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SUMMARY

The Nile Basin Initiative (NBI) Secretariat (Nile-Sec) conducted a Strategic Water Resources Analysis 
(SWRA) in 2015 with the aim of developing sustainable options to meet the growing water needs of 
the Nile riparian countries, and subsequently to mitigate current and future water stress. Nile-Sec 
acknowledged that its previous SWRA study had gaps in the datasets, particularly a lack of integration 
of economic modeling of water use in terms of assessing the value of irrigation water. Another limitation 
of that first-phase assessment was that the impact of increased water productivity on food security 
and water utilization had not been analyzed across the Nile Basin (NB). It also had not analyzed the 
impact of optimal planning of cropping patterns on specific climate and soil conditions. Therefore, this 
second-phase study was tasked with refining the current estimates and projections of agricultural water 
demand/use. The outputs of this study will contribute to sustainable and efficient investment planning 
to meet growing water demands commensurate with the Nile-Sec plans. It is envisaged that options 
for water savings in agriculture, such as adoption of improved irrigation technologies, optimization of 
cropping patterns across the basin and other measures, could result in substantial gains across the NB. 

The phase II study has six components. This report pertains to component II of the project, which 
focuses on developing alternative future irrigation projection scenarios, which contribute to improving 
the baseline irrigation water demand and actual use in the basin. Several studies and datasets were 
reviewed and analyzed as inputs for this scenario development.

A review of policy and strategy documents, master plans and programs indicates that almost 
all upper riparian countries of the NB want to expand irrigation to enhance food security and foster 
economic growth and transformation. Egypt’s policy is focused on improving productivity and water-use 
efficiency rather than expansion of irrigated land. Sudan on the other hand shows renewed interest in 
irrigation expansion due mainly to the loss of oil revenue as a result of the secession of South Sudan 
in 2011 and recognizing the recent positive advances of liberalization and income generation activity 
brought to Sudan. It should be noted that all countries except Burundi and the Democratic Republic 
of the Congo (DRC) have submitted their future irrigation development plans to the NBI. However, the 
planned irrigation schemes shown in the respective master plans and documents of these countries are 
different from what were submitted to the NBI and verified thereafter. The basis of scenario development 
for this study is the NBI-validated data and the baseline existing irrigation data compiled under this 
project of Technical Report I.

A fundamental consideration in this study is that irrigation growth in many NB countries (or for that 
matter many sub-Saharan African countries) cannot be fully explained in terms of external drivers such 
as socioeconomic, technological and climatic change. Analyses indicate that it is more fully explained 
by the implementation capacity of each country’s institutional, human, and financial resources and the 
existence of an enabling environment. Hence, this study follows an implementation-based approach 
rather than a scenario based on the functional relationship between irrigation development and external 
drivers. The implementation-based scenario amplifies the capacity of NB countries to implement their 
irrigation development plans. As a result, future development projections are based within the scope of 
the national plans supplied by the countries to NBI. We caution that this may not reflect all the future 
plans made in the respective countries: the master plan development schemes show much higher 
irrigation designs than the plans supplied to NBI. 

This study proposed two possible implementation-based irrigation development projection scenarios, 
with two variants in each: Business as Usual Scenario (BaUScen) and Planned Development Scenario 
(PLANScen). These scenarios are intended to evaluate the likely impacts of future projections on the 
water resources of the NB system using river basin models. According to the scenarios:

• The BaUScen of variant I extends the basin irrigation area from its current 6.6 million hectares 
(Mha) to 8.9 Mha by 2030 and to 10.8 Mha by 2050. This is within the limit of the potential 
irrigation-suitable land but exceeds the potential irrigable land assessed by FAO in 1997. 

• The BaUScen of variant II extends the basin irrigation area from its current 6.6 Mha to 7.4 Mha 
by 2030 and to 8.6 Mha by 2050. It is within the limit of both potential irrigation areas. 

• The PLANScen of variant I extends the basin irrigation area from its current 6.6 Mha to 7.5 Mha 
by 2030 and to 9.2 Mha by 2050. It is within the limit of both the potential irrigation areas.
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• The PLANScen of variant II extends the basin irrigation area from its current 6.6 Mha to 8.3 
Mha by 2030 and to 10.0 Mha by 2050. It is within the limit of both the potential irrigation 
areas. 

The results of this projection support the evaluation of the impact of irrigation expansion on water 
demand. The results need to be evaluated systematically with and without considering the proposed 
water-saving scenario. Based on the results of the final modeling, strategic policy recommendations 
will be developed and presented to the stakeholders. 
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1. INTRODUCTION

Agricultural expansion, including irrigated agriculture, will remain a phenomenon of the developing world 
in the twenty-first century. Alexandratos and Bruinsma (2012) estimated that nearly all agricultural 
expansion in the world (irrigated and rainfed) will take place in the developing countries. The overall 
arable land development is projected to increase by an additional 107 million hectares (Mha) (i.e., from 
968 Mha during the reference period of 2005-07 to 1,075 Mha in 2050), which is an increase of 11%. 
The bulk of this projected expansion is expected to take place in sub-Saharan Africa (SSA) (51 Mha) 
and Latin America (49 Mha). Many of the Nile Basin (NB) countries are located in SSA (except Egypt) 
and have high population growth and food demand. Hence, irrigation expansion is anticipated to grow 
more rapidly in this region than in other parts of the world. The Nile Basin Initiative (NBI) Irrigation 
Assessment Report for the Nile equatorial countries (NBI 2012) shows an increase in irrigated area of 
579,000 hectares (ha) in the Democratic Republic of the Congo (DRC), 42,000 ha in Burundi, 338,000 
ha in Kenya, 1,012,000 ha in Tanzania, 1,151,000 ha in Uganda and 628,000 ha in South Sudan. Except 
Egypt, irrigation has shown expansion in Ethiopia and Sudan as well (NBI 2020a, Section 4.1, Table 7). 
This study also indicated an average increase of 10% and 16% in cropped and equipped irrigation areas, 
respectively, in the NB part of these countries since 2015.

To assess the increasing water demand situation in the basin, the NBI Secretariat (Nile-Sec) launched 
its Strategic Water Resources Analysis (SWRA) in 2015, and completed the first phase of the study in 
2016. The SWRA is aimed at sustainably developing water resources infrastructure and management 
options to meet the growing water demand in the NB and reducing the mounting stress on the river 
system; and also minimizing tensions relating to water allocation among the riparian countries. 

The first phase of the analysis, which focused on water supply and demand assessment, yielded 
initial estimates on water availability and water demand/use for the base year 2014, and projections 
up to 2050 as well. Furthermore, a NB water resources model was developed that took into account 
the existing water infrastructure and the planned water infrastructure investments to be implemented 
in the 2050 time horizon. The first phase of the SWRA also estimated the water savings achievable 
under various scenarios of irrigation efficiency improvement. 

Despite these efforts to understand the irrigation water demand/supply situation within the basin, 
the phase I study acknowledged the existence of gaps in the datasets, limitations in the valuation 
of irrigation water uses and the impact of increased water productivity on food security and water 
utilization. 

