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Abstract

Near-surface ozone has become a major atmospheric pollutant affecting regional air quality in China,
formed as a secondary pollutant through a series of photochemical reactions from ozone precursors.
High concentrations of near-surface ozone can adversely affect ecology, the environment, and human
health. This paper focuses on near-surface ozone and, based on an analysis of the spatio-temporal dis-
tribution patterns of urban ozone, uses a Generalized Additive Model (GAM) to fit urban ozone concen-
trations with local meteorological factors as variables after selecting optimal meteorological factors.
The study analyzes the dominant meteorological factors influencing the spatio-temporal distribution
of near-surface ozone in the Wuhan City Group. The research results indicate that ozone pollution in
the Wuhan City Group has shown no trend of alleviation and remains at a relatively high pollutionlevel.
High concentrations of ozone in the Wuhan City Group exhibit certain similarities under the same cli-
matic conditions (combinations of water and heat), suggesting that the dominant meteorological fac-
tors controlling urban ozone have regional characteristics and are mainly influenced by a combination
of factors, such as temperature and underlying surface conditions, characterized by higher tempera-
tures, inland locations, and high levels of urbanization.
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2. ¥I_RS 5%
2.1. ARXE R EERIR

AR SCHIFFET G OO T B, g H ) SR B RS G ks o5 LA A T R A ) R 1 G T
PO ST BRI FEER T T TSI B AR AL X

AR SR AR BE (MDAS O3) i R U5 T i 8 2 S5 S AR 26 MR 40 71 2 (https:/www.agistudy.cn/), 5Bk
SR EAEREIE . ARSI RIS S B RUE T NCEP/NCAR A= BR 70 S S B 4R

(https://www.esrl.noaa.gov/psd/data/timeseries/daily/) »
2.2. MRFESHEFEDED
ASLUVS R T N EIZH GAM XU B 6 31T MDAS O #HTHl 4.

2.2.1. XM

P T30 Tl A b T 5 4R SR AT AR TE R R A AR R R AT5 e, AROR R %o 3 Hh ] 5
A EEASE0, DR R 3T I M T SR FE S SRS SR R T 2 ) HEAT A S I A W S R R e
VRN I 2 A 1) AR A

2.2.2. [-XHEmMER
(—) BRED
I SCH A 7Y (Generalized Additive Model, GAM) NAES B AUl THBE AL, & ] DL SR i Hb - U 254 ]
MR R FR, ANTRE L R MR R AT 5, B8 g — AN 0 i T A 6 s ok k1,
— DI TR DA AR R R AR e Al B B AR B T AR 7], GAM BRI E L T AE A Gt R OB S
“mgev” A, HIEARTTEAN:
g(1,) =X0+ f1(x,)+ fo(x,) +-+ ¢, )]

ELUR R IR TN Bl & UK BERO B, 2o f (K263 1 TR M. foRERERRMTR
BRI T2 1) P R O 0B B B0 8 O 1 e Vi e o 2K
DA ()RR, A A I 0 48 5 5 3 0 DR A 2 ) 0 U 7

(=) MR

1) BEHEM

SEREH M AT R IR | . R R SRR RN T R X SRR R, N T
AR 2 IR T ECRE, J AR 6 /M SURUH S A B [ — A R S M
SR R AT A A SR T 0 4 B2 1 e

Table 1. List of meteorological parameters for building GAM
#* 1. GAM BIES RS HTIR

No. ZEAK HdmRR
1 500 mb 7 375 5 HE R
2 700 mb £F [ P15 XUk Eyglerit
3 1000 mb FH%F 42 FE a7y
4 HERAE HfE
5 2 2 K iR HfE
6 DOY (Day of Year) HE R
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B4, KM

7 DOW (Day of Week) ok
8 FEHIEE RS (12 7N HH
9 AL TT 1F1 (12 /NI —ark

2) BESHMMN
@© FRitfE BAEN: R ERAFP R “mgev” 2t 7 RIRARE {2 Rk #7730, RAE N RGN
WFETTI, ARAE BAEN AIC T VERAEFT AT 5 — R RS HAE(9].

AIC =2k —2In(L) 2

@ Rz M AR ERAYPEEFZ G, AR T fo0)rEURE, HET AR E XA
FIKZ) R RL f(e)fEESRTE 0 BT AR, H 95%EAS X WA E 0 BT AEfm, R AR E X X ()R
EEUTIARREAER, I ROZM 2 28 B AR .

