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B OE:HEEMEANY(VOCs)JE A (O,) fl 2R A ML (SOA) 1 B Z AT iR Y . 48T, H 51 56 T VOCs HE il 45 1
X SOA O, 28 fift V8 R R 58 T3 S8 R JE A I 5% &5 T DU R HE BCTR 9 RS 4l 4k VOCs 38 HE W ), i3F — 25 il Ff WRF-Chem
R A Al 1 e [ 32 R RIS G X TS g g5 TR] VOCs 8 HE X SOA I O, 22 M 19 28 4 . 45 2R R W], 8 2o K 40 16 VOCs i
HEL Ao dl K = A Bk = R Y I 5 H R SOA MR BE 43 S BEAIR T 89.206 . 81.206 \74.5% .72.0% I 77.3%. o, Tl
VOCs WCHE & SOA Z2 i (1 £ 2 STEk P 2 AR T, BT O, K JL AT AR W 1 JF 28 PG Ak 2 b B2 X Rl VOCs 180 HE R B A O, %k
JEBEARAR 8] 10%. AR db K = AR R R = A R DU I F i 1Y O, W EE 43 B FEAIR T 7.55.9.05.7.29 . 4.31 1 3.15 pg/m’. ik >
Tl A2 38 FE R VOCs HEJif 20 591 4l 5 420 24 9 JiE [ T 3.6 % (3.48 pg/m*) 12.2% (2.07 pg/m*) fl 1.1% (0.98 pg/m*).
EGR . BA AN R ALY (VOCs) s KI5 4 2% ; VOCs I HE ; WRF-Chem #41) .
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Abstract: Volatile organic compounds (VOCs) are the important precursors of ozone (O,) and secondary organic aerosols
(SOA). However, current research on the mitigation of SOA and O, by VOCs emission reduction is still insufficient. In this
study, based on previous research and policies, a refined VOCs emission reduction potential covering four major emission
sources was summarized. The benefits of VOCs emission reduction on SOA and ozone mitigation during the pollution events
for five major air pollution regions in China were quantified using the WRF-Chem model. The results showed that the refined
VOCs emission reduction strategy could reduce the SOA concentrations by 89.2%, 81.2%, 74.5%, 72.0%, and 77.3% in
the North China Plain region, Yangtze River Delta, Central China, Pearl River Delta and Sichuan Basin, respectively. The
reduction potential of industrial VOCs emissions is the main contributor to the SOA mitigation in these five regions.
Nevertheless, such VOCs emission reduction could only reduce ozone concentration by less than 10%, due to the nonlinear
photochemical processes of ozone and its precursors. The refined VOCs emission reduction strategy could reduce the O,
concentrations by 7.55, 9.05, 7.29, 4.31, and 3.15 pg/m’ in five areas, respectively. VOCs emission reduction of industry,
transportation and residential could reduce the ozone concentration by 3.6% (3.48 pg/m®), 2.2% (2.07 pg/m’) and 1.1%
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(0.98 pg/m’), respectively, on average in the five main air pollution regions.

Key words: ozone; secondary organic aerosols; volatile organic compounds (VOCs); pollution mitigation; VOCs emission

reduction; WRF-Chem simulation.
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OE, B G A EOR Y (PML) T g T
MR A (O,) 75 Y H 25 28 M XE [ 8. A
2013 4R (KA 5 Y B IR AT sh ik R ) & A6 Lok, 4E
J6F B (NCP) KV = 9 (YRD) FIER T =
W (PRD) &5 £ Z 95 3 i X B9 PM,, 15 4L FF 28 2%
fit ( Zhai et al., 2019 Shen er al., 2021). %kl ,
TERK & 215, ™ B A PM,, 75 e 17 76 4 [ 35 22 0
7 M X4 % K A 2013 4F & 2022 4, db a4 1
T 2 M FL ™ORN R SE 1 PM,, 75 44 {4 (Bat
terman ez al., 2016; Wang et al., 2023b; Yin et
al., 2025). 5t [F W}, 2013—2022 4, o [ 1 %
RAKFEE FFABEFE(Gao et al., 2021a; Li et
al., 2021; Wei et al., 2022a; Pan et al., 2023).

