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Abstract

In recent years, the concentration of PM; ; in China’s urban ambient air has been decreasing year
by year, and the concentration of O3 has been increasing, and O3 pollution has become a key factor
restricting the improvement of air quality. Linfen city, as one of the important coking coal bases in
China, has a large number of iron and steel and coking industries, which emit pollutants, resulting
in high Os; concentrations and facing serious challenges in pollution management. Based on the
pollutant concentrations and meteorological data from the monitoring stations in Linfen City from
2020 to 2022, this study uses causality analysis, complex network and correlation analysis to ana-
lyse the spatial and temporal characteristics of the O; concentration and the influencing factors in
Linfen City. In 2020~2022, Linfen City is more seriously polluted by 03, and from the time point of
view, the O3 polluted period is from May to September, and the non-polluted period is from Octo-
ber to February. From the spatial point of view, the daily maximum 8-hourly sliding mean values
of 03 at each station in Linfen City exceeded 160 pg/ms3, and the contiguous edge values of the O3
concentration transport network model during the O3 pollution period exceeded 0.5, which indi-
cated that there was a significant O3 transport relationship between stations, with the Municipal
Party Committee and the southern part of the city being the most obvious 03 pollutants with the
strongest transport capacity. In terms of influencing factors, O3 has a significant negative correla-
tion with NO;, and a weaker negative correlation with PM; s, CO, PM;, and SO,. Meanwhile, O3 was
negatively correlated with barometric pressure and relative humidity, while positively correlated
with air temperature, dew point temperature, ten-minute average wind speed and visibility.
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1. 5l

ARG YIE RN fEE R E, —H R B RRZ E L] [2] [3]. N T BRI,
HeB T RpE R fE, RETRH T — RVNZEEVER AR O™ B 2S5 g, 2013 4, ESBiHEH K
BB REBTEATEIRIY BRI PMys VS YL E S, 2018 4E, MR TS R P =473
Y, SRS S SRR SGE R TR . BEE SRS YR BRI, A PM,s BUE TN RE, KR
5 YR BT IR O [4]. AR SO IR BEANAL T /K, BB 2 & iadh . s, O i5 Ik
A2 [5] [6], ARAE AL H K 2EBRIA R BE - BN 75, 2022 4E “3 + 1107 T HEFME N O3 )\ /N EIE K
EL 2021 AEHEAKRI AN 2.9%, 90% A BURFERE N T 2.5 ng/m®, 78 NI O3 I ETHIRZS[7], BL O3 AR
FM KA Gz B9 s 2 ST B E B R R

FREEM Og 75 gent N B 2E 7 A 5 it i AU [8] [9] [10]. K32 fih i ik P O 2 i 285 488 o O i 1L 5
FIREIR 2R G K R K, SEss Bl 2 R0 [11]. M4, Oz V5l T HUR & 1EM Ik,
PHIREDARKMEE, EEIRE N FZGFRE . XFEFH R R TR, B
BT R G T RESZ BN
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Iy T T RO R BR, BERR S “IN7 IR, BELEDUEIGE, PIaDAE NI X AR IR AR 45
SR 3 1T AR S Bl AT O X TS R E R R R TR S RE, AT HL Wm
PRI TGRS . 2016 45 2020 4F, Im¥TH Os HECK 8 /NI HESIEE 90 | Ak T 130
ng/m® [12]. WG T O3 WREEK Ty, 5 BT, JAHE O 5 YLt 4 ™I B[ 13].

AT, SRR AL R (GEOS-chem) A4t X 2 RURE 23 Uit i A 22 48 (CMAQ) S HU B AU 5 12
2 N FAEIR R Og KT B O XTI TR R 2 AR _F[14] [15] [16]. 281 , BUE BRI B %,
I TR S B ) B ARG SN E P, 7T RE S RS THAAAE — e M ZE[17]. BT IR e —EfE L
EERR T RAMES LA PR R, TR T SRR I ARG G . B R R
B RIAWIRN ORI 1)L 52 R FL RN BRI FE ok, JFIUE T2 R I8l SOmt
S —FARZR M A T ik, AT ROtIR B S5 R AR R R R DRI AR . AR SR A, AR
RIS A ) R A 2R AE I M R GE DR R Z IR A R SR RN O BN B2 . AR T 2020~2022 £ 3 117 i
D R BRS GUR E S SR B, ST 1 Wiaigs T O B PRI TR) AR A K 2 () ) AR RFAIL o 30 3 WAC SIS S S
fEHT Og ¥ Y ol AR LR IR IR SC R, 6 R M TV S Os AR A8, AT 78wl ki I) Os A& 5
fibo HEIEARNE DT ITENTT O5 5 H AR HUAR A

