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Abstract, With the vigorots' implementation of the Clean Air Action since 2013, the atmospheric particle pollution in China has been substantially reduced, but ozone
concentrations have been increasing. Moreover, tropospheric ozone can make a difference in meteorology and air quality through its radiative forcing as an important greenhouse
gas. A coupled regional meteorology-chemistry model ( WRF-Chem) was used to reproduce an ozone pollution event that occurred in North China in June 2017. The impact of
tropospheric ozone radiative forcing on local meteorological fields and its feedback effect on ozone air quality were analyzed through sensitivity experiments. The results revealed
the excellent performance of the WRF-Chem model for meteorological parameters and ozone pollutant concentrations. Tropospheric ozone radiative forcing (TORF) increased
the average near-surface temperature by 0. 23 K in the Beijing-Tianjin-Hebei-Shandong Region ( the maximum temperature increase could reach 0. 8 K) , reduced the relative
humidity by 1. 84%, and elevated the height of the boundary layer by 27.73 m. TORF had a weaker effect on wind speed ( ~0.02 m*s™"), but the generated anomalous
southwestern wind was more liable to transport ozone and its precursors from upstream polluted areas to North China. Under the impacts of ozone radiation feedback, the ozone
volume fraction in the study area increased by an average of 1.7% (1.23 x 10", whereas in the heavily polluted Beijing and Tianjin areas, the increase reached up to 5 x
10 ~°. Furthermore, the enhanced gas phase chemical reactions were identified as the dominant cause worsening near-surface ozone pollution by progress diagnostic analysis.
Key words: tropospheric ozone (05 ) ; radiation feedback; air quality; numerical simulation; progress diagnostic analysis

X2 R (0,) 2 R A A (NO, ) Tl &
PEFHLPI(VOCs) iﬁﬁi‘(z%“fiﬁiﬁié@~ﬁf
ST 0, 5 Y R A ERYE G 28 4t T A A
@a%l@ﬁiﬂ@ﬁ%;@f”. WAk, ek 4E R
0, 15 FH L AT ANFCE 8t 70 J7 A (H
W 38% KAETETE) i RARVEYII 14 ~ 60 1032
G, R AR 79 Y

X Oy & —FhEE 22 A i 5 A, 7T DA
A B 6 90 Y e R K D A S 5 e b SR G Y
S IPCC A8 TR PP AR A 3, H T T
AP ARETR DL, 4Rk F- 259 19 % 3t J2 R AR O aa

(tropospheric ozone radiative forcing, TORF ) {1118
}0.40 Wem ™, RS HENRTHEMWERENEZ
—!"% Dentener 45" i i:f TM3 1 STOCHEM #5% 74
TF e L AUAR SR o 38 A RIS 35 Y B A R HE i
AR 2B Ak, b2 ER 2020 ~2030 4F O, RS

s BHEA: 2022-08-11; 1&iTBHA: 2022-09- 21

HE&WE. @%Eﬁﬁ?kfrkﬂéﬂi/“ &mxjﬁﬁbiﬁ
(2019YFA0606800 ); [ % H & Bl 2 & & W H
(42007195 ) ; A R R Elﬁkﬂilﬁﬁl
(21KJBI170004) ; FZEIHEH RS, 15 Yokii 5

) A S = R 4 T (SCAPC2021 14)
YEE® A AAR (1997 ~ ), Lo B BF9E A FBEHT5ET7 W) S R
BB E-mail; nandu@ nuist. edu. cn
* JAEVEZ, E-mail; chenlei@ nuist. edu. cn; hongliao@ nuist. edu. cn



3706 7D 53

oo 44 %

FLEE 1990 ~2000 434 H11 5.0 x 1077, i £ fdi % 37
J2 R AR STIRA RN 0. 2 Wem 2. Pozzoli 252 F| J1]
S Al 2SR X ECHAMS -HAMMOZ 3l 13 %
Y W% A AN R L) D B = BT i BTER - A [
LRI 1981 ~ 2005 4, 15 (19 Nk i sl 4 ) 35t
}%’ 0, MY %@ 51 98 10 58 hn, & BRFE¥HR 0.05

m 2 ;{F]Ef@[:ﬂi] 0.12 Wem 2. Dang %[m@m
GEOS-Chem #E0Hr . [ 2012 ~ 2017 4R35 525
FEB R T X 2 5L AU S 0 1 AR AR 1 O, 5S4
SEIRFRT, 2012 AFFh [ A< 00T 2 5L AU S A N
0.72 Wem ™, 2017 4F 5L 45§ 5F 5 30 F — 25 3 9
0.10 W-m ™.

