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Sources of airborne pollution in Asia are many: home cooking, 
power generation, industry, traffic, and biomass burning



Air quality in northern Chinese cities is very poor

Annual Daily Average Concentrations in 1995 (::g/m3)

NOx SO2 TSP

Beijing 122 90 377
Changchun 64 21 381
Dalian 100 61 185

Harbin 30 23 359
Lanzhou 104 102 732
Shenyang 73 99 374

Shijiazhuang 61 129 308
Taiyuan 55 211 568

Tianjin 50 82 306

WHO Guidelines 150 100-150 150-230



Regional Air Pollution Issues

l Long-range transport: Northern China →→ Korea →→ Japan →→ North 
America (?!)

l Regional visibility impairment, reduced insolation--compounded 
by dust from western deserts

l Acid rain, sulfur deposition, nitrogen deposition (NH3 involvement 
from fertilizer use), eutrophication of surface waters

l Regional ozone formation, caused by organics + NOx with the 
involvement of CO and CH4

l Trace elements from coal combustion, particularly Hg



Important species in the Northeast Asian 
atmosphere and their origin

l Black carbon or BC (residential fuel combustion, diesel vehicles)

l SO2 and sulfate aerosol (coal combustion)

l CO2, CH4, and other greenhouse gases (fossil fuels, agriculture)

l NOx, nitrate aerosol, and other nitrogen compounds (vehicles)

l Non-methane volatile organic compounds (NMVOC) (all kinds)

l Ozone (formed from NOx and NMVOC)

l Ammonia (agriculture mainly)

l Trace elements such as Hg (fossil-fuel combustion)

l Mineral dust (wind-blown from arid and semi-arid regions)

Small particles like BC, OC, and SO4 are implicated in regional- and 
continental-scale problems and global warming. Tropospheric 
ozone is also now recognized as an important greenhouse gas.



The importance of black carbon has only recently 
been recognized

(Hansen et al., PNAS, 2001)

Linkages of Air Pollution to Climate Change

O3 (0.3+0.1) Black   (0.8)
Carbon



Coal-burning cook stoves
in Xian, China

Inefficient combustion in Asia produces large 
quantities of CO, CH4, NMHC, and BC



Typical emission factors (Gg/PJ) for power 
generation and residential fuel combustion

SO2 SO2* NOx CO BC** CO2

coal 0.61 0.06 0.30 0.02 0.00001 96

oil 0.26 0.07 0.20 0.02 0.008 77

gas 0.01 0.01 0.15 0.03 0 56

[coal] 0.51 0.07 0.08 3.5 0.18 96

[biofuel] 0.06 0.06 0.05 5.1 0.07 110
__________________

*with controls, such as FGD for coal, low-sulfur oil, briquettes, etc.
**black carbon, i.e., sub-micron elemental carbon

[…] = residential fuel use
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New investigations have forced a re-assessment of BC 
emission factors (Streets et al., Atmos. Environ., 35, 4281, 2001)



Black carbon emissions in China are distributed in a 
broad SW to NE swath across the rural heartland

TRACE-P gridded
emissions at 5 mins
x 5 mins resolution



Without additional control measures, sulfur deposition 
levels could cause widespread damage by 2020

Without additional control measures, sulfur deposition 
levels could cause widespread damage by 2020

The view of RAINS-Asia
in the mid-1990s was quite

pessimistic regarding future
acid rain damage in Northeast Asia



There has been a remarkable change in air pollution 
emissions in China since 1996, due to:

l The economic downturn in 1997-98 in East and Southeast Asia

l Reform of industry and power, leading to a reduction in coal use

l Structural shift away from heavy industry towards high-tech 
industries and services

l Improvements in energy efficiency and fuel quality

l Closing of many small, inefficient, high-sulfur coal mines, reducing 
the over-supply of coal

l Slowdown in electricity demand, due to higher electricity prices

l Opening up of electricity and coal markets

l Residential fuel switching from coal to electricity and gas in (large) 
cities

l Technological progress in the energy-intensive sectors

(Source: Sinton and Fridley, Energy Policy, 28, 671, 2000)



Recent SO2 emission trends in China
(Streets et al., Atmos. Environ., 34,4413, 2000)



Future SO2 emissions in Asia are likely to be much 
lower than the latest IPCC forecasts



Long-term emission changes in Asia are reflected in sulfate 
aerosol measurements at Midway Island (Prospero et al., 2001)



Annual trends in CO2 and CH4 emissions in China 
(Streets et al., 2001)



