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Spatial- temporal Variation and Dr1v1ng Factors of Ozone )n Chlna from 2019 to 2021

Basedon EOF Technique and KZ Flltef )
WANG Hdo-qi, ZHANG Yo-fen” | LUO Zhong-weig WAN{ Yan-yang, DAI Qi-li, BI Xiao-hiti, WU Jian- hui, FNG Yin- chang T &

(State Environments Prole( tlon Key Laboratory of Urban Pamculate Air Pollutioh Prevention, China Meteorol oglolﬂ Admlmstratloﬂ Nankai University Cooperative Laboratory for
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Abstraet . Ba%ed on the hour 05 concentration data of 337 prefectural evel divi 151.0115 and simultaneous surface meteorological data inChina, we applied empirical orthogonal
function (EOF) analy8is to andlyze “the main spatial patterns, variation trends, dI_l_d.-rndln meteorological driving factors of O, concentration in China from March to August in
2019-2024. In' this siudy, a KZ (Kolmogorov-Zurhenko ) filter was uséd 't(')'.&ecompose the time series of O, concentration and simultaneous meteorological factors into
correspondi.rlg" short-term, seasonal, and long-term components in 31 provincial capitals. Then, the stepwise regression was used to establish the relationship between 0, and
meleorologilcal factors. Ultimately, the long-term component of O, concentration after “ meteorological adjustment” was reconstructed. The results indicated that the first spatial
patterns of O, concentration showed a convergent change, that is, the volatility of O, concentration was weakened in the high-value region of variability and enhanced in the
low-value region. Before and afier the meteorological adjustment, the variation trend of O, concentration in different cities was different to some extent. The adjusted curve was
“flatter” in most cities. Among them, Fuzhou, Haikou, Changsha, Taiyuan, Harbin, and Urumqi were greatly affected by emissions. Shijiazhuang, Jinan, and Guangzhou
were greatly affected by meteorological conditions. Beijing, Tianjin, Changchun, and Kunming were greatly affected by emissions and meteorological conditions.

Key words: surface ozone (0, ) ; spatial-temporal characteristics; meteorological adjustment; empirical orthogonal function (EOF) ; KZ filter
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Fig. 1 Spatial distribution of surface O; concentration in 337 prefectural-level divisions
in China from March to May and June to August, 2019-2021
80
s CE— | e
2N = —— = = = 3"3. :
% = ] st
Eol T
= HIRE
un T T P
0
20194¢ 20204 20214 20194 20204 20214¢
3~5H 3~5H 3~5H 6~8H 6~8H 6~8H

2 KELHE O, RE EOF HEHIET 7 SRR £ Rk

Fig. 2 Cumulative variance contribution from top seven spatial patterns of EOF decomposition surface O; concentration in China

i R R ORI A3 S IS KRS T R R (2019 ~ 2021
AERRAE ] R ARG ) PN LR PR AL (2019 ~ 2021
AEARAE ] B AR T ) . AR 2021 AR5 2019 4R A
XA, AR AR R AT 43y WS . B T R (2021
AEAT 2019 4EH K {H 2020 4F4% 2019 4E T [ ) Fl
IRREAR Y (2021 4E %5 2019 4E F [, {H 2020 4F %
2019 AFHEC) . BEAh 55 HAOh S AL TC I i AR ik
B Xl (G 4)

EATE R A, O, MREE 4 8] 3 A FRAE 1 45 PR AR

b 55 FLvR P AR R 23 (] 4 A A 3P — 30k, 2021
4RO, WRBEAR AT 2019 4EA LLF 3 M. D o,
JEE AR R PO A R IR IR 9 R ek,
i dbst, K, WAL, R AR R e o i
@ 0, WREAR | AE XIS R BN “ IR
SR SR, Hoh BT TP R T EATHR
FIBER N B3 Q/DER A XIS O, WREE I IR 45 AR



4 39 TWEBLAE . ST EOF 40 A KZ JEUE Y 2019 ~2021 4F v [ &L AU 23 A5 1k K 9Kk 8 P 2R 43 A 1815
0.11
0.10
0.09
0.08
0.07 %
0.06 §
0.05 =
ﬁ
= 0.04
[ 0.03
0.02
U 0.01
| 0 1000km
4 [T | S— ‘ 5
] ¥y N x T - 5 = e T Lo
- .,{?,a ] J.t‘f" 32019 ~2021 ﬁﬁ;y‘?’é’ﬁfs«s R#E 337 M RITHE O, m&%_‘ﬁ?g - ,-;fvﬁ'
- - A o o, / w. I .
; Ii .t .|:I Fig. 3 First sfpgtiall'patlpgﬂe"‘;f su'i'f;ﬁ"d;o3 concentration in 3}7‘ p) ectural-lev.gihdivis;ions <k "
| fim Wy . u F / ] = o
FR i L in IChiL?/ﬁ;t‘;'-l'n Mazch ,l}'o May and June to August, @19-%"@21 - _,f'l,.ﬁ
o " 1 . |
i & i — [ ||I __,l i % = e |
F; i ¥ I J [ | F |

{a}Z()IQ-—E{]E]ﬂ;[#]}—SH N

0

1000 km
| I

(b) 2019-202 14 16~8 1

2 B0

| | | | |

FREERENR

BARREIE TR

BRTHEE RRETR

4 2019 ~2021 £H93~5 A6 ~8 ARE O, iREF—HEENERTHK

Fig. 4 Interannual variation in the first spatial patterns of O; concentration in China from March to May and June to August, 2019-2021

AR HOR™ , anpu N SR ARG O, e B AR R
LAY« PR R B R, < L PE ORI O,
WePEAR R R X R A PR R S . 4E b
FE O, W AR F B2 [0 o A X EE AT 2 /Y
TR, 0, WBE 2 0] 4 A FRAF R B 2y — 4 AR
AR AT, BIJEOR O, v 2 AR Ak 8 35 A9 IX sk, Ho ) 5
PRI AS B 1 IR vk FE AR AR A 35 A IX 38, D 3
P U] B2 i S A

