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Abstract: The project CYCAS-MED: Crop yield and climate change impacts on 
agriculture: adaptation strategies to desertification processes in the Mediterranean 
areas, aimed at the development of tools and methodologies for the assessment of the 
response of three major crops in Morocco to climatic change. Results for durum wheat 
are here presented. 
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1. Introduction 
 
The rising trend of global atmospheric carbon dioxide is expected to induce a change in 
climate. Despite the uncertainty regarding the magnitude of this climate change, 
assessments of its impacts on agricultural production are needed for both scientific and 
policy-making purposes. The complexity of climate-crop production interactions makes 
simulation a very useful and practical approach available for making the needed 
assessments (de Jong et al. 2003).  
The CYCAS-MED project aimed at assessing the magnitude of the response of three 
major crops in Morocco (barley, soft wheat and durum wheat) to climate change. 
Weather daily data have been analyzed to outline the climate of Morocco. This analysis 
allowed the calibration of a stochastic weather generator that, in turn, has been used to 
provide future climate scenarios. At the regional scale, the relationship between weather 
and crop yield has been investigated by linear regression and, according to this 
relationship, the mean crop yield under different climate scenarios has been obtained. 
Moreover, the Land Suitability approach for rainfed wheat as been applied to analyse 
land use modifications. At the farm level, a further analysis has been carried out by 
applying the crop simulation model CERES-Wheat (Ritchie and Otter-Nacke, 1985).  
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2. Materials and Methods 
 
Data. Daily data on rainfall and temperature at 30 meteorological stations have been 
provided by the partner Insitut National de la Recherche Agronomique (Morocco)  and 
refer to the period from 1973-2006. Annual  crop yield data for 15 provinces come from 
The Ministry of Agriculture, Rural Development and Fisheries of Morocco.  
Regional scale analysis: impact on annual production. The FAO methodology 
developed for Africa and based on the Crop Specific Soil Water Balance (CSSWB), and 
its implementation by the software AgroMetShell (AMS; Gommes 1993) have been 
used for operational crop yield forecasting. This model requires daily weather data only 
and is specific for regions lacking of more agronomical information. The output of 
AMS consists of several indexes: water excess, water deficit and actual 
evapotranspiration computed at several phenological phases, water satisfaction index 
(WSI) and total water requirement. The relationship between annual crop yield and 
these output variables (weather yield function) has been estimated by linear regression 
analysis. The stochastic weather generator M&Rfi (Dubrovský et al. 2004) has been 
calibrated on daily weather data and used to generate synthetic time series of current 
and future weather. Two different scenarios have been considered: SRES B1 (low 
impact) and SRES A2 (high impact; IPCC, 2000) and projections of climate at 2050 
derived from the coupled atmosphere-ocean general circulation model HadCM3. The 
estimated regression equations have been used to compute the expected crop yield for 
each time series from current and future climate.   
Regional scale analysis: impact on land use modification. Evaluating land suitability 
means defining  the requirements of the different land-use types for each land units of a 
certain region. A land suitability classification for rainfed wheat growing in the 
province of Settat has been made. Land is classified as suitable, using 3 different classes 
of suitability, or not suitable.  
Farm scale analysis. The crop simulation model CERES-Wheat (Ritchie and Otter-
Nacke, 1985) included in DSSAT v. 4.0 (Jones et al., 2003) has been used to predict 
grain yield of a local variety grown at six experimental farms for which all the 
pedological, climatic, genetic and agronomic information necessary for model 
calibration and evaluation are available. 
 
3. Results  
 
Climate analysis. An accurate analysis of the climate in Morocco is prevented by short 
and strongly discontinuous time series, especially for rainfall. Data from four stations 
only allow analyzing the inter-annual variability of temperatures. These data show a 
homogeneous increase of temperatures (Mann-Kendall test) and of the index Tn90, 
describing the number of warm nights (Frich et al. 2002). The other climatic indexes 
considered in this study do not show similar results (see Bodini et al. 2011).  
Regional scale analysis: impact on annual production. The goodness-of-fit of the 
linear regression model was high (R2 > 0.85), a part for a few cases. Regression analysis 
of annual crop yield on the AMS output variables highlights that WSI is always 
significant, as expected. However, a second significant variable is sometimes obtained, 
varying with place and cereal, whose meaning has to be further investigated. See Bodini 
et al. (2011) for detailed results. 
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The weather generator M&Rfi was able to well reproduce temperature data, however it 
strongly underestimated precipitation variability. However, as AMS allows a trade-off 
between amount of rainfall and length of the growing season,  this underestimation do 
not seem to affect crop yield estimation. According to the weather yield functions 
estimated from the available data, mean future yield for each time series from the two 
scenarios have been computed and compared to those obtained from simulations 
representing the current climate. For durum wheat (Figure 2), crop yield will decrease 
everywhere, and in some places, like Marrakech (MAR) crop yield could halve. Similar 
results are obtained for the other cereals (see Bodini et al. 2011). 
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Figure 2  Mean expected annual crop yield for durum wheat at 2050, according to 
current climate (actual), scenario SRES B1 (low impact) and scenario SRES A2 (high 
impact). The plotted values are mean from 1000 simulations. 
 
 
Regional scale analysis: impact on land use modification. Land Suitability analysis 
shows that the class of highest suitability (S1) for rainfed wheat became half at 2050 
(high impact scenarios), and completely disappears at the 2100 projection, whereas S2 
class reduces from 10% to 40%. In synthesis, a general reduction of major portions of 
territory suitability is evident, and the marginal suitability class (S3) increases in 
importance, doubling (2050 low and high, 2100 low) or tripling its incidence (high 
scenario 2100), as shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3  Map of Land Suitability for rainfed wheat in Settat province for actual climate 
(left), high impact  scenario at 2050 (centre), and high impact scenario at 2100 (right). 
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Farm scale analysis. The application of the crop model at different locations shows a 
general tendency to a reduction of wheat yield moving from actual conditions to higher 
impact future scenarios.  See Cesaraccio et al. (2011) for more details about this 
analysis.  
 

4. Concluding remarks 
 
The analysis of the impacts of future climate change scenarios highlights a significant 
reduction of the suitable areas for agriculture in Morocco and a significant reduction of 
rainfed cereals yield regardless of emission scenarios.  
Adaptation strategies for responding to changes in climate regimes need to be 
investigated to adapt agricultural systems to the new conditions. From this perspective, 
tools and methods used in this project can be used to investigate other crops 
performances under changed conditions. Future work will concern the improvement of 
the WG and the investigation of other crop performances under climate change 
scenarios.  
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