XHRE 0, WY AE wfﬁrzjjﬂﬁmim%ﬂﬁtjzm
ELERERES- AT 5 3 LoD (TR AR /P U e 73
-S4 BCC_AGCM2. 0. l_CUACE/Aero *ﬁ?ﬂ
1850 ~2013 4EXHRJZE 0, A iﬁzi@%ﬂﬁiﬁ(effective
radiative forcing, ERF) S H:XF @ BRS A0 5 I’]
BEH T 1850 ~ 2013 4E A EY X R O ﬁmr
254k 18. 08 DU, §:3( ERF J?ifji-ijyﬁ'o 46 W-m™?,
éfﬁ@%iﬁi&i’%ﬁf“iﬁﬁuo 36, ﬁ%ﬂdﬁmo 02
mmrd l Royrff[lg] %'J)EH SR ﬂﬁ -?:-'-W ﬁé{‘
ECHAMS HAMMOZ B3 T AR s | A R
NG, HE At 0, % &;B:ﬁa%juiﬁgﬂ‘@/@
M, *%U R W I 389% 19 NO, WA 2 i 0 |
Fﬂfn&%m 0 VIETFF ﬂcﬁﬁ@s&aﬁﬁ@u@a’
16.3 mW""m £ % 7 C 5 5 1 T R AT
14T 0. 3 mm-d~"). 14 AN NO, E’Jﬁkﬁﬂziﬁ—*ﬁ
By (3 78% ) , Y O, MR £35% 7 Hadley
PR U 5 BN E O X B REK (- 0.3 ~ —0.6
mm-d ") Li 250 F ] X R R RegCM4 T
T E X X Z 0, BY2S[8] 2045 | 58 5 i 0 A
SR I, A Tk $ar Lok 3R Z O, W
) 1A T8 G5 O ¥4 6 S 3 o 19 00 0. 89 Wem ™2 T
BeSR e I 25 5 A AR R 2 XU A v R
B ORI 2 KA.

XFHLE 05 78RS 473 3 3 7 2 A
@ AT D 3E 2 5 A S A 5 B A AR TS e s

TAPRAYRLRL. AR, H AT E N ANE R )ZE 0, 5
%ETE’J*HEVEFFJ FIEAIPEP ISR S 71i0)- Al
LUDORITYi SRR b SRl 111% ) Satie T PSS 1)
R ﬁ'ﬁﬂﬁl”’rﬂ’]m%{ ST 2P 0 R ke Wil 1 1 D
RIS LF A . IR5E O, BUFRGTsRaa , LR
EARXTRZ O, 5458 5 A B AE X 25 =0 & 1
TR, A R T S 4 b B A RS0 e =R R A T RN
AR AL, X AR 2 T A B KRS Y B R R B
HEZEFEFE X

2020 FFRE A FIMBCEIR 0, Hi K 8 h ik
FEBYES 90 HAMEECH 139.3 wg-m ™~ AL 2015 4
E#k13.8% . dE O, V5 YRS H 25N, BN
0 U] R X B AL P B E AR LS R (36° ~
40.5°N, 114.5° ~119.5°E) J& K [H 0, V5 i ™ H
FIHBIX 22— 2 O, WA K d s i L X 22

— 22 RCLL 2017 4 6 H & FEAEAL HIX 1l —
WO, 15 G R4 R A # A 1) X e 25
ST EAAY WRF-Chem S FE 3L I U5 G F 44, 38
IR 43 BT o) It 2 R U R A N HL R G
HER SIS sh B L5 R i R 2 5 28 Ak i S5 a1
E— 2 m ARG IZE 0, %R B R %

FAY 552 M) S AR T G e i A v A 4 .