KRR O, Wt B 28 (] 43 A 5« ¥ — 4k AR e
I, BEHL O, MREESS 90 H /A BS54 10 | o 82z

{EARE N IR0 " B uEfE (V1) | il i TR 2021 4F
52019 I UEE Y 2206 (V10 — Vg ) FIT O, ¥
BER R AEAT DL 5 (Vi = Vi) >0, T
H Oy WRPE IR 58 EE” B8 27 (Vg — Vi) <
0, WA O, ¥ B i3 o B2 8. [ I, A EL7
HH I Bl A 1 i 9 DRI s e I X, 5 2 20, e
5575 AR S 25 A R E AN AR AR
ﬁE(szozl _V22019) . ﬂﬂlﬁl 5 Fﬁfj—?,fh;{ﬁ\ j’:‘ﬂ:\ TE
it wER L TR CHOR L PN R U A
DI S PERG 5 T 3 2 DXl Y 25 [ A2 25 A A 2 Y



1816 7 A~ - 44 3%

(1] 1 000 km
| I
e 95 30 e A L 2 R
W atesis [ s [ i [ et
|\ -
M5 3-5 Ame-s Ao, RewmngRsy | | |
3 % , LA f_.—""‘,-g'f/

Fig. 5. Interannual variation 1n tihe Volaullly of 03. concentration in China lf"roni Melxﬁéh to May Pnd June to August _.--l' '

[ o’ 3
m;@ﬁ;@ﬂ;ﬁﬁ B 1K B, %ﬁﬁgﬁﬁ% e, fffrﬁ-?,m 0, E’J$EJ‘/%1HM§$®W - fxﬁpw
0, m;ﬁﬁwﬁ% ;aﬁ;ja's% KoiiE 10, H S ﬁ zf&r“aoat/Wﬂc%%i% B jﬁrﬁ%ﬂﬁ}i
@h*ﬁzmﬁni’] P A 1 |' /i uﬁi%ﬂ?’ﬁk A Xt 0, mrmﬂfum ﬁgfaﬁg%
- 2029 1.0, el ﬂcttiifhifk r%"’sﬁ@ |\ EER O, }N“ B;H”*ﬂ:i_'%ﬂ’]ﬁ?ﬂl’],ﬂ 0, WM
umfp/ S AT HEMERT BT W, «%m% A R S g

#ﬁﬁwﬁi iﬂzﬁ 2 A NO, ﬁFﬁiE%ﬂi?M R Kz U85 0 31 A8 3 2019 4R 1
8] 7T 1E VOCs FSBIIX NO, HERCRRENE,  F % 2021 4 8 3 O, I [ FF 9140 4y X B Fry K
SO R S, O, WEE LTt 55—, AE R WM S R A BERE KRGS, AR
VOCs 5 NO, Wik L B> O, M4, O, WEETT SRR | KGRI AU S TR B 7% F 2.3 4
Wl TR R R 2020 4E 3 ~5 ATk HEIINEAETR, EA RS 9 0, YREE Y
FETHITE O, ¥k 42 2019 4E [ 2 L obaa s KR X, (o) X RIS Y 22 5%, AT R
2020 4F 6 ~8 A O, WML T AR e MARNEMERYHEECE X 0, WAL AR
% AE O, WREESS —BIZSIAEBRAE (LB L T LAz YT,

B, WL VLG IR L B AR Y AR X SRIEERTIE O, WKW LS 6 fr
AR AR BRI B AL IR (AN 4) . A ATRAE AEaT, K RN | TR R O, #

PLEAMT 0 FRE O, WREEZS A RRE 4 BERRIRER R KA | IR/REE | BEASTHERY]
AL R ATV RE . B TR B I A SR Oy MRS IRACR. BRI G W ), 2021 4F O, ¥k
44:1:3 5 ARG ~8 HUTHITE O, 5 iy X IE 5 SRR 2019 AR LT 3 PR (A . (D K Y (o U
FEAS TV 557 , S 0 o 1R 0 58 IX s U FAAE , P iR >2 ug m‘3)11 N E ST S E N VN 1N

PR X0 ) AP 97 00 B DX T ) R L R ME . KU PR e HECMBLIEE. o
DX 5 e 2ok 7 AE K P25 (8] b 5 5% i 3 6] AT e jl:a%ﬂ%@[fﬂmgﬁ'ﬂt AE R IE 4R 2.1
. pge(m’-a) ' QFFEA(HEIE >2 pgem ) 11 A,

2.4 SBWEEFIGH O, WK R 3 AFERI, PR RE K& WBIRIE ., mat, BN,

2019 ~2021 4F (4 3 ~8 AR ET M O, vieE  FT . AN B ARSE . MARAI R Y. e rp I A
AR AL AT BESZ TR HE AR R B A it Rl g R R BRI RE T SR ST S e . B A Sy
M40l R g R A DA R R RS T O W BT AN R AR K IR Rk S 2



