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Abstract OH radical is the main oxidant in the troposphere, which characterizes atmospheric
oxidation capacity. The GEOS-Chem model was applied to examine the effects of changes in
anthropogenic emissions and meteorological parameters on the changes in summertime OH
concentrations in China since the implementation of the Air Pollution Prevention and Control Action
Plan. Our modeling results over years of 2014-2017 show that summertime OH concentrations in
China exhibited an overall upward trend with the fastest increases around the 30°N over eastern China;
the North China Plain was also simulated having an obvious upward trend of OH concentration of
0.1x10° molec cm>/year, while the Pearl River Delta experienced a weak trend. Further sensitivity
experiments simulations showed that changes in both meteorology and anthropogenic emissions over
2014-2017 contributed to the increases in OH concentrations in the North China Plain, in which the
contribution of anthropogenic emissions was significantly larger than that of meteorology (10% vs.
1.5%); Meteorology played a dominated role in OH increase around 30°N over eastern China. Our
further meteorological analysis shows that the meteorological variable with the greatest contribution
was solar shortwave radiation, which can explain the OH changes over a large fraction of China during
2014-2017. However, the role of solar shortwave radiation was offset by the boundary layer height in
affecting 2014—2017 OH changes in the North China Plain.
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VTR, FRIE PL—Iy5 Rl — s Je A2 I R R AiS e i) 2 32 Kk BEE 2013
FERRENAR R CRTFRBIRAT IR (R “CRTEK7) ARSI, — k53
(W—¥X PMas. SO2 %) M/ CEM. HiE, BT RSP RNEIELER (Li et
al.,2019), —UE RS YY) (Bl B RIRER) WRE R LA, SR EIA R
T AVNEIRRAR, oot NSRAERR . MR A A ARSI (Liu et al., 2019; Xue et al., 2020;
Dangetal.,2021). 7EH1 [ 1 FEI AT (Flanfedb-FIED, A iEsh A A i ek
FERT5 39 (41 SO2. NOx VOCs 55) £t etk H it (OH) %Ak, REMS DUl A e
the THEREL . AL A KI5 4 (Shao et al., 2006; Zhang et al., 2008; Zhu et al.,
201D, ASHRAEAFRAEI. Wik, A PusREESmE. BEARIEE,
ALEXS OH H HH A AR AL 34 S g i (R 3 AT T 7L

RAEMFN R I B K05 G RAEZOBR SN 77, Horp OH 1B i 2 7 i) R AT, 78



TRRFERE _Eam 5 KEALEE S (Lu et al, 2019). IHTTHLIX OH (£ Bk A (03).
EAHER (HONO) Z56fr=E; OH M B4 NOy. VOCs 45 3 25 e s F HO, K 4E
SR, FE i I S AR R A A R . DRk, HERCR RIS R AR AR 2 R OH H H & (1)
AU S . Ehhalt and Rohrer (2000) #F 5t & BI7E NO R FZEUKIS, NO 5 HO, &% FE OH
FAEMERE 5 SR, MTE NOIRER S, NO, xf OH MIEBREH S ESEM. Btz
4, TEfE VOCs Hi[X 3 77 7E A1 NOk 324+ OH H HHZEMIdFE, itk VOCs il NOy & I LU
TRIEH OH WK BN HE BRI R o SRR A BT OH WK FEEA B E R . WF AR IR
FRAR ST RI5RES OH H IR B A = I IEAE DS (Ehhalt and Rohrer, 2000; Lelieveld et al.,
2005; Rohrer and Berresheim, 2006; &¥] #1145, 2016), FHHKPHARS 520 OH M B 1 HEEH
#. Lelieveld et al. (2005) @it 3 pesr 0 A K BRI I (H,0+O('D)—~20H) 2:'%3 OH
BRI EE R N 1 K R R 2 51 HaO0 TR, #E1M598 /> OH B HHFE M AR AL

