
15–19

2033 K Street, NW • Washington, DC 20006-1002 USA • T. +1-202-862-5600 / Skype: IFPRIhomeoffice • F. +1-202-467-4439 • ifpri@cgiar.org

INTERNATIONAL FOOD 
POLICY RESEARCH INSTITUTE
sustainable solutions for ending hunger and poverty

Supported by the CGIAR

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

Climate Change Impacts in Ethiopia
Hydro-Economic Modeling Projections

Two factors critical to assuring food security, whether at the 
local or the global level, are increasing crop productivity and 

increasing access to sustainable water supplies. These factors are 
also vital to the economic success of agriculture, which is particu-
larly important in Ethiopia given that the sector accounts for about 
41 percent of the country’s gross domestic product (GDP), produces 
80 percent of its exports, employs 80 percent of the labor force, and 
is a major source of income and subsistence for the nation’s poor.

Extreme hydrological variability and seasonality have 
constrained Ethiopia’s past economic development by negatively 
affecting crop production—chiefly through droughts—and by 
destroying roads and other infrastructure due to flooding. As 
climate change unfolds, average climatic variables will shift, and 
weather variability will intensify, exposing Ethiopian agriculture to 
higher levels of risk and jeopardizing economic growth, food 
security, and poverty reduction. Most of the studies that have 
helped clarify the strong relationship between climate variability 
and Ethiopia’s GDP have been based on historical data, but future 
projections of climatic changes are critical to our understanding of 
the evolution of hydrological conditions in Ethiopia and our ability 
to extrapolate their associated effects on economic growth.

This brief is based on a paper that models the effects of three 
climate change–driven factors on the Ethiopian agricultural sector and 
overall economy. The model investigates the economic impact of water 
constraints on rainfed food production, changes in CO

2
 fertilization 

due to increased atmospheric CO
2
, and losses due to floods.

OVERVIEW OF THE MODEL
The study assesses selected global circulation models from the 
Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change (2007) to project changes in water stress and flood 
events to 2050, together with changes in CO

2
 concentration. The 

projections are compared with a 1990–2000 baseline period for 
three different emission scenarios. Outputs from the projections are 
then translated into impacts on crop yield due to water constraints, 
flood damage, and fertilization effects. The study then uses a 
multimarket model simulating the period 2003–50 to analyze the 
effects of changes in water constraints, flood damage, and fertiliza-
tion on economic indicators such as agricultural GDP growth, 
overall GDP growth, and the poverty rate.

In order to compare projections with baseline conditions in the 
absence of climate change, the model incorporates new economic 
parameters for projected population growth and baseline economic 
growth to reflect recently updated observations. Importantly, the 
study examines the potential of the irrigation expansion recently 
proposed by the Ethiopian Ministry of Water Resources to buffer 
the effects of climate change.

NEGATIVE EFFECT ON GDP GROWTH
Although CO

2
 can increase vegetative growth and biomass, a number 

of other factors like fertilizer availability must be in place for this 
potential to be realized. Results using the multimarket model show 
that CO

2
 fertilization is expected to increase the rate of agricultural 

GDP growth and that this may be further enhanced by the Ethiopian 
Ministry of Water Resources’ proposed irrigation development. 

Projections from the global circulation modeling show 
increased annual mean rainfall and an increase in evapotranspira-
tion to the year 2050, although the magnitude of the variability in 
these parameters is larger than the change in mean values. The 
incremental variability of precipitation, which translates as fluctu-
ating rainfall, reduces the availability of a stable water supply and 
increases the risk of floods. The frequency of low-probability 
extreme events is expected to increase as well. When these projec-
tions are translated into impacts on crop yields due to water 
constraints and flood damage, results from multimarket modeling 
indicate that flood damage—mainly influenced by weather 
variability rather than changes in the means—has a larger 
depressing effect on agricultural and overall GDP growth.

These results demonstrate that the negative impact on GDP 
growth actually stems from hydrological variability rather than 
water supply constraints. When the effects of all three climate 
factors are evaluated together, flood damage still drives the overall 
impacts. The difference between the three climate scenarios is 
minimal, with the worst conditions occurring for the scenario that 
embodies the most extreme climatic changes (Scenario A2). 
Implementation of the proposed irrigation development has a 
positive, but limited, buffering effect on agriculture GDP growth 
under climate change conditions for all three scenarios. The 
improvement is visible, but it does not change the main adverse 
impact of climate change on growth (Figure 1).
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Analysis of climate change impacts on five agriculture 
subsectors that are important for smallholder subsistence farmers 
and pastoralists shows that climate change increases poverty, even 
with increased irrigation development.

POLICY IMPLICATIONS
In Ethiopia, climate change is expected to intensify the already 
high hydrological variability and frequency of extreme events. 
More than changes in mean annual rainfall, these two factors may 
have a significant negative effect on the development of the 
agricultural sector and on the Ethiopian economy as a whole. 
Droughts impair agricultural productivity and may lock subsis-
tence farmers into poverty traps, whereas recurrent flooding can 
have long-term negative effects on agricultural GDP by directly 
damaging crops and by destroying roads, thereby exacerbating the 
inadequacy of transport infrastructure and consequently limiting 
access to markets. Omitting climate change impacts from future 
investment analyses will lead to suboptimal investment decisions. 
Our analysis can therefore support decisionmaking by identifying 
development strategies that offer the highest resilience to future 
climate change.

Based on the analysis, it appears that investments in multi-
purpose water infrastructure, such as reservoirs, detention ponds, 
and small dams, have a high potential to address increased hydro-
logic variability by increasing water storage and regulating water 
flows, while at the same time providing water for irrigation. The 
benefit of the Ethiopian government’s proposed irrigation develop-
ment could thus be further enhanced through a focus on 
multipurpose storage infrastructure in high-risk flood areas.

Over time, the nonagricultural sector will increasingly 
dominate Ethiopia’s GDP growth, but most of the population will 
continue to depend on agriculture for survival. Given important 
concerns about the country’s wealth distribution and poverty 
levels—and given that agriculture is highly vulnerable to climate 
variability and change—Ethiopia should start to invest in agricul-
ture and rural water today.
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   Figure 1 Simulations of GDP growth based on changes in water constraints, flood damage, and fertilization

NOTE: The baseline scenario provides GDP projections without climate change. The worst effect on GDP growth is observed under Scenario A2, 
which corresponds to the most extreme climatic changes.
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