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Abstract

Based on the conventional ground meteorological observation and data from national environ-
mental monitoring sites from 2015 to 2020 in Chengdu, the annual and monthly variation of ozone
pollution and its relationship with meteorological factors were discussed. The results showed that
ozone polluted days account for 9.9% of the total monitoring days, accounting for about a third of
the total polluted days from 2015 to 2020. The proportion has been increasing year by year. The
trend of monthly mean ozone concentration and monthly ozone polluted days is basically consis-
tent, showing an “M” type bimodal distribution feature, reaching its peak in July. The daily average
ozone concentration is positively correlated with the daily max temperature and sunshine hours,
and negatively correlated with the min relative humidity. Quantitative analysis of meteorological
conditions shows that from 2016 to 2019, meteorological conditions were conducive to a decrease
in ozone concentration, while in 2020, meteorological conditions were conducive to an increase in
ozone concentration.
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AR, WA LD R AT EERE, DLIREIS RAREM L R E™E, A DSR4k
MV ) PMy s 15 5% 5 10 53 — b 58 2255 el 0 b T v I B O SR B NI R AR S R B
W, n G| PR RGN, & AR EYIIE 1] [2].

XoF It 2 R AR S AR S I I N RIS S HE U A (N O FIE B A ML (VOCS) /iR 4, 75— 52 1)
REFMT, @t R AERL[3] [4] [5].

SUAIRFERR T SHTAMIIREEA KA, i ERFMBEYIAR6] [7] [8]. ST AL DY )1 2t &K,
B, A SO AR TS R R B, KA BT/ TP R, X R s o™
H, JEERE XM RS AT Y™ A DY K X 382 —[9] [10].

AR SCR S T 2015~2020 43T 1l T SRR BE R AL ECE , 875 AH DGR B FORT T i T SR
WIERR I, 515 R AR BRI RN T, F @ &I TR & AR E R, L
A P T LR P TR T S i 45 i iR R R S %

2. BIRER*®
2.1, R

20152020 4F A T2 B W BB RV - PR i 225 5 B R 2346 T A T ) 7 A st 2 (R
SR, B S AT, A 1 R

T 7S P A I KSRl O B 8 A . IR . MR, FTRA ORI
o SR FEO L Y
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Figure 1. Air quality and meteorological stations in Chengdu
1. EEHESREMNENE SN RIES S

2.2. DHFE

A E R MFRAR IS UV 7125 (RS EAaE) (GB3095-2012). (M2l & 1T
MEARIIEEAT)) (HI663-2013). SLAAMKEE HIME 2R H K 8 h 1§31 - ¥{EH(MDAS8), H¥fE+E—1H
P A AN BP9 R SO A . i i SR H AR 248 5L MDAB8 IR R T 160 pg-m >, [FIi
R4 (RS BT B(AQN) B AR E (AT)) (HI633-2012), K¥FiEas <R B IR AQI F83Uk /Ay
6 %: H(AQI<50). K (50 <AQI<100). %5 %(100 < AQI <150). {5 44(150 < AQI <200). HEFF
75 %4(200 < AQI < 300) LA I ™= i5 4+ (AQI > 300).

2.3. VMG GE

% JuZE % [l 4 (Multiple Linear Regression, MLR)BEAL N | — AN i 87 A8 & A1 LA AR & 2 (8] 1) By
o NTEMPEFM R R KM TR BRI, B IE D 2 7028 M B AR G s 2 S
LW FE RV R AR B 2 (B I 9G 27, AR b 4 B4R H K 8 /NI 3~ 35194 & (maximum daily 8-hour average
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ozone, 455 A MDA8 O3, LLR[F):
y=by+Ybx +¢ (1)
k=1

Ay A5 Gk FE L E (MDAB O3); b NEFRI; b NEIHRE, x ARRLE, ¢ MR Kb
(1) MLR #5288 ©7E 2 A3 A X3 D B T 24 G AL 2650 PM,s Al O IIRZMA[11] [12] [13].

Rl FIE B0 B

B 1 15 2015~2016 - E P4 MDAS8 O3 ik % 55 4h 17 MG AL & (7 D). 75 99%
BEKF EEASG R AR R AR T 1 (% 2), DT —Pikd.