b

4 3 FEIEEAE . BT EOF 20 Fl KZ JEI% Y 2019 ~2021 4F A & B 428 28 4k K 3R 3 X 2= 40t 1817
105 76 74 72
103 Jbxg 74t Kit 72t AHEE 70} KR
« 101 72 70 + 68 }
ED 99 70t 68t 66 |
2 9 68 66 | 64}
5 95 66 64 62t
=z 03 64 | 62} 60 }
91 62| 60 | 58t
89 60 58 56
68 67 60 _ 64
66 WA &5 Y s Kt 6 WK
. 64 63 60
E & 61 56 58
= 60 59 >Q—‘ 54 56
S 58 57 5 54
= 56 55 2 52
54 53 0 50
52 51 48 48
75 75 64 69
7 Lit§ 73t (85 62t HiM 67k e
w71 71 60} 65}
E 6 6t sst 63}
E 67} >® s6 M 61}
S 65 65t sat 59t
T 63 63} 52 57¢
61 61} sof 55t
59 59 48 53
71 67 84 61
69} H 65 (1= 82} 3] 59} 7 H
'»"E 671 63 80} 574
o 65} 61 st 55t
= 63} 59 76} 53}
S m->\\ 57 f\ ?4-—-\-’< ; sif '
= sof 55 72 a9}
57t 53 70t 47t
55 51 68 45
75 70 78 68
73t T 68 iEn 76} FEH 66 H
T T 66 74} 64f
@ 69r 64 72t 62}
S 65} 60 68} 58}
= 6t 58 66} 56}
61} 56 64t 54t
59 54 62 52
64 58 7 65
62} Kib 56 [ES 69 LG5 63 =M
7'E 60 54 67 61
o S8 52 65} 59
= 6| 50 %}( G T o | ol e
S 54t 43 61t 55
T st 46 sof 53
50t 4 57} 51
48 42 sl v 0 . 49
73 66 50 59
71 H#ii 64 ERLY &1 48+ Tk 57 AR
T 69 62 46 55
E o7} 60 aal g?
S 65F Z 58 4t \( %
S 63t 36 40 pid
= 61} 54 38+ 45
59t 52 36} 43
57 50 34 4
5 66 5 EEEEE
7 64} R 81} finE S 2 3 8 535
'T‘_;s B 62 79} ﬁﬁ%%gg
5 5 60t 77t Y GE-A)
2 S| — 58} 75
% 49 56} 73t
47 s4f 71 —
45 52} 69 —
B e M e e e
(=] (=] (=] (=] =] o (=] (=] o (=] (=] (=] (=] (=] (=] (=] (=] [=]
42 4 2 2 I Z 2 2 &2 &2 I Z 2 2 2 = L 2
— — (o] ol o ol — — ol (] (] o1 — — ol ol (] (]
& &8 &8 8 & & & &8 & & & & & &8 & & a &
H (-H) Hl (57-H) A (5F-H)

6 3 ANEASHTRKFENE O, RENKHTHER
Fig. 6 Long-term trend of O5 concentration before and after meteorological adjustment in 31 provincial capitals

wge (m’~a) "' R AT AR S A4 HE A i s
B AP I L A1 25 A7 56, DR E A (MR A2 AL

WHY £2 ug-m )9 A AFREAKE, W, R,
TEma LN BB, 2N SRS BEL R A ST



1818 ®

B 44 %

L
&

A, Foflh 8 AT IR O, W KA R 7
2020 4E/NIE BT #E 2021 AR /NIE TR B, BRS04
e A 4 B (5] V7 RS A

IR ZERT O e BE A5 Ak A 5% 0 77 e 3k 7 2 i)
(925 5. 6 WG IR R O, W RE K040 RO 75 4k,
0L, T4 ML 3 26 OISR 0, W 9 1143
R OTE R R WL, RS T
A Fh 95 e PR S b S B0 O, R JEE 1K 1928 AL A
MIF . AR S R T 1025 A ST 43 g /N
SV, Horh <V AR b K
FE. KB ORISR LB BET. AU . AR
VR FET L M B P A I o
AT, B, RBIAHEE, LU L 20 TG O, HeE
K 1 53 H 26 B0 S8 e I T, 7T 22 X b 1 ok
SO R MR A FLA LR T | AR
X3 T O, W 125 A T A 32 Jo R B 9 kA it
BRI QTG I O, v BE K WIS i 25
TR GRS O, W 1 128 (L R S B i
KRB MR B RN BB Kb R
FS . VR0, e B K 39143k A e B T T
G | R R I, WK A WA

3 g S F,

7 (1)3RH 2019+ 2020 F1 2021 FERY 3 ~5 6 |

; 8 ‘E Bﬁﬁi{ﬂ@ 0, WE-EOF ﬁﬁ@éﬁ%%@@q}%?ﬁf

%7 2 R B4 50% 7o, T % O, vk BT
RARZSIVERAE . 55— 285 4% 3 TR 4 1) 424 4 1
1, B RS 3, — B FABLT 0, WE
AE AR B2 1] — B0 YR FE (95 35 38 B LA < 2R L
PEAL RTG53 X ORARARAFIX | “AE b AR A
e 4 X 726 A X425 ] 43

(2) BT, R E 2019 4EF 2021 4E19 3 ~ 8
J 0, B s (] 40 A SR IA R E AR bR
AF Ak A L R RIPE R AE . O, 75 Y i X 3 2% SR A AR M
ALY , S R R X R (R ARG e 3 B X
S i R 55 B DX B 8 A ™ ) . DX 3 st
FRAE K -2 ] I 9 5% 06030 PR T R T )

(3)2019 4E 1 H & 2021 48 A, KRG
AR O, #eBE (75 LR 3 AFAE— 8 22 5. KR4
IR O, v IR B 9K 14 BB R R R 28
B 4 R 2 TR OR | 28 s A s e Y i A
T SEL O, VR EE 9K WAL S AE. Hoeh RGN | i3
BN Y S RERCE N o 36 AU
KOARE, FR AT M2 A Bk, e, K
KRR 0, e K0S (L 332 iR <

PA RSN

SE Lk
[1] Ding D, XingJ, Wang S X, et al. Optimization of a NO, and
VOC cooperative control strategy based on clean air benefits[ J].
Environmental Science & Technology, 2022, 56(2) : 739-749.
Dufour G, Hauglustaine D, Zhang Y J, et al.

trends in the Chinese free troposphere: role of the local emission

Recent ozone

[2]
reductions and meteorology [ J ]. Atmospheric Chemistry and

Physics, 2021, 21(20) ; 16001-16025.

S, BT, TR, 4. 2015—2016 AF I T ST A

ZARHVEERT S 1], BB 24, 2018, 38(6) @ 2179-

2190.

