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Introduction

 The effects of climate change are already being felt with various degrees of 

intensity in different parts of the planet. Best estimates and likely range for 

global average surface air warming for the high emissions scenario is  4.0°C 

and the likely range is 2.4°C to 6.4°C (IPCC, 2007).  The impact of this 

warming on people’s livelihoods in some parts of the planet could be of 

catastrophic consequences and is of great interest to policy makers, 

particularly concerning mitigation and adaptation measures. The effects of this 

kind of warming on land productivity, agriculture, food security and resource 

degradation, needs to be assessed carefully.  This paper introduces a model-

based approach for predicting these effects on the primary productivity of 

ecosystems, crop yields and food security at national scale, illustrating the 

approach with a case study in Ethiopia.

Approach 

The two main modular components to the model-based approach are: (1) 

Predicting future climate parameters (i.e. temperature, radiation, 

precipitation and evapo-transpiration) related to soil moisture, plant water 

supply, growth and productivity .  Future moisture balances and the length 

of growing period (FAO, 2008) are calculated (Figure 1) using the General 

Circulation Model (GCM) GLDF_CM21 (NOAA, 2005). This model 

predictions represent the “dry” condition for crop water supply.  Two 

scenarios are predicted: year 2050, and conditions assuming + 4 degrees 

above a baseline of average values from the period 1950 to 2000 (BL+4). (2)  

The second module (Figure 2) consists of the set of procedures for the 

estimation of future productivity under changed climate conditions. The 

AQUACROP simulation model (FAO, 2007) is used for estimating future 

climate parameters, biomass and crop yields. Yields for two staple crops in 

Ethiopia are predicted: corn and wheat, under conditions in 2050 and BL+4.  

The spatial distribution of future biomass and crop yields are mapped out 

across the country under the two scenarios, 2050 and BL+4. In order to 

establish the productivity baseline and detect ongoing trends in productivity 

decline in the last 22 years, Net Primary Productivity (NPP) and Rain Use 

Efficiency (RUE) were computed from archival satellite imagery (NOAA’s 

AVHRR and NASA’ GIMMS) and combined with MODIS NPP estimates. 

Then NPP and RUE are used as indicators of productivity and land 

degradation. 

Results 

National maps of historic NPP and RUE were computed from a 22-year 

time series of Normalized Difference Vegetation Index (NDVI) images 

computed from NOAA-AVHRR satellite images spanning form 1984 to 

2006 (Figures 3a-b).  Negative changes in NPP over time were tagged as 

“degradation” and positive changes as “improvement”.  A patchy mosaic 

of NPP in figure 3a showed that productivity decline and degradation are 

already widespread in Ethiopia, particularly in the south-central and 

north-western regions, whereas the decline in rain use efficiency (RUE) is 

generalized over the entire country except for pockets in the north and 

south-eastern regions (Figure 3b). The GLDF-CM21 model predicts that 

by 2050 the average increase in temperature could reach 4 0C in the dry, 

hot season in April and May, and at least increments of no less than 2 
0
C 

in other months, with the warmest regions in the north-central and north-

eastern portions of the country (Figure 4). Precipitation deficits related to 

baseline are anticipated to be as large as 90% between February and 

March in central areas near the capital and span from January to July, 

with increases in rainfall between August and November, particularly in 

the central portions of the country and within the Rift Valley and the 

south-western portions (Figure 5).

With climate change increased water stress will diminish crop yields making crop failure a realistic possibility.  

Mapping out the spatial distribution of where the moisture balance (P - 0.5 ETo) will not suffice for meeting total 

yearly crop water requirements is essential for designing adaptation measures. Insufficient moisture availability 

causing moisture stress will lead to declines in crop yields and even total crop failure. Crop moisture stress areas 

were mapped for the main grain crops (wheat and corn) in Ethiopia (Figures 6a, 6b respectively) for the year 2030.  

The areas of water stress are dominant across the entire territory and the situation is expected to worsen in 2050, 

and with temperatures reaching increases of 4 degrees and above.  It must be mentioned that in these calculations 

the variability of soil water storage capacity, given soil type and landscape position, was not factored in, since 

these data were not available for this study.  Nevertheless, results show that substantial yield shortfalls and food 

insecurity may be expected by 2050 and with the BL+4 scenarios raising the spectre of famine in that country 

again. The biomass and yield modelled predictions with AQUACROP allowed for mapping the distribution of 

crop yields in 2050 and the BL+4 scenarios. Figures 7 and 8 show the expected spatial distributions of crop yields 

for the year 2050 for wheat and corn crops respectively, under climate change.  The changes with respect to the 

current pattern are quite evident.  This may be explained as shifts in precipitation volumes and moisture regimes 

are also expected in a changed climate.
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 Figures 3a & 3b. Spatial distribution of background historic Net Primary Productivity (NPP) and Rain Use Efficiency 
(RUE) for 22 years (1984 to 2006) in Ethiopia

Figures 4 (top) and 5 (bottom). Average increase in temperature (
o
C) 

and in precipitation respectively for the year 2050 in Ethiopia  (Model 

GLDF_CM21)

Figures 3a  (left) and 3b (right). Average increase in temperature (
o
C) and in 

precipitation respectively for the year 2050 in Ethiopia  (Model GLDF_CM21)

Conclusions

The model-based approach presented in this paper can be useful as 

a tool for predicting expected changes in productivity and 

degradation of land resources under a changed climate.  Moisture 

regimes will be greatly affected by 2050 and under an increase of 

4 degrees. This will impact negatively crop yields and the 

frequency of crop failures are expected to increase substantially.  

Crop yields for the staple grains are expected to change and their 

spatial distribution patterns shift, in some areas significantly.  

Significant crop yields shortfalls are to be expected under these 

predictions. Measures to mitigate and adapt to these changes, 

particularly concerning food security should be formulated 

immediately. Adaptation and mitigation measures should begin 

implementation as early as possible, according to the country’s 

response capacity.

Figures 6a (left)& 6b. Scenarios of crop water supply in 2050 under climate change in 

Ethiopia for Wheat and corn, respectively. Red areas represent water stress and likely 

reduced yields or crop failure  
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Figure 8. Spatial Distribution of expected  


