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Introduction  

Wheat crop multi-model ensembles (MME) have been suggested as an effective 
measure to increase reliability of impact estimates (Martre et al., 2015), but they are 
costly to execute. Therefore, model improvements have been suggested to reduce 
uncertainty of climate impact assessments and reduce the number of models required 
for an acceptable level of simulation uncertainty (Challinor et al., 2014; Rötter et al., 
2011). In this study we improved 15 wheat crop models in simulating heat stress 
impacts and investigated the effect on MME performances and predictive skills.  
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Materials and Methods  

Fifteen models from the AgMIP-Wheat model ensemble (Asseng et al., 2015) were 
improved through re-parameterization or incorporating or modifying heat stress 
effects on phenology, leaf growth and senescence, biomass growth, and grain number 
and size. Quality-assessed data from the USDA ‘Hot Serial Cereal’ (HSC) experiment 
were used to calibrate the improved models. The CIMMYT ‘International Heat Stress 
Genotype Experiment’ (IHSGE) global experiment was used to independently evaluate 
the improvements. Performances and predictive skills, using a new uncertainty 
estimation framework (Wallach et al., unpublished), of the population of 15 
unimproved and improved models were evaluated through mean squared error and its 
decomposition in squared bias and variance. Model improvement effects on MME and 
the number of models required in an ensemble were analyzed through bootstrap 
calculation with 1 to 15 models MME.  

Results and Discussion  

Improvements decreased the variation (10th to 90th ensemble percentile range) of 
simulated grain yields on average by 26 % in the independent evaluation dataset for 
crops grown in mean seasonal temperatures > 24°C. Model population grain yield 
mean squared error decreased by 37 % in particular for the consistent improvement of 
the worst skilled models. Model population prediction skills increased by 47 % due to a 
reduction in the model population uncertainty range by 26 %. The latter improvement 
was mostly due to a decrease in model variance. Considering 13.5 % coefficient of 
variation as a benchmark (Taylor, 2001), the number of required models for MME 
impact assessments was halved, from 15 to 8, with improved models.  

Conclusions  

We demonstrated that crop model improvements using experimental data sets can 
increase the simulation and predictive skills of MME and can reduce the number of 
models required for reliable impact assessments. Improving crop models is therefore 
important reducing the size of MME for practical impact assessments.  
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