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Role of RCMsin

gricultural assessment m

 Enabling regional-scale assessments
— Downscaling in aphysically consistent way

» Simulating physical processes more accurately
— Hence improving accuracy of impacts assessment

 Crop forecasting methods talked about today can in
principle be used with either GCM or RCM

— In practise, higher resolution is usually better

Outline

+ Crop modelling methods See

o . handouts
+ Combining crop and climate models

* Seasonal forecasting

Climate change

« Earth system modelling

Use of crop yield forecasts




Crop modelling methods

» Empirical and semi-empirical methods
+ Low input data requirement
+ Can bevalid over large areas
— May not be valid as climate, crop or management change
» Process-based
+ Simulates nonlinearities and interactions
— Extensive calibration is often needed
— skill ishighest at plot-level

—=What is the appropriate level of complexity?

— Near to the yield-determining process on the spatia scale of interest
(Sinclair and Seligman, 2000)

Scale issues in crop modelling

« Farm-level or large-area?

— Point-based estimates may be Aggregation error
site-specific whilst grid-based
analysis may omit some spatial
variability

Yield
—

— Model complexity: ‘too many’
non-constrained input :
parameters lead to alarge input et b
data requi rement. over-tuni ng (see Hansen and Jones, 2000)
and uncertainty

Importance of thetype
of crop model used
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Combining crop and climate models

Country + district field
Spatial scale

Yield under futureclimates
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Development of an integrated
weather / crop forecasting system

Fully coupled crop-
climate smulation

Find spatial scale
of weather-crop
relationships

Probabilistic
Climate forecasting

Crop modelling change

at theworking
spatial scale

Hindcasts with
observed weather
data

Challinor et al. (2003)

General Large-Area Model for annual crops
Results: all-India groundnut yield
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Challinor et al. (2004)




Seasonal Climate Prediction

IRI Multi-Model Probability Forecast for Precipitation
for January-February-March 2006, Issued December 2005

Operational forecasts: _ BT
+ GCMs 25,5 e £

— coupled ocean

— prescribed SSTs

* Seasonal (3 mth.)

+ Aggregate scale
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Courtesy of James Hansen, IRI|

Uncertainty in Yield Prediction
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Uncertainty in Yield Prediction

« Climate uncertainty
diminishes as forecast date
advances through the

model uncertainty —

climate uncertainty

season.

* Model error the non-
climatic component.

Uncertainty

+ Relative contribution of
climate, model uncertainty  planting anthesis harvesf
changes through the Time

season. < PREDICTION ——

SIMULATION

Courtesy of James Hansen, IRI




Using the DEMETER hindcasts
with GLAM: methods

- Multi-model ensemble: 7 (models) *
9 ensemble members

* Run each seasonal hindcast
realisation through GLAM to create
an ensemble of crop yields

* Try various bias-correction and
calibration options

Challinor et al. (2005a)

Using the DEMETER hindcasts with
GLAM: results

Black = Obs. Blue= IQR_, Mean
Control run (GCAL-BIC) output Green=ERA40  Red = Median

for western-most grid cell (4) 1so

« Thisgrid box has large 1000
spread (others have less) N
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Challinor et al. (2005a)

Use of yield-ensemble means

Correlation coefficients between observed and simulated yield
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Probabilistic forecasting of crop
failure

» The number of ensemble members predicting
yield below a given threshold is an indication of
probability of occurrence

+ Found predictability in crop failure
« Less predictability in climatological yield terciles

Challinor et al. (2005a)

©
Aspects of climate change
that are important for crops @

For 2100 :

« Carbon dioxide, CO, (emissions of 550 to 950 ppm)
» Temperature (+1.4 to +5.5 °C)

» Rainfall amount (huge regional range)

» Variability in weather (more intense storms,

increased drought risk; more frequent hot days)

from IPCC TAR (2001)

