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About AICD 
This study is part of the Africa Infrastructure Country Diagnostic (AICD), a 
project designed to expand the world’s knowledge of physical infrastructure in 
Africa. AICD will provide a baseline against which future improvements in 
infrastructure services can be measured, making it possible to monitor the results 
achieved from donor support. It should also provide a more solid empirical 
foundation for prioritizing investments and designing policy reforms in the 
infrastructure sectors in Africa.  

AICD will produce a series of reports (such as this one) that provide an overview 
of the status of public expenditure, investment needs, and sector performance in 
each of the main infrastructure sectors, including energy, information and 
communication technologies, irrigation, transport, and water and sanitation. The 
World Bank will publish a summary of AICD’s findings in spring 2008. The 
underlying data will be made available to the public through an interactive Web 
site allowing users to download customized data reports and perform simple 
simulation exercises. 

The first phase of AICD focuses on 24 countries that together account for 85 
percent of the gross domestic product, population, and infrastructure aid flows of 
Sub-Saharan Africa. The countries are: Benin, Burkina Faso, Cape Verde, 
Cameroon, Chad, Congo (Democratic Republic of Congo), Côte d'Ivoire, 
Ethiopia, Ghana, Kenya, Madagascar, Malawi, Mali, Mozambique, Namibia, 
Niger, Nigeria, Rwanda, Senegal, South Africa, Sudan, Tanzania, Uganda, and 
Zambia. Under a second phase of the project, coverage will be expanded to 
include additional countries. 

AICD is being implemented by the World Bank on behalf of a steering 
committee that represents the African Union, the New Partnership for Africa’s 
Development (NEPAD), Africa’s regional economic communities, the African 
Development Bank, and major infrastructure donors. Financing for AICD is 
provided by a multi-donor trust fund to which the main contributors are the 
Department for International Development (United Kingdom), the Public Private 
Infrastructure Advisory Facility, Agence Française de Développement, and the 
European Commission. A group of distinguished peer reviewers from policy 
making and academic circles in Africa and beyond reviews all of the major 
outputs of the study, with a view to assuring the technical quality of the work.  

This and other papers analyzing key infrastructure topics, as well as the 
underlying data sources described above, will be available for download from 
www.infrastructureafrica.org. Freestanding summaries are available in English 
and French. 

Inquiries concerning the availability of datasets should be directed to 
vfoster@worldbank.org. 
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Summary 
rrigation plays a minor role in African agriculture. This is unfortunate, because wider use of the 
region’s ample groundwater supplies would give a substantial boost to production of food staples and 
high-value export crops. 

In Sub-Saharan Africa, rainfall is highly variable and, in many places, plainly insufficient. Drought is 
common. Although irrigation has the potential to boost agricultural yields by at least 50 percent, food 
production in the region is almost entirely rain-fed. The irrigated area, extending over 6 million hectares, 
makes up just 5 percent of the total cultivated area, compared to 37 percent in Asia and 14 percent in 
Latin America. Two-thirds of that area is in three countries: Madagascar, South Africa, and Sudan.  

Almost half of the people of Sub-Saharan Africa live below the international poverty line. Because 65 
percent of the region’s population farm for a living, agricultural development clearly is the royal road to 
ending poverty. And in view of the strong links between irrigation and agricultural development, 
proposals to expand irrigation to increase productivity and reduce poverty in Sub-Saharan Africa have 
received a good deal of attention. Rightly so. But attention has yet to be translated into action. 

The 2005 Commission for Africa report, for example, called for a doubling of the region’s irrigated 
area by 2015. To achieve expansion on that scale, however, we must deepen our understanding of the 
locations that could benefit most—and of the technologies best suited to those locations. One purpose of 
this study of irrigation in 24 countries, undertaken as part of the Africa Infrastructure Country Diagnostic, 
is to identify agricultural areas where irrigation investments promise to yield significant returns. A related 
purpose is to estimate the amount and scope of investment needed to secure those returns.  

We begin with a fundamental distinction. Water for irrigation can be collected in two ways: through 
large, dam-based schemes, or through small projects based on collection of run-off from rainfall. Both 
possibilities are considered here.  

Large-scale schemes. Because of their cost and complexity, large dams are no longer built for one 
purpose alone. Any dam suitable for storing the large quantities of water required for large-scale irrigation 
will have to double as a hydroelectric power plant. Thus the reservoirs considered here for irrigation use 
are those identified by a companion AICD study on power sector investment needs as being economically 
viable for power system development within the next decade. Because these schemes are already deemed 
viable for hydropower generation alone, the irrigation component need not contribute to the capital cost of 
dam construction. In our analysis, therefore, the investment costs of large-scale irrigation development 
reflect only irrigation-specific infrastructure, such as distribution canals and on-farm systems. The 
irrigation potential of areas downstream from hydroelectric dams is evaluated according to a wide range 
of agro-ecological considerations.  

Small-scale schemes. We examine rain-fed agricultural areas lying outside the reach of major dam 
projects for their suitability for small-scale irrigation projects involving soil-moisture management, 
supplementary irrigation, and rainwater harvesting, or small reservoirs. The potential for small-scale 
irrigation is assessed not only on the basis of agro-ecological conditions, but also in terms of market 
access, since irrigation is typically viable only if the increased yields can be readily marketed. We 
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adopted a cut-off of five hours’ travel time to select areas appropriate for the development of small-scale 
irrigation. 

Fixing what’s broken 

Before considering the potential for further expansion of the region’s irrigated area, however, it is 
important to acknowledge that rehabilitation of existing equipment is a significant issue. Of the 6 million 
hectares presently equipped for irrigation, approximately 1 million hectares are in need of rehabilitation. 
The share of irrigation-equipped area in need of rehabilitation varies dramatically across countries (figure 
A), from almost zero in South Africa and Madagascar to almost 100 percent in Lesotho. Of the three 
largest irrigating countries, Sudan is the worst off in this regard, with more than 60 percent of its 1.9 
million hectares of irrigation-equipped land in need of rehabilitation. 

Figure A Percentage of irrigation-equipped area requiring rehabilitation 

 
Source: Adapted from FAO AQUASTAT. 

 

At close to $1,900 per hectare, the cost of rehabilitation is significantly lower than the cost of 
developing new schemes if the costs of building a reservoir must be borne by the new scheme, but, if 
storage costs are already covered elsewhere (for example, by a hydroelectric project), the cost of 
rehabilitation is significantly greater than the incremental cost of putting new equipment in place. Final 
decisions on the relative costs and benefits of new versus rehabilitated systems must be made case by 
case. Usually, the decision will hinge on the reason why the present systems are not performing. 

Large-scale schemes: lucrative but location-bound 

Of the 149 dams identified, irrigation development surrounding 49 existing dams and 57 planned 
dams would be profitable, with an increase in irrigated area of 2 million hectares, relative to the 6 million 
hectares that exist today. An on-farm investment cost of just $1.3 billion would generate a return of $6.8 
billion (in net present value terms). Of the newly irrigated land, 0.9 million hectares would surround 
existing dams. The rest—1.1 million hectares—is associated with proposed reservoirs. The benefit-cost 
ratio of irrigation schemes linked to existing dams, at 8.9, is substantially higher than the corresponding 
ratio for potential dams, at 2.6. 
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Our baseline 
assumptions in making these 
computations include a 
discount rate of 12 percent, 
an investment cost of $1,000 
per hectare, a canal-
maintenance and water-
delivery cost of $0.0025 per 
cubic meter, and on-farm 
annual operation and 
maintenance costs of $4 per 
hectare. 

The countries with the 
greatest potential for large-
scale irrigation based on 
existing dams are Kenya, 
Tanzania, and Zambia, with 
each offering between 100 
and 200 thousand hectares of 
potential (figure B1). By far 
the greatest economic 
returns are to be found in 
Tanzania and Nigeria, where 
benefit–cost ratios are in the 
20 to 40 range. Turning to 
schemes based on planned 
dams, the greatest potential 
in terms of surface area is 
found in Sudan and Nigeria, 
each representing between 
150 and 250 thousand 
hectares of potential (figure 
B2). The highest economic returns from schemes surrounding proposed dams are seen in Côte d’Ivoire 
and Niger, with benefit–cost ratios are in excess of 20. 

Small-scale schemes: ubiquitous but less remunerative 

Some 23 million hectares of land lying within five hours’ trucking time from a large city could be 
profitably irrigated under small-scale schemes. Almost half of that potential lies in Nigeria, with 11 
million hectares (figure C). Niger comes next, with 7 million hectares, followed by a group comprising 
Burkina Faso, Cameroon, Chad, Senegal, South Africa, and Sudan each with 1 to 2 million hectares. The 

Figure B Scale and profitability of large-scale irrigation schemes surrounding 
existing and proposed dams  
1. Existing dams 
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2. Planned dams 
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baseline assumptions underlying this conclusion include a discount rate of 12 percent, on-farm investment 
costs of $600 per hectare, and operations and annual maintenance costs of $25 per hectare.  

The investment cost of achieving this four-fold increase over the surface area presently irrigated in 
the region is $35 billion, which represents an overall benefit–cost ratio of 1.9. There is relatively little 
variation in the ratio across countries, with the maximum being no more than 3 (far below the large 
multiples promised by some large-scale schemes). In all of the countries that have substantial potential for 
small-scale irrigation (except Burkina Faso and Nigeria), the benefit–cost ratio is just over 2.  

Overall, more than 96 percent of the investments associated with viable expansion correspond to 
small scale rather than large scale schemes.  

Figure C Scale and profitability of small-scale irrigation schemes 
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The results for large- and small-scale irrigation present a very striking contrast. On the one hand, the 
potential for profitable small-scale irrigation is about 10 times greater than that for large-scale irrigation, 
essentially because small schemes do not depend on the proximity of a large dam. On the other hand, 
large-scale schemes promise greater profitability. Recall that the benefit–cost ratio of large-scale schemes 
based on existing dams is 8.9; for large-scale schemes based on planned dams it is 2.6; and for small 
schemes it is just 1.9.  

In terms of country potential, Nigeria stands out as having particularly great potential for both large- 
and small-scale schemes, particularly when planned dams are taken into account. Niger stands out as a 
particularly lucrative site for irrigation investments of all sizes. Otherwise, different sets of countries are 
attractive for large- and small-scale schemes, with East African countries such as Kenya, Tanzania, and 
Zambia showing significant potential for large-scale schemes and West African countries such as Burkina 
Faso, Chad, Cameroon, and Senegal showing significant potential for small-scale schemes. 

In geographical terms, clear patterns emerge (figure D). Potential for large-scale schemes is 
concentrated in the Democratic Republic of Congo, Ethiopia, Nigeria, Sudan, and, to a lesser extent, in 
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southeast Africa. Potential for small-scale schemes is particularly evident across the Sudano-Sahelian 
belt, and to a lesser extent in southeast Africa. 

Potential increase in gross revenue per hectare Figure D from small-scale irrigation ($/ha) 

Source: IFPRI, 2008. 

Keeping investment costs low to improve viability 

The results just presented for large and small schemes alike, are sensitive to assumptions about the 
unit costs of their components. We conducted tests to determine the extent of that sensitivity. 

In the case of large-scale schemes, we analyzed the impact on our results of unit investment costs 
ranging from $500 to $6,000 per hectare. Broadly speaking, the lower values, up to and including the 
baseline assumption of $1,000, correspond to the incremental investment costs of developing a large-scale 
scheme when all or most of the costs of the dam are paid from some other source (typically hydropower 
revenues). The higher values, on the other hand, correspond to situations where some portion of the 
water-storage costs must be borne by the agricultural sector.  
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The results are dramatic (figure 
E1). When storage costs are 
excluded, the area in which irrigation 
would be profitable encompasses 
from 2 to 3 million hectares. 
However, if they are included, the 
viable area shrinks to just 500,000 
hectares. 

In the case of small-scale 
schemes, our range of possible 
development costs ranges from $600 
to $5,000 per hectare. Once again, 
the lower end of the range 
corresponds to the simpler and more 
traditional forms of small-scale 
irrigation, whereas the higher end 
corresponds to more modern and 
capital-intensive techniques. Here 
the results are even more dramatic 
than for large scale schemes (figure 
E2). Whereas 23 million hectares are 
viable at a cost of $600 per hectare, 
this area shrinks to 14 million when 
costs rise to $2,000 per hectare. At 
the top of our range ($5,000 per 
hectare), the area that remains viable 
is just 2,000 hectares in South 
Africa. 

The important conclusion is that 
only lower-cost technologies and 
approaches are viable on any significant scale in Sub-Saharan Africa. 

We conducted other sensitivity tests, but none proved to be nearly as important as investment cost in 
determining the extent of potentially viable irrigated area.  

It was not possible to perform a detailed climate-change analysis for this study, but we did test large-
scale schemes for reductions in reservoir levels. Our results were consistent with those of other studies on 
the hydrological impact of climate change. According to our analysis, a small decrease in storage would 
have a modest effect on the potential for expansion of irrigated area associated with large dams. On the 
other hand, a 25 percent reduction in water availability would halve the size of the potential irrigable area 
for large-scale schemes from 2 to 1 million hectares.  