Wu K, Kang P, Yu L, et al. Pollution status and spatio-temporal

variations of ozone in China during 2015—2016 [ J]. Acta

Scientiae Circumstantiae, 2018, 38(6) ; 2179-2190.

Shen H Z, Sun Z, Chen Y L, et al. Novel method for ozone

isopleth construction and diagnosis for the ozone control strategy

of Chinese cities [ J ].

2021, 55(23) : 15625-15636.

TR AR S AT R R T R 2. P RS RE

VSR T M5 (2020 46) [R]. M. FRIEFAHERLHah o,

REERERELERS, 2000, | ) )

TR, BRSO, BT, A TR RS IR S R Bl xd

’“ﬁ%ﬁ[lﬁ].“ﬁ&%{%?ﬁ, 2020, 48(15): 15-19 4

Yan G, Xue'W B, Lei Y| et al. Situation anid col];t'fol measures

of ozone,u”pollulior}“-'iﬁ China[ J]% Environmental Prdfecliqn-','ﬂé()}ﬁ,

48(15) 5-W gy U aa

Wang Y.:'H;., Gao' W IS’ Wa:;.“g S, et al. Contrasting Lrénds uf

Environmental Science & Technology,

[7]
PM, ;nd‘ surface-0zoble concentrations in China_from. 2013710
2017 [ f]..o Nationtal Seience Review, 2020, 7 (8) s 1331-
13397 a ~
Nussbaumer C M, Cohen R C. The role of temperature and NO,
in ozone trends in the Los A.ngeles basin [ J |]. Environmental
Science & Technology, 2020, .54(24) . 15652-15659.

Young P J, Naik V, Fiore A M, et al. Tropospheric ozone
assessment report; assessment of global-scale model performance
for global and regional ozone distributions, variability, and trends
[J]. Elementa; Science of the Anthropocene, 2018, 6, doi10.
1525/ elementa. 265.

Liu H L, Zhang M G, Han X. A review of surface ozone source
apportionment in China[ J]. Atmospheric and Oceanic Science
Letters, 2020, 13(5) . 470-484.

EE, skdE, pRAR, A FREM X DL IR RS ek IR
FefEhl X RN 53[ 1], FREEREE, 2020, 41(12) : 5215-5224.
Yan H, Zhang W, Hou M, et al.
division of ozone pollution in cities at prefecture level and above
in China[ J]. Environmental Science, 2020, 41 (12) . 5215-
5224.

FRIEFS , XA, FE T/ N AR e 5 A GE it ] e 51 AR 114 52 46
WEZLBI[T]. R, 2013, 33(2) : 339-345.
Chen Y L, Zhao Z J. A multi-step-ahead prediction of ozone

Sources and control area

[12]

concentration using wavelet transform and traditional time series
model[ J]. Acta Scientiae Circumstantiae, 2013, 33(2): 339-
345.

TR, W, TEEEE, 5. ARIMA B[] 751 43 B T 1
REME T KRBT B[], HER A, 2021, 42
(7):3118-3126.

LiY R, Han T T, Wang ] X, et al. Application of ARIMA
model for mid-and long-term forecasting of ozone concentration
[J]. Environmental Science, 2021, 42(7) : 3118-3126.

AN, PR R M R R AR B A S AR R AR [ 7]
BRI, 2022, 43(3) ; 1235-1245.

[13]

[14]

o



4 1 THEBLAE, JLT EOF 21 KZ JE3% 1Y 2019 ~ 2021 4F Fp [#] 5L A2 i) 23 AR Ak K 8K 3 R 2 4 #r 1819
Zhao N, Lu Y M. Estimation of surface ozone concentration and [25] AR#HZ, mbeH, TR, 5. FH0 X T R A5 Jeta
health impact assessment in China[ J]. Environmental Science, NGB 1], PR, 2020, 41(1) ; 106-114.
2022, 43(3); 1235-1245. YuY J, Meng X Y, Wang Z, et al. Driving factors of the

[15] Jlaheng, LTS 55722, NCEP/NCAR 0 XU | Fi<, significant increase in surface ozone in the Beijing-Tianjin-Hebei
TR SEAE v XA AR AL 9 T 8 Rl S T[] S4 region, China, during 2013-2018[ J]. Environmental Science,
224, 2006, 64(6) : 709-722. 2020, 41(1): 106-114.
Shi X H, Xu X D, Xie L A. Reliability analyses of anomalies of [26] Henneman L R F, Holmes H A, Mulholland J A, et al
NCEP/NCAR reanalysis wind speed and surface temperature in Meteorological detrending of primary and secondary pollutant
climate change research in China[ J]. Acta Meteorologica Sinica, concentrations; method application and evaluation using long-
2006, 64(6) : 709-722. term  ( 2000- 2012 ) data in Atlanta [ J ]. Atmospheric

[16] We, Zoese, HBHR, % — BRI BT ORI Environment, 2015, 119 201-210.
HEERAH[T]. Blegid, 2012, 57(22) ¢ 2102-2110. [27] Rao ST, Zurbenko I G. Detecting and tracking changes in ozone
Wang D X, Qin Y H, Xiao X J, et al. Preliminary results of a air quality[ J]. Air & Waste, 1994, 44(9) ; 1089-1092.
new global ocean reanalysis [ J |. Chinese Science Bulletin, [28] Rao ST, Zurbenko I G, Neagu R, et al. Space and time scales
2012, 57(22) : 2102-2110. in ambient ozone data [ J ]. Bulletin of the American

[17] kilJe, sKH55, JE7 D0 T VG R i X T 38 2 K 1 2 Meteorological Society, 1997, 78(10) ; 2153-2166.
AOMT[T]. KRR, 2014, 38(3) : 590-602. [29] Seo J, Youn D, Kim J Y, et al. Extensive spatiotemporal
Zhang W L, Zhang J Y, Fan G Z. Dominant modes of dry- and analyses of surface ozone and related meteorological variables in
wel-season precipitation in southwestern China [ J ]. Chinese South Korea for the period 1999- 2010 [ J ]. Atmuspheric
Journal of Atmospheric Sciences, 2014, 38(3) : 590-602. Chemistry and Physics, 2014, 14(12) : 6395 65L§