TERRE, OF —Se538 %t OH [ BT & W I ) FLRE 25 A KR AE . AU SR 2
SERETT T AHSCHEFT (Lu et al., 2013; #[#1A%%, 2017; Ma et al., 2019; Woodward-Massey et al.,
2020; Yang et al., 2021). OH iRFEH T2 BN S Iwm, HEE, AFK; HEKEINH
B 2 PR BV ST,/ (B] AU M 5 A IRV TR) PT RE AR ZE M N 2 A b (Lu et al,, 20190, #E%°
4345 L, Luetal. (2019) BURIIEE R =2 T, Wiz X AR, ASFEIE50 K
OH H & KK FEHLE 10°~107 molec/cm® MG A . 5 HAMMIXAHLL, X OH H &AWk
AT, OH H e RKIRE & E HBE TERL =MW, N 15x10° molec/cm®. SARKYL, H
BIEEXT OH H Ha 2 WL 0 78 75 Y0 6 LU A B, BB U B, o 2 pa il i e L 2 e
HE OH H HEERIFE R D . BT LA H BTARMEMILI x4 E OH A 2 1948 4b 4T A TH A
Ho

Rk, AHEFUFRIH =48 KSR B R (GEOS-Chem) HUEBERIIBE L ik, HEEA
AN TGS AR Z A R E OH A4 5 mi . BARSK UL, A 70 8 R OTE KU 5%
PATLLRIRIEE ZE (6~8 H) OH M=% (] 434 LA R AR #a %%, i BB AR AL R G T R AR 45
KR OH IR . 7B NNHBRI A S5, HEN NI RER WA HE.
2 ZEREREE
2.1 GEOS-Chem #&3{,

AR A MERRA-2 F 73 #7 5 B0HE B Bl 1) R 28 WA 1) 4 BR = 4 R Ak 22 AR it =X
(GEOS-Chem, fiRA< 11-01), )l 2014~2017 4EH F (6~8 H) OH IKEHIT1L. fEHREX
I GIEM 11°8~55°N. 60~150°E) L=, FRUKF73 #5309 0.5° x 0.625°, T H 7] E3k 47 =
WIGHT 535 B A R IR FE H 2° % 2.5°7K P r #1428k GEOS-Chem AU (L.

GEOS-Chem AL & 7 FELI HOx-NOx-VOC-O3- SR At 7, I8 B /e T A4
JRCA B RR Z SRR F o A0 DX el g A s s >k B b [ 2 ROBEHETSGE 52 (MEIC),



Hopdd 7oA. Tk, # . AEBAESEET TR COL SO2. NOx» NHiz. VOCs Hl—
WIS, 1 2014~2017 4E[A] CO. SO+ NOx« NHi. VOCs FIHEBUE 28D T 16.8%-
48.5%- 13.0%-+ 1.9%. 1.7% (Zhengetal.,2018), H [ LAZN I At X i A AHEREEE >k B
MIX fFIEH (Li et al., 2017). APEHARY VOCs 2 tR4E MEGANv2.1 BALHEAT FI
(Guenther et al., 2012).

P A BT 2SR 50 2 92 B 215 (National Aeronautics and Space Administration,
NASA) #24Lf) MERRA-2 Fir#r##i; FHELT MERRA #dla4E, A6 7 58 m sk it 4 R4k
Rt KPIHERN 0.5°%0.625° (LEEETT L) 50 28D ARSCAMUSE FZ SR £ 1E NIk 4
BREEA AL K 7Y GEOS-Chem BS54 A 128000 B v OK PR AT e 50 TRLFE
R W7, AR S P AR RIRERTE DL ntE 30, BEHEN IR
TR MM X E OZE M . MERRA-2 F 4 #t # 4 v AL NASA A & W T
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/4b 3K HY