Figure E Sensitivity of profitable irrigated area to unit cost for irrigation 
investment 
1. Large scale 
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From viability to affordability 

So far the focus has been on measuring the area that is economically viable for irrigation. Summing 
the large- and small-scale expansion explored above, plus rehabilitation of existing systems, the total one-
time investment need comes to more than $40 billion. That total is spread unevenly across countries, with 
as much as $15 billion needed Nigeria alone. In second place is Niger, with a total requirement of $4 
billion. There follows a group of countries—Burkina Faso, Cameroon, Chad, Senegal, South Africa, 
Sudan and Uganda—whose need falls between $1 and $2 billion. 

Viewed as a share of annual agricultural expenditures in the countries concerned, those amounts are 
substantial. With the cost of realizing countries’ full irrigation potential representing from 100 to 2,200 
percent of annual agricultural spending, it is unlikely that more than 10 percent of that potential will be 
realized for some time to come at present funding levels and patterns in the distribution of funding. On 
the other hand, if up to 50 percent of agricultural expenditures were diverted to agricultural water 
management—as in Asian countries in the 1970s and 1980s—then the region’s full irrigation potential 
could realized over a 50-year time horizon, with two-thirds of the total achieved over the first 20 years. 

By spreading investments over a 50-year horizon, however, they begin to look more affordable as a 
percentage of GDP. On this basis, it would be possible to keep the necessary investments below 0.4 
percent of GDP in most countries (figure F). Nevertheless, Burkina Faso, Chad and Niger stand out as 
cases where investment needs would still exceed 1 percent of GDP even if paid in annual installments.  

Another way of keeping the investments affordable would be for the donor community to provide 
sequenced financing reflecting certain priorities. This could be done in several ways. A purely economic 
approach would set priorities based on the highest benefit–cost ratios identified above, with the effort 
focusing on a handful of countries where the impact would be greatest. An approach driven by food 
security, by contrast, would target those countries that import more than half of their total cereal demand 
and lead to a focus on the Sudano-Sahelian region. 

Boosting agricultural productivity is widely recognized as an important engine of socioeconomic 
development in Sub-Saharan Africa. Irrigation is an important vehicle for promoting increased 
productivity, provided investments in irrigation are properly targeted and accompanied by complementary 
improvements in other agricultural inputs. By taking a closer look at the agronomic, geographic, and 
economic characteristics of potential project sites with a high level of spatial disaggregation, we can gain 
a better understanding of the conditions under which irrigation investments will yield their full potential. 
The analysis presented here provides, in that sense, a first filter that helps to identify the areas of greatest 
potential. More detailed study of these areas is warranted to evaluate all of the other factors—
institutional, agronomical, human, and environmental—that ultimately determine the success of irrigation 
projects at the country level.  
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Figure F Irrigation investment needs required to realize irrigation potential in Sub-Saharan Africa, 
by country 
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1 The unrealized potential of controlled water  
Almost half of the population of Sub-Saharan Africa was living below the international poverty line 

in 2001. Agricultural development has been identified as the primary means of addressing this challenge, 
as 65 percent of the people in the region derive their livelihoods from the sector (Rosegrant and others 
2006). With the strong link between irrigation and agricultural development, there has been much 
discussion of the potential of expanding irrigation to increase productivity and reduce poverty. 

Irrigation does not currently play a significant role in 
African agriculture. Despite highly variable and—in many 
cases—insufficient rainfall and a high incidence of 
droughts, food production in Sub-Saharan Africa is almost 
entirely rain-fed. Irrigated area as a share of total cultivated 
area is estimated at 5 percent for Sub-Saharan Africa, 
compared to 37 percent for Asia and 14 percent for Latin 
America (FAO AquaSTAT database). Within the 24 
countries of the Africa Infrastructure Country Diagnostic 
(AICD), irrigated area makes up less than 4 percent of total 
cultivated land. Table 1.1 shows the cultivated land and 
irrigated area in these countries. Moreover, two-thirds of 
existing area is concentrated in three countries: Sudan, 
Madagascar, and South Africa, which each have over 1 
million hectares of irrigated area. For the remaining 
countries, the irrigated area varies from a few thousand 
hectares to—in Nigeria— 293,000 hectares.  

The 2005 Commission for Africa report, for example, 
called for a doubling of the area of irrigated arable land by 
2015. In order to implement this kind of expansion, it is 
important to improve our understanding of the locations, 
and technologies with greatest potential for irrigation 
expansion. This study helps to identify agricultural areas 
where irrigation investments promise to yield significant 
returns, and estimates associated investment needs.  

Irrigation can take place either through large-scale, 
dam-based schemes, or small-scale, run-off based projects. 
Both possibilities are considered here.  

Given that dams are increasingly being developed in a 
multi-purpose framework, we assume that large-scale 
irrigation expansion would have to take advantage of water stored behind existing or proposed large 
reservoirs built for hydropower. Proposed reservoirs are those identified by a companion AICD study on 
power sector investment needs as being economically viable for power system development within the 
next decade. Because the hydropower schemes identified are already deemed viable for hydropower 

Table 1.1 Cultivated area and current irrigated 
area, AICD countries 

Cultivated 
area (2002) 
1,000 ha 

Total 
irrigated 
area (1,000 
ha) 

Burkina Faso 4,400 25 

Cape Verde 45 3 

Chad 3,630 30 

Niger 4,500 74 

Senegal 2,506 120 

Sudan 16,653 1,863 

Ethiopia 10,671 290 

Kenya 5,162 103 

Rwanda 1,385 9 

Tanzania 5,100 184 

Uganda 7,200 9 

Benin 2,815 12 

Côte d'Ivoire 6,900 73 

Ghana 6,331 31 

Nigeria 33,000 293 

Cameroon 7,160 26 

Congo, Dem. Rep. 7,800 11 

Lesotho 334 3 

Malawi 2,440 56 

Mozambique 4,435 118 

Namibia 820 8 

South Africa 15,712 1,498 

Zambia 5,289 156 

Madagascar 3,550 1,086 

Total, 24 AICD countries 157,838 6,079 

Source: Based on FAO 2005. 
Note: Irrigated area values range from 1995 to 2003. 
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generation alone, irrigation development does not need to contribute to the capital cost of dam 
construction. All investment costs relate only to irrigation infrastructure, including distribution canals and 
on-farm system development. Irrigation potential in areas downstream of these dams is evaluated based 
on a wide range of agro-ecological considerations.  

The small-scale approach examines remaining agricultural areas for the potential to convert existing 
rain-fed areas to small-scale irrigation, ranging from soil-moisture management, supplementary irrigation, 
and rainwater harvesting, to small reservoirs. Potential for small scale irrigation is assessed not only on 
the basis of agro-ecological conditions, but also in terms of market access conditions, since irrigation is 
only viable if increased yields can be readily marketed.  

In the following sections, we describe the methodology used to estimate the irrigation potential and 
investment needs, using Ethiopia as an illustrative case study. Thereafter, results are applied to the full 
sample of 24 countries to estimate the scope for large and small scale irrigation in terms of total number 
of hectares and calculate the associated investment needs. Finally, several sensitivity analyses are carried 
out for input parameters. Additional details are presented in separate appendixes.
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2 Measuring the viability of irrigation schemes, large and 
small 

There are five steps in assessing the potential returns to increased irrigation capacity for all countries 
in the AICD study:  

� 1. Assess production geography and existing and potential performance. 

This involves an assessment of the actual area and average farm-level yields of 20 crops (and crop 
groups; see table 3.1) under irrigated and rain-fed conditions on a 10 kilometer (km) grid network, 
supplemented by estimates of the potentially irrigated area and potential irrigated yields of the same 20 
crops on the same grid cells. 

� 2.  Calculate runoff potential that could be used for small-scale irrigation. 

Runoff is a measure of sustainable water availability within an area. Small-scale irrigation requires 
excess rainfall beyond evapotranspiration and groundwater recharge that can be channeled to a storage 
location for later use by a crop. A semidistributed macroscale hydrology model is used to calculate runoff 
potential at half-degree pixels. The runoff potential is the water available for small-scale irrigation. 

� 3. Identify potentially irrigable area and associated water costs.  

For dam-based irrigation, we assume that irrigation is gravity-fed until the crop field is reached. This 
limitation, in connection with local topography, helps us identify the potential command area of each 
irrigation scheme. Small-scale irrigation either converts current rain-fed production into irrigated 
production or brings new irrigable area into crop production. 

� 4. Maximize annual net revenue. 

The increase in annual net revenue with optimum geographic distribution of irrigation water within 
the potential command area for dam-based irrigation—or within the pixel for small-scale irrigation—is 
estimated. The most profitable crop mix, given crop prices, yield increases with irrigation, the cost of 
irrigation water, and a water availability constraint, is also estimated.  

� 5. Measure net present value of investment alternatives. 

The estimation of net present value (NPV) is based on various values for water costs (large scale 
only), four possible interest rates, and two time trajectories for investment expenditures. A fifty-year 
horizon is used. For small-scale irrigation, profitable areas are identified by pixel. For large-scale 
irrigation, the profitability measure is by dam.  

Each of these steps is described in more detail below. 

Production geography and performance 

The Spatial Allocation Model (SPAM) is an entropy-based method for making plausible estimates of 
the area and yield of crops on a 1–10 km global grid. The method combines a very large collection of 
subnational production data; satellite imagery of the distribution and intensity of cropland; maps of the 
share of area currently equipped for irrigation; population density; crop prices; and the biophysical 
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suitability of crop production in each grid based on ambient rainfall, evapotranspiration, the length of the 
growing period, temperature regime, elevation, slope, and soil characteristics. Suitability is assessed for 
each crop for both irrigated and rain-fed production. Irrigated suitability is conditioned by slope, soil 
texture, drainage, and other characteristics of the soil profile. 

For each grid cell, i , SPAM first provides estimates of suitable rain-fed and irrigated area shares, 

PotAijl , for each crop, j (where input level, l, = 1 [rain-fed] or 2 [irrigated]), as well as the corresponding 

potential biophysically attainable yields PotYijl . The SPAM approach then uses all the various input 

layers to disaggregate reported subnational (administrative unit) statistical data on actual crop area and 

yields to determine a plausible spatial variation of baseline (year 2000) production area, Aijl , and yield, 

Yijl  (by pixel, i; crop, j; and input level, l, as before). In Africa, the baseline production is predominantly 

rain-fed. Irrigated production exists in some locations (grid cells). 

Runoff potential that can be appropriated for small-scale irrigation 

Runoff is the flow of water generated from 
rainfall and snowmelt that flows over land or 
percolates into aquifers. The amount of runoff 
and its spatial and temporal variation are 
influenced by climate, vegetation, soil, and 
topology. In arid and semiarid areas, runoff 
generally makes up a small fraction of 
precipitation (figure 2.1). From a resources 
perspective, runoff offers a measure of 
sustainable water availability within an area.  

Rain-fed agriculture relies on rainfall during 
the growing season. Without sufficient, timely 
rainfall to satisfy crop-transpiration 
requirements, yields decrease. Profitable small-
scale irrigation requires excess rainfall beyond 
evapotranspiration and groundwater recharge 
that can be channeled to a storage location for 
later use by crops. Without storage facilities, this water would flow into water bodies or evaporate. The 
interaction between crop water needs, rainfall during the cropping season, and excess rainfall throughout 
the year determines the potential for yield increases. 

A semidistributed macroscale hydrology model is used to calculate runoff at 0.5 latitude/longitude 
degree pixels. Long-term monthly 0.5-degree climate data from the Climate Research Unit (CRU) at the 
University of East Anglia are used to run the model.  

Runoff calculations in the hydrology model involve estimation of potential evapotranspiration (ETp), 
soil water balance, and runoff generation. The Penman-Monteith method to calculate ETp is widely used 

Figure 2.1 Annual runoff in Africa around 2000 
Millimeters per year 
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in the hydrology and irrigation profession. Input data for ETp calculations include—for each grid cell—
latitude, elevation, daily maximum and minimum temperature, cloud cover, vapor pressure, and wind 
speed. Grid-based parameters are estimated from global land cover databases. For each grid cell, albedo 
and surface resistance parameter values are estimated based on IGBP (International Geosphere-Biosphere 
Program) land cover classes.  

Plant root depths are estimated for each grid cell based on vegetation type and are used together with 
other soil parameters to determine the soil’s water-holding capacity. To represent subgrid variability, the 
model assumes that soil moisture storage capacity varies statistically across the grid cell. Calibration 
using genetic algorithms determines the parameters of the statistical distribution functions.  

Wherever impervious areas or open water exists in a grid cell, direct runoff, which equals rainfall 
minus evaporation, is generated. Evaporation of these areas is assumed to occur at evaporation potential 
as long as there is effective precipitation. Effective precipitation, snowmelt, and accumulation are 
calculated using a simple temperature index method. 

