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My Perspective: 

• Is mostly based on empirical studies, and occasionally testing 
how well process models can reproduce observed sensitivities 

 

 

 

 

 

 

 

• But empirical models can’t go very far (yet) in looking at 
adaptation potential of specific crop traits. That is the real 
strength of process models 

Lobell et al. 2014, Science 



My Perspective: 

• But process models are only useful if their predictions are 
reasonably accurate for relevant conditions 

 

• In general, model prediction error can be decomposed as: 

• Structural errors (missing or wrong equations)  

• Parameter errors (imperfect calibration)  

• Input errors (wrong inputs) 

 

• Hard to decide what to prioritize, but it helps to have examples 
that demonstrate when a gap really matters 



Three Brief Examples: 

Gaps related to model structure/parameters 

1. Effects of High Temperature on Grain Number and 
Size  

 

2. Effects of High CO2 on Canopy Temperatures  

 

Gaps related to Inputs: 

3. Effects of Humidity Changes on Drought Stress 

 





Grain Responses to High T in Sorghum 

Nguyen et al. 2013 



Grain Responses to High T in Sorghum 

• Putting these effects into the APSIM model gives the expected 
effects on grain number. 

 

• But unexpected amount of compensation on grain size 

“Low Drought” “High Drought” 



Grain Responses to High T in Sorghum 

• The little experimental evidence that exists suggests, if 
anything, grain size is smaller in trials exposed to high T. 

 

• So we have had to restrict grain size response  in APSIM 

 

Data from Vijaya Singh 

Grain Size  Grain Set 



Grain Responses to High T in Sorghum 

• Grain set effects clearly matter for assessing impacts/adaptations  
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High CO2 Effects on Canopy T 

 

Hussain et al., GCB, 2013 



High CO2 Effects on Canopy T 

• For APSIM-maize simulations, we added grain set effects of heat  

 

• Then perform APSIM “experiments” with elevated CO2 and T in 
central Iowa 

 

• Are feedbacks of CO2 on canopy T big enough to affect grain 
set? 



High CO2 Effects on Canopy T 

CO2 lowers transpiration mid-season 



High CO2 Effects on Canopy T 

These transpiration changes were then used to adjust Tmax 



High CO2 Effects on Canopy T 

 

High cultivar 
sensitivity to heat 

Medium cultivar 
sensitivity to 
heat 

Low cultivar 
sensitivity to 
heat 

+2 °C only -13% -5.7% -4.3% 

+2 °C, + 
200ppm, no T 
feedbacks 
 

-11% -1.7% -0.4% 

+2 °C, + 
200ppm, with 
T feedbacks 
 

-17% -3.6% -0.6% 

Mean simulated yield changes in Johnston, IA for 3 scenarios  



Missing inputs: the importance of humidity 

IPCC (2013), WG1, CH12 

• Relative humidity is expected to decline in many cropped areas 



Missing inputs: the importance of humidity 

Lobell et al., unpub. 

• And there tends to be a strong negative correlation between 
projected Tmax and humidity (shown for 6 sites in US and EU) 



Missing inputs: the importance of humidity 

Lobell et al., unpub. 

• This drives greater increases in VPD 
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Missing inputs: the importance of humidity 

Lobell et al., unpub. 

• Accounting for these RH changes are important for simulated 
maize impacts, arguably as important as CO2 for some places 



Conclusions: 

• The good news is a lot of room left for progress 

 

• Experiments will remain indispensible, but models will improve 
much faster if also using the growing piles of observations for 
testing, especially for high temperatures (and possibly for CO2) 

 

Moriondo et al. Climatic Change, 2010 Lobell et al. 2014, Science 