In view of these gaps, Nile-Sec launched the phase II study in partnership with the International Water 
Management Institute (IWMI) to contribute to the generation of strategic options for more efficiently and 
sustainably meeting the water demands in the NB. The phase II study has six interrelated components:

• Component I: Refining the baseline irrigation water demand and actual use
• Component II: Projection of the future irrigation water demand
• Component III: Scenarios for water saving in irrigated agriculture
• Component IV: Economic value of water for irrigation
• Component V: Development of a basin-wide approach for benchmarking irrigated agriculture  

  performance
• Component VI: Strategic recommendations for improved irrigation water management
The purpose of this report is to objectively assess the various possible irrigation development 

scenarios in the basin. It builds on the database of future irrigation projects prepared by NBI in the first 
phase of the SWRA and relies on additional information available from different sources (e.g., Food and 
Agriculture Organization of the United Nations [FAO], NBI studies, national master plans).

The first phase of SWRA showed that there would be considerable water shortfalls if all the 
agricultural crop expansion was to be irrigated from the Nile or its tributaries. Limited desk studies 
by NBI indicate that improved irrigation efficiencies can substantially, if not totally, reduce the water 
shortfalls. This needs to be explored further in terms of whole packages of practices and technologies 
and policy elements that improve not only irrigation efficiency but also irrigation water productivity.

The objective of this report, component II of the phase II study dealing with future irrigation water 
demand scenarios, is to contribute to the discovery of more efficient and sustainable strategic options 
for meeting the growing water demands in the Nile Basin through (a) developing scenario-based modeling; 
and (b) assessment of the possible irrigation expansion pathways in the basin. Through a review of past 
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irrigation development in the basin, a fundamental consideration has been taken into account: irrigation 
growth in Nile Basin countries (or for that matter many SSA countries) is a complex phenomenon that 
cannot be fully explained in terms of external drivers such as socioeconomic, technological and climatic 
change; we need to also consider the implementation capacity of the country’s institutional, human and 
financial resources and the existence of an enabling environment.

The main outputs of this component include a detailed description (technical report, database, 
maps) of the reference scenario for irrigation expansion together with up to three variants that shall 
be used to refine irrigation water demand projections in the Nile Basin. The key tasks assigned to this 
component were to: 

i) Review available information (FAO, NBI Regional Agricultural Trade and Production [RATP] study, 
national master plans and other relevant sources) on the land area that is potentially suitable (as 
per FAO suitability classes) for irrigated agriculture (based on land, rainfall, and soil suitability) 
in all NBI countries; and develop a georeferenced spatial database (including maps) of areas 
with irrigation potential together with likely cropping patterns. Preparation of the geospatial 
database shall be based on datasets available publicly or those that can be obtained on request; 

ii) Analyze the national master plans or other planning documents of NBI countries and develop a 
comparative summary of the strategies adopted by NBI countries to achieve irrigation expansion 
(e.g., level of ambition, supplementary vs. full-scale, small-scale vs. large commercial farming, 
etc.);

iii) For each country, identify the historical trend of irrigation expansion in relation with projections 
made in the master plans or other planning documents (including graphical illustration of the 
trends and future trajectories); 

iv) Assist the NBI in refining the reference scenario for irrigation in the 2050 time horizon based on 
national base plans. The basis for this task shall be the database of planned irrigation projects 
compiled by NBI and consultations with experts; and

v) Write a technical report describing future irrigation expansion while considering the following:

 1) Historical trend and likely future trajectories 
 2) Comparative summaries of national strategies for irrigation expansion 
 3) Analysis of potential irrigation land areas, related back to the planned expansion 
 4) Scenarios of cropping patterns and irrigation technologies (component III)
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2. REVIEW OF THE IRRIGATION SITUATION IN BASIN COUNTRIES

2.1 Irrigation Policies/Strategies/Plans

A review of the country documents shows that many of NB countries have documented irrigation 
development policies and strategies. Several of them are in an advanced stage of irrigation planning, 
as is demonstrated by their respective irrigation master plans, integrated water resources management 
studies and strategic and transformation programs. We summarize these plans and present them below 
in this section. The master plan studies of Burundi and DRC master were not available, and so were not 
included in this review. However, in common with many of the upper riparian countries, the policies of 
these two countries are quite likely to focus on improving food security and economic growth as well.

Egypt

Egypt has a ‘Strategic Framework for Economic and Social Development Plan’ with a time horizon of 
2022 that aims at poverty reduction. It provides guidance for different policy formulations, including 
agriculture and food security. In this document, it is evident that Egypt’s future desire for irrigated 
agriculture is shifting toward improving sustainability, productivity and water efficiency (e.g., MoIC 2012). 
As stated in this framework, the ‘National Water Resources Plan of 2005’ aims at improving overall 
water-use efficiency in agriculture, improving allocation and distribution of the Nile water, preventing 
or reducing emissions, and treatment of wastewater.

In 2009, a Strategy for Sustainable Agricultural Development (SADS) was developed by the Ministry 
of Agriculture and Land Reclamation (MALR 2009). Today, it stands out as one of the significant 
strategies developed by the ministry. It aims at modernizing Egyptian agriculture through efficient use 
of development resources, utilization of geopolitical and environmental advantages, and exploitation of 
the comparative advantages of the different agroecological regions of Egypt. The country’s strategic 
objectives for 2030 focus on (i) sustainable use of natural agricultural resources; (ii) increasing the 
productivity of both land and water units; (iii) raising the degree of food security of strategic food 
commodities; (iv) increasing the competitiveness of agricultural products in local and international 
markets; (v) improving the climate for agricultural investment; and (vi) improving living standards among 
the rural population and reducing the poverty rate in rural areas. Therefore, Egypt’s policy toward long-
term expansion is limited and, as such, focuses on improving productivity and water-use efficiency. 
However, in its country communication to NBI, Egypt has indicated it plans to have an irrigation area 
of about 502,196 ha in the future (see Section 4.5, Table 11).

Ethiopia

Led by a Climate Resilient Green Economy (CRGE) strategy of achieving middle-income status by 2025, 
Ethiopia embarked on a Growth and Transformation Plan (GTP) with a five-year cycle with the main 
policy objective of economic growth and poverty reduction. The first phase of GTP was completed fairly 
successfully in 2015 (NPC 2016). The next phase of GTP – GTP II – was launched in 2016 and will run 
through to 2020. The objective of GTP II is to ensure rapid, sustainable and broad-based growth by 
enhancing productivity of agriculture and manufacturing; and by improving the quality of production 
and stimulating competition in the economy. Though GTPs are intended to stimulate economic growth, 
food security is one of the pillars of the transformation. Ethiopia planned to develop more than 940,000 
ha by implementing medium and large-scale irrigation schemes; and over 1.6 Mha by using small-scale 
irrigation schemes (through the Ministry of Agriculture and Natural Resources) during the GTP II period. 
Ethiopia is one of the countries pursuing irrigation development vigorously as part of its strategy of food 
security and economic growth. The NBI-verified irrigation plan for Ethiopia would cover approximately 
1.43 Mha (see Section 4.5, Table 11). 

