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Abstract A coupling model of regional climate model and atmospheric chemistry model has been used to simulate in-
crements of tropospheric ozone, radiation and climate effects of ozone which are caused by anthropogenic emission over
China and the Indo-China Peninsula. The results have shown that the effects of pollution emission on tropospheric
ozone have obvious seasonal variation. It is more notable in the south than the north. The seasonal variation is more
stable in the west than the east. The increments of ozone content in every season are high in the polluted area. In the
whole simulated area, the average increment of ozone is 30. 928 DU and the maximum is 32. 168 DU in spring. The in-
crements of ozone vary spatially between 12 DU and 38 DU. The effect of ozone increments on radiation is little in the
north and is large in the east and the low latitude area. The shortwave radiative forcing caused by ozone increments is

0.185 W » m ? in clear sky and the value is 0. 464 W » m ? for longwave. The normalized shortwave radiative forcing
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is 0.006 W e m 2 « DU ! and the net radiative forcing is 0. 021 W « m 2 « DU !. The ozone increments caused by cli-

mate response are between —0. 470 DU and 0. 725 DU , and the average value is 30. 924 DU in the area. The short-

wave forcing of ozone due to climate response is 0. 249 W+ m ? » DU !, and the value is 0. 482 W e m % « DU ! for

longwave. The normalized shortwave radiative forcing is 0.008 W + m 2 « DU ! and the net radiative forcing is

0.024 W+ m %+ DU '. The ground temperature caused by ozone increments ranges from —0. 8 K to 0. 8 K.

Key words regional climate model, atmospheric chemistry model, pollutant drain, tropospheric ozone, radiation forc-

ing, climate effects
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(Chemical Transport Models) #5401 4% 4= BR S 14 2%
BOAHGE , ABAAAE—E 200, X 5 )R ERE AR, X
W52 Z A2 W REEA G, F—L5 1Rl 8
Fge 1A R0, AR SO s o 1 v i S 5 38 1B R
0. 021 CHAMES R 0.024) Wem # « DU ', ZEX}
Joj e ] — DX 3 ey 4 3R Ak 27 A% B X ULAQ F
UIO1 B4 i945 JAE 0. 02~0.03 Wem 2 « DU '
], HPE RS 2 45 R AE R — XN 2V &
M. 4GB 1 FE 2 DLRSCERELIS Y 20 B4l R 3%
BH . 2 ST A8 H RN A0S DX e 4 BREE G

F1 XHATFHNMNREREELE(AO;)., FiKIESRIE (SWRF), KiFEST5218 (LWRF), #5E513818 (RF) . fREHLR

2K HR AT 3218 (NSWRF) FAR 4 4L 59145 48 545818 (NRF)

Table 1 Regional monthly mean of tropospheric ozone change (AQ; ), shortwave radiative forcing (SWRF), longwave radiative

forcing (LWRF), net radiative forcing (RF), normalized shortwave radiative forcing (NSWRF) and normalized net radiative forc-

ing (NRF)
ToAe S 5t A AU SIS
Without climatic feedback With climatic feedback
Ay AOs SWRF NSWRF LWRF RF NRF AOs RF NRF
Month /DU /Wem 2 /Wem?2.DU! /Wem? /Wem? /Wem 2.DU ! /DU /Wem2 /Wem2.DU!
1 30. 480 0. 165 0. 005 0.420 0.583 0.019 30. 460 0. 650 0.021
4 32. 168 0. 200 0. 006 0.494 0. 685 0.021 32. 166 0. 583 0.018
7 30.014 0.194 0. 007 0. 488 0. 682 0.023 30. 024 0. 944 0.031
10 31. 050 0.182 0. 006 0.473 0. 653 0.021 31. 117 0. 749 0. 024
My 30.928 0. 185 0. 006 0. 469 0. 651 0.021 30. 942 0. 732 0.024

Mean
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R2 ARRARBITENERTHNRERFLENE(AO; ) BXt R RIHE = 52 K iR 5T 3218 (SWRF) | %45 415818 (RF) | #RE

Y52 HR 5T 3218 (NSWRF) #4746 3R 5T 3218 (NRF)

Table 2 Global mean tropospheric ozone change (AO;), and the corresponding clear-sky shortwave radiative forcing (SWRF),

net radiative forcing (RF), normalized shortwave radiative forcing (NSWRF) and normalized net radiative forcing (NRF) simula-

ted by different models

M2 A X (CTMs) 40l 25 5012

Results simulated by chemical transport modelst!%]

BN R SR 7128 B 280 SRR A (1
IPCC-TAR!!?)