[18] Fik#, ?ié%ijat, SRk I 28 M 1E A eR R U R S AT [30] Wise E K,~Comrie A C. Meteorolovlcal]y ad]uﬁ.teff urban air
T R4 S Yy fiE[]]. HigEplbE 53R , 2020, 43¢2) . 60- quality trends i in the Southwestern United States| J] Atmosphen(,
64. { *-..- Environment | 2005 39(16) : 2969-2980. ’ i
Wang Z M, Zhang J P, Liang G X. EOF Analysis of ozone [31] Ak, Bl o, ﬂzﬂf‘!‘i % HET KZ (:,‘E &ﬂ’](“[j[ﬁé
concentration in Guangzhou [ J]. Environmental -“%gience & PM, Sﬁﬂ' 0,4 M(FTI_]ETIEH N A H%ﬂ%’%”ﬂ‘
Technology , 2020‘ 43(2): 60-64. i, 2019 39 (-3) 8%‘1 -831. r

[19] _.-Zhan CC, X)é M LiuJ N, et al. Surface ozghe 111' lhe Yangﬂe Qin R_I "Zhangﬂ_] Q, Wang Y.-Q et al. Study on dlffere’nt tlmell

[21]

(23]

[24]

L

";ﬁs@iwmﬁ@ﬁ ﬁ%%?—ﬁa@%ﬁﬂﬁ[]
/i, 20205736(2) - 88-95.

| Research ¢ =Atmospheres, 2021,
4 2020JD033600. i

river delta,., Chn;a a synthesis of basic fedmres‘ ?féorol*ﬁélcal

driving factplu‘g,“.and “health impacts [ JJ* Jnu-rnal of s Geanhyi},cal
126°(6), oi'; 10. 1029/

WipL e VT, 4 ST Eomvﬂ E’J 2018 iﬁyﬁﬂ,l[:ﬁ

Ch@n N, Liu CH, XuK, et al. EOF/SVD based (‘haractenitl(‘i
of ozone in Hubei Province in 2018 and the relationship between
its high values and meteorological factors [ J]. Environmental
Monitoring in China, 2020, 36(2) ; 88-95.

Cheng L J, Wang S, Gong Z Y,

spatial and seasonal variation in ground-level ozone concentrations

et al. Regionalization based on

across China[ J]. Journal of Environmental Sciences, 2018, 67 ;
179-190.

FEEERY, TUb, EIET, A5, opE LA BE (Y A s AR AL RRAE
KArIX ()], hEFRERE, 2017, 37( 11) : 4003-4012.
Cheng L. J, Wang S, Gong Y Z,
variation and regionalization of ozone concentrations in China[ J].
China Environmental Science, 2017, 37(11) : 4003-4012.
e, ST, B, S5, o e 2 00 b T R A A JBE 2 LA Ry
BN FESRIWSFEKRT]. HIER A, 2021, 42(9):
4168-4179.

He C, Mu H, Yang L,

concentration during the warm season and its meteorological

et al. Spatial and seasonal

et al. Spatial variation of surface ozone
driving factors in China[ J]. Environmental Science, 2021, 42
(9): 4168-4179.

XVGEGE, e, WP, 55 1R A R 4TS AR IE 2y
MR KA R R[], R, 2022, 43
(3): 1246-1255.

Liu Y'Y, Yang L F, Xie D P, et al. Analysis of ozone pollution
spatio-temporal evolution characteristics and identification of its
long-term variation driving factor over Hunan Province [ J ].

Environmental Science, 2022, 43(3) . 1246-1255.

e Hf}iﬂ{{_’_’f

[32]

[34]

[35]

[36]

[37]

[38]

scales of PM2 siand Oy l)!on("emrallons in Hebei Provmce hased"on ]
KZ filtef [ J 1 2019 39 (3 )"
821-831. 14, 7 i
g . TSN, . 6 K2 e
[J]. BEERME S, 2021, 46(7) : 50-55.

Tian X X, Tian T T,
on KZ filter[ J]. Environmental Science and Management, 2021,
46(7) . 50-55.

K, B, W, 5 ARBERNEIGERSEX
TGRCRI KZ B 5 [J]. H E A BIRLSE, 2018, 38
(10) : 3662-3672.

Zhang J Q, Wang YQ, Gao S,
between meteorological elements and air pollution at different time
scales based on KZ filtering[ J .
2018, 38(10) : 3662-3672.
H/NE, 2R 2y . AN ) RUBE TR U T 1 J5L R 4 vk
BEAAG SRR ISR ) ). WA, 2021, 40(4) : 954-
964.

Zheng X H, Li M X, Lou P X. Different-scale changes in ozone
concentration and meteorological environment in Fenwei Plain
[J]. Plateau Meteorology, 2021, 40(4) : 954-964.

PR, R30I, JIA, 45, 2015 ~ 2020 4R AT =
AR RIS A (1], FRBERLE, 2022, 43(2) ; 675-685.
Fu C B, Xu W S, Dan L, et al. Temporal and spatial variations

. ‘Acta gc‘lentlae Circumstantiae ,

Zhou 7 B et al. Ozone assessment based

et al. Study on the relationship

China Environmental Science,

in ozone and its causes over Hainan Province from 2015 to 2020
[J]. Environmental Science, 2022, 43(2) : 675-685.

Hersbach H, Bell B, Berrisford P, ERAS hourly data on
single levels from 1979 to present [ EB/OL]. htips://cds.
climate. eu/cdsapp #! /dataset/reanalysis-eraS-

et al.

copernicus.
single-levels? tab =form, 2021-12-22.

BRE. ARG ST AR M].
ARG MRA:, 2007.

