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Regional Air Pollutions

Most air quality monitoring sites are located in urban area and at ground
level.




Regional Air Pollutions

tropaspheric column amount NO, [10" molecules cm
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Daily OMI tropospheric NO, over East Asia and Beijing Region,
Nov.11,2008
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Air Pollution Problem in China

O Overall urban air quality
was improved to some
extent compared with the
previous year.

0 SO2 and PM are major
problem. In 2004 NO2
concentrations are below
G6rade II for all cities.
However, NO2
Concentrations are
increasing.

Grade of AIr 15004 | 2005 | 2006 | 2007
Quality

Grade Il . %  [39.3 |51.9 |56.6 |58.1

Grade 111, % 40.2 (375 349 |36.1

Worse than 205 | 106 |85 |34

Grade 111, %

Grade | is nature reserves, scenic spots and other areas in need of special
protection; Grade Il function areas are residential areas; commercial,
transportation and residential mixed areas, cultural areas and general
industrial areas specified in urban planning as well as rural areas. Grade llI
areas are specific industrial zones.




Nationwide Distribution of Acid Rain
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Emission of Air
Pollutants

0 SO2, Accoring 10th 5-year plan, SO2 emission of 2010
should be reduced 10% based on SO2 emission of 2005.

Frnissions  of |

Industrial Dust
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Emission of NOx

O There is no NOx emission inventory available currently.
Mobile emission model is under development in CRAES.

O By the end of July 2007, the total number of mobile vehicles
of Chinais 152.8 million, 53.5 million are cars and trucks, 83.5
million are motorcycles. By the end of 2007, the total number
of mobile vehicles of Chinais 159.8 million.

O By the end of Sep. 2008, the total number of mobile
vehicles of China is 168.0 million, 5.17% increase from the
end of 2007.

O According to one prediction: the number of passenger car
In Being will increase from 1.73 million in 2008 to 2.21, 4.11,
and 7.65 million in 2010, 2015 and 2020 respectively.
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The National Tenth Five-Year Plan for Environmental
Protection

Comparison of

2000 2005 2000 (+-%)
19.95 17.96 -10.0
16.13 14.50 -10.1
3.83 3.46 -9.5
13.16 10.53 -20.0
11.65 10.60 -9.0
9.53 8.50 -10.8
2.11 2.10 -0.7

10.92 8.99 -17.7




The Eleventh Five-Year Plan for
Environmental Protection

Comparison of

2005 2010 2005 (+-%)
25.49 22.95 -10%
69 4 75 5.6 percentage

points




Model Description
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CMAQ Modeling System
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CMAL 4.3 Chemical Transpart Model (CCTM _chd_aed ag)

ICON & BCON iR
Initial Boundary —luci
Conditions Cloud Analysis
Gas Phase Chemistry

Chemistry Dynamics
Aerosol

JPROC Photolysis Chemistry/

Rate Processor Dynamics Visualization




Vertical Layers: sigma-pressure coordinate, top is 100 hpa.

MMS5: 32 sigma levels an 31

half sigma levels (layer) CMAQ:15 Levels (14 Layers)
Layer The 31g-layers ,
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Modeling Application

O LTPproject

Critical Management Technology for
Implementation Air Quality Standard in
Typical Polluted Cities. Ministry of

Environmental Protection
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Domain of LTP Project

=CCTM_e2aCONC.e2a

MM5 77x73, 60km CMAQ 70x66, 60km

Lambert conformal center is at (120E ,36N), two standard parallels are
25N and 47N.