[ AO; SWRF RF NRF W E NSWRF NRF
Model /DU /W e m 2 JWem 2 /Wem2.DU! Researcher /Wem2+DU ! /Wem2.DU!
ULAQ 16.0 0.15 0.51 0.032 Berntsen, et al. [3J 0. 007 0.041
UIO1 19.8 0. 20 0.70 0.035 Stevenson, et al. ['7] 0. 007 0. 045
UCl 16.5 0.18 0. 66 0. 040 Berntsen, et al. [] 0. 008 0. 051
IASB 13.7 0.13 0. 44 0.032 Haywood. et al. [18] 0. 006 0. 048
KNMI 13.4 0. 14 0.47 0.035 Kiehl, et al. 119 0. 008 0. 045
UCAM 15.3 0.16 0.53 0. 035 Berntsen, et al. [20] 0. 007 0. 045
MOZ1 11. 4 0.11 0. 40 0. 035 Brasseur., et al. [211% — -
MOZ2 16.7 0.17 0.62 0. 037 Van Dorland, et al. [22] 0. 007 0. 055
HGIS 20.5 0.22 0.78 0.038 Roelofs, et al. [ 0. 007 0. 055
UKMO 13.6 0. 14 0.53 0. 039 Lelieveld, et al. 23] - —
Ul02 16. 2 0. 16 0. 56 0. 034 Hauglustaine, et al. [6] 0. 007 0. 057
S 1y 15.7 0.16 0. 56 0. 036 S 1y 0. 007 0. 049
Mean Mean
* SRR LI 52 3 ) Retrieved based on observations
KX Z— . T ARHEBOE - Rz 2.
RAHT RS R R TR PIEE G . (A5 4 B

==

SRR P R NSRS T X 2 R AE AR i, b
Bifi KA AT 5t . MO PR R B AS[m)i & AE AR 4k, I
B RE . AT O, 3% 8 R R AR 5
O 6 S5 1 30 B LA

B 9SG # D 25t T % 2= R A AR b = 5
R FREAR L, 1, R AR R R
Kik 0.10 K, HAt kX Sy 0. 05 K, {H7EF L = )it
FNPU) PO e R o —0. 10 K, 4 H, F s R
A —0.40~0.40 K g8y, W Py —0.40 K,
HoAh IHR s X W 7 +0. 20 K (BB WN. 7 H, &
ML VLTI BRI IRGR 0. 60 K, 14k, )P AIZE [
9 0.40 K, HAXETEL0.20 K WIEEN, &Kk
RN —0. 60 K i NS, 10 A, e e b
A JRFR BRI IR, KU hRE S 0.30 K, FER
S AR HEEE B AL SRR, DL P R b
X8 —0. 20 K,

X2 R A AR AT [ nY o 2R IR B AR YE I AE 7
AR, 10 ARz, 1 &/, FEMBE L
By AR AR AC R L AR 43 L IX 1 2= 1 AR A B R
(AT S b ST e A A 2 N = o I 20 o T =
PR AR A I ) Xl B AR Ak R R X R AR —

(D) 153 HERC T B X Z R A & 7EE R
i PRS- SE R R XTI
il i DX U] R A A Y sl 7 s D B Y A A2
Py B /ML DU, B R R L RO 5 . A
) = T ERAEAE S (G PR L. PU R BN R E .
TEAEZR AR, AR AR AR L 5 2 3 X R A
LR d 19 Gl G L B A A 2 LR o S T T
JI R AR RS R AT RE VR R
AR AR RIS A K, WSRO TR
M TATIEL M AT . S S R AR Dl X I A
15 P HRRL S ER X i 2 B R 32 0 30. 928
DU, Jf Hfe R BUAE 4 Hy. o 32. 168 DU,