IR 2: 9 1 RSk N T ER] - A)AH DG PR IR S0 {8 5 22 B IR TR (VI F) SR A 36 22 B 2 12k ] [ 14]
VIF PN R e v R, - Sk r

VIF-1-- 1R2 @)

Hoh R AYE R85 BATH VIF MBRE RN 10, DAFRRILEM R RR B2 . ik, 26 VIF > 10
MRGER, RERROEEEEERRT 2, #T7F5,

BB 3: N TR RIS, BT AIC {5 EME (Akaike Information Criterion, AIC) %t it4#E[15],
A B R RN A 5 HEAT [ H . 25 AIC IX BB/ MERF, 155] “ KT 37 o AIC HITHE AR

Table 1. 17 Preparatory meteorological variables
®LITAMESKEEULH

5 I 2 <X
1 HF %5 hPa
2 HF35 508
3 H e il
4 H &AL
5 30T T A o 46 %
6 24 /NI K &= mm
7 EPGENE h
8 I TP 2 X m/s

BOTRRER

9 S5 55t (surface solar radiation downwards, ssrd) MJ/m?
10 14542 1 & (boundary layer height, blh) m
11 &2 & A 47 b (total Cloud cover, tcc) %
12 500 hPa #H% % F% (rh500) %
13 850 hPa X f% (rh850) %
14 500 hPa % [i1 )X (u500) m/s
15 850 hPa 4fi [a] X3 (u850) m/s
16 500 hPa £ Jr] X3 (u500) m/s
17 850 hPa Z: [f1 JX\j (u850) m/s
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Table 2. Correlations coefficients between O3 concentration and 17 Preparatory meteorological variables in the summer half
of 2015~2020

< 2.2015~2020 FE ¥ F O;RES 17T MRS KT ENHX R

PP RpE
R Cl
HPHSE -0.32 1
HH585 0.53 1
H&=HSE 0.75 1
H & K<ER 0.11 1
L b TET AR X B -0.7 1
L TH P-4 KGR -0.09 1
24 /NGB BRAKE -0.47 1
H R B % 0.82 1
blh 0.6 1
rh500 -0.45 1
rh8s0 -0.62 1
ssrd 0.81 1
tcc -0.7 1
u500 -0.29 1
u850 0.57 1
v500 -0.31 1
v850 0.46 1

H: RAMKZRE. Cl=1(Cl=0)FRRTE 9% M EE/KTF FEAGFE LR RE) K.
AIC=TxInS_IS_—E+2><(k+l) 3

Rofi: SSE MR TITA, HISSE = 37 (Compe ~Conn )+ T AFITREFHOMIEL, K Al ek ]
VIES
U\Jﬁ%ﬁ% 4: SRR IRE) TS G FE RN TR A, AR\ 2016~2020 fEIF H AR 1, AL
HIZEH ) O3 WRFE o B BEAUIR B S R IR SN 1075 Rk B, M S BEAEE A L, BT BE 1 A2 Bt A N
RARFMEMEIEN, TSR T Yk FE AL B A DT AM .

AM = ((A = Ayys )/ Asss ) ¥100% (4)
3 A A 2016~2020 AEREIBANIR L, Aggrs /9 2015 FFEREINIKE .
3. BREIR
3.1. 2015~2020 fE A &R TH R AT HAFHE
3.11. RETRETIHHE

2015~2020 4= R HR 7T RAM IR R EOE 217 d, B W R E(BP 2015~2020 F I IR B B R, 3k 2192
d)ff] 9.9%, L & T = A M X (16T F gk T B~ 2 [17] . bR i5 4% 193 d, 5 88.9%, H1ET5
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Je22d, 510.1%, HEEGG2d, & 1.0%, LPEIGRRS ] IEERHLIX S ETS Re ) DUR RS G
T, BARESSIMB]. K= MAHIX[16]251L.

2015~2020 4 R R T HA 85 2 S i BB bR R B3t 590 d,  Hirh RAGEAR KELE 36.8%, 2.5 MiBEkR R EL
=52 —, R X R PM2.5 AR — KI5 %

Table 3. Variations of O3 polluted days and its proportion and O5 concentrations during 2015 to 2020 in Chengdu
F 3.2015~2020 FRHH REKRE S SREHEK

20154 2016 4E 2017 4E 2018 4 20194F 2020 4

SLEAE R HECR) 40 27 35 33 36 46
MDAS8 O, K45 90 T 23 r i & (ug-m ) 167 155 157 153 160 169
SRR R B (%) 33.3 231 343 37.9 46.2 53.5