For bare soil or areas covered by vegetation, a soil water balance algorithm determines actual 
evapotranspiration (ETa) and runoff, which are affected by soil moisture content. In the current 
formulation, ETa is a linear function of ETp and soil water saturation rate. Surface runoff is assumed to 
occur over the portion of a grid cell where the soil’s maximum water-holding capacities are exceeded. 
Subsurface runoff is a nonlinear function of average soil water content. For each grid cell, total runoff is 
the sum of direct runoff, surface runoff, and subsurface runoff. 

The model produces monthly runoff results aggregated by 12-month periods. These crop-year total 
runoff values represent the maximum amount of water available for irrigating crops.  

Potentially irrigable area and water delivery costs 

Dam-based irrigation is limited by local topography, because we assume irrigation to the field is 
gravity-fed. The identification of potentially irrigable locations and the cost of delivering water to them 
present complex hydrological and engineering tasks, and some sweeping generalizations have had to be 
made.  

For dams in the main basins and rivers in the AICD countries, a set of current and proposed locations 
of in-river impoundments was provided by the World Bank AICD team based on an accompanying 
hydropower sector investment needs study. The potential command area was defined initially as any grid 
cell downstream and below the impoundment point and in the same country as the impoundment (figure 
2.2). For very large command areas, an arbitrary delineation of a smaller area was made to reduce the 
computational need to identify a potentially irrigable area. In a few cases where dam locations were near 
national borders, the command area was extended into the neighboring country.  

For small-scale irrigation, we assume that the entire pixel could potentially be irrigated. Thus, the 
command area is the area of the pixel.  
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Unlike the dam-based irrigation 
investment calculations, where gravity limits 
the potential locations for irrigation, we have 
no simple physical constraints on where 
small-scale irrigation might take place. 
Instead, rain-fed croplands are used as a 
proxy for areas exhibiting potential for 
small-scale irrigation, and appropriable 
runoff1 from those croplands determines the 
extent to which water resources might be 
sustainably exploited for irrigation purposes. 
In addition, we exclude areas where dam-
based irrigation could profitably occur and 
where development should not take place, 
such as national parks and biosphere 
reserves.  

Irrigation water delivery has a cost. 
Small-scale irrigation is assumed to be built 
within the pixel, and we assume no water 
delivery cost. For dam-based, large-scale 
irrigation, the estimate of the operating cost 
of water delivery makes two assumptions: a unit cost of water at the dam (CWu) and a conveyance cost. 
This is because water may have to travel a long distance to the dam-based irrigation scheme. Water costs 
at the dam and conveyance costs arise because of seepage, evaporation, and annual operations and 
maintenance (O&M) expenditures. We base the conveyance cost on two distances: from the 
impoundment to the nearest point on the river (Di) and from the nearest point on the river to the grid cell 

(di). Cost of water at any pixel is then calculated as CWi = CWu 1+ b(di + Di )
2( ), b =0.0005. The 

squared term is included to capture diseconomies of distance. The rising cost with distance makes 
irrigating far away pixels not viable. For small-scale irrigation, we assume no water delivery cost, and 
CWi=0.

Maximizing additions to annual net revenue 

Once the potential command area of a given scheme has been delineated, we use the information 
derived from steps 2 and 3 to set up an optimization problem to maximize the potential addition to annual 
net revenue for the command area given a water availability constraint, NetRevenue.

In addition to the data required for steps 1 and 2, this step requires information on crop prices, Pj;
costs of production; crop water requirements, WPj (kg output of crop j per m3 water); and the amount of 

1 Our hydrological analysis generated a 50-year time series of annual runoffs and growing season water stresses. For 
this analysis, we used mean runoffs and stresses over this period. 

Figure 2.2 Delineating the potential irrigation command area in 
dam-based irrigation 
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water (either from runoff or stored behind the dam) available for irrigation net of other, prior claims such 
as hydropower, industrial, and household water uses on consumptive water use in the basin, AvailWater.

We assume that 30 percent of the reservoir’s designed storage capacity is available for irrigation. For 
small-scale irrigation, local runoff sets the limit to the AvailWater. We assume 100 percent of local runoff 
is available for crops.  

As defined in step 1 above, let Aijl be the existing area at pixel i for crop j at water source l (l= 1 [rain-
fed], 2 [irrigated]) within the command area. Y ijl is the corresponding yield and Pj the price for crop j.
With provision of irrigation infrastructure and irrigation water, a large-scale irrigated area can expand, 
and the existing crop mix can change. Irrigation expansion comes from either converting rain-fed 
production to irrigated production or irrigating previously nonproductive (likely too dry but otherwise 
irrigable) lands. Farmers may change their allocation of crop areas or even plant new crops if irrigation is 
available. 

Let Aijl
* be the harvested area in pixel i for crop j at input level l (here l= 1 [rain-fed], 2 [irrigated]) 

after the irrigation infrastructure is built. The corresponding yield is Yijl
* . The crop water productivity is 

WPj (kg/m3) for crop j and the cost of irrigation water is CWi ($/m3). ERi is the effective rainfall at pixel i.
IE is the irrigation efficiency for the irrigation system. We estimate the irrigation water needed per unit 
area in pixel i for crop j, IWij (m

3/ha, or 0.1 mm) as:  

 IWij =
0 If Yij2

* WPj( )− ERi ≤ 0

Yij2
* WPj( )− ERi

IE
If Yij2

* WPj( )− ERi > 0










(2.1) 

The potential additional net revenue from dam-based, large-scale irrigation investment is from three 
sources: (a) increased productivity due to the conversion of rain-fed into irrigated production, (b) new 
land brought into agriculture, and (c) gains from a new crop mix. The additional net revenue produced by 
irrigation investment is estimated as:  

 

NetRevenue = ( Aij2
* Yij2

* + Aij1
* Yij1)Pj

j
∑

i
∑ ∗ ProfitRatio j

− ( Aij2Yij2 + Aij1Yij1)Pj
j

∑
i

∑ ∗ ProfitRatio j

− ( Aij2
* − Aij2 ) * IWij ∗ CWi

j
∑

i
∑

(2.2) 

The first part of equation (2.2) is the annual revenue from both irrigated and rain-fed production after 
irrigation capacity is increased, the second part is the annual revenue from current crop production, and 
the third part is the operations and maintenance cost of irrigation water delivery (for small scale, it is zero, 
because CWi = 0). ProfitRatioj is the ratio of net profit to the gross revenue for crop j, reflecting labor and 
input costs. We use the same crop prices and profit ratios before and after the irrigation investment, 
although equation (2.2) could easily be modified to handle the different prices and profit ratios, if 
necessary. As we could see, NetRevenue represents the annual revenue increase after the irrigation 
investment, as compared to no such irrigation investment.  



IRRIGATION INVESTMENT NEEDS IN SUB-SAHARAN AFRICA 

8

There are three unknowns in equation (2.1):  

• Yij2
* - yield from irrigated production, 

• Aij1
* - rain-fed area after irrigation investment, and  

• Aij2
* - irrigated area after irrigation investment. 

We assume that irrigation expansion would first convert existing rain-fed areas ( Aij1 ) into irrigated 

areas before bringing new land into agriculture. With this assumption, Aij1
* would be either zero (if we 

convert all rain-fed area into irrigated area for pixel i and crop j) or the remaining rain-fed area (if only a 
part is converted).  

 Aij1
* =

0 If ( Aij2
* − Aij2 ) ³ Aij1

Aij1 − ( Aij2
* − Aij2 ) If ( Aij2

* − Aij2 ) < Aij1






(2.3) 

Our goal is to maximize net revenue, NetRevenue, subject to certain constraints. To simplify the 

optimization, we focus on optimizing the irrigated crop areas ( Aij2
* ), given the actual irrigated yields 

(Yij2
* ). It is difficult, if not impossible, for irrigated crops to reach the potential yield. Therefore, we 

assume a discount factor to estimate the actual irrigated crop yield (Yij2
* ): 

Yij2
* = Yieldfactorj ∗ PotYij2 (2.4) 

Equations (2.3) and (2.4) would provide Aij1
* and Yij2

* . Therefore, we would have only one set of 

unknowns: Aij2
* . We then formulate our problem as follows: 

 MAX Net Revnue( Aij2
* ){ } (2.5) 

Subject to: 

 Aij2
* ≤ PotAij2 ∀ i∀ j (2.6) 

 Aij2
*

j
∑ ≤ Max(PotAij2 ) ∀ i (2.7) 

 Aij2
* ³ Aij2 ∀ i∀ j (2.8) 

 Aij2
* − Aij2( )* IWij ≤ AvailWater

i
∑

i
∑ (2.9) 

where PotAij2 is the area suitable for irrigation production of crop j in grid cell i. AvailWater is stored 
water available for irrigation. For dam-based irrigation, we assume AvailWater is 30 percent of reservoir 
capacity. In small-scale irrigation, AvailWater is equal to the local runoff potential.  
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Constraint 2.6 sets the upper limit for the irrigated area in a cell: the suitable irrigable area for crop j
after taking account of slope, soil, and other factors. Because the areas suitable for different crops in a cell 
can be greater than the area of the cell, constraint 2.7 limits the total area of irrigation across all crops to 
less than the potentially suitable irrigable area. Constraint 2.8 ensures that there is irrigation expansion 
(that is, the new irrigated area is larger than the original one). Constraint 2.9 limits the expansion of 
irrigation to the available amount of irrigation water.  

The above model applies to both small-scale and large-scale irrigation. For small-scale irrigation, we 
run the model for each grid cell, and so all the i subscripts disappear.  

The above is a simplistic view of the feasibility and potential payoff from irrigation investment. We 
believe it represents a balance between oversimplification and analytical tractability. Additional 
constraints can be added to this specification to reflect more-specific goals (for example, meeting a 
specific crop mix or focusing on staples). 

Net present value of investment alternatives 

These calculations have thus far ignored the investment costs needed to create the irrigation 
infrastructure; to convert fallow, existing agriculture in rain-fed and dry lands to irrigated croplands; and 
to maintain the irrigation infrastructure. Data on these costs are limited. The costs depend on irrigation 
technology, irrigation scheme (large scale versus small scale), and local conditions. The investment return 
calculations are different between small- and large-scale irrigations. 

For large-scale irrigation, the model provides us the net annual revenue (NetRevenue) and total 
irrigation area increase for each dam (IrrigA). We use a variety of assumptions about the irrigation 
investment cost per hectare and the discount rate (r) to calculate the NPV. The cost data on large-scale 
irrigation varies from a few hundred dollars per hectare to a few thousand dollars per hectare. 
[[Reference]] The NPV of investment depends on this unit cost (Cost), the interest rate (r), the 
maintenance costs, and the stream of benefits. The stream of per-hectare benefits and a discount factor 

(
1

1 r
δ =

+
, r – discount rate) are used to determine the NPV for each dam-based, large-scale irrigation 

system. 

NPV = δ t −1[Net Re venue * Bt − ( InvestCost * IrrigA* C1t + OperCost * IrrigA* C2t )
t =1

T

∑ ]
(2.11)

 

Where NetRevenue is the annual net benefit for a certain dam, IrrigA is the irrigation area increase, 
both calculated from the above optimization model. We consider two costs: one is the fixed investment 
cost for irrigation infrastructure (InvestCost); the other, the O&M cost (OperCost). Three fixed costs and 
their associated O&M costs2 per hectare (ha) are considered here: $1,000/ha, $4/ha; $3,000/ha, $10/ha; 
and $6,000/ha, $20/ha, respectively. Bt, C1t, and C2t are the time profiles specified in table 2.1. 

2 Because we already included operations and maintenance (O&M) costs for water delivery in the calculations for 
large-scale irrigation, the O&M costs here refer only to on-farm maintenance.  
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Table 2.1 Investments and benefits: time path assumptions for dam-based irrigation 

Fixed investment (C1t) O&M cost (C2t) Net revenue (Bt)

Year 1 0.05 0 0 

Year 2 0.05 0 0 

Year 3 0.1 0 0 

Year 4 0.15 0 0 

Year 5 0.15 0 0.1 

Year 6 0.2 0 0.3 

Year 7 0.2 0.5 0.6 

Year 8 0.1 0.5 1 

Year 9 0 1 1

Year 10 0 1 1

Year 11 0 1 1

Year 12 0 1 1

Year 13 0 1 1

Note: Years 14–50, same as year 13. 
 

Similarly for small-scale irrigation, the pixel-level optimization model provides us with the net 
increase in revenue (NetRevenue) and the irrigated area increase for a certain pixel. We use equation 
(2.11) to calculate NPV for each pixel. The cost of investing in small-scale irrigation varies depending on 
the choice of technology. Current spatial technologies cannot provide information on specific local 
conditions that would enable the proper choice of technology. In general, however, a range of unit costs 
can be assumed based on data found in the literature. Table 2.2 presents small-scale technologies and a 
reasonable range of unit costs per hectare. 

