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EXECUTIVE SUMMARY: 

The Eastern Nile Technical Regional Office (ENTRO) was established by the Eastern Nile countries in June 
2002 in Addis Ababa as a technical arm to support Eastern Nile Council of Ministers (ENCOM) and the Eastern 
Nile Subsidiary Action Program Team (ENSAPT) in preparing ENSAP projects, capacitating and strengthening 
institutions and providing secretariat support to its governance. South Sudan became the 11th riparian country to 
join (from July 2012). Since its establishment, ENTRO has been playing significant role in advancing and enhancing 
cooperation among the Eastern Nile Countries on water resource development and management.

TheNBISecretariat (Nile-SEC)isbasedin Entebbe,Uganda. Eleven Nile riparian countries - Burundi, DR Congo, 
Egypt, Ethiopia, Kenya, Rwanda, South Sudan, Sudan, Tanzania and Uganda - are members of the initiative. Eritrea 
participates as an observer.

Some of the projects conducted under component (3) of CIWA support to ENTRO identified the issue of irrigation 
system performance in the EN and the need for its improvement, as a priority issue.

Among the findings of the Eastern Nile Irrigation and Drainage Cooperative Regional Assessment study (ENID 
CRA) is that the main challenges facing existing irrigation developments in the Eastern Nile are:

 X Insufficient knowledge of water use for irrigation and of water availability for further development at the 
basin level; 

 X Outdated irrigation technologies and infrastructures in use in both Egypt and Sudan and that the same 
outdated technologies and infrastructure types are recommended for new developments in Ethiopia

 X Low productivity of irrigated agriculture particularly in Ethiopia and Sudan.

 X Institutional and policy related challenges.

Based on this background ENTRO advertised for four individual consultancy positions, three National (one from 
each Ethiopia, South Sudan and Sudan) and one International Consultant.  (NCORE AF2 Contract Ref. No.: ET-
ENTRO- 23319-CS-IND) to conduct a study on the Eastern Nile Irrigation System Performance Assessment and 
Options for Improvement.I was contracted on the 2nd of October to carry the study as an individual Consultant 
for South Sudan.

Background of the Study Area
The Republic of South Sudan is a landlocked country in East Africa and borders Sudan (1,937 km) from the north, 
Ethiopia (883 km) from the east, Kenya (232 km), Uganda (435 km) and the Democratic Republic of the Congo 
(628 km) from the south and the Central African Republic (682 km) from the west. South Sudan has land area 
of approximately 640,000 square km (excluding Abyei) with a population estimate of 8,260,490 inhabitants, of 
which 82% live in the rural areas (approx. average of 13.5 persons per square km) and an annual growth rate 
of 55%.

South Sudan has an estimated population of 8,260,490 inhabitants (the Sudanese 5th Census 2008), of which 
83% live in the rural areas and 17% in the Urban areas (approx. average of 13.5 persons per square km) and 
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an annual growth rate of 3.8. As per now 2019 the population estimate is 12,778, 250 with growth rate of 3.7 
(population projection 2015-2020 by National Bureau of Statistics, March 2015).

The main feature of the country is the White Nile river extending over clay plains and slopes gradually rising 
southward to mountains up to 3 000 meters above sea level in the Imotong Hills. The Sudd wetland is the inland 
delta of the White Nile and one of the largest swamps worldwide. It consists of lakes, marshes and extensive 
floodplains, some parts of which are infested by insects which are hazardous to humans and livestock.

The infrastructure for irrigated agriculture is yet to be develop. Currently, irrigated agriculture is practiced only on 
less than 5% of the cultivated land [National Bureau of Statistics (NBS), 2010], whichis contrary to the fact that 
natural conditions of the country are characterized by a diverse range of geographicalregions, with annual rainfall 
ranging from less than 500 mm to 1,500 mm. Floods & droughts occur, threatening nationalfood & nutrition 
security. Hence, fluctuation in production is significant due to the unstable climate that causes large inter-annual 
and annual variations in precipitation, leading to either dry spells or droughts.

The then Ministry of Water Resources and Irrigation (Currently, Ministry of Water Resources & Irrigation - MWRI) 
published “Water Policy in November 2007”, which outline the vision of the country for the water sector and 
establishes basic principles and objectives to guide future water developments.The Water Policy has recognized a 
number of challenges facing the country`s water sector, which are summarized in the table 1 below.

The Current Situation of Irrigated Sub-sector in South Sudan

Category Challenges Opportunities

Policy and 
Institutional 
Framework

 X Absence of irrigation policy

 X Unclear demarcation of responsibilities and roles 
among institutions,

 X No specific guidelines for policy adoption (land policy, 
environmental policy, 
water policy),

 X No clear demarcation of responsibility for the existing 
schemes (e.g. Aweil Irrigation Rice Scheme),

 X O&M system in Aweil scheme is dependent on the 
government.

 X Recognition of joint 
responsibility of MEDIWR 
and 
MAFCRD

 X IDMP and CAMP 
documents completed

Natural 
resources 
& their 
utilization

 X Erratic rainfall

 X Flood and drought occurs (control of water is required)

 X Less investment in irrigation (collapsed irrigation 
schemes left without comprehensive operation, 
maintenance and rehabilitation)

 X Abundant irrigation 
development potential 
has been identified from 
the several points of view: 
water resources, land 
productivity and socio-
economic potentials.
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Category Challenges Opportunities

Human 
resources

 X Limited number of capable human resources for 
irrigation

 X Limited HRD institutions (training & research centres 
& universities)

 X Limited capacity of farmers for irrigated agriculture

 X Irrigation and Agriculture 
administrative structures in 
place

Information 
base

 X Limited number of hydro-meteorological measurement 
stations

 X Absence of nationwide water resources planning, 
monitoring and assessment 
system

 X Long history and 
experience of hydro-
meteorological 
measurement in certain 
locations across the country

 X The first nationwide hydro-
meteorological information 
mapping has been  done .

The cultivable area is estimated at about 2.76 million ha (4 percent of the total land area). The farming practice 
in most parts of the country is subsistence farming. Subsistence agriculture is self-sufficiency farming in which the 
farmers focus on growing enough food to feed themselves and theirfamilies.

Generally, the rainy season is from May to November. The rainy season in the Green belt areas (in Eastern, 
Central and Western Equatoria states) starts in March or April, earlier than other states. It is one of the factorsthat 
the overall period, interval and amount of rainfall influences the unstable productivity of crops caused bythe 
climate and seasonal variability, manifested in dual occurrence of floods or droughts.

The diversification of cultivated crops per household is very limited as 77% of householdsharvested only one (1) 
or two (2) crops.  If adequate irrigation facilities were developed, farmerswould be able to increase the productivity 
by cultivating crops in the dry season. Irrigated agriculture has been practiced in some parts of South Sudan since 
time immemorial, which include traditional irrigation fortobacco and vegetables, basin irrigation for maize and 
cowpeas in wet soils when the river recesses afterflooding, flush irrigation for rice fields during flood periods, and 
cultivation on the dikes that surroundsfishing camps including sugar cane and banana, etc.

Land use:Land use and its Implication for Irrigation Development: in the absence of concrete information onland 
use, various institutions are using one or another source of data to describe it, e.g. FAO LandCover database was 
aggregated with emphasis on particular class of land use and its aggregatedagricultural land (Cropland, Grass 
with Crops and Trees with Crops) stands to 6.9 % of the total landof the country.

Smallholder Farmers: although no formal census has been carried out, there is a considerablenumber of small 
scale irrigation activities located along the White Nile River and its over 30tributaries. These activities are based 
on lifting water either manually using a bucket or by harnessinga portable treadle or petrol pump. The irrigated 
area per farmer is fairly modest and ranges from 1/8feddan for bucket irrigation to three (3) feddan in the case 
of petrol pumps.

Financial Institutions: Agriculture Bank of South Sudan (ABSS) has targeted irrigation for financialsupport.
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Public sector capacity for administration, irrigation and financial management is weak, particularly at the state and 
local levels. Inadequate professional knowledge and skills in irrigated agriculture and poor coordination between 
the GRSS/national and the state governments hinder performance at all levels. Low governance, accountability and 
transparency are reported throughout the system. Inadequate funds for operating costs and capital investment, 
together with limited institutional capacity, severely affect public investment and service delivery, especially at the 
lower levels of government. This definitely affects irrigation performance in the country.

Existing irrigation schemes in South Sudan, are the AweilIrrigation Rice Scheme (AIRS) in Northern Bahr el-Ghazal 
State, which depends on floods andNorthern Upper Nile Irrigation Schemes (NUNIS) in Upper Nile State that 
depend on pumping of irrigation water fromriver intakes. Irrigation schemes development in South Sudan started 
in the middle of the 20th Century during theBritish colonial area in the then Sudan but did not progress well due 
to the effects of the prolong civil unarrests (1955 – 2005).

AIRS started with no irrigation facilities since 1940’s till FAO came in and established irrigation facilities which 
were operative till the war broke out in 1983. Since then, these facilities have never experienced any maintenance 
due to lack of budget, equipment and lack of technical staff who have the technical know-how to carry out the job. 
In 2006 the activities started in the Scheme which were sponsored by EU and implemented by GIZ. The activity 
which was carried out includes bush clearing on the dikes, basins, maintenance of the canals, bridges and roads. 
All these activities have been done only in basin nine (9), eight (8) and part of basin seven (7). The Scheme was 
handed to the Government in 2012 up to date, and no more any maintenance has been done to the irrigation 
facilities and the status of these facilities from basin one (1) up to basin six (6) is in a very bad condition because 
no maintenance has been done since it was established in 1940’s (IDMP Task Team, 2015).

In addition, there is a newly developed modern irrigation farm using Center Pivot System in Jebel Ladu, which 
started in, 2017. This is a government project for national food security, called Green Horizon (GH)Agriculture 
Project. This project has currently installed six (6) center pivots irrigation systems and three (3) irrigation pumps 
on the bank of the river Nile/Bahr el Jebel. Crops include maize, sorghum, rice, and some vegetables. Information 
on the quantity of water use, pump size, water use efficiency, yields, etc. is yet to be established later.

The Irrigation Development Master Plan formulated in 2015, by the federal Ministry of Electricity, Dams and 
Water Resources identified areas with potential for irrigation developments in the country. It developed 152 
prototype projects necessary for irrigation development in the country. Out of the huge potentials identified, 
three priority projects were selected and a comprehensive pre-feasibility study was conducted for three proposed 
irrigation schemes in South Sudan. These are:

1. Rejaf East (RE) Irrigation Scheme; in Jubek State - (Equatoria region).

2. Wau Rice (WR) Irrigation Scheme; in Wau State – (Bahr el Ghazal region). 

3. Jebel Ladu (JL) Irrigation Scheme; in Jubek State - (Equatoria region).

The Nile Basin Initiative also identified about five focal areas with high irrigation potentials. These include:

1. Renk focal area;

2. Aweil focal area;

3. Jebel Ladu focal area;
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4. Wau focal area; and 

5. Pagarau focal areas. Boxes 3 – 9 describe full details of these focal irrigation potential areas.

Improvement of irrigation performance -The pressure to produce more food with fewer resources requires that 
performance in terms of both water and land utilization taut improves. To achieve this, irrigation managers, 
whether at national, system or farm level, need to work together and harder to meet the challenge of the 
future. In light of this scenario it is perhaps surprising that few irrigation institutions include rewards for high 
performance as an incentive for staff to try to improve productivity: most irrigation agencies have not adapted to 
the management challenge following their establishment and growth as design and construction agencies. At the 
same time, there are few clear and comprehensive guidelines available to agencies or managers that can help 
them in the institutional and technical transformations that are prerequisites for achieving high performance.

To improve irrigation performance, it is necessary not only to promote the implementation of irrigation scheduling 
methods, but concurrently to improve system design and performance and to enhance farmers’ skills to control 
and manage their irrigation system more efficiently during its operation.

For South Sudan as it starts a fresh, requires introduction and design of the latest and most sophisticated irrigation 
system, which has been properly proven to have excellent water/irrigation efficiencies, in addition to development 
of water sector institutions and human/farmers capacity.Enactment and enforcement of irrigation related laws 
and regulations.

Climate risk is one of the key challenges to ensuring food and nutrition security in South Sudan. Climate variability 
and change disproportionately affect the poorest and most food insecure through a combination of decreasing 
crop production, increasing human and animal diseases, flooding, inter-communal conflicts over resources, dry 
spells and unpredictable weather. Recent events such as floods (2013, and 2014), droughts (2008, 2010 and 
2011), combined with increasingly erratic weather all reflects the sensitivity of livelihoods to climate related 
risks.  Rainfall is the key climatic variable influencing food security in South Sudan. Reliable rainfall is needed and 
development reliable irrigation and drainage systems.

It is believed that 80% of farmers in South Sudan are women. Women’s livelihoods are more susceptible than men’s 
to climate shocks because their farming activities rely mainly on water. The irrigation systems and agricultural 
extension services that use, or relate to, modern technologies that help farmers to cope with climate change, are 
not available to the small-scale farming activities in which women are involved.  

The report includes case studies from other parts of the world related to the impact of climate change on 
irrigation water development, resilience, internal migration, etc. In addition to cases of best management practices 
in the Eastern Nile countries, e.g.  the role of Water Use`s Association (WAU`s) in Ethiopia.

Organization of the Report

This report consists of a number of issues related to irrigation development in Republic of South Sudan, the EN 
region and other parts of the world.

Section 1: includes a general overview of the study area in terms of geography, population, climate, soils agro-
ecological zones, etc. Aspects of irrigation development system in the country: History of irrigation, 
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cropping patterns and intensities, types of crops and the methods of cultivation, existing and proposed 
irrigation developments and the country`s involvement in international water agreements.

Section 2: discusses issues of physical settings in the country e.g. socio-economic developments and water uses. 
e.g. the current situation of irrigated subsector in the country.

Section 3: illustrates the country`s main policy direction in the management of water resources, particularly the 
impact of climate change on South Sudan Agriculture and Livelihoods e.g. resilience of livelihoods 
groups, household, communities, and individuals to manage stressors and shocks with no long-lasting 
adverse effect on development (development of irrigated agriculture).

Section 4: discusses issues regarding policy instruments and legislations e.g. laws about land classification, land 
ownership and leasing etc.

Section 5: describes institutional set-up of the country related to water management. It mentions the line 
ministries responsible for management of the water resources in the country, both at national and 
state levels.

Section 6: discusses financial institution for irrigated agriculture in the country.

Section 7: illustrates development of preliminary option for improvement of the irrigation systems and management 
system required in the existing irrigation schemes and the role of Water User`s Associations (WUA) 
in managing the water resources.

Section 8: points out the importance of aspects of research and development and it cite some examples of the 
experiences in the Eastern Nile region/countries. It also points out some case studies on the impact 
of climate change in some parts of the EN region e.g. Ethiopia and other parts of the world e.g. 
Republic of Kiribati.

Section 9: discusses lessons learned from other parts of the world e.g. Solar-powered Irrigation Pumps in India 
and the Private Irrigation Promotion Project (PIP2) in Niger.

Section 10: The last section discusses the concluding outline of the study i.e. Conclusions – Findings and 
recommendations of the consultant related to the study.

The report also has fifteen (15) Annexes of narratives, tables and photos explaining various situations for irrigation 
development in the Republic of South Sudan. Table 1.20 (page 57) describes the Status of Irrigation and Drainage 
in South Sudan.
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Nile Basin Initiative (NBI)

Easter Nile Technical Regional Office (ENTRO)

Eastern Nile Irrigation System Performance Assessment and Options for Improvement

South Sudan Inception Report

1. Background Information

1.1.  The Nile BasinInitiative (NBI) 

is a trans-national cooperative mechanism of elevenriparian countries (Burundi, D.R. Congo, Egypt, Ethiopia, 
Kenya, Rwanda, South Sudan, Sudan, Tanzania and Uganda). It was launched on 22 February 1999 to 
realize a jointly-articulated Shared Vision to achieve ‘sustainable socio-economic development through 
the equitable utilization of and benefit from the common Nile Basin water resources. Its overriding 
objectives are poverty reduction, reversalof environmental degradation, promotion ofeconomic growth, 
increased regional cooperationand integration, and enhanced regional peace and security.

NBI is governed by the Nile Council of Ministers (Nile-COM) of Water Affairs and implemented by the 
Nile Secretariat (Nile-SEC) based in Entebbe, Uganda; funded from the NBI members’ states and varied 
bilateral and multilateral development partners.

Nile – SEC is the regional body supporting the Nile Basin Technical Advisory Committee (Nile – TAC) 
and the Nile Basin Council of Ministries (Nile-COM) in the management and implementation of NBI 
programmes, policies and projects.

TheNBISecretariat (Nile-SEC) is based in Entebbe,Uganda. Ten Nile riparian countries - Burundi, DR 
Congo, Egypt, Ethiopia, Kenya, Rwanda, South Sudan (from July 2012), Sudan, Tanzania and Uganda - are 
members of the initiative. Eritrea participates as an observer. NBI provides the only all-inclusive 
regional platform for multi stakeholder dialogue, information sharing as well as joint 
management and development of water and related resources in the Nile Basin. Two 
complementary programs have been devised and implemented to help achieve the Shared Vision: 

 X The Shared Vision Program (SVP), a set of eight projects targeted towards building trust, 
confidence and capacities, and developing analytical tools and knowledge bases. 

 X Subsidiary Action Programs (SAPs) comprising the Nile Equatorial Lakes Subsidiary 
Action program (NELSAP) and the Eastern Nile Subsidiary Action Program (ENSAP).



2 Eastern Nile Irrigation System Performance Assessment and Options for Improvements

1.2.  The Eastern Nile Subsidiary Program (ENSAP) 

established in 1999 focuses on investment-oriented, water resource ventures in the Eastern Nile Region 
comprising four Nile Basin countries - Egypt, Ethiopia, South Sudan (joined inJanuary 2014) and the Sudan. 
ENSAP’s objective is to ensure cooperation and joint win-win action between the Eastern Nile countries.

1.3.  The Eastern Nile Technical Regional Office (ENTRO) 

was established by the Eastern Nile countries in June 2002 in Addis Ababa as a technical arm to 
support Eastern Nile Council of Ministers (ENCOM) and the Eastern Nile Subsidiary Action Program 
Team (ENSAPT) in preparing ENSAP projects, capacitating and strengthening institutions and providing 
secretariat support to its governance. Since its establishment, ENTRO has been playing significant 
role in advancing and enhancing cooperation among the Eastern Nile Countries on water 
resource development and management.

Under ENSAP, the EN countries have identified their first joint project, the Integrated Development of 
the Eastern Nile (IDEN). The project consisted of a series of sub-projects addressing issues related to 
flood preparedness and early warning, power development and interconnection, irrigation and drainage, 
watershed management, multi-purpose water resources development, and modeling in the Eastern Nile.

1.4. The Integrated Development of the Eastern Nile (IDEN),

the first ENSAP project, was agreed on in 2002 with a first set of seven sub-projects aimed at tangible 
win-win gains in the areas of watershed management, flood preparedness, early warning and response, 
irrigation and drainage, power interconnection and regional power trade and later the Joint Multipurpose 
Program, some of which are already being implemented. One important project to bementioned at 
this point is the Bar-Akobo-Sobat (BAS) Multipurpose Water Resources Development Study launched 
February 27-28, 2014 (Addis Ababa, Ethiopia).

1.5. The Baro-Akobo-Sobat (BAS) Multipurpose Water Resources Development 
Study Project 

The Baro-Akobo-Sobat Multipurpose Water Resource Development Study Project was one of the 
eight (8) IDEN sub-projects. It was also one of the five (5) sub-projects that the African Development 
Bank (AfDB) had tentatively pledged USD3.0 Million for project preparations during the International 
Consortium for Cooperation on the Nile (ICCON) Geneva meeting of 2001. The project was however 
stalled for over ten years due to inaccessibility of parts of the project areas for data collection and later 
due to delays in resource mobilization. Following the Comprehensive Peace Agreement of 2005 in Sudan, 
ENCOM instructed ENTRO to revitalize the BAS project and pursue consultations with AfDB to secure 
funding for its preparation. 

The Baro-Akobo-Sobat sub-basin (see location map, Fig. 3 below) has an area about 186,275km2 that 
stretches from southwestern Ethiopia to southeastern and central South Sudan. InSouth Sudan the sub-
basin covers the entire administrative units (states) of East Equatoria, Jonglei and Upper Nile states; while 
in Ethiopia the sub-basin covers the administrative units(regions) of Oromiya, Gambella and SNNP. The 
sub-basin is home to about 3.6 millionpeople; about 2.7 million live in the Ethiopian part of the basin, 
80% of whom live in ruralareas. About 0.9 million people live in South Sudanese part of the basin, more 
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than 90% ofwhom live in rural areas. The part in South Sudan has recently emerged from long periods 
ofcivil conflict which had precluded any sustainable socio-economic development over theregion. Even 
the Ethiopian part is geographically remote and has lagged behind other regionsin development

1.5.1. Main Problems of the Sub basin

 X The main problem in the sub-basin is underdevelopment of the water and natural resources to 
improve livelihoods of the population in the sub-basin in particular and region wide.

 X The predominantly rural population in the sub-basin experiences high levels of poverty; the 
One System Inventory (ENTRO, 2007) shows that the poverty indicator varies from 50 to 70% 
across the sub-basin. A big number of the population depends on food aid and total dependency on 
rain-fed agriculture.

 X Access to water supply and sanitation is relatively low.

However, currently there are some 5.3 million hectares of land is under irrigation in the Eastern Nile 
(3.45, 0.91, 0.5, 1.76 for Egypt, Ethiopia, South Sudanand Sudan respectively).
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Fig. IV: Baro-Akobo-Sobat Multipurpose Water Resources Development Study Area

2. RATIONALE 

In the Eastern Nile region irrigation plays an important role in the life of millions of people and is considered 
to be a powerful engine for socio-economic development, food security and poverty alleviation through 
creation of employment opportunities, particularly for the rural poor. Except for South Sudan, this is why 
some of the Easter Nile countries invested large parts of their limited financial resources in irrigation 
developments.

In South Sudan, irrigation can play important role in food security and diversification of agricultural 
production. In spite of that, at present, large and medium operating irrigation schemes may not exist. 
Although thereare some medium size irrigation scheme in the Eastern Nile part of South Sudan which 
need major rehabilitation to become productive. Some small private pump schemes and limited recession 
agriculture is also practiced. The potential for the development of large and medium scale irrigation in 
South Sudan is, however large. Areas with potentials for development of irrigation were identified by the 
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Irrigation Development Master Plan prepared by the Ministry of Electricity, Dams and Water resources 
in 2015.  

In spite of the role played by irrigation, and large amount of water committed to irrigation in other Eastern 
Nile Countries, it is widely believed that the performance of many irrigation systems in the Eastern Nile 
is below expectations, in terms of both water use efficiency and water agricultural productivity. Irrigation 
developments are also generating mounting environmental and health concerns.

On the other hand, information on existing irrigation developments, at national and regional levels, is 
also poor. In spite of the large body of literature on irrigation systems in the Eastern Nile, there is clear 
lack of agreement on the annual cropped areas and their annual water use and also on the level of 
performance of different irrigation techniques adopted in the Eastern Nile and the factors contributing 
to the current level of performance. Data sharing and exchange between countries is also a challenge. 
Even in the same country, information on irrigation is scattered between different entities (central and 
regional government offices and private sector). 

For South Sudan, very little information may be available about the existing irrigation practices. How 
much area is under irrigation, under which technology, what crops are being produced, how these 
irrigation practices are performing in terms of productivity and water use efficiency, what is scale of the 
rehabilitation is needed for non-operational scheme to become under production, and so on?

It will be of great value if all scattered information at the national level at each individual country can be 
gathered together to feed a regional central data base which can be accessible at all level.

 This project aims to enhance the knowledge of planners, irrigation managers, and researchers at national 
and more importantly at regional level on existing and planned irrigation developments (cropped areas, 
annual water use, water efficiency and productivity, institutional setup … etc.) in the Eastern Nile. This 
knowledge is essential for running simulation of water-related investments scenarios using the deferent 
models and planning tools for improved the planning and operation of water infrastructure at national 
and regional level. It will also be useful for the Nile-Sec strategic analysis. 

The project will also contribute to enhanced dialogue amongst irrigation professionals by providing them 
with means and recommendations for improving the performance of existing and planned irrigation 
developments.

Several factors may be contributing to the low performance of irrigation systems in the Eastern Nile. 
These includes:  Engineering factors, institutional setup, policies and legal framework.

It is important to start a dialogue on opportunities and ways for improving the performance of existing 
and planned irrigation development in the Eastern Nile. A preliminary assessment of the factors affecting 
this performance of existing irrigation developments can help initiate and inform such a dialogue.
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3. SCOPE AND TASKS OF SOUTH SUDAN NATIONAL CONSULTANT

South Sudan national consultants shall conduct a Scoping and Situation Analysis of irrigated agriculture in 
South Sudan including but not limited to:

 X Development of an inventory of the existing and planned irrigation developments in South Sudan 
with estimates of: 

i. Total area equipped with irrigation infrastructure, how much of it is operating now and how 
much needs rehabilitation. 

ii. Annual cropped areas (from existing information and probably by making use of remote sensing 
and GIS), 

iii. Source of irrigation water, 

iv. Infrastructure (diversion/storage scheme or pumps), 

v. Irrigation technology (surface irrigation, sprinkler, session …etc.), 

vi. Crop mix, 

vii. Crop productivity per unit area and unit volume of water and vii) Actual total volume of 
irrigation water use. 

 The review shall include small scale irrigation schemes developed and operated by private farmers 
and their contribution to the irrigated sector in the country.

 The information is to be used with information from other countries through national consultants 
to enable the establishment of a database for irrigation developments in the Eastern Nile.

 The data and information are limited to the part of the South Sudan falling within the Eastern Nile 
sub-basin

 X Identification of the South Sudan plans and priorities in irrigation developments in the Eastern 
Nile part of the country. This includes: areas, locations, source of water, technology to be used and 
quantity of water use.

 X Estimation of the current and future projected agricultural water use from each part of the Nile 
system within South Sudan. 

 X Using climate data for each climate zone and allowing for realistic estimates of the transmission and 
other losses in each ecological zone, estimation of the water use efficiency and water productivity 
for different irrigation techniques, crop type and ecological zone.

 X Assessment of the socio-economic setting in which the irrigation systems are operating.

 X Reviewing of the legal, institutional and policy in which irrigation developments are operating. This 
includes policies, legal frameworks, institutional structure, human resources capacity in the design 
and O&M of irrigation systems, financing development and O&M in terms of sources and adequacy. 

 X Public/private sector (including individual farmers or farmers’ associations) role in the development 
and O&M of irrigation.
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 X Existing polices, incentives and constrains (such as land tenure, marketing, transport infrastructure) 
for private sector investment in irrigation development including small scale irrigation scheme.

 X Providing preliminary analyze of the factors which may contribute to current level of water 
productivity and water use efficiency.

 X Providing any recommendations which may help improved irrigation system performance (engineering, 
polices, institutional … etc.)

 X Compiling the data and information collected in one report with a summary presentation in the 
regional workshop.

 X Preparing summary presentation from the report for presentation at a regional consultation 
workshop.

4. OBJECTIVES THE STUDY

The primary objective of the whole study, which the South Sudan nation consultancy is an important 
part, is to guide national and regional water resources developments planning through is todevelop a 
comprehensive picture of the current situation and develop a knowledge base of the irrigated areas, their 
water use and the irrigation technology with a view of having a better knowledge of existing irrigation 
developments in the Eastern Nile. This knowledge base will be needed for calibrating and running simulation 
models and planning tools for analyzing different scenarios of water resources developments in the 
Eastern Nile. The knowledge base can also be important input to the strategic analysis of water recourses 
availability and use in the Nile basin conducted by the Nile-Sec. A second objective is a preliminary 
performance assessment of existing irrigation systems in the Easter Nile (in terms of water use efficiency 
and water productivity). The purposes of the assessment are to establish the current level of water 
productivity and water use efficiency, identify the root causes for the low performance and constraints to 
improvement, and identify any rooms and measures for better performance. This assessment is expected 
to initiate and inform dialogue and guide efforts for improvement of the performance of existing 
irrigation developments, exchange experience between eastern Nile countries and inform planning of 
future developments in the Eastern Nile.
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1. ASPECTS OF IRRIGATION DEVELOPMENT IN SOUTH 
SUDAN

This part of the report includes general overview of the country, about its key indicators, population, 
economy, geography (natural conditions), climate, soils etc., and the general agriculture situation. History of 
irrigation, cropping patterns, existing and planned irrigation developments and the country`s involvement 
in the international water agreements.

1.1. Overview of the Study Area

1.1.1. Population, Economy and Geography:

South Sudan became independent on 9th July 2011, following a referendum in January2011 and after 
decades of civil war with Northern Sudan. The total population was 8,260,490 million at the time of 
thePopulation Census 2008, 83% of which was living in rural areas (Table 1). The population is largely 
rural (about 80%), depending on ordinary forests, practicing subsistence crops production, rearing of 
livestock & fishing as main livelihood systems. Despite the richness in natural resources, poverty and 
vulnerability are widespread. As per now 2019 the population estimate is 12,778, 250 with growth rate 
of 3.7 (population projection 2015-2020 by National Bureau of Statistics, March 2015).

Table 1.1.  South Sudan’s Key Indicators

Number % Source

Land use (km2) 646,883 100.0

World Bank. 2012. Strategic Choice for Realizing 
South Sudan’s Agricultural Potential (Table 1, p. 4) 
(Aggregated from FAO. 2009. Land Cover Database)

Cropland 24,777 3.8

Grass with crops 3,251 0.5

Trees with crops 17,073 2.6

Grassland 96,338 14.9

Tree land 405,269 62.6

Flood land 94,976 14.7

Water and rock 4,827 0.7

Urban 370 0.1

Population (2008) 8,260,490 SSCCSE. 2010. Southern Sudan Counts: Tables from 
the 5th Sudan Population and Housing Census 
2008 (Table 1-1, p. 9)

Urban 1,405,186 17.0

Rural 6,855,304 83.0

Male 4,287,300 51.9 SSCCSE. 2010. Southern Sudan Counts: Tables from 
the 5th Sudan Population and Housing Census 
2008 (Table 1-1, p. 9)Female 3,973,190 48.1

Population density 
(person/km2)

13 NBS. 2012. Key Indicators for South Sudan
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Number % Source

Population growth rate 
(2012) (%)

4.7

NBS Projection. NBS. 2012. South Sudan Statistical 
Year Book 2011 (p. 17)

Natural increase (%) 2.7

Net migration rate (per 
1,000 pop.)

20.5

Mid-year population 
(2012)

10,386,101 NBS Projection. ditto.

Population below poverty 
line (%)

50.6 SSCCSE. 2010. Poverty in Southern Sudan: 
Estimates from NBHS 2009 (p. 44). Poverty is 
defined as persons with the value of monthly total 
consumption below SDG 72.9 in 2009.

Rural 55.4

Urban 24.4

Returnees (Oct. 2010 - 
July 2012)

407,239 OCHA. 2012. Cumulative No. of returnees

IDPs (Status 15/08/2012) 164,331
OCHA. 2012. Cumulative figures of new conflict 
related displacement in 2012.

People at risk of food 
insecurity (June 2012) 
(million)

4.7 UNHCR, OCHA and IOM, 2012

HHs using improved 
drinking water (%)

69 MoH. 2011. Sudan Household Health Survey 2010

Under-five mortality rate 
(2010) (1,000 live births)

105 MoH. 2011. Sudan Household Health Survey 2010

Maternal mortality rate 
(2006) (100,000 live 
births)

2,054 MoH. 2007. Sudan Household Health Survey 2006

Literacy rate (15-24 years) 
(2009) (%)

40
NBS. 2012. National Baseline Household Survey 
2009

Male 55

Female 28

Primary school gross 
enrolment rate (GER) 
(2010) (%)

69
MoE. 2010. Education Management Information 
System (EMIS) Report

Male 81

Female 55

Main source of livelihood 
(2009) (%)

NBS. 2012. National Baseline Household Survey 
(NBHS) 2009

Crop farming and animal 
husbandry

76
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Number % Source

Households (%)
SSCCSE. 2010. Southern Sudan Counts: Tables from 
the 5th Sudan Population and Housing Census 
2008 (Table 9-1, p. 109)

Engaged in cultivation 81

Engaged in fishery 22

Owing livestock 74

GDP (2011) (SSP million*) 54,249 NBS. 02 October 2012. Press release

GDP per capita (2011) 
(SSP*)

5,481 ditto.

Oil exports’ share of GDP 
(2011) (%)

64 ditto.

GDP (2008) (USD million) 15,274
ditto. SSP 31,923 million, calculated at SSP 2.09/
USD

Value of agricultural 
production (2008) (USD 
million)

808
World Bank. 2012. Strategic Choice for Realizing 
South Sudan’s Agricultural Potential (Estimated 
based on SSCCSE. 2009. NBHS)

GRSS revenue and 
expenditure 2011/12

Government of the Republic of South Sudan. 2012. 
Approved Budget 2012/13

Revenue (SSP billion*) 10.18

Oil revenue (SSP billion*) 9.88 97.1

Expenditure (SSP billion*) 10.14

Annual rainfall in Juba 
(mm)

1,028.7
NBS. 2012. South Sudan Statistical Year Book 2011 
(p. 3)

Endowed withoil wealth, it is the richest country, in terms of GDP per capita, in East Africa. Oil 
exportsaccounted for 70% and 64% of GDP in 2010 and 2011, respectively, and provided 97% 
ofgovernment revenue. Yet, the country remains one of the least developed in the world, ascharacterized 
by a high poverty incidence (particularly in rural areas), low social indicatorsand virtually non-existent 
infrastructure. While a majority of the population is dependent onsubsistence farming and pastoralism as 
sources of livelihoods, a considerable number ofpeople continue to rely on humanitarian relief assistance 
to meet their needs2.

The Republic of South Sudan is a landlocked country in East Africa and borders Sudan (1,937 km) from 
the north, Ethiopia (883 km) from the east, Kenya (232 km), Uganda (435 km) and the Democratic 
Republic of the Congo (628 km) from the south and the Central African Republic (682 km) from the 
west. South Sudan has land area of approximately 640,000 square km (excluding Abyei) with a population 
estimate of 8,260,490 inhabitants, of which 82% live in the rural areas (approx. average of 13.5 persons 
per square km) and an annual growth rate of 55% (Statistical Yearbook for Southern Sudan, 2009). 
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1.1.2. Natural Conditions

The main feature of the country is the White Nile river extending over clay plains and slopes gradually 
rising southward to mountains up to 3 000 meters above sea level in the Imotong Hills. The Sudd wetland 
is the inland delta of the White Nile and one of the largest swamps worldwide. It consists of lakes, 
marshes and extensive floodplains, some parts of which are infested by insects which are hazardous to 
humans and livestock.

South Sudan is mostly covered in tropical forest, swamps, and grassland (Figure 1.1).  The climate ranges 
from Tropical Semi-Humid climate with a short rainy season in the north to Tropical Wet-Dry and 
Tropical Rainy climates with progressively longer wet seasons in the south. The south is characterized 
by much more rainfall and strong seasonal annual variations. The mean annual rainfall ranges between 
500 mm in the north to 1,500 mm in the south (8-9 months a year).  The White Nile passes through 
the country, passing by the capital city of Juba. Half the water of the White Nile is lost in the swamps as 
vegetation absorbs it or animals drink it. The largest wetlands and flood plains are, covering 5% of the 
country, all linked to the Nile tributaries that traverse the central plains. The Sudd wetland is one of the 
main hydrological features of South Sudan. It is the largest wetland that is formed by the White Nile in 
very flat topography between the towns of Bor and Malakal, covering more than 30,000 km2. The Sudd 
comprises multiple channels, lakes and swamps, with a maze of thick emergent aquatic vegetation. In June 
2006, an area totalling 57,000 km2 was declared Africa’s second largest Ramsar site. More importantly, 
its ecosystem services are of immense economic and biological importance for the entire region. The 
Imatong Mountains are located in the southeast of South Sudan in the erstwhile state of Eastern Equatoria, 
and extend into Uganda. Mount Kinyeti is the highest mountain of the range at 3,187 metres (10,456 ft.), 
and the highest in the whole of South Sudan. The range has an equatorial climate and had dense montane 
forests supporting diverse wildlife. In recent years the rich ecology has been severely degraded by forest 
clearance and subsistence farming, leading to extensive erosion of the steep slopes.  

Fig 1.1: TopographicMap of South Sudan

Source: Irrigation Development Master Plan Task Team. September 2013.



13Country Report – South Sudan

Currently some 5.3 million hectares of land is under irrigation in the Eastern Nile (3.45, 0.91, 0.5,1.76 
respectively for Egypt, Ethiopia, South Sudanand Sudan).South Sudan represents only 0.5 million hectares 
in the Eastern Nile Basin (about 14.5%, 55%,29% of the land irrigated in Egypt, Ethiopia and Sudan 
respectively).

Irrigated agriculture is practiced only on less than 5% of the cultivated land [National Bureau of Statistics 
(NBS), 2010], whichis contrary to the fact that natural conditions of the country are characterized 
by a diverse range of geographicalregions, with annual rainfall ranging from less than 500 to 1,500 
mm. Floods & droughts occur, threatening nationalfood & nutrition security. Hence, fluctuation in 
production is significant due to the unstable climate that causes large inter-annual and annual variations 
in precipitation, leading to either dry spells or droughts. Scarcities of water arepronounced due to lack 
of storage facilities, irrespective of the fact that there are substantial water resources; yet thecountry 
experiences water shortages because they are unevenly distributed across the territory; and vary annually 
&seasonally. On the other hand, when peak of rainfall coincide with high river inflows, extensive flooding 
occursdownstream due to river spills, local rainfall & flatness of the land over vast areas. Thus the dual 
problem of dryspells & floods causes hazards to agricultural activities.Under those conditions, irrigation 
planning and development become crucial, in order to stabilize availability ofwater; and effectively utilize 
& manage efficiently water resources for agricultural production & productivity. This isalso to enhance 
food and nutrition security, resilience and contribute to meeting of the national needs and goals. (RSS 
IDMP,2015).