3) BRI

@© 4TI T EIVARE 2% BRE(CRS): AN 1T AR (R HEAR A oAb T 3777 [B] VA 2% o L
(CRS)HIMEBRHL fj(x) 5 AR F (A AR 2 e 1 o

@ HHE: SR LA TR B B (edh) T s AN E

4) BERIE

B 1L A, 38 gam.check fRALIZ AT A BRI SE . 7EE 1 op, BRI 7 RFEA
IIAL AR T BRI AL S QQ K I, MBI H AT AE Hh QQ B SR MAARH B, X LM &I i
BEN; A EITNRZEAN TR A E B R, A AR EENER, REHALTIFEZER 0 i
VAR o R 7 AR A, BRI TEE, GRAYE 0 MR HE RS A N W E AR T
A ERIHOSE, BEERMMERG R, G E R 38R, AR 3o (8] I AR 26K &

—E Resids vs.linear pred.
-'g ] K _
o | s S
: = —/ ; S 4
< wn
g w 2 w7 .
E in T T T T T in — 1T 1T T 1
= -1.0 0.0 05 1.0 3.0 4.0 5.0
theoretical quantiles linear predictor
Histogram of residuals Response vs. Fitted Values
= o
< v O
£ = E 7 ':“:'
Y
E < B B & (= T
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e 2 LA QQ IR (FEA L s AN FHS 0 41)s A7 AN
P (R 2R Ak 2 AT T 2R 0 B (B B ) s 7 T 7 AR 2R Bk 22 A o A 1
5T 77 9 B OB AR G 1 R LA O ) .

Figure 1. Model validation results for Wuhan

1 BONTRBIIEIELE R
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ASCRPUR T 6 T LIRS HIU & RERE R ITE GAM #AT, J2H] gam.check fir & /E R
RETRAG 6 PRI P51 OR DL S o LRI R A

2.2.3.F Gt
KH GAM #AH [1] F GiiH{E (F-statistic) K i & BN T 0 3= F A4 H T, F o2 e g 3
ST ERAH M TE[10]. GAM BAIFF) F Siit BB, FRIFZZ SRR A § Hh 7 il 2,

2.2.4. HEERIEHE
FEL AU A i 26 (Spline fit plot)f& Ax)%) x MIRESEALA B, B DR o (KA 250 x AREARER, i) WAL
AFR, LK — 1 4 sl Axxt x LG

2.2.5. RETESR
AR G MR (HY SPLIT V4.9) GDAS 1° x 1°43 B A 11 5 AL 5t 1) R 4R 3 A W 0 o5 ) iy
HE 12 /NI G U R (S BN F] GAM #i R,

3. B T R 3 [ R &R A & 43 7R 4 AE
3.1. RESSHEBHFIH

22 B 7 PO T B 6 T 2015~2020 48] MDAS O3 W A A 4E 145 5t - WE T 0] LUIE H MDAS
O3 WS B KA HESA BT = AL IR T N3 (262 pg/m?) > FEEK(259 pg/m?) > FFH(242 pg/m?). 7EIX 6 NI T
W, MDAS Os i 5 ¥ HE 4 AT = AL A3 T R 85 X (102.77 ng/m?) > 2/(98.12 pg/m®) > i 7(97.33 pg/m?).
6 N 3 IR R 4 ih B2 SUm B ARE(GB 3095-2012) 9 5248 T 20 FE IR (H Fe K 8 /N T3
fH 160 pg/m?), FX . R TBI REURZ, 20008 250, 226 1204 K, AR RES A 800
EE N 11.47%. 10.37%AH1 9.36%.

Table 2. Statistics of ozone concentration (MDAS8 O3 value) for 6 cities in Wuhan city group (2015~2020)
* 2. KT 6 i RERERRA/\/NEFEE)S51H(2015~2020)

No. W BAHE &/MA FRE Pt 22 R REC
1 TEw)'d 239 4 93.65 48.70 226
2 HA 220 3 90.08 45.64 155
3 2R 242 2 96.24 46.03 202
4 X 262 3 102.77 4521 250
5 K 259 3 98.12 44.05 197
6 Ja&T 226 3 97.33 44.96 204
e FRERERAL: pg/md. RIEFREG BT ERME(GB 3095-2012)H R4 1T KR B RME(H &K 8

