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China's population and crop production

Demand: large population

Population of Asia and Oceania in 2018|

ze in this map represents the size of the population.
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e China's population exceeds 1.4 billion

e Grand challenge to feed its population

Supply: cereal production

o : Our World
Cereal production, 1961 to 2019
Cereal production is measured in tonnes, and represents the total of all cereal crops including maize, wheat, rice,
barley, rye, millet and others. —
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Data source: Food and Agriculture Organization of the United Nations (2023) OurWorldInData.org/agricultural-production | CC BY

e (Cereal production surged until 2015 and

then stabilized



|i' What drives crop yield?

Environmental drivers
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High air pollution levels

Exposure to particulate matter air pollution, 2019

Population-weighted average level of exposure to concentrations of suspended particles measuring less than 2.5

microns in diameter (PM2.5). Exposure is measured in micrograms of PM2.5 per cubic meter (ug/m®).
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|i' What drives crop yield?

Environmental drivers

Weather
Temperature Radiation
VPD Temperature
co, Vi
O, Precipitation
Absorbed radiation Diurnal sun angle LAI
SN (solar geometry) SN
Transpiration supply Diurnal radiation Transpiration \
/leaf fraction (direct and diffuse) supply
o caramus cox co,
NADPH assimilation
—
% ATP A rate
Thylak (Sunit raction
1 ] Potential
40 A ! / photosynthesis
= o0l At Ry
i g X
04 <(8 Water
Shaded fraction it
607 4 SFSESE
40 ! Transpiration
20
0 H Transpiration
2 0 200 400 “Z‘;ﬂi.and
C, (ubar) transpiration

Stomata
H,O CO,

Photosynthetic biochemistry

Stomatal conductance

CO, diffusion

Temperature response

= ——
Leaf epiderml ‘5/‘: \Ea=ans

Leaf photosynthesis

Time of day
Canopy architecture and leaf optical

properties (sunlit and shaded leaf area)

Canopy nitrogen distribution

Canopy p ynthesis and

Canopy photosynthesis

Wuetal, 2019

Drainage
A4

Phenology

Canopy development

N dynamics

Root growth, water and N uptake
Crop management

Crop growth,
development and yield

High air pollution levels

Exposure to particulate matter air pollution, 2019

Population-weighted average level of exposure to concentrations of suspended particles measuring less than 2.5
microns in diameter (PM2.5). Exposure is measured in micrograms of PM2.5 per cubic meter (ug/m?®).
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|i' What drives crop yield?

Environmental drivers
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High air pollution levels

Exposure to particulate matter air pollution, 2019

Population-weighted average level of exposure to concentrations of suspended particles measuring less than 2.5
microns in diameter (PM2.5). Exposure is measured in micrograms of PM2.5 per cubic meter (ug/m®).

Severe particulate pollution
Nanjing, 2016

How does this high level of air pollution affect crop production in China?
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|i| Crop exposure to air pollution

Maize planted area Ozone exposure Aerosol exposure

Crop fraction (%) R AOT40 (ppb h) B 5
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. . ) ) . . Liu et al., 2024. Nat. Food.
e Co-occurrence of maize and pollution levels, especially in the North China Plain

e Further understanding of the relationship between air pollution and crop growth is needed



|i| Air pollution affects crop growth

Ozone reduces yield Aerosol impacts are complex
Peng et al., 2019 He et al., 2023
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e Ozone injures plant cells, affects photosynthesis

e Aerosols reduce direct radiation but increase

diffuse radiation

and reduces crop productivity
e Diffuse radiation can benefit photosynthesis



|i' Method

e Goal: To quantify the impacts of air pollution on crop production in China.
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Liu et al., 2024. Nat. Food.

Impact analysis

e Crop: maize, rice, and wheat
e Time: 2005 to 2019

e  Statistical model:

log(SIF)

= f(Ozone) + f(Aerosol)

+ f(Temperature) + f(Precipitation)
+ f(Cloud) + year + gridcell + €



|i| SIF indicates crop growth

Solar-induced chlorophyll fluorescence (SIF) is
emitted by chlorophyll molecules with a wavelength of

650-800 nm when exposed to sunlight by plants

Theoretical relationship between SIF

and yield
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Observational relationship between SIF and yield
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|i' Response functions of ozone and aerosol — Maize

Ozone negatively affects SIF
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AOT40: Accumulated Ozone Exposure Over a Threshold of 40 ppb

Liu et al., 2024. Nat. Food.

Nonlinear response of SIF to aerosol
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|i' Impacts of air quality improvements on SIF — Maize
Ozone: MDAS8 to 60 pug m3 Aerosol: PM, 5 to 35 pyg m=3
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e Reducing ozone can lead to country-wide yield increases

e Reducing PM, 5 has varied impacts on yields with large regional differences

Liu et al., 2024. Nat. Food.
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|i' Effects of ozone and PM, ; reductions on crop yields

_Historical trend | Maize Rice Wheat
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e Meeting two air quality standards can increase 7.8%, 4.1%, and 3.4% yields for three crops

e Recent trends in air pollution may threaten maize and wheat yields
12

Liu et al., 2024. Nat. Food.



Calorie intake (kcal per capita per day)

|i' Impacts of air quality improvements on food security

Counterfactual scenario
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e (Calorie intake calculation:
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e Meeting two air quality standards can
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|i| Conclusion and perspectives

1. Air quality improvements can significantly enhance crop production, but
a smarter path will better benefit its food security

2. Some other factors are not considered, such as CO, and fertilizer

3. Future studies are encouraged to investigate other economically vital

crops, conduct field experiments, and use process-based models to
understand the physiological mechanisms

14
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Thanks for your attention!
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