The cultivable area is estimated at about 2.76 million ha (4 percent of the total land area) and nearly 50 
percent is found in Upper Nile, Jonglei, and Warrap states. The forest resources of South Sudan cover 
approximately one third of the total area of the country. Natural forests are diverse including rainfall 
savannah, woodlands and special areas of mountainous vegetation in the Imotong mountains, making it 
one of the richest areas of concentrations of biodiversity in Africa. Shrubs cover around 39 percent of 
the country and herbaceous vegetation around 22 percent (AfDB, 2013).

1.1.3. Soils of South Sudan

South Sudan has a huge but largely unrealised agricultural potential. Over 95% of the total area (658,842 
km2) is considered suitable for agriculture, 50% of which is prime agricultural land where soil and climatic 
conditions allow for production of a variety of crops and livestock. A large part of the country, particularly 
the southern part, has high rainfall for 8-9 months a year, ranging from 500-600 mm/year to more than 
1,500 mm/year. Despite the abundant water resources, 97% of the lands used for farming are not irrigated, 
which implies a potential for irrigated agriculture equipped with appropriate facilities and technology.
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Figure1.2: Map of Soils of South Sudan (created by IDMP)

There are 34 soil types in South Sudan as illustrated in Fig. 1.2.  Major soil types in descending order of 
area are vertisols, fluvisols, leptosols, lixisols, regosols, and cambisols. The area of other soil types is not 
large. Vertisols are dark, cracking, montmorillonitic clay known as “black cotton soils” and widespread 
on the detrital plains derived from the Ethiopian uplands and Basement Complex outcrops. In South 
Sudan, they are found mainly in the eastern part. Fluvisols are soils on recent alluvium and distributed 
along rivers, lakes and alluvial plains. Leptosols are very shallow soils over hard rock or highly calcareous 
materials and found in the south-western part. Lixisols are soils with subsurface accumulation of low 
activity clays and high base saturation and distributed in the western part. Regosols are soils with no 
significant profile development and distributed from northwest toward to the central area. Cambisols 
are soils composed of medium and fine-textured materials derived from a wide range of rocks and 
distributed partly in the southern and central areas.

1.1.4. Meteorology: 

The climate of South Sudan is typical of a humid region, although there is a strong latitudinal wetness rise 
with increasing rainfall to the south and also strong seasonalannual variations. Rainfall ranges between 
500 mm in the northern parts to 1,500 mm in thesouthern parts with six (6) months from May to 
October as a marking the Wet Season. It is characterized by single rainfall season with a peak on August. 
The temporal pattern of the averagemonthly evaporation of the country correlates well with the 
monthly mean maximum temperaturedistribution over it. The average monthly maximum evaporation 
occurs from February to May andthe minimum from June to September. As may be expected, potential 
evapotranspiration is lowestover the highlands and increases progressively towards and onto the lowlands. 
The rates of 1,450mm/year occur in the southern mountains and increase northwards to 2,500 mm/yr.
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1.1.5. Hydrology and Water Resources:

1. Surface water: South Sudan is rich with surface water resources, with four main river basins: Bahr 
el Jebel, Bahr el Ghazal, River Sobat, and White Nile.

2. Groundwater: There are four major aquifers, namely, Alluvial, Umm Ruwaba, Nubian Sandstone, 
and Basement Complex in South Sudan. The Sudd basin is the only groundwater basin in the country.

The total annual average supply of Bahr el Jebel Basin is 28 billion m3 at Mongalla butdue to huge spread 
in the swamps the volume reaching Malakal is only 14 billion m3, which is almosta half of total volume of 
water flow in. The total average annual discharge of Bahr el Ghazal Basin isaround 14.0 billion m3/year, 
out of which only about 0.5 billion m3/year reaches the White Nile. The rest islost in the swamps. The 
total annual average supply of the River Sobat Basin at Hillet Dolieb is 13.5billion m3/year with the daily 
discharge fluctuating between 8.7 million m3/day in month of April to 64.7million m3/day in month of 
November.

The total annual average supply at Malakal from the three basins is hence calculated at 28.0 billion 
m3/yr. The White Nile comes essentially from two sources, one almost constant (Bahr el-Jebel/ Zeraf), 
the other with a considerable annual fluctuation (River Sobat). On average, the discharge of the 
White Nile, being the sum of these two, varies from 46 to 106 million m3/day. The minimum 
discharge is in March or April and the maximum discharge is in October or November.

The Sudd Wetland is one of the hydrological features, which characterize the Republic of South Sudan. 
The Sudd wetland located in the middle of the country and it creates by the spill of the Nile over an 
extensive area (30,000 to 40,000 km2) for the permanent and seasonal swamps. The rainfall estimate 
is around 800 to 900 mm/yr. And the average evaporation over Sudd is around 1,800 mm and due to 
uneven rainfall distribution, evaporation is lower in the northern part of the image (600–700 mm/year), 
as well as on the south-eastern corner.

As for groundwater, through the literature study, quite unique hydrogeological setting of South Sudan was 
defined that only one huge but closed groundwater basin called as “Sudd Basin” and only four majoraquifers 
consist all groundwater resources in this country: they are “Alluvial Aquifer”, “Umm RuwabaFormation”, 
“Nubian Sandstone Formation”, and “Basement Complex Aquifer”.

Table 1.2: Transboundary Aquifers

Aquifer name Total aquifer area (km2) Sharing countries

Baggara basin 239 411 Central Africa Republic, South Sudan

Sudd 331 661 Ethiopia,  South Sudan

Karoo-Carbonate 941 127
Central Africa Republic, Democratic Republic 
of Congo, South Sudan

Source: IGRAC,2014
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1.1.6. Rainfall

Rainfall is the ultimate source of water in many parts of South Sudan, with surface water, groundwater, 
and other water sources all fed by rain. South Sudan has relatively significant rainfall. The mean annual 
rainfall and the land area, the IDMP has estimated that the country receives about one billion m3 of rain 
annually (IDMP, 2016).

Temperature varies little over the country or with the seasons (Fig. 1.3.), although it is generally higher 
in the north and during the dry season. The most significant meteorological variables are rainfall and the 
length of the dry season. Variations in the length of the dry season depend on the dominance of airflows: 
dry north-easterly winds or humid south-westerly winds. Diurnal ranges of temperatures are generally 
low, averaging 13.7°C at Malakal, 12.7°C at Juba and 13.1°C at Yambio; diurnal ranges are less than 10°C 
in the wettest months and higher in the cloud-free dry season.

Humidity is generally high throughout the year with a minimum of around 40% and a maximum of 80%. 
The least humid months are January and February in the middle of the dry season all over the country. 
The temporal pattern of the average monthly evaporation correlates with the monthly mean maximum 
temperature distribution. The average monthly maximum evaporation occurs from February to May and 
the minimum from June to September. Potential evapo-transpiration is lowest over the highlands and 
increases progressively towards the lowlands. Rates of 1,450 mm/year occur in the southern mountains 
and increase northwards to 2,500 mm/year.

Table1.3: Rainfall Zones Classified by Rainfall and Moisture Regimes

Zone Annual rainfall Characteristics

High rainfall 
zone

> 1,500 mm

The south-western part of the country and far southeast and 
Kapoeta Hills, is known as the Green Belt. Although rainfall is 
significant, it only occurs for a limited period (7-8 months) of the 
year and is highly variable. Irrigation would be supplementary to 
the rainfall to produce a second crop and increase productivity. 

Pastoralist zone < 1,000 mm
Most areas of the country in the central, eastern and western 
parts. Irrigation would provide livelihood options and increase 
food production.

Moisture deficit 
zone

< 500 mm
The north-eastern part of the country. Rainfall is highly variable. 
Irrigation could secure and increase food production and improve 
livelihoods.

Source: Elaborated by the CAMP Task Team based on: Irrigation Development Master Plan Task Team. September 2013. Irrigation 
Development Master Plan (IDMP): Progress Report (1) Draft. GRSS: Ministry of Electricity, Dams Irrigation and Irrigation and Water 
Resources and Ministry of Agriculture, Forestry, Tourism, Animal Resources and Fisheries, Cooperatives and Rural Development; and 
Japan International Cooperation Agency (JICA). p. 4-34.



17Country Report – South Sudan

1.1.7. Climate: 

The climate of South Sudan ranges from Tropical Semi-Humid climate with a short rainy season in the 
north to Tropical Wet-Dry and Tropical Rainy climates with progressively longer wet seasons in the south. 
There is much more rainfall in the south and strong seasonal annual variations. Mean annual rainfall ranges 
between 500 mm in the north to 1,500 mm in the south (Fig. 10). The country can be broadly classified 
into two major rainfall regimes, unimodal and bimodal. The unimodal rainfall regime occurs in the north 
(e.g., Renk, Aweil and Wau), with a 6-month wet season from May to October; the bimodal rainfall regime 
in the south (e.g., Yambio and Juba) has a 7-8-month wet season from March/April to October/November 
with a few drier weeks in June-July.

Fig. 1.3:  Rainfall Regimes at Eight Locations/Stations in South Sudan

Walsh, R. P. D. 1991. Climate, hydrology, and water resources. In Craig, G. M. ed. The Agriculture of the Sudan. New York: Oxford 
University Press. pp. 19-21.

1.1.8. Agro-ecological Zones

After CPA, GOSS classified the country into seven zones (Fig.1.4) according to livelihood patterns 
determined by physical geography, agro-ecology, market access, etc. with assistance of the European 
Commission Humanitarian Organisation (ECHO), USAID Famine Early Warning Systems Network 
(FEWS NET) and Save the Children UK The seven livelihood zones range from areas normally producing 
surpluses to areas suffering from chronic food shortages (Table 1). This zoning is intended for use in 
policy formulation and development planning as well as an introductory guide to livelihoods and food 
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security in South Sudan and for use in early warning and response planning. This implies the importance 
of taking into consideration the diversity in agricultural development planning.

Figure 1.4: Agro – ecological (Livelihood) Zones of South Sudan

Source: Prepared by NBS/CAMP Task Team based on data from NBS 2012. National Baseline Household Survey 2009.

Table 1.4: Livelihood Zones of South Sudan

Zone State Major Food and Income Sources

Greenbelt Western Bahr el 
Ghazal, Western 
Equatoria, Central 
Equatoria, Eastern 
Equatoria

Households in the wetter south-western areas of the zone 
rely almost exclusively on agriculture to meet their food 
needs. Surplus production is common and households cope 
with dry years by increasing their dependence on root crops 
and exchange (barter).
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Zone State Major Food and Income Sources

Ironstone 
Plateau

Northern Bahr el 
Ghazal, Western Bahr 
el Ghazal, Warrap, 
Lakes, Western 
Equatoria, Central 
Equatoria, Eastern 
Equatoria

Households are heavily dependent on crop production and 
well placed to access surpluses in the neighbouring Greenbelt.

Hills and 
Mountains

Central Equatoria, 
Eastern Equatoria, 
Jonglei

This zone falls somewhere between the Greenbelt zone 
(agriculture) and the Arid/Pastoral zone (pastoralism) with 
reliance on cattle, trade and root crops increased in difficult 
years.

Arid/
Pastoral

Jonglei, Eastern 
Equatoria

This zone occupies the south-eastern tip of the country, 
households practice a nearly pure form of pastoralism and 
there is almost exclusive reliance on livestock and livestock 
trade for food. Seasonal migrations in search of both water 
and pasture provide opportunities for substantial trade and 
exchange with neighbouring communities.

Nile and 
Sobat 
Rivers

Jonglei, Unity, Upper 
Nile

Apart from crops and livestock, wild foods and fish contribute 
significantly. Fish and wild foods are collected in varying 
quantities depending on the season and the location.

Western 
FloodPlains

Northern Bahr el 
Ghazal, Lakes, Warrap

Livestock and agriculture, supplemented by fish and wild 
foods, are the main food sources.

Eastern 
FloodPlains

Jonglei, Upper Nile Similar food sources are available, but with an additional 
option of game hunting.

Source: Southern Sudan Centre for Census, Statistics and Evaluation. 2007. Southern Sudan Livelihood Profiles. 2nd Edition. Juba: SSCCSE. 
pp. 21-22.

1.1.9.Agriculture Production

(Livestock, Forestry Fishery and Crops)

The farming practice in most parts of the country is subsistence farming. Subsistence agriculture is self-
sufficiency farming in which the farmers focus on growing enough food to feed themselves and their 
families. The typical subsistence farm has a range of crops along with either pigs/chickens and bee-keeping 
or some livestock/animals needed by the family to feed and clothe themselves during the year. Traditional 
and simple farming toots (hoes, wooden rake, knives, sickles, etc.) are usedfor plowing, seeding, weeding and 
harvesting (Figure 1.5).Plantingdecisions are made principally with an eye toward what the family will need 
during the coming year, andsecondarily toward market needs.
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Figure 1.5: Subsistence Crop Farming System in South Sudan

Use of simple farming tools for land preparation, planting, weeding and harvesting

Approximately 78% of households in the country are engaged in agriculture (NBS, 2012) and the average 
farm size per household is about 1.12 ha (FAO/WFP, 2013). The total cereal area harvested has gradually 
increased since 2008 from 853,000 ha in 2008 to 1,085,000 ha in 2012. The area harvested per capita, 
however, has been at the same level throughout this period since the population growth rate was almost the 
same as the expansion rate of the cereal area harvested. The cereal area harvested per capita has been about 
0.1 ha. The net cereal yield has remained at a low level since 2009, ranging from 0.8 t/ha to less than 1.0 
t/ha. Out of 78% households 80% is women farmers.

1.1.9.1. Livestock: Livestock outnumber the population in South Sudan.South Sudan has the sixth 
largest livestock herd and the highest livestock per capita holding in Africa with an estimated livestock 
population of 11.7 million cattle, 12.4 million goats and 12.1 million sheep(Fig. 1.6). These vital resources 
have an asset value estimated at SSP 7 billion and account for 15% of GDP. Considering the vast land 
suitable for livestock rearing, the country has a great potential to meet the domestic demand for livestock 
products, export surpluses and improve the livelihoods of the population that depend on the sector, 
particularly pastoralists and agro-pastoralists predominating in the dry lands of the country.

Fig. 1.6: Cattle Herd in Terekeka, South Sudan
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1.1.9.2. Forestry: Dense forests occupy about 25% of the total land area, mainly in the Greater 
Equatoria, Greater Bahr el Ghazal and Upper Nile state.The economic potential of forest resources is 
deemed significant, though data on the resources are not available as records were lost during the war. In 
addition to teak plantations of an estimated area from 5,000 to 8,000 ha, there are large areas of natural 
indigenous forest with mahogany and other commercial species. Non-wood natural products include 
medicinal plants, spices, gum, rubber and silk. The forest also has huge numbers of wild animals (Fig.  1.7:  
Shows wildlife, forest and forest products of South Sudan.).

Figure 1.7: Forest and Forest Products of South Sudan

South Sudan Forest Teak in South Sudan (Timber)

1.1.9.3. Fishery: The potential sustainable fisheries production from the River Nile, Sudd region, and 
Bahr el Ghazel and Sobat rivers and floodplains has variously been estimated to range between 100,000 
and 300,000 tons per annum. Catches are currently less than the lower estimates, so there is probably 
some room for expansion. A very large potential for aquaculture development exists particularly in the 
Greenbelt zone which has permanent water and an ideal climate. Both large-scale commercial farming 
near the main population centres and subsistence type agriculture/aquaculture systems hold great 
promise. The fish industry is currently, underdeveloped. Most fishing methods are traditional only for 
subsistence. Tools used include spears, fishing nets, hooks, etc. (Fig. 1.8),

Fig.1.8: Traditional Fishing Methods in South Sudan

Locals fishing using spears Fisherman using boat and fishing net



22 Eastern Nile Irrigation System Performance Assessment and Options for Improvements

Generally, the rainy season is from May to November. The rainy season in the Green belt areas (in Eastern, 
Central and Western Equatoria states) starts in March or April, earlier than other states. It is one of 
the factorsthat the overall period, interval and amount of rainfall influences the unstable productivity of 
crops caused bythe climate and seasonal variability, manifested in dual occurrence of floods or droughts. 
The States ranked maize as the second crop after sorghum, although it hasa long history of cultivation 
in the Equatoria states. Cassava is the third important crop that is a relativelynew crop in South Sudan. 
Upland rice (non–irrigated/rain-fed) is mainly grown in Western Equatoria Stateand lowland rice in 
northern flooding areas especially in Northern Bahr el-Ghazal, Aweil rice scheme andother small-scale 
cultivations. Millet is grown mainly in Lakes and Western Equatoria States.

1.1.10. Irrigated Agriculture for Commercial Production

Infrastructure for irrigated agriculture in South Sudan is yet to develop. The Aweil Rice Scheme located in 
Aweil State on the southern banks of the Lol river, with a total equipped area of 500 ha and an estimated 
cropping intensity of 30%. The main crop is rice. The total water demand is estimated to be 3.4MCM with 
all the water coming from Lol river.

The diversification of cultivated crops per household is very limited as 77% of householdsharvested only 
one (1) or two (2) crops. Then sorghum and maize that have the drought tolerance (C4 plantsin scientific 
term) would be chosen as staple crops. If adequate irrigation facilities were developed, farmerswould be 
able to increase the productivity by cultivating crops in the dry season. 

Irrigated agriculture has been practiced in some parts of South Sudan since time immemorial (Box 1B), 
which include traditional irrigation fortobacco and vegetables, basin irrigation for maize and cowpeas in 
wet soils when the river recesses afterflooding, flush irrigation for rice fields during flood periods, and 
cultivation on the dikes that surroundsfishing camps including sugar cane and banana, etc.

1.1.11. Sustainable Agricultural Development Strategy Towards 2040.

After its independence South Sudan developed a number of plans to guide the country towards the 
future. Some of the plans include South Sudan Development Plan (SSDP), South Sudan Development 
Initiative (SSDI), Comprehensive Agriculture Master Plan (CAMP) and Irrigation Development Master 
Plan (IDMP) to guide the decision – makers from 2015 to 2040 in developing agriculture and irrigation 
sectors in the country for the next 25 years. Faced with a number of challenges such as low agriculture 
production, high cost of crop production compared to other countries in the region, poor irrigation 
infrastructure, recurrent situation of food insecurity, etc. The Government of the Republic of South Sudan 
(GRSS) realized the need to formulate comprehensive master plans to guide agricultural development at 
the national and state levels in order to:

 X Address hunger and food insecurity through increased food production;

 X Leverage the agricultural sector to improve rural livelihoods and generate income;

 X Diversify the economy through a modernized, competitive agricultural sector; and

 X Harmonize and streamline public and private investments and development assistance in the sector 
through enhanced capacity for planning and implementation.
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The latter studies/plans gave birth to new feasibility studies in irrigation projects/sites e.g. Rejaf, Jebel Ladu 
and Wau irrigation schemes. The CAMP investment plan identified 110 subsector prototype necessary for 
agriculture sector development over the next 25 years, whereas, IDMP identified nine (9) programmes – 
about 152 prototype sub projects necessary for irrigation development for the next 25 years.

1.1.12. Land Resources and Land use 

Land Use and its Implication for Irrigation Development: in the absence of concrete information onland 
use, various institutions are using one or another source of data to describe it, e.g. FAO LandCover 
database was aggregated with emphasis on particular class of land use and its aggregatedAgricultural land 
(Cropland, Grass with Crops and Trees with Crops) stands to 6.9 % of the total landof the country. Both 
Pastoralists and Farmers are having, more or less, equal importance in the South Sudanesesociety as well 
as economy of the country. And most of the time Farmer and Pastoralist compete forland and water, 
which is one of the widely known source of social conflict. After extracting andoverlaying the agriculture 
area and livestock migration route, it clearly shows that there are somecases of migration route/grazing 
area passing/overlapping through/on agriculture area. It is essentialfor RSS to streamline both land use and 
land zoning to avoid or reduce the Pastoralist-Pastoralist andPastoralist-Farmer conflict, which cannot 
be done in the absence of enforceable land use and landzoning in terms of both customary and statutory 
laws. Proper land use and land zoning are essentialcomponents of the irrigation development to secure 
land and water for both Farmer and Pastoralist.There is substantial encouraging development in Land 
Administration, specifically Land Act, 2009 andLand Policy (draft), 2013; together with Local Government 
Act, 2009. Land Act, 2009 first timeproperly classify three types of land; namely Public, Community and 
Private and the ownership whereland can be acquired, held and transacted through (a) Customary, (b) 
Freehold and (c) Leaseholdtenure system. Land Act, 2009 together with Local Government Act, 2009 
stipulates the provision ofthe government bodies who and how the land should be administered. 

The IDMP Task Team has developed a land productivity map based on an assessment of irrigation 
development potential in terms of: 

1. land productivity potential (temperature, slopes, and soils), 

2. water resources potential (land cover, wetness, river accessibility, grazing areas, and water bodies), 
and 

3. socio-economic potential (road accessibility, population density, protected areas, oil and gas 
concessions, and market accessibility). Figure 1.9 that areas circled by black dotted lines have higher 
irrigation development potential, though this map is to be finalised later.
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Figure 1.9: Mapof Land Productivity Potential of South Sudan (Prepared by IDMP)

Source: Irrigation Development Master Plan Task Team. September 2013. Irrigation Development Master Plan (IDMP): Progress Report (1) 
Draft. GRSS: Ministry of Electricity, Dams Irrigation and Irrigation and Water Resources and Ministry of Agriculture, Forestry, Tourism, 
Animal Resources and Fisheries, Cooperatives and Rural Development; and Japan International Cooperation Agency (JICA). p. 4-23.

Table 1.5: Share of Aggregated Land Useby State (%) – Former Ten States

State Cropland
Grass 
with 
crops

Trees 
with 
crops

Grassland Tree land
Flood 
land

Water 
and 
rock

Urban Total

Upper Nile 19.0 26.0 7.1 27.1 7.8 9.0 9.5 25.8 11.4

Jonglei 14.3 25.2 7.3 14.8 19.7 26.7 17.3 8.8 19.5

Unity 4.5 16.1 2.5 7.7 3.7 14.9 6.4 17.1 6.0

Warrap 15.3 8.1 14.9 5.2 3.5 11.4 1.8 0.9 5.6

Northern 
Bahr el 
Ghazal

9.8 1.1 4.2 1.0 4.7 7.3 15.3 3.2 4.7

Western 
Bahr el 
Ghazal

2.0 4.0 12.9 4.2 18.6 13.5 18.5 10.4 14.9

Lakes 9.9 0.6 2.7 5.6 7.1 9.0 4.3 5.1 7.0

Western 
Equatoria

11.4 7.5 19.9 9.0 15.7 1.4 17.5 3.7 12.5

Central 
Equatoria

11.2 8.6 21.4 4.5 7.7 2.4 3.7 22.1 6.9

Eastern 
Equatoria

2.6 2.7 7.1 21.0 11.6 4.4 5.6 2.8 11.4

National 
average

3.8 0.5 2.6 14.9 62.6 14.7 0.7 0.1 100.0

Source: World Bank. October 2011. Strategic Choices for Realizing South Sudan’s Agricultural Potential. p. 5. (Estimates based on FAO. 2009. 
Land Cover Database)
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Most cropland is concentrated in five states: Upper Nile, Warrap, Jonglei, Western Equatoria, and Central 
Equatoria (Figure 1.10). These five states account for 70% of national cropland and 56% of national 
territory. Almost all irrigated crops (mainly rice) are in Upper Nile; rice on flood land is all in Northern 
Bahr el Ghazal. Fruit trees and tree plantations are exclusively in Western, Central, and Eastern Equatoria, 
most probably due to the suitable climatic conditions in these states.

Figure 1.10:Map of Aggregated Land Use/Cover 

As shown in Fig. 1.11, the World Bank study has identified areas with high agricultural (crops) potential 
in terms of favourable climate and population density and suggested that they should be prioritised for 
earlier investments to provide the fastest stimulus to agricultural growth in the country. High potential 
areas are found mainly in the three Equatorial states and Jonglei, which together account for nearly 80% 
of the road network of the country as of 2011.
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Fig. 1.11: Map of Combination of Roads, Agricultural Potential Zones and Cropland Areas

Note: HH = High production potential and high population density; HL = High production potential and low population density;  
MH = Medium production potential and high population density

Box 1.1: History of Irrigation in the Republic of South Sudan

Irrigation schemes development in South Sudan started in the middle of the 20th Century during theBritish 
colonial area. The major irrigation schemes developed in that time were the Aweil Irrigation RiceScheme (AIRS) 
and Northern Upper Nile Irrigation Schemes (NUNIS). Also Mongalla-Gemmeizasugar plantation was a planned 
large-scale irrigation scheme in Central Equatoria Region, some few kilometers north of Juba town.

According to a study by, “Natural Resources and Development Potential in the Southern Provinces 
of theSudan”, carried out just before the independence of Sudan in 1954 reported the already operated 
pump irrigation schemes for growing cotton between Geigar and Gelhak in the Northern Upper Nile and 
alsothe large-scale commercial sugar plantation in the Mongalla-Gemmeiza area was under investigationat 
that time.The operation and implementation of those irrigation schemes had been suspended during the 
civilunrest. To date, Mongalla-Gemmeiza sugar plantation has been abandoned and no concrete scheduleyet for 
revitalization of its activities. Pump stations in the Northern Upper Nile have not been operateddue to either 
incompletion of necessary rehabilitation or high operation cost; and farmers there arecultivating small-scale 
farmlands mainly by rain-fed.

AIRS has been reactivated with the assistance of EU and execution by GIZ IS from 2007 and handedit over in 
2012, though there are a lot of issues to fully operate the scheme in sustainable manner. Thegovernment efforts 
since 2010, to rectify some of the technical and management problems for efficientand effective functioning of 
the scheme were not completed; and the right direction for this importantirrigation development scheme will 
be provided by IDMP formulation.The above study in 1954 also reported the practice of small-scale irrigation 
by the inhabitants. 
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The report describes that the natural flush occurred during the rainy season used to be utilized for grazingland, 
but there were inhabitants who were attempting to efficiently control the water for cropproduction. The report 
picked up a case of Imatong and Lango sections of Latuka tribe (Torit State) as atraditional irrigation practice. 
There could have been such irrigation practices in thecountry.

Irrigation to have been practiced in South Sudan - (Natural Resources and Development Potential in the Southern 
Provinces of the Sudan, 1954, the Southern Development Investigation Team)“An outstanding exception is found 
in the upper valley of River Koss between the Imatong and Dongatona mountains. ... The Imatong section of 
Latuka tribe dig ditches from the several perennial stream running down from the Imatong mountains and 
irrigate by seepage small fields of millet and maize. … A more ambitious engineering scheme is carried out 
by the Lango section of the Latuka. Near Logoforok, the River Koss is a sandy-bedded torrent with an almost 
perennial flow and a bed width of 10 to 15 m, and is flanked by a strip of fertile, loamy soil on its right bank. 
At the end of March, the Lango build a dam of brushwood and earth which, in the early April spates, raises the 
level of the water sufficiently for it to spill over the banks on to the fertile strip. Lower down, a similar dam is 
built which, after the failure of the first, diverts water into an irrigation ditch running diagonally away from the 
river along a low ridge, probably an old river channel, and thence on to fields. Both dams fail at high flood, but 
by then their purpose of enabling the crop of maize and millet to germinate and begin growth before the heavy 
rains has been achieved. Three crops instead of two are thus raised. The time spent in building the dams is only 
one day, and for the large number of tribesmen concerned it is a social occasion as much as a constructive 
effort.” (114 Page).

The study in 1954 also reported the number of potential irrigation development sites as summarized below, 
though most of the potentials have not been utilized yet. Among them, the reportmentions the possible dam 
construction site known in the Mbili near Wau City on the River Sue, oneof the main tributaries of River Jur. 
Feasibility Study on this potential dam site was carried out by theassistance of Egyptian Government in 2011, 
but there is no fund earmarked so far to put this study intoimplementation.

Irrigation Potential cited by “Natural Resources and Development Potential in the Southern 
Provinces of the Sudan, 1954”

 X Between Geigar and Gelhak, where rapid development of pump schemes growing Egyptian cotton is 
already taking place, there is an additional estimated irrigable area of 26,300 feddan.

 X Between Gelhak and Melut there is an estimated total irrigable area of 66,400 feddan, though no 
development effort has so far taken place.

 X Between Melut and Malakal the total estimated irrigable area is 40,450 feddans; provision of drainage is 
likely to prove the main problem.

 X Small-scale irrigation schemes in the Green Belt and mountain areas for coffee, tea and other high value 
crop may be possible.

 X Irrigation schemes in the deltas of the eastern torrents are worth investigation.

 X Naturally flooded toich lands offer considerable possibilities for cultivation of swamp rice, particularly in 
Bahr El Ghazal.
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 X One potential large-scale scheme is on the Eastern Plain, where a main canal leaving the Bahr El Jebel 
at Gemmeiza could command millions of feddan north of Pengko. Another large-scale irrigation project 
may be possible in the Machar Marshes, which might be canalized and fed from the River Baro and from 
smaller streams from the Ethiopian hills.

 X Ignoring agricultural and economic considerations, the topography alone might well be found suitable for 
irrigating further areas on the River Sobat, the lower Bahr El Zeraf, the Bahr El Arab, River Pibor, and the 
Bahr El Jebel between Mongalla and the swamps.

 X 50% of the water of the Bahr El Jebel is lost in the Sudd and a further 25% between Malakal and Aswan. 
A given quantity of water at Juba could therefore be used at least eight times more effectively for irrigation 
at Juba than in the northern deserts. Owing to the enormous losses in the Bahr El Ghazal, the waters of its 
tributaries could be used 170 times more efficiently at Wau than in the northern deserts.

 X Eastern Plain: (Bahr el-Jebel at Gemmeiza) With perennial command at Pengko, there are millions of land 
to the north-west, north-east which would present no topographical obstacles to the layout of a very large 
irrigation scheme.

 X Western Plain: Irrigation possibilities by gravity on the left bank of the Bahr el-Jebel are not so obvious but 
they nevertheless exist.

 X Other possible irrigation development sites: River Kinyeti in the Imatong-Acholi horseshoe south of Torit, 
possibly at Iliu, the River Singaita in the Didinga hills above Kapoeta, Rivers Kurun, Akobo and Gila, and 
Kinyeti.

 X Even without storage it should be possible to construct small gravity irrigation schemes on the torrents 
debouching on to the Eastern Plains (contour basins have been successful).

 X River Yei has a very low flow during the crucial dry months of Jan. to Mar. The number of irrigable area is 
limited, but it is probably well worth a thorough search for them and also for a dam site to impound for 
dry season use some of the 1 – 6 milliards of water passing Mundri in normal year.

 X There is little doubt that in the plains an extension of the hafir programme south of its present limit (north 
of the Sobat – Bahr El Ghazal – Bahr El Arab line) would prove successful. It is probable that haffirs would 
be of greater benefit if they were combined with earth dams on the board, shallow, winding khors of which 
there are so many hundreds of kilometers, or if combined with banked-off internal drainage schemes in 
the area of creeping flow.

Based on the Sudan share from the Nile waters (as measured at Aswan in Egypt), and as per the 1959Nile 
Waters Agreement with Egypt; in addition to suitability of land topography and soil type: AcrossSudan then, the 
area designated for irrigation development is approximately a total of 1.95 million haof land (4.68 million fed), 
inclusive of large-scale schemes on modern basis and small-scale schemesthat include traditional irrigation 
holdings. The projected area in southern Sudan then, was about 0.270million ha (0.648 million fed) by the year 
2001 as part of overall plan for irrigation development inSudan before war broke out again in 1983.



29Country Report – South Sudan

This figure resulted from an inventory and assembling of the existing schemes, projects underimplementation 
and the planned of the Irrigated Agricultural Development upstream of Malakal,excluding pumps irrigation 
schemes downstream of Malakal. Notably among these projects is Mangalla Sugarcane Scheme in Central 
Equatoria, Penko (Penykou) for different varieties of crops inJonglei and Aweil Rice Scheme in Northern Bahr el-
Ghazal (see map below of the schemes upstreamof Malakal). Similar projects whose information is inaccessible 
now have been either existing orplanned. These include supplementary irrigation of coffee in Western Equatoria 
and traditional waterspreading schemes along River Koss in Eastern Equatoria.

1.1.13. Irrigation practices: Methods /Systems, Efficiencies and Management

Dam capacity is limited in South Sudan. Irrigation schemes development in South Sudan started in the 
middle of the 20th Century during theBritish colonial area. The major irrigation schemes developed in 
that time were the Aweil Irrigation RiceScheme (AIRS) and Northern Upper Nile Irrigation Schemes 
(NUNIS). Also Mongalla-Gemmeizasugar plantation was a planned large-scale irrigation scheme in Central 
Equatoria.

According to a study by, “Natural Resources and Development Potential in the Southern Provinces 
of theSudan”, carried out just before the independence of Sudan in 1954 reported the already operated 
pump irrigation schemes for growing cotton between Geigar and Gelhak in the Northern Upper Nile and 
alsothe large-scale commercial sugar plantation in the Mongalla-Gemmeiza area was under investigationat 
that time.The operation and implementation of those irrigation schemes had been suspended during 
the civilunrest. To date, Mongalla-Gemmeiza sugar plantation has been abandoned and no concrete 
scheduleyet for revitalization of its activities. Pump stations in the Northern Upper Nile have not been 
operateddue to either incompletion of necessary rehabilitation or high operation cost; and farmers there 
arecultivating small-scale farmlands mainly by rain-fed (See box 3 for more detail information about 
history of practices in the then southern Sudan).

Currently, there is no irrigated scheme and no well-developed conveyance and distribution network. 
However, in the event of some irrigation practices e.g. Aweil Irrigation Rice Scheme (AIRS) where flood 
irrigation is practiced the national Ministry of Water Resources is responsible for the construction of the 
distribution networks and operation and management, whereas, national the Ministry of Agriculture and 
Food Security is responsible for on-farm water management. 

The Aweil Irrigation Rice Scheme located in southern bank of the Lol river uses flood irrigation, with 
total equipped area of 500 ha and estimated cropping intensity of only 30%. The main crop is rice. The 
total water demand is estimated to be 3.4 MCM with all the water coming from Lol river.

1.1.13.1. Irrigation Methods/Systems

Modern irrigation techniques, involving improved flood control measures or water pumping into gravity 
schemes, were introduced in the 1970`s in order to gradually substitute traditional flood irrigation e.g.  
in Aweil Irrigation Rice Scheme.  Figure 1.12 showsTraditional Farming/Irrigation Systems in South Sudan.
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Fig. 1.12: Traditional Farming/Irrigation Systems in South Sudan

Preparation of basins Bucket irrigation Backyard vegetable garden

However, currently the major irrigation methods/systems are basically traditional. Irrigation potential in 
South Sudan is estimated at 1.5 million ha that could be brought under irrigation by smallholders and 
commercial farming. This potential is divided between the Nile-Sobat river basin (654 700 ha potential), 
the Western and Eastern Flood Plains (in Warrap, Unity and Jonglei states), the Mangalla region (45 km 
from Juba, at the confluence of the White Nile and one of its tributaries in Central Equatoria state) and 
the Green Belt zone. The Green Belt zone`s agricultural production usually exceeds subsistence level, 
so modern irrigation techniques could further increase the production (AfDB, 2013). However, small 
streams and irregular land impede large-scale irrigation (Yongo-Bure, 2007). This potential includes in 
particular (AfDB, 2013):

 X lowlands where farmers make use of floods to supplement water for growing rice

 X areas adjacent to river floodplains, where farmers cultivate short-maturing varieties of sorghum

 X areas around swamps/marshes where extension of the growing season is possible by planting in 
moist soils left by receding floods

In addition, large flood plains are located in the enormous Sudd wetlands, the potential of which was 
estimated at up to 1.6 million ha by (FAO, 1997). However, this would require extensive works.

The current area equipped for full control irrigation is only 32,100 ha (Table 15): This doesn’t include 300 
ha which are under center pivot system in Jebel Ladu.

1.1.13.2. Surface /gravity Irrigation System: about 12,700 ha is in Upper Nile state, including the 
Renk scheme of about 2 000 ha in Gaiger, Magara and Abu Khadra, where cotton, sunflower and other 
crops were irrigated. About 300 ha in Jonglei state and 500 ha in Western Equatoria state the remaining 
18,600 ha are small parcels of land across the country, mostly individual farmers in isolated locations with 
simple water-lifting techniques from rivers to support perennial fruit and vegetable production.

In addition, about 6,000 ha of spate irrigation, confined primarily to Northern Bahr el Ghazal, is used for 
rice production (AfDB, 2013) and some small holder farmers using small irrigation water pumps along 
the Nile and some non-perennial streams.
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Some modern irrigation methods/systems are practiced around Newland and Jebel Ladu area and Juba 
city – Jubek state. The national Ministry of Agriculture and Food Security is implementing a food security 
project called Green Horizon. This project is using modern irrigation system – Pressurized irrigation 
systems.

1.1.13.3. Micro/Drip Irrigation System: Small area is being used for production of various leafy 
vegetables and banana around Juba town in Newland. (Fig. 1.13 below)

1.1.13.4. Center Pivot System/Sprinkler: Six center pivots are installed in Jebel Ladu each with an 
area of 50 ha (total 50 x 6 = 300 ha). This is used for production of cereals (maize, sorghum and rice) and 
some vegetables e.g. onions. (Fig. 1.13 below).

Center pivot in Newland farm Cabbage under drip irrigation - Newland

Fig: 1.13 –Modern Irrigation Systems in South Sudan ( Source: Photo by Dr. Erneo Balasio April 3, 2019)

Banana plantation under drip irrigation - Newland Onions under drip -  Newland
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One small pump (about 3 km away from the farm) is installed on one of the branches of the River Nile 
– Bahr el Jebel that pumps water to irrigate crops in Newland (Fig.1.14). The farm produces variety of 
vegetables (Sukuma wiki, sweet melon, water melon, tomatoes, peppers, onions, cabbages, etc.) and fruits 
(banana and Papaya). The pump area is in Luri county – Jubek state. Some two pumps under the same 
project – GREEN HORIZON Agriculture Food Security Project, are also installed on another branch of 
the River Nile (Bahr el Jebel) at Ladu county – Jubek state. Figure 1.14 on the right shows section of the 
Nile from where for the farm is abstracted.