2. BIEEH=E
2.1, HiEkFESTHALTE

2.1.1. HIBEKIE

AW T A FH (25 /05 Gk FE 805 9 2020~2022 4RI ¥ (111.52°E,  36.09°N) 5 AN [ 2 55 (1) W il
W, B FEE G A SR POt 5 MEESSAATZ. BERAE. IGNER. 5 T5%8
FIIFT, 75 4 EFEAHE NO,. SO, PMyg. PMys. CO Fll O3 K . 2020~2022 45/ G4 R4 T [
GHARE M ik (http://data.cma.gov.cn/) . G E R A4S IR (TEM) UK (PRS) . 75 23R BE(DPT) W2 FE (RHU)
53 B2 K (WIN_10)FHRE WL (VIS) o BT Bl RIS 223558 1 /NN Ak, I i PR s I o B 1
N TRHER 2020~2022 “E G T O3 H oK 8 /NEVEZNIIE(MDAS). il 5l MDA8 “--F-¥{H I O #im K

L QRCEI VAR
2.1.2. BIRFALE

S 53 BT AT i S R R ) S B S80HR AORUE SR (K S SR B BT H SRR R A, A5
FAE IR L SAE

22. EWAE

221 ARMSHR

K8 AE X i (Convergent Cross Mapping, CCM)s& —Fh3E F-ir N EER AR VGRS 00T 2 42 R G it
AR R R R TR, SEREMESNT TR, 2B R UG EE N 2 2 4 25 (8] R 3R AR
P EE R [18]. CCM HYSEELF BAKH T 52 FIE B . i N ZEFE IO A A A 7 IR 2556 fnd o TR 2R 1)
fhiit. BRAEENNIHERGETFRAKE N L NHFEEX 5 Y:

X} ={X(1),X(2),X(3), X (4),- X (L)}
()= (Y (0¥ (2).¥ (3)Y (4) ¥ (1)
W R E o AR X5 Y FINEREE, WEE TR My 5 My:
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M (t) [x(t) X(t r) (t-27), X (t=37), - X (t=(E-1)7)]
[ t 21) (t—3r),---,Y(t—(E—1)7)J
Har, 1>0; 1+(E+1)<t<L, EANELTREIETRIFRANGEE, ZRFKE. RGNS SRR
[19], ZERE M, Ed/ S SEUE B, Ed RINSEERITUAR. ARIE E IR A, XH
TR SR 7925, e A A8 SCBRHIE SRS 7 346 B AL 4 & E, 1] pyEDM £ 4 [ Embed Dimension b8 £ 5¢ 1% % -
R TIIE My BB RARIT N E + 1 AN SR EACE wi, #EMXS E + 14 Y IEEAT IBGR A, B4 Y(t)
MRS SRS T, S B N ] 25 A o i 1R 2%

Y‘(t)|MX:szwiv(ti)

A, Y (1) M 9 YORIZE X BEHH0R, BT Myttt YOULMRZ Y T X WEE . 2 Y g 5
R, X AREER, WHZEM My R X@E), ¥ (4) 18R YORIFME, wi v TimE M B3 | 48
R XOZAEEE, TR R

w=u/> 0,
o =exp{-d[x(t). x(t)]/a[x() x(1)])

o, d AR R Z I FORK QRS exp ARFIRBR B GEH o 8IS TS50 SR T 5 LS A 2 1) )
Pearson FH 1tk 2 45 i Hi 7 ] 250 2 TR 38 (O TR E /7, 1% BB AT LA TR (.88 CCM AR 5% R 3
Pry =Cor[Y (1), (1) M, |
BEEE G L AR, Y 07 505 B AR N e R, A1 Y X X Ak ET, [ CCM AR