Kenya

Kenya has set itself a national irrigation development goal of 1.2 Mha by 2030 to strengthen its 
agricultural sector so that it can contribute more to the national economy. The development target 
includes large-scale (public), small-scale (smallholders) and private irrigation schemes. The country’s 
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2013 Master Plan identifies a catchment-based area with irrigation potential and a newly updated 
irrigation development area, which incorporates a water balance study. For the Nile Basin part of Kenya, 
the irrigation development plan is divided into two components, the Lake Victoria North Catchment 
Area (LVNCA) and Lake Victoria South Catchment Area (LVSCA), as shown in Table 1. Accordingly, 
Kenya is planning to develop 277,764 ha of irrigable land in the Nile Basin part of the country by 2030. 
However, this extent of planned area is higher than the data verified by NBI, which is about 66,682 ha 
(see Section 4.5, Table 11).

 Table 1. Irrigation development target in the Nile Basin part of Kenya as per the national irrigation  

 development goals specified in the plan Kenya Vision 2030.

Irrigation development target Lake Victoria North Lake Victoria South  Total 
 Catchment Area  Catchment Area 
 (LVNCA) (LVSCA) 

Provisional target area (ha)* 90,786 186,978 277,764

Possible new irrigation area (ha)** 168,913 113,206 282,119

Total 259,699 300,184 559,883

Source: JICA 2013.

Notes:

*Assumed values for the Kenya Vision 2030 targets based on data on potential agricultural area proposed by Ministry of Agriculture 
before water balance study.

**Maximum possible area for new irrigation development based on water balance study.

Tanzania

The national agriculture policy of Tanzania (JICA 2018) recognizes irrigation development as an 
effective approach to achieve food security and poverty reduction as it improves crop productivity 
and assures stable expansion of agricultural production. The Government of Tanzania (GoT) began to 
focus on irrigation development at the government level in 1994 and formulated the National Irrigation 
Development Plan (NIDP) to achieve more efficient irrigation development by 2014. In 2004, Tanzania 
developed the National Integrated Master Plan (called NIMP2002) with 2017 as its target year. The 
major objective of NIMP 2002 was to realize sustainable irrigation development by effectively mobilizing 
national resources, which would in turn contribute to the achievement of goals set in the Agricultural 
Sector Development Strategy (ASDS). The master plan proposed to develop 626 irrigation schemes 
with a total irrigated area of 405,000 ha. By 2015, national irrigation development in Tanzania grew 
from 200,000 ha in 2004 to 460,000 ha, which was above the targeted development for 2017. This 
is a growth rate of almost 10% annually over the total irrigated area in 2004. The revised NIMP 2018 
sets out the national irrigation development targets for 2025 and 2035. Table 2 shows the estimates 
for targeted irrigation development in the Nile Basin part (the Lake Victoria catchment) of Tanzania as 
presented in NIMP 2018 (JICA 2018) and the Integrated Water Resources Management and Development 
Plan (IWRMDP). Both studies estimate the planned irrigable area for 2025 and 2035. However, the NIMP 
2018 study explicitly considers water allocation, and significantly varies from the IWRMDP study, as is 
evident in Table 2. The NIMP 2018 planned irrigation area shown in Table 2 (45,140 + 27,460 = 72,600 
ha) is higher than the NBI-validated planned irrigation area, which is 50,677 ha (see Section 4.5, Table 11). 

 Table 2. Estimates for targeted irrigation development (ha) in the Lake Victoria catchment  
 of Tanzania as presented in the country’s National Integrated Master Plan (NIMP 2018) and  

  Integrated Water Resources Management and Development Plan (IWRMDP).

Basin  2025   2035

 IWRMDP  NIMP 2018 IWRMDP  NIMP 2018

Lake Victoria 131,560  27,460 261,288  45,140

Source: JICA 2018.
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Uganda

Given the immense potential that improved rainfed agriculture has for food security and the high 
investment costs associated with irrigation development in Uganda, that county’s irrigation development 
policy is aimed at poverty alleviation and economic growth. For sustainable realization of its irrigation 
potential, while mitigating the likely effects of climate change and contributing to the transformation 
of society from a peasant to a modern and prosperous country, Uganda is keen to expand irrigation 
development in the country.

Past studies have given varying figures for Uganda’s irrigation plans and potential. As shown in the 
National Irrigation Master Plan study, which was conducted by PEM Consult (2011), the estimates for 
potential irrigation area in Uganda have ranged from 170,000 ha to 566,466 ha. The PEM Consult study 
indicates that this wide range is due to the fact that the estimates followed the Draft National Irrigation 
Master Plan (DNIMP). The DNIMP study appeared to project irrigation area on the basis of a certain 
annual increment expressed as a percentage of the total potential arable land, which was estimated at 
4.4 Mha (PEMConsult2011). Table 3 shows the potential and planned irrigation area projections until 
2035. It should be noted that the NBI-validated irrigation area for Uganda is 4,048 ha (see Section 4.5, 
Table 11), which is far below the master plan’s estimate of 33,750 ha (Table 3). It is clear that irrigation 
expansion is expected to be more than 4,048 ha by the end of 2050. This value may require further 
validation and updating. 

 Table 3. Projections for planned irrigation area vary significantly for the Nile Basin in Uganda.

 Potential irrigable (ha) Planned irrigation (ha)

Type A land (wetlands) 243,500 24,000
Type B land (uplands) 272,000 9,750

Total 515,000 33,750
Source: PEMConsult 2011.

 

South Sudan

The Republic of South Sudan commissioned an Irrigation Development Master Plan (IDMP) study in 2015 
with the goal of achieving sustainable irrigated agriculture and other productive uses of water in order to 
improve food security and resilience, reduce poverty and contribute to economic growth and sustainable 
development. The study charted out irrigation development for 2021, 2027 and 2040 (Table 4). 
The total planned irrigation area until 2040 adds up to 582,928 ha in this master plan (Table 4) 
against the NBI-validated value of 226,930 ha. 
 

 Table 4. Projections for planned irrigation area in South Sudan.

Type of scheme  Planning horizon
 2021 2027 2040
 Area (ha) Area (ha) Area (ha)

Small scale (100 ha) 33,800 81,500 207,628
Medium scale (250 ha) 6,250 31,250 145,250
Large scale (750 ha) 2,250 12,750 62,250

 Total 42,300 125,500 415,128
Source: JICA 2015.
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Rwanda

Rwanda developed an Irrigation Master Plan (IMP) in 2010. The primary objective of the IMP is to develop 
and manage water resources; to promote intensive and sustainable irrigated agriculture; and to improve 
food security. The plan aims at full, efficient and sustainable exploitation of surface water (runoff, rivers 
and lakes) and underground water resources. 

The history of irrigation development in Rwanda goes back to the 1940s although progress has been 
slow. About 300 ha of swamp land was brought under rice cultivation at two places in 1964 with Taiwanese 
aid. An additional 100 ha of swamp land was prepared for irrigation in 1968. Irrigation development efforts 
continued through many partner interventions until 1986. In 2003, the Government of Rwanda embarked on 
a swamp reclamation program under the Rural Sector Support Project (RSSP) funded by the International 
Development Association (IDA), with a focus on large-scale rice production. By the end of 2006, almost 
11,000 ha of swampland had been reclaimed and used for rice production. As part of a detailed joint 
master plan study by the Ministry of Agriculture and Animal Resources, Ebony Company Limited and World 
Agroforestry (ICRAF) identified 589,712.7 ha of irrigable land area in Rwanda. Almost 20% of this area 
(125,627 ha) is intended to be developed by the World Bank in building small reservoir storage. However, 
the NBI-validated planned area in Rwanda is only 4,447 ha. It is clear Rwanda has more land that can be 
brought under irrigation than has been validated by NBI. This value, however, requires further validation 
and updating by studies in Rwanda.

