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e Introduction to current status of global agriculture
e Yield growth and variability

* Two questions:
v Have recent changes in daily temperature and precipitation
extremes had a measurable influence on yield variability?

v" How crop production growth respond to climate change,
particularly warming from pre-industrial levels?

e Remarks



Cropland & pasture account for 38% of the earth’s ice-free land

LAY OF THE LAND

Farming Hits the Wall, But Not the Ceiling

Humankind now farms 38 percent of the earth’s ice-free land. Crops cover one-third of that area; pastures and ranges for livestock cover the
rest. Little room exists for expansion because most of the remaining land is deserts, mountains, tundra or urban. Still, farms in many existing

areas could be more productive (insets).
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The world could grow much more food if the productivity of the
poorest farms were raised toward the maximum possible, given
Yield of Maize Farmland

climate and soil conditions. For example, the yield for maize (shown),
could rise significantly across parts of Mexico, West Africa and Eastern
Europe if seeds, irrigation, fertilizer and markets were improved.
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Agriculture uses 69% of water withdrawal
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13.5% of anthropogenic GHG emissions in 2004 (CO,-eq)
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Agriculture feeds 87% of the world’s population in 2015
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Yield growth is insufficient to double global production by 2050

“By 2050, global agricultural production may need to be increased by 60%—110% to meet
these increasing demands.” Ray et al. (2013) PLOS ONE
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Sustaining production growth under changing climate extremes

(b) Cold Days Hartmann et al. (2013) in Climate Change 2013
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“.. climate change represents a credible threat to sustaining global productivity growth
at rates necessary to keep up with demand. “

Lobell & Gourdji (2012) Plant Physiol



Key elements in research on agricultural climate impact

Detection &
Attribution Developmentol —
adaptation technology
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Global t:rﬁp Combining projections and

modeling understanding on past climate
impacts toward adaptation

Global crop Climate risk ™
data sets _assessment 4
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Rosenzweig & Hillel (2008) Climate Variability and the Global Harvest



Have recent changes in daily temperature and precipitation
extremes had a measurable influence on yield variability?



A key data set

Satellite products Harvested area/yieldin 2000
(NOAA/AVHRR NPP) (Monfreda et al., 2008)
<

Maize area (%) 20 40 60

(Sacks et al.. 2010)
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Increased yield variability in 9-22% of harvested area

I Significant decrease in the yield variability [ | Insignificant decrease in the yield variability
B Significant increase in the yield variability [ Insignificant increase in the yield variability
|| No analysis was performed [ ] Crop was not harvested

lizumi & Ramankutty (2016) Environ Res Lett
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Change in climate variability is a driver of yield variability change
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Larger contribution from increased variability in the number of hot days

Change in the yield variability
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How crop production growth respond to climate change,
particularly warming from pre-industrial levels?



A key tool: Global gridded crop model (GGCM)
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Parameterizing increased nitrogen use
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Parameterizing increased use of hybrid seeds
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Simulated global and country vield growth

Malze Soybean Rice Wheat
10 -Global l 10 Global 1 10 -Glc;ball — i 10 Global
8 1r=0.968 (p=0.001) 8 1r=0.858 (p=0.001) 8 1r=0.908 (p=0.001) - 8 1r=0.958 (p=0.001)
- 6 | bias=-0.4 . 5 bias=3.2 6 - bias=-0.7 i 6 | bias=0.1
& - BNV et - FAO i
S e |4 W ——— Y
2 2',—~—~"""’* 27 Model | 2 | ==
0 0 0 0 —_—
1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020
12 1 Unlted States - 10 Unlted States i 10 Indla 1 10 1 Pakistan
1r=0.783 (p=0.001) 8 1r=0.866 (p=0.001) - 8 1r=0.938 (p=0.001) - 8 1r=0.845 (p=0.001)
— 10 {bias=-2.7 [ g |pias=34 g pias=02 | g |bias=03
o g M - - -
< g 41 4 F 4]
] o ] M i 2 ] ﬂ/ [ 5] W
1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020
1 ) Il | |
10 -Moldova Hep i 0 1China 10 1Bangladesh 10 Australia
8 1r=0.350 (p=0.012) - 8 1r=0.915 (p=0.001) - 8 1r=0.949 (p=0.001) 8 1r=0.632 (p=0.001)
- 1 bias=0.4 [ ] bias=2.1 i | bias=-0.1 | bias=1.5
w07 - 61 6 1 6 -
f 4 1 F 47 M 4] p’/ .
WW“ ‘ M - - - D anae A
0 e 0 — 0 — 0 —eeee—r
1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020

20



While a decrease in yield variability is the main trend worldwide
across crops, yields in some regions have become more unstable.

Many low-income countries would experience the stagnation of
production growth if global temperature change exceeds 1.7 °C
above pre-industrial levels.

However, many high-income countries could maintain production
growth even under warming of 4.7 °C.

Our findings suggest:
v’ Agricultural development (or adaptation) in some regions in the last
decades is insufficient to offset the negative impacts of observed
climate change.

v’ Long-term global yield monitoring and a better understanding of the
contributions of technology, management, policy and climate to
ongoing change in yield trend and variability are necessary to guide
national agricultural adaptation
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Thank you
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