1 #MRE7FE -~

r j'l ~'.H
L1 FEE .
jﬂf?ﬁXT?ﬁF%ﬁiﬂi%ﬁﬁiLXT—h%ﬁE 95
. LR A O, 1 0 o)
BF 1 g NGAR 1 NOAA 55k 5 T ] &
(online) 1‘@% Ejg Bt 550 WRE- Che‘" 24 29]#’.
( weather research and* forecasting model -coupled” t,g:-f
chemistry ). *%Etﬁﬁzii;ﬁ‘ v3.7. 1,2k H Lambert iﬂl@
I, Wﬁﬁﬁj‘#}r‘?—ujﬁ 27 ke, DL X S
@lwmﬁm@m 1) G E7 T AT 29 2 B
UEHE)U@ 2017 455 H 27 ~30 A, HhEisdm
spin-up Hf[A].

eﬂ; =X
s SR

110° 112°  114°  116°  118°  120°
I G R m

1 201
W = A RN RGN S 5 AR IR 05 HeBE W Il 6,
FEAITRL SRR AT RO IX (B 5T KT AL ANLZR)
1 WRF-Chem #2342 #6335 0 000 iy 2 64 = 18] 43 7
Fig. 1 WRF-Chem simulation domain and the spatial

401 601 801 1001 1201 1401 1601

distribution of observation sites



7 39 FHAR A . S ZA U2 SR AU A SR 0T Al DX R U 2 AU B R 5 ) 3707

UK 5l WRF-Chem 155 3X 1 < 42 ) i1 A 854 ok A
R ) A TR PG (ECMWE ) SR HE 95 5 404
BRH 4 M1 4 % B ERAS (https://cds. climate.
copernicus. eu/cdsapp#! /search? type = dataset) . %
AR B w5 23 (] 43 HE (0. 25° x 0. 25°) Fil
BF I3 R (1 h) |, BEAR AT M = 25 R A 0 R
G YL B K I 3 AR R RO B BE ). A
WIRR B30 5 260k A A BRAL #4850 CAM-Chem
A F $L 45 B (https://www. acom. ucar. edu/cam-
chem/camchem. shtml ), H 7K S 43 3¢ K R 1° x
1.25° If A 3B 5 6 h.

N HHEBCEE R A AR RS0 MEIC T
T E) (Chitp ://meicmodel. org/ ) , £U35 15 YL — 4R
B (S0,) . ALY (NO,) ., —A ki (Co) | dE
HGe R A HL (NMVOC) | 0 (NH, ) | PR Bk
(BC) . AHLEK(OC) . —URHR A 4R (PM, 5 )
FCHLORE) (PM, , ) . 15T A 18 A M TR HFBOR: F
MEGANv2. 04 FAEIIZE L ey Mk BeHE R R
F FINNv2. 0120, b 2 11 ¥ & HE g7 50 1 Shao
4‘}“” Al Gong 4 # 1R E’J%ﬁ{i‘f%ﬁﬁ’ﬁ

Y LR VTS % % CBM-Z gcarb rbmui

mechamsm V@fsmn Z) ML 1%75%7?— BM- IV EU
SR B T e LA 2 A S J'a‘ﬁ%%ffgf“%
ﬁvikuwA%ﬁﬁmmww*%%ﬁiﬁﬁ

%gnmJﬁ%m 1 1R T ORI A 7

AR . m{ﬁﬂ&@%ﬁ% P A S ARy
MOSAI,C( model for simulating aerosol interactions and
chemistry ) AL 7 AL LS BiRRER | AHERER | £
i BBk AL, SR FIHAB TSR B
() B RO BRI . T OTR L B
RABELE S [N AW TR BN 1 = IR T AR
YRt ROt i . AR O TR 1 (LR TG &
B, PR R R AU X RR ) mT LAGE 2o i3 K
SRR = AR A R BT 5 2. /E WRF-Chem
By A — AU AL o7 B3 45 A A BN R
P T — AR 18 1 52 7 9 48 %5, 10 7T LAl 3ot
Mie BRSO T 5 0 BORL T 1Y 1 D6 8803 TS 2%
SR R R G O %6 #9 #E l RRTMG ( rapid
radiative transfer model for GCMs) 7% % )7 & 5|
ASERAH R R OG- R, RSB IH
FERR TR A AR . 5 g [R) AF SR R A S
TR O, B B 05 58 vh i) U A 2948, A
PR SR 2 O, B T 4% B 5 95 50 52 . 1 A,
RRTMG R rp BRIABEE B H Al 2 AR 2, 4
CO, . CH, I N,O &%, AR 45 @ ER L 2 4 X CAM-
Chem 54U 25 R 047 50 37, TRANAU I BEAAL #2501k

FEIWLEIL
*1 BRENFAIESHELFR
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