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HOW CAN AFRICAN AGRICULTURE ADAPT TO CLIMATE CHANGE? INSIGHTS FROM ETHIOPIA AND SOUTH AFRICA 

Green and Blue Water Accounting in the Limpopo  
and Nile Basins
Implications for Food and Agricultural Policy

Water scarcity is an increasingly critical issue for food produc-
tion around the world. This is particularly true for the 

world’s poorest region, Sub-Saharan Africa, due to its growing 
malnutrition and almost complete dependence on rainfed agricul-
ture. Given that agriculture is the primary consumer of freshwater 
around the globe and the demand for domestic, industrial, and 
environmental water uses is steadily rising, strategies for the 
sustainable use of water in agriculture are urgently required.  

Globally, most of the water used for food production is derived 
from precipitation or “green” water, and most of the water that 
reaches plants in irrigated systems also stems from precipitation. 
Irrigation water only dominates in dry seasons or in systems 
located in arid areas. At the same time, many production systems 
classified as rainfed involve small-scale applications of supplemental 
water intended to alleviate plant stress at critical stages of produc-
tion (for example, via rainwater harvesting schemes). Thus, water 
applications for crop production follow a continuum, from purely 
rainfed to purely irrigated, but the majority of crops are produced 
from rainwater. 

This brief is based on a paper that analyzes the changing 
contribution of both green and blue water for food production 
under various scenarios in the Limpopo and Nile river basins in 
Africa in order to inform the development of appropriate policy and 
investment responses.

BASELINE RESULTS
Under a “business-as-usual” or baseline scenario, agricultural water 
use in the Nile River Basin is expected to increase significantly, 
whereas agricultural water use development in the water-scarce 
Limpopo basin is very limited. In the Nile basin, irrigation water 
depletion is expected to grow by 2050, and crop water use from 
precipitation is projected to grow even more rapidly. As a result, 
irrigation is projected to account for a declining share in total crop 
water consumption despite a projected expansion of irrigated area. 
In the Limpopo basin in southern Africa, on the other hand, 
increased non-irrigation water demand and a relative lack of 
opportunities to further develop water sources are projected to 
cause a decline in irrigation water growth. Rainfed crop production 

is also expected to contract, while water productivity is expected to 
increase; total crop area in the basin is expected to remain roughly 
constant by 2050. 

Water productivity for crops—defined as the amount of 
harvested commodity per unit of consumptive water used—is a key 
metric of water-use efficiency for different agricultural production 
systems around the world. Current water-productivity levels in the 
Limpopo and Nile basins are below the global average. In both 
African basins, however, water productivity is projected to increase 
over time because of technological change and growing competition 
with other uses. 

Although food security is projected to improve nominally in 
the countries of the Limpopo and Nile river basins by 2050, 
projected changes in calorie availability and the number of 
malnourished children indicate that these improvements are not 
likely to occur until after 2025 in most countries. Only a handful 
of the 10 countries of the Nile River Basin are projected to achieve 
the 2015 hunger reduction target of the Millennium Development 
Goals by the year 2050.