Table 2.2 Typology and unit costs of small-scale irrigation 
 Examples Average cost per hectare 

Traditional community-based Water harvesting; flood recession; swamp 
irrigation 

$600 to $1,000 

Individual Pumps and other small lift systems (e.g., 
treadle, motorized, with and without sprinklers) 

$1,500 to $3,000 

Intercommunity River diversions; small dams; deep tubewells $3,000 to $8,000 

Source: IFAD (2000) internal analysis of irrigation projects, presented in Kay (2001). 
 

As in large-scale irrigation, we consider two types of costs: fixed investment cost (InvestCost) and 
variable O&M costs (OperCost). Based on table 2.2, we use three levels of fixed investment costs and 
associated O&M costs: $600/ha, $25/ha; $2,000/ha, $80/ha; and $5000/ha, $200/ha. Small irrigation 
requires reinvestment every few years to replace or repair old irrigation facilities. The reinvestment cycle 
for small-scale irrigation depends on the type of technology. Soil moisture management interventions tend 
to require annual reinvestment, and microdrips and treadle pumps might require renewal every two to five 
years, whereas small reservoirs can last for up to 10 to 20 years. A second factor important for identifying 
reinvestment cycles is the relative knowledge level and experience of users of small-scale irrigation 
technologies. With increased experience, reinvestment cycles and maintenance costs will likely decline. 



IRRIGATION INVESTMENT NEEDS IN SUB-SAHARAN AFRICA 

11 
 

For this study, we use a five-year reinvestment cycle time profile for costs over a fifty-year time horizon. 
Table 2.3 shows the benefit and cost time path of this five-year cycle. 

 Table 2.3 Investments and benefits time path for 5-year reinvestment cycle 

 Fixed investment 
(InvestCostt) 

O&M cost 
(OperCostt) 

Net revenue 
(NetRevenuet) 

Year 1 1 0 0.5 

Year 2 0 1 1 

Year 3 0 1 1 

Year 4 0 1 1 

Year 5 0 1 1 

Year 6 1 0 0.5 

Note: From year 6, another 5-year cycle starts again until year 50. 
 

For small-scale irrigation, we calculate NPV under a range of alternative discount factors and three 
levels of investment costs. If the estimated NPV is positive, that pixel can be deemed irrigable through 
small-scale investments. If the NPV is negative, the possibility of investment in small-scale technology at 
that rate of return is rejected. This pixel-level criterion evaluation can be summarized as: 

(2.12) 
After carrying out the above calculation over each pixel to determine which pixels are suitable for 

small-scale irrigation at a particular cost and rate of return, we aggregate the results to the country level to 
determine the total small-scale irrigation investment, based on the calculation shown below.  

 
1

P
p

irrigate
p

TotalArea y IrrigA
=

= ⋅∑ (2.13) 

Where pA represents the potential irrigable area in each of the P pixels in a region (indexed by p). 

Data sources and assumptions about costs, prices, margins, and 
efficiency  

The main data sets used in this study are the three major spatial data sets: (a) current crop distribution 

(area, ijlA , and yield, ijlY ), (b) crop-specific biophysical potential ( *
ijlA � area suitable for irrigated and 

rain-fed crop production by pixel, *
ijlY � potentially attainable yields by pixel), and (c) the potential runoff 

and effective rainfall from the hydrological model (ERi – effective rainfall, Runoffi – local runoff). The 
first data set is from IFPRI’s spatial allocation model (You and Wood 2006; You, Wood, and Wood-
Sichra 2007); the second data set is from the FAO/IIASA global agroecological zone (GAEZ) project 
(Fischer and others 2001); the third data set stems from the IFPRI hydrological model within IMPACT 
(Rosegrant and others 2005). These three data sets have already been described in the above section. 
Certainly the crop yields have considerable impact on the profitability of both large-scale and small-scale 



IRRIGATION INVESTMENT NEEDS IN SUB-SAHARAN AFRICA 

12 
 

irrigations. To provide a general view of the crop yields, Appendix table A1 shows both the rain-fed and 
irrigated yields by country. These yields are area-weighted country average yields calculated from the 
pixel yields and areas. The crop water productivity values are from the IFPRI IMPACT model.  

Crop prices are based on commodity-specific world prices for the period 2004–6 and were adjusted 
for country-level differences in price policy and market transaction costs. The 2004–6 average reflects the 
price increase since 2004 as a result of biofuel policies shifting large volumes of food crops into 
bioethanol and biodiesel; bad weather in key production areas, such as droughts in wheat-producing 
Australia and Ukraine; and higher oil prices contributing to increased costs of production inputs and 
transportation. Prices then spiraled further as a result of poor government policies such as export bans and 
import subsidies, combined with speculative trading and storage behavior in reaction to these policies. 
But the preconditions for rapidly rising food prices were set by underlying long-term trends in food 
supply and demand that have contributed to a tightening of global food markets during the last decade. 
Rapid growth in demand for meat and milk in most of the developing world had put strong demand 
pressure on maize and other coarse grains as feed, and small maize price increases had been projected for 
some time as a result.  

Other underlying factors include stronger economic growth in Sub-Saharan Africa since the late 
1990s, which has increased demand for wheat and rice in the region, and rapid income growth and 
urbanization in developing Asia, leading to increased demand for wheat, meat, milk, oils, and vegetables. 
On the supply side, long-term underlying factors include underinvestment in agricultural research and 
technology and rural infrastructure (irrigation in particular) and increasing pressure on the natural-
resource base (land and water). Higher food prices benefit producers and will make irrigation more viable 
compared to the past price performance. Declining real prices for agricultural commodities have been one 
of the key underlying factors for declining investments in irrigation over the past 30 years. While prices 
have increased by 40–80 percent from 2004 to 2008, it is unlikely that the very high levels achieved 
during 2007 and 2008 will be maintained over the longer term. Similarly, given the long-term underlying 
factors affecting food prices and continued high energy prices, price levels are also not expected to drop 
to pre-2000 levels during the next 10–20 years. 

The appropriate “wedges” between world prices and country-level producer and consumer prices 
were taken from the IFPRI IMPACT model. In the model, domestic prices consist of world prices, 
adjusted by the effect of price policies, usually expressed in terms of the producer subsidy equivalent 
(PSE), consumer subsidy equivalent (CSE), and the marketing margin (MI). [[accurate?]] PSE and CSE 
measure the implicit level of taxation or subsidy borne by producers or consumers relative to world prices 
and account for the wedge between domestic and world prices. MI reflects other factors such as transport 
costs. In the model, PSEs, CSEs, and MIs are expressed as percentages of the world price. In order to 
calculate producer prices, the world price is reduced by the MI value and increased by the PSE value 
(equation 3.1). Consumer prices are obtained by adding the MI value to the world price and reducing it by 
the CSE value (equation 3.2). The MI of the intermediate prices is smaller because wholesale instead of 
retail prices are used. The intermediate prices, which reflect feed prices, are calculated the same way as 
consumer prices. 
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;PSEMI-PW=PS tnitniitni )1)](1([ + (3.1) 

where PW = the world price of the commodity 

 MI = the marketing margin 

 PSE = the producer subsidy equivalent 

 CSE = the consumer subsidy equivalent 

 i,j = commodity indices specific for all commodities 

Table 3.1 shows averages for 2004–6 commodity prices. Most prices are obtained from the World 
Bank’s Commodity Price Data. The producer prices were used in the calculations of benefits to large- and 
small-scale irrigation investments.  

In addition, several coefficients were specified for the models. The determination of these coefficients 
is based on literature reviews, consultations with the World Bank AICD team, and expert opinion. They 
include: 

• Irrigation water delivery cost ($/m3) - CWu – 0.0025, 0.01, 0.05 

• Overall irrigation efficiency for large-scale irrigation systems (IE) – 0.4 

eed (289), rapeseed (270), linseed (333), palm oil (254), olives (260), safflower seeds (280), mustard seeds (292), poppy seeds (296), oil seed nes (339). Other 
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• Total water availability for large-scale irrigation – 30 percent of reservoir storage capacity 

• Discount factor to adjust potential yield to actually achievable yields in Africa (Yieldfactorj); it 
varies from 0.3 to 0.8 based on expert estimates 

• Ratio of net profit to gross revenue for crop j (ProfitRatioj) – 0.3

• Discount rate (r) – 5%, 10%, 12%, 15% 

We could not factor reduced water availability in downstream reservoirs of hydropower cascades into 
the analysis.  
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3 An example of the dam irrigation methodology 
Space limitations preclude reporting results for individual dams in this report, but it is instructive to 

illustrate the process with one example. 

The Koka dam on the Awash River in Ethiopia is a large dam with a capacity of over 1.9 billion m3. It 
is about 80 km southeast of Addis Ababa. The major crops grown in the area are maize, sorghum, barley, 
and pulses, of which over 95 percent are rain-fed. About 13,000 hectares are irrigated, of which about 
11,000 are in irrigated maize production.  

Benefits from additional 
irrigation can have three 
sources: irrigated-area 
expansion, increased crop 
yields for existing crops, and 
changes in crop mix. 
Irrigated-area expansion can 
result either from converting 
current rain-fed areas into 
irrigated areas or converting 
uncultivated land into 
irrigated crop areas. For the 
Koka dam, we run the model 
as described in the previous 
section.  

Figure 3.1 shows the annual increase in net revenue from crop production and the increases in 
irrigated area under different water cost assumptions. The potential irrigation area expansion could reach 
up to 90,000 hectares, almost seven times the existing 13,000 hectares of irrigated area within the Awash 
River basin. Both net revenue and irrigated area decrease with increasing water cost, indicating the 
sensitivity of water cost.  

Figure 3.2 shows the total water withdrawal from the reservoir under different water cost 
assumptions. The benefits, water withdrawals, and irrigated area expansion are all quite sensitive to the 
water cost. The annual increase in net revenue drops from $23.4 million with a water cost of 0.1¢ per m3

at the dam to $10.3 million if the water cost is 10¢ per m3.

New irrigation could also alter the existing crop mix. It could change the irrigated areas of current 
irrigated crops, irrigate new crops, or bring new land into crop production. Table 3.2 shows the changes in 
irrigated crop area with various water costs. First, the additional water brings more crops under irrigation. 
These include wheat, rice, millet, cassava, groundnut, and oil crops. Second, the existing irrigated crop 
considerably increases in area. Irrigated maize area more than doubles, even with a water cost of $0.1/m3.
The banana area under irrigation would be dramatically expanded to 7,000 hectares from the current 600 
hectares. 

Figure 3.1 Annual increase in net revenue and irrigated area with varying water 
cost 

 

Net revenue

Total irrigated
area increase

Existing irrigated area: 13,000 Ha
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The net revenue results 
presented above assume 
completed irrigation 
infrastructure and costs 
associated with converting 
nonirrigated areas. These 
costs are included in a series 
of calculations of net present 
value (NPV) with varying 
discount rates, varying speed 
at which the investments are 
undertaken, and varying 
water costs (see table 3.3). 

 

Table 3.2 Irrigated area increases by crop with Koka dam irrigation 
Thousands of hectares 

 Water cost ($/m3) 

Crop Existing 0.001 0.003 0.005 0.01 0.05 0.1 

Wheat     - 0.64 0.64 0.64 0.64 0.06 0.06

Rice     - 0.80 0.78 0.30 0.00 0.00 0.00

Maize 11.12 13.08 12.36 11.63 11.76 11.18 11.18

Millet     - 4.27 4.03 1.84 1.57 0.44 0.18

Sorghum 1.41 1.60 0.77 0.84 0.66 0.26 0.25

Cassava     - 9.57 9.57 9.57 9.57 0.00 0.00

Banana 0.60 7.02 7.02 7.02 7.02 7.02 7.02

Bean 0.02 0.08 0.08    -    - - -

Other pulse 0.02    - - - - - -

Sugarcane 0.24 0.19 0.14 0.04 0.01 0.02 0.02

Groundnut    - 8.13 20.69 13.36 10.50 8.76 7.21

High-value crops    - 31.71 15.85 13.20 12.11 1.14 0.56

Total 13.40 77.08 71.91 58.43 53.82 28.87 26.49

Figure 3.2 Annual increase in net revenue and total irrigation water withdrawal with 
varying water assumptions 

 

Net revenue

Irrigation water
withdrawal
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Table 3.3 Net present value of irrigation investment at the Koka dam, Ethiopia, under various assumptions ($ million) 
Discount rate 

5% 10% 12% 15% 

Investment cost Water cost  ($/m3) NPV ($ million) 

0.0025 175 47 27 9 

0.01 147 42 25 10 Low ($1,000/ha) 

0.05 117 38 24 13 

0.0025 63 -42 -55 -63 

0.01 63 -25 -36 -44 Medium ($3,000/ha) 

0.05 72 2 -8 -16 

0.0025 -105 -175 -177 -171 

0.01 -63 -125 -128 -125 High ($6,000/ha) 

0.05 -4 -52 -58 -60 

Source: Authors’ own calculations.  
 