R EA LG (VOCs) J2& L £ O, 1y 5 i
&Y (Liu ez al., 20215 Ma et al., 2022) , {1 J& %
5 RA A 2R O A A LRI IS (SOA) 1Y &
W i (Guo et al., 2017; Wang et al., 2017; Wu
etal., 2017) ¥4y VOCs % N filt Fe A 3 (48 146
S, 20001) . 4 Ak E %2R T 25 90 %6 1Y B
VOCs & b # i i ( Moeller, 2004; Stevenson et
al., 2006; Young et al., 2013; Veld et al., 2024 ).
7 BT Al X O, 6 k2 2R B VOCs & B
U ( Wang et al., 2023c; Li et al., 2024) .31 4F K
O, W& B2 19 18 vl i 5 3k 7 X 38 7E VOCs BR i %%
PFF NO, B9 3 > A % . A, SOA & KRR P #%
KM R A LA A YRR = ) (Hal-
lquist ez al., 2009 ; Ziemann and Atkinson, 2012 ;
Zhu et al., 2017) , 25 5 f Pl < K B & W
50%~85% (Jimenez et al., 2009). f& / [ F %
15 Y b X, 55 5 kAR B SOA X PM,, 1Y 5T ik b
30%~77% (Huang et al., 2014). K itk , 0 ] 2
W VOCs HE i BA AR UE 45 i NO, £ B I PM,; #1 O,
J7 T8 B AP © R B ) i R R

PLAEVE 22 00 D0 AR S S #0158 T VOCs ik HE
Fe X SOA HL O, ¥ BE 1) 52 . 5] 40, Wei ez al.
(2022b) JF J& i) WRF-Chem SR 52 56 45 S 4 1,
VOCs i /b 30% # 5 8L 5T L IX O, 9 BE (1 R T

L AN 0 0 N 0 Y T N (E
B I 2 AR /N T 200 3K BT 5 45 (2023) X & 2 T By R
S5 P WF T A R R TERB X8 3500 1Y VOCs HE
R fi ol L AUk B e K T R 7.0 pg/m’, T AE 3R XA [
F1% ol H1E Rl R SV BEE B R T B 449 pg/m’. i B 2R
45 (2023) Fl F WREF -CMAQ B 58 i [ 4<% b X 5
S TS Y R B AR BB IR D 40% 19 VOCs F1120% 1Y
NO, B 98HEA 5T REBUF 208 R 4TS5 G 00, 25 Ik
TR Mk TR [ 5.4~20.2 pg/m’. 36 i ik 25 (2024)
FIL Y55 i 25 AH [A) 04 O 3 6 3R M 30k T R AR
WF 5T, 45 3R R W1 o ¥ 8 D m ik 80 I N
VOCs H Al 54 K 8 h(MDAS O,) ¥ J e K
REAR 6.5 pg/m’, M 75 22 A VOCs F1 NO, 3 7] 18 HE
7 fiE W1 B AR MDAS O, ¢ B, e Kk /b 75.4 pg/
m’. Sharma e al. (2016) 45 & WRF-CMAQ X Ei
JE RS G F 5 R B, b 502 19 A VOCs
HE 55 B R R BE /N IR R B 200, it Ak, Li et al
(2022a) | HI X 38 25 B 4 455 AL & 48 (RAQMS)
IFJE By 42 78 M IX SOA #F 58 & B, il b 2 8 A
VOCs fif 75 J5 7T ff 5 32 & T /9 SOA Wl b
39%~55%. Azmi and Sharma (2022) #] F§ WRF -
Chem X E[1 B #b IX 19 25 1) SOA sk HE BF 5% 36 B, ik
B 25%~75% NH VOCs HEJ, H 5t £ 8 SOA (1
FEfl HA 1710 B9 A 2 X S0t 50 | e T 4R
VOCs W HEXT SOA F O, 1y e K AL %7 L 1T 200 T
HE Y 52 R AT AT Ve MRS PE A — L XA VOCs
{14 9 HlE Vs 1 B H I [R] 7R B SOA O, B 8 5, 22—
A8 Y) T E AN ST B R R ) X% R
RerpE XKEOR I R EIR MR A A EEE X .

