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Abstract The OH radical is the primary tropospheric oxidant, accounting for the oxidation capacity of the atmosphere.
The GEOS-Chem model was used to examine the impact of anthropogenic emission and meteorological parameter
changes on summertime OH concentrations in China since the implementation of the Air Pollution Prevention and

Control Action Plan. Our modeling results for the years 2014—2017 demonstrate that the summertime OH concentrations
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in China exhibited an overall upward trend with the fastest increase occurring around 30°N over eastern China; the North

China Plain was also simulated to have an obvious upward OH concentration trend of 0.1 X 10° molecules cm > a ' while

the Pearl River Delta experienced a weak downward trend. Further sensitivity experiment simulations showed that

changes in both meteorology and anthropogenic emissions over the years 2014-2017 contributed to the increases in OH

concentrations in the North China Plain, wherein the contribution of anthropogenic emissions was significantly larger than

that of meteorology (10% vs. 1.5%). Meteorology played a major role in OH concentration increase around 30°N over

eastern China. Further meteorological analysis demonstrated that the meteorological variable with the greatest

contribution was solar shortwave radiation, which can explain the changes in the OH concentrations over a large fraction

of China during 2014-2017. However, the role of solar shortwave radiation was offset by the boundary layer height in

impacting the changes in OH concentrations during 2014-2017 in the North China Plain.

Keywords OH radical, GEOS-Chem model, Meteorology, Anthropogenic emissions
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VAR, PR A — s G s R 3 A7 1R
SEARTGRMBZ R ZRE. B 2013 FRE
WA ) RIS B AT SR (iR < KR E
T WA R, —RERIEREY (— Ik
PM,s. SO, %) M/ c&scil. HAEZ&, HT K
AP RN R JE LR (Li et al, 2019), —
B RIS (Bl RA. MR WRER
A, WA ERAAR S TANBREE, W
SN NI R A S5 72 AE AR (Liu et
al., 2019; Xue et al., 2020; Dang et al., 2021). fE
E BT (Flanede- PR, A Nigsh Al
A= P HE R B R B TS 4 (0 SO,y NOL
VOCs 55) @B A HE (OH) %k, Rtk
HEANCNTRIR S . WEEREE . AMLRIA R R A S
i5 9% (Shao et al., 2006; Zhang et al., 2008; Zhu
etal,201D), HAFHARAIEAHENHIN. H
Ub, At SrEEREE SRR RERKRITY
A EX OH H H A 1 22 A 35 J 5 e B 3R kAT
A .

KAEMTRIE R KI5 e Rk AR IR LR Eh 17,
Horb OH fE 2 I E AT, 7EIR KFESE
EFEHERSPEMLAES (Luetal, 2019), 3T
HiX OH W FZORIEH R (O3). WAHER (HONO)
SOtfR e OH M FEZC R %4k NO VOCs 5
TG W E R HOp KA B, 45 il 3 1 B S 4k
R ERAE G . Rk, HEBCR RS R AR
2520 OH H 2 4L 240 32 . Ehhalt and Rohrer
(2000) #ff 78 % BH £ NO, ¥k B MK, NO 5
HO, [ M35 OH B AE M 2 5 3= F/EH, mE

NO, R F, NO, X OH B2 BRAEH & £ F4E
o BRItz Ak, 76 VOCs Hh X 3% i 17 75 Al NO,
o4+ OH H Hi & it #2, ik vOCs fl NO, — 3%
(LA TR 2 OH KR FEXF HECE AL M B . SR 5%
PRI X OH W AT BRI . BT R R MR
FHAR ST A SRZ S OH B HI B B2 F AT &1 A IEAH
2 (Ehhalt and Rohrer, 2000; Lelieveld et al., 2004;
Rohrer and Berresheim, 2006; & ¥T ] %%, 2016), *
WK BH R S 2 52 OH IR EE B ZER &R . Lelieveld
et al. (2004) 183 3 %53 3 A K B 7K IR ) 38
(H,0+0('D)—20H) 45 35 OH [ Hi 3 ik ¥ ) 1
s TR K ER B G s 514 HaO, HIVTRE, 3 1M ek
/b OH H HIFE 1A il