1.14 A:  Newland Pump Station 1.14 B: Branch of the River Nile on which the pump is installed

Fig: 1.14 - Source: Photo by Dr. Erneo Balasio April 3, 2019

1.1.13.5. Water - Use Efficiency

The water use efficiency in South Sudan is generally too low. This is due to a number of challenges faced 
by the country. There is limited and old irrigation infrastructure, limited institutional set-up, no water 
research institutions, farmers are not knowledgeable about irrigation practices, limited financial support 
by the government to the irrigated subsector, lack of skilled labor, among others. 

However, the pressurized irrigation systems in Newland and Jebel Ladu are characterized by high irrigation 
efficiencies, water – use efficiencies, high yields, high water productivities, no conveyance losses, low deep 
percolation, etc. This is the only project financed by the government and some funds have been allocated 
by the Ministry of Finance and Economic Planning to run this project.

1.1.13.6.  Water Productivity

1.1.13.6.1. Key principles for improving water productivity

Water use efficiency and productivity of irrigated agriculture in the EN sub-basinstill has a lot of room 
for improvement (EN-MSIOA, 2017).

Section of Bahr el Jebel
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Productivity is a measure of performance expressed as the ratio of output to input.  It’s like land 
productivity, is therefore a partial-factor productivity that measures how the systems convert water into 
goods and services (Molden et al., 2003). Its generic equation is: Water Productivity is Output Derived 
from Water Use divided by Water Input

1.1.13.5.1. Formula for determination of water productivity

Water Productivity =Water Output Derived from Water-Use
Water Input

The key principles for improving water productivity at field, farm and basin level, which apply regardless 
of whether the crop is grown under rainfed or irrigated conditions, are: 

i. increase the marketable yield of the crop for each unit of water transpired by it; 

ii. reduce all outflows (e.g. drainage, seepage and percolation), including evaporative outflows other 
than the crop stomatal transpiration; and 

iii. increase the effective use of rainfall, stored water, and water of marginal quality.

The first principle relates to the need to increase crop yields or values. The second one aims to 
decrease all ‘losses’ except crop transpiration. Its phrasing does not imply that it will be impossible to 
increase water productivity by reducing stomatal transpiration. It is conceivable that plant breeding 
may find ways to overcome this constraint. The third principle aims at making use of alternative water 
resources. The second and third principles should be considered parts of basin wide integrated water 
resource management (IWRM) for water productivity improvement. IWRM recognizes the essential 
role of institutions and policies in ensuring that upstream interventions are not made at the expense of 
downstream water users.

However, South Sudan has no well-organized data and information about its water productivity. South 
Sudan needs to develop strong research institutions to manage water and crop improvement. Agriculture 
Research Institution is responsible for researches such as: Enhancing water productivity at plant level: 
m Plant-level options rely mainly on germplasm improvements, e.g. improving seedling vigor, increasing 
rooting depth, increasing the harvest index (the marketable part of the plant as part of its total biomass), 
and enhancing photosynthetic efficiency. The most significant improvements in yield stability have usually 
resulted from breeding programmes to develop an appropriate growing cycle such that the duration of 
the vegetative and reproductive periods are well matched with the expected water supply or with the 
absence of crop hazards. Planting, flowering and maturation dates are important in matching the period 
of maximum crop growth with the time when the saturation vapor pressure deficit is low.
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1.1.14. Cropping Pattern and Intensities

Table 1.6:Crop Calendar for Major Staple Crops (Sorghum, Maize, Cassava, Rice and Millet)
Month April May June July August Sept. Oct. Nov. Dec. Jan. Feb. March
Crop/Rain
Sorghum
Maize *1
Maize *2
Cassava*3
Rice (Lowland)
Rice (Upland)
Millet

Adopted from: FAO/WFP Crop and Food Security Assessment Mission to Southern Very Ligth Rain
Sudan, 6 February 2009, CAMP Task Team Light Rain
Note *1: This cropping pattern of maize is for all area in general. Heavy Rain
*2: This cropping pattern of maize is in Western Equatoria. Sowing
*3: Cassava is planted during the rainy season and is harvested after a year or later. Harvesting

1.1.15. Crop Calendar of Large-scale Farmersin Renk, Upper Nile State (Flood Plains 
zone)

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

Sorghum (late maturity)

Sesame

Groundnuts

Millet

Seasonal food insecurity

             Land Preparation        Sowing          Weeding             Harvesting Growing Period

Rainfall

Source: Farmers, interviewed by CAMP crops subsector team, June 2013, CAMP Situation Analysis

Generally, the rainy season is from May to November. The rainy season in the Green belt areas (in 
Eastern,Central and Western Equatoria states) starts in March or April, earlier than other states. It is one 
of the factorsthat the overall period, interval and amount of rainfall influences the unstable productivity of 
crops caused bythe climate and seasonal variability, manifested in dual occurrence of floods or droughts.

The crop calendar of major staple crops that are sorghum, maize, cassava, rice, and millet in RSS is shown 
inTable 1.6.  According to the data on the number of households producing major staple crops in 2009 
in most states sorghum ranks the first crop.The States ranked maize as the second crop, although it has 
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a long history of cultivation in the Equatoria states. Cassava is the third important crop that is a relatively 
new crop in South Sudan. Upland rice (non–irrigated/rain-fed) is mainly grown in Western Equatoria State 
and lowland rice in northern flooding areas especially in Northern Bahr el-Ghazal, Aweil rice scheme and 
other small-scale cultivations. Millet is grown mainly in Lakes and Western Equatoria States.

The above cropping calendar shows no agricultural activities in the dry season since almost all farming 
areas arerain-fed. The diversification of cultivated crops per household is very limited as 77% of 
households harvested only one (1) or two (2) crops. Then sorghum and maize that have the drought 
tolerance (C4 plantsin scientific term) would be chosen as staple crops. If adequate irrigation facilities 
were developed, farmerswould be able to increase the productivity by cultivating crops in the dry 
season.Irrigated agriculture has been practiced in some parts of South Sudan, which include traditional 
irrigation fortobacco and vegetables, basin irrigation for maize and cowpeas in wet soils when the river 
recesses afterflooding, flush irrigation for rice fields during flood periods, and cultivation on the dikes that 
surroundsfishing camps including sugar cane and banana, and other vegetable crops.

In Renk County, Upper Nile State in the Eastern Flood Plains zone, the Renk Irrigation Scheme was 
operated by the Sudanese government before the independence of South Sudan. There are 23 sub-
schemes in the scheme and now 9 sub-schemes are operated by the government and the rest by private 
farmers. There is no operational irrigation sub-scheme in the scheme due to breakage of pumps and 
insufficient funds for operation provided by the government. However, many private farmers are engaged 
in rain-fed mechanised large-scale farming in and outside the scheme.

Such cropping systems if supplemented with proper water harvesting techniques and rehabilitating the 
available irrigation facilities can make South Sudan the break basket of the region. Table (Annex 15) shows 
cereals production projections and Irrigation Development Targets.

1.1.16. INTERNATIONAL WATER AGREEMENTS

Box 1.2: The 1929 and 1959 Nile Water Agreements

Nile Water Abstraction 

 Historical Background

Many treaties have been concluded to regulate the utilization of the waters of the Nile River over the last 
two centuries. Most of the early colonial treaties were of a bilateral nature, dividing the waters of the Nile 
between Britain and other European states according to their interests. The Nile Agreements from 1929 and 
1959have continued the tradition of inequitable allocation. The 1929 Nile Agreement is a great reflection 
of the predominant power relations of that time and became “the dominating feature of legal relationships 
concerning the distribution and utilization of the Nile waters, which Egypt claims are still in effect today.The 
1929 Nile Agreement provided Sudan with only four bcm of water allotment, but didnot take any irrigation or 
developmental needs of the remaining upper riparian states into account. In Sudan, resentment against the 
1929 Nile Agreement arose even before its independence.
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The 1959 Nile Agreement was established as a bilateral treaty between Egypt and Sudan and continues to 
govern water allocation between the two states. On the one hand, it grants water rights to Sudan, which might 
also be applicable to South Sudan. On the other hand, the treaty solidified the dissatisfaction of the other upper 
riparian states, which strongly reject the agreement as a continuation of colonial treaty policy.

The 1959 Nile Agreement created a set of rights and obligations between Sudan and Egypt related to the 
construction of the Aswan Dam and other water projects located in Sudan and in today’s South Sudan. The 
agreement does not contain any provisions on water quality, but focuses mainly on water allocation. The entire 
waters of the Nile flow were shared between Egypt and Sudan. Since the 1929 Nile Agreement, the average 
flow of the river at the Aswan Dam was considered to be 84 BCM. Seepage and evaporation are estimated to 
account for 10 BCM, leaving 74 bcm to be divided. Of this total, the acquired rights of Egypt and Sudan were 
given precedence and amounted to 52 bcm. The remaining benefits of approximately 22 BCM were divided by 
a ratio of 7.5 BCM for Egypt and 14.5 bcm for Sudan.Egypt was allotted the flow of 55.5 BCM of water and 
Sudan received 18.5 BCM for its use.

The agreement contains a provision that the Sudanese government, in cooperation with Egypt, will undertake 
projects to increase the Nile waters by preventing water waste in the great swamp region of the White Nile, 
located in the territory of today’s South Sudan. Net revenues from those projects shall accrue in equal shares to 
both states, which will also equally share the costs. With the other’s cooperation, Sudan and Egypt were granted 
the right to construct water conservation projects in their respective territories.

A Joint Technical Commission was established to enhance knowledge sharing and to determine new water 
allocations between Egypt and Sudan in the event of water shortages.Both states were aware that, in the future, 
the upper riparian states might increase their use of the Nile for their development. In case such negotiations 
on water apportionment with third states were required, Egypt and Sudan agreed beforehand to take a “unified 
view.” This commission was also required to determine whether water projects on the Nile beyond the borders 
of Egypt and Sudan were permissible or negatively affected the flow of the Nile.

The international law of state succession needs to be consulted to understand which treaties currently bind 
South Sudan because the CPA and the 1959 Nile Agreement remain inaudible on how water should be 
allocated between Sudan and South Sudan. As mentioned above, the 1959 Nile Agreement is only a bilateral 
treaty between Egypt and Sudan, and the CPA between Sudan and South Sudan does not provide for a 
devolution treaty, which would outline the rights and obligations between the two Sudans with regard to the 
1959 Nile Agreement.

1.1.17. International Water Issues

Surface water and groundwater resources are mostly shared with neighboring countries. The Nile river, 
which is shared between 11 countries, is the primary source of South Sudan`s water in addition to 
its International Renewable Water Resources (IRWR). However, more than half of its water resources 
evaporate before reaching the border with Sudan.

The first Nile Waters Agreement between Egypt and pre-2011 Sudan was signed in 1929. It allocated to 
Egypt the right to use 48,000 million m3/year, while it gave Sudan the right to tap only about 4,000 million 
m3/yr. The agreement does not allocate to Ethiopia any rights to use the Nile waters and also still binds 



37Country Report – South Sudan

Uganda, the United Republic of Tanzania and Kenya and bars them from using the Lake Victoria waters. 
In 1959, the Nile Waters Agreement between Egypt and Sudan assigned to Sudan 18,500 million m3/year, 
measured at Aswan at the border with Egypt. The other riparian countries are still not included in this 
agreement.

In the beginning of the 21st Century the Nile Basin Initiative (NBI) created and prepared a Strategic 
Action Programme, which consists of two sub-programme: The Shared Vision Programme (SVP) and the 
Subsidiary Action Programme (SAP). The SVP is to help create an enabling environment for action on 
the ground through building trust and skill, while the SAP is aimed at the delivery of actual development 
projects involving two or more countries. Projects are selected by individual riparian countries for 
implementation and submitted to the Council of Ministers of the NBI for approval. Pre-2011 Sudan, 
Ethiopia and Egypt also adopted a strategy of cooperation in which all projects to be launched on the 
river should seek the common benefit of all member states and this should be included in accompanying 
feasibility studies. South Sudan was admitted to the NBI in 2012.

However, the NBI is intended to be a transitional institution until the Cooperative Framework Agreement 
(CFA) negotiations are finalized and a permanent institution created. This new Nile CFA was signed in 
2010 by five countries Ethiopia, Kenya, Uganda, Rwanda and United Republic of Tanzania and in 2011 by 
Burundi. Egypt strongly opposed this agreement which gives deciding power over large-scale hydraulic 
projects to a commission representing all the signatories, hence cancelling Egypt`s historical right of 
veto. Pre-2011 Sudan, a traditional ally of Egypt, initially also rejected the agreement, but the new Sudan 
is now considering its signature due to increasing awareness of the unequal sharing and also hoping for 
benefits, in particular from the Ethiopian Renaissance dam, expected to be completed soon (in 2017). 
South Sudan is also still to decide upon the CFA signature, especially because its water contribution to 
the Nile is considerable and the country is not bound by the 1959 Nile Waters Agreement. The CFA was 
put on hold due to the Egyptian revolution of 2011. It is considered that 26,500 million m3/year of the 
total flow of 34, 000 million m3/year flowing from South Sudan to Sudan is submitted and secured through 
the agreement.  South Sudan shares also three transboundary aquifers with neighboring countries (Table 
16), for which there is no sharing agreement (s).

1.2. EXISTING IRRIGATION SCHEMES IN SOUTH SUDAN

1.2.1.  Background:

Existing irrigation schemes in South Sudan, are the AweilIrrigation Rice Scheme (AIRS) in Northern 
Bahr el-Ghazal State, which depends on floods andNorthern Upper Nile Irrigation Schemes (NUNIS) in 
Upper Nile State that depend on pumping fromriver intakes (Fig. CCC). The Aweil Rice Scheme located in 
Aweil State on the southern banks of the Lol river, with a total equipped area of 500 ha and an estimated 
cropping intensity of 30%. The main crop is rice. The total water demand is estimated to be 3.4 MCM 
with all the water coming from Lol river.Fig: 1.15: Shows the Map of Existing Irrigation Schemes in South 
Sudan (NUNIS & AIRS).
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Fig: 1.15: Map of the Existing Irrigation Schemes in South Sudan (NUNIS & AIRS)

The operation and implementation of those irrigation schemes had been suspended during the civilunrest. 
To date, Mongalla-Gemmeiza sugar plantation has been abandoned and no concrete scheduleyet for 
revitalization of its activities. Pump stations in the Northern Upper Nile (Fig. 7) have not been operateddue 
to either incompletion of necessary rehabilitation or high operation cost; and farmers there arecultivating 
small-scale farmlands mainly by rain-fed.

Irrigation schemes development in South Sudan started in the middle of the 20th Century during the 
British colonial area. The major irrigation schemes developed in this time are the Aweil Irrigation 
RiceScheme (AIRS) and Northern Upper Nile Irrigation Schemes (NUNIS). Also Mongalla-Gemmeiza 
sugar plantation was a planned large-scale irrigation scheme.According to a study, “Natural Resources and 
Development Potential in the Southern Provinces of theSudan”, carried out just before the independence 
of Sudan in 1954 reported the already operated pumpirrigation schemes for growing cotton between 
Geigar and Gelhak in the Northern Upper Nile and alsothe large-scale commercial sugar plantation in 
the Mongalla-Gemmeiza area was under investigationat that time.Table 3 shows main features of Aweil 
Irrigation Rice Scheme.
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1.2.1.1. Aweil Irrigation RiceScheme (AIRS)

The Aweil Irrigation Rice Scheme (AIRS) is located just to the north of the town of Aweil in Northern 
Bahr el-Ghazal State. Paddy production in AIRS was initiated in 1945 by the British Colonial 
Government District Commissioner as a prison farm with the size of four (4) feddan in the flood plains 
of river Lol (known locally as toich). By 1947 the rice production area was extended to 21 ha (50 
feddan). In 1953, the scheme was taken over by the Sudanese Government Ministry of Agriculture and 
Forestry and expanded to cover an area of 210 ha (500 feddan). Flood control dikes and a number of 
basins to enclose the irrigable areas had been built since 1961 covering a total area of 11,000 feddan 
(4,600 ha).

1.2.1.2. Irrigation and Drainage Facilities, Infrastructure and System

The Water Source

The river Lol seasonally floods into the Aweil low land and thereby provides the necessary irrigation 
water for AIRS. In June Lol increases its flow near Aweil. In July it overflows its banks into the low 
land. It reaches its peak flow in September and October and by December or January it is completely 
retreated. During the dry season from January to May the flow is low or no flow. On last May 
IDMP-TT observed that some river reaches were dry and even people were able to cross it walking 
and in the other reaches the flow was considerably low flow and standstill along the river.

1.2.1.3. Conveyance and Distribution System

In ARIS water is diverted fromRiver Lol by intake channel withlength of about five (5) km, and itconnects 
to the main canal withthe maximum discharge capacityof 4.81 m3/s as requirement of2,865 ha (1.68 liter/
second per ha).There are about 15 secondarycanals with capacities rangingfrom 116 to 193 liters per 
secondfor a field of 12 ha and 20 harespectively. The basic criterion for the design of the secondarycanals 
is the ability to flood onefield with the water depth of10-cm within 48 hours. Includingthe losses, it is 
calculated at awater supply of 9.6 liters/s per ha.

The secondary irrigation canals are given the letter of the block they are in, followed by a number 
indicating their position relative to the main canal. The secondary drains are indicated by the letter of 
the block they are situated in, followed by a number indicating their position relative to outlet to the 
main drain.

The lower system consists of number of tertiary canals and field canals or irrigation ditches with a 
capacity of 29 l/s per ha or 250 mm/24 hours. The irrigation ditches supply water through pipe each 12 
m long and has diameters of 30 cm and 20 cm. From the intake the water flows to the various 
secondary canals. The discharge entering each secondary canal is regulated with a check structure. Each 
of the field is served by two inlet structures from which the field ditches and the fields are flooded. 
Where necessary check structures are designed in the secondary canals to keep the water level at 
command level but due to lack of maintenance of the irrigation facilities for more than 30 years these 
check structures are unable to keep the water at the required level (Fig. XXX shows the current 
conditions of the scheme).Tall grasses and weeds grown along the intake, the maincanal, the secondary 
canals and the tertiary canals. This increased canals roughness and led to low flow velocity. The amount 
of silt deposition varies from year to year and is accumulated in the intake,canals and drains. Physical 
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conditions of the canals and lack of silt removal for most of the canals formore than 30 years also plays 
an important role in the annual silt deposition in the canals. Due to thesereasons the canals lost their 
geometrical shapes and reduced the canals original design discharges tovery low capacities which are far 
from sufficient to supply water to the desired command area.

1.2.1.4. Irrigation Water Requirements in AIRS

The irrigation water requirements were originally for 2,865 ha. For the Project in late 1970’s, it has been 
calculated in every week 1/6 of the scheme or 477 ha has to be treated. The potential evapotranspiration 
given had been calculated. Starting from late June (week 26), 1/6 of each block will be given 15 cm of 
water for soaking each week; subsequently, the land will be puddled. The crop factor increases from 1.0 
to 1.45 at flowering stage and decreased to 0.8 when the crop ripens. The gross water requirement is the 
water necessary for inundations plus the crop water requirements (potential Evapotranspiration x crop 
factor x % of the area). The effective rainfall has been estimated at 70% of the average rainfall. The net 
irrigation water requirement consists of gross crop water requirement less effective rainfall. The overall 
efficiency of 60% for the Project has been included in the water supply.

1.2.1.5. Drainage System

The drainage network of the scheme consists of main drainage canal, Secondary drainage canals (collective 
drainage), Tertiary drainage canals and field drainage canals. The secondary drains areindicated by the 
letter of the block they are situated in, followed by a number indicating their positionrelative to the outlet 
to the main drain.

The main drain has been designed on the south side of the Scheme. This drain will not convey the 
runoff from the highland; instead an embankment has been projected in the south of the main drain. 
The main drainage system has been designed for a discharge of 2.5 l/s per ha (20mm in 24 hours). This 
discharge does not allow for immediate drainage of heavy rainstorm; following normal practices, the 
fields will act as a temporary buffer. The field drainage has been designed for a discharge of 11.6 l/s 
per ha or 100 mm/24 hours.

1.2.1.6. Current Conditions of the Irrigation Facilities

The Scheme started with no irrigation facilities since 1940’s till FAO came in and established irrigation 
facilities which were operative till the war broke out in 1983. Since then, these facilities have never 
experienced any maintenance due to lack of budget, equipment and lack of technical staff who have 
the technical know-how to carry out the job. In 2006 the activities started in the Scheme which were 
sponsored by EU and implemented by GIZ. The activity which was carried out includes bush clearing on 
the dikes, basins, maintenance of the canals, bridges and roads. All these activities have been done only in 
basin nine (9), eight (8) and part of basin seven (7). The Scheme was handed to the Government on 2012 
up to date, and no more any maintenance has been done to the irrigation facilities and the status of these 
facilities from basin one (1) up to basin six (6) is in a very bad condition because no maintenance has been 
done since it was established in 1940’s (IDMP Task Team, 2015).
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Table 1.7: Main Features of Aweil Irrigation Rice Scheme (AIRS)

Location Source of water 
Water lift 

Technology
Gross 
Area

Net 
Irrigable 

Area

Area 
Irrigated 

2012

Northern Bahr el-
Ghazal State, Aweil 
West and Aweil 
Centre Counties

Lol River (until 
recently through 
uncontrolled entry 
points into fields; 
recently some control 
gates were  installed)

Seasonal floods 
during June-
October

9,240 ha 
(22,000 
feddan)

4,620 ha 
(11,000 
feddan)

672 ha 
(1,600 
feddan) 

under rice

Adopted from: then MWRI, 2011 and Ministry of Agriculture and Forestry in Northern Bahr el Ghazal 
State (NBGS)

Table 1.8: Condition of Existing Irrigation Facilities in AIRS

Irrigation facility Condition Explanation

Water intake facility Poor
Lack of maintenance, due to lack of fund to remove the 
accumulated sediments

Gate to Division Box No spare parts and regular maintenance

Principal canal and branches Poor 

 X Because the canal and the branches have more than 
20 years without maintenance 

 X Are all full with grasses and weeds

Gate to secondary canal Poor  X Lack of funds to employ casual laborers for O&M

Secondary canal and 
branches

Poor  X Lack of funds to employ casual laborers for O&M

Gate to tertiary canal Poor Lack of funds to employ casual laborers for O&M

Tertiary canal Poor Lack of funds to employ casual laborers for O&M

Gate to farmland Poor Lack of funds to employ casual laborers for O&M

Dike Fair 
Only dikes from basin 7 to basin 15 are in fair condition. 
But the rest are poor.

Diversion None 

Source: IDMP TT-members, November 2015

After the Comprehensive Peace Agreement (CPA) in 2005, under the Sudan Productive Capacity 
Recovery Programme (SPCRP) funded by EU the then Ministry of Agriculture and Forestry signed an 
agreement with GIZ IS to implement the Aweil Irrigation Rehabilitation Project (AIRP) from 2007 
with provision of machineries and rehabilitation of three (3) basins totaling to 1,150 ha (2,700 feddan). 
The project was handed over to the Scheme management, which is under the then MAFCRD of the National 



42 Eastern Nile Irrigation System Performance Assessment and Options for Improvements

Government in October 2012. In March 2013, Aweil Rice Farmers Cooperative Society Limited was 
officially established. The cooperation between the Scheme management and the Cooperative will be 
expected to improve the rice production and marketing. The current condition of Aweil Irrigation Rice 
Scheme is shown in figure 1.15

Fig. 1.16:Current Conditions of Aweil Irrigation Rice Scheme

Members of IDMP Task Team within section of Lol River close to the dry season in 2012

Bridge in AIRS Task Team assessing condition of the control gate

Main canal from the rive to the scheme Stilling Basin
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1.2.2. Northern Upper Nile Irrigation Scheme

Previous Studies in 1950`s, reported that pumpsirrigation schemes, which were historically as private 
entrepreneurship, began on the White Nile out ofcompensation money paid on the construction of Jebel 
Aulia Dam in 1933 – 37. It was reported that in 1946Sheikh Mirghani Mohammed Ali pioneered at Geigar 
thefirst scheme in the Upper Nile Province. By 1952 a totalof eight (8) pump irrigation schemes with a 
gross area of7,301 feddan (3,066 ha) were observed operating and theowners of the schemes enjoyed 
their wealth of irrigation schemes by the cotton boom in the world market.

To date, there are 23 pumps irrigation schemes recognized in the Northern Upper Nile region of which 
6 pumps were renovated by the then MWRI in 2006, although not all of them have been put to use, 
partly due to the fact that the overall infrastructure of the schemes needs rehabilitation; and due to high 
cost of inputs (including fuel); hence most of the pumps have not been continuously working.

The Government of Sudan had updated the study in the year 1989, “White Nile Pump SchemesModernization 
Study” in 2003. The Study includes the proposed amalgamation sites for pumps withinthe South Sudan 
side: Intisar, Um Jalala, Naifur / Majabi and Joda groups. Due to rising fuel cost, theeconomic feasibility 
should be re-examined in the future, in light of the opening up opportunities,pumping using diesel should 
be replaced with electricity that have reach the area through powerinterconnection with the Sudan or 
solar powered irrigation pumps.

Table 1.9: Main Features of Northern Upper Nile Irrigation Schemes (NUNIS)

Location Source of water 
Water lift 

Technology

Gross 
Area

Net  
Irrigable  

Area

Area 
Irrigated 

2012

Upper Nile State 

Renk, Manyo, and 

Malut

White Nile through 

controlled intake into a 

wide channel/reservoir 

parallel to command 

area

20 lift pumps located 

at intervals on right 

and left banks of the 

wide channel/reservoir

654,700 ha

(1,558,800

feddan)

196,410 ha

(467,640

feddan)

Not available

Adopted from: then Ministry of Water Resources and Irrigation (MWRI, 2011)

Fig. 1.17: Current Conditions of the Irrigation Facility in NUNIS – (Photo IDMP Task Team, 2012)

Birka el Jeb distribution box Abu Khadra delivery basin Abu Khadra pump shelter
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Generator in NUNIS Tail canal Delivery basin

1.2. 3. Other Possible Irrigation Development Sites:

River Kinyeti in the Imotong-Acholi horseshoe south of Torit, possibly at Iliu, the River Singaita in the 
Didinga hills above Kapoeta, Rivers Kurun, Akobo and Gila, and Kinyeti.

 X Even without storage it should be possible to construct small gravity irrigation schemes on the 
torrents debouching on to the Eastern Plains (contour basins have been successful).

 X River Yei has a very low flow during the crucial dry months of Jan. to Mar. The number of irrigable 
area is limited, but it is probably well worth a thorough search for them and also for a dam site to 
impound for dry season use some of the 1 – 6 milliards of water passing Mundari land in Terekeka 
State in normal year.

 X There is little doubt that in the plains an extension of the hafir programme south of its present limit 
(north of the Sobat – Bahr el Ghazal – Bahr el Arab line) would prove successful. It is probable that 
haffirs would be of greater benefit if they were combined with earth dams on the board, shallow, 
winding khors of which there are so many hundreds of kilometers, or if combined with banked-off 
internal drainage schemes in the area of creeping flow.Table 1.6 shows summary of economic 
analysis of the proposed irrigation schemes in South Sudan (SS).

The study in 1954 also reported that a number of potential irrigation development sites, though most of 
the potentials have not been utilized yet. Among them, the reportmentioned the possible dam construction 
site known in the Mbili near Wau City on the River Sue, oneof the main tributaries of River Jur. Feasibility 
Study on this potential dam site was carried out by theassistance of Egyptian Government in 2011, but 
there is no fund earmarked so far to put this study intoimplementation.

In addition, there is a newly developed modern irrigation farm (Center Pivot System) in Jebel Ladu, 
which started in 2017. This is a government project for national food security, called Green Horizon 
Agriculture Project. This project has currently installed six (6) center pivots irrigation systems and three 
(3) irrigation pumps on the bank of the river Nile/Bahr el Jebel. Crops include maize, sorghum, rice, and 
some vegetables. Information on the quantity of water use, pump size, water use efficiency, yields, etc. is 
yet to be established later.
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Table 1.10:Summary of Economic Analysis of Some Proposed Irrigation Schemes in South Sudan 

Ref. Group Area Capital (USD) EIRR (%)

W9/10 INTISAR 29,370 fed (12,335 ha) 18,246,973 24

W11 UM JALALA 24,790 fed (9,916 ha) 10,904,316 29

E11/12 NAIFUR / MAJABI 48,397 fed (20,327 ha) 18,340,835 36

E13/14 JODA 59,685 fed (25,068 ha) 22,140,397 35

Adopted from Updating of Sir Alexander Gibb & Partners White Nile Pump Schemes Modernization 
Study, Republic of Sudan, January.

1.2.4. Other Similar Planned Irrigation Projects

Based on the Sudan share from the Nile waters (as measured at Aswan in Egypt), and as per the 1959Nile 
Waters Agreement with Egypt; in addition to suitability of land topography and soil type: AcrossSudan 
then, the area designated for irrigation development is approximately a total of 1.95 million haof land 
(4.68 million fed), inclusive of large-scale schemes on modern basis and small-scale schemesthat include 
traditional irrigation holdings. The projected area in southern Sudan then, was about 0.270million ha 
(0.648 million fed) by the year 2001 as part of overall plan for irrigation development inSudan before war 
broke out again in 1983 (Euroconsult, 1983).

This figure resulted from an inventory and assembling of the existing schemes, projects underimplementation 
and the planned of the Irrigated Agricultural Development upstream of Malakal,excluding pumps 
irrigation schemes downstream of Malakal. Notably among these projects isMangalla Sugarcane Scheme 
in Central Equatoria, Penko (Penykou) for different varieties of crops inJonglei and Aweil Rice Scheme 
in Northern Bahr el-Ghazal. Similar projects whose information is inaccessible now have been either 
existing orplanned. These include supplementary irrigation of coffee in Western Equatoria and traditional 
waterspreading schemes along River Koss in Eastern Equatoria (Euroconsult, 1981).

1.3. OTHER EISTING IRRIGATION PROJECTS – NEW PROJECT

1.3.1. GREEN HORIZON AGRICULTURE PROJECT – South Sudan Food Security 
Project

On the 10th day of November, 2015AD the then Ministry of Agriculture, Forestry, Cooperatives & Rural 
Development (MAFCRD) signed a Memorandum of Understanding (MoU) with a private company to 
develop agriculture production and agro-processing industry, which is meant to crackdown the problem 
of national food and nutrition security in the country.

In order, to find financial support to fund the project an agreement was signed with the same company 
on the 10th day of December 2015 AD between the Government of the Republic of South Sudan (GOSS) 
acting through the national Ministry of Finance and Economic Planning on the development of agriculture 
production and agro-processing. This agreement culminated in providing financial support to the company, 
which later gave birth to the implementation of the project. During the implementation the company 
adopted the name - Green Horizon (GH) Agricultural Project for South Sudan. This project is 
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solely financed by the government (GOSS) and the supervisory role is undertaken by the Ministry of 
Agriculture and Food Security.

It is currently, operating under the name GH throughout the country. The company started its scoping 
missions in March 2016 and thereafter rushed to field implementation. It started by opening farms (bush 
clearance) in Torit (Torit State), Bor (Jonglei State), Jebel Ladu and New Land (Jubek State). The actual 
farm sizes need to be identified later. 

Within the same project there are about 900 out-growers, which are located in Wau State, Gok State and 
Western Lakes State - Rumbek basically, growing only groundnuts in a sub-component of the project called 
Community Commercial Farming (CCF). The company gives technical and agricultural inputs support to 
these farmers and at harvest it takes portion of the crop to give to a new group of farmers in order to 
enlarge the number of out-growers (CCF farmers). In all these practices the main source of water is 
rain water. Of course rainfed agriculture is characterized with low yields. Thereafter, it introduced drip 
irrigation system in parts of the farms e.g. in New Land Farm - vegetables and bananas are produced 
under drip irrigation. The water source is the Nile

Fig. 1.18A: Jebel Ladu Irrigation Scheme – Arial view of the 
six center pivot irrigation system.

Fig. 1.18B:  Maize crop under center pivot irrigation system 
in Jebel Ladu irrigation scheme.

Source: Green Horizon Monthly Report, October 2018
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1.18.C:Jebel Ladu pump station 1.18.D:Onions produced under center pivot

In 2017, the project started to plan to intensify its irrigation facilities in some of the farms with better and 
adequate water resources. It started with Jebel Ladu, which is very close to the River Nile – Bahr el Jebel. 
It installed 3 irrigation pumps on the bank of the Nile with a distance of about 16 km to the command 
area. The command area has six (6) center pivots system each has an area of about 50 ha (50 x 6 = 300 
ha). (GH management, 2018). And part of the farm is left for rainfed agriculture. Crops produced (Fig. 15 
A and 15 B) in the center pivot system include rice, maize, sorghum, onions etc. The other farms shall also 
have modern irrigation systems installed as per the plans of the company. Table 1.7 shows crops, yields 
and tonnage produced in two cycles under center pivot irrigation.

Table 1.11: Estimated Crop yields for Jebel Ladu Farm under Center Pivot - Cereals

Month /
Season

July October November
Tonnage

Irrigation 
Technology

Crop

Yield/ha 
(Area)

Yields/ha 
(Area)

Yields/ha 
(Area)

Pressurized 
irrigation system

Center pivot
Maize 3.2 t (50 ha) - 6.0 t (75 ha) 610

Rice 2.1 t (35 ha) 3.0 t  (50 ha) - 224

(Source: GH October 2018 Report)

1.3.2. Challenges:

1. Severe nutrients deficiencies in the soil – extremely low levels of Phosphor, Potassium, Zinc, Sulphur 
and Boron affect yields. This requires intensive fertilization;

2. New fields that never had commercial crops before, soils are low in organic matter, low micro-
organisms activities, poor water infiltration rates;

3. Heavy weeds infestation on newly opened fields;

4. Significant Fall Army Worm infestation/pressure;
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5. Vegetable production needs proper attention particularly in harsh climatic conditions (heat, rainfall, 
drought etc.);

6. Marketing and harvest logistics;

7. Adjusting produce to market/consumer preference;

8. Finding, obtaining and testing the right varieties for this specific location and suitable local conditions.

1.4. SOUTH SUDAN DEVELOPMENT MASTER PLANS (2015 – 2040) 

1.4.1. Formulation of the Master Plans for the Republic of South Sudan.

1.4.2. CAMP and IDMP: 

Additional document, developed later by the Republic of South Sudan are the Comprehensive Agriculture 
Master Plan (CAMP) and Irrigation Development Master Plan (IDMP). These two sisterly documents are 
road maps to give guidance on the non-oil sector – specifically; in agriculture and irrigation sub sector.

With increased focus on the potential of agriculture, the Government of the Republic of South Sudan 
(GRSS) realized the need to formulate a comprehensive master plan to guide agriculture and irrigation 
developments in the country for the next 25 years (2015 – 2040). Two master plans were simultaneously 
formulated:

1. Agriculture Development Master Plan (CAMP) completed in October, 2016 and

2. Irrigation Development Master Plan (IDMP) completed in November, 2015.

Official launching of CAMP & IDMP formulation, was celebrated on 22nd September, 2012,atNyakuron 
cultural centre, Juba under the auspices of H.E. former 1st Vices President Riek Machar Teny.

1.4.3. COMPREHENSIVE AGRICULTURE DEVELOPMENT MASTER PLAN (CAPM)

The then Ministry of Agriculture, Forestry, Cooperatives and Rural Development (MAFCRD) and the then 
Ministry of Animal Resources and Fisheries (MARF) took the decision to formulate the Comprehensive 
Agricultural Development Master Plan (CAMP) and formally requested technical assistance from the 
Japan International Cooperation Agency (JICA) in November 2011. They signed a technical cooperation 
agreement with JICA in June 2012, which was later joined by other development partners (DPs), e.g., the 
Canadian International Development Agency (CIDA) and the Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ).

The lead Ministry in CAMP formulation was the Ministry of Agriculture, Forestry, Cooperatives and 
Rural Development (MAFCRD) in close collaboration with the Ministry of Electricity, Dams, Irrigation 
and Water Resources (MEDIWR) and the Ministry of Livestock and Fisheries Industries (MLFI) that are 
leading CAMP process, withMAFCRD as a lead and MLFI as an alternate.
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1.4.3.1. Objectives

The objectives of the CAMP process are as follows.

1. Formulate a comprehensive agricultural development master plan that will identify the potential of 
different products all over the country, priority programmes/projects and the resources required to 
implement them.

2. Recommend a feasible institutional setup for the implementation of potential priority programmes/
projects and spell out the roles of different stakeholders participating in agricultural development 
activities in the country.

3. Strengthen the capacity of the national task team members through the process of formulating 
related policies and plans of the respective ministries in a number of key areas to be prioritized by 
government and other stakeholders.

Once formulated, the GRSS will ensure that all public and private investments and programmes 
supported by development partners (DPs) in the sector are aligned with CAMP. The implementation of 
all programmes/projects will be directed, coordinated, monitored and reviewed by the government in 
collaboration with the stakeholders.

1.4.3.2. Target Subsectors and Geographic Area

CAMP covers the subsectors of agriculture, forestry, livestock and fisheries, while the geographic coverage 
is, in principle, the whole area of South Sudan.

CAMP is consistent and fully aligned with the national agenda of agriculture and rural development, 
such as South Sudan Vision 2040, the South Sudan Development Plan (SSDP) 2011-2013 and the 
Comprehensive Africa Agriculture Development Programme (CAADP), government policies (including 
policy frameworks, sub-sector policies, strategic plans, etc.) and government systems in the agricultural 
sector of South Sudan.