AN, VOCs HA R B L iy 2= 28 ol A5
A B ME B A8 4T S (Mo et al., 20165 Zhu et
al., 2019; Hui et al., 2020; Li et al., 2022b; Duan
et al., 2023; Epping and Koch, 2023). FH It , A~ [F] Hb
X VOCs 4 2 I8 F ) BRAL 2 i R AP AE 1 35 25 57, X
XF VOCs Bl AR T 5 1 DR AR R P32 1 7 P v [
F2 I RE A 2238 | Tk AR RO ) ok
N R 5 KA WL S W HE R (Wei et al., 2011,
2019; Huang and Hsieh, 2019; Xuan ez al., 2021;
Simayi et al., 2022)ffi K SOA F1 O, i > I 48 15
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=S N T S R el S I N2 R N i o T )
VOCs I8 HE 5 0, A8 gt — 2295 K Tolb ol BRI 11 2 498
VRN 1= = A N/ R Il S N
VOCs 25 G Wl HE % 5 5 2 5 A IR VOCs HE it xf
& PM,, M O, 75 44 B B 19 51 #k L IF PE A AN R
I8 VOCs 3 HE XF PM,. 5 O, B [F] 6 309 A 20

IR € R ST R RN

1.1 E#HEKR

Hi T PM, 5 F1 O, 32 I 9 B 2040 (2017 48 ) SR 5T
o E A S IR B E (https: //data.cma. en/) . AR 45 PR 355
S E K HAniE, Bk 8 h FH{E (MDAS
O,) #1160 pg/m’ W A5 4 H PM,, 754 H
Y L PM, ;19 24 h P54k 38 4 75 pg/m’.

2 H AL /N Bk A R AR
Wi H R R T 4 BT ok S5 4 BR 4 B
4l (ERAS ; K F 43 B % 0.257X0.257 ; I i) 43
¥ % . 1 h; https: //www.ecmwf.int/en/forecasts/
datasets/reanalysis-datasets/era5 ) .

1.2 HESHNE

WRF-Chem ## # J& i NOAA (% #il il & 4t 52
5 = JF & — AR X S s RO AR o8 e A
LA T KR T B (WRF) Fil {22 A &l
(Chem) . 7E #% #) 52 5 o, S ¥4 8 ] NCEP-
FNL Chttps: //rda.ucar.edu/) , i #5 ] $2 {4t ]
BRI GRS, FNL $0dE R 1° <17 K
43 B 2R 6 i) [a) B L BT Ak X8 K )
& A 172X 216 , I 4% K /N 25 km X 25 km , 3 B
Gy BE % 28 J2 (A b 3 %) 100 hPa) . 3 % 40 HF
oo E Y5 e ™ By T R o X, L NCP
YRD 4 i X (CC) . PRD 1 P4 JI| 2 1 (SCB) .

P AL S R FE R FEI TRLH

TR SOA M B 1) ACHH Ak 24 B & CBOS JF B
T A Y = N (Sarwar ez al., 2008) . iZ ML 2 38 1
Kinetic PreProcessor (KPP) 4§ A WRF-Chem, £ &
97 B KA B4, 191 A N (L rfr i Je 60 2 Fp% &
PEA HLAL G W) F 120 Z A4 HH G R B ) . 5 RACM Al
MOZART HL#I A EE , CBOS HL I AE % 1 0 58 42 Z= iy
VOCs [ I iif 7 | g % 0547 Hh R AR 4 2= 258 5 SOA
T PM,; B B . e 4h , XF F O, 1 B 4L, 28 35 i
T SAPRC-99 < AH 4k 2= HL il ( Carter, 1990). % #L
il f 15 78 gy ot A 211 A~k 2= U7 &, SAPRC-99 1
VOCs B B8 % 5 3 IL-F- 76 97 A BF 85 52 50 v Ul 55 5]
B VOCs &AL TE B O, 72 % HLH o, VOCs 78 XF
TMIZM AL EZES OH H M 3 & 4 I W .
1.3 BHE=RIZE