Using our baseline assumptions, the NPV of the optimal large-scale irrigation investments for the 
Koka reservoir would be $27 million. Given the range of assumptions used, the NPV ranges from $175 
million to negative $177 million. The NPV values are very sensitive to the cost of water, the investment 
rate, and the discount rate. 
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4 Large-scale schemes: clearly viable 
Figure 4.1 shows all the dam sites in our analysis. There are 149 dams in 19 countries out of a total of 

24 AICD countries. Of these, 66 are currently operational, and the others have passed through the 
feasibility stage and are in various stages of  implementation..  

Figure 4.1 Countries in the study and dam locations 

Table 4.1 provides an overview of the dams, summarized by country. Because most of the dams are 
designed for power generation, we include a summary of the generation capacity. The total capacity in the 
dams under consideration is 51,295 megawatts (MW). Just under half of this capacity is in two countries: 
the Congo with 11,631 MW and Nigeria with 11,243 MW. Much of this capacity is in only the planning 
stages. For example, of the Congo’s total capacity, only 1,967 MW is currently operational. For Nigeria, 
the operational capacity is 1,948 MW. 

The potential irrigation water availability, estimated at 30 percent of the dam storage capacity, is 
137.1 billion m3, of which over two-thirds is from proposed dams. Almost one-third of that is in Ghana’s 
Akosombo dam. Mozambique and Nigeria each account for about 20 percent and Côte d’Ivoire for more 
than 10 percent. 
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Table 4.1 Summary information on dams, total and operational (in parentheses) 
 Number of dams Generation capacity (MW) Irrigation water availability (million m3)

Operational Planned Operational Planned Operational Planned 

Burkina Faso 1 2 84 30 427 421 

Cameroon 5 3 1,242 630 4,894 2,313 

Congo 7 11 11,631 1,967 73 20 

Côte d’Ivoire 1 4 919 591 12,583 11,083 

Ethiopia 11 5 4,679 1,606 9,892 979 

Ghana 4 2 1,780 1,157 46,226 44,388 

Kenya 5 7 1,133 672 265 235 

Lesotho 2 1 262 72 8 2 

Malawi 4 3 844 280 37 1 

Mozambique 2 4 4,642 2,182 29,120 16,443 

Namibia 2 1 620 240 1,308 780 

Niger 2 0 175 0 494 0 

Nigeria 7 3 11,243 1,938 25,909 4,517 

Rwanda 3 1 562 12 7 2 

Senegal 4 0 304 0 19 0 

Sudan 11 4 4,910 274 4,009 3 

Tanzania 3 5 1,229 549 1,643 1,522 

Uganda 6 3 1,327 395 2 0

Zambia 4 6 3,472 1,652 195 133 

Total 84 65 51,057 13,252 137,108 82,842 

Source: Adapted from AICD Power Sector Investment Needs, 2008  

Because many of the dams are close to others, the analysis was done on the basis of clusters of dams 
within 200 km of each other and in the same category (planned/proposed or operational). For most cases, 
a cluster consists of only 1 dam. A few clusters include up to 4 dams. There are two such large clusters, in 
Kenya and Sudan.  

Table 3.5 presents baseline results by country (see the separate country annexes accompanying this 
paper for detailed results by country). We separate the existing dams from the planned ones. Every 
country except Lesotho has at least one investment with positive NPV. In general, adding large-scale 
irrigation to existing dams rather than to planned reservoirs appears more profitable. For Ghana, Kenya, 
and Senegal, the planned large-scale irrigation investments are just barely profitable, but the irrigation 
investments in existing dams are quite profitable. The large Tanzanian NPV is driven by a large 
expansion in irrigated area for two high-value crops—sugarcane and [[???]]. While these crops might not 
end up being the ones actually cultivated, they are reasonable proxies for a general result of high potential 
return for the dams included because they are close to two major metropolitan areas—Lilongwe and Dar 
es Salaam. 

Table 4.2 Baseline results, by country 

 NPV 
($ million) Benefit-cost ratio 

Investment 
expenditure ($ 

million) 

Increase in 
irrigated area 

(ha) 
Water used 
(million m3)

Irrigation water 
availability  
(million m3)
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Existing dams 

Burkina Faso 89 2.61 55 84,477 421 421 

Cameroon 11 1.63 17 25,437 123 2,313 

Congo 32 2.21 26 40,265 11 20 

Côte d’Ivoire 326 7.64 49 75,269 363 11,083 

Ethiopia 60 2.12 54 82,261 223 979 

Kenya 320 3.42 132 202,233 235 235 

Namibia 0* 2.62 0* 132 0* 780 

Nigeria 1,352 41.56 33 51,029 185 4,517 

Sudan 28 1.84 34 51,426 3 3 

Tanzania 2,567 22.46 120 183,125 1,523 1,522 

Zambia 239 3.86 84 128,218 133 133 

Total 5,024 8.92 604 923,873 3,219 22,006 

Planned dams 

Burkina Faso 6 1.22 25 38,728 6 427 

Cameroon 2 1.04 55 84,413 191 4,894 

Congo 34 1.86 40 60,582 6 73 

Côte d’Ivoire 182 25.84 7 11,190 175 12,583 

Ethiopia 71 2.42 50 76,848 153 9,892 

Ghana 1 1.02 48 74,122 6 46,226 

Kenya 58 2.22 48 73,042 21 265 

Lesotho 0 0.00 0 0 0 8 

Malawi 9 2.41 6 9,309 37 37 

Mozambique 9 1.42 21 31,698 94 29,120 

Tanzania 117 11.67 11 16,788 60 4,009 

Nigeria 184 2.16 158 241,324 1,617 1,308 

Niger 230 27.07 9 13,527 494 494 

Rwanda 5 5.04 1 1,848 5 25,909 

Senegal 7 1.16 40 61,248 19 7 

Sudan 821 8.77 106 161,703 1,266 19 

Uganda 2 1.57 3 5,236 2 1,643 

Zambia 66 1.94 70 106,463 48 2 

Total 1,803 2.58 698 1,068,069 4,199 136,913 

Source: Authors’ own calculations.  
Note: * Positive but less than $500,000. Key baseline assumptions are a water cost of 0.25¢ per m3, slow rate of investment expenditure, 
discount rate of 12 percent, irrigation investment cost of $1,000 per hectare, and operational cost of $4/ha. 

 

We also report the benefit-cost ratio , to provide a comparison across countries that is scale-neutral. 
With this metric, Nigeria and Tanzania investments provide by far the greatest benefit for operational 
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dams, with benefit-cost ratios in the 20 to 40 range, while investments in planned dams in Côte d’Ivoire, 
Niger, and Tanzania have ratios greater than 10. 

With baseline assumptions, irrigated area expands by 2.0 million hectares in this set of countries. The 
irrigated area from existing dams, about 924,000 hectares, is slightly less than that from planned dams. 
The largest expansion for existing dams is in Kenya (202,223 hectares); for planned ones, Niger 
(241,324 hectares).  

Under baseline assumptions, the availability of water for irrigation (assumed to be 30 percent of dam 
capacity) is not a constraint for planned dams except in Malawi and Niger. But it does limit investments 
in existing dams in several countries, including Burkina Faso, Kenya, Sudan, Tanzania, and Zambia.  

Not all the dams are profitable (table 4.3). Of the 
149 dams, only 49 operational dams and 57 planned 
dams have positive NPV under baseline assumptions. 

Sensitivity analyses 

In this section, we report the effect of changes in 
selected assumptions on the increase in irrigated area 
and the number of profitable clusters. The sensitivity of 
the results to the following factors is considered in turn: 
(a) increasing the unit cost assumption per hectare of 
irrigation development; (b) increasing the unit cost of 
water; (c) raising the discount rate; and (d) reducing the 
availability of water resources as a crude proxy for 
climate change. 

If we change the irrigation cost assumption from 
$1,000 per hectare to $3,000 per hectare (medium cost) 
and $6,000 per hectare (high cost), we see that the 
results for large-scale investment change dramatically, 
as tables 4.4 and 4.5 indicate. 

 

Table 4.3 Profitable dams 

Number of 
dams 

Number of 
profitable 
dams 
(operational) 

Number of 
profitable 
dams 
(planned) 

Burkina Faso 3 2 1 

Cameroon 8 2 2 

Congo 18 5 2 

Côte d’Ivoire 5 4 1 

Ethiopia 16 3 6 

Ghana 6 1 1 

Kenya 12 6 3 

Lesotho 3 0 0 

Malawi 7 3 3 

Mozambique 6 2 2 

Namibia 3 1 1 

Niger 2 1 1 

Nigeria 10 3 7 

Rwanda 4 1 3 

Senegal 4 0 4 

Sudan 15 3 11 

Tanzania 8 5 3 

Uganda 9 1 3 

Zambia 10 6 3 

Total 149 49 57 
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Table 4.4 Results with medium cost assumptions, by country 

 
NPV 
($ million) Benefit-cost ratio  

Investment 
expenditure ($ 
million) 

Increase in 
irrigated area 
(hectares) 

Water used 
(million m3)

Irrigation water 
availability 
(million m3)

Existing dams 

Burkina Faso 0 0.00 0 0 0 421 

Cameroon 0 0.00 0 0 0 2,313 

Congo 0 0.00 0 0 0 20 

Côte d’Ivoire 229 2.56 147 75,269 363 11,083 

Ethiopia 0 0.00 0 0 0 979 

Kenya 57 1.15 395 202,233 241 235 

Namibia 0 0.00 0 0 0 780 

Nigeria 1,286 13.91 100 51,029 185 4,517 

Sudan 0 0.00 0 0 0 3 

Tanzania 2,329 7.52 357 183,125 1,583 1,522 

Zambia 0 0.00 0 0 0 133 

Total 3,901 4.91 999 511,657 2,372 22,006 

Planned dams 

Burkina Faso 0 0.00 0 0 0 427 

Cameroon 0 0.00 0 0 0 4,894 

Congo 0 0.00 0 0 0 73 

Côte d’Ivoire 167 8.65 22 11,190 175 12,583 

Ethiopia 3 1.05 56 28,796 57 9,892 

Ghana 0 0.00 0 0 0 46,226 

Kenya 0 0.00 0 0 0 265 

Lesotho 0 0.00 0 0 0 8 

Malawi 0 0.00 0 0 0 37 

Mozambique 0 0.00 0 0 0 29,120 

Nigeria 0 0.00 0 0 0 1,308 

Niger 213 9.06 26 13,527 494 494 

Rwanda 2 1.69 4 1,848 5 25,909 

Senegal 0 0.00 0 0 0 7 

Sudan 660 5.55 145 74,228 1,176 19 

Tanzania 95 3.91 33 16,788 60 4,009 

Uganda 0 0.00 0 0 0 1,643 

Zambia 0 0.00 0 0 0 2 

Total 1,140 4.99 286 146,376 1,967 136,913 

Source: Authors’ own calculations.  
Notes: Key baseline assumptions are a water cost of 0.25¢ per m3, slow rate of investment expenditure, discount rate of 12 percent, irrigation 
investment cost of $3,000 per hectare, and operational cost of $10 per hectare. 
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Table 4.5 Results for high cost assumptions, by country 

 
NPV 
($ million) Benefit-cost ratio 

Investment 
expenditure ($ 
million) 

Increase in 
irrigated area 
(hectares) 

Water used 
(million m3)

Irrigation water 
availability (million 
m3)

Existing dams 

Burkina Faso 0 0.00 0 0 0 421 

Cameroon 0 0.00 0 0 0 2,313 

Congo 0 0.00 0 0 0 20 

Côte d’Ivoire 82 1.28 294 75,269 363 11,083 

Ethiopia 0 0.00 0 0 0 979 

Kenya 0 0.00 0 0 0 235 

Namibia 0 0.00 0 0 0 780 

Nigeria 1,186 6.96 199 51,029 185 4,517 

Sudan 0 0.00 0 0 0 3 

Tanzania 1,972 3.76 715 183,125 1,583 1,522 

Zambia 0 0.00 0 0 0 133 

Total 3,240 3.68 1,208 309,424 2,131 22,006 

Planned dams 

Burkina Faso 0 0.00 0 0 0 427 

Cameroon 0 0.00 0 0 0 4,894 

Congo 0 0.00 0 0 0 73 

Côte d’Ivoire 145 4.32 44 11,190 175 12,583 

Ethiopia 0 0.00 0 0 0 9,892 

Ghana 0 0.00 0 0 0 46,226 

Kenya 0 0.00 0 0 0 265 

Lesotho 0 0.00 0 0 0 8 

Malawi 0 0.00 0 0 0 37 

Mozambique 0 0.00 0 0 0 29,120 

Nigeria 0 0.00 0 0 0 1,308 

Niger 186 4.53 53 13,527 494 494 

Rwanda 0 0.00 0 0 0 25,909 

Senegal 0 0.00 0 0 0 7 

Sudan 515 2.78 290 74,228 1,176 19 

Tanzania 62 1.95 66 16,788 60 4,009 

Uganda 0 0.00 0 0 0 1,643 

Zambia 0 0.00 0 0 0 2 

Total 909 3.01 452 115,732 1,905 136,913 

Source: Authors’ own calculations.  
Notes: Key baseline assumptions are a water cost of 0.25¢ per m3, slow rate of investment expenditure, discount rate of 12 percent, irrigation 
investment cost of $6,000 per hectare, and operational cost of $20 per hectare. 
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With a medium cost, irrigated area increases by only 0.51 million hectares from existing dams and 
another 0.15 million hectares from planned dams. The number of profitable dams decreases considerably, 
and the benefit-cost ratio reaches almost 5. In the case of a high cost, only a handful of countries remain 
with positive net returns to investment, and the number of profitable dams drops to 29. If investment costs 
are higher than $6,000 per hectare, our analysis suggests few countries would be able to justify 
investments in large-scale irrigation schemes.  