Sudan

Furthermore, IMF (2013) recommended providing poor people whose livelihoods depend on land, water, 
forests and biodiversity secure access to these assets and creating circumstances under which they can 
manage the resources sustainably. Similarly, initiatives like the Agricultural Revitalization Program (ARP), 
Green Mobilization Program (GMP) and Revitalizing Sudan’s Non-Oil Exports all contribute toward revitalizing 
agriculture in Sudan. 

Therefore, given the decline in agricultural growth over the past two decades, the secession of South 
Sudan in 2011, the consequent loss of oil revenues and the subsequent downturn in the country’s economy 
(FAO 2015a), Sudan’s policy on irrigation development is likely to move toward expansion, encouraged by 
the recent positive efforts in liberalization and income generation activity. Furthermore, completion of the 
Grand Ethiopian Renaissance Dam (GERD) and its steady flow may present an additional opportunity to 
Sudan’s farmers to engage more in irrigation activities.

In terms of the actual irrigation plan, the report ‘Multipurpose Development of the Eastern Nile: One 
System Inventory Report on Water Resource Related Data and Information -- Sudan’ (Ahmed 2006), 
submitted to the Eastern Nile Technical Regional Office (ENTRO), estimates the total extent of available 
irrigable land in Sudan to be of the order of 12,283,500 feddan1 (5,159,100 ha) (Table 5). As this data was 
collected before South Sudan seceded, it cannot be considered Sudan’s plan alone. The NBI-validated 
planned irrigation area submitted by Sudan is of the order of 1.1 Mha (see Section 4.5, Table 11).

1 1 feddan = 0.42 hectares
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 Table 5. Planned irrigation area in Sudan.

No. Summary of sub-basins Cultivated area in 1000 Available 
  2005 2015 2025 (potential)

1 The Blue Nile available area is 6,271.5 million feddan 3,107 5,061 5,224 6,271.5
 Revised for summation error (feddans) - no error 3,107 5,061 5,224 
 Revised area in 1,000 ha 1,304.9 2,125.6 2,194.1 
2 The White Nile available area is 1.791 million feddan 282 772 1,492 1,791
 Revised for summation error (feddans)a  830 1,397 1,896 
 Revised area in 1,000 ha 348.6 586.7 796.3 
3 Atbara available area is 1.361 million feddan 700 1,147 1,596 1,361
 Revised for summation error (feddans)b 492 982 1,742 
 Revised area in 1,000 ha 206.6 412.4 731.6 
4 Others—available area 2.860 million feddan 311 1,071 1,860 2,860
 Revised for summation error (feddans)c  311 1,071 1,860 
 Revised area in 1000 ha 130.6 449.8 781.2 

 Grand total area (feddans) 4,740 8,511 10,950 
 Revised grand total (feddans)d 4,740 8,511 10,722 12,283.5

 Revised grand total in 1,000 ha 1,990.8 3,574.6 4,503.2 5,159.1
Source: Ahmed 2006.
a The summation of the total planned irrigation in this row was not correct; therefore, revised and corrected.
b The summation of the total planned irrigation in this row was not correct; therefore, revised and corrected.
c The summation of the total planned irrigation in this row was not correct; therefore, revised and corrected.
d The summation of the total planned irrigation in this row was not correct; therefore, revised and corrected. 

3. SUMMARY OF PHASE-I IRRIGATION DEVELOPMENT PROJECTION 
STUDY

3.1 NBI Future Irrigation Development Projection Study

The phase I study presents a combined scenario formulated for modeling of future development using a 
combination of a selected set of infrastructure development and climate change scenarios and levels of 
irrigation improvement represented by a percentage increase (see Table 2, NBI Technical Note IV). The 
approach for scenario definitions was developed in collaboration with the National Experts Group. As 
shown in Table 6, the irrigation part of the scenario takes into account the ‘Full Development Scenario’ 
and its variants (25%, 50% and 75% of Full Development) based on the future infrastructure projections 
supplied by the NBI member countries. A range of percentages of the ‘Full Development Scenario’ along 
with climate change and efficiency improvements considered in the phase I study are shown in Table 6. 
The basis of the variants of the projects are not explained, however. As part of this study NBI requires 
development scenario-based irrigation projections.
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 Table 6. Phase I projection scenariosSource: NBI 2015b, Technical Note IV.

 Scen* Climate Infrastructure Irrigation efficiency Label

1 Baseline ensemble Full development Current level future_00

2 Baseline ensemble Full development Current for existing + 50% New System future_01

3 Baseline ensemble Full development Increased level 50% for all future_02

4 RCP 4.5 and RCP 8.5 Full development Current level future_03

5 RCP 4.5 and RCP 8.5 Full development Current for existing + 50% New System future_04

6 RCP 4.5 and RCP 8.5 Full development Increased level 50% for all future_05

7 RCP 4.5 and RCP 8.5 25% development Current level future_06

8 RCP 4.5 and RCP 8.5 50% development Current level future_07

9 RCP 4.5 and RCP 8.5 75% development Current level future_08

10 Baseline ensemble 25% development Current level future_09

11 Baseline ensemble 50% development Current level future_10

12 Baseline ensemble 75% development Current level future_11
 Notes: 
 *Scen = Scenario number; RCP - Representative Concentration Pathway.

4. PHASE II SCENARIO-BASED IRRIGATION DEVELOPMENT 
METHODOLOGY

4.1 Existing Irrigation Development and Baseline Data

The phase I study (NBI Technical Note II) indicated that the total area equipped for irrigation in the Nile 
Basin is about 5.37 Mha (NBI 2015a). The basis for this assessment was the baseline data used for irrigation 
projection in the phase I study. The baseline data has been updated as part of Technical Report I of this 
project (NBI 2020a). A summary of the 2018 baseline data is provided in Table 7 along with the 2015 NBI 
baseline data. The detailed country-specific data are presented in Annex A-1 through A-9 of the Technical 
Report I (NBI 2020a). 

To improve upon the data presented in Technical Report I (NBI 2020a), a significant effort has been 
made to supplement the data so that it provides a sufficient base for the development of scenarios and 
future agricultural water demand in the Nile Basin. The use of very recent information – some of it as 
recent as 2018 – and various sources to verify previously available information makes the findings the best 
available information at the NBI’s disposal to estimate water demands in the Nile Basin. 

As shown in Table 7, the new cropped and irrigation-equipped area is about 8.7 Mha and 6.6 Mha, 
respectively, which represents a 37% (cropped) and 23% (equipped) weighted average increase over the 
2015 data. This increase is consistent with global studies on irrigation growth in sub-Saharan Africa (FAO 
2011). Such an increase over a three-year period is significant. However, this increase has not actually been 
verified through a field survey or any other means. It could just be due to improved data collection and 
reporting. The new baseline data have been used as the basis for future irrigation projection in the Nile 
Basin. The existing irrigation data for eastern DRC is not available and, as such, DRC was not included in 
the analysis.  
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 Table 7. Data on cropped and irrigation-equipped area in the Nile Basin.

