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1. INTRODUCTION

The urban environment is where an increasing share of the world’s people live,
where most of the energy is consumed, and where the impads of the padll ution are felt the
most. While the dfeds of high pdlution levels in Asia ae catered in the urban aress,
the impads are not confined to the dty boundaries. Polluted air has damaged human
hedth, emlogy and environment in a number of urban centers of the developing courtries
of Asia. Most of the ar pdlution is emitted by stationary sources like power plants and
industrial estates. Pollution from the mobile sources (NO,, volatile organic cabons
(VOC) and particulates) has become a major contributor to increasing human hedth
effeds in the urban environments of Asia (OECD, 2000.

Rapid economic growth in Asia over several decales has attraded milli ons of
rural residents to urban areas. Figure 1 presents gridded Asian population for 2000aong
with Asian megadties (with population over 10 milli on) and major urban centers. Asia
presently has ~1 hilli on (~35% of total population) urban dwellers, projected to grow at
an average of 4% per yea to ~3 hilli on by 2025(~55% of the projeded total population).
Changing standards of living in these ceters fueled have incressed industrial and
transportation sedor adivities, often assciated with urchedked emissons from
automobil es, domestic heaing, and small-scde industries. Coal (besides bio-fuel (wood
cow dung, and field residue)) being the chegest and most widely available source of
energy, still remains the primary source of energy, and contributes significantly to sulfur
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and particulate concentrations often exceeading the WHO air quality guidelines. Increased
use of biofuels, espeadly in the rural regions of the developing countries, pose severe
human hedth concerns due to increased particulate palution both indoars and outdoars.
Every yea, Asian urban centers prone to air palution incur hurdreds of milli ons of
ddlarsin hedth and economic damages (OECD, 2000. Presently, the urban air pollution
problems in Asia ae ontinuing to increase and air palutants originating from urban
regions are now recgnized as increasing sources of regional- and global-scde pallution
(Stredset a., 1999.

This gudy is an effort to understand the nature of growing emissons from the
urban centers of Asia, to charaderize the impad of these emissons on tracegas gedes
at urban and regional scde. And finaly, to evaluate sts and benefits of implementing
emisson reduction techniques for sulfur, particulates and NO, for Asian megadties.
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Figure 1. Asian Population in 20000verlaid with Asian Megadties and urban centers (LandScan 2000)

2. MEGACITY EMISSIONS

Emisdons of SO, and NO, were estimated through the establishment of
emisson fadors (emissons per unit of energy consumption) by energy source and by
sedor of energy use, as part of the RAINS-Asia projed (Arndt et a., 1997 and van
Aardenre @ a., 1999. In the cae of "business as usua" energy consumption, the
projedions $ow an increase of SO, and NO, emissons in the Asian region in 2020to 2-
3 times the levels of 1990(Foell et a., 1995and van Aardenne € al., 1999. The fad that
the megadties and urban centers in Asia @ver lessthan 1% of the landcover and till
produce 10-20% of tracegas emisgons sgnifiestheir importance

! andscan 200Q Global Population at 30 Arc Second Grid, developed by Oak Ridge National Laboratory,
United States Department of Defense, March 2001



For 199Q at a 1° x 1° resolution, grid cells containing Karachi, Bombay,
Calcutta, Bangkok, Singapore, Jakarta, Manila, Hong Kong, Beijing, Shanghai,
Chongaing, Taipei, Seoul and Tokyo eat had emissonsin excessof 0.1Tg SO, per yea
(Guttikunda @ al., 2001a). Figure 2 presents growth in sulfur emissons for six of the
megadties in Asia — Bangkok, Delhi, Jakarta, Seoul, Beijing and Shanghei. Not all the
urban centers have had an increase in sulfur emissons in the recent yeas. Increased
pollution awareness campaigns, stringent industrial and powver sedor pollution control
regulations, use of low sulfur coal, implementation of desulfurizaion techniques and
periodic monitoring resulted have in significant reductions of sulfur emisgons in some
countries. The megadties of East Asia have had a sower increase in emissons from
yea-to-yea for 19901997 than any other region, with some dties even showing an
average deaease of emissons. The megadties in Japan and Korea have shown an
average deaease while the megadties in China had an average aanual growth rate of
1.7% in sulfur emisgons snce 1990
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Figure 2. SO, Emissons from the Megadties of Asia, ktons/yr