A summary of the broader sensitivity analysis for the unit investment cost of irrigation is provided in 
Table 4.6. If irrigation cost per hectare is reduced from $1,000 per hectare to $700 per hectare, irrigated 
area increases by only 0.5 million hectares, and the number of profitable dams increases from 106 to 134 
(table 3.9). Thus, dropping irrigation investment costs brings in only a little more irrigation to the 
profitable set, and most of that, in Cameroon. On the other hand, increasing irrigation cost per hectare 
would dramatically reduce the irrigated area and NPV. For a high cost of $6,000 per hectare, the increase 
in irrigation area is 0.425 million hectares, which is only about 21 percent of our baseline. The number of 
profitable dams declines to 34, about 30 percent of the baseline. 

This is an important conclusion, because it is only at these highest levels that the cost of water 
storage, as opposed to simply water distribution are captured. The implication is that there is substantial 
potential for large scale irrigation when the storage costs can be covered by some other use category (such 
as hydro-power) and irrigation can be developed essentially at the incremental cost of providing water 
distribution infrastructure. If on the other hand, the costs of water storage must be recovered from 
irrigation applications the potential for economically viable large scale schemes shrinks dramatically. 

Table 4.6 Irrigation investment cost effect on irrigated area and profitable clusters 

Irrigation cost 
($ per ha) 

Increase in irrigated area 
(million ha) 

Total NPV 
($ million) 

Number of profitable dams 

6,000 0.425 4,147 34 

3,000 0.657 5,041 55 

1,000 1.992 6,827 106 

700 2.547 8,130 134  

500 2.969 9,840 146  

Source: Authors’ calculations.  
Note: Values in bold indicate base case. Water cost $0.0025/m3, discount rate of 12 percent. 

 

As Table 4.7 indicates, the assumption about the cost of water delivery can have a significant effect 
on profitable irrigation expansion. At 0.25¢ per m3, 2.0 million hectares could be irrigated profitably, and 
110 of the dams would be profitable. If instead, the water cost is 1¢ per m3, area expansion drops to 1.4 
million hectares, and the number of profitable dams drops to 90. 

Table 4.7 Water cost effect on irrigated area and profitable dams 

Water cost assumption ($ per m3) Increase in irrigated area 
(million ha) 

Total NPV 
($ million) 

Number of profitable clusters 

0.0025 1.992 6,827 106  

0.010 1.362 4,330 90  

0.050 0.635 2,065 69  

Note: Values in bold indicate base case. Investment rate of $1,000/ha, discount rate of 12 percent. 
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Table 4.8 presents a sensitivity analysis for various discount rates. While irrigated area again 
increases only slowly, particularly for the discount rates ranging from 5–12 percent, the total NPV 
increases considerably. In particular, all 146 dams within our analysis would be profitable with a discount 
rate of 5 percent, and the increased irrigation area could reach 2.3 million hectares. 

Table 4.8 Discount rate effect on irrigated area and profitable dams 
Discount rate (%) Increase in irrigated area 

(million ha) 
Total NPV ($ million) Number of profitable dams 

15 1.733 4,594 94 

12 1.992 6,827 106 

10 2.225 9,182 123 

5 2.287 22,331 146 

Source: Authors’ calculations. [[OK?]] 
Note: Values in bold indicate base case. Investment rate $1,000/ha and water cost $0.0025/m3.

Climate change will certainly have a large impact on the potential for irrigation expansion. It will 
alter rainfall patterns and therefore reservoir storage, which, in turn, affects the availability of water for 
power production and irrigation. In addition, a changing climate will affect both crop yields and patterns 
(for example, some current crop areas may not be suitable for growing certain crops or might completely 
go out of production). Explicitly modeling climate change under our current models is highly complex. 
While there is a wide range of studies on the potential impact of climate change on agriculture in Sub-
Saharan Africa, most have been carried out at highly aggregated levels (country or beyond), whereas this 
study is implemented at the level of 9 km pixels. As we cannot now fully evaluate the impact of climate 
change, we instead use a rudimentary approach: sensitivity analyses that assume a few scenarios of 
reduced water availability in the reservoirs, without accounting for new crop patterns and yields resulting 
from climate change. To be consistent with the hydropower companion study, we assume that reservoir 
water storage levels would be reduced by 5, 10, and 25 percent under different climate change 
assumptions. Table 4.9 presents the results for this sensitivity analysis. A small amount of reduced water 
(for example, 5 percent) has limited impact on irrigated area and NPV. This is because water is not a 
constraint for many of the large-scale irrigation systems examined here. A 25 percent reduction of water 
availability, on the other hand, does have a considerable impact on the potential for expansion of irrigated 
area and the number of dams with which irrigation expansion could be associated.  

Table 4.9 The impact of climate change on irrigated area and profitable dams 

Reservoir water 
 (%) 

Increase in irrigated area 
(million ha) 

Total NPV 
($ million) 

Number of profitable dams 

Baseline 1.992 6,827 106 

-5 1.802 6,262 107 

-10 1.278 4,962 91 

-25 1.029 3,786 74 

Source: Authors’ calculations. 
Note: Values in bold indicate base case. Investment rate $1,000/ha and water cost $0.0025/m3.
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Rehabilitation of irrigation systems 

While this study focuses on the potential for adding new irrigation systems to a series of large-scale 
operating and proposed dams and for small-scale runoff irrigation, rehabilitation of existing (large-scale) 
systems also offers scope for expanding irrigated area in the region. Svendsen, Ewing, and Msangi (2008) 
provide a table on the share of equipped irrigated area that is actually irrigated (see table 2.3). These areas 
are chiefly medium- and large-scale schemes with area equipped for irrigation and include all types of 
irrigation schemes except nonequipped cultivated wetlands and inland valley bottoms or nonequipped 
flood recession areas. On average, 31 percent of area equipped for irrigation in the 24 AICD countries is 
not irrigated. The share is somewhat lower for all of Sub-Saharan Africa—at 29 percent—but utilization 
rates compare well with those of Asia, where 33 percent of area equipped is not utilized. While these 
numbers have to be treated with great caution, they indicate a significant potential for rehabilitation of 
existing formal irrigation systems of approximately 1 million hectares.  

According to both Inocencio and others (2005) and Riddell (2005), rehabilitation costs are lower than 
new construction in Sub-Saharan Africa. Moreover, Riddell finds that rehabilitation costs do not vary 
widely between regions within Sub-Saharan Africa. Inocencio and others (2005) show average 
rehabilitation costs of $3,488/ha (constant 2000 prices), and Riddell finds a median cost for rehabilitated 
projects of $1,888/ha. These numbers are higher than the base on-farm investment costs assumed for the 
dam-based, large-scale irrigation analysis implemented in this report, because dam construction is 
assumed to be fully accounted for by hydropower development alone. Based on the report of Inocencio’s 
team, an investment of $4.76 billion would be required for the 24 AICD countries for 1.3 million hectares 
(table 4.10). To prioritize investments among countries, it would be important to visit the schemes in 
question to examine the underlying causes for nonirrigation in command areas equipped for irrigation and 
to determine which crops could and should be irrigated once rehabilitation is finalized.  
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Table 4.10 Potential for rehabilitation of irrigated area 
Total irrigated area Irrigated area / total 

irrigation-equipped area 
Area in need of 
rehabilitation 

Investment needs 

Country Hectares Percent Hectares US$ million (2000) 

Benin 12,258 23.0 9,435 33 

Burkina Faso 25.000 97.3 670 2 

Cameroon 25,654 — — —

Cape Verde 2,780 65.5 959 3 

Chad 30,273 86.5 4,073 14 

Congo, Dem. Rep. of 72,750 69.5 22,171 77 

Côte d'Ivoire 10,500 92.0 840 3 

Ethiopia 289,530 — — — 

Ghana 30,900 90.3 2,987 10 

Kenya 103,203 94.2 6,000 21 

Lesotho 2,637 2.5 2,570 9 

Madagascar 1,086,291 99.5 5,600 20 

Malawi 56,390 47.7 29,490 103 

Mozambique 118,120 33.9 78,057 272 

Namibia 7,573 81.1 1,431 5 

Niger 73,663 89.1 8,048 28 

Nigeria 293,117 74.7 74,277 259 

Rwanda 8,500 — — — 

Senegal 119,680 57.7 50,680 177 

South Africa 1,498,000 100.0 0 0 

Sudan 1,863,000 42.9 1,063,000 3,708 

Tanzania 184,330 — — — 

Uganda 9,150 64.5 3,250 11 

Zambia 155,912 100.0 0 0 

Source: Inocencio and others, 2005.  
Note: Data on total irrigated area are from FAO (2005). Data on irrigated area as share of total equipped area are from FAO AquaSTAT 
database, accessible at http://www.fao.org/nr/water/aquastat. Irrigation-equipped area includes full-control, equipped-lowland, and spate 
irrigation. Ot does not include nonequipped cultivated wetlands, inland valley bottoms, or nonequipped flood-recession cropping areas. 
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5 Small-scale schemes: viable with low-cost technology 
Figure 5.1 presents the intensity of 

existing rain-fed agriculture. Small-
scale irrigation investment could 
potentially convert these rain-fed areas 
into irrigated production. How much of 
the rain-fed areas would be converted 
depends on market access and the costs 
of investment. We run the optimization 
model for each pixel by combining 
spatial information on current rain-fed 
crop production, irrigation potential, 
and exploitable runoff (as described 
above). The results provide unit 
revenue increases to be expected with 
the implementation of small-scale 
irrigation.  

Figure 5.2 presents these results—
aggregated by individual crop prices—
to derive the average increase in 
revenue per hectare by pixel across all 
AICD countries. Some areas of 
potentially high revenue increase are found close to areas suitable for large-scale irrigation investments, 
but also extend beyond. The clustering of areas with high potential for profitable small-scale irrigation 
often reflects their superiority from an agronomic perspective, as well as temporal imbalances between 
water stress and local runoff. 

Small-scale irrigation investments  

Table 5.1, show the baseline results of the investment analysis based on investment costs of $600/ha 
and associated O&M of $25/ha, assuming that the investment cycle is repeated every five years over a 
fifty-year time horizon. Since market accessibility is an important factor in determining irrigation, we set 
five hours’ travel time to the nearest market as the cutoff value for market access. That is, we exclude 
those pixels in which travel time to the nearest market is more than five hours.  

 

Figure 5.1 Intensity of current rain-fed agriculture  
Hectares per grid cell 
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Figure 5.2 Potential increase in gross revenue per hectare from small-scale irrigation  
$/hectare 
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Table 5.1 Baseline results for small scale irrigation, by country 

Country NPV ($ million)  Benefit-cost ratio 
Investment expenditure 
($ million)  

Increase in irrigated area 
(’000 hectares) 

Benin 120 1.22 535 344 

Burkina Faso 1,058 1.54 1,958 1,257 

Cameroon 1,217 2.01 1,202 772 

Chad 1,887 1.99 1,910 1,227 

Congo, Dem. Rep. of 73 1.31 236 152 

Cote d’ Ivoire 27 1.14 195 125 

Ethiopia 195 1.46 425 273 

Ghana 157 1.21 750 482 

Kenya 162 1.61 264 170 

Lesotho 2 1.11 17 11 

Madagascar 172 1.57 302 194 

Malawi 491 1.64 765 492 

Mozambique 342 1.64 538 346 

Namibia 69 2.69 41 26 

Niger 7,298 2.65 4,415 2,835 

Nigeria 11,161 1.74 15,050 9,665 

Rwanda 0 0.00 0 0 

Senegal 1,793 2.04 1,721 1,105 

South Africa 1,960 2.37 1,430 918 

Sudan 2,164 2.16 1,867 1,199 

Tanzania 337 1.81 418 269 

Uganda 954 1.74 1,288 827 

Zambia 54 1.48 113 73 

Total 31,691 1.89 35,443 22,761 

The baseline results indicate profitable irrigation expansion of 22.8 million hectares. In table 5.1, the 
highest benefit-cost ratio is in countries such as Cameroon, Namibia, Niger, Senegal and South Africa. 
Compared to the results for large scale irrigation schemes, the number of hectares is ten times as large. 
However, the overall benefit-cost ratio of the investments is substantially lower (1.9 versus 8.9 for 
existing dams and 2.6 for planned dams). Even those countries where small scale irrigation is most 
attractive do not reach benefit-cost ratios higher than the range of two to three. 

