal; 1963 open water evaporation (mm), estimated
from records of mean monthly and annual meteorological data at Bor; and 1980 Bahr el-Jebel
discharges at Mongalla.

20 d:g



T

asalall Umm 5 Kinanahe q

-'\. Faql 3 strlal‘ Umm Doka

Shawkah  BoF) Hawsta Z

L=} Tandalti o
sl o Sinjah

£ Obei o 3 —

L Abu Zabad Marabba \,a!g.:m Dinder
Hyala @ = ‘ National Park
- El Fula 71

=]

5dc m }
nal Park
‘ Uwayl Gngnal N?EIBI M

- %

Ze fah Game
‘ Ve ambela
i Mational Park

f * F}nm’i
Reserve de Southern Mational Park Omo
Fauns de Mational Park NationalE

Zemongo
Oba

9. [5] T bl - -
Nﬂboklh\_‘d e |_ ha i
Diebie- hdala&_
NIEIIEI/“\‘_/\L\

Parka
;,'1_90 Glluma /—/\A
. Alionils  NiBnoarac =] M

‘ ‘ Working Gauges ‘ Abandon Gauges
Fig.2.1: Rain Gauging Stations with the Five Operating Stations

The main source of metrological data is the Civil Aviation, which is under the Ministry of
Transport. Until the late seventies, there used to be a meteorological network across the
country well distributed all over South Sudan. Unfortunately, the network has suffered great
deterioration over the past few decades and the number of working stations in the whole
country is now not more than 5 stations. Indeed, the number of stations in was 29 but most of
them have stopped functioning during the eighties, and only five of these stations are currently
working (Fig.2.1). The stations that are currently working and have up to data information in
digital format are given in the table 2.1 below.

Table 2.1: Meteorological Stations with up to-date Data

Station Starting year
Wau 1921
Malakal 1937
Juba 1925
Renk 1937
Raja 1928

The parameters that are measured are rainfall, evaporation, temperature, relative humidity, soil
moisture, sunshine hours and wind speed and direction.

2.1.2 Terrain suitability

The terrain slope is a key characteristic for assessing the irrigation potential. Steeper slopes
evidently are less suitable for irrigation. Different types of irrigation also have different
associated slope suitability. Three different irrigation types are included in the suitability
analysis: border/furrow, sprinkler irrigation, drip irrigation, and hill-side irrigation (see main
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report). The base of this analysis is the digital elevation model of the 90-meters SRTM. This
DEM was used to derive slopes and to undertake the suitability analysis.

.Nycln

o

}N\
L e J
0 @ & ;
Project; LR Water
Assessment of Irrigation Potential
Date: )
July-2012 SwFutureWater

Figure 2.2: Digital Elevation Model of South Sudan. (Source: ASTER)

In Figure 2.2 the DEM for South Sudan is shown. The country is characterized by quite
extensive flatlands with some hills and mountains (south-west and south-east), resulting in
lower elevations in the eastern, central and northern parts. Associated slopes can be seen in
Figure . Based on these slope classes for each of the three irrigation types, suitability for
irrigation has been determined. It is clear that because of the mild slopes, most type of irrigation
can be applied across the country.
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Figure 3: Terrain slope as percentage (top), surface irrigation (middle), and drip irrigation
(bottom).
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2.1.3  Soil Suitability

Based on local soil maps as combined in the Harmonized World Soil Database (HWSP) soil
suitability for irrigation has been assessed based on the FAO metthology (for details, see
main report). The following characteristics are included in the soil suit§b|llty assc'assment:

(i) organic carbon, (ii) soil water holding capacity, (iii) drainage capacity, (iv) soil te?<tur-e., (v) pH,
and (vi) soil salinity. Given the quite different characteristics for rice crops, two suitability maps

were created.

The soils of the southern Sudan fall into two major groups; the soils of the alluvial clay
plains and the soils of the lateritic zone,

In the former group alkaline clays and heavy loams predominate. The soil depth s
never a limiting factor and erosion is practically abseat. The nutrient status of these soils
is high and signs of nutrient deficiency are uncommon. The full agricultural potential of these
soils cannot, however, be utilized without control of moisture conditions. In the Central
Raintands fack of moisture is the main limiting factor, and without irrigation optimal yields
cannot be expected. In the Flood Region both lack and excess of moisture limit the agri-
cultural potential of clay soils. Here drainage as well as irrigation is essential in order to
utilize fully their inherent fertility. The sandy soils which occur in isolated paiches on the
plains are in general less fertile, but are often intensively cultivated because their tillage is much
easier, and in the Flood Region they are fess Hable to waterlogging,