MAEAAL KT (4 3), 2015~2020 4 pHAR 7 R A bR R Bk sh W &, EPRZE REOK. 2015 4 R4
AR HHOLF] 40 K, )5 2016 F R R HHO0W T %, 2017~2018 4 4EHF LA X FERK T, 2019
TR AT R, 2020 4R SE R A 2015 LRI Z RA@BIR H (46 K), REGREHG MR, ’
FUB AR RH & EEAE 2016 4F N RE R RACE, 2017 EIFIE S, 2020 F R AU AR R B L ELE T 50%, A
ISR -

(A SR EIPM ARG AT)) BE, U3 —F A MDA8 O, 5 90 H 4 A ik FE K T 160
ng-m BB, I A T 4 RO RERR . R, BT 2015 4T 2019~2020 4 SLARAE FE VR4S
BINEAR, 2016~2018 4 S BV 45 R AR AR AR, {H MDA8 Oz 158 90 B i B0k & O+ oy Bl
FARPRAE, S5 PR s SR E N EE N R

SR (AR BRASE 5 R FR H B A — . 2015 4F 4 MDAS8 O 45 90 1 701 Bk /& 15 7] 167
ug-m >, 2016 “FEHHE F#Z% 155 pg-m >, 2017~2018 FHEALERE, 2019 SEIF4AI I, 2020 F4kEE 3%
VN B R B (169 pgrm 2). AT E N 160 pg'm 3, 5 ¥ 2013~2017 47 B8 T A5 T7[18] «

3.1.2. RESHEBTILEHE

RS X A8 Tk B B BB H AR AR 2), B M7 RIS A0, Hirh 4~8 H RAEIK
JiE S R AR B R KO, H P REGR B KT 100 pg'm 2. BARSKRE, 1~5 H RAREZ R ST,
T 5 Hik B M 143 ngm™2, 6 AHREITE, 7 A FRIHEiE R4 EE(Y 146 ng'm >, 8 A g
AR, 9 HIFURMGE R, 1€ 12 HiEFIRIK 34 pgm 3. HEREE, & RAWENRKA M 4
1%,

SRS Y HEU A A 5 AR ESE AR AR A —5, HEIHAUESMRHE. A5 3 HH
DUE 4~10 H, Hrep 4, 9 f110 A¥PRRER Y, R Bi5YHIE 5~8 H. 5 A8 Harmlhiil 7
KA, 5 RH S Y HEUR) 70%. B M S Y HEoT 5 A 8 Hiim i H B AR ER — &
TUER. VSRR BURZ N T H, RN H B i s N [a], 2015~2018 4 BEAG Je R Euk 3] 52 K,
e RS Y H U 27.8%.

R I X AR E S RS G H B U AR IE 5K = Bk =M. ERSEE P 32 BT T 4y
FE—3, (EAEWAE I IR ] b &%t of By 22 5 [16] [19] [20]-

AW FARH, FF(4~5 H)RAIRER ST G2 T w2 O T & 208, X2 B i sk
JEE LA S U A AN IR A P Ak B R B PRI [ 2] o B RS ER T 75 28 B AR5 G50 2 1) EL A B R AT A A e —
2TV
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Figure 2. Monthly variation of O; polluted days and averaged O concentration in Chengdu
during 2015 to 2020
[E 2. pi#R 2015~2020 FR&SFAKMB EHRERERA D H

32. REKREESKFHHRR

321 REAKESHASKERNXR

SEECNIA S RS IR, FIRBERR T SHTAM A AL, RRKAF M A T 20, [R%
PEIE ST 8 AR DURE R HOS R 4555 B EE A [4] [20].

BExt b R AR RIS Y 24 (4~9 H), FIF 2015~2020 £ERHR T IRIT5IZ H i S 2%k, g8t 17 H
5K 8 h IHEP PRI SLAUR SR AERHBEE . KR, ARG IR ERNMER L R(E 4). SRR
N, RERE SRR EREIEAR, THESREAEIIAHCREUAS] 0.71, 15 HARSRNTCH B,
Wi SLAIR RS2 R IR R RR . SRR S AR A Pty o rp S S AR B A DG R
B, 070 SLEKEES HIRIH A B S IEAOG(r = 0.73) . SLAEIRFE HIIME 5P MU R B —5E (1)
HRRKRE = —0.21), SrgathXRMI[22], SEPKHIX A R[20]. RAAKE HBSME 5 RK 0 L0851 57k
KME(r=-0.19), K=AMHXFIRARHX 2014 FF AT FT854 H B R 1) SR AR S E 2R TR R I H [16] [23]-