% 1 GEOS-Chem U=t 56 ¥ 11

Table 1 Configurations of GEOS-Chem experiments

TURR A 158 44 FR 43 (MET) N R (EMIS)
Base 2014~2017 2014~2017
MET17_EM14 2017 2014
EM17 MET14 2014 2017
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KAET4T 2013 4E 9 WA, 143 2017 FF4E 2R B A A, EIE SO,
NO,. CO %5— KI5 4k B2, (B2 k5 et STk, FbA 06 2t
X BRI 8] (1) R SRR AT B 7S o T DASCE AR IR T 2014~2017 SEAE AR FUN B, SR 78RS
B - 25 4RAT LR N HEICCA B SR A IR E E Z OH IR, ASCRIT T =
Ak (W D (D FEAERE (Base), RINFHRANHBAM IR AN, X 2014~2017
B OH WK FEREAT L., H MR AR E 24T Bk OH WK FERI AL, 505
(f) OH IKFEEHEATXTEL, BOAERR &M, (2) MET17_EM14 {56, KA 2017 FS %580
2014 FHEBGH H; MET17_EM14 330 45 L8 2 B i 30 (Base ) 2014 FFRI45 R, K T 2014~
2017 FSREMHAZLNT OH WIS, (3) EM17 METI14 k%, KM 2017 FHEGE #
H12014 F£ 5547 EM17_MET14 56 45 5 ik 23 5 1AL (Base ) 2014 R 145 5L, A3 1 2014~
2017 S A AHEBCE A6 OH ¥4 (152
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2.3 BH B kISR

5 A MERRA-2 F43 B 48 shBb ikt vl Re s mi OH IR EE LI A AR &, R B 2
KR (T2). HfgrimE (Tmax). MR AGHREERE M B E (SWGDN). 1000 hPa FIHHXHE
FE (RH1000). 10 KL K (U10). 1000 hPa Z:[4] K (U1000). 850 hPa £ X (U850).
500 hPa Z[A1 XL (US00). 10 KA X (V10D 1000 hPa Zifa] X, (V1000). 850 hPa £fi[f]
(V850D 500 hPa £ 1] X, (V500D 1 5= i B (PBLHD . #3-F1ii <% (SLP). & & & (TCC)
MK E (RainfalD . 73 i+ 5LIX LS RATE K] 24 /NP I1E, H PBLH. TCC. U10. V10
T EATA KR 08:00~16:00 [I°F{H (Li et al., 2019; Chen et al., 2020), &4k 20 M %
AR B, N T ERRBOR AR S, XA BORLEAT 5 RIS (Krishnamurthy
and Shukla, 2000; Ren et al., 2015); A 7 EFRFTEIZET NI, X8 H &R E1ZH K24
SFHME (2014~2017 42D G, BIA05E m A5 n RITE OH IKEEN R(m,n), W1 5
HAE R (m,n) N

m=2017
Rc(n) = M €))

R'(m,n) = R(m,n) — Rc(n) (2)
KL S 1) 20 AN RAL & DL OH WK EEBHE HEAT AHOCHERR IS, S B f VA i iad e 25 1
K (p>0.05) G A & . X AFEZRMAGRFIATIEM ST (VIF: T ZEEKE T,
1 10<VIF<100, fF{ERGRIZ EILENE, KIKAIBR VIF \e Ri— MR, HEER %L E
(¥ VIF<10 J&, RHZEDSZ a4 ERIA (MLR) 25, Xt Base Bl H 2014~2017 fE4EJLF 5
BRI =AM OH H WK EEHEAT 4347, MLR BB A2l

n
y=b0+2bkxk+s 3)

k=1
Fory 3R OH KEE, (xperox) AR n MBS ILEHESWHIRGALE, b f{FR MLR B
B ENABRE A RE, e ARIKE . #4, A LMG (Lindeman, Merenda 1 Gold)
772 (Groemping, 2006) F Ak LMG B g — AN QAT & AR B, DAPk H b 5
MBRIL =91 2014~2017 4E & Z=5200 OH ALK T AR H ¥
2.4 OH W&}

BT OH H BRI K SAGMIEL, X OH H A MIAE/E— 2 MM, At LLREREIR13 1Y
IG5 ATASCHICER 2 OH I E 4 32 255 A 7E B 6P J]L(NCP: 35~41°N, 113.75~
118.75°E) FIERIL =¥ (PRD: 22~23°N, 112~115°E) MK, 20 50t Bk 5t % H b
Hi[X 3 Nk (Tan et al., 2017; Ma et al., 2019; Woodward-Massey et al., 2020), J M K& HAF X
2 M ufigi (Luetal, 2013; Tanetal., 20190, LASS#fui /0 (Yangetal., 2021), 3L 6 fMuligi. B
PRBILIALE UL R] DA S OH Mk FE W35 2.
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3.1 2014~2017 S [E OH BIRMLE R RAZIIE