 2014/15 baseline data Updated 2018 baseline data Change from 2015 baseline (%)

  Area (’000 ha)   Area (’000 ha)  Cropped  Equipped

 Cropped  Equipped Cropped  Equipped  

Burundi 14.96  8.7 14.9  8.8 (0.50)  1.18

DRC   - -  

Egypt 5,021  3,447.2 6,529.6  3,823.7 30.0  10.9

Ethiopia 134  91 455.4  547.4 239.9  501.5

Kenya 20  47.8 33.2  61.3 65.8  28.2

Rwanda 7  7 7.7  8.9 10.0  26.7

South Sudan 0.15  0.5 265.1  111.4 176,653.8  22,171.0

Sudan 1,146.7  1,764.63 1,381.3  Country 20.5  14.7

Tanzania 6  19.75 32.2  33.4 435.9  69.1

Uganda 9.7  9.7 14.7  21.2 51.7  118.5

Total 6,359.51  5,396.08 8,734.1  6,639.8 37.3  23.0

Source: Technical Report I: The Baseline Report (modified with data from the 2018 Baseline Report - component I of the proj-
ect, NBI 2020a).

4.2 Identification of Potential Irrigation Area

The land suitability and mapping component of this study identified the maximum possible land suitable 
for irrigation based on established criteria. The suitability analysis and mapping are presented in detail 
in a separate technical report (Technical Report 2b; NBI 2020b). The report also compared the potential 
suitability data with other earlier data sets. As shown in Table 7, the differences in estimates of potential are 
mainly attributed to differences in the assessment methodology. Some studies consider only land resources, 
others consider land and water resources, and some others consider additional aspects such as economic 
viability and environmental characteristics as well. As elaborated in Technical Report 2b (NBI 2020b), the 
FAO (1997) assessed the ‘physical irrigation potential’ of Africa by evaluating the land and water resources 
along with irrigation water requirements. The current land suitability classification avoids eliminating land 
that is permanently unsuitable for reasons other than water supply. Technical Report 2b also presents 
the categories of suitable land that are currently under agriculture and non-agriculture purposes. Table 8 
provides a comparison of the potential irrigable land and potential suitable land in the Nile Basin.
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  Table 8. Potential irrigable land and potential suitable land in the Nile Basin.

Country Potential irrigable land  Potential suitable land (This Study,  
 (FAO 1997)  Technical Report 2b; NBI 2020b)

Burundi 80,000 162,909

DRC 0 487,817

Egypt 4,420,000 3,377,971

Eritrea 150,000 154,632

Ethiopia 2,220,000 7,969,455

Kenya 180,000 1,927,607

Rwanda 150,000 464,665

South Sudan  3,580,578

Sudan 2,750,000 20,086,802

Tanzania 30,000 4,273,263

Uganda 202,000 7,308,534

Total 10,192,000 49,794,233

Source: Technical Report 2b, NBI 2020b.

4.3 Description of Scenarios: General Conceptual Framework

Many Nile Basin (NB) countries have irrigation master plans, a fact that underscores their desire for future 
irrigation expansion to achieve food security and economic growth. Data compiled for Technical Report I of 
this project (NBI 2020a) indicate that many NB countries have already embarked on programs to expand 
irrigation. As shown in Section 4.1 above (Table 7), cropped and irrigation-equipped area expanded by 37% 
and 23%, respectively, over the 2015 base level. In terms of historical magnitude, the irrigation area of 
the upper Nile countries expanded from 50,404 ha in the 1980s to 823,173 ha in 2017/18 (Table 9), while 
the lower riparian countries Sudan and Egypt showed expansion from about 5 Mha to around 7.9 Mha. It 
appears that irrigation expansion will remain a key development direction for the NB countries, especially 
the upper riparian countries (see Section 2.1). However, in view of the political and socioeconomic history 
of the basin countries, the path and speed of irrigation development is uncertain and inconsistent. 

Scenario analysis comprises a systematic approach to determine possible alternative future outcomes 
of the impact of socioeconomic growth, technology or development interventions. It is a prerequisite for 
preparedness and averting potential risks. Different fields of study provide slightly varying definitions of 
scenario analysis. Balaman (2019) summarizes scenario analysis as an approach conducted to analyze the 
impacts of possible future events on the system’s performance by taking into account several alternative 
outcomes, i.e., scenarios, and to present different options for future development paths, resulting in 
varying outcomes and corresponding implications. The role of scenario analysis and planning is to 
look at various future states of a system operating under uncertainty and generate strategies to meet 
potential management challenges (Peterson et al. 2003). Scenario analysis can be used to estimate the 
behavior of the system in response to an unexpected event, and may be utilized to explore the changes 
in the system’s performance in a theoretical best-case (optimistic) or worst-case (pessimistic) scenario. 
That is to say that the major objective is to analyze the results of the more extreme outcomes (with high 
probability and/or more severe impacts) (Bekessy and Selinske 2017). Stewart et al. (2007) identifies 
identify scenario analysis as the consequences of interactions among boundary conditions, driving forces 
and system components. Some of the important drivers at the center of scenario analysis are changes 
in policies, socioeconomic conditions, technology and the international trade regime. For instance, IPCC 
(2000) generates future greenhouse gas (GHG) emissions scenarios on the basis of plausible assumptions of 
socioeconomic driving forces such as demographic development, economic development, and technological 
change. Knox et al. (2018) considered the socioeconomic scenario drivers in their effort to develop future 
irrigated agriculture narratives for one watershed in the United Kingdom.

In the context of the Nile Basin (NB) countries, it is believed that rapid changes in socioeconomic 
drivers, especially in the upper riparian countries, have not significantly affected agricultural productivity or 
irrigation. Despite five-fold population growth in the NB since the 1950s (UN DESA 2015), cereal productivity 
over the last 20 years or so has almost stalled. Except for Egypt, where cereal yield has been steadily 
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increasing and reached more than 7 tonnes/ha, cereal productivity in all other riparian countries has 
been in the range of 0.6-2.2 tonnes/ha (Omiti et al. 2011; World Bank 2020). Similarly, population increase 
and drought in the basin have acted as constraints to significant irrigation expansion or improved food 
security in the NB countries. For instance, the droughts of the 1980s and 2003 in Ethiopia have not led 
to enhancement of irrigation development activity. As of 2015, only 3% of the crop production in Ethiopia 
came from irrigated agriculture (FAO 2015c). The NB countries are the lowest in the Global Food Security 
Index ranking and have a significant food shortfall (The Economist Intelligence Unit 2018). Siderius et 
al. (2016) indicate that the contribution of irrigated agriculture to food security in many upper riparian 
countries is almost nil. This phenomenon is related to the question of affordability and the lack of irrigation 
technology. Hence, socioeconomic drivers, advancement of technology, climate change or other drivers 
have not significantly contributed to irrigation expansion compared to the magnitude of the expansion of 
the impacts of these drivers. Expansion of rainfed agricultural land that still has low productivity has been 
the main response to the growth of socioeconomic drivers in these countries. This study focuses not on 
driver-based scenario projections but on implementation-based scenario analysis. As discussed in Section 
2, the Nile Basin countries have nationally planned irrigation master plans/programs which for the most 
part are based on their implementation capacity and the enabling environment. Furthermore, IWMI and 
NBI agreed to develop implementation-based scenario analysis for irrigation projection in the Nile Basin 
based on practical considerations that were discussed with the stakeholders. Thus, this study proposes two 
possible implementation-based irrigation development projection scenarios to be used for the evaluation 
of the likely impacts on the water resources of the NB system. Figure 1 depicts the two scenarios with 
variants – the Business as Usual Scenario (BaUScen) and the Planned Development Scenario (PLANScen). 
The two scenarios are evaluated using the regional water resources modeling system, with and without 
water saving considerations. The water saving scenario analysis is presented as component III of the project. 