CAMP has analyzed the subsectors, identifying opportunities, constraints and likelydevelopment paths; it 
has also produced over 110 indicative subsector project profiles toguide decision makers in identifying 
how to address the various impediments todevelopment. The components of the project profiles are 
very detailed and give, amongother things, the necessary activities, human resource requirements and an 
indicativebudget for all major interventions considered by the CAMP team as necessary to takeadvantage 
of the opportunities presented in the agriculture sector. These project profilesform a major part of the 
investment plan and should be seen as a convenient way to presentproject components and activities, 
rather than a rigid fixed format for implementation.

The CAMP investment plan consists of 110sub sector prototype projects necessary for agriculture 
development over the next 25 years. Each project is described in a project profile format with clear 
identification of ownership, justification, component descriptions, necessary activities, location, expected 
impacts, human resources requirements, and costings to guide decision-makers in identifying implementing 
projects to address the impediments to development.
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1.4.3.3. Implementing Ministries

The following two ministries were responsible for the CAMP formulation:

1. Ministry of Agriculture, Forestry, Tourism, Animal Resources and Fisheries (MAFTARF)

2. Ministry of Electricity, Dams, Irrigation and Water Resources (MEDIWR).

Later, prior the completion of the CAMP formulation, Ministry of Agriculture split into two ministries: 

1. Ministry of Agriculture, Forestry, Cooperatives and Rural Development;

2. Ministry of Livestock and Fisheries Industry.

1.4.4. IRRIGATION DEVELOPMENT MASTER PLAN (IDMP)

The Ministry of Electricity, Dams, Irrigation and Water Resources (MEDIWR) of theRepublic of South 
Sudan (RSS) is a government institution whose responsibility involves facilitation the development, 
operation & management of waterinfrastructure for irrigated agriculture and other productive uses 
of the sector. This includes crop, livestock, forestryand fisheries subsectors, which are the subject of 
the Comprehensive Agriculture Master Plan (CAMP). TheIrrigation Development Master Plan (IDMP) 
is “a comprehensive programmatic approach to address policy,institutional, capacity development and 
infrastructure issues and requirements of the agriculture sector in relation towater resources across the 
country, without jeopardizing the needs of other sectors or stakeholders”.

1.4.5. The Rationale

The rationale being that currently irrigated agriculture is practiced only on less than 5% of the cultivated 
land, whichis contrary to the fact that natural conditions of the country are characterized by a diverse range 
of geographicalregions, with annual rainfall ranging from less than 500 to 1,500 mm. Floods & droughts 
occur, threatening nationalfood & nutrition security. Hence, fluctuation in production is significant due to 
the unstable climate that causes largeinter-annual and annual variations in precipitation, leading to either 
dry spells or droughts. Scarcities of water arepronounced due to lack of storage facilities, irrespective of 
the fact that there are substantial water resources; yet thecountry experiences water shortages because 
they are unevenly distributed across the territory; and vary annually &seasonally. On the other hand, 
when peak of rainfall coincide with high river inflows, extensive flooding occurs downstream due to river 
spills, local rainfall & flatness of the land over vast areas. Thus the dual problem of dryspells & floods 
causes hazards to agricultural activities.

Under those conditions, irrigation planning and development become crucial, in order to stabilize 
availability ofwater; and effectively utilize & manage efficiently water resources for agricultural production 
& productivity. This is also to enhance food and nutrition security, resilience and contribute to meeting of 
the national needs and goals. Withthis background, the Government of RSS (GRSS) presented a request 
in November 2011 to the Government ofJapan (GOJ) for the formulation of IDMP on the basis of 
technical cooperation. The Ministry and Japan InternationalCooperation Agency (JICA) then agreed on 
the contents and process of the project for the formulation of IDMP inApril 2012.
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Given the fact that achieving the agricultural development objectives in all its facets requires provision and 
management of water to a greater extent, IDMP is therefore formulated in close collaboration with 
the Ministry ofAgriculture, Forestry, Cooperatives and Rural Development (MAFCRD); the Ministry of 
Livestock and FisheriesIndustries (MLFI), other development partners and other government stakeholders. 
In line with CAMP, IDMP willcontinuously provide information on hydrometeorology, topography, land 
use and other engineering aspectspertaining to water control and delivery infrastructure of specific 
crop, fish farming, forestry and livestockschemes’/projects’ sites. The information network system 
establishment programme will ensure standardized nationwide monitoring and forecasting of water 
resources occurrence and other related data. This will continuously informwater users and managers in 
taking informed decisions, e.g. in relation to early warning systems in case of droughts,floods and other 
climate variability scenarios. Thus, making “support to agricultural production and productivity, anultimate 
goal in the assessment, allocation, management and development of water resources in the Republic 
ofSouth Sudan”, without jeopardizing the needs of other sectors and stakeholders.

The overall goal of IDMP therefore, is “to achieve sustainable irrigated agriculture and the other productive 
uses ofwater, thereby improving food and nutrition security; enhancing resilience; reducing poverty; 
and contributing toeconomic growth and sustainable development”. In fact, it has been concluded that 
irrespective of terrain, soil type,source of water and weather conditions, irrigation should be introduced 
and practiced using different models andtechniques in order to: (1) address the inevitable climate and 
seasonal changes; (2) ensure food and nutrition securitythrough selecting of specific crops for growing 
in certain seasons and areas; and (3) diversify and scale up cropproduction and stimulate agribusinesses 
and agro-industries.

The IDMP is a road map to address existing challenges & making use of available opportunities in a 
strategicmanner through: (1) setting up of guidelines and establishment of information network and (2) 
mobilization ofresources for investment & recurrent costs pertaining to human resources and institutions; 
carrying out of outreach &extension services; development, operation, maintenance & management of 
water control and delivery facilities atfarms and other production projects. The IDMP therefore, describes 
the proposed nine (9) programs, with theiridentified components, projects & activities pertaining to 
irrigation development. This is in order to translate theestablished strategic approaches into actual actions, 
ranging from small-scale to large-scale schemes and projectswith cost, location & planning horizon in a 
prioritized manner.

IDMP was formulated under the same CAMP coordination mechanism that is composed of: An Inter-
MinisterialSteering Committee (IMSC), as a forum for national and state ministers; Technical Committee 
(TC), as a high levelprofessional scrutiny body; Task Teams (TTs), as core groups of experts leading the 
process; State Focal Points(SFPs), the personnel coordinating the formulation activities at the state, local 
and community levels; andparticipating stakeholder institutions and partner organizations.

The lead Ministry in IDMP formulation was the then Ministry of Electricity, Dams, Irrigation and Water 
Resources(MEDIWR, Currently MWRI) in close collaboration with the then Ministry of Agriculture, 
Forestry, Cooperatives and Rural Development(MAFCRD, Currently MAFS) and the Ministry of Livestock 
and Fisheries Industries (MLFI) that are leading CAMP process, withMAFCRD as a lead and MLFI as an 
alternate.
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IDMP identified nine (9) programs to achieve the strategicgoals of irrigated agriculture and other 
productive uses of water without risking needs of the othersectors across the country at all levels.Among 
the nine (9) programs, in relation to physical establishment, the core programs pertaining toirrigation 
schemes’/farms’ development programs”, are defined as “five (5) with different ownerships,namely 
national irrigation scheme; state irrigation scheme; county irrigation scheme; community irrigationfarms; 
and private sector irrigation investment promotion.The other four (4) programs, namely “irrigation 
development guidelines formulation; irrigated agricultureextension; human resources and institutional 
development; and information network system establishment” and these are defined as supportive 
programs, to enhance and promote development and management of theirrigated agriculture and other 
productive uses schemes/farms efficiently and effectively.  The nine (9) programs (about 152 prototype 
sub – projects) necessary for irrigation development over the next 25 years. The programs are listed 
below :( Source: IDMP, 2015: Volume Vii: Annex 6-2 to 6-51 - Programs Profiles).

1.4.6. PROGRAMS for IDMP:

Program 1: Irrigation Development Guidelines Formulation Program (IDGF));

Program 2: National Irrigation Scheme Development Program (NISDP);

Program 3: State Irrigation Scheme Development Program (SISDP);

Program 4: County Irrigation Scheme Development Program (CISDP);

Program 5: County Irrigation Farms Development Program (CIFDP);

Program 6: Private Sector Irrigation Investment Promotion Program (PSIIPP);

Program 7: Human Resources and Institution Development Irrigation Program (HRIDIP);

Program 8: Irrigated Agriculture Extension Program (IAEP) and 

Program 9: Infrastructure Network System Establishment Program (INSEP).

 X For a private sector project: national and state governments’ responsibilities are included inNational 
and National-State and State programs/projects.

 X The role of national government is identification, planning, programming, financing,Implementation, 
Irrigation facilities, O&M, capacity building, supervision, management system, access to market, 
employment opportunity for all RSS citizens with prioritization of local communities.

 X The role of state government and local authorities is to allocate and approve the scheme site, which 
isagreed by the sides (including local communities). Profit sharing that is based on percentages is a 
linkbetween beneficiaries at the national, state and local levels.

1.5. PROPOSED /PLANNED IRRIGATION SCHEMES UNDER IDMP 
RPROJECT

1.5.1. a) Priority Projects

The Irrigation Development Master Plan formulated in 2015, by the federal Ministry of Electricity, Dams 
and Water Resources identified areas with potential for irrigation developments in the country. Out of 
the huge potentials identified, three priority projects were selected and comprehensive pre-feasibility 
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studies were conducted for three proposed irrigation schemes in South Sudan. These are shown on 
figure 1.1.9:

1. Rejaf East (REIS) Irrigation Scheme; in Jubek State - (Equatoria region).

2. Wau Rice (WRIS) Irrigation Scheme; in Wau State – (Bahr el Ghazal region). 

3. Jebel Ladu (JLIS) Irrigation Scheme; in Jubek State - (Equatoria region).

Fig. 1.19: Map of Irrigation Schemes in South Sudan Proposed by IDMP– Priority Projects

i. Agricultural Practices in the Priority Projects

ii. Farming Area and Land Use in the Priority Projects

Table 1.12 shows the current average land holding size of the sample farmers in each project site. The 
averageland holding sizes of the projects sites are 2.8 ha (6.7 feddan), 1.8 ha (4.3 feddan) and 2.3 ha (5.5 
feddan)in Wau, Jebel Ladu and Rejaf East respectively. Among the lands, around 80% to 85% are used for 
farming. It is reported that only one farmer owns a tractor in Wau among all the samples of the three (3) 
sites and few farmers rent the tractor for cultivation from the governments or community. This indicates 
the practice of extensive agriculture considering the size of the lands.It is significant that on average about a 
half of the farm land is irrigated in Rejaf East, while the share ofirrigated land in other sites is low. The farmers 
in Rejaf East have been practicing irrigated farming alongthe Nile with individual portable pumps. However, 
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as it is shown in the following section, the farmerspracticing farming in the dry season are still limited, partly 
due to the fuel cost of the pump.

Table 1.12: Average Farm Land Area 

Scheme Total area (ha/household))

Irrigated Non-irrigated Homestead

Wau 2.8 0.1 (3.0%) 2.3 (83.6%) 0.4 (13.4%)

Jebel Ladu 1.8 0.25 (14.0%) 1.3 (72.0%) 0.25 (14.0%)

Rejaf East 2.3 1.1 (49.1%) 0.7 (29.1%) 0.5 (21.8%)

Adopted from: IDMP TT (Socio-economic survey, 2015)

These are called priority projects because during the study, the country showed huge potential for irrigated 
agriculture due to available water and land potentials identified. However, due to shortage of funds, these 
three were selected using specific criteria. 

The priority project areas are meant to be the model of irrigated agriculture in RSS in the future after IDMP 
actually start working. Therefore, the farming plans of priority project areas are designed to contribute to 
the strategic plan specified in the governmental policies related to agricultural sector. In addition, it was 
necessary to examine the agricultural potential of each project areas from various aspects, suchas natural 
condition, marketing, and beneficiaries “capacity and their technical potential.Those projects are expected 
to contribute to agricultural improvement in the RSS, while itis also important to avoid and/or mitigate 
any environmental and social impacts. Table 1.8: Categorization of Irrigation Scheme Development in 
South Sudan.

Table 1.13: Categorization of Irrigation Scheme Development in South Sudan

Definition

Capital 

Investment 

(funding 

source)

Responsible 

Organization 

of 

Land 

Allocation

Implementation 

(Construction)

Owner O&M Responsible 

organization 

for land 

allocation

Technical 

Assistance

Supervision of 

Scheme 

Management

- Large 

(more than 

500 ha)  

- Land 

property 

belongs to 

National 

Government

National/ 

Private Sector 

(Bank)/

International 

Development 

Bank/ DPs 

(grant)

National/ 

Community
National National

National 

(Scheme 

Management 

Office)/ 

Wau/Rejaf 

East/Jebel 

Ladu

National/ 

Community

National/ 

DPs/ NGOs
National

Note: a/ Operation and maintenance of irrigation scheme could transfer to local government in the long-term, depending on their 
capability

All the three (3) Irrigation Schemes above will be developed under the National Irrigation Scheme 
DevelopmentProgramme (NISDP). The NISDP is owned by the national government with large/medium 
scale command areas and irrigation facilities and is developed by the national government. See table 
below for the categories of the schemes.
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b. PRE-FEASIBILITY STUDY FORREJAF EAST (RE) IRRIGATION SCHEME

iii. Rejaf East (RE) Irrigation Scheme

iv. Location

Rejaf East Irrigation Scheme is located adjacent to the peri-urban area of Juba city, where there is high 
demand of food supply due to its large population. Hence, there is a great potential to generate cash 
income by producing cash crops, including vegetables. Especially, production of leafy vegetables, which are 
not imported from foreign countries because of its perishability, is likely to make a good profit. In addition, 
low humidity in dry season can lead to reduction of risk caused by fungi or any other related disease.

v. Topographical profile

Command area is located from right bank of Bahr el Jebel toward the hillside of 2km distance. The 
terrain between riverside and Rejaf Road is flat, and many small irrigation farms are scattered along the 
river. The terrain of hillside is undulate, and many bushes, trees and grasses dominate in the site. Pump 
station site has some big trees. In the pipe line and canal line, the conditions are almost same as the 
command area.

vi. Pump site and hydrology

Pump Site: The pump site area is coveredby thick (3m-8m) soils （ML,CL, SM, SC, SP）, the Riverdeposit 
along the river bankand the base rock is Gneiss.The command area is coveredby relatively thin (2m- 3m)
soil. There are outcropsof sound bed rock in thecommand area. The rockunderlying the thin soil layeris 
moderately weatheredGneiss and is found outslightly weathered and welljointed Granite.Table 1. 9: Main 
facilities planed in Rejaf East scheme area.

 X Hydrology Annual rainfall is about 1000mm. Bahr el Jebel has plenty of water for irrigation water.

vii. Facility Plan and Design for Rejaf East Irrigation Scheme

Table1.14: Main Facilities Planned for Rejaf East Irrigation Scheme

 
 
 


Command area: A=960 ha 
Pump station: 4 place 
Main Irrigation Canal: riverside Length (L)= 2.4km, hillside L=5.6km 
Irrigation and Drainage Facilities in command area: Secondary, Tertiary, Feeder and 
Drainagecanals; Roads; Road crossings; Distribution gates; Water measurement facilities; etc.

Pump station site is located beside Bahr el Jebel. The land is almost bare and some trees are shown. Inthe 
pipe line and canal line, there are community road among some small communities, bushes and trees 
etc. along the line. In addition, on the route of the pipeline No.1, the additional pump station called 
No.1-H is planned nearthe Rejaf road to convey the irrigation water to the hillside farms in the view of 
the reduce the total headof pump and the economic efficiency.
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c) PRE-FEASIBILITY STUDY FOR WAU RICE IRRIGATION SCHEME

viii. Wau Rice Irrigation Scheme

Present Situation of the Project Area as presented in IDMP Pre-feasibility study documents.

ix. Site Profile

x. Location

Wau Rice Irrigation Scheme site is located on the Eastern bank of River Jur, very near from Wau city where 
there is high demand for agricultural produces. There are three (3) big markets and one middle-size 
market in Wau city; 1) Central Market, 2) Jou Market, 3) Suk Hagar and 4) Suk Salam. 
Land development in Wau and Aweil projects, was supported by UNDP and FAO, in 1974. It was 
supposed to be applied to Wau after Aweil, however, no activities have been carried out, because Aweil 
scheme has not yet worked properly; and the trial paddy cultivation by MAFCRD (branch office) in 
2007 resulted in low yield.

xi. Hydrology - Annual rainfall is about 1100mm, and annual river discharge of R. Jur is about 5100 
MCM. In rainy season, irrigable area is flooded by water from Jur River. Flooded water should be 
controlled and cultivation period should be adjusted according to the flooding condition to avoid 
damage to crops. Provided that flooding can be controlled properly, it can be utilized for paddy 
cultivation, because paddy requires flooded condition up to maturing period.

xii. Soils in the command area

Soil in the command area has whitish pale brown colour and its texture ranges mainly from Loam to Clay 
loam. There are several layers from the top up to 1m depth and each layer has clayish texture. Orange 
colored mottles of oxidized iron were observed on the cross section (from top soil up to around 60 
cm depth), which indicates the command area has been flooded and dried up repeatedly.Table 1.10: Wau 
Irrigation Scheme Irrigation Water Requirements and Table 1.11: Specification and indicators for Wau 
Irrigation Scheme Dam Construction.

Table 1.15: Wau Irrigation Scheme Irrigation Water Requirements

1. Site Wau Rice Irrigation Scheme

2. Command Area 500 ha

3. Water Source Dam/Reservoir or River

3. Irrigation Facility Combination of Dam/Reservoir and Pump

4. Irrigation Water Requirement
Dam 5,000,000 m3/year (Vegetables, dry season) 
Pump 0.70 m3/s (Rice, rainy season) 
q= 1.400 l/s/ha
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Table 1.16: Specification and Indicators for Wau Rice Irrigation Scheme Dam Construction

Facility Specification

General Location 7 km Upstream from Wau town

River name Tributary of Sue River

Foundation Geology
River Gravel and Sand

Based Rock: Gneiss (Granite?)

Purpose Irrigation

Reservoir Catchment area 51 km2

Average inflow 5,340,000 m3

Reservoir area at F.W.L 1.8 km2

Total storage capacity 5,300,000 m3

High Water Level (HWL) H.W.L. 434.8 m

Full Water Level (FWL) F.W.L 433.8 m

Minimum operation water level L.W.L 427.0 m

Average depth 7.8 m

Dam Dam type Full type

Dam height 10.7 m

Dam length 1,500 m

Dam crest width 4 m

Dam crest level E.L 436.7 m

Foundation treatment Cutoff

Dam volume 270,000 m3

Spillway Spillway type Weir type

Dissipater End-sill

Discharge (200 years return period) 108 m3/s

Weir crest water depth 1.0 m

Weir crest length 60.0 m

Intake Intake type Drop inlet

Emergency outlet discharge Maximum 7.7 m3/s

Irrigation intake 0.53 m3/s

Penstock 1100

Irrigation 700
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Facility Specification

River maintenance 500

Diversion Diversion type Half closure of river

Construction Dry season work

xiii. Dam Capacity

The dam capacity of the Wau is decided by the required water of the irrigation area and the main crops of 
the irrigation area are planed of paddy field, designed by rice scheme area.1) Required irrigation water 
The required irrigation water for the irrigation (500 ha) of dry season is calculated as followed:

Required Irrigation water (500 ha): 4,900,000 m3 (dry season)

Irrigation intake                                                         = 0.53 3/ sec (Maximum required water).

d. PRE-FEASIBILITY STUDY FOR JEBEL LADU IRRIGATION SCHEME

Present Situation of the Project Area as presented in IDMP Pre-feasibility study documents.

i. Jebel Ladu Irrigation Scheme

ii. Site Profile

iii. Location

Jebel Ladu proposed project site is located in pre-urban area, around 20km from Juba, with high demand 
for food supply due to its large population. Hence, there is a large potential to generate cash income by 
producing cash crops, including vegetables. Especially, production of leafy vegetables, which are not 
imported from foreign countries because of their perishability, is likely to make a good profit. In addition, 
low humidity in dry season can lead to reduction of risk caused by fungi or any other related disease.

iv. Beneficiary Area and Communities

There are two (2) communities residing in the project area, namely Nyuwa and Piete. The irrigable area 
lies between the Bahr el-Jebel and a seasonal stream; and the land is tenured under above communities.

The population is approximately 2,000 persons and 800 persons in Nyuwa and Piete respectively. Most 
of the communities have farming as the main means of their livelihoods, and fishing is next major 
livelihood. Cattle grazing are in Piete community area only. The two communities belong to Bari tribe.

v. Command Area

Command area is located 3.5km from Bahr el-Jebel. Bushes, trees and grasses dominate in the site. The 
terrain is almost flat and the land gradient toward the west shows around 0.9%. Pump station site is 
located beside Bahr el-Jebel. The land is almost bare and some trees are shown. In the pipe line and canal 
line, there are community roads among some small communities, bushes and trees, etc. along the line.
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vi. Hydrology - Annual rainfall is about 1000mm. Bahr el-Jebel has plenty of water for irrigation water. 
According to the soil survey, soil there is relatively fertile with high content of humus. It allows 
cultivation of various kinds of crops with appropriate control of soil pH.

High temperature especially in dry season (maximum temperature is above 35˚C) should be considered in 
crop selection in dry season. So, crops that are able to grow under high temperature should be selected 
for dry season such as soybean, eggplant, okra, etc.

Table 1.17: Irrigation Efficiencies for Jebel Ladu Irrigation Scheme

Efficiency E Remarks

Conveyance Efficiency (Ec) 0.90 Continuous supply

Field Cancel Efficiency (Eb) 0.90 Blocks larger than 20 ha

Field Application Efficiency (Ea) 0.60 Referred to the case of furrow irrigation

Project Irrigation Efficiency 0.49 Overall irrigation efficiency

Source: JICA Project Team based on Crop water requirements No.24 FAO irrigation and drainage paper

The Jebel Ladu project irrigation efficiency is estimated by multiplying these 3 efficiencies as shown 
in Table 1.12. Irrigation Project Efficiency or Overall Irrigation Efficiency = Ec.Eb. Ea; and the overall 
efficiency for Jebel Ladu Scheme = 0.9*0.9*0.6 = 0.49. Table 13 shows Jebel Ladu Scheme irrigation water 
requirements.

Table 1.18: Water Requirements forJebel Ladu Scheme Irrigation 

1. Site Jebel Ladu

2. Command Area 1,330 ha

3.  Water Source River

3. Irrigation Facility Pump

4. Irrigation Water Requirement Pump 1.92 m3/s, q= 1.444 l/s/ha

Source: JICA Project Team based on Crop water requirements No.24 FAO irrigation and drainage paper

vii. Pump type - horizontal centrifugal and double suction is adopted as it is commonly used with high 
suction efficiency.

viii. Total head of pump - The actual head is given as the difference between the discharge water level 
and the suction water level. The total head is obtained by adding various losses in pipes to the actual 
head. Table 1.14 shows total head of pump for Jebel Ladu irrigation scheme.

Table 1.19:  Total Head of Pump in Jebel Ladu

Items Unit Dimension

Pump Capacity per Unit Q (m3/s) 0.96

Design outlet Water level DWL (m) 461.50
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Items Unit Dimension

Design Intake Water Level LWL (m) 439.00

Actual head Ha (m) 22.50

Total Head Loss (m) 8.62

Total Head (m) 31.12

Design Total Head H (m) 32.00

ix. Maintenance Activities and Responsible Organizations

Maintenance works consist of routine maintenance, periodical maintenance and emergency maintenance 
works. The routine maintenance is a day-to-day maintenance work including cleaning silt at flow 
measuring devices, removal of floating debris, minor repair of canal and structures and greasing or oiling 
of gates of facilities. WUA should actively participate in this activity at least for on-farm level structure.

Periodical maintenance is work to be done at a certain interval, after harvest season or before planting 
season for example. Basically, WUA bear a responsibility for on-farm level maintenance, whereas the 
Jebel Ladu Irrigation Scheme Management Office are obligated to main facilities such as intake facilities, 
main and second canals, and gate structures. 

Emergency maintenance is an emergency works at the time of natural disasters which causes damages on 
irrigation structures. This type of maintenance requires large investment for long term and/or large scale 
of replacement, and main responsible organization should be the National Government (MWRI) 
except on-farm level structures. This model is suggested for all the three priority projects (Wau, Rejaf 
Eat and Jebel Ladu).

d.  IRRIGATION PROJECTS IN SOUTH SUDAN SUGGESTED/STUDIED BY NBI - 
2012

The Nile Basin Initiative (NBI), under the Nile Equatorial Lakes Subsidiary Action Program (NELSAP) 
and Regional Agriculture Trade and Productivity Project (RATP) in its study during the period 2011-
2012, entitled “Assessment of Irrigation Potential in Burundi, Eastern DRC, Kenya, Rwanda, South 
Sudan, Tanzania and Uganda” . Identified 35 highly potential areas in the region, of which five (5) focal 
areas are situated within South Sudan. These are described in the Boxes below:

Box 1.3: Renk Focal Area (10,231 ha) – Irrigation water sources is the White Nile (Surface 
Irrigation)

Overview:Renk Focal Area is located completely in the North of South Sudan; in North Upper Nile State and 
borders Sudan from the South. The focal area includes some irrigation schemes, which are currently operational. 
The largest irrigation systems are Abu Khadra, Magara, and Geigar, which spread from south to north along 
the River Nile. The focal area covers the western banks of the White Nile, starting from Renk town and extends 
northwards. It descends from east (390 m) to west (380 m) at the Nile level. Two seasonal rivers pass through 
the area from east to west, but they are not used much for irrigation purposes. Slopes are limited. The steeper 
slopes can be found at a line following the road going through the area. The majority of slopes stay under 2%.
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Land and Water Resources:

The soil in the focal area is defined as Eutric Vertisols. This area on the shores of the river Nile has been 
influenced by its regime. The texture is mainly heavy clay, which is well drained. The pH is average with a 
value of 7. Organic carbon in the soil is rather low (1%) and the water holding capacity is between 125-
150 mm/m. The shifting swelling and shrinking of expanding clays results in deep cracks during dry 
season. Vertisols have considerable agricultural potential, but adapted management is a precondition for 
sustained production.

Temperatures range between 22oC and 36oC. Annual average precipitation is 579 mm and reference of

Evapotranspiration 2268 mm per year.

Box 1.4: Aweil Focal Area (17,876 ha) – Irrigation water source is Lol river (Flood Irrigation)

Overview: Aweil focal area (17,876 ha) is located in the northwestern part of South Sudan, within Northern 
Bahr el Ghazal state. The area descends from the North West (425 m) towards the North East (415 m). One 
large stream passes the focal area on the northern side, and from the South a minor stream joins in. Both 
streams join just outside the focal area at the eastern side. An irrigation scheme has already been developed 
west of the focal area, although this irrigation scheme will need some rehabilitation. It is advised to rehabilitate 
that part first, before developing this focal area. Slopes in the focal area are largest in the North, reaching 2% 
on a 250 m resolution map. On a 30 m resolution, slopes are quite significant over the area, reaching over 10% 
in some small areas.

Land and Water Resources:

Within the whole area a mixture and combination between Gleysols and Vertisols can be found. 

 X The area is welldrained, and the soil has a clayey loam texture. Organic carbon in the soil is low (1%) and 
the available water holdingcapacity is between 125-150 mm/m. The main obstacle to utilization of Gleysols 
is the necessity to install a drainagesystem to lower the groundwater table.

 X The slight ridges on the north and south of the focal area have significant lower land productivity (NDVI0.35), 
compared to the average productivity of NDVI of 0.50. 

 X Temperature ranges between 24oC and 36oC. Annual average precipitation is926 mm and reference 
evapotranspiration 1961 mm per year.

 X The area is inhabited by Dinka and Jur Chol people, which unfortunately have a very limited knowledgeof 
agriculture, irrigation and farmers’ cooperatives. 

 X The area is not very well accessible, with some earth roads going around the area, and the first proper 
roads being at Aweil town, which is at about 15 km away. Aweil town is also the primary market, after 
which other towns can be served.

There is a large potential to produce sugar cane, which willenhance poverty reduction and diversify the exports.
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Box 1.5: Jebel Ladu Focal Area (3,159 ha) – Irrigation water source is the River Nile (Bahr el Jebel)

Overview:The focal area is wrapped around the eastern side of the mountain, and covers a stream valley. The 
stream valley runs from West to East, and drains in the East into the White Nile. The land descends gradually 
from 470 m in the West, to 435 m at the junction with the White Nile. The slope of the focal area is very limited 
and mostly does not   exceed 2%. On smaller scales, however, the slopes may reach locally up to 10%. The 
topography seems to be very suitable for surface irrigation.

Land and Water Resources:

The soils in the focal area are rather uniform. The soil in this river valley is formed under alluvial processes.

The largest part of the area is a Fluvisol, with a smaller part having Gleysols. The soil mainly consists of sandy 
clay, towards loamy on some parts. Therefore, the drainage in the area is quite poor. The top soil is richer in 
organic carbon than the sub soil, and contains 0.6-1.2% organic carbon. The available water holding capacity is 
large with over 150 mm/m.

The climate of the area can be characterized as warm with temperatures during the year ranging from 
about 24oC to 36oC. Annual average precipitation is 952 mm and reference evapotranspiration 
1 8 5 1 mm per year.

Agricultural knowledge is average, which means that for irrigation training will be needed. The accessibility is 
quite good, but should be improved when developing irrigation. Nearby markets include Juba (25 km away). The 
area is inhabited by the Bari community.

Currently, agriculture is practiced in a small part (10%) of the focal area. The remaining land consists mainly of 
sparse mixed vegetation and scrubland. Crops which are currently grown in the area include maize, sorghum, 
cassava and millet. They are all grown rain-fed, which incorporates that they are grown in one growing cycle per 
year within the raining season.

Within Jebel Ladu focal area the yields are slightly higher than Sudanese average yields.

The study suggests that: “Production of maize and rice can increase under irrigation. Maize can double and 
reach towards the world’s average, and rice is expected to surpass the world’s average, and increase towards 
60-70% of the world’s highest yield.” 
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Box 1.6: Wau Focal Area (Area not indicated in the study) – Irrigation water source is Nahr el Jur 

Overview: The Wau focal area is located in the western part of South Sudan within the Western Bahr El 
Ghazal State. The area covers the valley of the Nahr al Jur River, which is one of the largest rivers in South 
Sudan. The area descends from South (440 m) to North (425 m). The topography is very much suitable for 
surface irrigation. The river meanders through the focal area, and the location of the river within the valley has 
changed over the years. The cross section of the focal area is rather flat; land may ascend slightly towards the 
sides with 2-3 meters. The slopes in the focal area are almost 0% on most places, with some exceptions reaching 
towards 5-15 %.

Land and Water Resources:

The focal area is located in an alluvial plain, and the soil can be characterized as a Chromic Combisol. The 
texture of the soil is loamy to sandy clay, and the organic carbon is rather low (<1%). Drainage is somewhat 
poor, and the available water holding capacity is large with more than 150 mm/m.

The climate of the area can be characterized as warm with temperatures during the year ranging from about 
24oC to 36oC. Annual average precipitation is 1149 mm and reference evapotranspiration of   1902 mm per 
year.

Box 1.7:Pagarau Focal Area (13,832 ha) – Irrigation water source is Payii river (Lake Yirol)

Overview: Pagarau focal area (13,832 ha) is located in the Lakes state, in central South Sudan. The area is 
rather flat and descends slightly from South (420 m) to North (415 m). A large river runs through the area, 
which can serve as an irrigation water source. The river finally drains into the White Nile, which is approximately 
60 km north of the focal area. A small lake borders the focal area on the Southern tip. Based on the 250 m 
resolution slope map, the slopes do not exceed 1%. On a smaller scale (30 m), slopes are more significant; 
staying under 3% in most of the area, and reaching towards 10% on some places in the North.

Land and Water Resources:

The focal area is located on a transition between soil types. The texture in the western part is loamy, and 
changes towards a more clayey texture in the largest eastern part. The western part is located in a soil which is 
formed under strong fluvial processes, and the eastern part, which contains Gleysols and Histosols, is partially 
formed under fluvial processes. Due to poor drainage and high groundwater levels peat has been developed. 
Therefore, the available water holding capacity in the whole area is large with over 150 mm/m.

The annual average land productivity is quite uniform over the whole area. The climate of the area can be 
characterized as warm with temperatures during the year ranging from about 25o C to 36oC. Annual average 
precipitation is 736 mm and reference evapotranspiration 1892 mm per year.

The area is inhabited by Dinka people, which unfortunately have a very limited knowledge of agriculture, 
irrigation and farmers’ cooperatives.

The area is not very well accessible, with some earth roads going around the area, and the first proper roads 
being at Yirol town, which is at about 30 km away. Yirol town is also the primary market, after which other towns 
can be served.
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Crops that are currently grown in the area include maize, sorghum, rice and groundnuts. They are all grown 
rain fed, which incorporates that they are grown in one growing cycle per year during the raining season. When 
developing an irrigation scheme, it is advised to focus partially on staple crops, such as paddy, maize, sorghum 
and vegetables and partially, with an eye on the future on cash crops, such as sugar cane, which could diversify 
the economy. The yields are approximately 20% higher than Sudanese average yields. It is expected that the 
production of maize can increase threefold towards 20% of the highest obtainable. Rice is already giving yields 
comparable with the world’s average, but with a second growing cycle the yield can double. Sugar cane is 
currently not much grown in the area, but the graph shows that is will be a very suitable cash crop, which will 
enhance poverty reduction, and may diversify exports.

Fig. 1.20: Map of Irrigation Schemes Proposed by NBI, 2012 (Five Focal Areas)

Box 1.8: Water Resources Model for Kenneti Basin South Sudan, Sep 2015. Commissioned by 
ZOA South Sudan.
The Governments of South Sudan (GoSS) and The Netherlands (GoN) initiated a program for the Water Sector 
in Eastern Equatoria State (ProWasEES), now Torit State. With focus on the Kenneti River, which is one of the 
permanent streams draining the Imatong Mountains at the southern border of South Sudan.Administratively 
the river’s catchment area falls within Torit, Lopa/Lafon and Ikotos Counties of the then Eastern Equatoria State 
(EES). 

Objective of the study: The overall objective of this program is that “Kenneti Watershed is managed in an 
integrated and sustained manner”.
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Currently, there is hardly any irrigation development taking place in the basin. It is however likely that to 
increase foodsecurity irrigation will be developed. Three irrigation scenarios were evaluated on their 
impacton water resources. It was assumed that (a) 50 ha, (b) 250 ha and (c) 750 ha would be developed 
upstream of Torit with a water withdrawal of 8,000 m³/ha in the months of Feb, March and April.

On the first hand, it looks like that sufficient water is available to develop irrigation. Impact on 
annual average flow seems to be minor, the study suggests. However, since irrigation is neededduring the dry 
months, there is quite some impact on flows at Torit. In the study it isclear that especially the option to establish 
750 ha of irrigation will result in unacceptable lowflows during months of January, February and March. The 
probability plot shows that under the 750 ha scenario in about 10% of the months the river will be completelydry.

Water extraction from boreholes

Boreholes At the moment there are 378 boreholes in Torit county of which 178 are located in the municipality. 
According to surveys about 67% of the population uses water from these boreholes. The average consumption 
from these boreholes is 30 liters per person per day. This means that in total 0.5 MCM per year is extracted 
from the groundwater. Even if the number of boreholes would be doubled it is unlikely that this will have 
a negative impact on groundwater resources. However, a detailed groundwater study is needed to confirm 
this first order estimate. It is planned that urban water supply will be established and that less water will be 
abstracted from the groundwater. It is also well-known that people who receive piped-water consume more 
water compared by people who abstract water from pumps. 

Constructing Reservoirs

Reservoir In climates with big differences in dry and wet seasons, reservoirs can be very effective inproviding 
water during dry periods and simultaneously avoid peak runoffs. The study analysed four options: reservoir 
upstream of Torit of capacity (a) 100,000 m3; (b) 1,000,000 m3and (c) 2,500,000m³; and reservoir at Iyodo 
River Upstream of (d) 800,000 m³.Under the current situation no water shortage exists so the construction of 
reservoirs is notneeded to store water that can be used during dry periods. However, it can be expected that 
inthe future, when development progresses, more water will be abstracted and reservoirs mightbe a feasible 
intervention.

Given the large flows, upto 30 MCM per month, the impact of relatively small reservoirs will be limited. For these 
reservoirs, operational rules were defined to reduce peakflows by releasing water just before the wet season to 
create storage capacity. It is clear thatpeak flows above 20 m3 s-1 can be effectively reduced.

 X Conclusions: The study concludes that at the moment Kenneti water resources are sufficient to supply 
the current demand. Even during the driest months, flows are sufficient to support the demand for water. 
Obviously, people living in the area are experiencing limitations in house-hold water since no piped water 
system is in place/installed.

 X Climate change, a fixed downstream water requirement and irrigation development are the most critical 
ones in terms of competition for water. Population growth and deforestation are having a lower impact on 
water availability. However, deforestation might have adverse impacts on erosion and on additional flooding.
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 X In reality, a set of developments will take place simultaneously. The combinedimpact of climate change, 
population growth and irrigation development showsthat, without measures, water shortage will be 
substantial.

 X To deal with this increase in water shortage investment should be taken. Acombined effort of constructing 
reservoirs and catchment protection measuresshould be considered.

