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Study of Spatio-Temporal Variation and the Influencing Factors of Ozone in Northeast China During 2015-2018.
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Abstract: Based on the ozone monitoring date, the spatio-temporal variation of ozone concentration and its influencing
factors of 35 cities in Northeast China from 2015 to 2018 were analyzed via spatial auto-correlation analysis and geograph-
ical detector. The results show that the interannual variation of ozone concentration increased from 2015 to 2018 and the
monthly ozone concentration followed a pattern of inverted " V", which was higher in spring and summer and lower in au-
tumn and winter. The high ozone concentration areas were mainly distributed in Liaoning Province and Jilin Province,
which expanded to the north due to the effect of temperature. The ozone concentration had significant characteristics of ag-
glomeration with hot spots distributed mainly in Liaoning Province. Meteorological factors and socio-economic factors all
had significant effects on the distribution of ozone concentration. Temperature, the proportion of secondary industry and the
ownership of civilian automobiles were all significantly correlated with ozone concentration.
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Fig.1 Cities in Northeast China in this study
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Table 1 Ozone concentration and non-attainment from
2015 to 2018 in Northeast China
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Table 2  Seasonal variation of ozone concentration from
2015 to 2018 in Northeast China
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Fig.2 Monthly variation of ozone concentration and the number of days with ozone non-attainment from 2015 to 2018
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Fig.3 Spatial evolution of annual ozone concentration from 2015 to 2018
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Fig. 4 Spatial evolution of seasonal ozone concentration from 2015 to 2018
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Table 3  Spatial auto-correlation index of annual ozone

concentration from 2015 to 2018

SR Moran’s [ Z(I)
2015 0.65"" 7.23
2016 0.69"" 7.68
2017 0.72*" 7.93
2018 0.68"" 7.63
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Table 4 Spatial auto-correlation index of seasonal ozone
concentration from 2015 to 2018
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Fig. 5 Annual agglomeration of ozone concentration from 2015 to 2018
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Fig. 6 Seasonal agglomeration of ozone concentration from 2015 to 2018
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Table 5 Geographical detection analysis of ozone concen-

tration
SIS R R A AR
RLWE SiR(X,) 0.670*"*
Rk R (X,) -0.023
SR (X5) -0.036
H I £ (X,) 0.151*
AHXF IR (Xs) -0.170"
HEZFHE AETFHAD(X,) 0.226""
A¥A = BE (X)) 0.118
AR X R (X)) 0.278""
SR X,) 0.211%*
:F:IJ_‘TH:(Xm) 0.379 """
Tl AR C#) A HECER (X)) 0. 021
Tl A AL B HE R (X ) 0.073
Tl B AL HE R (X5) 0.190*
RAVAEIAR(X,,) 0.363 """

s ko il AR 99% (95% Fl 90% (1) i 5 PER 1

MR 3 HLUR () Ry AR BE A H BRI 5%, P (B 2y
JA-0.170 F10. 151, HRERECR A F Tk
FR %5 O 4 BE A 1E 1) B A2 SR F . A X0 B %
O, 7R B 52 17 ] 52 e 79 Ji PR AT — 2 7K IR T DTG L
il 235 e K PHER ST, B O, 1Ak SO s % 5 —
IR EA R T O, T Ui ; = RAR P25 m

A5 o, M H#E 0,1

JRTH B8 7K et 349 22 A7 o 52 o (F R 58 i e 3
PERS I, 156 W XU B2 7K B X AR b b IX O, ¥ BE 1Y
2 )25 S M XA BE R R, DAk BH R 2R U RN XS Y
) ,2017 4F 3 AT O, F- ¥ Brit vk FE 43 1 R 167
133 A1 90 pg - m™, K3 45 24 2.09,3.08 Fl
3.98 m - s, FEIK AL 435l 464 481 Fl 520 mm),
IR K i 5 O,V B 7R 28 [l 43 A b HLAT fhAH ¢
P 2017 4E 3 A48 B 4r 518 10,9 6.7 Fi
0.6 °C . 5B EL , RUH RN RE K B 1 25 1) 22 5 1
AN B 5 ol ) Ao A L E 1 5 e T TR PRk
by BRI % R I L B A T 99% 1Y B 3 K
S T AU AR K NN B
2.4.2 #SZFHENZMmM

W B E R R A S 2T H T 6 4, 40
R b RFIVR A & g X R AR F
PPN G bh i AU Tl R AL Y HE R, B3R
E N, Hop — g AR R A s E
99% 1) it 3 VEIK F-, P {H 53 51 R 0. 379 F1 0. 363,
ULEHPIE XS O R E RS M 22 R X A s . R
Jb i X 2 R A0 2 Tk 3, H == o
9 35.53% , R RBP4 & ¥ ME R 44 T i,
2017 AFBLARYI T o gk B AT | K64 T RS AR


User
高亮


48 1

AR AE ;. 2015—2018 4 AR b Hi DX R S0k B I 2 A8 AL ARAIE B HL K 3h PR R 5 - 995 .