RKAKRZ e, Y FPEIZATSSE T X XRWE, HMRXAREWIERT 0, H CCM KT Hi 4k 2
W2 b TS SSCIRAS I, I P A B (B AT LU B 9 A7 2 AR 5% & [20] [21]

22.2. BHFLE
BRI T DR LS A P (i 2 R, IR KRB R R RGP I HE WA . 5T R 2%
ERBARM IR AT IR 48 40 22 2P -
G={V,EW}

G FURM A, VSO, (V23 eV IR R A, SR i R
RIS e = (VLv2) e E R —Sikih, Fom T vi e v2, W% v2 B vi B9 CCM fd
AT 0 ELHUN MG 2 EFHICURA, WA v RS v2, B0, VI A2 2 RS . w,,, eW &
% e HEINTURLE, v2 T V1 115 COM M R MU TR VL 30 v2 (OB A, 10l Lok b, el o A
Hy O YR JE LA 44 BT

2.2.3. XM
AHOCIE R PR AN AR 5 2 (B A OGRE RS o CERR A, 38 A AR DG D7 v R S v A R R
H, HIMARE R *ﬁ%‘fﬁ%%&ﬁl@?ﬁl%ﬁ(%[ 1, 1], #RFET 181, RSB, Mk, B
g 0, VLHAPRE AR N . V5 Rk BRI M S R e TE LA B, fFE IR Rt A SCH
Pearson #H K REGHAT T & ﬁﬁﬁ/ﬂlﬂ/\ﬁ:
cov(X,Y)
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3. ZRESh
3.1. &5 O; R EIZE{LFFE S #ir

# 1R T IR T 2020~2022 4 O5 15 4RI HL 1, 2020~2022 4E MDA8-90th 43 J] Ky 184 pg/m?*,
197 pug/m®. 179 pg/m®, ##85 160 pg/m?, F WG U3 1730 =4E O V5 YN K A . 2020 4 O3 HFRF N 21%,
2021 AR A EL 2020 RGBT LFF, XK 2020 RS R4 RIFATE22]. 1T =4 O, B JF
15 YRR 60 K, 2020 dEH TS YL RN 8 K, 2021 A 17 K, 2022 HEAHLEL 2021 4, A5 G
REED 8 Ko RE O35 Y tB A Frei, 2022 45 MDAS ik R A=k 20.27%, X UL Z T Os
VYR, TG K R Al O3 V5 YRS, BRI HE—2D oK Og V5 YiR B+ /r E 2L,

Table 1. O pollution in Linfen city, 2020~2022
= 1. 2020~2022 £ lifEnTH O3 i5RIER

wn MDAS8 L MDAS , MDAS #it5 % MDA-90th BES  RESR HEESR
B/MEpgm?) B E(Rg/m’) (%) (ng/m) (K) (K) (R)
2020 9 262 21.00% 184 68 8 0
2021 6 253 22.20% 197 64 17 0
2022 15 236 20.27% 179 65 9 0

BH P& 1 A%, 2020~2022 i 11T MDA8 2L E MK HARIALRHE. Og 75 Y FE R EAE 5~9
R, Hr 6 A4 MDA8 ¥l it s, X RPINE KRR TG, AR A, (2
O3 HIZE K. 2020~2022 “FElm ¥ ii5 4 K E 5 MDAS ZEfbifa s KAk —5. 10~2 A A O 75 R 8, X
RPN AERIRG PINREZ, KGR R HH] T O3 AR MR 6 Amis e REm %, 7
N 22, 22 Fi124 K.
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Figure 1. Monthly changes of MDA8 and Os pollution days in Linfen City, 2020~2022
1. 2020~2022 £l MDAS #1 O ;SRR H AT

3.2. &1 O; B TIFAE 534

2 75t 1 2020~2022 “FEimyy i 5 Al Al MDA8 FIAE-F X EAEIR KA. 4k EF, 5 Auba
MDAB8 PRI T 160 pg/m®, Bifibtr. b, HZANEEH MDA8 ¥fE R K, K 192 pg/m®,
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HUCR SR RIE)E (188 pg/m®), AL NIGINERL(184 ng/m®). M MDAS #itr K% &, e, W&, B