FIESNG  JAESE , e, 4. ET%%W%E‘J?@ A8
Wl R PR BOF R A [ 1], B SRR,

(B, b



1820 A 44 %
2015, 31(1): 44-49. formation at high temperature in China; from historical
Bai H M, Shi H D, Gao Q X, et al. Re-ordination of air observations to future projections [ J ]. Geophysical Research
pollution indices of some typical cities in Beijing-Tianjin-Hebei Letters, 2022, 49(4), doi: 10.1029,/2021GL097090.
Region based on meteorological adjustment [ J ]. Journal of [46] LiuJD, Wang L L, Li M G, et al. Quantifying the impact of
Ecology and Rural Environment, 2015, 31(1) . 44-49. synoptic circulation patterns on ozone variability in northern China
[39] FengSZ, Jiang F, Wang H M, et al. NOy emission changes from April to October 2013-2017 [ J]. Atmospheric Chemistry
over China during the COVID-19 epidemic inferred from surface and Physics, 2019, 19(23) . 14477-14492.
NO, observations[ J ]. Geophysical Research Letters, 2020, 47 [47] LeTH, Wang Y, Liu L, et al. Unexpected air pollution with
(19), doi:10.1029/2020G1.090080. marked emission reductions during the COVID- 19 outbreak in
[40] Bouarar I, Gaubert B, Brasseur G P, et al. Ozone anomalies in China[ J]. Science, 2020, 369 (6504 ) . 702-706.
the free troposphere during the COVID- 19 pandemic [ J ]. (48] &M, B, S, %5 2006 ~2019 FRE =M H X RAAT5 e
Geophysical Research Letters, 2021, 48 (16), doi: 10. 1029/ B[], FREERE, 2021, 42(1) ; 97-105.
2021GL094204. Zhao W, Gao B, Lu Q, et al. Ozone pollution trend in the Pearl
[41] Tang R, Huang X, Zhou D R, et al. Global air quality change River Delta region during 2006- 2019 [ J ]. Environmental
during the COVID- 19 pandemic: Regionally different ozone Science, 2021, 42(1) : 97-105.
pollution responses COVID-19 [ J]. Atmospheric and Oceanic [49] ZtE wozmk. FRERE TS YR Ao s R wiR[T]. 3]
Science Letters, 2021, 14 (4 ), doi: 10. 1016/j. aosl. 2020. BiRl2AIESY, 2021, 34(7) : 1576-1582.
100015. Jiang H, Chang H M. Analysis of China’s ozone pollution
[42] Sillman S. The relation between ozone, NOy and hydrocarbons in situation, preliminary investigation of causes and prevention and
urban and polluted rural environments [ J ]. Atmospheric control recommendations [ J ]. Research_ of _,E'n"\./-ironm@ntal
Environment, 1999, 33(12) . 1821-1845. Sciences, 2021, 34(7)": 1576-1582. : '__..-"r"
[43] Sillman S, He D Y. Some theoretical results concerning05-NO y - [50] XHkik. 2013- 2018 ﬁ’ﬂ%ﬂﬁﬁ“*ﬂ(jﬁfw#?{F&,ﬁé T,
VOC chemistry and NO,-VOC indicators [ J ]. ng.l__‘ﬂial of *ﬂ.%ﬂﬂ:jt[Dj [EZpnip ﬁ,]/'?\ SR TR, 202»(‘)
Geophysical Research: Atmospheres, 2002, 107 ( D22 ), doi: Liu J D. 'Ozone reglonallzmlon and evolution charac.j ristics ; and
10.1029/2001JD001123. “"' { meteorologlcal formatldn mechanism in China from™ 2013 £0 2__9f8
[44] Sicard P, De Mar'én ‘A, Agathokleous E et jal. Ampliffed .er')ne . [D].] Nan]lng- Nan_klng Unlver@lty of Information Selfn(‘e &
_~pollution in c1tfes dufing the COVID-19 lmkdown[ _I] /Stie Technology, 2020. / ,'
" the, Total E'nvlrorlment 2020, 735, doi: 10- 1916 }f sc!.id(e‘6 [51] Orlanski f A ratlonq)‘ subdlvmon of bcales for almosphe"ic_-ﬂ
=1.2020. 1395‘&2-‘ - e proregses“ . Bulletin, of the American Meteorologlral Sorwly'.
[45] |Ning G C Wardle D A, Yim S H L. Suppmssmn of oione 19754 56( ) 527- 53‘0l r -J
ot ..' h . F
: =3 ! | J -