5T 2014~2017 1) MERRA-2 SR P Hrfdl AHEsc8ds,  FEAESLALK: (Base) 15
U E Z T OH WRE Al 1 Fizs. Su et al. (2012) ZRifli ] MOZART #E 4 2004
FErp E SRR R OH AR BEHEAT A0, R IR 2R HH0 [X. OH AV BE e T PE ¥ L X . (H 3%
OH K FE A SHEIR BEA [, TR [H H 2 Hh % OH 4 B i 81X 3 A0 T P b X (0 5 H
T BRIG i, DRI AR L ARSI T o T FL R 7 HE BT ARR I AL R
FIERIL = AN, v DUR ISR E OH F A A fE AP IR 7m0, DA SERIL = A
e M 2014~2017 4, BFEICPEFY) OH K45 2.6 X 10° molec/em® 2.4 X 10°
molec/em?®, 2.8 X 10° molec/cm®. 2.7 X 10° molec/em?, TMiERIL =AM 1 OH W JE 535~ 4.5 X
10° molec/cm?, 4.4 X 10°molec/cm?®. 4.1 X 10° molec/cm’< 4.4 X 10° molec/cm®. #J LAFSFIERIT =
FPN M ik v T AP IR, X5 Luetal. (2013) FIMLINSE B A045 18 —5
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Fig.1 Spatial distributions of simulated summertime mean OH concentrations in China from 2014 to 2017 (The green

rectangles denote the North China Plain and the Pearl River Delta, respectively)
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KIT =AM BRI =ML DO 750 i) OH 948 1 H AR A0 #5230 H rp 4 vy S G AR 1) P 4
fio HrpAEAET IR OH IR FEIEME HBLE P2 12 I, KRN 9.5X 10 molec/cm’, 5 Tanetal.

(2017) 1E 2014 45 Z=ial b 2 HROULII 3] (1) WA Y P Y 1l — B (W4 5~15X10° molec/em?);



KIL =AU OH R BEWAA HILAE T 4 12 I, WREEN 12.0 X 10° molec/em®s  BRIL = Ff ¥ 1)
OH IR WA HBLE T R4~ 13 I, RN 16.8X10° molec/em®, 5 Luetal. (2013) 7E 2006 4
ELZETTARTT M UL 38ty A o 2 S 1 — 3 (U4 15~26%10° molec/em?®); VY1 B ) OH ¥k
AR FIAE T R4 13 B, WRFEN 11.3X10° molec/cm®, 5 Yang et al. (2019) 7E 2019 45 %
DU 1), 08 00 0 28] 16 U AT 96 P8 35 R — 350 (A 10~20%10° molec/em®) o AT &, AEAEIL TR
BRI =AMLY )1 2 5 GEOS-Chem FEHULIY) OH R 7E HARML - B —5tE, OH %
BV B AE RV = M B, HLUOR KT = A A DO 1 7, A6 -1 R B
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Bl 2 2017 FEEFEAITTRE OH WREEH AL (HEIEFJR: 35~41°N, 113.75~118.75°E; KIL=F: 30~
33°N, 118~122°E; PRVL=Ff¥: 22~23°N, 112~115°E; PU)I[ZHh: 28.5~31.5°N, 103.5~107°E)
Fig. 2 Daily variation of summertime OH concentrations in the four megacity clusters in 2017 (NCP: 35—41°N, 113.75—

118.75°E; YRD: 30—33°N, 118—122°E; YRD: 22—-23°N, 112—115°E; SCB: 28.5-31.5°N, 103.5-107°E)
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Table 2 The observed and the GEOS-Chem modelled OH radical concentrations

