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(China Greenhouse Gas Bulletin 2020, 2022)

（Hannah Ritchie, 2020）
（GISTEMP Team, 2022）

 Global surface temperatures 
continue to rise

 Increasing Global carbon dioxide (CO2)

（ China Climate Change Blue Book, 2022）
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（Shi et al., 2020）

（Li et al., 2022）
（Ma et al., 2022）

（IPCC AR6, 2021）

 Impacts of global climate change

 Impacts of regional emission reduction 

 Slowing global warming?
or

 Causing surface heating?
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PM2.5

O3

2030                       2035                      2060
 Mitigating 
air pollution
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（Jägermeyr et al., 2021）

（USGCRP, 2009）

（Žarković and Radovanović, 2022）

Introduction

 Impacts of global climate change on crops

 Changes in maize yield

U.S. Corn Yields 1960 to 2008
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（Feng et al., 2022）

（Zhang et al., 2022）

（Sillmann et al., 2021）

Introduction

 Impacts of regional emission reduction on crops 

 O3
damages 
crop 
yields

 Emission 
reductions 
increase 
maize 
production
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Regional climate-chemistry-ecology model (RegCM-Chem-YIBs)

Originally developed at the National Center for Atmospheric Research (NCAR),  maintained in the Earth 
System Physics (ESP) section of the International Centre for Theoretical Physics (ICTP). 

• 1989, RegCM1

• 1993, RegCM2

• 1999, RegCM2.5

• 2006, RegCM3

• 2010, RegCM4 

• 2016, RegCM4.7

The Yale Interactive terrestrial Biosphere model (YIBs) is a process-based 
vegetation model developed by Yale University.
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 Tropospheric ozone can influence land ecosystem 
carbon uptake by reducing plant  photosynthesis

 We calculate O3 damage using the parameterization 
proposed by Sitch (2007):

𝐴𝐴 = 𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡 × 𝐹𝐹
where F represents the fractional reduction of plant 
production:

F = 1 − 𝑎𝑎 × 𝑚𝑚𝑎𝑎𝑚𝑚[𝐹𝐹𝑂𝑂3 − 𝐹𝐹𝑂𝑂3𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡 , 0.0]

Ozone damage on plant photosynthesis

Source: Sitch (2007)

Regional climate-chemistry-ecology model (RegCM-Chem-YIBs)
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 The multilayer canopy radiative transfer scheme from Spitters (1986) is used:
where, I total PAR available for absorption at depth L

It total PAR at the top of the canopy
L LAI from the top of the canopy to layer n
k extinction coefficient.

 ICBC
(initial condition and boundary condition):
carbontracker global simulation

 horizontal resolution: 3°*2°
 vertical resolution: 34 layers
 time step: 3 hourly (6 hourly for 

use)

 Emission: carbontracker global flux
 horizontal resolution: 1°*1°
 time step: 3 hourly
 4 type: fossil fuel, 

terrestrial biosphere, ocean, fire

CO2 source, sink and transport

Regional climate-chemistry-ecology model (RegCM-Chem-YIBs)
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Methodology

Model domain Parameter
Cumulus convection scheme (Grell, 1993)
Boundary condition scheme relaxed boundary condition

Boundary layer scheme (Holtslag et al., 1990)
Radiation scheme (Kiehl et al., 1996)

Ocean flux (Zeng et al., 1998)
Meteorological boundary conditions ERA-Interim

Chemical boundary condition MOZART
Sea surface temperature OI_WK60 km× 60 km

 The vertical resolution is set to 18 levels up to 50 hPa.
 Simulation time： 2014-2016
 Anthropogenic emissions are derived from a mosaic Asian anthropogenic emission inventory MIX with a spatial 

resolution of 0.25°× 0.25°.
 Initial condition (e.g., tree height and soil carbon pool) for YIBs model comes from a 30-year spin-up procedure.
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Future anthropogenic emission pathways 
and energy transitions over China.

(Cheng et al., 2021)

 The flux of CO2, SO2, NOx, NH3, VOC, CO, OC, and BC in 2060 is 
based on the source emission inventory (Ambitious-pollution-Neutral-
goals) generated by Tsinghua University using Dynamic Projection model 
for Emissions in China (DPEC) .

 The RCP2.6 scenario in the Representative Concentration Pathways 
(RCPs) proposed by the IPCC was used as input for the 2060 
meteorological boundary field.

Methodology
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Temperature (color-filled; units: K), specific humidity (contours; 
units: kg kg-1 ) and wind field (streamlines; units: m s-1 ) at 
500hPa (a, b) and 850hPa (c, d) for the ERA-Interim data (a, c) 
and model simulation (b, d).

Simulated annual average CO2 concentration in 2015. 

The filled contour map is the simulation result of (a)PM2.5 and (b)O3 concentrations, 
colored circles are station observations. 