Layer 2 Vector Plot Layer 9 PRESa/100.0

a=METCRO3D_ltp_2002060
880.0 66
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6200
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March 1,2002 0:00:00

March 1.2002 0:00:00 Min= 503.9 at(1.36), Max= 874.1 at(59,19)
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Gridded Emission

Layer 1 SO2h Layer 1 NOh+NO2h Layer 1 NH3h

h=agts_l.20020301.5.LTP.ALL.ncf h=agts_l.20020301.5.LTP.ALL.ncf h=agts_|.20020301.5.LTP.ALL.nef
100.0 &8
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
molesfs molesfs 1

tarch 1,2002 0:00:00 tarch 1,2002 0:00:00 March 1,2002 0:00:00
0at{1.1) Max= 140 at (14.23) Min= 0.0 at(1.1), Max= 98.0 at(14.23) Min= 0.0 at (1,1}, Max- 62.6 at (30.33)
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Modeling Scenarios-Source-
Receptor Relationship

Layer 1 SO2c Layer 1 S02d Layer 1 SO2e

c=agts_1.20020301.5.LTP.L.nef d=agts_|.20020301.5.LTP.I.ncl e=agts_1.20020301.5.LTP.liLnef

molesfs
March 1,2002 0:00:00 March 1,2002 0:00:00 March 1,2002 0:00:00

Min= 0at(1,1), Max= 140 at{14,23) Oat(1,1), Max= 140 at(14,23) Min= 0at(1.1) Max= 89 at(25.37)
Layer 1 SO2f Layer 1 SO2g

f-agts 1.20020301.5.LTP.IV.ncf g=agts_l.20020301.5. LTP.V.ncf

moles/s

March 1,2002 0:00:00 March 1,2002 0:00:00
Min= 0 at(1,1), Max= 140 at (14,23) 0at(1,1), Max=_ 140 at (14,23)
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Layer 1 O3x

Layer 1 nox+no2x Layer 1 SO2x

¥=CCTM_e2a-11LACONC.LTP x=CCTM_e2a-11LACONC.LTP

CCTM_eza-11LACONC.LTP 0.060 66

0020 66 - — 0.030 &6

70

2 000 June 1,2002 0:00:00
: 1,2002 0:00:00 June 1,2002 0:00:00 . ; o
(35,9), Max=_0.025 at (14.23) Min=_0.000 at (57,1). Max=_0.034 at (14,23) Min—_0.023 at (15.14), Max—_0.055 at (54.30)

Layer 1 SO2x Layer 1 nox+no2x Layer 1 O3x

x=CCTM_e2a-11LACONC.LTP %=CCTM_e2a-11LACONC.LTP

=CCTM_e2a-11LACONC.LTP
* e " 0.020 66 T 0.060 66

0.030 68

70

00" December 1,2002 0:00:00
December 1,.2002 0:00:00 December 1.2002 0:00:00 . G
0.000 at (70.1). Max= 0.068 at (14.23) Min= 0.000 at(37,1). Max= 0.060 at(14.,23) Min=_0.009 at (14,23). Max-_0.051 at (59.24)
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Annual Averaged Gas phase
Concentrations of 2002

0.030 66 ——~ - 0.020 86 = —=_ X 0.060 68 m——x

0.024 0.018

0.018 MY 2 @ ¥, f’ ‘,:.'I 0.012

0.012 SN < A ; Y 0.008
g, - o
0.006 £ .. 0.004

0.000 L\ ~ 0.000 1 A\ = 0.000 b\
ppmyY ppmy 1 ppmv 1

Hour: 00 Hour: 00 Hour: 00
Min=0.000 at (70,1), Max= 0.051 at (14,23) Min=0.000 at(38,1), Max= 0.043 at(14,23) Min= 0.018 at {14.23), Max= 0.049 at (58.29)

d Gaseous NOx and SO2 do not transport very far.
However, high concentration of the secondary air
pollutants, O3, found in remote areas.