Sensitivity analyses 

In this section, we report the effect of changes in selected assumptions on the increase in irrigated 
area. The sensitivity of the results to the following factors is considered in turn: (a) increasing the unit 
cost assumption per hectare of irrigation development; and (b) raising the discount rate. 
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As regards sensitivity to investment costs, two higher cost scenarios are considered relative to the 
baseline case presented above (table 5.2). For the runs with medium investment costs, $2,000/ha and 
$40/ha O&M are used, rising to $5,000/ha of fixed investment cost and $200/ha O&M cost for the high 
investment cost case.  

Table 5.2 Sensitivity to investment cost assumptions by country 

Country NPV ($ million)  Benefit-cost ratio 
Investment expenditure 
($ million)  

Increase in irrigated 
area (’000 hectares) 

Medium investment cost 

Benin 6 1.09 67 13 

Burkina Faso 561 1.29 1,910 370 

Cameroon 1,059 1.35 3,010 583 

Chad 1,450 1.31 4,716 913 

Congo, Dem. Rep. of 20 1.16 125 24 

Côte d'Ivoire 0 1.00 0 0 

Ethiopia 146 1.35 415 80 

Ghana 4 1.19 23 4 

Kenya 89 1.27 335 65 

Lesotho 0 1.12 2 0 

Madagascar 154 1.40 382 74 

Malawi 180 1.15 1,176 228 

Mozambique 123 1.15 844 163 

Namibia 84 1.62 135 26 

Niger 8,780 1.60 14,521 2,810 

Nigeria 6,302 1.22 28,802 5,574 

Rwanda 0 0.00 0 0 

Senegal 1,640 1.46 3,543 686 

South Africa 2,120 1.52 4,088 791 

Sudan 2,016 1.37 5,411 1,047 

Tanzania 229 1.29 800 155 

Uganda 670 1.34 1,979 383 

Zambia 28 1.28 99 19 

Total 25,662 1.35 72,383 14,008 

High investment cost 

South Africa 1 1.06 22 2 

Total 1 1.06 22 2 

Source: Authors’ calculations. 
Note: Baseline assumption: 5-year cycle of investment, discount rate of 12 percent. * Positive but less than $500,000This highlights the 
importance of selecting inexpensive (“individual” or “traditional”) technologies to ensure the viability of small scale schemes, Since any of the 
more sophisticated alternatives, with higher unit costs, would not be viable in most situations. Levels of maintenance and farmer experience, as 
well as governance of small-scale systems, matter as well. As noted by Kikuchi and others (2005), the success of many of the irrigation 
projects in Africa is highly variable and largely depends on the attentiveness of management to operational efficacy, as well as on overall 
governance. 
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There is a dramatic reduction in profitable hectares for small scale irrigation as investment costs 
increase, falling from 35 to 14 million hectares as costs increase from $600 to $2,000/ha, and virtually 
disappearing (to a mere 2,000 hectares in South Africa) as costs reach $5,000 per hectare. 

Table 5.3 presents the results of sensitivity analysis with respect to the discount rate for different 
levels of investment costs. The results indicate that, while the NPV of small scale irrigation investments 
varies by a factor of around three as the discount rate rises from 5% to 15%, the number of profitable 
hectares for irrigation is much less so. Under low cost assumptions, between 22 and 24 million hectares 
remain viable, while under medium cost assumptions between 13 and 16 million hectares are profitable, 
and with high cost assumptions the range drops to between 1 and 36 thousand. 

Table 5.3 Investment benefits and potential for irrigation under different assumptions 

 Discount rate 
Investment cost 

 5% 10% 12% 15% 

NPV ($ million) 72,444 38,293 31,691 24,937 Low 
 ($600/ha) Irrigated area (’000 hectares) 23,973 23,063 22,761 22,253 

NPV ($ million) 68,243 32,456 25,662 18,793 Medium 
 ($2,000/ha) Irrigated area (’000 hectares) 16,215 14,606 14,008 13,132 

NPV ($ million) 44 3 1 0* High 
 ($5,000/ha) Irrigated area (’000 hectares) 36 5 2 1 



IRRIGATION INVESTMENT NEEDS IN SUB-SAHARAN AFRICA 

33 
 

6 An investment strategy based on social and economic 
priorities 

The potential for irrigation investments in Sub-Saharan Africa is highly dependent upon geographical, 
agronomic, and economic factors that need to be taken into account when assessing the long-term 
viability and sustainability of planned projects. This study analyzed large, dam-based and small-scale 
irrigation investment needs for 24 AICD study countries based on agronomic, hydrological, and economic 
factors. We identified opportunities for dam-based large-scale irrigation investments based on a series of 
operational and proposed hydropower projects that are considered profitable based on hydropower 
production alone. In addition, we examined the potential for small-scale, complementary irrigation 
expansion based on bio-geophysical, market access, and profitability characteristics. This kind of analysis 
can guide regional and country-level assessment of irrigation potential, including identification of 
locations.  

For the dam-based investment analysis, the baseline assumptions—low conveyance O&M/water 
delivery costs ($0.025/m3), on-farm irrigation investment costs of $1,000/ha and on-farm O&M costs of 
$4/ha, and a discount rate of 12 percent—resulted in an irrigated area expansion of 2.0 million ha at a net 
present value (NPV) of $6,828 million and investment expenditures of $1,302 million. A series of 
sensitivity analyses shows that irrigation investment needs and irrigation expansion outcomes are 
sensitive to conveyance costs, the discount rate, and irrigation cost per hectare.  

Under the baseline, every country among the 19 AICD countries with dam projects has at least one 
investment with positive NPV. Tanzania investments generate the largest NPV, with Burkina Faso, 
Ethiopia, Mozambique, Nigeria, and Sudan also having sizeable returns. Under baseline assumptions, the 
availability of water for irrigation (assumed to be 30 percent of dam capacity) is not a constraint for 
planned dams except in Malawi and Niger. But it does limit investments for existing dams in several 
countries such as in Burkina Faso, Kenya, Sudan, Tanzania and Zambia. Dam-based irrigation 
investments are generally more profitable for existing reservoirs than proposed reservoirs.  

While no detailed climate change analysis could be implemented for this study, a sensitivity analysis 
of reductions in reservoir water storage availability was implemented, which is consistent with results 
from some studies on the hydrological impact of climate change. According to our analysis, a small 
amount of water reduction will have limited impact on the potential for expansion of irrigated area 
associated with large dams. A 25 percent reduction of water availability, on the other hand, would lead to 
a decline in potential irrigable area of almost 1 million hectares (out of a total baseline potential of 2 
million hectares).  

While not a focus of this study, the potential for rehabilitation of existing large-scale irrigation 
systems needs to be factored into irrigation investment plans. In the 24 ACID countries, there is a 
potential of rehabilitating approximately 1 million hectares at a relatively lower cost compared to new 
development, particularly if reservoir construction costs would need to be absorbed by irrigation. 
However, final decisions regarding new investment versus rehabilitation of existing systems would need 
be analyzed on a case-by-case basis, specifying reasons for the nonperformance of constructed systems.  
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Analysis of small-scale irrigation expansion shows that the potential for investment in small-scale 
projects ranges from 0.01 to almost 10 million hectares across the 24 AICD countries, assuming low or 
medium investment costs, a 5-year reinvestment cycle, and a travel to market time of 5 hours. The 
potential for expansion excludes protected areas (such as parks) and those already dedicated to dam-based 
irrigation. While the large-scale analysis was sensitive to spatial proximity to the dam and the costs that 
are involved in conveying the impounded water, the potential for small-scale irrigation depends on the 
availability of surface-water runoff, on-farm investment costs, and market accessibility.  

The potential to develop small-scale irrigation in the 24 AICD countries is much larger, given the 
limited number of hydropower schemes identified for the infrastructure study compared to the large, 
existing rain-fed areas that could be profitably converted to small-scale irrigation in the 24 ACID 
countries. This is even with enhanced market access of 5 hours travel time to an urban center, and despite 
the relatively higher investment costs per hectare for small-scale systems (because reservoir development 
costs are not factored in for large-scale irrigation). Under baseline assumptions (a discount rate of 12 
percent, on-farm investment cost of $600/ha and O&M costs of $25/ha), profitable small-scale irrigation 
could take place on 23 million hectares in the 24 AICD countries at a cost of $35 billion. If the investment 
cost is higher, for example, $2,000 per hectare, the profitable area drops to 14 million hectares.  

Under a scenario of expensive micro-irrigation of $5,000 per hectare, profitable small-scale irrigation 
expansion would be limited to 2,000 hectares in South Africa. While not included in the sensitivity 
analyses, changes in agricultural commodity prices would directly impact the viability of irrigation 
development. In this study, 2004–6 average prices were used for the analysis, which reflect the recent 
food price increases, but are lower compared to the 2007–8 price spikes that have been observed more 
recently. While food prices are expected to remain at high levels during the next 10–20 years, to it is 
unlikely that the very high levels achieved during 2007 and 2008 will be maintained over the longer term.  

Combining the results of the dam-based and small-scale analyses provides an overview of the 
irrigation investment potential for the 24 AICD countries considered. These results are presented in table 
6.1. 

A first key finding is that the area that could be put under small-scale irrigation investment is much 
larger than that which could be profitably put under large-scale irrigation (assuming $600/ha and 
$1,000/ha on-farm irrigation costs, respectively). Nigeria has the largest potential for both small- and 
large-scale irrigation investments, comprising almost half of the total potential for small-scale investment. 
Given the large size of its economy, such an investment represents less than 20 percent of the country’s 
national GDP, compared to the much larger shares that are implied by investments in other countries. 
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Table 6.1 Total investment needs for both small- and large-scale irrigation 
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mill. $ 
1,000 

ha mill. $ 
1,000 

ha mill. $ 
1,000 

ha  1,000 ha mill. $ % % % 

Benin 535 344 n/a n/a 535 535 1.22 9.4 33 0.41 n/a 89 

Burkina Faso 1,958 1,257 81 123 2,039 1,381 1.57 0.7 2 1.22 16 111 

Cameroon 1,202 772 72 110 1,274 882 1.96 n/a n/a 0.21 11 69 

Cape Verde n/a n/a n/a n/a n/a n/a n/a 1.0 3 n/a n/a n/a 

Chad 1,910 1,227 n/a 0 1,910 1,227 1.99 4.1 14 1.48 n/a 81 

Congo, DR 236 152 66 101 302 253 1.46 22.2 77 0.14 n/a 52 

Côte d'Ivoire 195 125 56 86 252 212 3.12 3.0 10 0.05 2 6 

Ethiopia 425 273 104 159 529 432 1.62 0.8 3 0.11 1 3 

Ghana 750 482 48 74 799 556 1.2 n/a n/a 0.25 10 36 

Kenya 264 170 180 275 444 445 2.22 6.0 21 0.06 2 9 

Lesotho 17 11 0 0 17 11 1.14 2.6 9 0.05 n/a 10 

Madagascar 302 194 n/a 0 302 194 1.57 5.6 20 0.15 n/a 0 

Malawi 765 492 6 9 772 501 1.65 29.5 103 0.88 8 19 

Mozambique 538 346 21 32 559 377 1.63 78.1 272 0.29 n/a 8 

Namibia 41 26 0 0 41 26 2.69 1.4 5 0.02 n/a 7 

Niger 4,415 2,835 9 14 4,424 2,849 2.7 74.3 259 4.29 n/a 79 

Nigeria 15,050 9,665 191 292 15,241 9,957 1.83 8.0 28 0.51 29 68 

Rwanda 0 0 1 2 1 2 5.03 n/a n/a 0.00 n/a 0 

Senegal 1,721 1,105 40 61 1,761 1,167 2.02 n/a n/a 0.64 n/a 20 

South Africa 1,430 918 n/a 0 1,430 918 2.37 50.7 177 0.02 n/a 1 

Sudan 1,867 1,199 139 213 2,007 1,412 2.5 1,063.0 3,708 0.68 n/a 3 

Tanzania 418 269 131 200 549 468 6.5 n/a n/a 0.09 n/a 5 

Uganda 1,288 827 3 5 1,291 832 1.74 3.3 11 0.33 7 183 

Zambia 113 73 153 235 267 308 2.35 n/a n/a 0.13 8 4 

AICD Total 35,443 22,761 1,302 1,992 36,744 24,753 1.05 1,364 4,756 0.97 13 60 

Source: Authors’ calculations. 
Notes: Baseline assumptions: Small-scale 5-year cycle of investment, low cost, discount rate of 12 percent; low cost for small-scale irrigation 
(fixed cost of $600/ha, operation and maintenance cost $25/ha). Large-scale assumptions are water cost 0.25c per m3, discount rate 12 
percent and investment cost of $1,000 per hectare on-farm only, and operation and maintenance cost $4/ha. 
a) GDP data are for the year 2000 from the WDI (2006). b) Purchasing Power Parity from WDI 2006 is used to convert from local currency to 
year $2000. c) Government expenditures in agriculture are from the following sources: Burkina Faso: IMF Poverty Reduction Strategy Papers, 
2003; Cameroon, Côte d'Ivoire, Ghana, Malawi, Zambia: IMF Statistical Appendix; Ethiopia, Kenya, Nigeria, Uganda: IMF Government Finance 
Statistical Yearbook, 2000; Nigeria: From 1994 calculation using share of sector in federal expenditure as a proxy for consolidated expenditure 
which includes federal, state and local. d) Irrigated area for latest available data from AquaSTAT, FAO. NA – not included in large-scale 
analysis. * NPV less than $500,000. 
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Table 6.2 Alternative scenarios for both small- and large-scale irrigation 
Discount rate 