HT3ME 160 ng/m®) iR %(2015~2020).,

3.2. RERERIESHHHE

3.2.1. FEHESTFHE

K 2 52 3 AR RE 6 T 2015~2020 F MDAS Os ¥ 5 4E B E I a] e 41 o dr b SR o 1] 2 sl
FRNSEAT, ARSI MDAS O3 W EEAE (AL pg/m®). IEIF AT LUE H, 2015~2020 4F 8] SR i 6 />3
BT U T R E B AR K, AT 80 ug/mP~110 pg/m3 Z ], FXITH 6 FF[A) 52420 AR Ak
TR K
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Figure 2. Time series analysis of yearly mean ozone concentration (MDAS Os value) for 6 cities in Wuhan city
group (2015~2020)
B 2. BT 6 i REIRE(H &K\t 1E) B B] 751 5347 (2015~2020)

R3O 6 ST R EIR AR, MR LUE 2019 AR T LA AR IR R (R v B
X T

Table 3. Statistics of annual average concentration values of ozone concentration (MDAS O3 value) for 6 cities in Wuhan city
group (2015~2020)

%= 3. R E 6 mREKEHRK/ N EHE)FEREESTT(2015~2020)

FhrE H BHA SR HN £ BT
2015 95.33 82.19 98.23 102.97 92.61 99.22
2016 89.77 83.88 101.85 104.57 94.87 94.72
2017 88.96 86.57 87.66 104.31 99.71 100.54
2018 88.01 90.09 92.58 99.40 98.66 93.25
2019 99.84 98.54 97.32 102.20 102.27 100.88
2020 92.59 92.74 91.95 95.58 93.98 88.16

gil, HGE 2 53 oA e X T R4S YA DU T I 6 ST s Bl v B, HLAE DU
TRl 6 T RIS g — ERA R &S .
3.2.2. ERHESHIHE

4 NERPUH T 6 ST RARE S TR . WRPATLUEH, PO R 6 3y A 2
B T HANE TR R EAME, AT N REDERICH .

BPUHRTTE 6 WM E T “ REEFmER” o ZMRMHER L. RAREFFELTEASE, REA
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WPEREE R A =T BT, KR E T, REGEREE. KOO 6 i R IR MRS >
FE > KF > XFWRHE, X5 ZRMEIT LR —H(11].

Table 4. Statistics of seasonal mean ozone concentration (MDAS8 O3 value) for 6 cities in Wuhan city group (2015~2020)

4. RINHTHE 6 WHEHREKE(H&X/\NBTEEE) ST (2015~2020)

Wi FE kS *Z= &F
TR 103.45 122.89 92.14 50.32
WA 100.51 112.79 9321 48.83
R 105.56 121.64 97.57 54.45
L 114.27 124.78 104.69 61.70
FIk 111.22 117.57 100.40 58.21
JR T 109.83 110.16 103.77 60.48

3.2.3. REKRETE S HHAE

ARSI FER RO B DO T Rl I ED T s s SR ST SR T A N . AR
SO 6 IR R S AR EE AR, LT DO T R AR X S 1 55 X2 T5 Qe o ™ Y, I
BT ARBE KA TG B . BRORUL, EDURTTRE 6 W RS AR T B & X, HRESRE
BN TERRI AL, XA g5 g e T o B b X, 2R B PG LT [ AR — A BORIE i B RS S
Qs SRR X DX 4 R 45 A R R O £ 2R [12]

4. SREZFMNRUBHEREFNZ0H RN
4.1. RNUBHERE GAM PE&ER

AT AR ZE 1 P B G808 S 3 GAM AL, JEE R2 SR VR GAM R L& T2
%5 BoR TR ITIE 6 IRk R AR R A AL AR 2 (AR AE R 22 . IR HPITBUE H, GAM BERLRRIR 4F
A MDAS O3 [T H k. 7EIX 6 MkidiH, A% R2 M 0.84 (O E] 0.9 (T /AN, BAGEZE
OFRHER 22 M\ 18.41 (RLT*) 3 23.87 (FERO)ASE, BRI TTAAL I 5k 22 #8 I H IR 257041 HLFEI S8 0 BT Ak
flll, 3 2 LRI T MDAS O3 IMEARXS TGRS . DL R4 REY, GAM BAREIR IFHE LA %
K2 N2 =44 MDAS Os.

