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1. Methods
2. Assessing the response of crops to warming
3 Using ensemble crop simulation and3. Using ensemble crop simulation and 

germplasm analyses to assess impacts and 
adaptation
• India, China, USA
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General Large Area Model for annual crops
Combines the benefits of empirical and process-based approaches
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Response of crops to warming: IPCC

In cooler regions  low levels Inverse Agricultural 
BasisProposed Functional FormSector

Response of crops to warming: 
Stern review

In cooler regions, low levels 
of warming may improve 
conditions for crop growth 
(extended growing season 
and new areas opened up for 
production), but further 
warming will have 
increasingly negative 
impacts as critical 

Inverse 
parabolic 
(“hill 
function”)

y = - x2

Agricultural 
production
[Section 3.3]

impacts as critical 
temperature thresholds are 
crossed more often. 
Tropical regions may already 
be past the peak. The shape 
and location of the curve 
depend on crop.

From Stern review chapter 3. c.f. AR4 figure 5.2 (week 2)
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Response of crops to warming as a function 
of local mean temperature change
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Colours show terciles 
of absorbed radiation:

Blue: smallest decrease
Green: central
Black: largest decrease

x : no adaptation
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Response of crops to warming as a function 
of global mean temperature change

Colours show 
terciles of absorbed 
radiation:

Blue: smallest
Green: central
Black: largest

x : no adaptation
∆ : with adaptation 
(20% TTR increase)

May-Nov mean global temperature QUMP53
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Adaptation

Need to know:
1. How climate will change
2. The impact of climate change on crops
3. Whether or not adaptation is possible

• Opened 26th Feb 2008
• > 4 * 106 samples
• -18 oC 
• “Climate change proof”• “Climate change proof”
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Genotypic adaptation to high temperature stress 

Hadley Centre PRECIS model, A2 (high emission) scenario 2071-2100
Number of years when the total number of pods setting is below 50%.Number of years when the total number of pods setting is below 50%. 
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Challinor et al (2007b)

Assessing adaptive capacity using crop-
climate ensembles

180,000+ crop simulations, varying both climate 
(QUMP) and crop response to doubled CO2
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Field studies suggest:
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14 to 40% increase within 
current germplasm

=> some capacity for 
adaptation
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Spring wheat in NE China
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Conclusions: impacts

• Statements regarding mean crop yield as a function of global 
warming (locally or globally defined) may be difficult to make.warming (locally or globally defined) may be difficult to make.

• Statements regarding the impact of extremes may be more robust: 
crop failure tends to increase with warming 

With the worst case 
value increasing 
particularly fast.

• The location / existence of thresholds in the response of crop 
failure to warming can depend on the climate scenario
– Need holistic treatment of climate models, impacts models and statistics 

to enable risk-based decision-making (i.e. adaptation)
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Conclusions: adaptation

In spite of the inherent uncertainties, adaptation 
i h i i i d h d lstrategies, such as irrigation and the development 

of heat-tolerant crop varieties, can be identified and 
prioritised based on model simulations and 
analyses of existing crop germplasm.
• Adaptation to the means and extremes associated 

with four degrees of global warming is possiblewith four degrees of global warming is possible 
for the crops and regions studied. 

• However, adaptation options become more 
limited (number of genotypes) and decreasingly 
effective as global mean temperature rises.