Table 1.20: Status of Irrigation and Drainage in South Sudan

Table 1.20: Irrigation and Drainage

irrigation Potential 1,500,000 Area

Irrigation  Year (ha)

1. Full control irrigation equipped area 2011 32,100

a) Surface irrigation 2011 No data

b) Sprinkler irrigation 2011 No data

c) Localized irrigation 2011 No data

Area equipped for full control irrigation actually cultivated 2011 18,480

As % of area of equipped full control irrigation 2011 58%

2. Equipped lowlands (, flood plains, mangroves) 2011 No data

3. Spate irrigation system 2011 6,000

Total area equipped for irrigation (1+2+3) 2011 38,100

As % of cultivated area 2011 1.40%

% of area from surface water 2011 96%

% of area from ground water 2011 4%

% of area irrigated from surface and ground water 2011 No data

% of area irrigated from non-conventional surface water 2011 No data

Area equipped for irrigation actually irrigated 2011 24,480

As % of total area equipped for irrigation 2011 64%

Average increase per year 2011 No data

Power irrigated areas as % of total area equipped for irrigation 2011 19%

4. Non-equipped cultivated wetlands and inlands valley bottoms 2011 No data

5. Non-equipped flood recession cropping areas 2011 No data

Total water managed area (1+2+3+4+5) 2011 38,100

As % of cultivated area 2011 1.40%
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Size of full control irrigation scheme (IDMP irrigation schemes, 
2015) – Feasibility Study

 Average

Small - scale (80%)  100 ha

Medium - scale (15 %)  250 ha

Large - scale (5 %)  750 ha

Drainage - Environment

Total cultivated area drained - No data

 X Non – irrigated cultivated area drained - No data

 X Area equipped for irrigation drained - No data

 X As % of total area equipped for irrigation - No data

As salinized by irrigation - No data

Area water logged by irrigation - No data

c. Agriculture Cooperatives and HouseholdFarm Size 

Agriculture Cooperatives facilitates access to capacity development opportunities for rural communities 
including education, and financial services such as savings and credit.

 It is only recently that the Government has started promoting cooperatives afterenacting the Cooperative 
Act in 2011. In the whole country, a total of 241 cooperatives have beenregistered with the Registrar of 
Cooperatives, to date. States in which cooperatives are fairlyestablished are: Central Equatoria State, Lakes 
State, Jonglei State, Western Bahr El Ghazal State andWarrap State. In Yei and Keju Keji. Cooperatives deal 
mainly with marketing of grains such as maizeand beans. Rice farmers in Aweil Irrigation Rice Scheme 
(AIRS) established a cooperative in March2013.

Fig. 1.21: Agriculture Cooperative Farming Systems/Nefir

In addition, there is a traditional form of cooperation (Nefir) in which about 7‐10 (more or less) people 
come together andcollaborate in performing a task till it is finished (Building a school, church, mosque, 
farming, etc. Fig. 1.20). Also whenweeding or harvesting, a nefir group can work in a member’s field in 
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rotation until all the members’fields are done. There is no reason why this traditional collaborative 
method cannot be repeated in asmallholder irrigation project. Generally, following are the possible roles 
of a cooperative in an irrigationprojects: 

 X Accommodating members’ savings and providing credit to members, 

 X Consolidatingmembers produce for marketing, 

 X procurement of inputs in bulk, and 

 X borrowing money from bank at a favourable interest rate (IDMP TT-members, 2015).

In Aweil Irrigation Rice Scheme roles and activities of the CooperativeSince its establishmentin March2013, 
are:

 X Creating awareness among farmers on cropping calendar and cultivation practices;

 X Collecting annual subscription fee at the rate of 10 SSP/month or 1 sack (70kg) of paddy /year(all the 
members have paid for last year);

 X Allocating loans to farmers using funds in the Cooperative bank account and received asubsidy from 
the National MAFS;

 X Assisting the Scheme management in supervising water distribution;

 X Mobilizing farmers for weeding rice and clearing tertiary canal and other water channels;

 X Assisting the Scheme management to de-silt some secondary canals using World Food Programme 
(WFP) food for work arrangement.

Main Challenges Facing the Cooperative and its Membersthe Cooperative and its members are presently 
faced with the following major challenges:

 X Lack of improved varieties, compelling farmers to rely on old varieties supplied fromresearch/
demonstration farm.

 X Owing to budgetary constraints the Scheme does not supply members with fertilizers

 X particularly Triple Super Phosphate (TSP, which induces high paddy yields) and Urea as well as 
other agro-chemicals,.

 X Insufficient and unreliable supply of irrigation water because intake and canals are silted.

d. Smallholder/Small-scale Farmers (Small Scale Irrigation) - SSI

According to Lam (1996) the definition of “small scale irrigation systems” varies, depending on the way 
that specific country defines it. On another view, various criteria are used in referring to small scale 
irrigation and defining as the process of introducing effective water control technique to schemes with an 
independent water supply and a command area not exceeding 50 ha, which are to be planned, developed 
and managed by farmers through the establishment of viable Water User Association (WUA) linked to 
existing social structure (FAO, 1998).
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According to FAO (1998) small-scale irrigation can be highly cost effective when simplelocally adapted 
techniques are used and that quick return can be expected as planning anddesign is implemented at local 
level with farmers directly contributing towards theconstruction. This also plays a vital role in poverty 
alleviation and improving thenutritional conditions of the rural poor who often do not receive the 
common benefits ofeconomic growth.

Although no formal census has been carried out, there is a considerablenumber of small scale irrigation 
activities located along the White Nile River and its over 30tributaries (Fig.1.21). These activities are 
based on lifting water either manually using a bucket or by harnessinga portable treadle or petrol pump. 
The irrigated area per farmer is fairly modest and ranges from 1/8feddan for bucket irrigation to three (3) 
feddan in the case of petrol pumps. To illustrate the significance ofsmall scale irrigation, some 177 pump‐
sets were bought through the Agricultural Bank of South Sudan(ABSS) in 2011 as shown in the table 
below (Table 1.21). In South Sudan small-scale irrigation is the responsibility of the individual farmers/
private sector. Area larger than 500 ha is managed by government (MWRI and MAFS) and land belongs 
to government.

Fig. 1.22: Pump station for smallholder farmer in Renk

Source: IDMP Task Team, 2012

Table 1.21: Number of Irrigation Pumps Purchased by Agriculture Bank of South Sudan in 2011

Bank 
Branch

Juba Malakal Wau Renk Total

No. of Pumps 110 25 27 15 177

Percentage 62.1% 14.1% 15.3% 8.5& 100

Source: Adopted from Agricultural Bank of South Sudan, 2011
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Box: 1.9: Classification of Irrigation Schemes in Ethiopian – EN Region

Example in the Region: Ethiopia:

According to small-scale irrigation scheme(SSI) is defined as the area less than 200 ha; which are often 
community-based andtraditional methods.The traditional small scaleirrigation uses simple water diversions. It 
has been practical for decades in the high landwhere small farms could divert river, spring water seasonally for 
a limited dry seasoncropping.

Small-scale systems and technologies areattractive since they put the operation, maintenance and 
management of systems directlyin the hands of the individual farmers, thus eliminating any need for 
centralized control ormanagement (Jorma, 1999).

In general, according to McCornick et al. (2003) all small-scale systems may haveadvantages over large-
scale systems. These advantages include that small-scaletechnology can be based on farmers existing 
knowledge; local technical, managerial andentrepreneurial skills can be used; migration or resettlement of 
labor is not usuallyrequired; planning can be more flexible; social infrastructure requirements are reduced; 
and external input requirements are lower.

According to Yalew (2006) there is also limited supply of agricultural inputs and creditservices on SSI 
schemes. There is no production plan, which severely affects theproduction market of SSI schemes. In 
general, the extension service became weak oreliminated whenever small scale irrigations are implemented.

e. Medium and Large Scale Irrigation Schemes

Medium scale irrigation scheme is about 500 ha whereas large scale is any area greater than 500 ha. 
Both medium and large irrigation schemes are managed by the national government. Ministry of Water 
Resources and Irrigation (MWRI) manages the Irrigation network and the Ministry of Agriculture and 
Food Security manages on-farm irrigation system. Most schemes managed by the government have totally 
failed, due to lack of proper and regular finances, lack of skills, lack of harmony between the national and 
the state governments.

Critics of medium and large-scale irrigation argue that such schemes are to thebenefit of commercial 
farms instead of smallholders. Additionally, it has impacts ofmigration or resettlement of labor, planning 
is more complex, requires high initialinvestment cost and social infrastructural requirement increases.
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2. PHYSICAL SETTINGS: SOCIO-ECONOMIC 
DEVELOPMENT

The previous governments in the Republic Sudan adopted a top-down approach to the water sector 
development with very limited stakeholder involvement in Southern Sudan. This approach largely proved 
ineffective and unsustainable mainly because water resource development did not correspond to the 
needs and priorities of end users. Institutional arrangements for managing water resources were unable 
to prevent degradation and pollution of the resource base and levels of access to water supply and 
sanitation services remained unacceptably low.

The Ministry of Water Resources andIrrigation (MWRI) published “Water Policy” in November 2007, 
which outlines the vision of the country forthe water sector and establishes basic principles and objectives 
to guide future water sectordevelopment. Table 5 Summarizes the current situation of irrigation in South 
Sudan (Major challenges, opportunities and the gaps of human resources in the irrigated agriculture 
subsector).

The Water Policy has recognized a number of challenges facing the country`s water sector, namely;

1. Lack of coherent policy framework to guide water sector development: The need to establish policy 
and legislative frameworks to guide water sector development has been recognized. 

2. Inadequate sector institutional arrangements: There is a need to review and clarify the functions of 
water sector institutions, and the roles and responsibilities of sector organizations in relation to 
policy objectives. 

3. Low levels of access to basic water supply and sanitation services: The majority of the population 
lacks access to a reliable supply of safe water and even fewer have access to basic sanitation facilities. 
Providing access to poor and vulnerable groups is a particular challenge. 

4. Underdevelopment of available water resources compared with neighbouring countries: Sustainable 
development and use of water resources is essential as a basis for future economic growth.  Providing 
services to remote and dispersed rural populations is especially difficult

5. Limited participation by water users in sectoral development processes: Lack of user participation in 
planning, management and financing of water resources management and development undermines 
sustainability. 

6. Sustainability of water infrastructure: Much of the existing infrastructure is no longer functional and 
systems of operation and maintenance are extremely weak or absent. 

7. Growing environmental concerns: These include increased degradation and pollution of surface and 
groundwater resources and environmental problems associated with water resource development. 

8. Management and mitigation of water related disasters: Frequent flood and drought events impact 
negatively on food security, agricultural productivity and economic growth. 

9. Water use conflicts: There is a need to strengthen mechanisms for solving disputes over access to 
water which is often a source of conflict, especially at local level. 
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10. Management of trans-boundary waters: The transboundary nature of the Nile waters necessitates 
the development of effective measures for regional and international cooperation

11. Limited human resources and weak organizational capacity: Protracted conflict has resulted in the 
breakdown of organizational structures and a shortage of core technical and administrative skills.

12. Lack of a clear financing strategy: It necessary to attract investment required for effective management 
of water resources and delivery of sustainable water supply and sanitation services.

Table 2.1: The Current Situation of the Irrigated Sub-sector in South Sudan

Category Challenges Opportunities

Policy and 
Institutional 
Framework

 X Absence of irrigation policy

 X Unclear demarcation of responsibilities and roles 
among institutions

 X No specific guidelines for policy adoption (land 
policy, environmental policy, 
water policy)

 X No clear demarcation of responsibility for the 
existing schemes (e.g. Aweil 
Irrigation Rice Scheme)

 X O&M system in Aweil scheme is dependent on 
the government.

 X Recognition of joint 
responsibility of 
MWRIand 
MAFS

 X IDMP and CAMP 
documents completed

Natural 
resources & 
their 
utilization

 X Erratic rainfall

 X Flood and drought occurs (control of water is 
required)

 X Less investment in irrigation (collapsed irrigation 
schemes left without 
comprehensive operation, maintenance and 
rehabilitation)

 X Abundant irrigation 
development potential 
has been 
identified from the 
several points of view: 
water 
resources, land 
productivity and socio-
economic 
potentials.

Human 
resources

 X Limited number of capable human resources for 
irrigation

 X Limited HRD institutions (training & research 
centres & universities)

 X Limited capacity of farmers for irrigated 
agriculture

 X Irrigation and Agriculture 
administrative structures 
in 
place
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Category Challenges Opportunities

Information 
base

 X Limited number of hydro-meteorological 
measurement stations

 X Absence of nationwide water resources planning, 
monitoring and assessment 
system

 X Long history and 
experience of hydro-
meteorological 
measurement in certain 
locations across the 
country. 

As “a major step for putting into practice the principles laid out in the Water Policy”,the Ministry also 
published “Water, Sanitation & Hygiene Sector (WASH) Strategic Framework” inAugust 2011. In line 
with these policy and strategy, “Water Act 2013” to be enforced as Institutional and Legal framework of 
WASH Sector.These three (3) documents are formulated consistently by classifying the two (2) major 
categories,namely Water Resources Management and Water Supply and Sanitation. Irrigation sector is 
notspecifically described in these documents but it is intimately related to the sector of Water Resources 
Management. 

Any Irrigation development, therefore, has to be formulated in accordance with the WaterResources 
Management policy, strategic framework and provision of act.From the side of agriculture sector, the then 
Ministry of Agriculture, Forestry, Cooperatives and RuralDevelopment (MAFCRD) – (Currently Ministry 
of Agriculture and Food Security) established “Agriculture Sector Policy Framework (ASPF) 2012 – 2017” 
inOctober 2012. ASPF is also the legitimate policy to guide the future irrigation development in South 
Sudan

Other policies such as “the Ministry of Animal Resources and Fisheries, Policy Framework and 
Strategic Plans 2012 – 2016” in January 2012, “South Sudan National Environment Policy” in March 
2012 by the Ministry of Environment, and “Land Policy (Draft)” being prepared by the South Sudan 
Land Commission are also the sources of guidance for irrigation development.

Along with such policy making and strategy constructions, the Government of RSS has initiated the 
comprehensive national development plan right after the independence, namely “South Sudan 
Development Plan (SSDP) 2011 – 2013” in August 2011, which has prioritized the agriculture sector 
and infrastructure for economic development. As the operationalization process of SSDP, the “South 
Sudan Development Initiative (SSDI) 2013 – 2020” has been drafted.

The South Sudan Development Plan 2011 - 2013 (SSDP) was published in August 2011 right after the 
birth of the Republic of South Sudan as the first national development plan to embark on achieving 
the country’s longer term vision, namely South Sudan Vision 2040, which was stated by the President 
of RSS at the end of the International Engagement Conference on South Sudan on 15th December 
2011 in Washington DC. SSDP presents a comprehensive framework of goals, objectives and 
performance targets, action plans, and the related allocation of resources. It was set out amedium-
term agenda for development of the country.SSDP has identified the national priority programme areas 
with four (4) pillars that are Governance,Economic Development, Social and Human Development, and 
Conflict Prevention and Security. 
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In this regard, IDMP, the agricultural sector and water & sanitation sector have been prioritized underthe 
programme of economic development.Institutions for Irrigation Sector: on 23rd July 2013, the GRSS 
implemented the reduction andrestructuring of the Ministries of the National Government. In this 
exercise, the Ministry of WaterResources and Irrigation (MWRI) was merged with the Ministry of Dam 
and Electricity, hence becamethe Ministry of Electricity, Dams, Irrigation and Water Resources (MEDIWR). 
As for the Ministry ofAgriculture, Forestry, Cooperative and Rural Development (MAFCRD) has become 
the Ministry ofAgriculture, Forestry, Tourism, Animal Resource and Fisheries, and Cooperatives and 
RuralDevelopment (MAFTARFCRD).The two (2) ministries are the responsible agencies for irrigation 
development and its operation at theNational Government level. Although the roles of each ministry for 
irrigation development have notbeen practically demarcated, WASH Strategic Framework mentions the 
requirement of a separatepolicy establishment for irrigation as mentioned earlier. IDMP will contribute 
to formulating theirrigation policy.There are line ministries to be relatively involved in water resources 
development and utilization,namely, the Ministry of Petroleum, Mining and Industry (MPMI), Ministry of 
Environment, theMinistry of Interior and Wildlife Conservation (MIWC), the Ministry of Lands, Housing 
and PhysicalPlanning (MLHPP), the Ministry of Transport, Roads and Bridges (MTRB), Ministry of Health 
and theMinistry of Education, Science and Technology (MEST). Theinformation is based on the ministry’s 
departments, which are directly related to the water resourcesmanagement

Faced with under developed irrigation and drainage facilities South Sudan doesn’t have proper data and 
information for produced municipal wastewater, treated municipal wastewater, direct use of treated 
municipal wastewater, desalination water produced, etc.

However, based on records by (WB, 2011) the total water withdrawal in pre-2011 Sudan was estimated 
at 27 590 million m3 for the year 2005. The largest water user by far was agriculture with 26,150 
million m3. Municipalities and industry accounted for withdrawals of 1,140 million m3 and 300 million m3 
respectively. Figures for 2011 for South Sudan have been estimated based on the above figures for pre-
2011 Sudan, keeping the same total for South Sudan and Sudan together and considering that no essential 
changes have taken place, that almost all irrigation is located in Sudan that the population of South Sudan 
is 17 percent of the total population of pre-2011 Sudan and that most (75 percent) of the industries are 
located in South Sudan.

Table 2.2: Water Use

Water withdrawals Year Quantity 

Total water withdrawal 658 million m3/year

 X Agriculture (irrigation + livestock + aquaculture) 2011 240 million m3/year

 X Municipalities 2011 193 million m3/year

 X Industries 2011 225 million m3/year

e. Per inhabitant 2011 60.7 m3/year

Surface water and ground water withdrawal (Primary and Secondary) 2011 658 million m3/year

f. As % of total renewable water resources 2011 %
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2.1. Water Use

2.1.1.  Agricultural Sector: approximately 78% of households in the country are engaged inagriculture 
and average farming size per household is about 1.12 ha. The total cereal area harvestedhas gradually 
increased since 2008 from 853,000 ha in 2008 to 1,085,000 ha in 2012. The areaharvested per 
capita, however, has been at the same level throughout this period since thepopulation growth 
rate was almost the same as the expansion rate of cereal area harvested. The netcereal yield has 
remained at a low level since 2009, ranging from 0.8 t/ha to less than 1.0 t/ha.The major staple 
crops in RSS is sorghum, maize, cassava, rice, and millet. Typical crop calendar ofRSS indicates no 
agricultural activities in dry season since almost all farming areas are rain‐fed. Thediversification of 
cultivated crops per household is very limited as 77% of households harvested onlyone (1) or two 
(2) crops. If adequate irrigation facilities were developed, farmers would be able toincrease the 
productivity by cultivating crops in dry season. Nevertheless, irrigated agriculture hasbeen practiced 
in some parts of South Sudan, these includes: 1) traditional irrigation for tobacco andvegetables, 
2) basin irrigation for maize and cowpeas in wet soils when river recesses after flooding,3) flush 
irrigation for rice fields during flood periods – Aweil rice scheme, and 4) cultivation on thedikes 
that surrounds fishing camps includes sugar cane and banana.

 The livestock population data currently used officially at the policy level by then MARF is an estimate 
by FAO. South Sudan has the highest livestock per capita in Africa with an average of 25 livestock per 
household (FAO, 2012). Annual livestock water requirement as to cattle, goats, and sheep, which are 
main livestock in RSS, has been estimated to clarify the water use of livestock based on FAO data. 
Among the then ten (10) States (South Sudan now has 32 states), the Northern Bahr el Ghazal 
(35,475,606 m3) was the highest in the amountof the water requirement for the three (3) kinds, 
followed by Warrap (33,726,223 m3) and Jonglei (32,548,839 m3). The total amount of the water 
requirement in the whole country is 274,028,683m3.

2.1.2.  Urban Water Supply: the households having access to improved water source has 
beenestimated with the increasing trend from 48.3% in 2006 to 68.7% in 2010. As for urban area, 
thehousehold with access to improved drinking water source counts 73.2% in 2010. On the 
other hand,the main drinking water source estimated by the National Baseline Household Survey 
(2009) showsthat the most used water source even in urban area is hand pumps with 29.5% of 
the total drinkingwater sources followed by donkey geared non networked deep boreholes with 
24.1 %.

2.1.3. Rural Water Supply:rural water supply points have been developed throughout thecountry 
together with the support of development partners. MEDIWR has established WASHInformation 
Management System (WIMS), in which the inventory of water points by County has beenuploaded 
and the latest water point inventory (as of July 2012) reported a total number of 6,310.However, 
the inventory has still covered only 43% of the total number of counties. Then the numberof 
registered wells that were reported in Water Use and Irrigation Survey by IDMP-TT is 11,196.

2.1.4. Industrial Sector:currently water use regulation for industrial use has not been issuedand plans 
to establish industrial zones as such have not been prepared by the related ministries yet,though 
the private sector investment in industry has been gradually taking place in and around themajor 
cities in the country.
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2.1.5. Hydro-power Sector: While RSS has huge hydropower potential, the country’s totalexisting 
power generation capacity is about 25 MW of thermal capacity only within the big towns ofstates 
capital cities (Juba, Wau, Malakal, Bor etc.). In Bahr el Jebel, the prospective sites include Fula(890 
MW), Bedden (570 MW), Shukoli (235 MW), and Lakki (410 MW) etc. In Bahr el Ghazal, afeasibility 
study for Sue hydropower dam 12.5km away from Wau City has been carried out. Theplanned mean 
annual power generation is 72.3 GWh. In Imotong Mountains, the Southern SudanDevelopment 
Investigation Team in 1954 reported six (6) high potential schemes on the Kinyeti Riverin the 
upper reaches of Imotong Mountains. This would be sufficient to justify an installed capacity of8 
MW. The then Ministry of Electricity and Dam (MED) has the development plans of five (5) sites 
forshort‐term period (2‐3 years) and three (3) sites for long‐term period (5‐8 years).

Table 2.3: Hydropower Potential Sites in South Sudan

Site Basin River

Discharge 
at 

proposed 
site 

(m3/s)

Dam 
storage 
capacity 
(Mm3)

Power 
(MW)

Source

Baden Bahr el Jebel Bahr el Jebel 2,043 1,412 570 MED/RSS

Fula Bahr el Jebel Bahr el Jebel 1,213 580 890 MED/RSS

Shukoli Bahr el Jebel Bahr el Jebel 1,110 0.8 235 MED/RSS

Lakki Bahr el Jebel Bahr el Jebel 1,181 38.4 410 MED/RSS

Wau/Swe K7 Bahr el Ghazal Sue 93.8 1.051 15 
Egypt study 

team

Katire Kinyeti Kinyeti - - - -

There is limited distribution network, a combination of government efforts and donor support 
(USAID, MDTF &Egypt) is currently available within major states capitals. Renk town is connected through 
power interconnection with the Sudan; and therest depend on individual generators.

2.1.6. Future Plans for Hydropower

MEDIWR has two plans one for a short and medium period of 2 to 3 years and another for a long period 
of 5to 8 years as shown in the table below:

Table 2.4: Hydropower Development Plans in South Sudan

Plan Power target Status of plan Target time

1. Short and medium term projects

Extension of the 
Ethiopian power Grid

50 to 100 MW 
 X Feasibility study completed

 X EIA study still
2 to 3 years

Fula hydropower project 40 MW 
 X Feasibility study completed

 X EIA study completed
2.5 to 3 years
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Plan Power target Status of plan Target time

Tharjath thermal power 
project

200 MW 
 X TOR for feasibility study 

prepared

Upgrading of Kinyeti 
River Power project

 X Feasibility 
study 
competed

Swe River Hydropower 
project

12 to 15 MW  X  Feasibility study completed

2. Long term projects

Bedden Hydropower 
project

540 MW 
 X Feasibility study completed

 X EIA completed
5 to 7 years

Lakki Hydropower project 200 MW 
 X  Feasibility study completed

 X EIA completed
5 to 7 years

Garand Fula 
Hydropower project

1080 MW 
 X Feasibility study completed

 X EIA completed
8 to 12 years

Adopted from: MEDIWR (Source: MEDIWR)

2.1.7. Water Management and Water Allocation

Water management and allocation in South Sudan is impaired by a lack of water data and information 
for both surface water and groundwater resources (WB, 2013). A water information system called  “the 
South Sudan Water Information Clearing House” (SSWICH) is currently established, the purpose of 
which is to provide a systematic way of gathering information about water to assist in decision-making at 
all levels of the water sector (WB, 2011).

Currently no formal system for allocating water resources to sector or user exists, apart from customary 
laws (USAID, 2012). This is despite strong competition in the dry season, leading sometimes to disputes 
between farmers and pastoralists, who have to travel considerable distances depending on water 
availability.

The 2007 Water Policy recognizes the ineffectiveness of the top-down approach adopted in pre-2011 
Sudan, which resulted in very limited stakeholder involvement in Southern Sudan. It therefore recommends 
improved users participation into the water sector (GoSS, 2007). However, water user organizations 
were not formed in for example the Aweil rice scheme during its rehabilitation project, even though this 
was planned (FAO, 2013). The (Table 20) below shows irrigation potential of the country.
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3. MAIN POLICY DIRECTIONS

3.1. Climate Change - Impact of Climate Change on South Sudan 
Agriculture and Livelihoods

Africa is one of the most vulnerable regions to weather and climate change impacts as indicated by the 
IPCC report in 2007 and 2014, and yet has a low adaptive capacity.Several studies assessed how climate 
changewill impact the flow at the Nile, and found that, thereis a wide disparity in predictions of future 
Nile flowscenarios.

Climate change could bring about dramatic changesin the water resources of the Nile basin, which need a 
great effort from the water management and plannersin managing current and developing future water 
resources projects.

The historical trend of the temperature over South Sudan showed the highest significant warming not 
only in theNile Basin countries, but it is the highest among all African countries. The Sudd wetland region 
showed the highestincreasing trend in temperature. The study indicated that temperature is projected to 
increase by around 0.3 °Cabove the global mean temperature. The south-most part isalmost similar to 
the global mean temperature (NBI- South Sudan Bulletin).

Recently, the impact of climate change was realized in South Sudan in the las two agriculture growing 
seasons (2016/2017 and 2017/2018). Shortages of rains throughout the country caused poor harvest 
and subsequent famine in the rural areas. This resulted to crops drying prematurely and livestock dying 
from lack of drinking water. As it is a global threat, concerted efforts from the region are needed to fight is 
potential menace.  For South Sudan, total dependence on rain fed agriculture will never resolve the issue 
of food security. Some stern measures need to be taken, such as:

 X Development of robust irrigation system;

 X Increase the acreages of current existing irrigated schemes;

 X Develop a quick plan for the rehabilitation of the existing irrigated schemes, etc.

 X Building of strong institutions (Water resources management, Agriculture research), good political 
will, creation of strong law enforcement units, capacity development of water resource management 
personnel, and training of farmers on irrigation and water management issues.

South Sudan is exposed to a number of climate-related hazards, including floods, droughts, land 
degradation, livestock diseases, crop pests among others. Extreme climate events have detrimental effects 
on livelihoods, for example, floods destruction of livelihood assets and destruction of agricultural land 
which may take several months or years to recover (Fig.2.1 A and B).

Agriculture and food security are the most vulnerable and climate-sensitive sectors in South Sudan as 
agriculture production is entirely rainfed. The high level of food insecurity in the country is explained by 
a set of interrelated factors including climate change/variability, climate related disasters, conflict, food 
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prices and market dynamics among others. Climate change could reduce water availability in the country, 
which will have several impacts on agriculture, ecosystems and water and sanitation services. 

Droughts and increasing variability negatively impact the economy and nutrition status of South Sudanese 
who depend on agriculture for their livelihoods. Recent evidence suggests reductions in yields of sorghum, 
the staple grain of the majority of the population, of 5–25 percent between 2000 and 2050.

Understanding the ways in which climate risks affect vulnerability and livelihoods is a critical step towards 
identifying the regions and communities that should be prioritized as well as the appropriate mechanisms 
for intervention.

Fig. 3.1 A. Farmer walks towards her small plot of land after 
being flooded.

Fig. 3.1 B. Farmer mourns her drought destroyed crop

Box 3.1: Statement by UNDP – On Climate Change in South Sudan:

Up to 95 percent of the people of South Sudan, or more than 11 million people, depend on climate sensitive 
sectors, including agriculture, forestry resources and fisheries (UNDP, 2018).

According to the Climate Change Vulnerability Index 2017, South Sudan is ranked amongst the five worst 
performing in the world alongside the Democratic Republic of Congo, Central African Republic, Haiti and Liberia. 
Projections indicate that in South Sudan, global warming will be felt 2 ½ times more than the global average.

Box 3.2: Statement by South Sudan`s Farmer on the Impact of Climate Change:

“The flood came and it destroyed everything. The rain doesn’t rain and it destroys everything too. What we 
cultivate, it is destroyed. Flooding has come for the past three years. It comes from the rivers and then it flows 
into the houses…it destroys them. If it doesn’t rain, then people will experience hunger the next year. If it rains, 
then crops will yield and people will eat. If the flood comes, it destroys everything. If it does not come, then people 
can eat and sleep very well. We have no way to manage it.”
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Table 3.1.  History of Climate Change and Future Climate in South Sudan

Historical Climate  Change Future Climate

Climate trends include: 

 X Decline of rains by 10 to 20 percent since 
the mid-1970s. 

 X Increasing variability in the amount and 
timing of rainfall from year to year.

 X Significant warming over the past 30 years, 
with the central and southern regions 
of South Sudan among the most rapidly 
warming locations on the globe, with 
station temperatures increasing as much as 
0.4°C per decade. 

 X Temperature increases intensify the 
impacts of drought through increased 
evapotranspiration and reduced soil 
moisture. For example, observed warming 
of more than 1°C is equivalent to another 
10–20 percent reduction in rainfall.

Projected changes include: 

 X All projections agree that South Sudan will get 
warmer by an average of 1°C by 2060, with 
lower increases in the south.

 X Projections of rainfall patterns are less certain, 
with some models suggesting increases and 
others decreases. 

 X The current increased variability of rains, in 
terms of onset, duration and totals, is likely to 
continue. 

 X  If current rainfall trends continue, the drying 
impacts could extend into West and North 
Bahr al-Ghazal, Warrap, Unity,  Lakes and 
Central Equatoria by 2025.

3.1.1. Climate: Seasonal rainfall trends are highly variable across the country. Recent rainfall data 
show increasing trends particularly in the northern parts of the country and declining rainfall in 
the western and southern parts of the country. In addition, analyses suggest that there has been 
a shift in the start and cessation of rainfall, leading to more erratic and unpredictable rainfall 
patterns. Climate impacts on food production: Rainfall is one of the main climatic determinants 
of food production in South Sudan. Good rainfall years are generally associated with higher food 
production. Grains and cereals – the main staple in the country – is especially sensitive to changes 
in rainfall, and almost 70% of the variability in their production can be explained by variations in 
rainfall.  

3.1.2.  Impacts of Climate on Food Access: Access to markets is critical for food security in South 
Sudan. This is especially the case in the agro-pastoralist and agricultural areas, where households 
depend heavily on markets during the agricultural lean seasons, despite poor roads infrastructure 
for market access. If seasonal rainfall declines or is poorly distributed, food access could be 
affected in two inter-related ways. First, reduced seasonal crop production due to low rainfall 
would force households to purchase more of their food. Second, climate-induced food price 
volatility could require households to spend more of their income on food. In addition, climate-
related disasters such as flood limit physical access to markets. 

3.1.3. Impacts of Climate on Livelihoods: Food insecurity, particularly in the most vulnerable 
areas in almost all the country, is highly sensitive to climate trends. It is likely that climate change 
will exacerbate livelihood vulnerabilities and food insecurity trends in the most at-risk areas. 
Efforts to reduce the adverse impacts of climate on food security in South Sudan should therefore 
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prioritize these livelihood zones. Climate impacts have also a bearing on conflicts between farmers 
and pastoralists. 

3.1.4. Definition of Resilience - Resilience refers to the capacity of livelihood groups, households, communities 
and individuals to manage stressors and shocks with no long-lasting adverse effects on development.

For instance, during 2010 – 2013 food insecurity situation for livelihood groups that have been 
chronically foodinsecure for this period are exposed to high levels of poverty and in the face of 
regular shocks, their resilience capacity is reduced drastically.Risk exposure to shocks reduces 
resilience among the vulnerable households. In serious cases, livelihood groups that depend on 
climate sensitive activity maybe unable to meet their livelihood needs when a significant climatic 
shock (such as bad season exacerbated by floods or dry spells) impactstheir primary activity.

Contrariwise, livelihood groups that have a wide range of activities to fall back to can withstand 
the impact of certain climatic shocks. Poorhouseholds increase their reliance on fish, wild foods 
and, to some extent, labour, and petty trade to withstand the impact of drought. Somehouseholds 
have increased sales of honey, Shea butter (locally called zed Lulu) and cassava that increase their 
access to cash income, supplement income from labour,and increase resilience following drought 
years.

It is believed that 80%v of the farmers in South Sudan are women. Women`s livelihoods are 
more susceptible than man`s to climate shocks because their farming activities rely entirely on 
water. The irrigation systems and agricultural extension services that use or related to modern 
technologies that help farmers to cope with climate change are not available to small-scale farming 
activities in which women are involved (Fig. 2.1 A and B above).

3.1.5. Areas of Intervention to Enhance Food Security and Climate Adaptation 

 X Adaptation to floods resulting from increased seasonal rainfall through flood management 
strategies. The agro-ecological zones in central and northern regions of the country are the 
most vulnerable to the negative impacts of more intense rainfall.  

 X Development of robust irrigation and drainage system is key to manage waterlogged 
agriculture areas, flooded towns and villages.

 X Adaptation to drought through water management strategies, supported by introduction of 
drought-tolerant crops and crop varieties can play a critical role in reducing the vulnerability 
of at-risk populations. 

 X Adaptation to floods, drought and land degradation resulting from erratic (and potentially 
more intense) seasonal rainfall through water management. Strategies to ensure sustainable 
food security under a scenario of decreased rainfall should focus improving water management 
practices.

 X Adaptation to climate-induced market risks. At-risk populations are also highly 
dependent on markets and vulnerable to volatile food prices. In this context, food market 
stabilization during shocks (through subsidies) and food stocks can provide a buffer against 
food insecurity. Improving the road infrastructure is also likely to enhance access to markets. 
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The implementation of early warning systems can provide timely information about roads/
routes that are unreachable due to climate-related disasters, ensuring that remote populations 
can access markets. Other innovative mechanisms such as insurance schemes can also help 
reduce some of the negative effects of climate on food security. 

 X Asset creation and disaster risk management. At the community level, conditional 
asset transfers including through food/cash-for-work interventions such as slope stabilization, 
landscape management and disaster mitigation infrastructure can reduce both disaster and 
climate related risks. Ensuring vulnerable communities have access to social protection is 
also critical to enhancing resilience. 

 X Support to livelihood and income diversification. Given the high reliance on rain-
fed agriculture, strategies for livelihood and income diversification are critical to ensuring 
resilience. Support to migration (both seasonal and permanent) and additional income 
sources, such as mining, fishing, skilled non-farm activities and forest management can help 
improve livelihoods. 

 X Capacity building at government and community levels. Efforts to reduce climate 
impacts should also incorporate a strong capacity building and resource mobilization 
component at government and community levels through awareness raising campaigns, as 
well as developing analytical tools to ensure that risks and vulnerabilities are identified and 
mapped. 

 X Strengthening climate information for early warning systems. An effective early 
detection and warning system for severe or abrupt climate variability is an important tool 
for climate risk management. Integrating this information into existing early warning systems 
for food security can provide an additional layer of information for better food security and 
adaptation planning.

 X Management of uncertainties associated with long-term climate change. 
Adaptation options should also consider a range of uncertainties associated with climate 
variability and the timescales of climate impacts. In managing this type of uncertainties, 
multiple risks need to be considered simultaneously.  

 X Management of land degradation and desertification. This is brought about by human 
land-use pressures and recurrent drought affect large areas and threatens already vulnerable 
arable zones. Depletion of forests-primarily for household fuel consumption threatens 
biological diversity and human communities and reduces the other valuable products and 
services that forests provide.

Climate risk is one of the key challenges to ensuring food and nutrition security in South Sudan. Climate 
variability and change disproportionately affect the poorest and most food insecure through a combination 
of decreasing crop production, increasing human and animal diseases, flooding, inter-communal conflicts 
over resources, dry spells and unpredictable weather. Recent events such as floods (2013, and 2014), 
droughts (2008, 2010 and 2011), combined with increasingly erratic weather all reflects the sensitivity of 
livelihoods to climate related risks.  Rainfall is the key climatic variable influencing food security in South 
Sudan. Reliable rainfall is needed and development reliable irrigation and drainage systems.
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3.1.6.  Way Forward 

Since Climate Change is a global phenomenon, South Sudan needs a bold and ambitious international 
response, including access to new, adequate and sustained source of climate change finance and clean 
technology (from NBI – EN, Global Environmental Facility and the Green Climate Fund).

Start-up funding and support must target building climate smart agriculture practices, provision of 
clean energy solutions to set in motion a nation-wide process of transformative adaptation. This would 
mean promotion of crop diversification, breeding better adapted seeds and livestock, climate sensitive 
agriculture extension services, and sustainable water management across the country for building self-
sufficiency in food and nutrition security.

South Sudan has a historic opportunity to enjoy the latecomer’s advantage by gleaning lessons from other 
countries. The country has the potential for stand-alone solar photovoltaic (PV) units and possibly for 
large-scale solar thermal generation since it experiences in average 10 hours of sunshine per day year 
round. The private sector has a vital role to play and can draw on replicable successes in South Africa 
and Kenya.

Strengthening domestic preparedness on climate change adaptation, and investing in climate resilient 
agriculture will be a concrete step towards building resilient communities. The challenges faced in South 
Sudan call for a new way of working by striking a better balance acting simultaneously on lifesaving, 
recovery and resilience-building fronts.
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4. POLICY INSTRUMENT AND LEGISLATION

4.1. LAND OWNERSHISP

4.1.1. Classification of land in South Sudan

All land in South Sudan are classified as Public, Community or Private

4.1.2. Public Land: 

1. Public land is land owned collectively by all people of Southern Sudan and heldin trust by the 
appropriate level of government.