Table 5. Adjusted R? results of GAM model for 6 cities in Wuhan city group (2015~2020)
= 5. RIXHE 6 Hii GAM #RAFE R2 £58R(2015~2020)

NO. W 2 R? BRRIBR AR R 22
1 I 0.88 22.27
2 WA 0.90 19.03
3 RN 0.87 21.65
4 E 0.88 19.94
5 FK 0.84 23.87
6 BT 0.90 18.41
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Figure 3. Scatterplot of model fit MDAS8 O3 values versus observed MDAS8 O3 values for Wuhan (2015~2020)
B 3. BN HEENE REESVNR S ER < E(2015~2020)

4.2. HEETHTREFNESHAENESSRETF

42.1. WHREFXSSKEFIRF

%6 EMRE F ot i E S B p ORI 6 NITTET 3 Aokt AR N R, F St
K, RYZHFZXEAL P TTEEER . WRAF LA, Fra IR e S E SR 2 i, DOY R T
JEH EBEMALET=AL), BXASEM A DOY W F eilE 4373 ik 37.3 F113.68, IXFAAZET/A BLR 2
FER P B i T A R R & . WF 6 Bl LIE Y, DOY Fl 4 NS4 KK 1000 mb A%t
VR M1 2 KB 700 mb £ [ T2 RGN I R A AR 6 AN A S BRI B R RS 3 S A
Az R 2 BB TR 6 kT AT = A7 3 AR R I E BRI T S AR, AR T LR X 3 P AN [
M FEFAL R RS2 X I H A= A R R

Table 6. Leading impact factors of ozone for 6 cities in Wuhan city group

= 6. BOXWHE 6 Wi REETFEMWETF

HEMHE
W 1 2 3
BEER F giitH ZRRAWR F giitH BEER F &iitHE

HI DOY 37.30 1000 mb 1% 2 FE 33.25 R 2 K m iR 6.10
WA 1000 mb ARXRE 18.62 DOY 14.75 % 2 K e 5.73
SEN DOY 13.68 M 2 Kl 8.22 700 mb £ [ 35 AL Td 3.62
X DOY 13.94 MK 2 Kl 7.92 RS 5.10
ZIK 1000 mb AHXIRE 18.59 2 2 K iR 10.30 DOY 6.63
AT 1000 mb AHXSIRE 24.10 DOY 10.99 HERE 3.15

422. FESRERMNREREHEIT
MR 4.2.1 BT, BT 6 NI R AR P R EE R T =4
1) DOY: Day of Year
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M F FiiEE R A, 7E 6 NMWAT+HA 3 MR DOY (Day of Year) 5L 4 i fx =5 2 (1 5 1 [A]
2, PRI, BRI KT, B2 6 WAL, DOY ) F i 8 37.3. 13.68 £ 13.94. & 4 4
P 6 EHLU T B SRIMFIEE X T DOY I RS G 2RI, B B4 2 95% BEAS X A], i X Hlif
LBONARE IR XS EZERE, Y 3 A0E, B 48 X #5 DOY (Day of Year), Y %l
N ADOY), AL B I S BRAE K =10, BIRZ 9O AN A BE i T el s, . 56053
X DOY FE&HL A 95% 1 BAF X AR /1N, X B S8 53 X 17 DOY HIFE &G FR IR I

s(DOY 7.99)

50 100 150

s(DOY 767)
0
s(DOY 7.87)
0

-50

-100

-150

0 100 200 300

(b) DoY

TE: B RN AR R 95% B A5 X 18] .

Figure 4. Spline fit curves of MDAS8 O3 to DOY for Wuhan (a), Ezhou (b), and Huanggang (c)
4. KiX(a), ZBM(D). ER(CREREBRKR/VNITFEHE)S DOY #&HIG 2%

2) 1000 mb FHXHEE

H F ZiHESE Rl A, 1000 mb AXHEE N A, FEMBTREENESIREE, WE 50)%
F B S()FEERIE ST R, X 3 AR Ax)S 1000 mb FHXTEFEES R S ELBI O &R, il 3 AR G
M, Ax) T, BWERRIAERELF, 95%EEXAER /N, X784 HHE T % 6 H 45 R E 1000 mb
FHXTIRRE R IX 3 Mk sgm SRR BCAE BN RK R, H A A ZFEAECT I E HEE(edD 5 H1A
779+ 7.13 F18.78, FEAFME LA g, X BB 1000 mb AH X FE A2 3 P AN 30 17 54Ul B4R IS
SR
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Figure 5. Spline fit curves of MDA8 O3 to 1000 mb relative humidity
samples for for Huangshi (a), Xiaogan (b) and Xianning (c)
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3) HhE 2 KEEin

A 6 FTLAE H, i3 2 K my il sk i P 2 il i i R AR BE I R R RIS, 1€ 6
Je LSRN T N, Ao SR 2 KR R A &, MERRTBUEH, 78290 K (17°C)2 )5, B
FHRWMITEE, foFtE, PERI0HHR M IEIEIER . XS5 R Pearce FMITF AL R —8, M1k
IR A 17°C Al 22°C i, RS BEE IR E T o). BRI E ST 305 K (32°C)HY,
i )87 R 5 A R LG, E R B SRR M e iR AR A IR BRI Gt 222 30, BRI T LUt fix) 1)
95% BEAF X [AIANLE 0 BRI ARm .