2 E A 2017 4F o [ £ g3 BF R HE TS
(MEIC, 1.3 }i , 0.25° X 0.25°) fF 4 WRF-Chem (%
N K HE T SC A . MEIC 3 509 A R HE i 4y
FRHEBCOWE Ak Tl JE R R BT AR
W3 A A IR HE AR ) MEGAN 55 8L 55 2 g itk
178 43t 58 . A W o R e HE ik A A NCAR
(FINN) iy k % 3% . ( Wiedinmyer ez al., 2011).

—AE LR PM, B8 bR S — R A AR,
MRABIRFZ R EEE T H I, 2 kU
RUBEHL 2017452 A 11 H 2 17 H (PM,- 8 kg ik B ) Fil
6 H1HZEIH O, @irmB)2EMEENNR LY
FT5 YL P 28 23 A . A2 3 PN B, 04> 32 2 X
B A% 0 3 T R A 5 RS (R 1) RS R 2 8 T —
Jel 049 i Bl Bsf ), s DR T B 0 2 A AR PR RS i
PN T 8 VOCs Il HEXT SOA T O, % /Y52 i
43 AAE N A VOCs HECE S 2> 2096 .40% .60% .
80% F1 100% M 1E &L T 4 47T 1 5 YR B M A 40
(F2). WS, EH BT 55 54 VOCs HEUIE
SRS AR Tl R R R RTINS

&1 WRF-Chem ¥ ZH RNEE
Table 1 Configuration of the WRF-Chem physical and chemical program

E Y UIES WRF-Chem H 4 2 15 % KR
[eZE Lin {4 Bt #2 07 Lin et al., 1983
< e et 555 RRTM K i 5 7 58 Gallus and Bresch, 2006
R Goddard % 3 55 51 7 & Chou and Suarez, 1999
WRSEAL T % MMS5 b %S 5fk T % Jiménez et al., 2012
Il T A5 7Y Noah i 1 452 74 Ek et al., 2003
SRS YSU AR E % Noh et al., 2003
MBI % Grell 3SD = S8k 5 % Grell and Dévényi, 2002

o2 5 5

CBO5#L il 1 SAPRC-99 #L ]

Sarwar et al., 2008 Fll Carter, 1990
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Fig.1 The average observed values of PM, in five urban areas from January to March 2017 (a); Average O, observations for five

Pl w0 20 €0 5 (0 s 1 e W i

&2 WRF-Chem A G B30 B9 H 8
Table 2 Description of sensitivity test of WRF-Chem model

W HE ik
CON N SR 0 HE A1 0
€20 A NN VOCs 15 Y4 I HE L8> 20 %
C40 A2 AR VOCs 15 3 I8 HE i i 20 40 %
C60 A NN VOCs 15 Y I HE 380 60 %6
C80 A E NN VOCs 15 Y I8 HE 180 80 %6
C100 A E NN VOCs 15 e P8 HE R 18 8 %
AGR el VOCs it 1% 8 Ry %
IND Tl VOCs HE il 8 15 8 b %
POW KL VOCs HEBCR 1 o %
TRA 22 Iz i VOCs Hl i 1 %
RES JE RAE S VOCs HEBUR- B 8 %
REAL R 52 Bk SRR R TSR 45 T A 9 HE EE

i iz i VOCs HE B, Lt 58 A 38 1T 6 SOA
O, 5T ik /Y AR X 2Pk
XFF REAL BB E LSS | 28 3 DA SCHk v i 45