Table 4. Correlations coefficients between O; concentration and meteorological factors from 2015 to 2020 Apr. to Sep.
3= 4.2015~2020 £ 4~9 BRERE AN ESEMNMESKEREXRY

R KR H R KR HL
PRI 0.46 PRI IR —0.61
e U 0.71 B ARAH SRR —0.70
AR 0.04 HE#KE —0.19
P8R GE -0.21 H &I %5 0.73

322 REXREBIGHXBSKET

AT T AR SSE e AT AT, SRR S Hfem U H R B, SR B B A S PR« 1B
DA R — 8 o #r

K PHFRS A SN IR SR T AT 1 SN R AR WETEAREL, BRI H AL 2B gy
RHE, TP RIS BIE(E [24] [25], 5 KFHERS A STEA —5[22] [23]. fERmINTRE, KR4S
SN 3 MIm 2, RECFIIREERI N 25 pg-m ™ Ai AT, SR AR S HIB W T R [17]
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H B B0 BEAE — B FR I PR T K PHAR S0 AR E IS . Siit 2015~2020 4 Rl i A [F) H I
BP0 DX T) T SR A AR R AR A (1] 3)RT AR, Bl H R A, AR IE B, REEAREN
BRI, 24 H B ECKT 8 h i, R4 MDAS PRk ZiA#] 160.8 ug'm >, i —ZbruER{E . 24 H G
IHECKT 10 h i), RABIRFIAF] 55.6%. {524 H IR $/E 0~2 h i, {3 /b & REHRH, &Kk MDAS
IAF] 198 pg'm >, 124 HIRE KT 10 h i, AR5 MDAS Jy 100 pg-m . 5 BT b i 5L AR B EAR
5 H R HOA IR AR O, (BRI 2 A S A s, H R HOF A 2 — e R & .
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Figure 3. O; over-standard rate and concentration in different sunshine hours over Chengdu
during 2015 to 2020
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Figure 4. Scatterplot between O3 concentrations and sunshine hours
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B4 MDAS WK E 5 H IR $ & 45 R BoR (K 4), 2% MDAS W E 5 H IR BUE AR LML & .
H RIS BRI, S50 MDA IR FEFE H HRIN 20 in 2 e Ze k3 s Bifiss H RN S8 m, 5250 MDAS
W EFE S Y HEAEOCT 9h i, R4 MDAS IR KA,

AR BT R 2R R A B 5 (R AR AR N BRI 4 Ve B I B AR, SRAEKIR M RIFE B . ik 2
A, SLARIR S H A X R A Sk 5 H PSR A e

Guit 2015~2020 4 Al T AS ) Sp R AH X B X JR) T 5480k B R A 22 Ak (1] 5) AT BAE Y, Bl A fik
AR 3G N, BRI P R R SRR A R 3 R B S B I RN A . S AR AR AR FE /N T 30%0
R4 MDAS Pk N 155.1 pgm>, RAHARE N 33.9%. LEACAIXHEE FFHZE 30~400%0f, R4
MDAB8 V- F3# Ji Rl 5L A AR R [FI A B B, 40 59008 158.8 ug-m > il 45.0%. 2 Ji it 35 e A AH X Vi FBE (14 4k
4 BFF, S MDAS P53k 5 R BB R R AR AR T . M B AR B KT 70% 0, Jo 5L hx H H
D, A AR X IR AT G I H A (A e B R A

FAXHIEFE 5 BRI FE I A 9895 R B B B =AM RIS B — 2 KA KR T UE I 6L
) e 45 A S A S R 2B I 0 1T A PR AR SR R A 2 S R R AR I B AR R 22— [26]: R v A G
AFF REATUEERN R A7) =R KA RKFE R ) P A0, BN FE L A PRI Ak
FE[28].

5L MDAB ¥R [ 5 S ARG FE LA 45 R Won (] 6), R4 MDAS MR 5 SR A X B 2 I FR 4
KR BEAEE 6 ME 7 BRI, S MDAS R B X 4 7E S AR A XHE E 30%~50%7 ]
P, 5L MDAB8 R & I i KAt H BLTE RS P, Sy i e DX L4800 1 H AR A R B GG . 5
AR [6] R I A M XHAE B TE 60% 78 471N, b I S5k B A7 70 R PR ELIX — S5 1R A 755

