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Outline 



Multi-model uncertainty analysis of crop responses to 
climate change is rare because systematic and 
objective comparisons among process-based crop 
simulation models are difficult. 

Simulated climate change impacts vary across models 
owing to differences in model structures and 
parameter values. 

Uncertainties in simulated impacts increased with CO2 
concentrations and associated warming. 
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Materials and Methods 
 



 In addition to simulations of the single-year experiments, simulations 
were carried out with long-term measured daily climate data (solar 
radiation, maximum and minimum temperature, precipitation, surface 
wind, dew point temperature, relative humidity, and vapor pressure) 
using measured soil characteristics, measured initial soil water and soil N 
contents, crop management, measured anthesis and maturity dates 
from the single-year-experiments. 

 Each of the 27 wheat models was used to simulate the field experiments 
in two separate steps, 1) with limited in-season information from the 
experiments being made available to the modelers (partial calibration 
or ‘blind’ simulations), and 2) all available information being made 
available to the modelers (full calibration). 
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Materials and Methods 



 Data analysis 
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Materials and Methods 



Uncertainty in simulated climate 
change impacts differed across the 
environments. 

 In addition, uncertainty in simulated 
impacts varied with soil and crop 
management. 

 Selecting a subset of models that 
perform best in present 
environments does not reduce 
uncertainty in simulated climate 
change impacts. 
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Results 



 Simulated impacts of elevated CO2 on yields 
varied relatively little across models, but the 
variation across 80% of the crop models 
increased under elevated CO2 concentration 
mostly in the low-yielding environment of 
Australia. 

 Most simulated yield responses to a 180ppm 
CO2 increase at present temperatures were 
within the range of measured responses, 
ranging from 8% to 26% with elevated 
atmospheric CO2 concentrations across 
experiments conducted in the USA, 
Germany and China. 
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Results 



 An increased model uncertainty with 
increasing temperature is partly 
related to simulated phenology. 

 For example, phenology is often 
enhanced with increasing temperature 
resulting in less time for light 
interception and photosynthesis and 
consequently less biomass and yield.  
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Results 



The increased model uncertainty is 
also partly due to an increased 
frequency of high-temperature 
events and its simulated impact on 
crop growth. 
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Results 



Precipitation affected 
simulated yields, but 
precipitation change had 
little impact on the range 
of simulated responses. 
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Results 



 If averaging multi-model 
simulations is superior to a single 
crop  or climate model simulation 
because the ratio of signal (mean 
change) to noise (variation) 
increases with the number of 
models and errors tend to cancel 
each other out, we should be able, 
with caution, to estimate how 
many models would be required 
for robust projections. 
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Results 



 The number of models required for robust 
assessments of climate change varied 
depending on the magnitude of temperature 
change and interactions with the change in 
atmospheric CO2 . 

 When simulating impacts assuming amid-
century A2 emissions scenario (556ppm of CO2 ) 
for climate projections from 16 downscaled 
GCMs using 26 wheat models, a greater 
proportion of the uncertainty in yields was due 
to variations among crop models than to 
variations among the downscaled GCMs. 
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Results 



We conclude that projections from individual crop 
models fail to represent the significant uncertainties 
known to exist in crop responses to climate change.  

On the other hand, model ensembles have the 
potential to quantify the significant, and hitherto 
uncharacterized, crop component of uncertainty. 

Crop models need to be improved to more accurately 
reflect how heat stress and high-temperature-by-CO2 
interactions affect plant growth and yield formation. 
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Discussion 
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