ERE, O %% OH H HAETF R
Foxd FLF A o A RFAE . A S PR 3R A S T
THFKWF (Luetal, 2013; #HiA%E, 2017; Ma et
al., 2019; Woodward-Massey et al., 2020; Yang et al.,
2021). OH ¥ & T 52 2K PR S o semi, =2 2
B G ARG R I H WY R B O A, ]
0 U 5 1 TA) B 2 T) W) REAH 22 IS DM B R DL |
(Luetal,2019). 7E[A]734G L, Luetal. (2019)
KGR 3 =2 T s s X AR X,
AFIZEA ) OH H BRI EEHRZE 10°~10" molecules
em TSR . SHAMH X AR EL, SR X OH
H e KR BEA ST By, OH H S KR (L H LA
TERIL=4I, 4 15X10° molecules cm ™. A4k
Ui, HATERXS OH H Hi UL BT 78 78 o 0 il LU
AR, HWFFCRIR B, X S R A
HE OH H AR Fu > B A H R ARXE AU
EXFIRE OH H HE A AL AT 2 1 AR

Rk, A 50 R = 4 KA AL 5 A i A Y
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(GEOS-Chem) #U{HBALMBF T T, FEAN
RO G2 AFIX AR 22 0 2R OH AR Ak (1541 o
BARRUL, AHF T pT O KA 4 BT DR
EEZE (6~8 H) OH M= a4 A UL S B AL,
TS HE R A AN G R AR 25 A SR R OH A2 K
B BN R R, FEAENER
BRI A B
2 #RERFE
2.1 GEOS-Chem &=

AL MERRA-2 F5 HT S G 55085 3X 30 (1) 4k
BRRA P A Bk =g RS AL L (GEOS-
Chem, FRAS 11-01), L 2014~2017 HFEZFE (6~
8 H) OHIREMZ4k. fEREXEE G 11°S~
55°N, 60°~150°E) I, BLAIK-73#E%R 0.5°X
0.625°, MEE M LIt a7 2. WG i T s
VI FR I BE 20X 2.5°7K 7 43 HF 2 1) 4 Bk GEOS-
Chem FRILFRAE,

GEOS-Chem & & 40, & 7 ¥ 4fl ) HO-NO,-
VOC-O3- B = 12, RN HE T N NHEK
VAR R AR AL RVER o Bl X3 b 19 A AR
ok | E 2 REABGE 5 (MEIC), Hi 4
Aok, Tk, . (Mg @R
ff) CO. SO,. NO,. NHj3. VOCs Fl— KA,
f£ 2014~2017 %8 CO. SO,. NO,.» NH3. VOCs
FIHEBCE 7 IR T 16.8%. 48.5%. 13.0%- 1.9%.
1.7% (Zheng et al., 2018). A [F LA A I 3 H: Aih b
DX NN HE K E >k E MIX HEUE 8 (Li et al,
2017) . AEWIEHEL ) VOCs s R #§ MEGANV2.1
RS4339 ) (Guenther et al., 2012).

B B FH 3 8RR B 2 B3R E LR
( National Aeronautics and Space Administration,
NASA) #4t\) MERRA-2 7 4r #1548 s AHLL T
MERRA ##5%, fH T 505t 5 R R4,
K43 N 0.5°X0.625° (AT IA129 50 A LD,
A SCAUASE FHZ AR A N IR B A Bk = 4 A 25 A
1R GEOS-Chem BEHURIG S 535, WA 1%L
PEAE P ORBHAT AR ST WRE . WE. 7. URE
mFE L PR ESERARBERIEITEL 2 o4k 1 ]
H5 T, BN TIRER I EEM . MERRA-
2 P340 AT B HE T N NASA AH O T Chttps://gmao.
gsfc.nasa.gov/reanalysissMERRA-2/[2021-07-13]) 4k
FRHL