(2) A Qg R A S ) 0L S Bt
T | 7B PRSI0 )2 B S A A o LA i Y e =5 284
B RS LA 5 14 R R A 7 S 1 2 Ak
BRI s 1 A8 A 5ot (19 0] 1 A AR 4 Ay
VA 5% 2 A 15 G R s X, HLS R 7 19
MR AL T W2

(3) BLEHEIN™ L HJC S IR i S e -1
0.185 Wem *, e KIHEAE 4 H{rih%)0.2 Wem 2,
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oo P 0 5 K U B R 3 2 7 R L A R M
LR B R 20 A AT I 285 R v X 2 Y A Ak e
Fo R TS B2 R A R R
FGE A S B RN Z Y A — RE AR AL, [H
KRG R A EE N E, RARES . X
OF- ¥ 1 T AR 5 b o AL T I R 5 G N
0.006 Wem *«DU ', 5255 R,
B R S aRaA A 0. 021 W em > - DU,

(4) 5 UR AR S 4 X P2k 0. 732
Wem™*, KFRAMBERIBETAY 0.651 W e m ™, i
B LSRN B R 5 | A (A S S e SR R B sh )
FHAT A AR S B A, 5 S 3 0 e U e S 35 1) IX
A BRI, SRR G 7 L X S N
XiF R 5 A AR b X MR A

(5) X YL J2 B B3 5 | Ak 1Y b 2 T 3 AR Ak A
—0.80~0.80 Kz [u], I H ¥ X & -, 78
H R 2 5 RN B R A i X R

A SCF X2 KA 225 XA ki A it
FGERLAL T v R AR T i DX 95 e HE T B
LR AR At R AR SR o AL T A TR 2
EMIH R, RALE L FOF 002 D i 2 Ak 2=
AT RS, [R]EEX A 2= PRl h 2% A FROR 2 S
AARMEM IR TF T, XEHHEES)S
1 TAEFRHATIRATTE . BEAh. R 2 RSk
5 RISAEAELI G B R BT R 25 e
o IG5

S %3k (References)

[17] Roelofs GJ, Lelieveld J, Van Dorland R. A three-dimension-
al chemistry/general circulation model simulation of anthro-
pogenically derived ozone in the tropospheric and its radiative
climate forcing. J. Geophys. Res., 1997, 102 (D19).
23389~23401

[ 27 Berntsen T K, Isaksen I S A, Myhre G, et al. Effects of an-
thropogenic emissions on tropospheric ozone and its radiative
forcing. J. Geophys. Res. ,» 1997, 102(D23) . 28101~28126

[ 3] Fishman J, Watson C E, Larsen ] C, et al. Distribution of
tropospheric ozone determined from satellite data. J. Geo-
phys. Res., 1990, 95, 3599~3617

[ 47 Jack Fishman, Brackett V G. The climatological distribution
of tropospheric ozone derived from satellite measurements u-
sing version 7 Total Ozone Mapping Spectrometer and Strato-
spheric Aerosol and Gas Experiment data sets. J. Geophys.
Res. , 1997, 102(D15); 19275~19278

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

Brasseur G P, Hauglustaine D A, Walters S, et al. MO-
ZART, a global chemical transport model for ozone and relat-
ed chemical tracers 1. Model description. J. Geophys. Res. ,
1998, 103(D21) . 28265~28289

Hauglustaine D A, Brasseur G P, Walter S, et al. MO-
ZART, a global chemical transport model of ozone and relat-
ed chemical tracers 2. Model results and evaluation. J. Geo-
phys. Res., 1998, 103(D21). 28291~28335

ZH, BAEAE KAEEER. dba: R WAt 2003,
193~199

Qin Yu, Zhao Chunsheng. Basis of Atmospheric Chemistry
(in Chinese).

193~199

Beijing: China Meteorolgical Press, 2003.