BN VR A CHE VS O (3% 3) , 9 3 T MEIC HE 0 A
B 5 IR E T VOCs W HE L ] (Li ez al., 2017;
Zheng et al., 2018). 3 F 3 31 B 45 , A< SC 1) Wk HE
D5 FVEE A Tl VOCs B HE R & d /> 25 55% , 32 i
VOCs b HE B ik 2> 53% , Ji [ VOCs B HE il 12
B 90%. # HE Simayi er al (2021) il Wang et al.
(2023a) (A5, 5 0 A i Ak T A7l 1% T 241 2L HE i
Al LU VOCs HE SO /D 29 40 % . e rp J6 40 8L HE i
P 7 B A (1) A & VOCs 1 J5 kL FIE
VOCs & & 17 it s (2) B ik A T2, Wb A 77 5
R PEA VLA PR 15 (3) A1) FH i U Ao Dl

565 24 % WA VOCs it I /5 . 78 MEIC ¥ it
H, A AL & VOCs B9 = R, KI8T V4
BRI TR B b B HE S AR AR X I (Xue er
al., 2016 ; Wang et al., 2022; Bai et al., 2023) .

W RAT A 32 AR T VRO R R RE 1
Tk kTl K AR LB R AR 2 Al
25 M T vk . AR #i Shi er al. (2023) LL K Jiménez-
Lopez and Hincapié-Llanos (2022) i 0 5% , FH % (2
T RE B AR AL B TR R T LU > Rk 7090 2 80 %4 1)
VOCs i .Gao et al. (2021b) ik 52 5 ™ 4% 1)
VOCs FR 6145 3 77 BLFF Tk & #1  VOCs HE i
itk 60%0. b A, E BRI ATl 32> VOCs 1)
HE e mr LA 1 R IC VOCs & & 09 J5 # ok}, 58
A ek AR R M I S8 it R WA A B AR
it (9 2 46 % 2 66 %0 11 HE L i) ok 523 (You er
al., 2023).Zheng et al. (2017) #fF 5% & 8L , WL Kt/
B o B/ AR R be Y N ATl A 2 HE i Y
VOCs = I8 2> 70%~90% , 1 ¥ #E 43 &t ml ff +
Pk R A VOCs 3 2> 70%~85%. 1k 41, il
FH i U 6 0 55 48 52 & 48 mT LK i 25 3 #E v VOCs
B 7= A > 55% & 72% ( Zhang et al., 2021) .

Ji BT 15 R A LGS P 0 3 Bk IR R AT
JH A RORE 4 35 8 A ) R BE He e al.(2023)
FISun ez al. (2019) (Y BF 5T R BT, A2 S A0 0 R 2k
A AR A G2 09 FUERORE AT LI 2D 5 58 90 %6 1Y
VOCs HEBL . A, 38 38 32 4 38 5 50 4 P25 < 38 % 58
AR T B 22 . A E B 32l 5 I, Wu er al.
(2023) A A, T s HlE 50 W 00 R0 BRA T BT T A ) 9 A
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Table 3 VOCs emission reduction strategies and emission reduction potential
I 1l VOCs HE 4 il 5 VOGS 27 3k
HEW
T LT X e kI H@ﬁéﬁz?ﬁ?ﬁﬂ(@ﬁﬁ*ﬁ@ﬂﬂ'ﬁ%ﬁ 10% Simayi et al., 2021 Fl
FRY(LDAR) (i R4 5 Sk HE o ) Wang et al., 2023a
RS EESGER7 R 70%~80% Shi ez al., 2023
Tll oA £ 551 il 57 1V OCs HE TR 60% Gao et al., 2021b
- E Al i VOCs & BEAIRAY 5 b R 46%~66% You et al., 2023
V] W B /¥ B 3 5 /A AL K e 70%~90% Zheng et al., 2017
Tk R BESY B 70%~85% Zheng et al., 2017
il 2547k i FH LDAR $ AR 55%~72% Zhang et al., 2021
JEEFC AR < 2 2 P i 4 45%~88% Dhital ez al., 2019
o I K 4 e FH R < DI HE 5 T N R R4 A AR A i}
22 3 iz i ) 51% Wu et al., 2023
i 1 W PR
AP 3 e 4 AR - S AR 67% Wu et al., 2019
FERAEE ARG A SR ) T T R £ AR 90% He ez al., 2023 #1 Sun et al., 2019

x4 SREATHEUERNNILER  BEANAKRBERNFEHEE (MB) FHPE—LEE (NMB) . FHIRE(ME)FF

HIH— LR E (NME)

Table 4 Detailed statistics of meteorological factors. Mean bias (MB), normalized mean bias (NMB), mean error (ME) and

normalized mean error (NME) of observation and simulation results.