HUANJING KEXUE Vol.44  No.4

Environmental Science (monthly) Apr. 15, 2023

CONTENTS

Impact of Climate Change on Summer Ozone in China ++«+s«ssessessessrsesemmsmstntnsstn s HU An-qi, XIE Xiao-dong, GONG Kang-jia, et al. (1801)
Spatial-temporal Variation and Driving Factors of Ozone in China from 2019 to 2021 Based on EOF Technique and KZ Filter -++++-- WANG Hd()-ql ZHANG Yu-fen, LUO Zhong-wei, et al. ( 1811)
Photochemical Mechanism and Control Strategy Optimization for Summertime Ozone Pollution in an Industrial City in the North China Plain = «+-++++++- BRI
-+ ZHENG Zhen-sen, DOU Jian-ping, ZHANG Guo-tao, et al. (1821)
Spatiotemporal Evolution Characteristics of PM, 5-05 Compound Pollution in Chinese Cities from 2015 to 2020 NIU Xiao-xiao, ZHONG Yan-mei, YANG Lu, et al. (1830)
Spatiotemporal Distribution Characteristics of Co-pollution of PM, 5 and Ozone over BTH with Surrounding Area from 2015 to 2021 «+eseeeeeeeeee SONG Xiao-han, YAN Li, LIU Wei, et al. (1841)
Spatio-temporal Variation in PM2 5 Concentration and Its Relationship with Vegetation Landscape Patterns in val(‘al Economic Zones in China from 2000 to 2020 «w+seseeereersesenssssensnees
*+ XU Yong, LI Xin-yi, HUANG Wen-ting, et al. (1852)
Characteristics and Source Apportlonmem of Atmospheric lon Deposition During Winter and Spring in the Core Area of Beijing ZHAO Yu, LI Bei-bei, HUANG Yu-hu, et al. (1865)
Input Characteristics of Dry Deposition of Atmospheric Particulates and Metals in Farmland in the Suburh of Nanjing «+s+ereereresrerseneeicnnnsneeneene LIU Cui-ying, JIN Hao, FAN Jian-ling ( 1873 )
Pollution Characterizations and Oxidative Potentials of Water-Soluble Organic Matters at Different Polarity Levels in Winter PM, 5 Over Xilan «oeeeereseeresrsesenemensnmnsiennnensnsncinneene
.................................................................................................................................................................. LUO Yu, HUANG Sha-sha, ZHANG Tian, et al. (1882)
WANG Hong-lei, LIU Si-han, SUN Jie-juan, et al. (1890)
Characteristics and Source Apportionment of PM, 5 in the Core Area of Ili River Valley in Spring GU Chao, XU Tao, MA Chao, et al. (1899)
Evaluation of Changes in PM, 5 Exposure Concentration and Health Risk for Urban Resident in Zhengzhou Based on High Spatial Resolution Grids «+++steresseresrsrsssssscnneiiiscnininen
..................................................................................................................................................................... LI Yuan, XU Yi-fei, YUAN Ming-hao, et al. (1911)
Emission Inventory of Building Material Industry in Henan Province Based on Multi-source Data Integration LIU Xiao, HU Jing-nan, WANG Hong-mei, et al. ( )
Pollution Characteristics and Source Apportionment of Atmospheric Volatile Organic Compounds in Winter in Kaifeng City SHI Yu-qi, ZHENG Kai-yun, DING Wei-ting, et al. (1933)
(1943)
(1954)

Changes in 05-VOCs-NO,, Sensitivity and VOCs Sources at an Urban Site of Nanjing Between 2020 and 2021 ««+v+eereeeererrersrsesneennensenes LU Xiao-bo, WANG Ming, DING Feng, et al.
Variation Characteristics and Ozone Formation Potential of Ambient VOCs in Urhan Beijing in Summer «+-«+-+ssesseseesessessensenenennsienens ZHANG Rui, SUN Xue-song, WANG Yu, et al.
Chemical Characteristics and Source Apportionment for VOCs During the Ozone Pollution Episodes and Non-ozone Pollution Periods in Qingdag »«+«+x++sessereerersesenensenenenennsininennsnen
JIA Zhi-hai, GU Yao, KONG Cui-li, et al. (1962

YU Hui, WEI Na-na, XU Xue-zhe, et al. (1974

)

Characteristics of 05 Production in the Western Suburb of Hefei in Summer Based on the Observation of Total Peroxy Radical )
Evaluation of Energy Saving and Carbon Reduction Effect of Air Pollution Prevention and Control Action Plan and Innovation Intermediary Effect - )
Scenario Simulation and Effects Assessment of Co-control on Pollution and Carbon Emission Reduction in Betjing YU Shan, ZHANG Shuang, ZHANG Zeng-jie, et al. (1998)
)

)

Simulation of Anthropogenic CO, Emissions in the Yangtze River Delta Based on Different Emission Inventories MA Xin-yi, HUANG Wen-jing, HU Ning, et al. (2009
Water Quality Change Trend and Risk Analysis of Wuhan Hanjiang River Water Source — +««+eessesessesserensensnienienennininsniincneee ZHUO Hai-hua, LOU Bao-feng, XU Jie, et al. (2022
Pollution Characteristics and Risk Assessment of Antibiotics and Resistance Genes in Different uhan Section of the Yanglze River =«+esereereereseesenenenenincnenenes

- R IR AL IL LT +++ LI Bo-lin, ZHANG He, WANG Jun, et al. (2032)
Occurrence Characteristics, Sources, and Tox \ pical Rivers of Northern Shaanxi Mining Area, China = «ooesesereereesesisnenenenees
.................................................................................................................................................................. WU Xi-jun, DONG Ying, ZHAO Jian, et al. (2040)
Spatio-temporal Characteristics of Organic Aggregates and the Driving Factors in Typical Lakes w+veeoeesrerreesesenenencnnes XIE Gui-juan, GONG Yi, ZHU Fu-cheng, et al. (2052)
Distribution Characteristics and Risk Assessment of Microplastics in Water of Different Functional Parks in Guilin - *+ LI Pei-zhao, WU Li, HUANG Fei-fei, et al. (2062)
Environmental Driving Factors and Assessment on the Aquatic Ecosystem of Periphytic Algae of Six Inflow Rivers in Yangtze River Basin +++++++ ZHANG Jing, HU Yu-in, HU Sheng, et al. (2072)
Influence and Driving of Environmental Heterogeneity on the Epilithic Diatom Community in Xiangxi River, a Tributary of the Three Gorges Reservoir Area «+sesseseeseeseeesenenseneninennsen
........................................................................................................................................................................ J1 Lulu, ZHAO Lu, OUYANG Tian, et al. (2083)
Characteristics of Phytoplankton Communities and Key Impact Factors in Three Types of Lakes in Wuhan ZHANG Hao-kun, MIN Fen-li, CUI Hui-rong, et al. (2093)
Effects of Heavy Metal Pollution on the Structure of Microbial Communities in Different Habitats ««+«+essessesserseesemenensssninensininennns HE Yi-fan, XIAO Xin-zong, WANG Jia-wen (2103)
Structure and Distribution Characteristics of Bacterial Community in Boging River Water -+ /ANG Sen, CHEN Jian-wen, ZHANG Hong, et al. (2113)
Effects of Microplastic Exposure on the Community Structure and Function of Symbiotic Bacteria in Sinularia microclavata -+ + LIU Min, CHE Wen-xue, ZENG Ying-xu, et al. (2122)
Distribution Characteristics and Health Risk Assessment of Emerging Contaminants from Raw Water to Drinking Water in Shanghai -+ YAN Qi (2136)
Adsorption Characteristics of Fluoride in Low-Concentration Water by Aluminum and Zirconium-Modified Biochar LIU Yan-fang, GAO Wei, LIU Rui, et al. (2147)
Sorption Characteristics and Site Energy Distribution Theory of Typical Estrogens on Microplastics «+-«+s=+seseeseee- - LIU Jiang-yan, ZHENG Mi-mi, HU Jia-wu, et al. (2158)
Selection and Evaluation of Model Pollutants for Performance Assessment of Advanced Treatment of Industrial Park Wastewater by Ozonation -+ XIN Bo, SHAN Chao, LU Lu (2168)