WEFERBA[29], SR AITH R LA A o R B B . AN X W R, B R
T, BAEHR P MUHAR AT R A 2B a4 [4] [7] [16]. MRRHERHE X SRR 5 H i s R IR R % R oK E
(' 7), HHESRICT 28.0CH, JUPFRA REERH R HI. 2 B & Ue T 35.0CH, RAEE
PRIREZR BT 100% . SRR B 500 10 = AR DG T 6 2 DA ASCIRAR AR il K PHAR S O3 nm 7 5, 5
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Figure 5. O3 over-standard rate and average concentration in different minRH over Chengdu
during 2015 to 2020
5. 2015~2020 FF i A6 H & RAAFHEE TREBIREFKEE
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Figure 6. Scatterplot between O3 concentrations and minRH

6. REAKESHRREEEMSE

300

— TR e WA (& =HSIR) ‘ .
250 - . “ ..

200 -

150

100 -

REWE (ug »m?)

50 -

R? = 0.553

18 20 22 24 26 28 30 32 34 36 38
Hixm <R (°C)

Figure 7. Scatterplot between O3 concentrations and max temperature
E7 REKRESHESNEH-E
BRI R B OO OB NGB, B T A R SR SR BB 2 T i [22] .

IR R ik BoA B RIREI, AN B XA R SE 15 Gk AN RISR ), T XU R/ U g
TS L) IR R R B T R AR [30]

SHAB1)SEE Y, SR X X < 1.5 mes R, BEAE RGN, REERRR B N T
MKGE > 1.5 m-s, SLAGEARATER BE RGE AN R N R BN Y RGN . TR B REAR S
YER & S Hbhr, SN RT AR R T I AN 0 R A, 2 XK, AKCSH B E R8T 5 1, X
JRIMB T B R AR, AT R SR R L I R e 95 (23]

i1t 2015~2020 4 4~9 H Fth i XU T LLF (72 5), AR B AR ), oK HH IR A0S LK S
BEPYIAGEN 1.5 mis, RAEVS YL HKGEE /N, A 1.3 m/s. [FINERE], FRAFRE, KIEW A ARE
FElJ/)N, M 0.1~4.0 m/s /N E 0.4~2.8 m/s.

RGgE <2 mis FIEFREARE R, CHORIE RIS R HIEE] 1 96.8%.
A1 8 TN, I SRS G RO R BOR B LR AT G R BUR, E KA ZR IR . FERT5 G H
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AL X B =5 XA NNE-NE X, NE #I NNE HEIME R 10%, &i1i53] 27.3%; Ei59H, ¥ &
KA $% Ry SE-SSE X, SSE A SE IR 10%, &itikF) 28.6%.

Table 5. The relationship between O3 pollution and wind speed of Wenjiang station from Apr. to Sep. during 2015 to 2020
= 5. 2015~2020 £ 4~9 AR &S EE MR T FIRR X F

5%H K59 H
P 157 R (m/s) 1.3 15
P4 G VS [l (m/s) 0.4-2.8 0.1-4.0
/N XU (%) 96.8 88.9
N
NNW 18 NNE
NW 15 NE ——{55H
12 FigHH
WNW ENE
W E
WW ESE
SW SE
SSW SSE
S

Figure 8. Wind rose of max wind speed of Wenjiang station during 2015 to
2020 from Apr. to Sep.
[ 8. 2015~2020 £F 4~9 BRI R ARKER EHIEE

T4 A IR ARHLIK I, AT S A0 4% S B R T R, AT
WP, BB T WAk o SLC S L RE M AT IR I, @ LA LIS 55 H B SLALS e R

T REHLLT]6EH IR ST R o0 BT 2 BRI RT o 67 KA AT X
SUR AL, R ARHL X S . SRR TR B 453 — AL

3.23. ERFHRMEEST

L 2015 4E Y FEUEAE, FI 22 TR 1k [ A AR R (MLR)AS I 45 SR A R SRRk B, B AE TR B B4R A
KA TTERE (K 9).

RRERT 2016~2020 4 Y-4F S bR R A IR 5 2015 4E 12810 735l N—5.5%. 0.4%. —1.2%. 0.9%F!
9.9%. M, KRNI RAIREBIESTHIN-3.9%. —6.7%. —4.8%. —5.3%F1 3.2%, R 2016~2019
R GFAMELE, W REAIRERWI A TTER, AR T IR TR 2020 SFRRKMATEE, H
FIF REREN ETF . BB G, HoAh R 3= (R AR S AR G R X ik 45) S 801
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Figure 9. O3 concentration and contribution of meteorological
conditions in Chengdu during the summer half of 2016~2020
(Based on 2015)
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