2. Public land includes:

a. land lawfully held, used or occupied by any government ministry, department oragency or local 
authority, except where such land is occupied under a privatelease;

b. land transferred to the Government of Southern Sudan, State Government orlocal government 
by way of reversion or surrender;

c. Land in respect of which no private ownership including customary ownershipmay be established 
by any legal process;

d. land in respect of which no heir may be identified by any legal process;

e. All roads, railways airports, and thoroughfare as specified by law;

f. All rivers, lakes, canals, haffirs, wetlands and other areas of water: -

i. for which no customary or other ownership may be established; or

ii. which has been voluntarily surrendered for public benefit as: -

a.  land which has been compulsorily acquired for special protection, benefit or useof the 
community;

b.  land for investment; or

c. land as agreed by any international treaty;

iii. The above category shall not include any pool, stream, swamp or secondaryriver that is 
traditionally owned and managed by a community and which hasagreed to abide by and be 
held legally accountable for its environmental use.

g. all forest and wildlife areas which are formally gazetted as national reserves orparks for ecological 
or tourist purposes for the common good of all people inSouth Sudan in accordance with the 
Wildlife Conservation and NationalParks law.

h. land which has been formally and willingly surrendered by a community withinthe area of 
its jurisdiction as land available for the provision of public services toserve itself or other 
communities as appropriate, but does not include landprovisionally set aside by a community 
for other purposes;
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i. all land not classified as private or customary under the Constitution and otherlaws; and

j. any other land declared to be a public land by law.

4.1.3. Community Land:

1. Community land shall be held by communities identified on the basis of ethnicity, residence or 
interest.

2. For the purpose of sub-section (1) above, “community land” includes:

a. land lawfully registered in the name of group representatives under section 57 of this Act 
or any other law for the time being in force;

b. land lawfully held, managed or used by specific community as community forests, cultivation, 
grazing areas, shrines and any other purposes recognized by Law;

c. land lawfully transferred to a specific community by any process of law; and

d. any other land declared to be community land by law.

4.1.4. Private Land: Private land includes: -

1. any registered land held by any person under a freehold tenure; or

2. land held by any person under leasehold tenure; or

3. any other land that may be declared private land by law.

4.1.5.  Land Lease: Any person owning land in South Sudan may lease this right to another person 
orpersons for a fixed period of time in accordance with the provisions of the Land Act.The contract of 
lease shall not be more than 99 years.

South Sudan is endowed with abundant land resources. Over 95% of its total area (658,842 km2) is 
considered suitable for agriculture, 50% of which is prime agricultural land where soil and climatic 
conditions allow for production of a variety of crops and livestock. It is also reported that more than 70% 
of South Sudan’s land area has a Length of Growing Period (LGP) longer than 180 days and is therefore 
suitable for crop production. However, the FAO land cover data show that most of the land that is 
suitable for agriculture is still under natural vegetation. Only 3.8% (2.5 million ha) of the total land area 
(64.7 million ha) is currently cultivated, while the largest part of the country (62.6%) is under trees and 
shrubs. The ratio of cropland to total land is very low in South Sudan compared to Kenya and Uganda, 
where despite less favourable LGPs, cropland accounts for 28.3% and 7.8% of total land area. Most of the 
cropland in South Sudan is rain-fed. The irrigated area is limited to only 32,100 ha, mainly in Upper Nile 
State. Flood land used for rice production is also limited, at about 6,000 ha, and is located primarily in 
Northern Bahr el Ghazal.
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5. INSTITUTIONAL SET-UP

The responsibilities in water management and irrigated agriculture are shared between three Ministries 
at national levels:

 X The Ministry of Electricity, Dams, Irrigation and Water Resources (MEDIWR) resulting from the 
merge in 2014 of the former Ministry of Irrigation and Water Resources (MIWR), which had the 
overall leadership in the water sector since the formation of the Government of South Sudan 
(GoSS), and the Ministry of Electricity and Dams established later in 2011.

 X The Ministry of Agriculture, Forestry, Tourism, Animal Resources and Fisheries (MAFRARF) resulting 
from the merge of the former Ministry of Agriculture, Forestry, Cooperatives and Rural Development 
(MAFCRD), and the Ministry of Animal Resources and Fisheries (MARF).

 X The Ministry of Lands, Housing and Physical Planning (MLHPP) for the water supply, and formerly 
called the Ministry of Housing, Physical Planning, and Environment (MHPPE).

At state level, Ministries of Agriculture, Animal Resources and Irrigation (MAARIs) were instituted, as well 
as water and sanitation directorates.

In addition, the South Sudan Urban Water Coordination (SSUWC) is responsible for the development 
of access to improved water supply, under theunder the responsibility of the National Ministry of Water 
Resources and Irrigation.

The institutional water sector is challenged by a lack of clarity for respective missions between MWRI 
and MLHPP and by weak capacity at state level in terms of availability of qualified staffing, equipment, 
management and operational systems.

Table 5.1: Ministries and Departments in-charge of Agriculture and Water in the States

State
Ministry of Water Resources and 

Irrigation (National Level)
Ministry of Agriculture & Food 

Security (National Level)
Upper Nile Department of Water Resources 

Management and Irrigation 
State Ministry of Physical Infrastructure 
and Rural Development

Mechanization and investment unit 
State Ministry of agriculture and Forestry

Jonglei Department of Water Resources 
Management and Irrigation 
State Ministry of Physical infrastructure

Department of Mechanization 
State Ministry of Agri. and Forestry

Unity Department of Water and Sanitation 
State Ministry of Physical Infrastructure, 
Urban Development and 
Natural Resources

Directorate of Agriculture and  
Extension Services  
State Ministry of Agriculture and Forestry
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State
Ministry of Water Resources and 

Irrigation (National Level)
Ministry of Agriculture & Food 

Security (National Level)
Warrap Directorate of Urban Water, Water 

Resources Management and 
Irrigation State Ministry of Physical 
Infrastructure

Agriculture Mechanization Unit 
State Ministry of Agriculture and Forestry

Northern 
Bahr el Ghazal

Department of Water Resources 
Management and Irrigation 
State Ministry of Water and Rural 
development

Department of Agriculture and Extension 
State Ministry of Agriculture and Forestry

Western Bahr 
el Ghazal

State Ministry of Irrigation and Water Directorate of Agriculture 
State Ministry of Agriculture and Forestry

Lakes Department of Water Resources 
Management and Irrigation 
State Ministry of Physical Infrastructure

Directorate of Mechanization 
State Ministry of Agriculture and Forestry

Western 
Equatoria

Department of Water resources 
State Ministry of Physical Infrastructure 
and Public Utilities

Department of Agriculture Mechanization 
State Ministry of Agriculture and Forestry

Central 
Equatoria

Directorate of Water Resources 
Management and Irrigation 
State Ministry of Physical Infrastructure

Department of Mechanization 
State Ministry of Agriculture and Forestry

Eastern 
Equatoria

State Ministry of Housing and Public 
Utilities 

Department of Mechanization, Crop 
Production and Irrigation 
State Ministry of Agriculture
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6. FINANCIAL INSTITUTIONS: FINANCES FOR IRRIGATION 
PLANS

The 2007 Water Policy recognizes that a proportion of the costs specific to the irrigation Operations and 
Maintenance (O&M) should be recovered through fees charged to water users. However, it also commits 
the government to develop a financing strategy in the long term due to the central importance of water 
resources management for development in the country. Private sector investments are encouraged 
(GoSS, 2007).

Generally, in South Sudan, there is no direct finance, where individual or institutional investors directly 
invest in businesses through instruments such as stocks or bonds.  All finance is indirect; financial 
institutions collect customer deposits and lend or make an investment with the customers’ money. 

There are both formal and informal financial institutions. Currently, formal financial institutions involved 
in agriculture consist of commercial banks, the Agricultural Bank of South Sudan (ABSS) and microfinance 
institutions. The commercial banks, the largest loan lenders, are dominated by foreign owned banks. 
ABSSis   the only source ofspecialised finance for agriculture.

There are several microfinance institutions, some founded by NGOs. The institutions founded by NGOs 
were donor initiated; they have demonstrated that success can be achieved in rural areas, but that 
sustainable operations require sound management and banking practices. 

The ABSS has targeted irrigation for financialsupport. In this regard, the bank has three types of loans: 

1. Short term loans of up to 15 months, 

2. Medium loans of 1-5 years, and 

3. Long term loans of 3-10 years. ABSS buys pump-sets and on-lendsthe same under one of the three 
loans categories. ABSS does not provide finance for construction ofwater harvesting or storage dams. 
However, apart from irrigation pumps, ABSS provides funding fortractors and associated equipment 
as well as for inputs and working capital (seed, fertilizers,insecticides, fuel, labour and bags). Out of 
the 32 States it has limited number of branches in the states to warrant proper credit facilities out 
of Juba town. 
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7. DEVELOPMENT OF PRELIMINARY OPTIONS FOR 
IMPROVEMENT

7.1. Need for Rehabilitation of the Existing Irrigation Schemes
The existing schemes in South Sudan need rehabilitation and modernization of the current existing 
irrigation infrastructures. Based on a visit made by IDMP Task Team (The Consultant was part of the team), 
it was observed that the conditions of the existing irrigation infrastructure are extremely poor either as 
a result ofvandalism and lack of repairs during the war period or absolute neglect and lack of incentives 
afterwards(Figures 1.16 and 1.17). InNUNIS, pumps frequently break down while the availability of spare 
parts is unreliable. In AIRS, thereare only a few functional water control structures. Hence, during the wet 
season (June to November), theLoll River overspills its banks, resulting in floodwater entering rice fields 
through many points along theScheme’s perimeter, thus destroying the farm/field embankments and the 
crop (causing extreme water logging conditions or extreme drought in times of little rains).

Therefore, production is constrained either by the poor conditions of infrastructure or byinsufficiency or 
unavailability of irrigation water, as well as the institutional and management issues.There is consequently, a 
need for considerable investment in infrastructure for the rehabilitation and properreestablishment of the 
existing irrigation schemes or development of modern irrigation system to replace the current obsolete 
system in order to achieve efficient water use and increase crop production and water productivity.

For proper rehabilitation of the currently existing schemes a number of factors were identified in order 
to have a well re-established and efficient irrigation scheme.

1. Availability of spare parts and diesel;

2. Viable financial institution;

3. Infrastructure for a feasible marketing system;

4. High potential for smallholder irrigation scheme development;

5. Provision of electricity, etc.;

6. Modernization of irrigation structures.

7.2. Modern Farming Techniques
Modern farming techniques are usually generated basic and applied researches, in addition to modification 
of the indigenous and traditional farming systems. South Sudan is yet to develop its research institutions, 
which when developed shall tackle issue of concern in modern irrigation techniques and improved crop 
production methods, to include techniques such as:

 X Conservation Agriculture (CA);

 X Precision Agriculture (PA) /site specific agriculture;

 X GIS systems;

 X Agro-meteorological uses in irrigation;
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 X Studies on the impact of climate change on the water resources;

 X Environmental issues that have positive impacts on social development; etc.

7.3. Innovative Techniques - Precision Agriculture (PA)

7.3.1. Definition of PA and CTF:

1. Precision Agriculture (PA) is a farming management concept based on observing, measuring and responding 
to inter- and intra-field variability in crops.

2. Controlled traffic farming (CTF) is a system of crop production where wheels are driven on hard permanent 
tracks.

PA aims to optimize field-level management with regard to:

 X crop science: by matching farming practices more closely to crop needs;

 X environmental protection: by reducing environmental risks and footprint of farming;

 X economics: by boosting competitiveness through more efficient practices.

PA integrates spatial technologies with the management processes of cropping systems, and enables 
farmers to strategically respond to the challenges of crop production relative to space and time.

7.3.2. Challenges of PA

 X Permanent infrastructure in irrigation layouts.

 X Use of aerial seeding and fertilizer application. 

7.3.3. Opportunities of PA

 X Address within-field variability resulting from cut and fill when land-forming irrigation bays.

 X Utilize Real Time Kinematic(RTK) satellite navigation systems to collect accurate elevation data across 
paddocks in order to assess which bays would benefit from re-grading. 

 X Reduce the incidence of overlap due to part-width passes at the end of a bay. Overlaps add 
agronomic challenges and input costs.

 X Increase returns by matching crop management more closely with crop needs within each crop bay.

7.4. Institutional issues

 X There is scope for optimized new irrigation formore sustainable development, but this needs the 
following; More information on water management andwater efficiencies of different existing 
irrigation schemes from the EN countries;

 X EN countries to re-examine water requirementsfor irrigation projects under consideration &design 
new irrigation schemes that are economically viable and efficient;
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 X Rapid implementation of irrigation efficiencyprogram from Cooperative Regional Assessment (CRA) 
of Irrigation in the Eastern NileBasin in 2007;

 X Major new regional water savings programfor rehabilitation of existing schemes and improved 
drainage, beyond the CRA identified projects.

The pressure to produce more food with fewer resources requires that performance in terms of both 
water and land utilization taut improves. To achieve this, irrigation managers, whether at national, system 
or at farm level, need to work together and harder to meet the challenge of the future. In light of this 
scenario it is perhaps surprising that few irrigation institutions include rewards for high performance as 
an incentive for staff to try to improve productivity; most irrigation agencies have not adapted to the 
management challenge following their establishment and growth as design and construction agencies. At 
the same time, there are few clear and comprehensive guidelines available to agencies or managers that 
can help them in the institutional and technical transformations that are prerequisites for achieving high 
performance.

Several studies in the world have shown that the performance of irrigation practices and equipment, 
especially in the uniformity of water application, is still too low, not only in the Eastern Nile/Nile Basin 
countries. This is due to farmers lacking the management skills to manage their irrigation systems 
properly. Consequences include reductions in crop yields, waste of water resources and prevalence of 
water borne diseases. 

To improve irrigation performance, it is necessary not only to promote the implementation of irrigation 
scheduling methods, but concurrently to improve system design and performance and to enhance farmers’ 
skills to control and manage their irrigation system more efficiently during its operation. 

Selecting the most appropriate technique, matching the local conditions, and using certified equipment 
which has a performance meeting relevant standards and which can ensure a minimum quality for on-field 
irrigation and, on the other hand, implementing upgraded management methods for such equipment and 
techniques, and developing skills to avoid those errors currently occurring during the ordinary operation 
of the irrigation system in the region.

For South Sudan as it starts a fresh, requires introduction of the latest and most sophisticated system, 
which is properly proved to have excellent water/irrigation efficiencies and development of human 
capacity. In addition to enactment and enforcement of irrigation related laws and regulations. Fig. 8 
describes the situation of irrigated agriculture in South Sudan where regulatory frameworks are yet to be 
developed. Relationship between institutions working in the water sector at the national level and in the 
states is weak, thus weakening the enforcement of laws and regulations.”The current existing technologies in 
the EN (Egypt, Sudan and Ethiopia) shouldn’t be replicated in South Sudan”, for the reasons which made ENTRO 
to think about this study e.g. too low water productivity in most of the EN basin.
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7.5. Transformationof Irrigation Development South Sudan 

Fig 7.5: Transformation of Irrigation Development in South Sudan
Fig 7.5: Transformation of Irrigation Development in South Sudan

Soucre: Dr. Erneo B. Peter Tombe, 2019
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Figure 7.5. shows the required stages of transformation in the irrigated sector in South Sudan. It represents 
the events of irrigation developments since it got its independence in 2011(Past, Present and Future).

1. Past: (Scattered/No database) South Sudan as an independent country should never look back again. 
But should use the past to learn from the failures and success stories of irrigated agriculture in the 
Nile Basin, more specifically in the Eastern Nile Region and make use of its high potentials of water 
resources and agriculture to reach world standards of high crop and water productivity.

 It has been recognized that useful and important data and information are not well stored in 
the related Ministries.These are scattered around different offices in Juba and other cities in the 
country. Also there are quitesignificant historical data found in the Ministry of Water Resources and 
IrrigationMinistry of Agriculture and in the Aweil Irrigation Rice Scheme. These old datawere not 
digitized/digitalized, but instead were just kept on a bookshelf. It is required to develop aninformation 
management system, which enables data storing and maintenance with easy retrievals anddigitization/
digitalization of historical data as well. 

 Transition: (Formulation of Institutions and database) Formulation of water related strategies/laws –  
Rehabilitation of the existing irrigation networks/structures in Aweil, Wau and Northern Upper 
Nile irrigation schemes is necessary. Construction of the proposed hydropower stations, dams and 
implement the proposed irrigation projects prepared in the IDMP and CAMP documents. Design 
ways for improving water productivity for both rainfed and irrigated agriculture. Strengthen the 
capacities of water related government staffs. Make informed decisions and enter the future with 
confidence. 

2. Future: (Informed decision-making) Development of robust and advance irrigation facilities. 

 X Properly manage droughts and increase water use opportunities

 X Train water users/farmers and other stakeholders on integrated water management and give 
them enough room to participate in making decisions.

 X Consider climate change as one of the most negative impacts on irrigation water management;
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 X Wetlands should be well managed through environmentally friendly manner in order to sustain 
the ecosystem e.g. the Sudd region the greater Upper Nile region.

7.5.1. Components of Irrigation System

Irrigation systems are made up of several components or parts thatinteract with one another. According 
to Lemperiere et al. (2014) there are three main constituentsof irrigation systems. Figure 7.5.1 describes 
the three (3) constituents of irrigation system.

 X Irrigation scheme, 

 X On-farm management and 

 X Organizations. Figure 7.5.1 below illustrates how the components of irrigation system are 
interconnected.

Fig. 7.5.1: The Three Constituents of Irrigation SystemFig. 7.5.1: The Three Constituents of Irrigation System

Source: Lemperiere et. al, (2014)
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7.5.1.1. Irrigation Scheme

Irrigation scheme is the characteristics of the irrigation infrastructures and equipment (intake, canals and 
drainage ditches, water partition structures, etc.) and the irrigated area. Farmers and theirorganizations 
have to take into account the technical, organizational and financialconstraints related to O&M of their 
irrigation scheme. The irrigation scheme has twomain sub-constituents of land and water constituents. To 
ensure the cohesion of theirrigation scheme, there should be close link between the “land constituent” 
and the“water constituent” at different levels. Within land and water constitutes there are six main sub 
constitutes of irrigation scheme (Lemperiere et. Al., 2014), these are:Site, Water resources and abstraction, 
Layout, Water circulation, Plots and Water application (Fig. 7.5.2).
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Fig. 7.5.2: The Six main Sub - constituents of Irrigation SchemeFig. 7.5.2: The Six main Sub - constituents of Irrigation Scheme

Sources: Limperiere et al.,(2014)
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7.5.1.2.On-farm Management

On-farm management refers to the landholdings and the production process of individualfarmers. It 
results from choices and decisions made by farmers. The heads of the farminghousehold make decisions 
regarding the selection of crops, and the allocation of labor, inputs and capital with due considerations to 
the constraints they face and theopportunities they want to use. Generally irrigated agricultural production 
at farm level, which includes the type of crops,agricultural technologies, allocation of labor inputs and 
capital (farming tools, oxen, etc.), in the production process. The characteristics of “on-farm management” 
are:landholding, production processes, agricultural technologies, economic outputs andcategorization of 
farmers.

7.5.1.3. Irrigation Water Management

On-farm irrigation systems and operations need to be measured to determine the potentialefficiency 
of the systems as designed and the actual efficiency that is obtained withpresent management (Merriam 
et al., 1983). According to U.S Bureau of Reclamation(2005), “Irrigation Water Management” means 
management of irrigation water on thefarm through the act of timing and regulating irrigation water 
application in a way thatwill satisfy the water requirement of the crop without washing water, soil 
and plantnutrients and degrading the soil resource. The objectives of any irrigation system are to 
deliver irrigation water in the right amount (size, frequency, and duration), at the rightplace, at the right 
moment. Management activity is a major component of success for anyirrigation scheme (Depeweg, 1999). 
A good management, proper and timely application of water may result in better yieldand reduction in 
drainage problems. Farmers are not sure when and how much water theycan expect, which leads to 
very little cooperation and involvement in irrigationmanagement, and limited contribution by term to 
operation and maintenance costs (Wil,1994). Irrigation scheduling (amount, frequency and duration of 
irrigations); havesignificant effects on crop yield and farm productivity. Crops differ in their structures 
andhabits; thus their water requirements vary widely.
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7.5.1.4. Irrigation Scheduling

Irrigation scheduling is the process or planning of determining when to irrigate and howmuch water to 
apply per irrigation in order to maintain healthy plant growth during thegrowing season. Proper timing or 
scheduling of irrigation water applications is a crucialdecision for a farm manager to:

 X Allows irrigations to be coordinated with other farming activities includingcultivation and chemical 
applications,

 X Meet the water needs of the crop to prevent yield loss due to water stress,

 X Maximize the irrigation water use efficiency resulting in beneficial use andconservation of the local 
water resources,

 X Minimize the leaching potential of nitrates and certain pesticides that may impactthe quality of the 
groundwater.

 X Improve crop yield and/or quality, water and energy conservation, and lowerproduction costs.

 X Inflexible delivery (i.e., rigid-rotation delivery schedules or irrigation season restricted toa certain 
period in the year) limits the type of crops that can be grown and constrainsagronomic practices. 
Effective irrigation is possible only with regular monitoring of soilwater and crop development 
conditions in the field, and with the forecasting of futurecrop water needs.

FAO (1989) explained that when surface irrigation methods are used, however, it is notvery practical to 
vary the irrigation depth and frequency too much. In surface irrigation, variations in irrigation depth are 
only possible within limits. It is also very confusing forthe farmers to change the schedule all the time. 
However, it is often sufficient to estimatethe irrigation schedule and to fix the most suitable depth and 
interval: to keep theirrigation depth and the interval constant in the growing stages.Irrigation interval 
is the length of time in days between two consecutive irrigationapplications. When crop is sensitive 
to water stress, delayed water application wouldaffect yield, which cannot be compensated by over 
irrigation. Interval between irrigation haspronounced effect on yields, with higher yields being achieved 
when intervals are keptshorter.Under conditions of limited water supply, total production will be higher 
when full cropwater requirement are met over limited area than when crop water requirement partially 
met over an extended area (FAO, 2012). Irrigation interval depends on water depletionrequirement of 
the crop, rooting depth, soil type and growth stage of the crop. The totalavailable water (TAW) is the 
difference between field capacity and wilting point contentsmultiplied by the depth of the root zone, 
(Allen et al., 1998).

7.5.1.5. Organizations of Irrigation Scheme

Organizational performance is an important factor of sustainability and productivity ofirrigation systems. 
Group-based irrigation systems imply an organization in charge ofoperation and maintenance activities. 
Small scale irrigation schemes, including their mainwater supply infrastructures, might be managed 
entirely by a WUA. The objective isgreater user commitment, which can lead to more efficient use of 
the resources by helpingto overcome many of the problems that public irrigation systems face, such as 
inequitablewater distribution, corruption, inefficiency, drainage and poor operation and maintenance. 
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According to Blank et al.(2002), few among the institutional arrangements whichfacilitate collective action in 
small-scale irrigation systems, and which include thefollowing:

 X Users organization and their by-laws, and enforcement characteristics

 X Stakeholders and their relationships in irrigation management (concernedgovernment agencies, 
farmer’s organizations and users).

Effective water control in irrigation management is a function of several factors includingphysical, technical, 
socioeconomic, organizational, political, cultural and complex institutional factors (Lawdermilk, 1981).

7.6. Irrigation Scheme Performance Assessment - Importance of 
Performance Assessment

The evaluation of surface irrigation at field level is an important aspect of bothmanagement and design of 
the system. Field measurements are necessary to characterizethe irrigation system in terms of its most 
important parameters, to identify problems in itsfunction, and to develop alternative means for improving 
the system (FAO, 1989).

Hence, reliable measures of system performance are extremely important for improvingirrigation policy 
making and management decisions. However, experience has shown thatthere are still considerable 
constraints and setbacks that hinder the introduction of small-scale irrigation.According to Molden et al., 
(1989) performance is assessed for a variety of reasons: toimprove system operations; to assess progress 
against strategic goals; as an integral partof performance-oriented management, to assess the general 
health of a system; to assessimpacts of interventions; to diagnose constraints; to better understand 
determinants ofperformance; and to compare the performance of a system with others or with the 
samesystem over time.

7.6.1. Factors Affecting the Performance of Irrigation Schemes

According to Odi (1995), the factors that account for under performance of irrigationschemes include, 
among others: 

 X Poor system management and service provision,

 X Poor understanding of farmer priorities and inadequate markets for produce;

 X Lack of clear and sustainable water rights accorded to users, at on individual orgroup level;

 X Lack of clear and recognized responsibilities and authority vested in the managingorganizations;

 X Lack of transparent accountability; and supporting incentives for the managingentities.

Whereas the findings of the Eastern Nile Irrigation and Drainage Cooperative Regional Assessment study 
(ENID CRA) is that the main challenges facing existing irrigation developments in the Eastern Nile are:

 X Insufficient knowledge of water use for irrigation and of water availability for further development 
at the basin level; 
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 X Outdated irrigation technologies and infrastructures in use in both Egypt and Sudan and that the 
same outdated technologies and infrastructure types are recommended for new developments in 
Ethiopiaand the same is also probably recommended for South Sudan;

 X Low productivity of irrigated agriculture particularly in Ethiopia and Sudan;

 X Institutional and policy related challenges;

Equally important are the factors mentioned above by Odi in 1995. Most of the factors are applicable in 
the EN irrigation development. e.g. poor understanding of farmers’ priorities and inadequate markets for 
produce; lack of transparent accountability; and supporting incentives for the managingentities.

In general irrigation systems are composed from several components that interact withone another; i.e. 
irrigation scheme, on-farm water management and organizations. Forbetter achievements and sustainability 
of the system there should be a close associationbetween the components at different levels. Land 
productivity, water productivity,selection of crops, irrigation intensity, on farm management practices, 
technology andinput utilization /fertilizers, chemicals/ and organizational arrangements and functionality 
are highly affects the productivity and sustainability of the irrigation schemes. Due topoor linkages of the 
above factors recently many small scale irrigation schemes are under-utilized and structurally are in total 
failure. As result to characterize the level of utilizationof the given irrigation scheme field measurements 
and performance evaluation works arevery relevant.

Process measures refer to the processes internal to the system that lead to the ultimateoutput, whereas 
output measures describe the quality and quantity of the outputs wherethey become available to the 
next higher system (Molden et al., 1998). According toMolden et al. (1998) much of the work to date 
in irrigation performance assessment hasbeen focused on internal processes of irrigation systems. Many 
internal process indicatorsrelate performances to management targets such as timing, duration, and flow 
rate ofwater; area irrigated; and cropping patterns.

Process indicators help system managers to monitor the quality of water delivery services.Water delivery, 
on farm watermanagement, physical, financial and organizational performances are highly contributedfor 
the productivity of the given irrigation schemes. Water delivery indicators includeconveyance efficiency, 
relative water supply indicators and relative irrigation supplyindicators. Properly conveying of water 
from diversion weir to farm inlet is the mainfactor for the productivity of the scheme. The output per 
unit irrigated and command area,water productivity per unit diverted and delivered amounts are also 
affects the value oftotal output production levels. Additionally, the level of organizational setups and 
farmers’participation in scheme management and maintenance works has a positive contributionfor the 
productivity of the irrigation schemes. 

In addition to using process indicators, IWMI suggests using a minimum set ofcomparative indicator to 
assess hydrological, agronomic, economic, financial, andenvironmental performances of irrigation systems. 
The aim of applying comparativeindicators is to evaluate outputs and impacts of irrigation management 
practices,interventions across different systems and system levels; as well as to compare various 
irrigation seasons and technologies with one another.Molden et al. (1998) have summarized three groups 
of comparative performanceindicators: agricultural output, water supply and financial indicators. The 
application ofthese indicators was described at 18 schemes located in 11 different countries based on 
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data collected by the International Water Management Institute (IWMI) and collaborators(Molden et al., 
1998).

Performance indicatorsare used to measure performance. An indicator describes the level of actualachievements 
in respect of objectives of irrigation. It is useful to consider an irrigation system in the context of nested 
systems to describe different types and uses ofperformance indicators (Small and Svendsen, 1992). An 
irrigation system is nested withinan irrigated agricultural system, which in turn can be considered part 
of an agriculturaleconomic system. For each of the system, process, output, and impact measures can 
beconsidered.An irrigation system, consisting of a water delivery and a water use sub-systems, can be 
conceptualized to have two sets of objectives. One set relates to the outputs from itsirrigated area, and 
the second set relates to the performance characteristics of its waterdelivery system (Oad & Sampath, 
1995).

7.6.2. The Role(s) of Water User’s Associations

Nowadays attention is being focused on how to achieve the commitment of the role(s) of WUAs and to 
whatextent WUAs can be assisted to form and to manage their own affairs (FAO, 1996). Manyconflicts occur 
due to the problem of water theft or unauthorized canal breaching in thescheme. In some instance, there is 
alocal conflict resolution mechanism and most WUAs develop their by-lawswhich is a system rules for 
controlling the conflict within the scheme. The WUAscommittees have long existed to manage small 
scale irrigation (SSI) schemes. They are generally well organizedand effectively operated by farmers. 
The associations handle construction, allocation,operation and maintenance functions with government 
technical and material support (Ethiopian, MoWR, 2002).Irrigation schemes that were constructed after 
1975 failed because the irrigation systemsdenied operational autonomy, top down approach. Under 
the centralized governmentalmanagement, operation and maintenance activities were also usually 
inadequatelyperformed (Ethiopian, MoWR, 2002). Since 1991 farmers or communities are forming 
their ownorganizational set ups (WUAs) for own and autonomous management of irrigationschemes 
with support from government and NGOs (FAO, 1998).However, most of the time WUA’s bylaws and 
administrative issues were not legallyentitled and couldn’t enforced in end, unless the communities ruled 
by own cultural rules.

A good example is that of the government of Ethiopia, in which it declared “a proclamation No. 
841/2014 on theformulation and administration of Irrigation Water Users Associations /IWUAs/,(Federal 
Negarit Gazette, 2014)” .The proclamation has three main objectives:

1. To put in place compatible legal framework for farmers’ management of irrigationand drainage 
systems.

2. To establish a system for the formation of self-regulating non-profit orientedirrigation water user’s 
associations that act in the public interest to provideirrigation and drainage services in rural areas.

3. To establish a legal basis for the transfer of irrigation and drainage systemsconstructed by government 
fund to associations to regulate supply of servicesbetween associations and service providers to 
achieve improved management ofwater resources.
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In addition to the proclamation, Jari SSI scheme’s bylaw was declared as;’ Internal bylaw of Jari-Tehuledere 
Irrigation Users No. 001/2004E.C’.Itcomprises detailed internal rules, regulations, responsibilities of 
water committees,amounts of fees for water and maintenance, the penalties on illegal users, institutional 
andstakeholder responsibilities.Below aresome of the major rules and regulations in Jari SSI scheme:

 X Farmers are allowed to plough near to canals, must be far 1m from left and right edge. He/she who 
is found guilty, will be punished 50ETB for the first time and 100ETB for secondtime;

 X If any user who abstracts water from main turn out of his turn, he/she will pay 100,200 and 500ETB 
for the 1st, 2ndand 3rdtimes respectively.

 X If any user who abstracts water from the water group turn out of his turn, he willpay 50, 100, and 
300ETB for the 1st, 2ndand 3rdtimes respectively.

 X A farmer who is found guilty of breaching canals and diverting water where there are no turn outs 
will pay 50ETB for the first time and 100ETB for the secondtime. Additionally, if he damaged the 
structure, he will pay for maintenance costsestimated by experts.

 X If members of executive committee, water user team ‘ketena’ leader and water groupleader fail to 
carry out their responsibility and if it is confirmed by the control andmonitoring committee, they 
will be punished 50 and 100ETB for the first andsecond time respectively; after they will be removed 
from their position andresponsibility.
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8. RESEARCH AND DEVELOPMENT (R&D)

8.1. Research and Education Institutes: 

University of Juba is the only one which has the course of civil engineering; College of Engineering and 
Architecture. In relation to the irrigation development, at the College of Engineering and Architecture, the 
departments of civil engineering and agricultural engineering offer the studies of 1) Water resources, 2) 
Agriculture construction, 3) Properties of agricultural materials, and 4) Irrigation & hydraulics engineering. 
Early before the second civil war in 1980`s there was an active Agriculture Research Center in Yambio, 
which was basically researching on crop improvement. The data developed was subsequently sent to Wad 
Medani for storage.

“The South Sudan Rapid Water Sector Needs Assessment and a Way Forward” (Fernando and Garvey, 
2013points out the importance of research and extension system to be put in place for promoting 
irrigated agriculture, based on the fact that most of the farmlands in South Sudan are rain-fed and most of 
the farmers are not very familiar with irrigation. Though there are farmers using portable pumps or even 
buckets to lift water from lakes, rivers, streams, swamps and marshes, it should be considered that they 
are still very few and not at a level of required innovation in the context of the national situation. As the 
report points out, the research and extension system for irrigation development and management have not 
been established yet and it would also be said that the promotion of irrigated agriculture could be 
accelerated with the research and extension system to be in place.

8.2. EXPERIENCE FROM THE REGION 

8.2.1. Dongola Research Station (Sudan) – Irrigation Scheduling:

The individual consultant for South Sudan, while in Sudan before succession of South Sudan developed a 
water management technological pack, which reduced the number of irrigations in faba bean (Viciafaba) 
from eleven (11) to eight (8) without affecting the yield of the crop. The research has increased water 
use efficiency and provided the smallholder farmersin the Selaim basin with a number of benefits; such as:

 X Reduced the total amount of water consumed by the crop thus increased water use-efficiency. 

 X Reduced the quantity of fuel (diesel) consumed by the irrigation pumps;

 X Less spare parts are used;

 X Total cost of production is reduced.

8.2.1.1. Impact of Irrigation Methods and Variety on Wheat (Triticum aestivum L.) Yield in 
the Upper Terrace Soils of Northern Sudan

Erneo B. P. Tombe1, Khalil Abdel Gadir2 and Muhammed Ashraf3

Published in Sudan Journal of Agriculture Research, Volume 14 – 2009

Agriculture Research Corporation (ARC)

P. O. Box 126, Wad Medani Sudan
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8.1.2.2. Abstract

A study was carried at Dongola Research Station Farm (DRSF), Northern State of Sudan during the 
period 2004 – 2005 and 2005 – 2006 cropping seasons. Two (2) irrigation methods were tested (main 
plots)- Furrow and Basin irrigation methods; and three (3) wheat varieties (subplots) – Wadi Elneel, 
Condor and Elneelain designed in split plots replicated four times. 

The main objective was to determine the best irrigation method (IM)/water management method and the best 
variety/varieties in terms of water application efficiency (WAE), water productivity (WMM), harvest index (HI) 
and grain yield.

1. Agriculture Research Corporation, Dongola Research Station

2. University of Juba, college of Engineering and Architecture 

3. University of Juba, college of Natural Resources and Environmental Studies

8.1.2.3. Results:

Results showed that the best water management method was furrow irrigation system in terms of most of the 
water management parameters studied. The analysis of variance showed highly significant difference among the 
varieties for grain yield. Variety Elneelain out-yielded the other two varieties (Wad Elneel and Condor). Elneelain 
showed relatively high values of water application efficiency, water productivity and harvest index. The result 
showed a non-significant difference between the two irrigation systems for the grain produced. The amount of 
water used was measured. In both seasons, the amount of water applied was comparative high in the basin than 
the furrow method by 10 and 14 % in the 1st and the 2nd season respectively. Both methods showed high values 
of consumptive water use during the flowering and the dough stages. Elneelain performed better in upper terrace 
soils of Northern Sudan than the other two varieties. The total amounts of water used/applied in both seasons 
were higher in the basin methods (11269 m3/ha and 11869 m3/ha) than in the furrow method (10113 m3/ha 
and 10123 m3/ha) for the two seasons respectively. Flowrates were measured using Parshall flume.

Field experience has shown that much water can be applied per irrigation application when using basin irrigation, 
less with border irrigation and least with furrow irrigation (Brouwer et. al., 1990). That means if little water is to 
be used per irrigation e.g. on sandy soils and shallow rooted crop is grown, then furrow irrigation method is the 
best to be selected.

The departments of Soil Survey and Water Management in the Agricultural Research Corporation (ARC) 
in Wad Medani have conducted a number of researches, which resulted in good management practices in 
irrigated sector in the Sudan. South Sudan is yet to make use of the good practices and manage well the 
mistakes undertaken by the irrigated sector in Sudan.

8.2.2. The Ethiopian Social Rehabilitation and Development Fund

“The Ethiopian Social Rehabilitation and Development Fund- supported construction of earthen dams 
and river diversions for supplying water to community-based irrigation projects. The lives of the 
40,000participating households were visibly improved in terms of increased incomes as demonstrated 
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bypurchases of new household assets such as water pumps, milk cows and radios as well as regularschooling 
for children”.

8.3.  CASE STUDIES: EXPERIENCES FROM OTHER PARTS OF THE 
WORLD

8.3.1. CASE STUDY 1: Impact of Climate Change on Ethiopia, Bangladesh and Mexico

Three studies profiled three countries as case studies—Ethiopia, Bangladesh and Mexico warns that fast-
growing cities will have to diversify economically and create climate-resilient jobs to successfully absorb 
population growth.

8.3.1.1.  Ethiopia - Declining rainfall in Ethiopia’s northern highlands, for example, may drive people out 
of the country in search of new areas where they can grow rainfed crops. And lack of rainfall in 
Addis Ababa, Ethiopia’s largest city, may slow its growth.

8.3.1.2. Bangladesh - Alternatively, sea-level rise and storm surges will prompt growth in the major 
cities of Bangladesh, including the capital city of Dhaka. Bangladesh, the study predicts, will 
experience greater shifts and changes to population from climate change than any other event.

8.3.1.3. Mexico - Mexico, the wealthiest of the trio profiled, is less vulnerable to climate change and 
better prepared than Ethiopia and Bangladesh. But “it needs to pay close attention to pockets 
of poverty,” the study’s authors found. The central plateau around Mexico City and Guatemala 
City, which may offer better climate conditions, may attract climate migrants.

But there’s not a lot of time to act. Without cuts to greenhouse gases and other preparations, climate 
migration will most likely rise through 2050, and then accelerate after 2050due to stronger climate 
impacts combined with steep population growthin many regions.

8.3.1.4. Messages Related to Climate Change

Message 1: The scale of internal climate migration will ramp up by2050 and then accelerate unless concerted 
climate anddevelopment action is taken.