1. Changesin rainfall

Intra-seasonal variability
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2. Higher mean temperatures =>
changesin crop durations
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3. CO, fertilisation

CO2 and duration changes
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4. High temperatur e threshold
exceedance
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Courtesy of Tim Wheeler, PEL, University of Reading

4. High temperature threshold
exceedance

Wheat crops grown at 350 ppm CO
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The impact of water and temperature stress at
flowering in one scenario

Hadley Centre PRECIS model, A2 (high emission) scenario

1960-1990 . 1=no 2071-2100 f

- b impact |
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Groundnut impact

« Current risk is dominated by water stress; in the future climate run

temperature stress dominates in the north.
Challinor et al. (2006a)




Adaptation to heat stress by changing
crop variety
Number of years from period 2071-2100 when the total

number of pods setting is below 50%.
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Climate: Hadley Centre PRECIS model, A2 (high emission) scenario
Crop: impact of heat stress alone using GLAM crop model  Challinor et al. (2006a)

Someyield estimatesto date

2xCO, |Wheat -100to gjj'.'y and
immelpfennig,
N. America +234% 1999
2xCO, |Maize -98 to +16% | Ry rineidpfmnig,
Africa Millet -7910-14% |19%
2080s Ceredls -10to +3% |Paryead. 1999
Africa

Ensemble methods in climate change
studies: (i) QUMP

+ Climate model parameters varied one at atime using
expert opinion to determine the values

* Present-day and 2* CO, runs carried out and climate
sensitivity parameter (1) measured

For GLAM-QUMP simulations:

pp  ISEEEDE « Choose four QUMP members

with range of A

« Large-scale cloud, sea ice or
AL convection affected

HH HHH « Define control run as A at peak
o] selalelal Ll | of paf

See Murphy et al. (2004)




Ensemble methods in climate change
studies: (ii) GLAM simulations

* Model parameters varied one at atime
— Rate of change of harvest index
— Canopy extinction coefficient
— Optimal temperature for development
— Transpiration efficiency (TE)

» Spatial variability in optimal parameters from
previous study used to determine ranges

+ For 2*CO, use different TE range and reduce
maximum transpiration rate consistently

Challinor et al. (2005c)

Uncertainty in mean yield
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Food crops in a changing climate
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Crops and atmospheric composition: O,

« Industrial emissions resulting in increased surface ozone
are predicted to rise
= Predictions for China particularly high

» Ozone lowers the photosynthetic rate and accel erates | eaf

senescence
= ~5% yield reductions currently; 30% in 20507

« Few experiments with either CO, or O; carried out in the
tropics, where most of the world’s food is grown

Crop greenhouse gas emissions

* Methane from paddy rice

* Nitrous oxide when synthetic fertilizers are used

 Agriculture may account for 50% of future
emissions

S0, adaptation to climate change needs to be
carefully thought out

+ Also, atmospheric composition and soil fertility
will interact in non-linear ways with water and
heat stress

— Feedbacks

An integrated approach to impact
assessments

« Crops can modify their own environment

— The water cycle and surface temperatures vary
according to land use
« Integrate biological and physical modelling
— By working on common spatial scale
— By fully coupling the models

11



Fully coupled crop-climate simulation

* Resolve diurnal cycle
+ Study feedbacks
* Integrate land-use patterns

Crops ‘growing’ in HadAM3 (NW India)

Biomass (kg ha ')

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

Challinor et al. (2006a)

Fully coupled crop-climate simulation

All-India FAO groundnut yield (red) with simulated mean
yield (black) and spatial standard deviation (grey shading).
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Challinor et al. (2006a)

Use of crop yield forecasts

307 S — /

' 5

Temperature — | Crop /
Humidity =—> | Model *%

Soil type —»

« Importance of quantifying uncertainty

« Information for planning and/or adaptation

« Different groups interested in different time horizons

« Projected costs of climate change may influence CO, emissions
» Arrows are two-way

12
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