Identifying Driving Factors and Their Interacting Effects on Sources of Heavy Metal in Farmland Soils with Geodetector and Multi-source Data
......................................................................................................................................................... ZHANG Hong-ze, CUI Wen-gang, LIU Suihua, et al. (2177)
Pollution Characteristics and Source Apportionment of Heavy Metals in Farmland Soils Around the Gangue Heap of Coal Mine Based on APCS-MLR and PMF Receptor Model =~ ++«+««+s+eesee-

MA Jie, SHEN Zhi-jie, ZHANG Ping-ping, et al. (2192)
Contamination and Probabilistic Health Risk Assessment of Heavy Metals in Agricultural Soils Around a Lead-Zine Smelter HUANG Jian-bo, JIANG Deng-deng, WEN Bing, et al. (2204)
Prediction of PAHs Content in Soil Around Gas Stations in Beijing Based on BP Neural Network —«eeeeereseeeseesienenennineniiiiinnn MA Sai-yan, WEI Hai-ying, MA Jin, et al. (2215)
Spatial-temporal Distribution and Risk Assessment of Quinolones Antibiotics in Soil of Shijiazhuang City +++ ZHAO Xin-yu, CHEN Hui, ZHAO Bo, et al. (2223)
Accumulation and Pollution Risks of Heavy Metals in Soils and Agricultural Products from a Typical Black Shale Region with ngh Geological Background ++e+eveeeesevesessensinsinniinennns
............................................................................................................................................... DENG Shuai, DUAN Jia-hui, NING Mo-huan, et al. (2234)
Geochemical Characteristics of Cd in Different Parent Soils in Karst Area and Prediction of Cd Content in Maize - -+ DAI Liang-liﬂng, XU Hong-gen, GONG Hao, et al. (2243)
Pollution Risk and Contribution Analysis of Ph, Cd, and As in Soils and Crops Under Different Land Use Types in Longyan City ««+veseereeseeeeseereens WANG Rui, CHEN Nan, ZHANG Er-xi (2252)
Influencing Factors of Cadmium Content in Wheat Grain; A Meta-analysis and Decision Tree Analysis *+ LIU Na, ZHANG Shao-bin, GUO Xin-yu, et al. (2265)
Response Characteristics of Soil Organic Carbon Pool and Tts Chemical Composition During Secondary Forest Succession in the Loess Plateau »«+-«+«+seseessereeresesenenseinenensnininsnne

i, ZHANG Qi, et al. (2275)

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" JIANG Yuan, GAN Xiao-ling, CAO Feng-feng, et al. (2283)
Response of Soil Microbial Diversity to Long-term Enclosure in Degraded Patches of Alpine Meadow in the Source Zone of the Yellow River «:ereeseeeseererermienienieniiininiiinennn

................................................................................................................................................................. /ANG Peng-nian, L1 Xi-lai, LI Cheng-yi, etal. (2293)

Diversity and Predictive Functional of Caragana jubata Bacterial Community in Rhizosphere and Non-thizosphere Soil at Different Altitude: (2304)

LI Yuan-yuan, XU Ting-ting, Al Zhe, et al.

Effects of Simulated Acid Rain and Nitrogen Deposition on Soil Bacterial Community Structure and Diversity in the Masson Pine Forest - -

*+ WANG Nan, QIAN Shao-yu, PAN Xiao-cheng, et al. (2315)

Effects of Phosphogypsum and Suaeda salsa on the Soil Moisture, Salt, and Bacterial Community Structure of Salinized Soil +++ LIU Yue, YANG Shu-ging, ZHANG Wan-feng, et al. (2325)

Effects of Combined Application of Fungal Residue and Chemical Fertilizer on Soil Microbial Community Composition and Diversity in Paddy Soil =«+«+eeseereeererenensenmenensnniinsnne

++ GENG He-tian, WANG Xu-dong, SHI Si-bo, et al. (2338
+++ HU Jin-hui, XUE Li-hong, QIAN Cong, et al. (2348

)
Effects of Aeration on Surface Water Nutrient Dynamics and Greenhouse Gas Emission in Different Straw Returning Paddy Fields )
Effects of Exogenous Melatonin Treatment on the Growth and Antioxidant System of Rice Seedlings Under Antimony Stress «++ CHU Yu-tan, LI Yan, HUANG Yi-zong, et al. (2356)
Life Cycle Prediction Assessment of Energy Saving and New Energy Vehicles for 2035 «+rvereeerrerererssemeneniininns FU Pei, LAN Li-bo, CHEN Ying, et al. (2365)
)
)
)

Distribution, Sources, and Behavioral Characteristics of Microplastics in Farmland Soil BO Lu-ji, LI Bing, ZHANG Kai, et al. (2375
Research Progress on the Remediation Technology of Herbicide Contamination in Agricultural Soils HU Fang-yu, AN Jing, WANG Bao-yu, et al. (2384
Research Progress and Prospect of Herbicide Residue Characteristics in Black Soil Region of China * LI Rui, WU Qiu-mei, ZHAO Gui-mei, et al. (2395