In the arcas where lateritic soils occur the rainfall is higher and better distributed, the
topography is more undulating, and soils are generally lighter and characterized by free drainage.
Their ‘moisture regime is therefore more favourable for crops, though en sandy loams with
low moisture-retention capacity plants often suffer from drought conditions. The nutrient
status of these soils is definitely inferior to that of the alluvial clays. The nutrients tend to
accumulate under the natural vegetation in the surface soil and are quickly lost under cultivation
by leaching and erosion. In many parts of the Equatorial Region crosion is serious and results
in shallow © truncated * soils of very low fertility.

Source: Natural Resources and Development potential in South Sudan, 1954
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Figure 4: Salinity, top-soil (left) and sub-soil (right)

2.2 Water

2.2.1 Irrigation water requirements

The amount of water needed during a growing season depends on the crop, yield goal, solil,
temperature, solar radiation, and other bio-physical factors. The amount of water required for
irrigation is also a function of rainfall and irrigation efficiencies. During Phase 1 of this study the
irrigation water requirements are based on an innovative method using satellite information (see
main report for details). The following maps provide for each month the reference
evapotranspiration (= evaporative demand of the atmosphere), the actual evapotranspiration
under current conditions and the final irrigation water requirements.
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Figure 5: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for January (Average 2001-2010). (Source: study

analysis).
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Figure 6: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for February (Average 2001-2010). (Source: study
analysis).
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Figure 7: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for March (Average 2001-2010). (Source: study

an
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Figure 8: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). for April (Average 2001-2010). (Source: study
analysis).
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Figure9: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for May (Average 2001-2010). (Source: study

analysis).
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Figure 10: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom). For June (Average 2001-2010). (Source: study

analysis).
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Figure 11: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for July (Average 2001-2010). (Source: study

analysis).
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Figure 12: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for August (Average 2001-2010). (Source: study

analysis).
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Figure 13: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for September (Average 2001-2010). (Source: study

analysis).
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Figure 14: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for October (Average 2001-2010). (Source: study

analysis).
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Figure 15: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for November (Average 2001-2010). (Source: study

an
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Figure 16: Reference evapotranspiration (top), actual evapotranspiration (middle), and
irrigation water requirement (bottom) for December (Average 2001-2010). (Source: study

analysis).
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2.2.2  Water availability for irrigation

2.2.2.1 NELmod

Water for irrigation can originate from three main sources: surface water, groundwater, and
reservoirs. Based on the water availability (NELmod results), and irrigation demands
(ETLook/SEBAL results) coverage of irrigation water requirements has been made (for details
see main report). As explained in detail in the main report this water availability reflects only the
need for irrigation, e.g. if rainfall occurs the irrigation water requirement is lower. Also the
assumption that reservoir water can be used is based on the long-term annual flow rather than
on restrictions for construction of a reservoir.

Results indicate that water availability for irrigation in the region is somewhat limited, except for
regions close to streams if reservoirs could be constructed.
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Figure 17. Water availability for irrigation. Total coverage (top), coverage from surface
water (second), coverage from ground water (third), and from potential reservoirs
(bottom). (Source: study analysis).
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Figure 18: Annual groundwater storage trends for South Sudan, based on GRACE
satellite observations (Source: UoC, 2011).

2.2.2.2 Groundwater Trends

Large scale groundwater trends can also be observed from the GRACE satellite. This twin-
satellite detects on a monthly base groundwater fluctuations over rather large areas (for details
see main report). Long term groundwater trends based on GRACE can be seen in Figure 18. It
is clear that the overall trend is groundwater levels are more or less stable over the last 10
years. Groundwater recharge based on NELmod is presented in Figure 19. Overall groundwater

recharge is quite limit except for areas around the Nile.
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Figure 19: Annual groundwater recharge based on NELmod.
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2.2.3 Access to a potential water source

A crucial component in assessing the potential for irrigation is the distance from the potential
irrigation scheme to natural course of a river, stream or lake or to an existing reservoir. Based
on various distance classes and elevation, this suitability in terms of access to a potential water
source is defined (for details see main report). Access to a potential water source is quite limited
for most areas in the country, especially since land is often high above streams.
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Southern Sudan
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Figure20: Average distance to a natural stream, lake or reservoir (top left), elevation

above natural stream, lake or reservoir (top right), and access to water suitability score
(bottom).
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