Message 2: Countries can expect to see “hotspots” of climate-inducedin- and out- migration. This will have 
significant implicationsfor countries and future development planning.

Migration can be a sensible climate change adaptationstrategy if managed carefully and supported by 
gooddevelopment policies and targeted investments.

Message 4: Internal climate migration may be a reality but it doesn’t haveto be a crisis. Action across affected 
areas could helpreduce the number of people being forced to move in distress.
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8.4. CASE STUDY 2:  

8.4.1. Climate Change – Republic of Kiribati

The effects of climate change can already be seen throughout most islands of Kiribati and predictions for 
the future show a strong need for adaptation.

According to a World Bank report (2018), Kiribati’s capital of Tarawa, where nearly half the population 
lives will be 25-54 per cent inundated (Fig. 2.5) in the south and 55-80 per cent in the north by mid-
century unless there is significant adaptation. Factor in what this means for poisoning of groundwater, 
destruction of limited arable land and spread of disease, and you have an unlivable national capital.

Fig. 8.1: This sea wall is all that protects the homes in the village of Abarao on the island of Tarawa. Photo: Finn Frandsen/
Politiken

Kiribati’s response to climate change is focused on adaptation. Its adaptation program, backed in part 
by AusAID, is carrying out a scientific risk assessment for Tarawa. Kautuna Kaitara, national director of 
the Kiribati Adaptation Program, says the country’s airstrip will be slowly “eaten away” and water supply 
spoiled unless there is swift action.

In the meantime, locals are forced to take things into their own hands. Albert Ientau has lived on the 
water’s edge in Abarao village since 1982. He has continually had to rebuild his sea wall, and more. Mr. 
Ientau is no fool—his re-built house is on makeshift stilts—but the water is lapping at is door before high 
tide, but as you can see here in this photo series, he often has to roll large boulders into the water in 
what appears a forlorn exercise to prevent it from returning.

Many villagers have little or no understanding of climate change, but say they know they are witnessing 
a shift: increasingly intrusive seas, as well as stronger and less predictable winds and more intense heat. 
“The average i-Kiribati [Kiribati inhabitant] certainly thinks it’s getting hotter,” says Emil Shutz, a former 
government minister who now runs tours for the country’s few recreational visitors. “Ten years ago they 
could fish all day, but not anymore – it is just too hot.”

There are parts of Kiribati where you can’t see the water, most notably in the southern Tarawa hub of 
Betio, but the threat of climate change is consistently there. The first thing you see when you land are the 
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sandbags that try, and fail, to stop spring tides from flooding the only airstrip. If you are forced to go to 
hospital, you may get your feet wet. It is regularly inundated.

8.4.2. Changing Climate

Temperatures have increased - Annual and seasonal maximum temperatures have increased in Tarawa 
since 1950. Maximum temperatures have increased at a rate of 0.18 degrees Celsius per decade. These 
temperature increases are consistent with the global pattern of warming.

8.4.3. Annual Rainfall has Increased - Data since 1951 for Kiribati show a clear increasing trend 
in annual and wet season rainfall, but no trend in annual and wet season rainfall, but no trend in the 
dry season. At Tarawa, rainfall data show no clear trends. Over this period, there has been substantial 
variation in rainfall from year to year at both sites.

8.4.4. Ocean Acidification has been increasing - About one quarter of the carbon dioxide 
emitted from human activities each year is absorbed by the oceans. As the extra carbon dioxide reacts 
with sea water it causes the ocean to become slightly more acidic. This impacts the growth of corals 
and organisms that construct their skeletons from carbonate minerals. These species are critical to 
the balance of tropical reef ecosystems. Data show that since the 18th century the level of ocean 
acidification has been slowly increasing in Kiribati’s waters.

8.4.5. Current Climate - Kiribati has a hot, humid tropical climate, with air temperatures very 
closely related to the temperature of the oceans surrounding the small islands and atolls. Across 
Kiribati the average temperature is relatively contact year round. Changes in the temperature from 
season to season are no more than about 1 degree Celsius.

The dries and wettest periods in the year vary from location to location. At Tarawa, in the west, the driest 
six-month period begins in June, with the lowest mean rainfall in October. The wet season usually lasts 
from around November to April. At Kiritimati, 2000 km to the east, the wet season is from January to 
June 

Rainfall in Kiribati is affected by the movement of the South Pacific Convergence Zone and the Intertropical 
Convergence Zone. They extend across the South Pacific Ocean from the Solomon Islands to the east of 
the Cook Island, and across the Pacific just north of the equator, respectively (Figure 2). These bands of 
heavy rainfall are caused by air rising over warm water where winds converge resulting in thunderstorm 
activity.

Kiribati’s climate varies considerably from year to year due to the El Nino-Southern Oscillation. This is 
a natural climate pattern that occur across the tropical Pacific Ocean and affects weather around the 
world. There are two extreme phases of the El Nino-South Oscillation: El Nino and La Nina. There is also 
a neutral phase. Across Kiribati, El Nino events tend to bring wetter, warmer conditions than normal. In 
the wettest years Tarawa has received more than 4000mm, while in the direst years as little as 150mm 
of rain has fallen.
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8.4.6. Future Climate -  Climate impacts almost all aspects of life in Kiribati. Understanding the 
possible future climate of Kiribati is important so people and the government can plan for changes.

8.4.7. Temperature will continue to Increase - Projections for all emissions scenarios indicated 
that the annual average air temperature and sea surface temperature will increase in the future in Kiribati. 
By 2030, under a high emissions scenario, this increase in temperature is projected to be in the range of 
0.3 – 1.3 degrees Celsius for the Gilbert and 0.4 – 1.2 for the Phoenix and Line Islands.

8.4.8. More very Hot Days - Increases in average temperatures will also result in a rise in the 
number of hots days and warm nights and a decline in cooler weather.

8.4.9. Changing Rainfall Patterns - Almost all of the global climate models project an increase 
in the average annual and seasonal rainfall over the course of the 21st century. however, there is some 
uncertainty in the rainfall projections and not all models show consistent results. Droughts are projected 
to become less frequent throughout this century.

8.4.10. More Extreme Rainfall Days -  Model projects show extreme rainfall days are likely to occur 
more often.

8.4.11. Sea Level will continue to Rise -  Sea level is expected to continue to rise in Kiribati. By 
2030, under a high emission scenario, this rise is projected to be in the range of 5 – 14 cm. The sea-level 
rise combined with natural year-to-year changes will increase the impact of storm surges and coastal 
flooding. There is still much to learn, particularly how large ice sheets such as Antarctica and Greenland 
contribute to sea-level rise, scientists warn larger rises than currently predicted could be possible.

8.4.12. Ocean Acidification will continue - Under all three emissions scenarios (low, medium and 
high) the acidity level of sea waters in the Kiribati region will continue to increase over the 21st century, 
with the greatest change under the high emissions scenario. The impact of increased acidification on the 
health of reef ecosystems is likely to be compounded by other stressors including coral bleaching, storm 
damage and fishing pressure. Source: http://www.pacificclimatechangescience.org/

8.5. CASE STUDY 3 –Impact of Climate Change on Internal Climate Migrants
Internal climate migrants are rapidly becoming the human face of climate change. According to the new 
World Bank report (Groundswell 2018)- “Preparing for Internal Climate Migration”, without urgent 
global and national climate action, Sub-Saharan Africa, South Asia and Latin America could see more than 
140 million people move within their countries’ borders by 2050.

People move for many reasons – economic, social, and political. Now, climate change has emerged as a 
major driver of migration, propelling increasing numbers of people to move from vulnerable to more 
viable areas of their countries to build new lives.

Climate change will drive human migration more than other events. But the worst impacts can be avoided 
(Groundswell2018), reported by Laura Parker on 19 March,2018. About 143 million people may soon 
become climate migrants escaping crop failure, water scarcity, and sea –level rise (World Bank report, 
2018). Most of this population shift will take place in Sub-Saharan Africa, South Asia, and Latin America—
three “hot spots” that represent 55 percent of the developing world’s populations.
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9. LESSONS FROM OTHER PARTS OF THE WORLD

9.1. CASE STUDY 4: Case Study of Indian Irrigation:  Solar-Powered 
Irrigation Pumps in India.

9.1.1. Context:

Irrigation has become an important part of global agricultural production, consuming about 70% of global 
freshwater resources (FAO 2016). For over 50 years until 2010 India rankedfirst with the largest irrigation 
area in the world (Renner 2012; FAO 2016). Irrigation pumps used in agricultureaccount for about 25% 
of India’s total electricityuse, consuming 85 million tons of coal annually,and 12% of India’s total diesel 
consumption, morethan 4 billion liters of diesel (Upadhyay 2014; andKPMG 2014). For a country with 
plentiful sunlight but limitedfossil-fuel resources, solar-powered pumpingsystems has emerged in India as 
a promisingsolution to meet the irrigation requirements ofland holdings for small and marginal farmers. 
As of 2014, a total of12,000 to 13,000 solar pumping systems havebeen installed in India (KPMG 2014).

Reliableirrigation can increase crop yields by up to two tofour times (Mehra 2015), and is thus a keypriority 
for both individual farmers and for meetingnational development objectives. Solar-poweredpumping 
systems are increasingly becoming areliable, environmentally sustainable, andaffordable alternative for 
irrigation to replaceconventional diesel or electric pumps.

As a country dominated by the agricultural sector,which employs about half the population, India hasthe 
largest irrigated area in the world. India’s 26million groundwater pumps, which mainly run ondiesel or 
electricity, are an important part of thecountry’s agricultural productivity. However, thesewater pumps 
have created various challenges toboth farmers and the government. Electric pumpstend to be unreliable, 
diesel is a costly fuel forwater pumping, and both types of pumps rely onapproximately USD 6 billion 
per year ingovernment subsidies which creates externalitythat distorts the true cost of production, 
and thusleads farmers tend to waste electricity and pumpedwater as there are no incentives to save 
both. Rainfed farming or conventional pumps run byelectricity and diesel have resulted in reducedyields, 
diminishing income for farmers, and thushave hampered livelihood improvements in rural India.

9.1.2.  Overcoming the Challenges

To address the challenges, the Government ofIndia (GoI) has aggressively promoted the use of 
new solar pumping systems, mainly by working toreduce the high up-front costs that have been 
thebiggest barrier to adoption by farmers. UnderIndia’s National Solar Mission program, the central 
and state governments support farmers not only byproviding a capital cost subsidy on solar pumpsystems, 
but also by creating an enablingframework on their deployment by activelyengaging key stakeholders. A 
credit-linked subsidyscheme also invites local financial institutionsacross the country to provide loans, 
reducing thesubsidy burden on the government and making thesystem more affordable to farmers.

9.1.3.  Approaches

In India, solar water pumps are primarily promotedthrough government subsidies. As the up-front 
cost of a solar pump is about ten times that of aconventional pump (KPMG 2014), capital subsidiesand 
financing support have been critical. With thelaunch of the Jawaharlal Nehru National SolarMission 
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(JNNSM) in 2010, the MNRE solar waterpumping program was integrated into the off-gridand 
decentralized component of JNNSM. UnderJNNSM, state renewable development agencieshave installed 
solar agriculture pumps largelythrough capital subsidies – 30% from MNRE and30-60% from state 
governments4 provided tofarmers – while farmers pay the rest (Pullenkav2013).

Different approaches have been adopted at thesubnational level to address different groundwater 
and energy contexts. In water-abundant states ineastern India, like Bihar, a service-based deliverymodel 
with a capital subsidy scheme provides co-benefits for both farmers and equipment providers.In water-
scarce western states, like Gujarat, wherewater over-extraction is also a concern, a grid-connected buy-
back scheme and solar cooperativemodel provides incentives for key stakeholders inthe value chain to 
maximize water and energyefficiency.

9.1.4. Success Factors

 X Government’s strong initiative of putting in place enabling policy and regulatory frameworks;

 X Development of context-specific delivery models by state governments supported by the Central 
Government and/or external partners;

 X Collective efforts for raising awareness and undertaking capacity building, by GoI, state governments, 
NGOs, and international institutions;

 X Market development of solar PV pumping system industry and associated technology development 
of solar pump system, resulting in further cost reductions.

9.1.5. Impacts:

9.1.5.1. Environmental: Replacing fossil-fuel pumps to solar-powered pumps can lead to significant 
emission reductions (25.3 million tons of CO2 from replacing 1 million diesel pumps and 2.5 million tons 
of CO2 from replacing 1 million electric pumps).

9.1.5.2. Social: The solar pump system improves the standard of living of farmers by providing reliable, 
predictable, and affordable energy for irrigation. It also contributes to addressing health, education, and 
gender issues. 

9.1.5.3. Economic: Government can benefit from saving on subsidy expenditures for diesel fuel and 
electricity, foreign exchange savings resulting from reduced diesel imports, improved crop yields and 
increased agricultural outputs, and development of relevant technology and industry, which in turn results 
in increased employment. Individual farmers can enjoy increased income at a minimum cost as a result 
of enhanced crop productivity, introduction of higher-value crops, and increased numbers of crop cycles.

9.1.6. Limitations and Challenges

 X High up-front costs are not affordable to poor farmers, and better credit instruments are needed to 
help further reduce capital costs.
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 X Capital subsidy support can be reduced when financing support to farmers becomes available. 
However, additional incentive mechanisms are needed to encourage financial institutions to 
provide financing support to farmers.

 X Reluctance to accept new technologies is still a barrier to disseminating solar pump systems. 
Training and capacity building can help raise awareness among various stakeholders in the value chain.

 X While the buy-back scheme could be an innovative and viable solution to solve both and water and 
energy consumption problems, a key challenge is how to best reach the optimum level of guaranteed 
buy-back prices that are acceptable to both farmers and utilities.

9.1.7. Lessons Learned

 X Irrigation is a multi-sectoral area where severalissues including water, energy, and agriculture 
are closely interconnected. Given this, a holisticor nexus approach helps to avoid any potentialissues 
in one sector when addressing problemsin another, which is critical to ensuresustainability for all 
related sectors. Solar powered irrigation systems provide a solutionfor sustainable irrigation, by 
delivering thenecessary volume of water in a timely manner,utilizing energy sources at reduced 
costs,increasing agricultural outputs, and mitigatingenvironmental impacts.

 X India’s approach to promoting solar waterpumps can be replicated in the Eastern Nile Regiondepending 
on availability of alternative energysources, water supply and distributionconditions (boreholes, tube 
wells, informaldistribution networks, etc.), cropping patterns(drip irrigation), and crop irrigation 
needs. Forexample, in South Sudan where boreholes serve astypical water supply in rural areas, 
thecooperative model of ‘water as a service’ hasthe potential for replication. Those areas (Egypt, Sudan 
and Ethiopia) wheregrid connection is available can potentiallyestablish solar pump cooperatives 
with buyback schemes.

The lack of access to reliable pumping solutionshad previously hindered improvements to thelivelihoods of 
farmers in India. The solar pumpsystems have helped address this challenge byproviding reliable, predictable, 
and affordableenergy for irrigation. Farmers who hadpreviously used diesel pumps no longer have totravel 
long distances to obtain and transportdiesel fuel, are more insulated from marketfluctuations, and benefit 
from reduced airpollution and associated respiratory health risksresulting from diesel pump operation. 
Farmerswho replaced grid-connected pumps with solarRain-fed irrigation areas also receive varioussocial 
benefits from solar irrigation pumps,including gender benefits. Solar pumpingimproves the livelihoods of a 
large number ofwomen who are engaged in labor-intensive rainfed agriculture and time-consuming water 
fetching activity (IRENA, 2016), and inthe long run can contribute to increasedopportunities for girls’ 
education and more timefor women to spend in other activities.

NUNIS (Renk) has suffered seriously because of lack of spare parts, fossil fuel (diesel), lack of skilled 
labor/personnel, low irrigation water supply due improper and irregular O & M operations, etc. Adopting 
this technique in the scheme can yield some good results. Particularly given the fact that water and solar 
energy are plentiful in the area.

“Republic of South Sudan has the potential for stand-alone solar photovoltaic (PV) units and possibly for large-
scale solar thermal generation since it experiences in average 10 hours of sunshine per day year round. The 
private sector has a vital role to play and can draw on replicable successes in South Africa and Kenya”.
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Further Information

The Jawaharlal Nehru National Solar Mission (JNNSM) and other information of government policies: http://www.
mnre.gov.in/solar-mission/jnnsm/introduction-2/KPMG. Feasibility analysis for solar agricultural water pumps in 
India. Shakti Sustainable Energy Foundation,2014. 

Pullenkav, Thomas. Solar Water Pumping for Irrigation: Opportunities in Bihar, India. Deutsche Gesellschaft 
fürInternationale Zusammenarbeit (GIZ) and Indo-Germany Energy Programme (IGEN-RE), 2013.

9.2. CASE STUDY 5: Private Irrigation Promotion Project (PIP2) in Niger

On the basis of lessons learnt from the initial project, The World Bank supported the second phase of 
“Private Irrigation Promotion Project (PIP2)” in Niger. As was the case in the first phase, the Project 
was designed, among other things, to advance the Government of Niger‘s agricultural growth. 
In formulating the project, the Government of Niger and the Bank jointly again decided to emphasize 
the role of the private sector and to favour small-scale schemes with individual farm size being less than 
10 ha (median = 1.5 ha) rather than large scale irrigation schemes. The Bank provided financial support 
for farmers to acquire improved low-cost water technologies (tube-wells and manual or motorized 
pumps), variety of irrigation technique, training as well as improved production packages. The funding 
arrangements were based on a farmer contributing 20% and the Bank 80% for acquisition of physical 
irrigation facilities. A special concession was, however, given to marginalized groups such as women 
and the very poor who obtained a 100% grant. Some 30,826 farmers participated in the project and were 
involved in irrigated production of onions, pepper, tomatoes and rice. The project was implemented in 6 
years between 2002 and 2007.

At completion year, benefits arising from the project were evaluated as illustrated by the following key 
indicators:

 X The overall ERR amounted to 24%;

 X The area under onion increased by 420% from 828 ha to 3,481ha, while mean onion yield rose 
from 18.2 tonnes/ha to 34.8 tonnes/ha;

 X The area under rice expanded by 688% from 180 ha to 1,240 ha while rice yield rose from 
2.36 tonnes/ha to 3.65 tonnes/ha

As result of the project, the national irrigated area increased by 5,491 ha equivalent to 7% of the 80,000 
ha prior to the Project. Beneficiary farmers achieved increased incomes that were 1.5 to 3 times 
compared to the average revenue in Niger. Consumption at the household level was noted to have 
improved by an average of 10 percent.
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CONCLUSIONS

Finds and Recommendations:
The study has come up with the following findings and recommendations:

A. Findings:

1. High potential for irrigated agriculture (Plentiful water, labour force and land);

2. The quantity of water used for irrigation, if any is not known or not recorded, due to lack of storage 
facilities. Water abstraction is directly from the source.

3. Inadequate institutional and legal frameworks;

4. Currently there is no existing functional irrigation infrastructure; e.g. ARIS and NUNIS, except for 
GH irrigation pilot project.

5. There are no storage facilities, hence water abstraction method is directly from the source;   

6. Limited access to quality drinking water;

7. Limited technical know-how about irrigation practices; most farmers have little knowledge about 
irrigated agriculture;

8. Dependence entirely on rainfed agriculture;

9. No proper water harvesting techniques for irrigated agriculture;

10. There is the presence of some agriculture cooperative associations but the role of WUA`s is not 
well defined;

11. No public expenditure on irrigated agriculture;

12. No existing hydrologic, hydraulic and agriculture research institutions;

13. Climate change is a real challenge on irrigation performance;

14. No properly established financial institutions for irrigated agriculture, ABSS doesn’t have approved 
annual budget for irrigated agriculture;

15. Inadequate coordination between the national and the states governments on water resource 
management issues;

16. Initial investment cost forirrigation development project is extremely very high due lack of basic 
infrastructure e.g. poor roads, insecurity along roads, no sustainable power supply;

17. Most agriculture products come from the neighboring countries;

18.  Limited access to market opportunities;

19. The cost of agriculture produce is high compared to the neighboring countries due to high production 
costs.
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b. Recommendations
1. Immediate implementation of some of the currently already studied irrigation development projects; 

e.g. by IDMP & NBI;

2. Development of the skills for both national and state officials and encourage the full participation of 
the water users in the development of water related activities/policies.

3. Strengthen institutional set-up throughout the country;

4. Develop a step by step plan for the rehabilitation of the existing schemes, while considering the 
replacement of the existing irrigation facilities with modern ones e.g. drip and sprinkler irrigation/
center pivot systems e.g. ARIS & NUNIS;

5. Consider the use of improved technological packages e.g. the use of certified seeds which have the 
ability for high water use efficiency e.g.  drought tolerant crops varieties, etc.;

6. Consider the development of robust water storage facilities e.g. dams and consider the use of 
improved rain-water harvesting techniques; 

7. The government should fully embark on the Maputo declaration by allocating 10% of the annual 
budget to agriculture to achieve 6% increase in agriculture development (According to 2017 AU 
country report shows that South Sudan did not put any budget for agriculture ever since the 
declaration of the pact);

8. Establish and Strengthen hydrologic, hydraulic and agriculture research institutions;

9. Consider climate change as the major setback on the performance of irrigation systems e.g. droughts 
and floods, thus adapting climate-proof infrastructures.;

10. Establishanddevelop database for agriculture and irrigation information system, which can be shared 
by all the EN states;

11. Government should encourage the formation of agriculture cooperatives and water users’ 
associations;

12. Government should ensure an enabling environment for the private sector and support smallholder 
farmers to practice improved irrigation and rain water harvesting techniques.

13.  Like in India, the use of solar-powered irrigation pumps should be encouraged in most parts of the 
country since the country has huge solar energy potential.

14. Special financial institutions for irrigated agricultureshould be developed to ensure sustainable 
provision of funds for irrigated agriculture;

15. Adoption of the concept for Integrated Water Resources Management (IWRM). 

16. Rehabilitation and modernization of the existing irrigation schemes will have positive impact on 
irrigation performance as its cost is less compared to opening new ones;

17. The annual budget of Agriculture Bank of South Sudan (ABSS) should be considered as part of the 
national annual budget and approved consistently, to enable the bank to render timely loans to 
smallholder farmers.

18. South Sudan should learn from the failures and success stories of the other countries in the Eastern 
Nile and change them into irrigation opportunities;
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ANNEXES:

ANNEX 1: REGIONAL INSTITUTIONS AND DEVELOPMENT PATTNERS

1. REGIONAL INSTITUTIONS 

The Nile Basin Initiative (NBI) was established in 1999 among the riparian countries of the Nile with 
their goal being to promote trans-boundary water cooperation in the region. RSS became the official 
member of NBI on 5th July 2012. The New Partnership for Africa’s Development (NEPAD) has identified 
agriculture as central to achieving poverty alleviation, food and nutrition security and attaining the 
Millennium Development Goals (MDGs). Then the Comprehensive Africa Agriculture Development 
Programme (CAADP) was endorsed in 2003 as a common framework for simulating and guiding national, 
regional and continental initiatives on enhanced agriculture productivity. IDMP will also need to take 
into consideration the framework of CAADP, which would promote partnership and support provision 
from Development Partners. The Intergovernmental Authority on Development (IGAD) region consist 
of eight countries including South Sudan. At the moment no collective plan for increasing the irrigated 
area, but every country is planning by its own effort to increase the area under irrigation.

2. DEVELOPMENT PARTNERS (DP)

The following DPs are currently engaged in the activities which may be related to irrigation development 
in South Sudan: African Development Bank (AfDB) has been preparing “An Infrastructure Action Plan”. 
The Plan had been recognized by GRSS as an important reference to the national development plan. The 
World Bank has made significant studies: “Southern Sudan Preliminary Water Resources Assessment 
Study (2010)” and “A Rapid Water Sector Needs Assessment and a Way Forward (2013)”. The Bank also 
manages the Nile Basin Trust Fund (NBTF) through NBI. GIZ has been assisting the formulation of Water 
Act, which will be a guide to develop irrigation institutions. FAO / CIDA carried out a water harvesting 
(Hafir construction) feasibility study in Jonglei State in 2012 and the construction work was commenced 
in 2013. Though this Hafir is mainly for livestock, the concept of reservoir planning and designing will give 
a reference to an option of irrigated agriculture, as well.

Public sector capacity for administration, irrigation and financial management is weak, particularly at 
the state and local levels. Inadequate professional knowledge and skills in irrigated agriculture and 
poor coordination between the GRSS and the state governments hinder performance at all levels. Low 
governance, accountability and transparency are reported throughout the system. Inadequate funds 
for operating costs and capital investment, together with limited institutional capacity, severely affect 
public investment and service delivery, especially at the lower levels of government. This definitely affects 
irrigation performance in the country.
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ANNEX 2: APPROACH AND METHODOLOGY OF THE STUDY

Data, Information Collection and Review of Literature Review

Pre-Field Desk Assessment was developed using the different methodologies/study tools such as 
Checklists, Documents Review, Remote and close Stakeholder Consultations.

Steps required during data collection:

Step 1: Data and Information Gathering and Identification of Stakeholders. 

The following stakeholders are /were identified:

The Federal Ministry of Electricity, Dams, Irrigation and Water Resources (MEDIWR), National Ministry 
of Agriculture and Food Security(MAFS), Ministry of Environment and Forestry (MEF), Ministry of 
Livestock and Fisheries Industry (MLFI), South Sudan Urban Water Coordination (SSUWC), South 
Sudan Land Commission (SSLC), National Bureau of Statistics (NBS), State Ministries of Agriculture 
and Forestry (SMAF), States Ministries of Physical Infrastructure (SMPI), Private schemes management, 
Farmer Cooperative Union (FCU), South Sudan Producers Union (SSPU) and regional authorities (NBI, 
ENTRO etc.) responsible for irrigated agriculture, Directorate of South Sudan Metrology (DSSM) as well 
as consultants to insure incorporation of all existing data and information.

The data and information collected was collected using different methodologies mentioned above 
(checklists and documents review). This first step required assemblage of most relevant documents on 
existing and planned irrigation schemes and potential challenges to irrigated agriculture sector in South 
Sudan. Potential stakeholders in the administration and management of irrigated agriculture are also 
identified and contacted. The following checklists was used.

Category 1: Basic data for existing schemes/systems/areas:

 X The scheme/Irrigation: Geographic location of the scheme:

 X Total area equipped with irrigation infrastructure;

 X How much is operating now and how much needs rehabilitation;

 X Annual cropped area;

 X Cropping system (productivity/unit area, amount of water used – water use efficiency, etc.);

 X Institutional setting in which irrigation is performing (legal frameworks, policies, institutional 
structures, role of public and private sector, human resource capacity, finance development, 
Operation & Maintenance;

 X Challenges;

 X  Economic and social dependency on agriculture and ecological importance of livelihood zones 
of South Sudan;

 X Donors and international organizations, both indigenous and external, that play a role in 
promoting irrigated agriculture in South Sudan
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Category 2:Crop data: For each crop cultivated in the irrigated areas, simple database information 
shall be created by collecting and compiling the information collected. The information to be collected 
include:

 X Length in days of the various stages of the growing season (days);

 X Estimated rooting depth (m);

 X Sowing dates, cropping calendar, etc.

 X Harvesting dates, harvesting calendar, etc.

Category 3: Water application /efficiency (for existing and planned schemes) for each scheme per area 
(feddan or hectare).

 X Infrastructure (diversion, storage facilities, pumps etc.);

 X Water sources: stream/river, dam, or other sources such as ground water;

 X Water abstraction point as part of shapefile;

 X Types of water abstraction, conveyance and application technology;

 X Types of drainage system for removing excessive water;

 X Estimates of water application that will return either to groundwater or to the river system, fraction;

 X Irrigation technology used (Surface/flood irrigation, sprinkler, drip irrigation systems, etc.);

 X Annual total volume of irrigation water use;

Category 4: Water productivity for each area/scheme:

 X Water productivity for each crop type (tons/cubic meter);

 X Area productivity for each crop type (tons/ha or tons/feddan).

In addition to all the above mentioned date and information collected, basic issues of importance to 
irrigation development in South Sudan closely related to the study were identified and are not limited to 
the following:

 X Innovative techniques to improve irrigation technologies is South Sudan;

 X Role of farmers and water use associations in improving water use efficiencies;

 X The role of research and Development in improving crop and water productivities;

 X Plans for new developments in irrigation water management;

 X Plans for rehabilitating old existing irrigation schemes;

 X Identification of institutions and human resources responsible for irrigation development in the 
country.
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Step 2: Documents Review and Remote Stakeholder Consultations

This step entailed documents review and analysis of all documents assembled in step 1 above. Areas 
of focus for the review were: To achieve the objectives of the situation analysis, the existing national 
framework datasets are examined. Not limited to the checklists provided by ENTRO & IC for this 
study, some methodologies included literature review of the documents collected and remote (contact 
by phone or email messages) and close stakeholder consultation (direct contact). All the information 
collected through micro/macro-level studies was summarized and analyzed by using various analytical 
framework and methodology below:

The existing /planned/proposed and status of irrigation schemes, need for rehabilitation, policies and legal 
frameworks.

This was achieved through consulting various stakeholders and reviewing of the available literature, 
related to water policies and legal frameworks, the role of public and private institutions in irrigation and 
how irrigated agriculture is being financed.

The efficiency of water use, water productivity and crop intensity, etc.

Here MWRI, MAFS and identified scheme managers and farmers were consulted to identify related 
information after the independence of South Sudan from Sudan in 2011. The information collected was 
summarized, analyzed and compiled to form this report.

An inventory of existing and planned/proposed irrigation developments in South Sudan, particularly the 
current status and trends was carried out.  This included using available data and information on the 
existing and planned irrigation schemes with MWRI. Another important aspect of information looked at 
included a number of related studies or consultations carried by ENTRO/EN countries – EN –MSOIA 
reports, NBI climate change projections for South Sudan, documents/plans prepared by GoSS (CAMP & 
IDMP, SSDP/SSDI documents), and other regional and international source e.g. FAO/WB, JICA etc. 

 X After reviewing all the data and information collected, gaps and challenges of irrigation development 
in the country were identified. 

Note:

In South Sudan getting some of the data and information mentioned in the checklist above proved to be 
a nightmare. Data and information storage was done by the Central Government and the database was 
kept in Khartoum. After the independence of South Sudan only a portion of this was retrieved basically 
not even information and data related to water resource management. As such most information e.g. 
water productivity, water use efficiency, cropping pattern and intensity, water consumption/day, rooting 
depth, etc. we’re not found.  Basically, information related to rainfed agriculture collected by some 
international agencies such FAO are readily available.
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ANNEX 3: Timeline Schedule
Table 20 of the work schedule indicates that work stated with the gathering of the literature and visits 
to the relevant public and private institutions, which culminated in the preparation of the final draft 
inception report at the end of February 2019. Later on finalization of the draft report and submission of 
the final report in mid-April 2019.

Annex 3: Workschedule and Timeline

Deliverables/Outputs Duration 2018 2019
(Days) Nov. Dec. Jan. Feb. March April May June July

Literature survey/interviews/visits to public and private institutions 30
Final Inception Report 30
Scoping and situation analysis 60
Draft final report 30
Final Inception Report 30
Regional validation and consultation  workshop 5

Inputs from the Regional Validation and consultation Workshop shall be taken into consideration and 
incorporated in to the final report. Observations of the International Consultant and ENTRO are 
paramount to shape the final version of the report.
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ANNEX 4: Regional Validation and Consultation Workshop
As stated in the TOR, one regional consultation workshop shall be organized for the stakeholders from 
the three countries (Ethiopia, South Sudan and Sudan), ENTRO and other regional and international 
institutions having interest in the EN for the review, validation and obtaining feedback for enhancing the 
draft reports. The workshop is also expected to enhance regional awareness on the issue of irrigation 
system performance, the need for improvement and recommendations on how to deal with the issue. 
The workshop is also expected to come out with particular countries` and other stakeholder`s guidance 
to ENTRO on the next step.  The workshop is scheduled to take place early June and the venue is Addis 
Ababa. ENTRO shall be responsible for the preparation and organization of the workshop. The workshop 
will be an opportunity for the three consultants from Sudan, South Sudan and Ethiopia to interact 
together.
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ANNEX 5: PROPOSED FRAMEWORK OF THE REPORT
1. Important Aspects about Irrigation Systems in the country

a. History of irrigation in the country  

b. Cropping patterns and cropping Intensities, types of crops grown

c. Agriculture Cooperative Societies/Associations

d. Estimated areas of irrigation schemes

e. Irrigation methods /technologies used

f. Network of drainage systems 

g. Operation of dams and canals

h. Existing and planned/proposed irrigation schemes 

i. Country`s involvement in international water agreements

2. Physical settings

a. Socio-economic development

b. Water uses

3.  Water resources management issues

a. Hydraulic works, structures and installations

b. Mechanisms for data collection and administration

4. Main policy directions

a. Ownership of water

b. Protection of water resources from pollution

c. Climate change impact

d. The reuse of water and non-conventional water

5. Policy instruments and legislation

a. Water laws

b. Land ownership laws

c. Regulation of water abstraction and use

6. Institutional aspects

7. Provisions of financial aspects

8. Development of Preliminary Options for Improvement

a. Need for the rehabilitation and modernization of existing irrigation developments.

b. Public/private sector role in the irrigation development and O&M.

c. The role of Water Users` Associations (WUA)

d. The concept of Precision Agriculture (PA)
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ANNEX 6: STREAMS AND RIVERS OF SOUTH SUDAN
Source: From Wikipedia, the free encyclopedia

List of rivers of South Sudan ...

This is a list of streams and rivers in South Sudan, arranged geographically by drainage basin. The list 
may not be comprehensive. 

The hydrology of the eastern part of South Sudan is complicated by the Sudd, a vast area of marshland 
into which many rivers flow and lose their identity. Much of the water entering the Sudd is lost to 
evaporation, but much ultimately drains to the White Nile. Ninety percent of South Sudan lies in the 
White Nile basin. The three major cities of South Sudan are all located on the White Nile or a major 
tributary.

References:

South Sudan and The Hydro-Politics of The Nile Basin, Water Politics, May 7, 2011 

They are categorized as follows:

1. Flowing into the Mediterranean – Nile (Egypt and Sudan);

2. Flowing into marshes;

3. Flowing into endorheic basin.

Flowing into marshes

 X Koss River

 X Kidepo River

 X Medikiret River

Flowing into endorheic basins

Lake Turkana

 X Kibish River
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ALPHABETICAL LIST OF THE RIVERS OF SOUTH SUDAN

A B D J K

Abara River

AchwaRiver

Adar River

Agwei River

Akobo River

Bahr el Ghazal River

Bahr el Naam River

Bahr el Zeraf

Baro River

Daga River Jikawo River

Jur River

Kangen River

Kibish River

Kidepo River

Kiir River

Kongkong River

Koss River

Kuru River

L M P S V

Lol River

Lotilla River

Medikiret River Pibor River

Pongo River

Sobat River

Sopo River

Veveno River

W Y

 X Wau River

 X White Nile

 X Yabus River

A. Flowing into the Mediterranean

Box 1: White Nile



130 Eastern Nile Irrigation System Performance Assessment and Options for Improvements

The White Nile (Arabic: ضيبألا لينلا an-nīl al-’abyaḍ) is a river in Africa, one of the two main tributaries 
of the Nile; the other is the Blue Nile. The name comes from colouring due to clay carried in the water. 

In the strict meaning, “White Nile” refers to the river formed at Lake No, at the confluence of the 
Bahr al Jebel and Bahr el Ghazal Rivers. In the wider sense, “White Nile” refers to all the stretches 
of river draining from Lake Victoria through to the merger with the Blue Nile. These higher stretches 
being named the “Victoria Nile” (via Lake Kyoga to Lake Albert), the “Albert Nile” (to the South 
Sudan border) and then the “Mountain Nile” or “Bahr-al-Jebel” (down to Lake No).[3] “White Nile” 
may sometimes include the headwaters of Lake Victoria, the most remote of which being 2,300 miles 
(3,700 km) from the Blue Nile.

The 19th-century search by Europeans for the source of the Nile was mainly focused on the White 
Nile, which disappeared into the depths of what was then known as “Darkest Africa”. The White Nile’s 
true source was not discovered until 1937, when the German explorer Burkhart Woodpecker traced 
it to a stream in Rutovu, at the base of Mount Kikizi.

A map showing the White Nile and the Blue Nile in East Africa.Headwaters of Lake Victoria The Rusumo 
Falls

The Kagera River, which flows into Lake Victoria near the Tanzanian town of Bukoba, is the longest 
feeder river for Lake Victoria, although sources do not agree on which is the longest tributary of the 
Kagera, and hence the most distant source of the Nile itself.

The source of the Nile can be considered to be either the Ruvyironza, which emerges in Bururi 
Province, Burundi,[6] near Bukirasaz or the Nyabarongo, which flows from Nyungwe Forest in Rwanda.



131Country Report – South Sudan

These two feeder rivers meet near Rusumo Falls on the border between Rwanda an Tanzania. These 
waterfalls are known for an event on 28–29 April 1994, when 250,000 Rwandans crossed the bridge 
at Rusumo Falls into Ngara, Tanzania in 24 hours, in what the United Nations High Commissioner for 
Refugees called “the largest and fastest refugee exodus in modern times”. The Kagera forms part of the 
Rwanda–Tanzania and Tanzania–Uganda borders before flowing into Lake Victoria. 

In Uganda

Rafters flipping in Bujagali Falls near the mouth of the Victoria Nile

The White Nile in Uganda goes under the name of “Victoria Nile” from Lake Victoria via Lake Kyoga to 
Lake Albert, and then as the “Albert Nile” from there to the border with South Sudan. 

Victoria Nile

The Victoria Nile starts at the outlet of Lake Victoria, at Jinja, Uganda, on the northern shore of the lake.
[8] Downstream from the Nalubaale Power Station and the Kiira Power Station at the outlet of the 
lake, the river goes over Bujagali Falls (the location of the Bujagali Power Station) about 15 kilometers 
(9.3 mi) downstream from Jinja town. The river then flows northwest through Uganda to Lake Kyoga 
in the centre of the country, thence west to Lake Albert. 