Portmann R W, Solomon S, Fishman J, et al. Radiative forc-
ing of the Earth’s climate system due to tropical tropospheric
ozone production. J. Geophys. Res., 1997, 102 (D8).
9409~9417

Haywood ] M, Schwarzkopf M D, Ramaswamy V. Esti-
mates of radiative forcing due to model increases in tropo-
spheric ozone. J. Res., 1998, 103 (D14 ).
16999~17777

Mickley L J, Murti P P, Jacob D J, et al. Radiative forcing

Geophys.

from tropospheric ozone calculated with a unified chemistry-
climate model. J. Geophys. Res., 1999, 104(D23). 30153
~30172

Emmons L K, Hess P, Klonecki A, et al. Budget of tropo-
spheric ozone during TOPSE from two chemical transport
models. J. Geophys. Res. , 2003, 108(D8): 8372, doi: 10.
1029/2002JD002665

Gauss M, Myhre G, Pitari G, et al. Radiative forcing in the
21st century due to ozone changes in the troposphere and the
lower stratosphere. J. Geophys. Res., 2003, 108 (D9):
4292, doi: 10.1029/2002J1D002624

Intergovernmental Panel on Climate Change (IPCC). Third
Assessment Report ; Climate Change. Cambridge University
Press, 2001

S RN, XVZLAE, G TR R BRI X R Y
M. RS, 2003, 22(2):132~142

Wu Jian, Jiang Weimei. Liu Hongnian, et al. The infuence
of increasing ozone in troposphere on air temperature in Chi-
na. Plateau Meteorology (in Chinese), 2003, 22 (2):
132~1420

Streets D G, Bond T C, Carmichael G R, et al. An inventory
of gaseous and primary aerosol emissions in Asia in the year
2000 . J. Geophys. Res. . 2003, 108(D21). 8809, doi: 10.
1029/2002]JD003093

KNLLAR. A I R A2 e A R HC A=A 35 A T (1) R ) BF
8. MR RARE R L2008 30, 2002

Liu Hongnian. A study of the chemical processes of aerosol

and it’s climate effect. Ph. D. dissertation (in Chinese), De-



PN W 29 %
744 Chinese Journal of Atmospheric Sciences Vol. 29
partment of Atmospheric Sciences, Nanjing University. 2002 [20] Berntsen T K, Myhre G, Isaksen I S A, et al. Time evolu-
[17] Stevenson DS, Johnson C E, Collins W J, et al. Evolution of tion of tropospheric ozone and its radiative forcing. J. Geo-
tropospheric ozone radiative forcing. Geophys. Res. Lett. . phys. Res. » 2000, 105. 8915~8930
1998, 25. 3819~3822 [21] Brasseur G P, Kiehl J] T, Muller ] F, et al. Past and future
[18] Haywood ] M, Ramaswamy V. Global sensitivity studies of changes in global tropospheric ozone: impact on radiative
the direct radiative forcing due to anthropogenic sulfate and forcing. Geophys. Res. Lett. , 1998, 25; 3807~3810
black carbon aerosols. J. Geophys. Res., 1998, 103. [22] Van Dorland R, Dentener F J, Lelieveld J. Radiative forcing
6043~6058 due to tropospheric ozone and sulfate aerosols. J. Geophys.
[19] Kiehl J T, Schneider T L, Portmann R W, et al. Climate Res. , 1997, 102. 28079~28100

forcing due to tropospheric and stratospheric ozone. J. Geo-

phys. Res. , 1999, 104; 31239~31254

(23]

Lelieveld J, Dentener F J. What controls tropospheric ozone?

J. Geophys. Res. , 2000, 105.: 3531~3551



5 14 T ES: o R AR b X 75 G HE O X 32 R AU b 5 48 S R e 1 ATE A
No. 5 WANG Wei-Guo et al. Researches on the Influence of Pollution Emission on Tropospheric Ozone . .. 745

30°S
60°S

90°S
180° 120°W 60°W 60°E

B2 ARREEUBHLA T X R ZE O UL B Ay e CRL . DUD RY4EF-85 50 A

Fig. 2 The distribution of annual mean of tropospheric ozone column change (units; DU) simulated by the global model
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Fig. 8 Distribution of normalized annual mean net radiative forcing (units;: W« m~2 « DU™!) taking into account ozone changes in the trop-

osphere
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Fig. 7 Longwave radiative forcing (units; W « m™?) of earth-

atmosphere system for clear sky taking into account tropospheric

ozone variation with climatic feedback
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Fig. 9 Ground surface temperature (units: K) variation caused

by radiative forcing of tropospheric ozone change