2.2 HERERIT

KAE+26T 2013 4£ 9 HaAi, S14+%) 2017
A AR E AR S, EILE SO, NO,.
CO Z— KI5 J b B4 s, H—8% k5
G RPIE NS, DR A 2 B X B[R] K
REMPEREAT R T . B ASCE IR T 2014~2017
AR B, SR TR E SR AT LR AR
HEs LA G R R E B OH R 2R # 1)
o, ASCETET ZHRE (R D (D
HERIE (Base), [FIR 5 E AN NHEBA S G311
A4k, X 2014~2017 B4 1 OH ¥R B 347 B4,
H B2 78 RS T 2 AT Lok OH WK EE A2k
#, FEHMMEBN ) OH WEEHAT XL, I uE Rl
AFME. (2) MET17_EMI14 056, K 2017 4
SRR 2014 FHETE . MET17_EM14 X545
B2 RIS (Base) 2014 FEHISE R, RFET
2014~2017 F G KM A0 OH YR FE 152100 .
(3) EM17 METI14 5%, KA 2017 SEHEB0E 5
12014 S5 % 3%; EM17 _MET14 3560 45 5y 2 5
RIS (Base) 2014 EH 45, RFE T 2014~
2017 £ NAHEBCE AT OH ¥R BE RIS o

LA E =SS, FRATAT A B T
KAE 2 HAT Dok b [ B 2= AR R 224k
X OH ¥ EEAZAL I DRk -
23 EHEuLkMEYIRE

T 56 M MERRA-2 F- 73 #r £ic4is b P Hh vl e s
i OH WK EEARMI R G AR, FEAMM 2 miRE
(T2). HEEEE (Tmax). Hu3E N5 4E
& (SWGDN). 1000 hPa [JAIXIEEE (RH1000).
10 KEFEZ AR, (U10). 1000 hPa Z8fHX (U1000).
850 hPa £ [7] X, (U850). 500 hPa £ [ X (U500),
10 KEFEAAX (V10). 1000 hPa ZE[A)X, (V1000 ).
850 hPa &[] X, (V850). 500 hPa &[] X (V500)-.
W EEE (PBLHD. ¥ FH A& (SLP). &
= (TCC) MIBF/KE (Rainfall). 4 51T 5 X
LS RAR S 24 hF¥{E, H - PBLH. TCC.
U10. V10 &7+ T EATH K 08:00~16:00 (k5T

%1 GEOS-Chem SR MK %It
Table 1 Configurations of the GEOS-Chem experiments

BB I8 44 R S G EN N A
Base 2014~20174F 2014~20174
MET17_EM14 20174E 20144F
EM17 MET14 20144 20174
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W, TED B-F¥{E (Lietal, 2019; Chen et al.,
20200, HIL20NMNREERE. HBEH, NT EKRE
B B AR BB, TR SORNIE T 5 RIEEF
¥J ( Krishnamurthy and Shukla, 2000; Ren et al.,
2015); AT HBRBIRIZFET AR, XHE H HdE
2% H 2 EFHE (2014~2017 ). 0
Bom FERE n RIE OHIREEAN R(m,n), W%
H ST HEAE R (m, n) N

m=2017
Ren = ZEBEROD
R’ (m,n) = R(m,n)—Rc (n). (2)

W TiAL 3 5 1 20 MR G & DL OH iR R4
P FEAT FHOC AT IS, 5 B 4 VA o B 3 T R
(P>0.05) MASZAERE. BUHFEERNAIRE
T HLMEST (VIF: 5 ZEKE T, 24 10<
VIF<100, fA{EE50IZ% EILLLME, KIRAIBR VIF
BRI —NEE, HIFAFIKRLER VIF<10
Ja, KRHIZEPZ et RIH (MLR) #i%, X Base
B, 2014~2017 4E 46 J6 T J5UR1 BR VT = /1 9 1)
OH H¥JIREEREAT 434, MLR B AU F -

n
y=bo+ X bixi+e, (3)
k=1

Horr, yfREOHWKE, (x, -, x,) RKErAIHE
I IZW AR B R, by /UK MLR B82S
kKNSR ERNEIERE, fFREkE. BE, £
VAF A LMG (Lindeman. Merenda 1 Gold) J5 V%
(Groemping, 2006) EAk LMG B i fE—N KK
AR B, DABkE AL P IR A BRI =
M 2014~2017 FEE PN OH I FARE T
2.4 OH Wzt

