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Water availability and scarcity
IWMI, 2007
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Photosynthesis

Transpiration
H2O

What do we know
about these CO2 effects on crops?
A doubling of atm. CO2 concentrations:
• Increases yield of:
C3 crops by ~10-45% (mainly due
to photosynthesis enhancement)
C4 crops by ~10% (due to water
stress reduction)
• Reduces crop water use
(transpiration) by ~ 10%
• Reduces crop quality (lower nutrients
content (zinc, aluminium); unbalance
C-N ratio leads to lower protein
content
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Free-Air CO2 enrichment (FACE)

Rice-FACE, Japan

Soy-FACE, Illinois

(see next talk!)

AgFACE, Australia

Location of Experimental Sites

 Mostly located in the northern hemisphere (USA, Japan, Germany)
 Little knowledge of spatial variations in the global impacts
 Focus on important crops (wheat, rice, soybean…) rather than less common
ones (eg millet, cassava, coffee)
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On the crop modeling side…
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Multi-model Assessment

• 6 Global Gridded Crop Models (GGCMs)
• Driven by 5 Global Climate Models (GCMs)
3

3

HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, GFDL-ESM2-M,
NorESM1-M

• under RCP 8.5 (Climate+CO2 effects)
• Simulated crop yield & evapotranspiration
Maize

C4 photosynthesis

Wheat

C3 photosynthesis

Rice

C3 photosynthesis

Soybean

C3 photosynthesis, N-fixing legume

Deryng et al., 2016

6

5/12/2016

Can elevated atmospheric [CO2]
contribute to produce
more food with less water?
• Crop Water Productivity
• CWP is the ratio of crop yield to total
water use throughout the crop
development period (AET)
• CWP = Yield/AET
AET=actual evapotranspiration

Deryng et al., 2016

Global Impacts
Rice (C3 crop)

Climate
change
with CO2
effects

Climate change
without CO2
effects

Wheat (C3 crop)

Climate
change
with CO2
effects

Climate change
without CO2
effects

Yield

-3 [-12;14] %

-27 [-33;-16] %

Yield

+3 [-1;+14] %

-23 [-28;-15] %

Evapotranspiration

-3 [-20;-2] %

-3 [-11;0] %

Evapotranspiration

-11 [-21;-6] %

-7 [-12;-5] %

Crop water
productivity

+10 [0;47] %

-23 [-27;-17] %

Crop water
productivity

+27 [7;37] %

-17 [-24;-1] %

Maize (C4 crop)

Climate
change
with CO2
effects

Climate change
without CO2
effects

Soybean (C3
legume)

Climate
change
with CO2
effects

Climate change
without CO2
effects

Yield

0 [-12;33] %

-35 [-40;-28] %

Yield

-9 [-16;+1] %

-21 [-28;-13] %

Evapotranspiration

-8 [-20;-3] %

-5 [-17;1] %

Evapotranspiration

-17 [-24;-5] %

-8 [-13;-2] %

Crop water
productivity

+18 [-9;42] %

-26 [-40;-19] %

Crop water
productivity

+13 [3;22] %

-13 [-22;-2] %
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Spatial variations: CO2 effects on yield (rainfed)
[CO2] levels correspond to year 2050
under a business as usual greenhouse gases emission scenario

Wheat

Maize
%
0

20
% difference in simulated yield with and without CO2

Rice

Soybean
%

Median across 30 combinations of 6 global crop models and 5 global climate models
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Maize
%
0

20
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Rice

Soybean
%

Median across 30 combinations of 6 global crop models and 5 global climate models
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Spatial variations: CO2 effects on CWP (rainfed)

Maize

Rice

Wheat

Soybean

% difference in simulated CWP with and without CO2
[CO2] levels correspond to year 2050 under RCP 8.5 - median across the GGCM-GCM ensemble

Spatial variations: CO2 effects on CWP (rainfed)

Maize

Rice

Wheat

Soybean

% difference in simulated CWP with and without CO2
[CO2] levels correspond to year 2050 under RCP 8.5 - median across the GGCM-GCM ensemble
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Summary across climatic regions