Indexed trends in greenhouse-gas emissions in 
China

The net effect of these
emission changes on global

mean temperatures is an
INCREASE, due to the

dominant effect of
the sulfate aerosol



Recent NOx emissions trends in Asia also show a 
downturn



NMVOC emissions in China come from varied 
sources and are growing fast

Sector 1990 1995 2000 2010 2020

Stationary combustion 5804 5509 5225 5004 4557
Extraction, processing and handling of fossil fuels 517 707 924 1293 1755
Chemical industry 78 134 206 369 528
Solvent use (excluding  paint use) 580 761 1245 2059 2828
Paint use 640 1031 1472 2235 3039
Transport 2317 3567 5071 4495 3559
Waste disposal 868 889 880 860 837
Miscellaneous 302 521 611 896 1106

Total 11105 13120 15634 17211 18209



NMVOC emission profiles are very different around 
the world

0%

20%

40%

60%

80%

100%

China
1995

China
2020

Eastern
Europe
1990's

Eastern
Europe

2020

Japan
1990's

Japan
2020

Western
Europe
1990's

Western
Europe

2020

Stationary combustion Fossil fuel processing & distribution
Solvent use & chemical industry Transport
Miscellaneous



Ammonia emissions are high in Asia (due to animals and 
fertilizer use) and important for the formation of (NH4)2SO4

TRACE-P gridded
NH3 emissions



Biomass burning can have a large influence on hemispheric 
air quality; this figure shows the Siberian forest fires of 1998



TOMS AI data show progression of Siberian smoke 
plume across East Asia and the Pacific Ocean



AVHRR fire count image for 3/28/2001 showed no 
burning over SE Asia and China, due to clouds ….



…. however, TOMS AI data for the same day show 
heavy aerosol over southern China ….



…. so we can use the TOMS AI data to “fill in” 
missing AVHRR data (cautiously!)



On April 16, 1998, a huge dust cloud formed over China and 
was pushed eastward by a frontal system (NASA SeaWiFS) ….



…. nine days later, some of the dust reached the 
California coastline (on April 25, 1998)



TRACE-P (Transport and Chemical Evolution over the Pacific) 
ACE-Asia (Asian Pacific Regional Aerosol Characterization 

Experiment)

Experimental
measurements

Theoretical
modeling



Coordinated emission profiles for Asia for the year 2000 are 
being constructed for TRACE-P and ACE-Asia

SO2 NOx CO NMVOC BC OC NH3

China 20.8 9.2 84.1 14.7 0.91 2.63 13.3

Other East Asia 2.3 4.3 9.9 3.7 0.08 0.17 0.88
of which, Japan 0.8 2.2 4.2 1.9 0.04 0.04 0.35

Southeast Asia 3.1 3.4 28.9 11.1 0.31 1.35 3.0

Indian Subcontinent 7.1 4.6 51.7 10.7 0.62 2.77 9.4
of which, India 5.5 4.0 41.4 8.6 0.48 2.15 7.2

International Ships 1.1 1.3 0.1 0.0 0.07 0.05 0.0

Asia Total 34.4 22.8 174.7 40.3 1.98 6.98 26.6

Note: Summary emissions as of 7/23/01.  Full biomass burning emissions to be added later.

Region

Year 2000 Emissions (Tg)

Updates will be posted on our University of Iowa web site:
http://www.cgrer.uiowa.edu/people/carmichael/ACESS/Emission-data_main.html



On 3/10/2001, the TRACE-P DC-8 traversed plumes of man-
made pollution from China (red) and biomass burning from 

Southeast Asia (orange)



Elevated biomass-
burning plume from

Southeast Asia

Low-level pollution
from mainland China

Chemical forecasting was able to successfully 
predict pollution features during TRACE-P (BC)



Potential power grid interconnections in Northeast 
Asia offer environmental benefits



Conclusions

Air pollution is becoming increasingly complex in Northeast Asia:

l fine particles are the cause of most inhalation health effects in 
Asian cities and rural kitchens

l organic species are rising and causing ozone episodes

l mineral dust is a nuisance and possible health hazard throughout
the region

l biomass burning is an important source of pollution that is often 
difficult to quantify

l all fine particles are amenable to trans-Pacific and hemispheric 
transport

l aerosols (like black carbon and sulfate) contribute to regional haze 
and are increasingly recognized as critical greenhouse gases

Recent experimental programs like TRACE-P and ACE-Asia promise 
important insights into particle formation and transport