NO, Emissons has its ources in large industry such as chemicd manufadurers,
and combustion sources such as power plants burning fosdl fuels; automobiles, trucks
and huses, and off-road engines such as aircraft, locomotives, construction equipment
and gasoli ne-powered lawn and garden equipment (van Aardenne € al., 1999. In the last
decale, NO, emissons have increased significantly in Asia due to increased mobile
sources. Figure 3 presents NO, emissons for 1990and projeded levels in 2020for the
same six megadties in Asia. In general, emisdons are expeded to increase 2-3 fold
throughout Asia. Besides, NO,, VOC emissons from industries and automobiles have
portrayed an increasing trend, which plays an important role dong with NO, spedesin
enhanced photochemicd adivity in urban environments. The transportation sedor has
emerged as a aiticd source of NO,, VOC and particulate pdlution in the urban centers
of Asia. Figure 4 presents percentage cntribution from the transportation secor to NO,
emissons in six cities. The mntributions varied from as low as 10% for Beijing and
Shanghei to as high as 80% for Bangkok and Jakarta in 199Q In 202Q percent



contribution increased atleast 2% for ead of the dties and more than tripled for Beijing
and Shanghai. In Seoul, it is projeded that there will be more stringent controls for NOx
and VOC emissons from automobhil es by 202Q reducingits contribution.
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Figure 3. NO, Emisdons from the Megadties of Asia, ktons/yr
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Figure 4. Percentage of NO, Emisgons coming from the transportation sector in the Megadties of Asia

Though environmental controls are beginning to be implemented in Asian cities,
they are insufficient to counterad the growth of emissons (Streds et al., 1999. For a
deaease in emisson to be redized, the rate of deaease in emissons per unit fuel must
excedl the rate of increase in fuel use. However, costs of emisson controls are high and
the demand for energy is growing, and a balance between economic growth and pdlution
control is difficult to achieve in developing regions.



3.GCTM SIMULATIONS

The Globa Chemistry Transport Model (GCTM) at Geophysicd Fluid
Dynamics Laboratory (GFDL), Princeton University, was applied to gain an improved
understanding of the @ntribution of growing anthropogenic emisgons from the Asian
megadties and urban centers on gobal tropospheric chemistry. In the past, the GCTM
was applied to study the nature and frequency of poallution transport from Asia acossthe
Padfic Ocean and impad of Asian fosdl fuel combustion on tropospheric chemistry
(Yienger et a., 2000. For this dudy, 27 urban centers, represented in Figure 1 were
included, which acounted for 17% of the total NO, emissons in Asia in contrast to their
<1% coverage of landcover. At aglobal scde, these 27 Asian cities acounted for ~7% of
the global anthropagenic NO, inventory totaling to ~1.54 Tg N/yea in 1990 We have
conducted simulations for the present and yea 2020 emisson levels compared to a
reference run excluding the Asian megadty and urban center air pollution. Figure 5
presents the percentage antribution due to fossl fuel combustion in Asian wban centers
to NO, and CO levels at 550 mbar and 990mbar respedively. Under present case
scenario, average contribution to NO, levels varied from 4-10% aaossthe Padfic Ocean
in the springtime. Contribution to ground level CO concentrations was as high as 10% in
the Southeast Asian region.

Figure 5. Percentage of contribution to (a) NOXx levels at 550mbar (b) CO levels at 990mbar from the
Megadties of Asia, present case.

Under a futuristic scenario, the model was run with tripled Asian megadty NO,
emisdons and keeping the rest of the fosdl fuel emissons constant. An average
contribution of ~10% in CO levels is observed from the urban centers sgnifying the
Asian megadty plumes reading aress away from the source regions. Also, increased
photochemica adivity due to urban emissons is observed where 0zone @ncentrations of
upto 4 ppbwere predicted over Indian and Padfic Ocean and Southeast Asia originating
from the urban centers. A more detailed animation of GCTM results is avail able here
http://www.cgrer.uiowa.edu/vissd/index.html



4. INTEGRATED ASSESSMENT OF URBAN AIR QUALITY

Global and Regiona scde longtransport models play a aiticd role in
understanding the transport and chemicd transformation of trace gas fpedes and
particulates. Long range transport models also play a key role in environmental
management, in that they link emissons to concentrations, and thus are used to evaluate
the impad of emerging energy pdlicies and to analyze the ewironmental and hedth
effeds and the e@nomic benefits of emisson abatement options for reducing SO,, NO,,
VOC and particulate matter emissons. The management of emissons in Asia megadties
requires a better understanding on emisson sources, distribution and their controls. For
this gudy we developed a @mnceptual Integrated Assessment M odeling System (IAMS),
for Asian megadties, which provides a methoddogy for identifying interacions between
environmental drivers (pdlutant concentrations and depaositions) and endpants like
human hedth, environmental and structural damage (Guttikunda & al, 2001H.
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Figure 6. Integrated Assessment of Urban Air Quality