Maize

Wheat

Soybean

Rice

Large benefits in arid regions (CWP increases by 48% for rainfed wheat)
% difference in simulated CWP with and without CO2
[CO2] levels correspond to year 2050 under RCP 8.5 - median across the GGCM-GCM ensemble

Wheat CO2 effects on CWP
[CO2] levels correspond to year 2050 under RCP 8.5 - median across 5 GCMs
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Farming adaptation strategies
• Increase fertilizer application – CO2 effects are
stronger for well-fertilised crops
• Effects on crop water use:
– Elevated CO2 could reduce irrigation demand (in some
cases)
– Elevated CO2 could help rainfed crops to cop with water
stress

 Choice of crop type (switch to a less water
demanding crop)
• Crop genetics (develop cultivars adapted to high
CO2 levels

Farming adaptation strategies
• Increase fertilizer application – CO2 effects are
stronger for well-fertilised crops
• Effects on crop water use:
– Elevated CO2 could reduce irrigation demand (in some
cases)
– Elevated CO2 could help rainfed crops to cop with water
Global water use
stress
Industries

 Choice of crop type (switch to a less water
demanding crop)
• Crop genetics (develop cultivars adapted to high
CO2 levels

Total water withdrawal: 3700 km3/yr
Agriculture water withdrawal: 2590 km3/yr

Domestic

Agriculture

Pacific Institute, 2007
FAO, 2008
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Farming adaptation strategies
• Increase fertilizer application – CO2 effects are
stronger for well-fertilised crops
• Effects on crop water use:
– Elevated CO2 could reduce irrigation demand (in some
cases)
– Elevated CO2 could help rainfed crops to cop with water
stress
 Choice of crop type (switch to a less water demanding
crop)

• Crop genetics (breed cultivars adapted to high CO2
levels
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Next steps
• Expand FACE experiments and develop collaboration
between agronomists and crop modelers
 improve knowledge of crop responses (crop water use
under various growing conditions, effects on macro-nutrients
levels in crops, CO2 stimulation from photosynthesis to yield)

• Encourage interaction with practitioners & farmers
throughout the research process
• Target specific adaptation questions:

e.g. if CO2 can reduce crop water use, what will be the net
effect on irrigation demand? Is that significant relative to other
challenges?

• Are these effects of CO2 only a long-term impact
challenge? What effects are already happening? Have
we missed some opportunities?

Deryng et al., 2016

Model/Observation Comparison
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challenges?

• Are these effects of CO2 only a long-term impact
challenge? What effects are already happening? Have
we missed some opportunities?

Thank you!
Ref. Deryng et al., (2016) doi:10.1038/nclimate2995

Delphine Deryng deryng@uchicago.edu
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Climate impacts

Water scarcity

“…doubling of the atmospheric
carbon dioxide concentrations
of crops will lead to only a
small decrease in global crop
productions. But developing
countries are likely to bear the
brunt of the problem…”

Hunger

Global hunger index, von Grebmer et al., 2012

Crop Responses to elevated [CO2]
•
•
•

Evapotranspiration of both C3 and C4 plants decrease by about 10% on average
Corresponding yields of most C3 grain crops increase on average by about 19%
Yields of C4 crops increase only when water is limiting, as in this case [CO2]
stimulate crop growth via improved water conservation
ET

Yield

Synthesis open-top chamber (OTC) and free air CO2 enrichment (FACE) experiments

Kimball, 2016
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Crop yields under climate change and adaptation

IPCC AR5 WG2, Chap7 (2014) & Challinor et al., 2014

Large uncertainties
in impact model projections
6 different crop models driven by climate
data from 5 different climate models:

Climate change
with CO2

Climate change
without CO2

Maize

13 [ 3 ; 22 ] %

-13 [ -22 ; -2 ] %

Rice

10 [ 0 ; 47 ] %

-23 [ -27 ; -17 ] %

Soybean

18 [ -9 ; 42 ] %

-26 [ -40 ; -19 ] %

Wheat

27 [ 7 ; 37 ] %

-17 [ -24 ; -1 ] %

Uncertainties double
when including CO2 effects
Deryng et al., 2016
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