Monthly Averaged Concentrations of
Aerosol of July, 2002

Layer 1 asodix+asodjx Layer 1 anhdix+anh4jx Layer 1 ano3ix+ano3jx

x=CCTM_e2a-11LACONC.LTP *=CCTM_e2a-11LACONC.LTP ¥=CCTM_e2a-11LACQONC.LTP
10.000 66 — . 5.000 &6 S— Y 10.000 66

0000 1 d = 0017 1 g & 0.000 1
micrograms/mt=3 micrograms/mif micrograms/mf™3
June 1,2002 0:00:00 June 1,2002 0:00:00 June 1,2002 0:00:00
Min= 0.221 at (25,57), Max= 8.928 at (14,23) Min= 0.017 at (17,61), Max= 3.589 at (14,23) Min=0.000 at (13.53). Max= 2.219 at(33.39)

O Obvious lang-range transport of
observed.
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Dry-Nitrate Dry-sulfate
1.000 66 — Y 4.000 66

0.000 g = 0.000
kgihectare kgfhectare

. Hour: 00 Hour: 00
Min=0.000 at (70,1), Max=0.935 at (10,23) Min= 0.014 at (18.64). Max= 4.078 at (10,26)

Wet-Nitrate deposition amount during 2002
10.000 66 e

0000 1
kg/hactare 1 70
January 1,2002 0:00:00
Min=0.029 at(70,7), Max- 113.732 at (13,24)

0.000
kgfhactare
January 1,2002 0:00:00
Min= 0.008 at(70,7), Max- 22.639 at (13,24)

O Total wet deposition of sulfate and nitrate aerosols of 2002
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Other Applications of Regional Air
Quality Modeling




Gas/particle
partitioning Chemical
= Transformation

criteria/toxic
pollutants Local and long Dry/Wet

Deposmon
_*eemlssmn

Fa’re of POPs in aTmosphere
e.g. PCBs, PCDD/Fs, Hg
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CMAQ Model Development for PCBs and
PCDDFs
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New Developr?ent for PCBs

Gas/particle

Chemistry
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Air/water
surface
exchange
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For molecular transfarythe Fick's first-lawdsused = == =5

(Liss and Slater, 1974 Whiteman).

Air/aerosol, air/water/soil partitioning/exchange of semi-velatile POPs



PCB8 Model Results

Layer 1 PCB_8f Layer 1 PPCB_8g

f=CCTM_Level_1 g=CCTM_Level AE_1

1.000e -G 1.000e-M0

7.500e-09 7.500e—-08
5.000e-09 5.000e-08
2.500e—-08

2.500e-09

0.000e+0G
ppmy

0.000e+0Q
microgramsimi™3

January 9,2000 0:00:00

January 89,2000 0:00:00
hin=1.000e-30 at(1.1). Max=1.000e-30 at (1.1)

Min=6.323e-30 at (5,67), Max=3.364e—07 at(119,58)

Gas phase Particle phase
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0 PCBs , PCOD/FsEXERBERINZESRFRY , TENVEMERR
ZARNSBRER,

- PCDD/Fs air concentration Be-0590
Gas phase PCBs concentration
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Figure 9. Comparison of modeling result with measurements. Figure 7 Modeled average aerosol
(a) gas-phase concentration of PCBs for Jan., 2000 to July 28,  surface area from the CMAQ model
2000; (b) air concentration of PCDD/Fs of January-February, for April 30-May 2, 2000. Maximum
April-May, August-September and November-December of IS 1.501x10-4 m2/m3.

2000.

PPN




Modeling Application in Climate Change
Study

(1 Green House Gas Sources and Sinks

A Climate Forcing of Aerosol : ABC.

Estimates of Global Mean Radiative Forcing
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Low Low Very Very
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"The balance of evidence suggests a discernible human
influence on giobal ciinate (IPCC, 1996)"




Summary and Discussion

d Long-range transport of air pollutant found in
North-east Asia.

O Air quality model showed ability for the
assessments for current situation and prediction of
future. Therefore modeling study is essential for
control policy making.

O Model still need to be compared with measured
data an more simulations are needed

[ Cooperation among the science community and
policy makers will be helpful.




Thank You
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