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Challenges for impact assessments 

üIncreasing atmospheric CO2 concentration 

üIncreasing temperatures 

üChanges in rainfall 

üChanges in extreme events 

üHeat waves 

üDroughts 

üFloods 

üHail 

üStorms 
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Projected changes in temperature and rainfall from 
1980-1999 to 2080-2099 (scenario A1B) 

IPCC 

Annual Winter Summer 
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Methods of studying climate change impacts 

üCrop simulation models 

 

üEmpirical (statistical) models 

 

üAgroclimatic indices 

 

üSpace for time  -  analogies 

 

üExpert knowledge 
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Simulation and production levels 
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Biomass growth in CROPSYST 
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Comparison of crop models 

Semenov et al. 
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Comparison of crop models 

Semenov et al. 
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Crops differ in response to temperature 

Temperature change (
o
C)
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Heat stress in crops 

Porter and Semenov (2005) 
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Data on yield of winter wheat 1992-2008 (no. obs) 
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Data on yield  
of winter wheat  
1992-2008 

Year

1992 1996 2000 2004 2008

2

4

6

8

10

12

G
ra

in
 y

ie
ld

 (
t/

h
a

)

2

4

6

8

10

12
Sand

Loam



AARHUS 
UNIVERSITY 

Winter wheat grain yield ï response to climate 
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Phenology and 
root depth in  
winter wheat 
depending on 
winter temperature 

Mean winter temperature (
o
C)
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Estimated yield change for winter wheat 
using empirical model 

 Climate model Yield (t/ha) CV (%) 

1985  7.3 16 

2020 KNMI 7.2 20 
 Met. Office 6.9 33 

2040 KNMI 7.0 25 
 Met. Office 6.5 46 
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Simple temperature 
sum indices of 
crop suitability 

Grain maize 

Sunflower 

Soybean 

Grapevine   

Chardonnay 

Unsuitable 

Uncertain 

Suitable under climate change 

Suitable now 
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Jylhä (2007) 

Köppen climate regions, 1961-1990 
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Jylhä (2007) 

Köppen climate regions, 2020 (A2) 
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Jylhä (2007) 

Köppen climate regions, 2050 (A2) 
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Jylhä (2007) 

Köppen climate regions, 2080 (A2) 
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Climate in Denmark in 2100 - current analogues 

Jens-Christian Svenning 



Winter wheat yields in Europe (t/ha) ï space for time model 

A1 (2080), HadCM3 Baseline (2000) 

Frank Ewert 
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Current and future crop rotations on loamy soil in 
Denmark (analogy and expert knowledge) 
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Current and future management of winter wheat in 
Denmark (analogy and expert knowledge) 
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Current and future pesticide treatment frequency 
index for crop rotations on loamy soil in Denmark 
(analogy and expert knowledge) 
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e) 

 

c) 

 
 

 

Winter wheat 

Climate change impacts for 2050 ï Perceived by agronomists 

Negative values imply decreases 

Positive values imply increases  

COST 734 
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e) 

 

c) 

 
 

 

Winter wheat 

Adaptation by 2050 ï expert evaluations 

A1. Timing of field operations 

A2. Changed cultural practices 

A3. Changed fertilisation 

A4. Changed crop protection 

A5. Cultivars adapted to warmer and drier 

A6. Soil water saving technologies 

A7. Soil erosion and fertility protection 

A9. Monitoring drought, pests and diseases 

A10. Use of seasonal weather forecasts 

A11. Crop insurance 
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Are our models suitable? 

üCrop simulation models only cover a limited part of the impacts and adaptation 

options needed under climate change 

üSome of the indirect effects of climate change (e.g. through weeds, pests and 
diseases) are not covered by simulation models 

üThere are many more options for exploring climate change impacts than crop 
simulation models 

 

üWe need to further test and improve our crop simulation models to cover not only 
change in mean climate, but also in variability and extreme events 

üWe need to better integrate crop simulation models with other types of impact 
assessment approaches, including empirical ones  

 

 


