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Context

e ——

Dangerous rates of climate change:
those for which adaptation is difficult or impodsib

Need to know:
1. The impact of climate change
2. Whether or not adaptation is possible



1. The impact of climate change on yield
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Context

 Dangerous rates of climate change: those for
which adaptation is difficult or impossible.
 Need to know:
1. The impact of climate change
2. Whether or not adaptation is possible

At both of these stages

Aim to make probabillistic statements, rather than
provide subjective ranges

l.e. objective quantification of uncertainty

Otherwise conclusions regarding adaptation may be
Incorrect
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General Large Area M odel for annual crops
Combines the benefits of empirical and processébapproaches
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Duration (days)

The impact of mean temperature on
crop development rate
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Impact of mean temperature increases
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2. Assessing adaptive capacity

180,000+ crop simulations, varying both climate
(QUMP) and crop response to doubled CO2

 Further simulations and
analysis of crop cardinal
temperatures suggest a
30% increase may be
needed

* Field experiments
suggest the potential for a
14 to 40% increase
within current
germplasm

e Suggests some capacity
for adaptation
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(a) Number of days warmer than 33°C, 1971-89
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The impact of
temperature extremes
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Adaptation to temperature extremes across Inc

Hadley Centre PRECIS model, A2 (high emission) scenario 2071-2100
Number of years when the total number of pods setting is below 50%.
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Assessing adaptive capacity to a
range of processes
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Assessing adaptive capacity to a
range of processes
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Adaptation at shorter timescales

Cin [ m—

 Dangerous rates of climate change: those for which
adaptation is difficult or impossible.

 Need to know:
1. The impact of climate change
2. Whether or not adaptation is possible

Also need to account for autonomous adaptation
 Implies focus on farmer action at shorter timesgal

« Ensemble seasonal prediction can support adaptatio
— Prediction of crop failure (Challinor et al., 2@0)5



Focussing on the farmeridentifying
sensitivity to drought
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Conclusions

. uantifying uncertainty does not
preclude high confidence in some -
statements

e Confidence increases when spatieg;-;

domain is restricted (up to a point, =

 We can link climate prediction to
adaptive capacity (i.e. existing -
germplasm) e —
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Combining crop and climate models

~ scale of the Skill in the ensemble
climate model mean and in the spread

Seasona
forecasting
(ensembles /
satellite)

Climate
change

General Large Area M odel for Annual Crops
Combines the benefits of empirical and process¢bapproaches

Find spatial scale
of weather-crop
relationships

Fully coupled crop-
climate simulation

Hindcasts with ™S
observed weather
data and reanalysis

Crop modelling
at appropriate
spatial scale




Method: QUMP simulations

« Climate model parameters varied one at a timegusin
expert opinion to determine the values

* 53 Present-day and 53 doubled-{0ns carried out
e 20-year time series

* 12 (current climate) or 54 (doubled-Q@LAM
parameter perturbations

e 1 grid cell used

Resulting In
12,720 baseline GLAM simulations
57,240 doubled COGLAM simulations



Results

« Mean yield loss of 30-40%

e Large number of
simulations enables crop and
climate to be held constant in
turn

- Plot the two single-
ensembles that show the
largest and the smallest
mean change in yield

- Can capture most of the
range of uncertainty using
climate perturbations alone

- This result contrasts with
previous study
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Impact of large mean temperature
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On longer timescales: will farmers have access toé
genetic resources for adaptation?

‘Genetic erosion’
« Tendency towards — A

L Global Seed Vault
fewer crop varieties

e Caused by (Gepts,

2006):

— the need for increased §k
production => focus on 25
high-yielding varieties &

— The globalisation of
trade




Why so much uncertainty?c.?

P

e Multiple nonlinear processes acting on crop yield.
— Both positive and negative effects.
— These can interact.

* Not only biophysical processes
— Soll nutrient status
— Crop management: variety, irrigation, pest(icide)
 Many of these processes happen at the farm leve
=> High spatial heterogeneity
e Climate and crop model uncertainty
— Including disparity in spatial scale
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Ensemble prediction can support

adaptation
Correlation coefficients between observed and simailed yield
Ensemble mean ERA40
+1m +10

Challinor et al. (2005a)