HI T OH H HZEKI K7 tlad, X OH H i

BRI AEAE — € IXMERE, BT LLRERE 3R AT 0 WL 0 £
PR . HATA SO ZI OH LI £ids & 2255 A
TEHEIEFE (NCP: 35°~41°N, 113.75°~118.75°E)
FMERIL =9 (PRD: 22°~23°N, 112°~115°E)
PN DX o 4 0k S A 5 R A A i X 3 A3 A
( Tan et al., 2017; Ma et al.,, 2019; Woodward-
Massey et al., 2020), | N EHZBX 2 Nk (Lu
et al., 2013; Tan et al., 2019), Ll Jz A% #B uh
(Yang et al., 2021), & 6 Nl gi o B AR BN A7
B UL A] LR OH Wk 5 L% 2.

3 SRS

3.1 2014~2017 S [E OH AEHLE R RS IHIE

$£F 2014~2017 4E (1) MERRA-2 S R - 43 47
B AHESCE A, FEERAIALS (Base) BEALHI)
HF Y OHWK EE 20 A B 1 Fi s o Su et al.
(2012) 2 Bl ffi /. MOZART #5 2 %t 2004 4F i [
AR R OH KM EEEAT AL, R IR ] 2R i
X OH FEWFE T PH S HLIX o (H I3 OH WFE /3 A1
EHKREAR, FREZE R OH KE S HE X 32
AT HHHMXAERE. N, TE. BRi—,
PASC R X ()7 AR AR S VIR T o TR b gk
7 RERT AR AL AN ERTT = M X, wT B
R OH T E oA £ AL~ IR A B i, LA
FERIL = AN 8. M 2014~2017 4, HZF4E
A ~F J5 7 35 OH ¥ F£ 43 5 24 2.6 X 10° molecules
em >y 2.4X10° molecules cm . 2.8 X 10° molecules
cm >y 2.7X10° molecules em >, fii Bk VT = £ ¥ °F
¥ OH W FE 4> % A 4.5X10° molecules cm .
4.4 10° molecules cm >+ 4.1 X 10° molecules cm .
4.4X10° molecules cm . W] LL7F B BRIT = M K
I v T AP R, X5 Luetal. (2013) H0

%2 OH BEHREREMNUWNLE RS GEOS-Chem R IRHLE R
Table 2 The observed and GEOS-Chem modeled OH radical concentrations

M 5 R B 1)

MMOHMK & /10° molecules cm > BHOHMK f£/10° molecules cm

MM 225 SR

AL ER(38.7°N, 115.2°E) 20144 H == WEfE5~15
JEIIAP(39.6°N, 116.2°E) 20174 HZ 18582
JEBTPKU(40°N, 116.3°E) 20179 4ZF IEAE1.5~2.0
JARTTM(23.5°N, 113.0°E)  20064E 5 2= (B 15~26
JUAREI(22.7°N, 112.9°E) 20144 H & KH{E4.5
U I E#B(30. 49N, 103.8°E)  20194EH & IE{E10~20

HI9ME2.4 Tan et al.(2017)
H¥{E2.4 Woodward-Massey et al.(2020)
H¥{H0.3 Ma et al.(2019)
HIME3.9" Luetal.(2013)
H¥ME2.9 Tan et al.(2019)
HH43.5" Yang et al.(2021)
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E 1 2014~2017 £ EE 2 OH R MEARRILE BI040 SEFHES BIARREILTE (NCP) FERT = MMM (PRD)

Fig. 1 Spatial distributions of simulated mean summertime OH concentrations in China from 2014 to 2017. Green rectangles denote the North China