) ) o L OH e J& &4 OH RE i )
M p A B T st 1] WEMAE 225 SCHk
(x10° molec/cm?) (x10° molec/cm?)
AT
2014 FRF Igfg 5~ 15 HI¥ME 2.4 Tan et al. (2017)
(38.7°N, 115.2°E)
1L 1AP Woodward-Massey
2017 sEE Z 1Y 5.82 HI¥ME 2.4
(39.6°N, 116.2°E) etal. (2020)
Jb5 PKU
2017 47 g 1.5~2.0 HME 0.3 Maetal. (2019)
(40°N, 116.3°E)
TR
2006 £ H & WEAE 15 ~ 26 HJ1E 3.9" Luetal. (2013)
(23.5°N, 113.0°E)
IR
2014 K H KH1H 4.5 H¥ME 2.9 Tanetal. (2019)
(22.7°N, 112.9°E)
DU R Yang et al.
2019 FE F I&{E 10 ~ 20 H%{E 3.5 £

(30. 4°N, 103.8°E) (2019




2006 5 2019 FEALEA ORI I [ YE Rl 2 P9, 4 SERE T 5 I BB (1) 2014 F1 2017 SEAHETEL
OH & & 55 W Hi iz 3k 47 %t bk

2 HIH TIEAERIE OH H HZIREWMNEE £, thT OH H R i A iz F
K PHAR S IR sEm , WL 45 S 2K 2 HORIE I & 5 H OH IR FEIR(E FYEFEl . /X8 GEOS-Chem 15
AN 45 2 OH ¥ HEMRIE, (BRI, —H MBS 3. MINEE e &
I, OH H H VR B (1 i £ R E BRI ZE, AR EEARXT G, ALK 45 SRt e AR i
PR — b o X LRI JR S BRV = A AN X 382 2% OH R EEFMLINAE , BRUL = Fi K
OH T AL PR, FIFFBLCHBIH TiX — I g, (A0 J5 R 25 SE A (R M1 .
SR, BT BERIIIE I 2 RUBE FARTE — 8 22 5%, S BURLIDLZE AR LE T WL ) OH K JEE
FAAE— Al , B 76 OH IR MRS, =518 oy A AR BT84k B — 50k, SR 1A
AL R EA G HIE. BeAh, BT M2 R i AR BB R W 4 5T B s B2 B R
AL X R ) OH e FERAZAE— 2 MMM (Lu et al,, 2019), X UEHIIE T Bt — B0 R L ik
HBER AL

X EEUERIRLE (Base) MBIl 2014~2017 4Eh [E E 25 OH 4E IR AT %3 15
# 2014~2017 £ EHE 7 OH S (K 3a), MWEHATDIEEH, 2014~2017
R X OH R EE B iy, Horb2eih, YLv., Wik, Wise. B n i 34
NI . AT R ) _ETHEEAE 0.05~0.17 X 10° molec cm>/year 2 [f], ~“FHJ#&% 0.1 X
10° molec cm>/year (4%). TiERIL =M PIIAF X OH IR FEAFTEA R %A, B HAIE
—0.2~~0.09 X 10° molec cm>/year 2 [], #EA )P 38 X A-0.03 X 106 molec cm>/year(—0.7%) .
Bl 3b RN S ATRIEANE] 3a JEA B, BT RIMEERK, EAFEK OH WREEE
2014~2017 [T+ 7 0.2X 10° molec/em®s H 2013 4 CRAI5 RBIRA TR 580 1 m
PRE AT IR . B SEAE R, B SIESHUY SO, NOy S & 3% % . Dangetal.
(20217EXS 2012~2017 fEAE L JR Oz WL IR FE b4 th, AR 2012~2017 4F38[A] 1 [F NO,
AU B TR, HEZRER VOCs FFBIRA T+, B Oz Wk EZ LB LTS 11 O Yo X2
OH H HHZEEM FERIF 2 — (EITFIZE, 2015), FrLAHERAR b ol et =G X OH W E AR
WEA EEAIF M.



