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Crop yields are related to climate fluctuations

Global (Lobell and Field, 2007)
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Regional (Challinor et al, 2003)
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Croplands now major feature of regional land cover

Fraction of Gridcell Containing Cropland

o Cropland All Cropland

Hypothesis: Crop growth variations lead to variations in land
surface characteristics that can influence local climate



Model

» HadAM3 with GLAM-MOSES crop representation
» Prescribed SST and sea ice 1957-2001

Simulations

= GROW: crop growth simulated in response to climate
= FIX: crop characteristics prescribed

Crops occupy
coverage of
grasses in tropical
climate
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GLAM-MOSES (Osborne et al 2007)

INPUT
MOSES parameters, t
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Surface Pressure
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OUTPUT
MOSES parameters, t + dt
1 :
heigh‘[ ! 4 height - - - roughnesslength
\ T albedo
dLAI > LAl ——> LAl ---—» evaporation
d canopy capacity
Ghermal Time
Growth Stage
Harvest Index .
Q — > final yield
> CEiomass
d(extraction front) - root deptl - > soil water
dt runoff

b : parameter accumulates within GLAM

1: height is derived from LAI at each timestep




GROW: intra- and inter-annual variability of crop LA
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Var ggow! Valey

Evaporation

« crop variability enhances variability in transpiration
« compensated by evaporation from soil below canopy
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Vargrow/ Varey

Surface climate

« variability of near surface temperature (and relative humidity)
enhanced following change to latent heat flux

* N0 general response of specific humidity (or precipitation)
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Regional wet/dry composite analysis

NW India
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NW India

Wet
= = = Dry
Cl (5,95)

Crop response
extends
influence of
anomaly into
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SE India

Wet
= = = Dry
Cl (5,95)

Positive
feedback on
rainfall leads to
large soil
moisture
difference
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Do growing crops influence inter-annual climate variability?

In crop-climate model:

— Increase in variability of surface fluxes and near surface T and RH, but not
Q,

— Weak impact on precipitation (due to HadAMS3s low land-atmosphere
coupling strength?),

— Growing crops introduced memory of anomalous rainfall events in surface

climate,

— Is influence different to that of natural vegetation?

— How important is the feedback for crop yield variability?



- Is influence different to that of natural vegetation?

Requires a representation of natural vegetation that responds to
climate correctly.
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- How important is the feedback for crop yield variability?
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Impact of change in growing season temperature variability due to
crop-climate feedback on variability of crop yield.
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Validation: yield — climate relationships

Simulated

Growing season
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Departure from mean (stan. devs)

Crop-rainfall relationships: India

-4

Rainfall
Yield

Yield anomaly (stan. devs.)

3 _IIIIIIIII TT T T T 1171 TT T T T T 0T 7T ||||||||||||||||||| |||||||||:
- < Obs + .
2F + Model o o N
C o N ]
F o 1
1 F + 4
l C ++<> ++ < ]
" * o .
E % g o Xy .
n + £t 4 K < ]
L & + 4
0F o+ ¢ 5 E
: o °©° o z
C + O o + ]
C % ++ ]
-1F o * R
E %4 * .
. o 1
- <> -
E oo 7 :
2 F g
F + °© 1
_3 E I|I|IlJl]l]I|I|IIJlJlJIIIIJl]lJlJIIIIIIJlJlIIIII]lJl]lJII :
-3 -2 -1 0 1 2 3

Rainfall anomaly (stan. devs.)



Sahel LO[

Correlation r
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