At Karuma Falls, the river flows under Karuma Bridge (2°14′45.40″N 32°15′9.05″E / 2.2459444°N 
32.2525139°E) at the southeastern corner of Murchison Falls National Park. During much of the 
insurgency of the Lord’s Resistance Army, Karuma Bridge, built in 1963 to help the cotton industry, 
was the key stop on the way to Gulu, where vehicles gathered in convoys before being provided with a 
military escort for the final run north. In 2009, the government of Uganda announced plans to construct 
a 750-megawatt hydropower project several kilometers north of the bridge, which was scheduled for 
completion in 2016. The World Bank had approved funding a smaller 200-megawatt power plant, but 
Uganda opted for a larger project, which the Ugandans will fund internally, if necessary.

Just before entering Lake Albert, the river is compressed into a passage just seven meters wide at 
Murchison Falls, marking its entry into the western branch of the East African Rift. The river then flows 
into Lake Albert opposite the Blue Mountains in the Democratic Republic of the Congo. 

The stretch of river from Lake Kyoga to Lake Albert is sometimes called the “Kyoga Nile”. 

Albert Nile

The river draining from Lake Albert to the north is called the “Albert Nile”. It separates the West Nile 
sub-region of Uganda from the rest of the country. A bridge passes over the Albert Nile near its inlet 
in Nebbi District, but no other bridge over this section has been built. A ferry connects the roads 
between Adjumani and Moyo, and navigation of the river is otherwise done by small boat or canoe. 

In South Sudan and Sudan

From the point at which the river enters South Sudan from Uganda the river goes under the name of 
“Mountain Nile”. From Lake No in South Sudan the river becomes the “White Nile” in its strictest 
sense, and so continues northwards into Sudan where it ends at its confluence with the Blue Nile. 
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Mountain Nile 

Confluence of Blue and White Nile near Khartoum

From Nimule in South Sudan, close to the border with Uganda, the river becomes known as the 
“Mountain Nile” or “Baḥr al-Jebel” (also “Baḥr el-Jebel”, لبجلا رحب), literally Mountain River” or 
“River of the Mountain”. The Southern Sudanese state of Central Equatoria through which the river 
flows was known as Bahr al-Jebel until 2006.

The southern stretch of the river encounters several rapids before reaching the Sudan plain and the 
vast swamp of the Sudd. It makes its way to Lake No, where it merges with the Bahr el Ghazal and 
there forms the White Nile. An anabranch river called Bahr el Zeraf flows out of the Bahr al-Jebel at and 
flows through the Sudd, to eventually join the White Nile. This Mountain Nile cascades through narrow 
gorges and over a series of rapids that includes the Fula (Fola) Rapids.

White Nile proper

The White and Blue Niles merge at Khartoum, the capital of Sudan.

To some people, the White Nile starts at the confluence of the Mountain Nile with the Bahr el Ghazal 
at Lake No. 

The 120 kilometers of White Nile that flow east from Lake No to the mouth of the Sobat, are very 
gently sloping and hold many swamps and lagoons. When in flood, the Sobat River tributary carries a 
large amount of sediment, adding greatly to the White Nile’s color. From South Sudan’s second city 
Malakal the river runs slowly but swamp-free into Sudan and north to Khartoum. Downstream from 
Malakal lies Kodok, the site of the 1898 Fashoda Incident that marked an end to the Scramble for Africa. 

In Sudan the river lends its name to the Sudanese state of White Nile, before merging with the larger 
Blue Nile at Khartoum, the capital of Sudan, and forming the River Nile. 

Discharges: The White Nile essentially begins from the confluence of Bahr el-Jebel and Bahr el-Ghazal at 
Lake No. Between Lake No and Malakal, it is joined by two main sources of additional waters, the Bahr 
el-Zeraf (one of the main branches of Bahr el-Jebel) and River Sobat); in addition to seasonal streams of 
Lolle, Yergol and Atar that flow into it above Malakal; and a number of Khors that join it below Malakal 
such as Khor Adar and Khor Achier. At Malakal, the total annual average discharge of the White Nile is 
calculated at 28.0 billion m3/yr; and on average, it varies from 46 to 106 million m3/day. The minimum 
discharge is in March or April and the maximum discharge is in October or November (A. Salih, 2011)
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Box 2: Sudd

Related:

The Sudd (as-Sudd or al-Sudd) is a vast swamp in South Sudan, formed by the White Nile’s Baḥr al-Jebel 
section. The Arabic word sudd is derived from sadd, meaning “barrier”[2] or “obstruction”.[3] The term “the 
sudd” has come to refer to any large solid floating vegetation island or mat. The area which the swamp covers 
is one of the world’s largest wetlands and the largest freshwater wetland in the Nile basin. 

For many years the swamp, and especially its thicket of vegetation, proved an impenetrable barrier to 
navigation along the Nile. In AD 61, a party of Roman soldiers sent by the Emperor Nero proceeded up 
the White Nile but were not able to get beyond the Sudd, which marked the limit of Roman penetration 
into equatorial Africa.[4] For the same reasons in later times the search for the source of the Nile was 
particularly difficult; it eventually involved overland expeditions from the central African coast, so as to 
avoid having to travel through the Sudd. 
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Location

The Sudd stretches from Mongalla to just outside the Sobat confluence with the White Nile just 
upstream of Malakal as well as westwards along the Bahr el Ghazal. The shallow and flat inland delta 
lies between 5.5 and 9.5 degrees latitude North and covers an area of 500 kilometers (310 mi) south 
to north and 200 kilometers (120 mi) east to west between Mongalla in the south and Malakal in the 
north. 

Its size is highly variable, averaging over 30,000 square kilometers (12,000 square miles). During the wet 
season it may extend to over 130,000 square kilometers (50,000 square miles) comprising 13% of the 
country, depending on the inflowing waters, with the discharge from Lake Victoria being the main control 
factor of flood levels and area inundation. Since the Sudd area consists of various meandering channels, 
lagoons, reed and papyrus fields and loses half of its inflowing water through evapotranspiration in the 
permanent and seasonal floodplains, the complex hydrology has many primary and secondary effects.
[5] A major feature of the area, even if not completed and not functional, is the Jonglei Canal, planned to 
bypass waters from the Sudd to avoid evaporation losses and increase the amount of water discharged 
at the outlet of the Sudd. 

From 1961 to 1963, a great increase in the inundated area occurred when the level of Lake Victoria rose 
and the outflow increased. The total area of the Sudd is related to the amount of water reaching Bor 
from Albert Nile and from torrents or seasonal watercourses that can add substantial amounts to the 
flow in the upstream end of the Sudd. During the 1960s increase in Lake Victoria discharge, where flows 
at Mongalla roughly doubled, the flows at Malakal at the northern end of the swamps increased by 1.5 
times the previous average flow. As a consequence of these high flows, the areas of permanent swamp 
and seasonal floodplains have, taken together, increased to 2.5 times their former size. The swamps have 
increased the most, and the seasonal floodplain is 1.5 times its previous size [6]

From the southern inflow of the Bahr al Jebel (“Sea of the Mountain”) at Mongalla, the defined riverbed 
successively widens into a floodplain, where the waters flow in meandering river stretches and various 
channels and lagoons throughout the dry season. With rising water levels, it expands over the semi-
flooded grasslands during the flood season. 

Slightly downstream of Bor, the Bahr el Zeraf (“Sea of the Giraffes”) river branches off the Bahr al Jebel 
to the east, diverting part of the flow, and again joins the Bahr al Jebel just before reaching Malakal. 
During the course of its flow, the Bahr al Jebel passes Lake No, where the Bahr el Ghazal (“Sea of the 
Gazelles”) connects to the Bahr al Jebel, contributing an inflow with seasonal variation. At Malakal, the 
Sobat River joins into the system. The combined flows then stream to the north as the White Nile in a 
defined bed, joining with the Blue Nile waters at Khartoum to form the main Nile. 
Sudd was designated as a Ramsar Wetland of International Importance on 5 June 2006. An area of 
57,000 square kilometers (22,000 square miles) was designated. 

Climate

Hydrologically the Sudd plays an important role in storing floodwaters and trapping sediments from 
the Bahr al Jebel. Roughly 55 percent of water entering the area is lost to evaporation. Water levels 
fluctuate by up to 1.5 metres, depending on the intensity of seasonal flooding. 
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The region receives less rainfall (typically between 55 and 65 centimeters per year) than neighbouring 
areas at the same latitude. Orographic lifting on the eastern and western sides of the Sudd contribute 
to that condition.

Geomorphology

The morphology of the area is defined by the channel and lagoon system of the permanent Sudd 
swamps, the adjacent flood plains and the surrounding flat terrain. The Bahr al Jebel runs to the north-
northwest and therefore in an angle to the gradient of the flood plain, which slopes down to the north, 
while north of Juba the river flows in an incised trough. The banks of this trough decrease in height from 
south to north with the Bahr al Jebel approaching Bor and ending in the Sudd flood plain just north 
of Bor on the eastern bank and towards Shambe on the western bank. In the southern part, the river 
meanders from side to side in the restraining trough in one or more channels, but further north the 
swamp is not limited by higher ground and the system of river channels becomes increasingly complex. 
The characteristics of the river with its network of channels and lagoons are distinguishable in satellite 
imagery and digital elevation models. 

The geology of the area is defined by heavy clay soils, highly impermeable with a top layer of “black 
cotton” vertisols of approximately 500 mm on average. Sandy soils are found only at depths of 
approximately 30 metres (98 ft.) and below, as determined by well drilling profiles (Petersen, 2008). 
This indicates a very limited groundwater influence on the area’s hydrology. 

Population

Dinka, Nuer and Shilluk pastoralists use the Sudd and the surrounding areas extensively. Livestock and 
rain-fed agriculture are the dominant means of support for the largely rural population for which the 
seasonal flooded grasslands along the Sudd provides valuable grazing lands. 

Vegetation and ecosystem

Vegetation cover of the area can generally be classified in five categories which depend on the elevation 
of the area above river flood level: the lakes and rivers themselves, the floating plant life of the swamp, 
river-flooded grasslands (Toic), rain-flooded grasslands, and wooded grasslands on the fringes. Grassland 
and woodland areas have been cultivated by local populations. 

The density of the grasslands along the Sudd changes with the season, with tall grass in the rainy 
season and short dry grass in the dry season, when frequent fires also occur. The fluvial area is mostly 
overgrown with vegetation, with some main and side channels as well as lagoons of open water. The 
vegetation distribution is described in further detail in Sutcliffe (1974) and Petersen (2007). The main 
species are: 

 X Phragmites communis (shallow flooded, buried roots)

 X Echinochloa pyramidalis (shallow flooded, buried roots)

 X Oryza barthii (shallow flooded, buried roots)
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 X Echinochloa stagnina (deep flooded, superficial/floating roots)

 X Vossia cuspidata (deep flooded, superficial/floating roots)

 X Cyperus papyrus (deep flooded, superficial/floating roots)

 X Typha domingensis

The first three species are anchored so their distribution is limited to the depth of flooding. For the last 
species their root system needs to be permanently in water or saturated soil, which is a good indicator 
of flood patterns. P. communis, E. pyramidalis and O. barthii for example dominate only in areas where 
the depth of flooding does not exceed 130 cm over a period of ten years or 118 cm for one month in 
the year. 

Floating vegetation of C. papyrus had caused blockages in the Sudd swamps on a number of occasions 
between 1879 and 1900, when the plants were torn out by increased flooding. C. papyrus needs 
saturated conditions and can tolerate flooding that is not more than 150 cm deep. 

When the matted vegetation breaks free of its moorings, it forms floating islands of vegetation up to 
30 km in length. Such islands, in varying stages of decomposition, eventually break up. 

The sluggish waters are host to a large population of mosquitoes and parasites that cause waterborne 
diseases. 

The early explorers searching for the source of the Nile experienced considerable difficulties, sometimes 
taking months to get through the Sudd. In his 1972 book The White Nile, Alan Moorehead says of the 
Sudd, “there is no more formidable swamp in the world”.

Fauna

The Sudd provides food and water to large populations of migrating birds; over 400 species of bird 
are found here, including shoebills, great white pelicans, and black crowned cranes. As the surrounding 
landscape is a large swath of dry Sahel across Africa, the swamp is also a haven for migrating animals, 
especially antelopes, such as the endangered Nile lechwe, tiang, reedbuck, and the world’s largest 
population of white-eared kob, estimated at around 1.2 million—an animal population comparable 
to Tanzania’s better-known Serengeti National Park. The shallow water is frequented by crocodiles 
and hippopotamuses. In more upland areas the Sudd was known as an historic habitat for the 
endangeredpainted hunting dog, Lycaon pictus, which however may have been exterminated in the 
region.

Threats and preservation

The long-running civil war in Southern Sudan seriously disrupted conservation efforts in the Sudd, 
especially as the widespread availability of weapons has encouraged wildlife poaching, including of 
elephants. There are three game reserves: Zeraf Island between the Zeraf River and the Nile, Shambe 
Reserve, and Mongalla Game Reserve. 
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Jonglei diversion canal

Because of the Sudd swamp, the water from the southwestern tributaries (the Bahr el Ghazal system) 
for all practical purposes does not reach the main river and is lost through evaporation and transpiration. 

Sir William Garstin, Undersecretary of State of Public Works of Egypt, created the first detailed proposal 
for digging a canal east of the Sudd in 1907. By bypassing the swamps, evaporation of the Nile’s water 
would vastly decrease, allowing an increase in the area of cultivatable land in Egypt by 2,000,000 acres 
(8,100 km2). 

Hydrogeologists in the 1930s proposed digging a canal east of the Sudd to divert water from the Bahr 
al Jabal above the Sudd to a point farther down the White Nile, bypassing the swamps and carrying the 
White Nile’s water directly to the main channel of the river.

The Jonglei canal scheme was first studied by the government of Egypt in 1946 and plans were developed 
in 1954-59. Construction work on the canal began in 1978 but the outbreak of political instability in 
Sudan has held up work for many years. By 1984 when the Southern Sudanese rebels (SPLA) brought 
the works to a halt, 240 km of the canal of a total of 360 km had been excavated. The rusting remains of 
the giant German-built excavation machine—variously nicknamed either “Sarah” or “Lucy”—are visible 
on a Google Earth image at the south end of the canal. It was destroyed by a missile. When peace was 
restored in 2000, speculation grew about a restart of the project. However, on 21 February 2008, the 
Sudanese government said the revival of the project was not a priority. Nevertheless, in 2008, Sudan and 
Egypt agreed to restart the project and finish the canal in 24 years. South Sudan gained independence 
in 2011. 

It is estimated that the Jonglei canal project would produce 3.5-4.8 x 109 m3 of water per year (equal 
to a mean annual discharge of 110–152 m3/s (3,883-5,368 ft3/s), an increase of around five to seven 
per cent of Egypt’s current water supply. The canal’s benefits would be shared by Egypt and Sudan, with 
the expected damage falling on South Sudan. The complex environmental and social issues involved, 
including the collapse of fisheries, drying of grazing lands, a drop of groundwater levels, and a reduction 
of rainfall in the region may limit the scope of the project in practical terms. The draining of the Sudd 
is likely to have environmental effects comparable to the drying of Lake Chad or the draining of the 
Aral Sea. 
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Box 3: Adar River 

The Adar River (or Khor Adar), known to the Dinka as the Yal,  is a tributary of the White Nile in the 
state of Upper Nile, South Sudan. It flows north west from the Machar Marshes and enters the White 
Nile just upstream of the town of Melut. 
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Box 4: Machar Marshes

The Machar Marshes are a large area of wetlands in the state of Upper Nile, South Sudan. Estimates 
of their size vary. A 1950 study put the area of swamp at 6,500 km2.  A 1980 study put the area of 
permanent swamp at 8,700 km2., 60% of which was grass and forest. 

The marshes are fed by waters from the Khor Machar (a distributary of the Baro River), the Yabus River 
and the Daga River. At times of high water they are also fed by spill from the Pibor River. The marshes 
are drained by the Adar River, a tributary of the White Nile. 
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Box 5: Yabus River

The Yabus River (or Khor Yabus) rises in the far west of Ethiopia, in Asosa Zone, flows west into Sudan 
past the town of Yabus, then enters South Sudan. At the town of Bunj it turns south west and enters the 
Machar Marshes, where it loses its identity. 

The river is sometimes confused with the Dabus River, a tributary of the Blue Nile, also known as the 
Yabus River. The sources of the two rivers are close to each other. 
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Box 6: Daga River (South Sudan) 

The Daga River (or Khor Daga) is a river in South Sudan. It rises in the mountains of the Mirab Welega 
Zone in Ethiopia, just east of the South Sudan - Ethiopia border, where it is known as the Deqe Sonka 
Shet. It flows west past the town of Daga Post and enters the Machar Marshes, where it loses its identity. 
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Box 7: Sobat River 

The Sobat River is a river of the Greater Upper Nile region in northeastern South Sudan, Africa. It is 
the most southerly of the great eastern tributaries of the White Nile, before the confluence with the 
Blue Nile. 

Geography

The Sobat River is formed by the confluence of the west-flowing Baro River and the north-flowing 
Pibor River, on the border with Ethiopia. The river enters the White Nile at Doleib Hill, near the city 
of Malakal in Upper Nile State. 

When in flood the Sobat River produces an enormous discharge carrying a white sediment, which gives 
the White Nile its name. 



141Country Report – South Sudan

Hydrology

The Sobat and its tributaries drain a watershed approximately 225,000 km2 (87,000 square miles) in 
size. The river’s mean annual discharge is 412 m³/s (14,550 ft³/s).The total annual average discharge of 
the Sobat basin at Hillet Dolieb is 13.5 billion m3/yr., with the daily discharge fluctuating between 8.7 
million m3/day in month of April to 64.7 million m3/day in month of November (Sutcliffe, J. V., and Y. P. 
Parks, 1999).
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Box 8: Baro River 

The Baro River (Amharic: ባሮወንዝ Baro Wenz, known to the Anuak as Upeno River) is a river in 
southwestern Ethiopia, which defines part of Ethiopia’s border with South Sudan. From its source in the 
Ethiopian Highlands it flows west for 306 kilometers (190 mi) to join the Pibor River. The Baro-Pibor 
confluence marks the beginning of the Sobat River, a tributary of the White Nile.

The Baro and its tributaries drain a watershed 41,400 km2 (16,000 square miles) in size. The river’s 
mean annual discharge at its mouth is 241 m³/s (8,510 ft³/s).

Course

The Baro river is created by the confluence of the Birbir and Gebba Rivers, east of Metu in the Illubabor 
Zone of the Oromia Region. It then flows west through the Gambela Region to join with the Pibor 
River, both of them creating the Sobat. Other notable tributaries of the Baro include the Alwero and 
Jikawo Rivers. 

Natural history

Of the Sobat River’s tributaries, the Baro River is by far the largest, contributing 83% of the total water 
flowing into the Sobat. During the rainy season, between June and October, the Baro River alone 
contributes about 10% of the Nile’s water at Aswan, Egypt. In contrast, these rivers have very low flow 
during the dry season. 

History

The boundary between Sudan and Ethiopia was defined for the region near the Baro River in 1899 by 
Major H.H. Austin and Major Charles W. Gwynn of the British Royal Engineers. They had no knowledge 
of the land, its inhabitants, or their languages, and were short on supplies. Rather than defining a line 
based on ethnic groups and traditional territories, essentially along the escarpment that separates the 
highlands and the plains, they simply proposed drawing the line down the middle of the Akobo River 
and parts of the Pibor and Baro rivers. 
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This boundary was consummated in the Anglo-Ethiopian Treaty of 1902, resulting in an area in Ethiopian 
Gambela Region called the Baro Salient. This area is more closely connected to South Sudan than 
Ethiopia, both in terms of natural features and people. The Baro Salient was used as a sanctuary by 
Sudanese insurgents during the country’s long civil wars. It was difficult for Sudan to exert authority 
over a region that is part of Ethiopia, and Ethiopia was reluctant to police this remote region and 
become involved in the politics of Sudan’s internal conflicts. 

Vittorio Bottego, who explored the area in the later 1890s, proposed naming the river after Admiral 
Simone Antonio Saint-Bon.

The only navigable river in Ethiopia, the Baro’s most important city is Gambela, which served as a port 
from 1907 until the 1990s when civil war in Ethiopia and Sudan forced shipping on the river to be 
halted. 

The Italian L. Usoni unsuccessfully prospected for gold in the Baro river valley, and published his findings 
in 1952.

The second-longest bridge in Ethiopia crosses the Baro, connecting two parts of the Gambela Region. 
This bridge is 305 meters long. 
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Box 9: Jikawo River 

Jikawo River is a river of southwestern Ethiopia. It is a tributary of the Baro River, which it joins at 
latitude and longitude 8°22′N 33°46′E / 8.367°N 33.767°E. 

The river rises in Ethiopia, but in its lower course, it forms the border with South Sudan.
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Box 10: Pibor River 

The Pibor River (also called the River Pibor is a river in eastern South Sudan, which defines part of 
South Sudan’s border with Ethiopia. From its source near Pibor Post it flows north for about 320 
kilometers (200 mi), joining the Baro River to form the Sobat River, which is a tributary of the White 
Nile.

The Pibor and its tributaries drain a watershed 10,000 km2 (3,900 square miles) in size. The river’s mean 
annual discharge at its mouth is 98 m³/s (3,460 ft³/s).

Course

The Pibor River is formed by various streams that come together at Pibor Post, a colonial era outpost 
built in 1912 and originally called Fort Bruce. The Pibor flows north, receiving the Akobo River near 
Akobo. Continuing north the Pibor receives the Gilo River and Bela Rivers on the right, then joins the 
Baro River, forming the Sobat River. 

Natural history

The Pibor, Baro, Gilo, and Akobo rivers all drain the Ethiopian Highlands. The Baro River is by far the 
largest, contributing 83% of the total water flowing into the Sobat River. During the rainy season, 
between June and October, the Baro River alone contributes about 10% of the Nile’s water at Aswan, 
Egypt. In contrast, these rivers have very low flow during the dry season. 

History

The boundary between Sudan and Ethiopia was defined for the region near the Pibor River in 1899 by 
Major H.H. Austin and Major Charles W. Gwynn of the British Royal Engineers. They had no knowledge 
of the land, its inhabitants, or their languages, and were short on supplies. Rather than defining a line 
based on ethnic groups and traditional territories, essentially along the escarpment that separates the 
Ethiopian Highlands and the plains of the Sudanian Savanna, they simply proposed a line drawn down 
the middle of the Akobo River and parts of the Pibor and Baro rivers. This boundary was consummated 
in the Anglo-Ethiopian Treaty of 1902, resulting in an area in Ethiopian Gambela Region called the 
Baro Salient. This area is more closely connected to South Sudan than Ethiopia, both in terms of 
natural features and people. The Baro Salient was used as a sanctuary by Sudanese insurgents during 
the country’s long civil wars. It was difficult for Sudan to exert authority over a region that is part of 
Ethiopia, and Ethiopia was reluctant to police this remote region and become involved in the politics of 
Sudan’s internal conflicts.
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Box 11: Akobo River 

The Akobo River is a river on the border between South Sudan and Ethiopia. From its source in the 
Ethiopian Highlands near Mizan Teferi it flows west for 434 kilometers (270 mi) to join the Pibor River. 
The Pibor flows into the Sobat River, which in turn empties into the White Nile. 

The tributaries of the Akobo river include the Cechi, the Chiarini, and the Owag, on the right or 
Ethiopian side; and the Neubari, Ajuba and Kaia on the left or South Sudanese side. 

History

The boundary between Sudan and Ethiopia was defined for the region near the Akobo River in 1899, by 
Major H.H. Austin and Major Charles W. Gwynn of the British Royal Engineers. They had no knowledge 
of the land, its inhabitants, or their languages, and were short on supplies. Rather than defining a line 
based on ethnic groups and traditional territories, essentially along the escarpment that separates the 
highlands and the plains, Majors Austin and Gwynn simply proposed drawing the line down the middle 
of the Akobo River and parts of the Pibor River and Baro River. This boundary was consummated in 
the Anglo-Ethiopian Treaty of 1902, resulting in an area in the Ethiopian Gambela Region called the Baro 
Salient.

The Baro Salient is more closely connected to South Sudan than Ethiopia, both in terms of natural 
features and people. The Baro Salient was used as a sanctuary by Sudanese insurgents during the 
country’s long civil wars. It was difficult for Sudan to exert authority over a region that is part of 
Ethiopia, and Ethiopia was reluctant to police this remote region and become involved in the politics of 
Sudan’s internal conflicts. 

The Akobo has been the subject of several mining surveys. In 1939, engineers of COMINA carried out 
exploration of the Akobo and its tributaries. North-flowing tributaries appeared to be more promising 
than the south-flowing ones. Values up to 10 grams of gold per cubic meter were found in Chama creek, 
and the possible average value could be 0.7 g per cubic meter. In the period 1952-1954 the Ministry of 
Mines employed as many as 120 miners at a time. They produced an average of 1.66 grams of gold per 
day. 
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Box 12: Agwei River 

The Agwei River or the River Agwei, also spelled Agvey, is a tributary of the Pibor River that flows 
through eastern South Sudan and western Ethiopia. Its own tributaries include the Abara and Kongkong 
rivers. The river is a wadi, or ravine, that may run dry during the dry season but quickly becomes a 
watercourse due to heavy rainfall during the wet season. 

Box 13: Abara River 

The Abara River, also known as Abara Khawr, is a stream in Jonglei, South Sudan. It is a tributary of the 
Agwei River. The Abara meets the Kongkong River to form the Agwei just east of Bongak. The stream 
is a wadi, or ravine, that may run dry during the dry season but quickly becomes a watercourse due to 
heavy rainfall during the wet season.
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Box 14: Kongkong River

The Kongkong River, also spelled Kong Kong, is a stream in the South Sudanese state of Jonglei, west of 
Boma National Park near the Ethiopian border. At the village of Bongak it joins the Abara River to form 
the Agwei or Agvey River, a tributary of the Pibor River. It is within the drainage basin of the White Nile.

Box 15: Kangen River 

The Kangen River is a river in South Sudan, just west of Boma National Park. It joins the Pibor River 
near Pibor. 

Box 16: Lotilla River

The Lotilla River is a river in South Sudan.[1] It rises in marshes on the borders of the erstwhile Eastern 
Equatoria and Jonglei states and flows north to join the Pibor River near Pibor, at a junction with the 
Kangen River. The marshes are fed by the Medikiret River, which has its origins in marshes further south. 
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Box 17: Veveno River 

The Veveno River is a river in eastern South Sudan. It is a tributary of the Lotilla River, which it joins 
southwest of Pibor. 
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Box 18: Bahr el Zeraf 

The Bahr el Zeraf (Arabic: فاَرّزـلا رـْحـَب, translit. Baḥr ez-Zerāf, also spelt Bahr ez-Zaraf, Bahr ez 
Zeraf, and Baḩr ez Zarāf), or Zeraf River in the English language, is an arm of the White Nile in the Sudd 
region of South Sudan. It is completely contained within the South Sudanese state of Jonglei. Its name is Arabic 
for “Giraffe River”.

Course

The Bahr el Zeraf forms in the southern Sudd wetlands as an arm of the Bahr al Jebel (“Mountain Nile”) 
section of the White Nile. A pair of man-made canals known as the Zeraf Cuts were dug in 1910 and 
1913 to connect the two rivers at 7°46′05″N 30°34′01″E / 7.768°N 30.567°E. These canals divert some 
of the Jebel’s flow, more than doubling the Zeraf’s volume, with the intention of accelerating the flow to 
Egypt and thereby reducing the water “lost” to evaporation and transpiration in the swamps.

From the Cuts the Zeraf flows north through the Ez Zeraf Game Reserve for 280 kilometers (170 mi). 
About 100 kilometers (62 mi) of this distance is through continuous swamp with islands, transitioning 
further downstream to a well-defined channel with raised banks. The Zeraf rejoins the White Nile near 
New Fangak, 80 kilometers (50 mi) downriver from Lake No and 56 kilometers (35 mi) upriver from 
Malakal.
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Box 19: Bahr el Ghazal River 

The Bahr el Ghazal (لازغلا رحب) (also spelled Bahr al Ghazal and Baḩr al Ghazāl) is a river in South 
Sudan. The name translates as “sea of gazelles” from Arabic. The South Sudanese region of Bahr el 
Ghazal takes its name from the river. 

The Bahr el Ghazal is the main western tributary of the Nile. It is 716 kilometers (445 mi) long, flowing 
through the Sudd wetlands to Lake No, where it joins the White Nile.

Hydrology

The Bahr al Ghazal’s drainage basin is the largest of any of the Nile’s sub-basins, measuring 520,000 km² 
(200,800 square miles) in size, but it contributes a relatively small amount of water, about 2 m³/s 
(70 ft³/s) annually, due to tremendous volumes of water being lost in the Sudd wetlands. Seasonally, the 
river’s discharge ranges from nothing to 48 m³/s (1,700 ft³/s).

According to some sources, the river is formed by the confluence of the Jur River and Bahr al-Arab 
rivers.[1] However other more recent sources say the river rises in the Sudd wetlands with no definitive 
source, that the Jur River joins at Lake Ambadi, and the Bahr al-Arab joins below that. The river’s 
drainage basin, including its tributaries, is 851,459 square kilometers (328,750 square miles) and reaches 
west to the border of the Central African Republic and northwest to the Darfur region. 

History

The river was first mapped in 1772 by French geographer Jean-Baptiste Bourguignon d’Anville, although 
it was vaguely known to early Greek geographers. 
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Box 20: Bahr al-Arab 

Bahr al-Arab (برعلا رحب)(also called the Kiir River) is a river which flows approximately 800 kilometers 
(500 mi) through the southwest of Sudan and marks part of its international border with South Sudan. 
It is part of the Nile river system, being a tributary of Bahr el Ghazal, which is a tributary of the White 
Nile. 

The river flows through Sudan’s Kurdufan and Darfur regions and forms part of the border between 
Darfur and the region of Bahr el Ghazal in northwestern South Sudan. For centuries the Bahr al-Arab 
has marked the boundary between the Dinka and Baggara ethnic groups. The river has served as a 
frontier and zone of conflict between the Baggara and Dinka peoples as long as their oral traditions 
remember.

Etymology

The name “Bahr al-Arab” is Arabic for “Sea of the Arabs” (possibly from “Nahr al-Arab”, Arabic for 
“River of the Arabs”). The Dinka people call it the “Kiir River”. 

Course

The Bahr al-Arab arises from several tributaries that drain the Bongo Massif and Marrah Mountains in 
Darfur, close to Sudan’s border with Chad and the Central African Republic. The Adda and Umbelasha 
flow east from the Bongo Massif to join the Ibrah (Wadi Ibra), which flows south from the Marrah 
Mountains. Formed from these tributaries, the Bahr al-Arab flows east along the border of the Darfur 
and Bahr el Ghazal regions, then through a southern part of the Kurdufan region. 

According to some sources, the Bahr al-Arab’s confluence with the Jur River marks the source of the 
Bahr el Ghazal River. Other sources say the Jur joins the Bahr el Ghazal before the Bahr al-Arab does. 
The Bahr el Ghazal flows a short distance east to join the White Nile in the Sudd wetlands. The Lol 
River joins the Bahr al-Arab from the south, just above the Jur River confluence.[3]

The Bahr al-Arab has the largest drainage basin of any river in the Bahr el Ghazal region. But compared 
to the rivers to the south, the Bahr al-Arab has very little water and it flows sluggishly. 
History

During the Second Sudanese Civil War Bahr al-Arab’s location on the border of Northern and Southern 
Sudan made it a military front and an area of conflict. In the early 1980s western Sudan suffered several 
droughts and crop failures. As various peoples shifted southward the Baggara moved south of the Bahr 
al-Arab and came into conflict with the Dinka. The Baggara were supported by the Sudanese military in 
an attempt to make headway against the Sudan People’s Liberation Army (SPLA). The Baggara militias, 
known as Murahileen, [5] battled the SPLA throughout the 1980s. By the end of the decade the land 
along the Bahr al-Arab was devastated and the population decimated. 
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Box 21: Lol River 

The Lol River, also spelled Loll, is a stream in northern South Sudan that feeds the Bahr al-Arab, known 
locally as the Kiir River. It meets the larger river in Warrap state, south of the disputed Abyei Area and 
roughly 100 kilometers west of Bentiu.

This river makes the source of irrigation water for Aweil Irrigated Rice Scheme (AIRS) in Northern 
Bahr el Ghazal.

Box 22: Sopo River 

The Sopo River is a river in South Sudan’s state of Northern Bahr el Ghazal. It joins the Pongo River 
to form the Lol River at Hujayni, due west from the state capital of Aweil. The river flows through the 
similarly named town of Sopo. The Kuru River is its most significant tributary. 
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Box 23: Kuru River 

The Kuru River is a stream in the South Sudanese state of Northern Bahr el Ghazal. The town of 
Nymlal lies to its south. 

Box 24: Pongo River (South Sudan) 

The Pongo River is a stream in the South Sudanese state of Northern Bahr el Ghazal, just east of the 
state capital of Aweil and about twice as far northwest of Gogrial in neighbouring Warrap state. It joins 
the Sopo River to form the Lol River. 
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Box 25: Jur River 

The Jur River (also Sue River) is a river in western South Sudan, flowing through the Bahr el Ghazal and 
Equatoria regions. About 485 kilometers (301 miles) long, it flows north and northeast, joining the Bahr 
el Ghazal River on the western side of the Sudd wetlands. The Jur River is part of the Nile basin, as the 
Bahr al-Ghazal flows into the White Nile. 

The Jur is a seasonal stream. Its discharge can reach 400 m3/s (14,300 cu ft./s) during the month of 
September. 

The upper course of the Jur is also called the Sue. 

Course

Wetlands of the Jur River in Wau State The Jur River’s headwaters flow from the Congo-Nile Divide, 
which separates the Nile and Congo River basins, along South Sudan’s border with the Democratic 
Republic of the Congo and the Central African Republic. The main tributaries being the Sue River 
(itself sometimes called the Jur), Busseri River, Wau River, and Numatinna River. The spelling and precise 
meaning of these river names differ among sources. The tributaries come together near Wau, the capital 
of the state of Western Bahr el Ghazal. 

Below Wau the Jur River bends eastward, entering the swampy Sudd region. Due to the nature of the 
wetlands it is not always clear whether one river flows into another or merely merges in the general 
Sudd swamps. Some sources cite the Lol River as a tributary of the Jur while others do not. Some 
sources say the Jur joins the Bahr al-Arab and the confluence marks the start of the Bahr el Ghazal, but 
more recent sources say that the Jur joins the Bahr el Ghazal at Lake Ambadi and that the Bahr al-Arab 
joins the Bahr el Ghazal some distance downriver from Lake Ambadi. 

According to author Mamdouh Shahin, the Lol, Jur, Tonj, Bahr al-Arab, and others streams, are all 
tributaries of the Bahr el Ghazal, but that their channels disappear in the wetlands before reaching any 
outlet. 

History

Among the ethnic groups living in the Jur basin are the Dinka, and Jurchol who call themselves Jo-luo . 
“Jur” is a Dinka word for “alien” or “non-Dinka”. 

The Jur River was explored by John Petherick between 1853 and 1865. In 1897–98 the Jur River was 
carefully surveyed throughout its course by Lieutenant A.H. Dyé and other members of a French 
mission under Jean-Baptiste Marchand during the Scramble for Africa.
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Box 26: Wau River 

The Wau River, or Wau Nahr (sometimes spelled Waw or Wow), is a river in South Sudan. It shares 
its name with Wau, the state capital of Western Bahr el Ghazal, where the river is located east of the 
international border with the Central African Republic. 

Box 27: Achwa River 
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The Achwa River is a river of Uganda in eastern Africa. It flows through the northern central part of the 
country, draining much of Uganda’s northern plateau and northeastern highlands, before crossing the 
border into South Sudan where it joins the White Nile. In South Sudan it is known as the Aswa River.

B. Flowing into marshes

Box 28: Koss River 

The Koss River (Arabic یسانشاوه: Khor Koss) is a river that flows in a north of northwest direction 
through the erstwhile Eastern Equatoria state of South Sudan, fed by streams from the Imotong 
Mountains to the west. 

The Koss river rises near Ikotos. The head-waters of the river form a waterfall near Laborokala. This is 
the location of an annual Lango ceremony before the start of the rainy season where a goat is sacrificed 
and its stomach contents and later its bones are thrown into the stream. The Shilok river, a tributary 
of the Koss that separates the southeastern part of the Imotong mountains from the Teretenya ridge, 
joins the Koss not far from its source.

The Koss river divides the lowland area east of the Imotong Mountains from that west of the Lafit, 
Dongotona and Nangeya Mountains. Streams from these mountains feed the river. The river flows 
through the Bari country to the east of Torit.[3] Near to Tirangore the river is spanned by a bailey 
bridge on the Torit-Kapoeta road, built by the Norwegian Church Aid.[4] In 1881, Emin Pasha made a 
trip from Gondokoro on the Nile to “Tarangole”, and from there travelled south along the Koss Valley, 
and then southwest to the Nile.[2] North of Tirangore, the river passes Lafon and then flows almost 
due north before being lost in marshland.
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Box 29: Kidepo River 

The Kidepo River is a seasonal river along the Kidepo Valley in the Karamoja region of Uganda, and in 
East Equatoria area of South Sudan. 

Box 30: Medikiret River 

The Medikiret River, also known as simply Medikiret or the Mediket, is a wadi, or narrow ravine that 
becomes a watercourse during the wet season, in South Sudan. It feeds into marshes in Bandingilo 
National Park in Eastern Equatoria and Jonglei states from the south, meeting the marshes almost due 
north of Torit and about 238 kilometers north-north-east of Juba, the South Sudanese national capital. 

c. Flowing into endorheic basins: Lake Turkana

Box 31: Kibish River 

Kibish River is a river of southern Ethiopia, which defines part of that country’s border with South 
Sudan. It flows towards Lake Turkana, although some years it does not have enough volume to reach it, 
as C.W. Gwynn discovered in 1908.
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