In continuing suppartt of the integrated asesanent modeling of air pallution in
Asia, which started as part of the RAINS-Asia (Regional Air pollution | Ntegration and
Simulation — Asia) projed, the analysis of air quality management studies are extended to
include particulates and megadties of Asian developing countries. Figure 6 presents an
outline of the modeling system. IAMS has a similar structural framework as RAINS but
focuses more on the urban air quality management. Model framework includes a grid-to-
grid transfer matrix (generated using lagrangian puff transport model, ATMOS (Arndt,
1997) for sulfur and particulate mncentration and depasition, combined with hedth and
environmental damage asssment and cost-benefit analysis. The framework can be
adapted to any urban area of interest enabling a) dispersion modeling of sulfur and
particulates b) quantifying costs and benefits of available control strategies c) asessng
effeds of pasdble dhange in energy end-use patterns, technology changes d) asesanent



of control options by emnomic sedor €) anaysis of pollutant levels in an annwal or
seasona time frame. IAMS model was successully applied to the City of Shanghai
China.

Table 1. Summary of Pollution Control Scenarios and Cost-Benefit Analysis for the City of Shanghai, China.

2020Scenario ==>| C1 Cc2
% Emisson Reduction Industrial Power Sedor
Sulfur 14 41
NOx 6 13
TSP 9 3
PM10 12 4
PM2.5 13 4

2020Scenario ==>| C1 C2
Total # of Deahs Avoided 1771 2789
Total # of Chronic Bronchiti s Cases Avoided 1106 1740
Total # of Hospital Visits Avoided 60752 95619
Total # of Emergency Hospital Visits Avoided 30603 48166
Total # of Hospital Admisgons Avoided 27433 43177
Total Control Costs (US $in miilli ons) 94 395
Total_Bmefits Due to Human Impads Avoided 106- 887 168- 1, 396
(inmillions US $)
Median 265 419
Hedth Benefit to Scenario Cost Ratio 1.1-94 04-3.5

Two scenarios were evaluated for 2020 for the dty of Shanghei, China.
Industrial scenario (C1), assumes industrial use of coal is banned in Shanghai City by
202Q of which 75 percent is $ut down. And of the remaining 25% coal use is relocated
and replacel to the four neighboring counties, the replacement occurs in the future in the
form of new industrial bailers ereded in existing fadliti es to increase production cgpadty
in the daty and no new plant built, but only bailers. Power Scenario (C2), assumes all
new power plants coming online in the period d 20162020are state-of-the-art IGCC, in
combination of low-sulfur coal and some limited FGD. For hedth benefit analysis, dose
response functions for mortality and morbidity and willi ngressto pay statistics were
colleded from various gudies conducted in China axd else where. Table 1 presents
summary of the control scenarios and cost benefit analysis of the scenarios (Guttikunda &
a 2001b and Streds et a, 2001). Cost benefit analysis is conducted for PMiq
concentrations only with sulfate cncentrations from sulfur dispersion modeling added as
asurrogate to seandary particulate concentrations.



5. CONCLUSIONS

Urban air pdlution in Asia has worsened in the developing courtries, a situation
driven by population growth, industridizaion, and increassed vehicle use. With an
estimated 3 Lilli on (~55%) urban residents in Asia in 2025in <5% of the Asia's land
cover and human hedth effeds as a primary measure urban environments are the first to
read¢ to any of the pallution control regulations. Modeling adivities were mnducted to
understand and charaderize the urban air pdlution in Asia & locd, regional and global
scdes. GFDL/GCTM simulations under two scenarios were conducted to establish the
impad of growing NO, emissons on regional photochemicd adivity where @ntributions
of >10% for CO and NO, at ground level were predicted. Given the growing importance
of urban air quality management, we have gplied a mnceptua integrated assessment
modeling system to conduct cost-hedth benefit analysis for various padlution control
options in the dty of Shanghei, China. IAMS was applied for PMy, ground level
concentrations with sulfate concentrations as a surrogate for secondary particulates. In
future, we would like to conduct integrated assessment including other secndary
components like nitrates, and secondary organic aeosols. Further advancements in
modeling adivities like nested grid analysis, will help better understand and manage the
urban air quality whose influence on regional and global air quality is growing more than
ever.
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