Investment cost   5% 10% 12% 15% 

NPV ($million) 72,444 38,293 31,691 24,937 
Small scale 

Irrigated area (’000 hectares) 23,973 23,063 22,761 22,253 

NPV ($million) 22,331 9,183 6,828 4,594 
Large scale 

Irrigated area (’000 hectares) 2,287 2,225 1,992 1,733 

NPV ($million) 94,775 47,476 38,519 29,531 

Low 

Total 
Irrigated area (’000 hectares) 26,260 25,289 24,753 23,987 

NPV ($million) 68,243 32,456 25,662 18,793 
Small scale 

Irrigated area (’000 hectares) 16,215 14,606 14,008 13,132 

NPV ($million) 18,807 7,000 5,114 3,360 
Large scale 

Irrigated area (’000 hectares) 1,733 879 786 555 

NPV ($million) 87,049 39,456 30,777 22,153 

Medium 

Total 
Irrigated area (’000 hectares) 17,949 15,485 14,794 13,688 

NPV ($million) 44 3 1 0* 
Small scale 

Irrigated area (’000 hectares) 36 5 2 1 

NPV ($million) 15,424 5,763 4,149 2,608 
Large scale 

Irrigated area (’000 hectares) 786 427 425 425 

NPV ($million) 15,468 5,766 4,150 2,608 

High 

Total 
Irrigated area (’000 hectares) 822 432 427 426 

Source: Authors’ calculations. 
Note: Small-scale 5-year cycle of investment, large-scale water cost is 0.25c per m3.
Low/medium/high costs for large scale are the following fixed investments and the associated O&M costs: $1,000/ha, $4/ha, $3,000/ha, $10/ha, 
and $6,000/ha, $20/ha, respectively. For small scale, the three levels of fixed investment costs and associated O&M costs are: $600/ha, 
$25/ha; $2,000/ha, $80/ha; and $5,000/ha, $200/ha. 
* NPV less than $500,000. Baseline in bold. 

 

A wide variety of countries show fairly high ratios of NPV to investment costs, from poorer 
countries such as Chad, Tanzania, Ethiopia, Malawi, and Uganda, to wealthier ones such as Nigeria. 
These potential investments in small- and large-scale irrigation represent a fairly significant share of 
national GDP for these countries and would require substantial levels of external assistance. Under 
current assumptions, nearly 90 percent of investments would go into small-scale irrigation schemes.  

As we noted before, the profitability and potential for irrigation expansion of both large- and small-
scale irrigations are quite sensitive to underlying assumptions, in particular the investment cost and 
discount rate. Table 6.2 shows the potential NPV and irrigated area corresponding to three investment 
cost levels and four discount rates used in this study. While our baseline result (in bold) shows a 24.7 
million hectare increase in irrigated area and a NPV exceeding $38,519 million, these numbers would be 
only 426,000 hectare and $2,608 million in the worst-case scenario (a high investment cost and high 
discount rate). On the other hand, with favorable assumptions—such as a 5 percent discount rate and a 
low investment cost—the irrigation expansion could reach almost 26 million hectares with a NPV value 
of $94,775—5 percent and 146 percent above baseline values, respectively.  
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How will irrigation investments be financed? The assumption here is that large-scale irrigation will be 
chiefly sourced from national government budgets, with most funds originating from multilateral donor 
organizations; schemes are considered an add-on to ongoing or planned hydropower development. Small-
scale irrigation development incorporates on-farm soil moisture management measures. While farmers are 
expected to be responsible for most on-farm level irrigation developments, small reservoirs would still 
require support from the local or central government. 

Given that the investment expenditures presented here are 100–2,200 percent of annual agricultural 
expenditures for many of these countries, and given that current irrigated areas are estimated at 6 million 
hectares, it is unlikely that more than 1–10 percent of the irrigation potential identified can be 
implemented over the next 20 years, depending on the country in question. Moreover, while there is 
considerable scope for the expansion of both dam-based and small-scale irrigation in Sub-Saharan Africa, 
investment decisions seldom depend on biophysical and economic criteria alone. Government policy 
objectives, donor suggestions, and other factors not related to irrigation and agriculture—ranging from 
plans for energy security, urban water supply, to rural development and income generation, and national 
food security goals—all play a role in the final policy decision to expand irrigation. Institutional settings, 
extension and management systems, availability of complementary inputs, and the involvement of 
farmers in the design and management of irrigation systems will also influence final system performance.  

Market access conditions have been shown to be critical for irrigation development to succeed. While 
they are explicit in the case of small-scale irrigation, they will also play an important role for large-scale 
irrigation. Here, it is assumed that the size of the irrigation system development would attract additional 
resources for post-harvest processing and marketing. The overall potential assessed here could be reduced 
by limiting expansion to the poorer regions within countries. The potential could be yet further limited by 
introducing a food demand component into the analysis, for example introducing a country- or regional-
level limit to irrigated shares for staple crops or high-value commodities. Additional criteria, such as 
poverty targeting—or the readiness of countries to expand irrigation as described in the World Bank 
Africa Region Irrigation Business Plan of 2007 (World Bank 2007a)—could also be used to take this 
analysis further to identify the highest priority areas. 

Table 6.3 presents a series of criteria that could be used to prioritize the irrigation investments 
identified based on geographic and profitability criteria for the 24 sample AICD countries. If irrigation 
investments should be targeted to poor, malnourished areas, then an examination of the rural poverty 
headcount ratio, caloric availability, and the mean stunting ratio would favor a focus on the Indian Ocean 
Islands, countries in the Gulf of Guinea, and the Eastern parts of Sub-Saharan Africa. If only countries 
with average calorie availability below 2,000 calories, or rural poverty headcount or mean stunting ratios 
in rain-fed areas above 50 percent were targeted, the number of countries would drop from 24 to 11, 
investments would drop from $37 billion to $10 billion, and irrigated area expansion would decline from 
25 million hectares to 7 million hectares.  
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Table 6.3 Suggestions for prioritizing irrigation investments for 24 AICD sample countries 

Region 

Base 
investment 
expenditure 

Base 
irrigated 
area 

Base 
NPV 

Annualized 
share of 
GDP 

Annualized 
share of 
agr. 
spending 

Rural 
poverty 
headcount 
ratio at 
rural 
poverty 
line 

Calorie 
availability / 
capita 

Net 
cereal 
imports 
as % of 
total 
demand 

Mean 
stunting 
ratio 

Unit mil $ 1,000 ha mil $ % % % kcal/cap/day % %
Benin 535 344 NA 0.4 0.0 33 2,592 8 34
Burkina Faso 2,039 1,381 1,153 1.2 24.4 51 2,467 29 38
Cameroon 1,274 882 1,230 0.2 15.9 50 2,440 34 27
Cape Verde n/a n/a n/a n/a n/a n/a n/a n n/a
Chad 1,910 1,227 1,887 1.5 0.0 67 1,828 53 n/a

Congo, Dem. Rep. of 302  253  139  0.1 0.0 n/a 1,367 33 38 

Côte d’Ivoire 252 212 535 0.0 2.7 n/a 2,869 29 25
Ethiopia 529 432 326 0.1 0.8 45 1,846 22 51
Ghana 799 556 158 0.3 13.8 50 3,362 32 28
Kenya 444 445 540 0.1 2.5 53 1,974 38 36
Lesotho 17 11 n/a 0.0 0.0 n/a n/a 80 44
Madagascar 302 194 172 0.1 0.0 77 2,046 24 45
Malawi* 772 501 500 0.8 12.6 67 2,231 -29 48
Mozambique 559 377 351 0.2 0.0 71 2,288 36 59
Namibia 41 26 69 0.0 0.0 n/a 1,996 93 32
Niger 4,424 2,849 7,528 4.1 0.0 66 2,061 110 41
Nigeria 15,241 9,957 12,697 0.5 43.7 36 2,733 35 37
Rwanda 1 2 5 0.0 0.0 66 1,936 71 63
Senegal 1,761 1,167 1,800 0.6 0.0 40 2,513 80 27
South Africa 1,430 918 1,960 0.0 0.0 n/a 2,933 13 n/a
Sudan 2,007 1,412 3,013 0.2 0.0 n/a 2,351 62 44
Tanzania 549 468 3,021 0.1 0.0 39 2,230 24 45
Uganda 1,291 832 956 0.3 10.5 42 2,333 10 39
Zambia 267 308 359 0.1 6.8 78 1,642 86 45
Sudano-Sahelian 12,141  8,036  15,381 2.0 4.2 31.7 2,272 74 33 

Gulf of Guinea 16,827 11,260 13,390 0.5 39.4 45.7 2,025 35 34
Central 1,576 1,135 1,369 0.2 12.4 28.3 3,046 43 37
Eastern 2,814 2,179 4,848 0.3 0.4 37.9 2,700 26 44
Southern 3,086 2,141 3,239 0.2 3.9 20.8 2,054 22 26

Indian Ocean Islands 302  194  172  0.1 – 76.7 2,046 24 45 

AICD 24 Value 36,744 24,753 38,399 0.9 20.4 37.6 2,274 29 37
Sub-Saharan Africa Average n/a n/a n/a n/a n/a n/a 2,290 33 36
Asia Average n/a n/a n/a n/a n/a n/a 2,799 n/a n/a
Source: Investment data: You and others (2008); GDP data are for the year 2000 (WDI 2006); rural poverty headcount ratio (World Bank 
2007b); calorie availability data is latest available data from ResourceSTAT available at http://faostat.fao.org/site/291/default.aspx . 
Stunting data for rain-fed areas based on CIESIN.  
Note: Baseline assumptions: Small-scale 5 year cycle of investment, $600/ha on-farm investment costs, plus $45/ha O&M cost; discount rate of 
12 percent. Large-scale, dam-based irrigation assumptions: water delivery/conveyance O&M cost 0.25c per m3 plus $4/ha O&M on-farm, 
$1000/ha on-farm investment cost, discount rate 12 percent. 
Data points on agricultural expenditure are very scarce; averages presented here need to be treated with caution. 
**Malawi is a cereal exporter. 
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If national food self-sufficiency is an important criterion, then investments could target those 
countries that import more than half of their total cereal demand. In that case, the Sudano-Sahelian region 
should become the focus of investments. Under this scenario, the number of sample countries would 
decline to 8 out of 24 sample countries. The investment expenditures at $10 billion and projected irrigated 
area expansion of 7 million hectares would be similar to those under the malnutrition and poverty 
reduction goals. If prior existence of a country’s water institution environment is considered important, 
then investments could be concentrated in Madagascar, Tanzania, and Nigeria, with an investment 
expenditure of $16 billion and area increase of 11 million hectares.  

Given the limited experience of most governments in Sub-Saharan Africa with irrigation investments, 
it will be important to ensure that planned investments do not surpass a country’s financial capacity and 
that investments are proportional to other agricultural expenditures and value generated in the agriculture 
sector. Based on annualized share of GDP and of agricultural spending—when data was available—of 
total baseline investments in the 24 AICD sample countries by agro-ecological zone, in relative terms, 
investments appear to be a significant burden for the Sudano-Sahelian region in terms of total GDP, and 
most significant in terms of agricultural spending for the Gulf of Guinea region.  

If irrigation investments annualized over 50 years should not surpass 5 percent of GDP generated in 
agriculture in 2000, then total investments would be capped at $33 billion, and irrigation expansion would 
be 23 million hectares. For the 10 countries with available data on expenditures in agriculture, if 
annualized irrigation investment expenditures were limited to 20 percent of total expenditures in 
agriculture over 50 years, investments would drop from $23 billion to $14 billion, and irrigation 
expansion would decline from 16 million to 10 million hectares. If a shorter investment horizon—for 
example, 20 years—were used, then the investment level and area expansion would drop further. On the 
other hand, if up to 50 percent of agricultural expenditures were used for agricultural water 
management—similar to the Asian performance in the 1970s and 1980s—then all investments could be 
undertaken in a 50-year time horizon, and two-thirds in a 20-year time horizon. 
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