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Introduction: Introduction: PMPM2.52.5 levels in Japanlevels in Japan
Roadside PMRoadside PM2.52.5 decreasingdecreasing
Urban & rural PMUrban & rural PM2.52.5 stay constant around stay constant around 
WHO AQ guideline & US AQ standard.WHO AQ guideline & US AQ standard.
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Chemical composition of PMChemical composition of PM2.52.5

>50% comes from NO>50% comes from NOXX and SOand SO22
ammonium formed to neutralize sulfate and nitrateammonium formed to neutralize sulfate and nitrate
water in water in ““unspecifiedunspecified”” associated with SIAassociated with SIA
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To decrease To decrease PMPM2.52.5 in Japan in Japan 
SIA is important to decrease PMSIA is important to decrease PM2.52.5

more than half of PMmore than half of PM2.52.5

derived from SOderived from SOXX & NO& NOXX

HowHow’’re relationships b/w NOre relationships b/w NOXX/SO/SOXX & SIA?& SIA?
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TransTrans--boundary PM pollutionboundary PM pollution

Distant emissions may influence SIA/PMDistant emissions may influence SIA/PM2.52.5
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Simultaneous monitoring of SIASimultaneous monitoring of SIA

Apr.14,2002 SeaWiFS

TokyoTokyoFukueFukue
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Modeling study Modeling study 
Sensitivity of SIA in TKY to regional emissionsSensitivity of SIA in TKY to regional emissions

East AsiaEast Asia
1212 source regionssource regions
+20% emissions+20% emissions

~growth in three years~growth in three years
changes in SIA in Tokyochanges in SIA in Tokyo

air quality modelair quality model
wholewhole--year simulationsyear simulations
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Air quality modelAir quality model
CMAQCMAQ（（Community Community MultiscaleMultiscale Air QualityAir Quality
））

developed by US EPAdeveloped by US EPA
latest version 4.7 released in Novlatest version 4.7 released in Nov.,., 20082008
many users in US, Asia, Japanmany users in US, Asia, Japan……

comprehensive 3D comprehensive 3D EulerianEulerian modelmodel
emission, advection/diffusion, chemical reactions, emission, advection/diffusion, chemical reactions, 
cloud process, depositioncloud process, deposition
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Simulation methodSimulation method
objectively analyzed dataobjectively analyzed data

US NCEP US NCEP FNLFNL (1 deg(1 deg.,., 6 hr)6 hr)
meteorological modelmeteorological model

V3.7V3.7--1 developed by US 1 developed by US NCARNCAR

emission mapsemission maps
MICSMICS--AsiaAsia (0.5 deg(0.5 deg.,., monthly)monthly)

air quality modelair quality model
V4.5V4.5

concentration & deposition fieldsconcentration & deposition fields
every hour in FY2000every hour in FY2000

emission

met data

MM5

CMAQ
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Model performance: TokyoModel performance: Tokyo

good for sulfate, underestimating for nitrategood for sulfate, underestimating for nitrate

0

10

20

30

0

10

20

30

4 5 6 7 8 9 10 11 12 1 2 3

sulfate

nitrate

co
nc

. [
µg

 m
-3

]

obs
calc

month in FY2000

Fukue
Tokyo



Copyright 2008 CRIEPI. All rights reserved.

0

10

20

30

0

5

10

15

20

4 5 6 7 8 9 10 11 12 1 2 3

sulfate

nitrate

Model performance: FukueModel performance: Fukue
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VOL
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OTH

SWC
NWC
NEC
SCC
MCC
NCC
KOR
JPN
TKY

Local emissionsLocal emissions 20%20%↑↑
→→SOSO22 in TKYin TKY 18.5%18.5%↑↑
Domestic Domestic emissemiss.. 20%20%↑↑
→→SOSO22 in TKYin TKY 0.9%0.9%↑↑
Foreign Foreign emissemiss.. 20%20%↑↑
→→SOSO22 in TKYin TKY <0.4%<0.4%↑↑

Large local contributionLarge local contribution
primary pollutantprimary pollutant

variation in conc. [%]

Annual changes in Tokyo (Annual changes in Tokyo (SOSO22))
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Local emissionsLocal emissions 20%20%↑↑
→→SOSO22 in TKYin TKY 3.83.8%%↑↑
Domestic Domestic emissemiss.. 20%20%↑↑
→→SOSO22 in TKYin TKY 2.22.2%%↑↑
Foreign Foreign emissemiss.. 20%20%↑↑
→→SOSO22 in TKYin TKY 6.86.8%%↑↑

((local+domestic)~foreignlocal+domestic)~foreign
secondary pollutantsecondary pollutant
longlong--rage transportrage transport

variation in conc. [%]

Annual changes in Tokyo (sulfate)Annual changes in Tokyo (sulfate)
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VOL
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SWC
NWC
NEC
SCC
MCC
NCC
KOR
JPN
TKY

Local emissionsLocal emissions 20%20%↑↑
→→SOSO22 in TKYin TKY 5.85.8%%↑↑
Domestic Domestic emissemiss.. 20%20%↑↑
→→SOSO22 in TKYin TKY 4.74.7%%↑↑
Foreign Foreign emissemiss.. 20%20%↑↑
→→SOSO22 in TKYin TKY 4.44.4%%↑↑

local~domestic~foreignlocal~domestic~foreign
faster than sulfatefaster than sulfate
transported as aerosoltransported as aerosol

variation in conc. [%]

Annual changes in Tokyo (nitrate)Annual changes in Tokyo (nitrate)
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SummarySummary
20% increase in local & domestic emissions20% increase in local & domestic emissions

sulfate in Tokyo: +sulfate in Tokyo: +66%%
nitrate in Tokyo : +10%nitrate in Tokyo : +10%

20% increase in foreign emissions20% increase in foreign emissions
sulfate in Tokyo : +7%sulfate in Tokyo : +7%
nitrate in Tokyo : +4%nitrate in Tokyo : +4%

Caution: nonlinearityCaution: nonlinearity
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