R MB ME NMB(%) NME(%)
uUl10 0.80 0.02(m/s) 0.82(m/s) 1.28 2.21
PM, 15 $0L B V10 0.86 -0.45(m/s) 1.05(m/s) 0.78 0.80
(201742 A LTHEITH) T2 0.95 0.90(K) 1.79(K) ~0.002 0.007
RH2 0.86 ~5.18(%) 11.67( %) -0.06 0.21
uU10 0.80 -0.28(m/s) 0.85(m/s) 0.31 -2.93
O, A 4LL I B V10 0.87 -0.02(m/s) 0.96(m/s) 2.19 -1.79
(20174F6 H 1H=E9H) T2 0.90 -0.15(K) 1.21(K) -0.000 6 0.004
RH?2 0.89 -2.52(%) 5.91(%) -0.04 0.08

FE A, AT LA s i 51% B9 3R H 4 VOCs HE
WO EEFE G R ke HE AR I A€ B R DL D
45%~88% Ky VOCs HE i ( Dhital ez al., 2019) . 1
Ik 38 B 32 b, MY 2 VOCs 9 3 R IR, 20
67% .Wu er al. (2019) W] 8 & 7~ , H W 5 B8 BH
A% e A RE AT DL 2D i A VOCs HE iy 3k 67 %%

2 ZR517NE

2.1 ERERIFLLIIE

T EAE P ROR AR A TR
BEPLZE L (] 4) BRI BR AL A7 b P L4 R ZE R B
233 A L S AR E R MO R ECH 0.80~
0.95, NMB FI NME /INF- 3.0 % . XU 1 R[] 78 HA 5
U 8] 45 & Emery er al. (2017 ) $2 H 54 M fE 36 v

[ i), WRE-Chem #5274 fig % 5 4 Wi A 451 PM, 11
O, B I 25 7 A% L0 5 31 5 455 400 45 2 09 AH 56 &R 800
A 0.51~0.74(PM,,) A1 0.70~0.88(0O,) , &1 &l 2 fif
/R . WRF-Chem #5 2 B i & 4 7 NCP Hil YRD 3 [X
PM, . ¥ & (MB 435 R 2 pg/m* Fl 1 pg/m?) KAl T
CC.PRD #il SCB i [X ) PM,;, F# il /& PRD #b X
(MB=—16 pg/m’). Bl N 0T 52 35 38 = 4l NCP H
X ) PM, ¥ B (Yang et al., 2020) , {54 Fe 7 Hs X F
SCB ) PM,; ¥ J&¥ (Liu et al., 2017; Wang et al.,
2020). 8K , WRF-Chem #5231 2 i fili 17 5 AR B
MB 7] 35 41 pg/m’. Gao et al. (2020) i 45 F% ,
WRF-Chem #8 8 23 i [n] T4 O, ¥ B 700 45 57 &
2.2 REAL # # & & T SOA . PM,; 1 O, i5 &
H & f#

Kl 3af3bin T2 11 HE 17 H REAL 21
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Fig.2 The correlation and average deviation between observation and simulation for PM,; (a—e) and O, (f—) in 5 urban areas
B a %R NCP Hu X, b g XF B YRD L IX, B ¢ h X CC HLIX, & d i X R PRD X, B e X SCB Hb X 5 (a~e ) BE0LE ] B2 o8 2017 4F 2 A
1THZEL7H, (I~ B R B Ry 20174F 6 A 1 H Z 9 H 5 B Pk A8 b & PM, o Al O, 14 000 34 T4, O\ A s e A 40L ok JEE 1, 3057 A pg/m®

5 CON S SOA Fl PM, 1k i 22 5 10 =5 (6] o0 A L A X B9 SOA ¥ JE A W /) R B Horp e B R [ e K Y
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