 Figure 1. Schematic flow diagram illustrating the proposed irrigation development projection scenarios      
 and their variants.

 

 
4.4 Business as Usual Irrigation Development Scenario (BaUScen)

The Business as Usual Scenario2 (BaUScen) is a scenario for future patterns of activity which assumes that 
there will be no significant change that will affect the current path of irrigation development. It attempts to 
construct the current irrigation development trend of Nile Basin countries based on their historical growth. 
Due to uncertainties in the nature of irrigation data, two variants of the BaUScen irrigation development 
projections are proposed (Figure 1):

i.  Continuity of the present irrigation development trend, which is constructed on the basis of compiled 
existing irrigation data for each country; and

2 Online Oxford Reference Dictionary – Available at https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095538117 
(accessed in March 2019).

Business as Usual (BaUScen)
Planned Development

(PLANScen)

Variant II: Regional irrigation development 
trend (RegionalBaU)

Variant I: Continuity of present irrigation
development trend (CountryBaU)

Variant II: Full implementation of the
plan (FPLANScen)

Variant I: Partial implementation of the
plan (PPLANScen)
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ii. Regional Irrigation development trend, which FAO-Nile (FAO and NBI 2011) developed for each 
country based on past regional SSA analysis. The following section describes the facts and 
assumptions for these variants in detail.

4.4.1. Continuity of Present Country-Specific Irrigation Development Trend 
(Country BaUScen)

This variant assumes that the historical irrigation development trend in each basin country will continue 
in the sense of a long-term average, assuming that the ups and downs of development are lumped into 
an average computed trend. For this study, efforts were made to compile information on existing and past 
irrigation development trends from various reports and documents produced since 1989 (e.g., FAO and 
NBI 2011). Table 9 depicts historical and existing irrigation data for 1989, 1997, 2000, 2005, 2009, 2015 
and 2018, including data generated by the current study. These data were used to calculate the rate of 
irrigation growth in each of the NB countries over the past 30 years. Though the data, which were compiled 
at different times, may have limitations as indicated earlier, they provide an indication of the progression 
of past irrigation development in these countries and in the region. The inconsistencies and credibility of 
this data in the light of current circumstances are discussed in Technical Report 1 (NBI2020a).

As it stands now, irrigation development, both in terms of the speed of expansion and the level of 
intensification, has not been homogeneous in the NB. In Technical Report 4, the irrigation water valuation 
study clustered the NB countries into four types: (i) Egypt intensive; (ii) Sudan semi-intensive; (iii) extensive 
highland; and (iv) extensive lake region. Against that background, for this variant NB countries are divided 
into two clusters3, upper and lower riparian countries, mainly based on their past irrigation experience 
and prospects for future extension of irrigation development. Sudan and Egypt are included as the lower 
irrigation sub-region and the other the riparian countries are treated as the upper sub-region. The upper 
sub-region includes countries such as Burundi, DRC, Ethiopia, Kenya, Rwanda, Tanzania, Uganda; and the 
lower sub-region includes countries such as Sudan and Egypt. As shown in Table 9, the average rate of 
irrigation growth for Egypt and Sudan is less than 2.1%, and greater than 10% for the other countries. In 
both categories, the average rate of growth of irrigation development is considered in order to project future 
expansion. As can be calculated from Table 9, the average annual rate of irrigation growth for the upper 
riparian countries is of the order of 18% per annum. This is significantly high compared to the downstream 
countries Sudan and Egypt, which average 0.8%. The upper riparian countries start from a much lower 
base than Egypt and Sudan and as such the rapidity of their trend is to be expected. 

The recently compiled existing irrigation areas in the Technical Report I (NBI 2020a) were taken as 
the baseline (2018) and used to project expansion of irrigation up to 2030. After 2030, similar to the case 
of Egypt, upper riparian countries are assumed to start focusing more on improvements in efficiency and 
water productivity. And irrigation development expansion is likely to be lower by half (FAO 2011) due to 
several factors. Surface water scarcity and rainfed agriculture productivity (discussed in Technical Report 3) 
enhancement are likely to be the drivers of this lowering of the rate of irrigation expansion. The decrease 
by half is not likely to happen sharply after 2030, but an average of the anticipated gradual decrease 
will take place at the beginning until expansion ceases toward 2050. Egypt has clearly stated that one of 
its strategies (Section 2) is to focus on irrigation modernization and efficiency improvement rather than 
expansion per se, and, as such, it is reasonable to assume that the annual land expansion rate of Egypt 
will be lower than that of Sudan after 2050. Therefore, the summarized annual irrigation development 
rate (Table 10) was used as BaUScen (variant I) to provide the indicative irrigation expansion in the NB. 

3 The two clusters are intended to limit erroneous trends resulting from the treatment of one country as a cluster. The four clusters 
suggested in Technical Report 4 take Ethiopia, Sudan and Egypt each as one cluster intended for economic analysis. 
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 Table 9. Data on irrigation area (ha) in the Nile Basin countries as compiled from different sources since  
 1989.

Country 1989  1997 2000 2005 2009 2015 2018 % growth/ 

 (FAO)+ (FAO) (FAO) (FAO)+ (NBI)+ (NBI) (This study) annum

Burundi 0 0 50 3,158 14,625 14,960 14,885 24.3

DRC 0 0 80 0 0 0 - 

Egypt 3,078,000 3,078,000 292,320 39,27,039 2,963,581 5,021,000 6,529,614 2.06

Ethiopia 23,160 23,160 32,100 14,171 90,769 134.000 455,421 35.01

Kenya 6,000 6,000 9,800 41,693 34,156 20,000 33,168 10.00

Rwanda 2,000 2,000 3,300 15,637 17,638 7,000 7,698 12.83

South Sudan NA NA NA NA NA 150 265,131 

Sudan 1,935,200 1,935,200 1,930,300 1,156,747 1,749,300 1,146,700 1,381,337 0.27

Tanzania 10,000 10,000 14,100 130 475 6,000 32,154 49.90

Uganda 9,120 9,120 9,100 33,203 25,131 9,700 14,717 37.1

Upper riparian

Countries 50,404 65,404 68,530 112,135 182,794 191,810 823,173 18.9

Lower riparian

Countries 5,013,200 5,013,200 4,853,500 5,083,786 4,712,881 6,167,700 7,910,951 0.8

Nile Basin 5,078,604 5,078,604 4,922,030 5,195,921 4,895,675 6,359,510 8,734,124 1.3

+Data from FAO and NBI (2011).

