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Emission inventory plays a key role in atmospheric 
chemistry research

Source: The International Global Atmospheric Chemistry (IGAC) Program
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Multi-resolution Emission Inventory for China (MEIC)

http://meicmodel.org/



Methodological framework of the MEIC model

Module 1: emission estimates Module 3: speciation mapping of NMVOC

Module 2: spatial-temporal allocation

Power Industry

ResidentialTransport

Model output: model ready emissions input
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Time of startup

Time of retirement

SO2 emissions from power plants

Combustion technology

End-of-pipe abatement

Removal efficiency

Technology distribution

China Power Emissions Database (CPED)

Liu et al., ACP, 2015



Point source emissions from the industry sector

Zheng et al., EST, 2018



High resolution mapping of road transport emissions

County level activity

County level EFEmission factor

Corrected by meteorology 
factors

Vehicle ownership

Vehicle ownership model

Technology distribution

Road

Zheng et al., ACP, 2014



Residential emission estimates based on national survey

Peng et al., in prep.



Huan Liu, Mingliang Fu, Xinxin Jin, Yi Shang, Drew Shindell, Greg Faluvegi, Cary Shindell and Kebin He. Vol 6 (NO 11), 2016, 6, 1037-1041.
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Health and climate impacts of ocean-going vessels in East Asia

Emission estimates of ocean-going vessels in East Asia



China’s anthropogenic emissions from 2010-2017

Zheng et al., ACPD, in review.



Multi-resolution emissions input for models

NOx



High resolution emission inventories for Jing-Jin-Ji

Qi et al., AE, 2017



Comparison with global emissions product 

Liu et al., ACP, 2015



High resolution emissions data can reduce modeling bias

Zheng et al., ACP, 2017

Regional 
inventory

High resolution
emissions

PM2.5 observations

O3 observations

PM2.5

O3

• 36km -> 4km:

Modeling biases increase

for regional inventory,

while decrease for high

resolution emissions data.

• High resolution emissions 

data at 4km scales reduce 

modeling bias of PM2.5

from 31% to -2%, and of 

O3 from-17% to -9%.



High resolution emissions data can reduce modeling bias

Beijing Zhangjiakou

Shijiazhuang Tangshan

The weak correlation between point source emissions and population
indicates that the spatial allocation of emissions based on population used by
regional inventories can introduce large biases.

Dot：industry plants

Map：population

Zheng et al., ACP, 2017



Application of the MEIC model

• Emission characteristics and 
mitigation potential

• Evaluation of emissions data based 
on CTM and observations

• Socioeconomic drivers of emissions

• Effects of trade on emissions and 
environment



Revisited CO2 emissions in ChinaMeasured carbon content in coal 

The emissions estimates for China CO2 emissions based on the MEIC model combined 
with measured emission factors are 9-14% lower than global emission inventories.

Revisit China’s anthropogenic CO2 emissions

Liu et al., Nature, 2015



Operational emission inventories for the“2+26”cities

“2+26”city industrial SO2 emissions



Tong et al., Nat. Sustain., 2018.

Global Power Emissions Database (GPED)



Application of the MEIC model

• Emission characteristics and 
mitigation potential

• Evaluation of emissions data based 
on CTM and observations

• Effects of trade on emissions and 
environment



Liu et al., ERL, 2016

Driver analysis of the declining NOx emissions



Liu et al., ACP, 2016

Evaluation of NOx emissions at city scale

NOx emissions from China cities 
are underestimated by global 
emission inventories.



Liu et al., ACP, 2017

Province

City

Satellite 
inversion

Emission 
inventory

Evaluation of NOx emissions at city scale



Application of the MEIC model

• Emission characteristics and 
mitigation potential

• Evaluation of emissions data based 
on CTM and observations

• Socioeconomic drivers of emissions

• Effects of trade on emissions and 
environment



International trade plays a key role in China’s air 
pollutant emissions

Export accounts for 20%-30% of China’s air pollutant emissions.

Lin et al. (2014), China's international trade and air pollution in the United States, 
P. Natl. Acad. Sci. USA, 111, 1736–1741



China’s air pollution transport embodied in 
trade are dominated by heavy industry

Zhao et al. (2016), Environment-economy tradeoff for Beijing-Tianjin-Hebei's product exports, Appl. 
Energ., 184, 926-935.



International trade contributes 15% to PM2.5
exposure in China

Jiang et al. (2015), Revealing the hidden health costs embodied in Chinese exports, 
Environ. Sci. Tech., 49, 4381-4388.

Air pollutant emissions

embodied in Chinese

exports increase PM2.5

exposure by 8 ug/m3 (15%)

in China.

In Eastern China, the

PM2.5 exposure is

increased by 15-20 ug/m3.



Methodology framework to access PM2.5 mortality 
from international trade

Zhang et al. (2017), Transboundary health impacts of transported global air pollution and 
international trade, Nature, 543, 705-709. 



Zhang, Q.,……, K. B. He, and D. B. Guan (2017), Transboundary health impacts of transported 
global air pollution and international trade, Nature, 543, 705-709, doi:10.1038/nature21712.

Global SO2 emission inventory

Tracing emissions to final 
consumption destinations

Consumption-based accounting of air pollution



Consumption-based accounting of air pollution

Net importers are
shown in shades of
red and net
exporters in shades
of blue

Net SO2 emissions

Worldwide population-
weighted mean PM2.5
concentration

Worldwide premature 
mortality due to PM2.5 
exposure

Consumption minus Production

Zhang, Q.,……, K. B. He, and D. B. Guan (2017), Transboundary health impacts of transported 
global air pollution and international trade, Nature, 543, 705-709, doi:10.1038/nature21712.



Proportion of PM2.5-related deaths in a given region that are linked 
to goods and services consumed in that and other regions

Zhang et al. (2017), Transboundary health impacts of transported global air pollution and 
international trade, Nature, 543, 705-709. 

Regions where deaths occurred
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5.4% (54,400) deaths in China 
due to consumption in USA

29.7% (57,600) deaths in 
Western Europe due to 
emissions in Eastern Europe



The effects of international trade on air 
pollution mortality

Zhang et al. (2017), Transboundary health impacts of transported global air pollution and 
international trade, Nature, 543, 705-709. 



Thank you!



Perspectives

Development of 
High-resolution  

emission inventory

Multi-dimensional 
verification

Evaluation of 
environmental impacts 

at finer scales

Ground observations Aircraft measurementsSatellite observations  

Human health

Emission allocation improvement Regional data assimilation

power cement transportsteel

Lelieveld et al., 2015
CICERO

Li et al., 2017

Air quality Climate
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