Trend 2017—2014
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o E 2 25 OH IR B IRZ A (MET17_EM 14 BUSPE I8 45 R 5 2014 4F Base B ZE(H); (D 2014~2017
NHECAE Ak o [ 5 %% OH ¥R IS4 (EM17_MET 14 U960 45 55 2014 4F Base U1 7 {H)

Fig. 3 (a) Linear trends of summertime OH concentrations over 2014—2017 in China from the Base simulation; (b)
The impact of changes in both meteorology and anthropogenic emissions on summertime OH concentrations over
2014—2017 in China (2017 Base simulation minus 2014 Base simulation); (c) The impact of changes in meteorology
on summertime OH concentrations over 2014—2017 in China (MET17_EM14 minus 2014 Base simulation); (d) The
impact of changes in anthropogenic emissions on summertime OH concentrations over 2014—2017 in China

(EM17_MET14 minus 2014 Base simulation)

3.2 ANRHBFS R E R OH RE T LRSI

B 3¢ & T AR 2014~2017 FEH E E 2= OH IR TTER. 45K, 1E2HEL.
VLV AL 1R A5 1 5 2% OH YR 2 S LB (38 m, OH K ZE (B AE 0.4~0.8 X 10° molec/cm?
MR PN, BEI A G35 I S X 5 2 2014~2017 /A OH kAL S5
MAEEIF R, [RGB NNSFEZX EZ OH WRKIEHIN 1 1.5%: 5 2014 FAHELZ (G AE
—0.1~0.2 X 10° molec/cm?® [ X [A] P, X35 F- 318 4 0.04 X 10° molec/em® . 3@ Xt & 3a (14347,
A 2014~2017 FHEACP IR OH WAL & B0 EAHasm), 4EBURiEliemgiR, o
DA HZ L X SR S HCE 0 OH Y& B2 T e IR DT MR AR R AT B o FRATT 28 5 404 77 OHL MR B LR



EERIL = MNIX, KIVRERKMFEOZHX E ZE OH WREEMGIN T 2.6%: BU I I 30 B4
(¥ OH ¥ & % {34145 -0.2~0.5 X 10° molec/cm® (X [H] Py, XI5 F-34{E M 0.1 X 10° molec/cm?,
FHEETHEAE 5, 2017 SRR AN 1ZHIX E Z2 OH K TTHRTE K.

B 3d W AAHEBCE A 2014~2017 4 [ 2 2= OH WK EE M Tk MR AT IE 3, B2
OH IS8 22 B K DX 45k 5 AL R e vp B AR B IX, R AONHER L0 NOx AR H 5 K i i [X
(Li et al.,2019; Dang et al., 2021, [Klt2 8 B H52mg OH Bt 2228 Al LBk . fE4EIL
SRR, AT 2017 4F AN AHFBCEEE SR OH ML 2 W1 & T 2014 FFHFBEHR U H ) OH ik
£, OH #KEZ{EAE-0.1~0.5X10° molec/em® [ X [H] Py, XIF-F-HIME N 0.3 X 10° molec/cm?.
FHEET 2014 4F, 2017 G AAHEB S EOZMIX 2 2= OH RGN 1 10.0%, BT LA ANk
BB HE 0P SR OH W FEEAR AR K. H T OH [ B AR 4R Al 32 222 il 1k HONO LK O3
POEfEAE R, OH H HZEI LB EEREIE 5 NO, RN Kk . HH HONO FZLZiEid NO, 4
RIWF SRR, 5 NOL HFBCE A B IAHOE (Lietal.,2021). 7E 2013~2017 43K [H NOx
WEEEIL R RS (Fuetal, 2019) 0] EAHERT OH R T 552 HONO 521 A K. Shah et
al. (2020) i F§ GEOS-Chem B HF 78 &K I NO, 5 OH Jx B3 EL OH [ H1 % 2 R FAE 2012~
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Fig. 4 Seasonal variation of the 2014—2017 contributions of anthropogenic emissions and meteorology to OH
concentrations in North China Plain and Pearl River Delta (red represents the contribution of emissions and blue
represents the contribution of meteorology). Absolute contribution of (a) North China Plain and (b) Pearl River Delta;

Relative contribution of (¢) North China Plain and (d) Pearl River Delta
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Fig. 5 LMG-method estimated relative contributions of dominated meteorological variables to the summertime OH

concentration changes over 2014-2017 in the North China Plain and the Pearl River Delta (different colors represent

different meteorological variables, the value inserted in each color block is the percentage contribution of each

meteorological variable)
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