Variable R Average
Model Observation 

O3 0.34-0.77 76.3 78.0

PM2.5 0.45-0.74 51.7 50.0

CO2 0.53-0.99 411.6 404.2

Model validations over China

Assessment of the impact of carbon neutrality
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PM2.5

O3

CO2

Regional emission reduction     Global climate change              Joint impact 

 A substantial reduction in emissions led 
to a sharp decline in PM2.5, with a 
maximum reduction of up to 92.2 μg m-3 .

 Strict carbon neutral emission reduction 
policies could lead national average 
annual O3 concentrations of 63.0 μg m-3, 
respectively, in 2060.

 Both regional emission reduction and 
global climate change would reduce CO2

concentration of at least 8 ppm by 2060.

Result 1: Changes in pollutants and CO2

Assessment of the impact of carbon neutrality on pollutants and CO2

(Xu et al., 2022)
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Regional emission reduction   Global climate change            Joint impact 

Result 2: Changes in temperature

 Global climate change has warmed all of China by at least 
1 K.

 Contrary to the aim of mitigating global warming, reducing 
emissions inevitably diminishes the cooling effect of 
particulate matter.

T

Impacts of global climate change on air quality

 Climate change affected air quality by 
influencing physical, chemical, and 
biological processes

(Xu et al., 2022)

Assessment of the impact of carbon neutrality on temperature
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Methodology

The Agricultural Production Systems sIMulator (APSIM) is a comprehensive 
model developed to simulate biophysical processes in agricultural systems, 
particularly as it relates to the economic and ecological outcomes of 
management practices in the face of climate risk.
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Illustration of the method. 

 The change in crop yield due to meteorological factors

was calculated as follows:

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = ∑𝑐𝑐=1𝑛𝑛 𝐴𝐴3 𝑐𝑐 − 0.𝐴𝐴

𝑅𝑅𝑅𝑅 = 𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 Changes in crop yields under the influence of both O3

concentration variation and meteorological factors were

calculated as follows:

𝑓𝑓𝑏𝑏𝑡𝑡𝑡𝑡𝑏,𝑛𝑛 = 𝑌𝑌𝑚𝑚𝑚,𝑛𝑛×𝑅𝑅𝑌𝑌𝑚𝑚𝑚,𝑛𝑛−𝑌𝑌𝑚𝑚𝑚,𝑛𝑛×𝑅𝑅𝑌𝑌𝑚𝑚𝑚,𝑛𝑛
𝑌𝑌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑛𝑛𝑏𝑏,𝑛𝑛×𝑅𝑅𝑌𝑌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑛𝑛𝑏𝑏,𝑛𝑛

𝑓𝑓𝑚𝑚𝑚𝑚𝑡𝑡,𝑛𝑛 =
𝑅𝑅𝑚𝑚1,𝑛𝑛 − 𝑅𝑅𝑚𝑚2,𝑛𝑛

𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑚𝑚𝑏𝑏𝑐𝑐𝑛𝑛𝑚𝑚,𝑛𝑛

Methodology
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Assessment of the impact of carbon neutrality on crops

Result 1: Changes in maize yield Result 2: Changes in rice yield

The national yield decreases for the four crops ranged from 1.0% to 38.0% owing to meteorological factors, while O3 reduction 
resulted in additional yield increases ranging from 2.8% to 7.0%. (Xu et al., 2023)
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Assessment of the impact of carbon neutrality on crops

Result 3: Changes in soybean yield Result 4: Changes in wheat yield

The combined effect of carbon neutrality, which included both meteorological factors and O3 concentration, resulted in changes to 
the yields of maize, rice, soybean, and wheat of +4.3%, -7.3%, -24.0%, and -31.7%, respectively. (Xu et al., 2023)
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Conclusion 

 O3, PM2.5, and CO2 will likely decrease substantially under strict regulations, whereas surface air temperature will

continue increasing during the process of achieving carbon neutrality goal.

 Regional emission reduction dominated the increase in yield by reducing the O3 concentration, whereas global climate

change led to yield loss mainly through meteorological factors.

 Crop production loss caused by meteorological factors in 2060 would be mitigated by the O3 reduction. Given the

advantages of declining O3 concentration, regional emission reduction would likely benefit crop growth. However,

global climate change may offset the benefits and threaten food production in China. Therefore, more strict emission

reduction policies and global climate change mitigation actions are necessary to ensure food security in China.
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Xu, B., Wang, T., Gao, L., Ma, 
D., Song, R., Zhao, J., Yang, X., 
Li, S., Zhuang, B., Li, M., Xie, 
M., 2023. 
Impacts of meteorological 
factors and ozone variation on 
crop yields in China concerning 
carbon neutrality objectives in 
2060. Environmental Pollution 
317, 120715.
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Thanks for your attention !

Beiyao Xu

byxu@smail.nju.edu.cn


	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24