SCENARIOS OF INVESTMENT IN AGRICULTURAL 

TECHNOLOGY AND R&D
The outcomes of three scenarios of investment in agricultural 
technology and research and development (R&D) were compared 
with those of the baseline scenario to shed light on possible policy 
interventions to improve food and water security in the Limpopo 
and Nile basins. Scenario A, a low-investment scenario, presents a 
fairly pessimistic view of future agricultural production and 
includes a further reduction in the already slowing rates of invest-
ment in agricultural R&D. Scenario B, a higher investment 
scenario, presents an optimistic outlook, assuming that policy-
makers will prioritize investment in agricultural productivity, 
particularly in the developing world. Scenario C supposes even 
greater investment in yield improvements and the intensification of 
existing agricultural systems. Under this scenario, agricultural 
productivity investments are further enhanced with investments in 
irrigation infrastructure and other critical areas that promote 
reduced poverty and malnutrition.
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Food and water security outcomes differ markedly across the 
future scenarios, indicating the importance of appropriate policy 
choices and investments. Under Scenario A, calorie availability is 
strongly reduced such that the number of malnourished children 
significantly increases, both in absolute numbers and in terms of 
prevalence. Under this scenario, the number of malnourished 
children in the countries of the Limpopo and Nile basins increases 
by 0.8 and 7.7 million compared with baseline levels, respectively, 
in 2050 (8.5 million in total). Under scenarios B and C, on the 
other hand, the number of malnourished children decreases by 5.8 
and 13.2 million, respectively, due to per capita calorie availability 
increases across the Limpopo and Nile basin countries averaging 
800 kilocalories under Scenario B and 1,600 kilocalories under 
Scenario C.

In the Limpopo River Basin, slowing yield growth under 
Scenario A leads to increases in both irrigated and rainfed harvested 
areas to meet future food demand (Table 1). Consequently, for all 
crops except rice, consumptive water use increases to 2050 
compared with baseline levels. In contrast, the productivity 
increases under scenarios B and C require less expansion in irrigated 
and rainfed areas and consumptive water use compared with the 
baseline scenario. The expanded irrigation infrastructure posited 
under Scenario C displaces some of the rainfed area compared with 
the other scenarios, but total consumptive water use remains below 
the levels forecast under the other scenarios. 

In the Nile River Basin, the patterns of total production, area, 
and water consumption across the various scenarios are similar for 
the major crops, but area expansion for both irrigated and rainfed 
production under Scenario A is driven higher than baseline levels 
due to the suppression of yield growth. Water consumption 
increases due to the expanded area, and production levels remain 
below those forecast under the baseline scenario. Scenarios B and C 
result in higher output levels on less land and with lower water 
consumption. Compared with the Limpopo basin, changes in water 
productivity are much lower in the Nile basin. Under Scenario C, 
water productivity declines for irrigated cereals as lower food prices 
and resulting higher food demand induce rapid crop area expansion 
that cannot be fully met with the available resources.

POLICY IMPLICATIONS AND CONCLUSION
The results of this study emphasize the importance of more 
disaggregated analyses, given opposing trends for consumptive water 
use in the Limpopo and Nile river basins. In the Limpopo River 
Basin, growing water scarcity suggests the need for investment in 
technologies that enhance irrigated and rainfed crop yields. In the 
Nile River Basin, on the other hand, irrigated crop productivities 
are fairly high and are achieved with little complementary precipita-
tion (chiefly in Egypt), so the focus needs to be on expanding 
irrigated areas elsewhere and improving rainfed crop productivity.

Based on our analysis, we find 
that an approach that combines 
strategies targeting both blue and 
green water management with other 
complementary investments in rural 
agricultural development has the 
potential to improve the lives of many 
poor people.
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   Table 1 Projected percentage change in consumptive water-use productivity  
       for cereals compared with baseline levels, 2025 and 2050

NOTE: Projections are based on kilograms of harvested cereal per cubic meter of consumptive water use.

Scenario A: 
Pessimistic/ 

low investment

Scenario B: 
Optimistic/ 

high investment

Scenario C: 
Very optimistic/ 

very high investment

Region Water source 2025 2050 2025 2050 2025 2050

Limpopo basin Irrigated cereals  –12.7  –12.9  13.9  19.2  20.6  18.2

Rainfed cereals  –12.7  –10.6  14.2  17.6  27.3  27.5

Nile basin Irrigated cereals  –2.7  –3.2  2.4  8.1  –1.5  5.5

Rainfed cereals  –11.4  –17.2  12.6  25.8  17.7  38.3

Global Irrigated cereals  –6.0  –9.3  6.0  14.1  5.7  17.3

Rainfed cereals  –5.6  –8.5  5.8  14.4  7.5  20.8
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