Plain (NCP) and Pearl River Delta (PRD)
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Kl 2 4 T GEOS-Chem 45 4L (1) 5 £ 3% 7 B
2017 FEE ZF OH W E I H A, fERAEFIR. K
L= BRIC = 9N LS DY )1 24 ) OH ¥ BE /Y
H AR AL #B B 30 Hh A7 e A ) e oy A . Hrp A
J6F 5 OH W FE WA HIAE A 12 1), WREEN
9.5X10° molecules cm >, 5 Tan et al. (2017) fF
2014 47 B Zx 0] |t B UL I 381 (10 0 A Ak i Y T — 3
(U fH 5~15X%10° molecules cm™); K VL = 4 M
K] OH ¥R FEVEM M BLAE 1 P4 12 I, IRIEN 12.0X
10° molecules cm s BRYL = W1 ] OH Y& FF I {f
PUE T R4 13 I, #FEH9 16.8X 10° molecules cm
5 Luetal. (2013) 7E 2006 EE 2= 7R MU E
Py IR 34 P 900 BBl — 380 (AR 15~26X10° molecules
em ) PU I %M i OHIK JB W {2t I 7E 7 F 4F
13 1, WA 11.3X10° molecules cm >, 5 Yang
etal. (2021) F£ 2019 4 5 2= I 1| i UL 2] Frg g
EIREETEE 3 (W4fH 10~20X 10° molecules cm ).

—_ - N
o] N [e2) o

C (OH)/10° molecules cm™

~

0

0000 0400 0800 1200 1600 2000 0000
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B2 2017 FHEZFEONTH OHWKE (O HA&EM. BT
(NCP): 35°~41°N, 113.75°~118.75°E; KIL=# M (YRD):
30°~33°N, 118°~122°E; Pk{L = Ml (PRD): 22°~23°N,
112°~115°E; POl % (SCB): 28.5°~31.5°N, 103.5°~107°E
Fig.2 Daily variation of summertime OH concentrations in the four
megacity clusters in 2017. North China Plain (NCP): 35-41°N,
113.75-118.75°E; Yangtze River Delta (YRD): 30-33°N, 118-122°E;
Pearl River Delta (PRD): 22-23°N, 112-115°E; Sichuan Basin (SCB):
28.5-31.5°N, 103.5-107°E
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BRI, AR BRI =AML DY) ks
W5 GEOS-Chem B4 1) OH ¥k FE7E H A8 4k E A
A3k, OH WE{EIKRFEERRIL =M, Hix
FERIT = MAUPRIDY 2, Sl P A SR
F 2 HIH TIEARIRIE OH B B SR B 18l
53, T OH H HEMG S A Bz 2K PHAR 3
(Rgemm, WL &5 SR 2 K 2 BORaE i 2 B H OH WK BE
W AE A V5 B . R GEOS-Chem #5201 U ) 45 51
& OH M HIWEE, HEMRY, &M EHS
—E . MWL e s R B OH H HH 3R IR BE 1)
mEEEEPEE KNS, LR,
AR &5 RAMREIR UF A 1X — A1k, X buAedl
SRS BRVL = A PN AN X3 28 OH I BE B LIIAEL,
ERIL = AN OH W B2 i T b PR, [FIFERE
WAL TIX—I R, (HEILF R R 45 R

MflKo VAR, H TR I e i 23 RO A7
TE—E 25, FEEISESE FAH LT W OH &
A — &l , (H &7 OH IREMBER . =0
I3 A LA AT AR B — 8, g T R U AL
SER A G, HAL, BT RN L A AR A A
oL 3 B 2 Wi LA s 5 4 I KA 2 LA R )
(1) OH ¥ &£ th A7 £ — & A (Lu et al., 2019),
XU IR 75 B — 2D 9T 2 e KA L

o 35 vE AR AR 56 (Base) R H 9 2014~
2017 4E b [H 5 2= OH F ¥R FE AT a5 3
2014~2017 = [E H 7 OH ki (K 3a),
M AT LA B H, 2014~2017 4 9 [ K #6545
HOIX ) OH RFEA G &S, Hr2e s, b,
Jb. WiEE. EREEHMIE NSO R . BB
JE [ FHEHATE 0.05~0.17 X 10° molecules cm > a '
20172014
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Fig. 3 (a) Linear trends of summertime OH concentrations during 2014-2017 in China from the Expt Base simulation; (b) The impact of changes in

both meteorology and anthropogenic emissions on the summertime OH concentrations during 2014-2017 in China (2017 Base simulation minus 2014

Base simulation); (c¢) The impact of changes in meteorology on the summertime OH concentrations during 2014-2017 in China (Expt MET17_EM14

minus 2014 Base simulation); (d) The impact of changes in anthropogenic emissions on the summertime OH concentrations during 2014-2017 in

China (Expt EM17_MET14 minus 2014 Base simulation)
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