(=3
ﬁ —
(=3
2 -
[=3
~ i
(=}
<
w
v o
s
E o
£ 7
(=3
v —_ll_lLI_LI]lllI_qlllllJIlllllFllﬂl.ull_L‘l_
280 290 300 310
tmax2m

Ve BTN RN 95% B A5 X 1]

Figure 6. Spline fit curves of MDAS O3 to 2-meter maximum
temperature samples for Ezhou

E 6. SN REIRE(HRX/VNTFIEE) SR 2
KEEEHEFMUARZ%

4.3. HLERMRIE T EREN =SB HEORR

4.3.1. WH TRENF I

Sh4 BSC TR I, BB T R AL T R AR K, SHBTA T HGE ERSUR X A H BHENRR,
HAMF NEERELZWN, AFEADN, T 2RISR, PR IX — X35 A W 2 R
fE o AT W0 S 2 AR DX IR v SRR BE IR T 1 2 th TR s A/ HIRE BN SRS . TG RS
{5 IX & TIRIE AL, 1000 mb AGHEEE . M 2 KR s i X 8k DOY Fhsemi R A i E IR T
B AR T 55U Z IR 0C R 45 AT, 0T SR 3 5 ROR BRI SR AEAR [ AU 56 10 N OK LA
FAT— 2 AL, BREfl s A = SRR R — e sk MR AE

TN FATH R 2 0 I T S AR B P AR R R e X vy B R UAR JE AKCT RR T ) ER T ARRAE A b B, G
DURTITIE 6 3T 3500 T Py Bt X, A DU 1 ok 1) A< 1 25 5 A 0T SR B T s, B iU T K
LA R IE X, DO 38 AR IE R AL X, L, BB AR —AN 5 1 < AT DAk 33 i ) S 48k
JEIKF, AT A IR T P R 4k P 0ok
4.3.2. HLEFERKEHEM

PATRDA 1 AU T B AE R R o b T B Bk A7, DA R T, Ak 1000 75, 20X
T B X R T A A, N, A A SR LB A Tk Ak,
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i3

4, BRIZ

ZREb, W RLEIR T 3 2R B R B 2 T ISR G R AR, B IR B AR
I T3 A 7K T S RFALE

5. &t

AR SC DA Hi T S SO SO B, R A AT IR T S AR 23 A AR (G A b, B SRR AR SR
MG GAM LA S G 7938 B T MDAS O3 BEATHA, 23 BT S0 i I i P b T . 4
THMMEFIRNE. FEFARLELWT:

1) U T P4k T S AR 88 B 2 A3 A R A

2015~2020 R[], EQpOIk T Pl 350 A 4 00K B PR B 2 U B AR1HE(GB 3095-2012) ) B4R 1T 20k B2 IRAE
(H#K 8 /NRPIME 160 pg/m®), BFRREIN T HES AEMX(250 R) > (226 K) > #7204 K),
MDAS Os fix KAEHEA N HE X (262 pg/m®) > FJK(259 pg/m?) > ZEM(242 pg/m?), MDAS O; ¥t HE4 Nk
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o FEREZE, RAIARIEE .. MSREIREE S (B A0 R, AT ECDU T R AR 350 DX 4 3 X T 95 G f
NP, T AR RS O TS PR . AR, BT P 6 3T RS s T R A X, R
BT YR B K AL

2) ARG ok R T R, 7T R AR B 0 AT R 1) 5

SO T P30 1T A 2 AE R 0 ik, DOY A 4 NSRBI R 1000 mb AHXHESE . H1I5E 2 K s 700
mb 2 [P 3 KU AR SR A2 IX 6 AN P s oy U A = SAE sz R & . Kb, DOY &
HAbT-ARH B HAL(RT =AL), ERIUNEEM K DOY M F il 70 i mrik 37.3 F113.68, X % B35/ B
DR 27 IX AN IR T Hp ) R e iz v A R R R &R .

3) g PRI B T ] SR 4RI 2 0 A1 AR P R e

BT BE 6 ST AL T R HLIX,  AADOAN J7 1) ke R SR 2 A Qi T SRR BE T, |l T i
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