Impact of Asian Megacity Emissions on Regional and Global Tropospheric Chemistry

URBAN ENVIRONMENTS IN ASIA

By 2020, over half of the Asia’s population is expected to live in the cities.
Unplanned and rapid urbanization in cities is taking its toll on human health due to
increasing air pollution and exposure to pollutants such as particulates and ozone,
a situation driven by increased demand for industrialization, and vehicle use in the
urban environments. With an estimated 3 billion urban residents in Asia by 2020
in <5% of the Asia’s land cover and human health effects as a primary measure,
urban environments are the first to react to any of the pollution control regulations.
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Changing standards of living in the urban centers have fueled increased industrial
and transportation needs, often associated with unchecked emissions from
automobiles, domestic heating, and small-scale industries. Every year, Asian
urban centers, prone to indoor and outdoor air pollution, incur hundreds of
millions of dollars in health and economic damages.

LOCAL TO GLOBAL EFFECTS

Presently, the urban air pollution problems in Asia are continuing to increase and
air pollutants originating from urban regions are now recognized as increasing
sources of regional- and global- scale pollution.

GLOBAL: climate change

This study employees the GFDL GCTM and the STEM-111 model coupled with
RAMS to understand the nature of growing emissions from the urban centers of
Asia, to characterize the impact of these emissions on trace gas species at urban,
regional and global scale. And finally, results of cost-benefit analysis of
implementing emission reduction techniques for sulfur, particulates and NO, for
Asian megacities are presented.
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< 27 megacities with population more than 10 million and major urban
centers are included in this study

<+ Emissions for year 2000 are based on Streets (2001) study conducted as
part of the TRACE-P and ACE-Asia field experiments
(http://www.cgrer.uiowa.edu/ACESS/acess_index.htm)

< Asian megacity anthropogenic emissions accounted for 16% for SO,
(5.5 Tg SO,/year), 17% for NO, (1.54 Tg N/yr), 11% for CO (18.7 Tg
COlyr), and 15% for VOC’s (6.68 Tg/yr) in 2000.
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GCTM Simulations

Two sets of GCTM simulations were conducted for the
present and year 2020 emission levels compared to a
reference run excluding the Asian megacities. Figures to h
the right present percentage contribution from megacities .,
at 500mb for the month of March.

Animations can also be
| viewed at - - -
=20l http://www.cgrer.uiowa.edu/vis5d/index.html u-2 ‘_b

STEM/RAMS Simulations

The STEM model simulations were conducted for year 2000
emission levels compared to a reference run excluding all
trace gas emissions from the Asian megacities using
meteorological inputs from Regional Atmospheric Modeling
System (RAMS). Model includes SAPRC-99 chemical
mechanism coupled with TUV for photochemistry. Figures
to the right present percentage contribution from the Asian
megacities to photochemical activity in the region averaged
between March 15-March 15, 2001 at 500m.

STEM-RAMS results for o
megacity tracers were utilized
for TRACE-P and ACE-Asia
mission planning
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[Totel Benefit Due o Fuman Impacts Avoided (in
millions US §)

[Median 265 419
[Health Benefit to Scenario Cost Ratio 11-94 04-35
The table above presents cost-health benefit analysis due to

a Technical particulate pollution control in 2020 for the city of Shanghai,
Options China
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The Figures above presents total anthropogenic emissions of NO, and
SO, (ktons/year) from 7 megacities in Asia for period of 1990-2020 and
fuel consumption mix in the cities for year 2000 extracted from the
RAINS-Asia (Version 7.52) integrated assessment model.

The modeling framework proved to be a useful method in understanding local and regional air quality trends in Asian megacities and
the realization of possible future scenarios. Further study includes detailed comparisons with observational data from field
experiments and local monitoring stations and integrated assessment of urban air pollution. For further information please contact
Sarath Guttikunda (sguttiku@cgrer.uiowa.edu) or Prof. Carmichael (gcarmich@engineering.uiowa.edu)