SERIE T I T 2R BBt 230 K, IMtE &L 1 K. MBTHAME 5, WigEs i, M FiEs
W, FRERD, HREKTHX, S5 NO MEHFER 05/ [23]. h4h, WEHHEFERZIA
B0, HiZuh S Ui A BRI T Ak, KEHK VOCs, FIF O3 MIAERK, E 03754, TZMEF
KB JE A1 B AR 2, FRERR. YRS BUE N SE =4 Oz kY, i Oz ik
Tty V53 AN MR [24]
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Figure 2. MDAS annual mean and number of exceedance days at Linfen sites, 2020~2022
B 2. 2020~2022 £ i35 & 3k /1 MDA8 I E TR R

BRASHLI) Og AERLAL, O fRHIXT O V5 YeAFAE B [25]. 1l ¥y 17 2 sl O Heis, HARSe 2k
PER ST I FE0 p R ) Ox BERIT, AR LS IR INM R R L, SFEIFI O MBI AE. PR ILA
FARERTINE G R 1) CCM s & 5 M4, SHIRV T 5 ANl s () Og W FEHEAT #2245, B84l i) O
MLt e &R, TSI R I O3 ML . 72 O 75 YL IIPY, 53k 5 1Al CCM M2k R ¥ KT 0.5,
S EFHSICRA, Kt RIS I CCM Ak REE N A N4 E DR, K% O ¥5 Y&l 1) Og
IRFEARRIN AR . %] 3 fow, ik AR3R Op MBS 7 ], BREERIR UL Os MR, X HoAths
M) O3 MR B2 . BUEAE ISR 2 FoR, fEFEZHTT1) OxEfi E T, WRE T 3. H, W&
Wird O A& E AL mrik 0.703, X7 T 2EA AN E 58 KIE 73 7k 0.676. 0.667. Ui T ZEM Of fe i N
B, K HARYE S Oz Mt K. XRRAT R Os fiiAYIHRE K, &4 ZHKE 0, HJH
BT, G OB T Y. AN, TR AR SRR, ERSCRE .

Table 2. O5 concentration transmission network model connected edge values

3?2, O REAE MM EIR B EN B

Source Target Weight
DIES W 0.703
LES HLPRE 0.676

JE SRR W 0.672
ES JE SRR 0.667
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Figure 3. Modelling of the station O; concentration transport network
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I =

BRFEXS TR B AR ST Y O & A ELE X 0.64, 7 TR+ o HEAHICHT FERBI[26],
£ 5~9 J1, &R RKUNIPE IR Og /N BEB AR B % . 3PSt 12K B w5 S MR S R, Os i
QEvThRoA o W L= e PRy Hofth ol i A BB RT ,  S2 2 A A fK) Og MRS L AIG, (455 HOU H AR
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3.3. E¥h O ME R4

miE 4 fis, SEREFTEZEEMXKLR, BEROMILER, BESOKINGE, SEEH
MAHDCVER S . ARG, HAMB RIS RHNES Oz LM REUEE T 0.001 B MHERLK.
TEFSGIT, 035 NO, M BB Bt m, N-0.62, RILEZEFAHKKR. XZEHEA NO, & O3 4k
[ EERT A2 —, B RN AR O30 541, O35 PMas. PMygs SO,. CO 2 [EIAFELE 55 ik 6K
7, 5 PM,s OMISSREE R, MR R EN-0.33, XN PMys THUES IR, Wl O34 75X
R, SR SURE S O Z I M IEAHC RO IR, MHC R v 051, 0.38. SHAPHEE S AilE
2 I0E NO, 5 VOCs KA Jetb 22 N, it Oz 2/l SUEXT O S B3, Ak RECN-0.49, 1
RIEWBO T, RAWELE, SEORMHEMESE, KT8, AT O An: Taeh-F g g iE S
O3 RF LA, 54 0.1; MXNBELY O AT A, H-0.11. @/ Hrel s, HAidis <R H

25 Oz ZIHRARBNE .
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Figure 4. Correlation analysis of pollutants with meteorological factors
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