 Table 10. Projected average annual growth rate (%) in irrigation development in the Nile Basin.

Countries   2005/07–2030 2030–2050

Lower riparian countries4  

 Egypt 0.80 0.40

 Sudan 0.80 0.40

Upper riparian countries 18.00 9.00

Two important issues to note that may encourage irrigation development in the NB are: (1) the global 
demand for agricultural land; and (2) private-driven irrigation development. The current demand for 
agricultural land to produce more food in developing Africa has been reported as significant (Friis and 
Reenberg 2015). Many countries, particularly in the Nile Basin, appear to venture in the global land deal. For 
instance, Friis and Reenberg (2015) report that 27 countries in Africa have had land dealings with foreign 
companies, and of them Ethiopia, Sudan, DRC, Tanzania and Uganda stand out as key players. Though 
evidently irrigation is a significant element of this phenomenon, there is not much information whether all 
or part of the leased land will be developed through irrigation. Furthermore, if national irrigation policies 
are revised to encourage private involvement in the form of public-private partnership and facilitate loans 
and land grants to private companies, it will likely act as a stimulant to irrigation growth, especially in the 
upper riparian countries where there are large parcels of potentially irrigable land. In such a scenario, a 
trend of high irrigation growth in the upper riparian countries may not be unrealistic after all.

4.4.2. Follow Regional Irrigation Development Trend (Variant I)

This variant of BaUScen assumes that irrigation development in the long run will continue to grow modestly, 
consistent with the current trend in sub-Saharan Africa. FAO and NBI (2011) presents irrigation development 
projections based on past growth trends, assuming that the baseline areas distributed across the basin 
will grow in line with the national projections done by FAO (the AT2030/50 project, 2006). That projection 
estimates an average basin irrigation growth rate of 1% per annum up to 2030 and 0.5% up to 2050, 

4 Note that irrigation expansion may be limited by water availability in the lower riparian countries specially Egypt.
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consistent with sub-Saharan Africa projection estimates, with specific country variations which are shown 
in Figure 2. This does not necessarily mean that the growth trend will strictly accord to 1% and 0.5%, but 
it can be taken as a long-term average. Given the commitment of countries to reduce food insecurity and 
hunger (under Sustainable Development Goal [SDG] 2) by 2030, it is anticipated that rapid expansion of 
irrigation is likely to occur until 2030 and then slow down thereafter.

The FAO and NBI (2011) annual irrigation development projection is lower than that seen in variant 1 
because the rapid increase of irrigation in many upper riparian countries (Ethiopia, South Sudan, Tanzania 
and Uganda) occurred after the projection was made. This shows high uncertainty in the projection of 
growth of irrigation development in the Nile Basin. However, it also gives us an opportunity to understand 
the low end of irrigation growth without any targeted policy intervention. Hence, it is included as part 
of this study. The recently compiled and 2018 updated current irrigation areas (Technical Report I; NBI 
2020a) are used as a baseline to project irrigation expansion to 2030 and 2050 (see Section 4.1, Table 7).

 Figure 2. Projections of the rate of growth (%) of irrigation development based on FAO-Nile historical     

  trend in the NB countries.

4.5 Planned Development Projection Scenario (PLANScen)

As discussed in Section 2, most of the NB countries have developed irrigation master plans or conducted 
integrated water resources management studies or developed some form of a strategic development 
agenda5. The master plan documents propose irrigation development plans, the details of which are 
shown in Table 11. As each country conducted its own study, had its own planning horizon and used its own 
methodology, each of the plans is different; so it is a challenging task to harmonize them to one projection 
period (2030 and 2050). For instance, the planning horizon of Uganda is 2035 (PEMConsult 2011), while 
Kenya has a plan until 2030 (JICA2013). Ethiopia currently follows a five-year planning cycle, and its Growth 
and Transformation Plan II runs to 2020 (NPC 2016). Furthermore, it was noted during the review period that 
different reports provide different planned irrigation areas (Table 11). In addition, it was not clear whether 
the planned areas verified and supplied to NBI by each country had a planning period at all. As a result, 
the planned areas stated by Burundi, Rwanda and Uganda are significantly lower than what is available. 
In this study, country-validated data on planned irrigation area supplied by NBI have been considered for 
consistency. It is also assumed that the NBI-verified area accords to a planning horizon of 2050. 

5 The master plan references and strategic documents are included as reference.
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This scenario is different from the BaUScen in that it is based on a country’s inventory of resources 
and is a reflection of that country’s national policy ambition, including food security. This development 
scenario assumes that NB countries are determined to achieve Goal 2 of the SDGs, which requires them 
to meet national food security targets and reduce hunger by 2030. Accordingly, two variants of irrigation 
development projections have been considered to reflect the different emphasis on irrigation development 
depending on the urgency of food production in the region. The two variants of planned irrigation 
development scenarios are: (I) Partial Implementation (variant I); and (II) Full Implementation (variant II). 

 Table 11. Planned (target) irrigation development harmonized to 2030 and 2050.

Country Planned (validated  Planned (compiled 

 by NBIa,b) by this studyc) Plannedd  Plannede

Burundi*                    6,276   18,160 80,000

DRC                          -     - -

Egypt               529,400   502,196 -

Ethiopia            1,420,061   1,430,461 1,216,130

Kenya                  66,682  277,764f 259,699 282,119

Rwanda*                    4,447   50,000 589,712.7g 

South Sudan               214,330   125,000 415,128

Sudan            1,117,800   1,130,400 -

Tanzania                  50,677  27,460 45,140 -

Uganda*                    4,048   233,177 582,928h

Notes:
*The NBI-verified areas for Burundi, Rwanda and Uganda are small compared to the master plan data.

a Excel data collected from NBI office.
b For Rwanda, Kenya, Tanzania and Kenya, the area is indicated as planned and for the rest of the countries, the planned area is  
 indicated as cropped and equipped, and the equipped area is used in this table as planned.  
c This study compiled planned irrigation area from master plans, IWMI and other previous studies.
d Awulachew et al. 2012 - medium term.
e Awulachew et al. 2012 - long term.
f Planned development until 2030 in JICA 2013.
g  Maimbo et al. 2010.
h  PEMConsult 2011.

4.5.1 Partial Implementation (Variant I)

Variant I of the planned development scenario assumes that NB countries are determined to achieve Goal 
2 of the SDGs. However, due to financial and human resources limitations, some countries in the basin 
are working toward improving land productivity and expansion of rainfed agriculture rather than making 
heavy investments in planned irrigation development. Furthermore, studies indicate that utilizing the 
forgotten potential of rainfed agriculture with supplemental irrigation can contribute up to 75% of food 
production by 2025 (Siderius et al. 2016). Coupled with the lower investment requirement and recent 
worldwide assessments stressing intensification of existing irrigation areas rather than expansion to new 
areas, it is reasonable to assume that countries would likely focus more on investment to enhance rainfed 
agriculture than expand irrigation (e.g., Foley et al. 2011). The cost of rainfed agriculture intensification 
involves interventions such as high-yielding seeds, adequate supply of fertilizer, agriculture management, 
etc. This is a less costly option and more manageable in order to achieve food security by the target year 
of 2030. This does not imply that irrigation expansion will completely cease; it will continue at a slower 
pace than envisaged in the target development plan. It is probable that irrigation expansion will focus 
on drier and lowland fertile areas for both food security and economic growth. The NB countries’ desire 
and implementation capacity cannot be objectively verified to assess how much planned irrigation can be 
developed until 2050. Nevertheless, it is reasonable to assume, under this variant I of PLANScen), that half 
of the planned irrigation area can be developed at the end of the planning period (Table 11). If we assume 
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that half of the planned area is to be developed by 2030 and the remaining half by 2050, the annual rate 
of irrigation development will be 8.3% until 2030 and 5% beyond 2030 for the partial planned area.
  

4.5.2. Full Implementation Scenario (Variant II)

Variant II of PLANScen assumes that the NB countries are determined to achieve Goal 2 of the SDGs within 
the specified period. Apart from the drive to achieve Goal 2 (improving food security and reducing hunger), 
rapid population growth, climate change and dietary changes in the countries necessitate the need for 
expansion of irrigation development in the basin even beyond the planned irrigation development. Under 
this sub-variant of the scenario, it is assumed that countries will fully develop all irrigation areas planned 
by each country (Table 11). 

 
 

5. SCENARIO ANALYSIS RESULTS, DISCUSSION AND 
RECOMMENDATIONS

5.1 Scenario Projection Results and Discussion

The results of the study to make future irrigation projections until 2050 are discussed on the basis of the 
two future scenarios: The Business as Usual Scenario (BaUScen) and the Planned Implementation Scenario 
(PLANScen). As described in Section 4.3, each Scenario carries two possible variants that have been 
developed based on a realistic understanding of regional studies. The results are discussed from a regional 
as well as national perspective and compared with the available potential land for irrigation. Figure 3 and 
Table 12 summarize the projected irrigation area as of 2030 and 2050. The individual projection scenario 
values are given in Tables 13 to 16.

Notably, variant I of the BaUScen is the rapid irrigation growth scenario relative to the other scenarios. 
It is intended to represent the recent ambitious irrigation expansion plans in the upper riparian countries. It 
would expand the current basin irrigation area from 6.6 Mha to 8.9 Mha by 2030 and to 10.8 Mha by 2050 
(Table 12). This projection is within the limit of the potential suitable land for irrigation produced as part 
of this study (Technical Report 2b; NBI 2020b) but slightly exceeds the potential irrigable land projection 
of FAO (1997) by 2050 as shown in Table 12. Variant II of BaUScen and variant I of PLANScen have lower 
projections by 2030 and 2050 and are within the limit of potential suitable land produced as part of this 
study (Technical Report 2b; NBI 2020a), and that of FAO (1997). The full implementation of variant II of 
PLANScen would give the second highest possible expansion of irrigation area. Under this scenario, the 
current 6.3 Mha of irrigated area can be extended to 8.3 Mha by 2030 and 10.0 Mha by 2050, which is 
within the limits of both potential irrigation area boundaries. Figure 3 shows the projected area under the 
different scenarios and the potential area boundaries at the basin scale. 

Except Egypt, no country’s potential expansion scenario surpasses the potential irrigable area identified 
as part of this study (Technical Report 2b; NBI 2020b). The expansion scenarios of many countries exceed 
the FAO-identified potential irrigable area for 2050.

As a note of caution, the planned irrigation area for Burundi, Rwanda and Uganda, as reflected in the 
data supplied by them to NBI, is small in relation to potential. It is also significantly lower than the planned 
area in their respective master plans (see Section 4.5, Table 11). Future scenario studies need to include 
additional areas as planned in the master plan.
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Figure 3. Total Nile Basin irrigation development projection and estimated potential (in million hectares).

5.2. Evaluation of Irrigation Projection Scenarios on Water Availability

The results of this projection study need to support the evaluation of the impact of irrigation expansion on 
water demand. The results need to be evaluated using NBI-integrated basin-wide modeling systematically 
with and without considering the proposed water saving scenario (see Technical Report3: Water Saving). 
Based on the final assessment, strategic policy recommendations will be developed and presented to the 
stakeholders. The following evaluation and analysis procedure will be pursued.

•  First, the results of the four variants of the two projection scenarios are evaluated without 
considering the proposed water saving scenario. The unmet demands (water deficit) is assessed at 
the country level and on a regional scale. This helps to understand both the national- and regional-
scale unmet demands. 

•  Next, each variant of the projected areas is run under different proposed water saving and efficiency 
improvement scenarios. 

•  Limited sensitivity analysis may be conducted to understand the spatial effectiveness of the 
proposed saving and efficiency improvement scenarios.

•  Based on the final assessment and synthesis, strategic policy recommendations that will serve the 
NB countries will be developed and presented to the stakeholders. 
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6. CONCLUSIONS AND RECOMMENDATIONS

Agricultural expansion, including irrigated agriculture, will remain a phenomenon of developing countries 
in the twenty-first century. Almost all agricultural expansion in the world (irrigation and rainfed) will take 
place in the developing countries. The bulk of this projected expansion is expected to take place in sub-
Saharan Africa and Latin America. It is anticipated that irrigation expansion will also remain a phenomenon 
of the Nile Basin countries. The NBI Irrigation Assessment Report and the Technical Report I of this project 
showed a rapid increase of irrigation area in the recent history of the basin. 

Policy and strategy documents, master plans and programs indicate that almost all upper riparian 
countries are desirous of expansion of irrigation to enhance their food security and foster economic 
growth and transformation. However, Egypt’s desire is focused more on improving productivity and water-
use efficiency than expansion of irrigation land. Sudan, on the other hand, showed renewed interest in 
irrigation expansion due to the loss of oil revenue as a result of the secession of South Sudan in 2011, 
and recognizing the recent positive advances of liberalization and income generation activity. It should be 
noted that all countries, except Burundi and DRC, have submitted their future irrigation development plans 
to NBI. The planned irrigation schemes shown in the respective master plans and reviewed documents 
submitted by countries are mostly different from what was submitted to NBI and verified. The basis of 
the scenario development of this study is the NBI-validated planned area and the baseline irrigation data 
compiled under the Technical Report I of this project. 

This study proposed two possible implementation-based irrigation development projection scenarios: 
Business as Usual Scenario (BaUScen) and Planned Development Scenario (PLANScen). The results show:

•  The BaUScen of variant I extends the current basin irrigation area from 6.6 Mha to 8.9 Mha by 
2030 and 10.8 Mha by 2050. The projected area is within the limit of the potential irrigation suitable 
land as presented in the Technical Report 2b of this project and slightly exceeds the FAO (1997) 
potential irrigable land by 2050. 

•  At the basin scale, BaUScen (variant II) and the two variants of the Planned Implementation Scenario 
(PLANScen) are nearly within the limits of both the potential irrigation areas of this study and that 
of FAO (1997). 

•  The full implementation of variant II of PLANScen would give the second highest possible expansion 
of irrigation area. Under this scenario the current 6.6Mha of irrigation would be extended to 8.3 
Mha by 2030 and 10.0 Mha by 2050, which is within the limits of both potential irrigation area 
boundaries at the regional scale. 
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