d7 AR R 37. 9% (40. 5% F148. 7% , B K44
A A 209 J7 147 J7 R 159 JT, A AR At b
X7 AR AR E A AR R 3 AT,
0,-8h-p90 F- {435~ 167,163 Fl 149 pg -
m” 5 T ORI R VR AR A i 2 R AT A ]
— ek O 0 e R AVR A = 2RI
O, MEE R ., M#H ™ EM NO, .CO Fl VOCs 4
YR O, 1 EEATIRY, 5 — & KA T AR
0,, 53 O, L Ft, ik — s AR Tl Z A A
PIHERC RS20 128 0. 190 |

i 3 95% ik PERG 5 1) PR - DA R B/ A A
X TSN O > g R, AR 3k fE oK F
A A B DX T RRURIAESE 389N 5% 0,28 18] 43 A A K
B f R S, P A 2> 5N 0,278 F100. 226, 3% 17 4k i
SUNL G B S L IR U N W = N
Yt IR M X4 38 A T BE 2 R X B -
Vg RANR IR, 2F 1 S i R TS e i B
HWFFE R AR IEHERL A VOCs 78 0, 48 il 2
FEHEEAE O S B A O 1A RS D H A
Py HE RO IR T O R E A — 5

S T AR L 24 HE il 2 A — Ak HE
wEAM S B ERY, R SR o, Tk
W — BN TES 0, 8 EERMHME R
RS0 S AN AR b DX b 5 i) B R AR A R A
MRIHZE H (8 Tl PRl e 8 9 A A R [ 45 i 3 T
A ¥5 g 3 H 2011 45 Tl — A AL B HE AL
ORI O, 75 YL e, B O, R Y 25 1) 22
SEX A,

3 &g

(1) B[] 25 4k ok B, 2015—2018 4F A< b #b
X O, ¥k JE R ZAZ Ik #4, 0,-8h—p90 -3 {H
133 EFHE] 138 wg - m™, At AR R AE,
O, Ve ELA W S i 2 15 AR AL RRAIE IR R I
B AR, HorP &2 0% EFHR A, 4F 3
WK FIKE] 7. 4%, AT 4 a B O, 7 ¥Juk B A5« V7
B m Y EEAEE S—T

(2) \N=s [a] 28 kSR B, 2015—2018 4F O, 1k JiF
B 23 [] o3 A B B e AU AR V5 Y i 8 YRR AR, O, Tk
JE B e A DX A A R 3L T R AR IR E X
SPTERIEILAE . BN AR IX O, Mk B 5 i
YN )R ET B RRZ, A FE T R
R,

(3) Nsgm R 2ok A, 9 M il T
TR, KRN EM g R EZ L FE R E R

JLH X O e JEE 1) 25 18] 3 A, Herp el K BH A 23 5 1R
R I ) fe K, PE A 0. 670, 3 v T H Al [
T R A Z T A AH X B A IR R DL K 22
PR B 5™ b R IR G A B X T
PR ARSI N T i ARUORT Ml 0 Ak 0 R i
X O, e BE /Y 2 6] 73 A1 A7 i 25 PR R R

S 23k

[1] ZHANG Y Q,COOPER O R,GAUDEL A, et al. Tropospheric O-
zone Change From 1980 to 2010 Dominated by Equatorward Re-
distribution of Emissions[ J].Nature Geoscience,2016,9(12) .
875-879.

[2] LEHMAN J,SWINTON K, BORTNICK S, et al. Spatio-Temporal
Characterization of Tropospheric Ozone Across the Eastern United

States [ J ]. Atmospheric Environment, 2004, 38 ( 26 ):

4357-4369.
[3] BUKIE, 4 E.2006—2012 4EER VT = M Pl X 04 5 Ye %t

NHHERR R [T ] E SR 5 R 4%2015,35(3) :897-905.
[ LTAO Zhi-heng, FAN Shao-jia. Human Health Impact of
Exposure to Ozone Pollutant in Pearl River Delta Region During
2006-2012[ J]. China Environmental Science,2015,35(3):
897-905. ]

(4] XEFE, EIBE BT, S5 W /R UG HUAT O WRILRFAEL ],
WEE B 2 4 2, 2018, 38 (11) : 4454 - 4463. [ LIU Yu-lian,
ZHOU He-ling, PEI Yu-hang, et al. Characteristics of Near
Surface 05 Concentration in Harbin[ J]. Acta Scientiae Circum-
stantiae, 2018 ,38( 11) ;4454-4463. ]

[5] BELL M L.Ozone and Short-Term Mortality in 95 US Urban Com-
munities, 1987-2000[ J].JAMA ,2004,292(19) :2372.

[6] JIAM W,ZHAO T L, CHENG X H, et al. Inverse Relations of
PM, 5 and O in Air Compound Pollution Between Cold and Hot
Seasons Over an Urban Area of East China [ J]. Atmosphere,
2017,8(12) :59.

[7] CHAN C K,YAO X H.Air Pollution in Mega Cities in China[ J].
Atmospheric Environment,2008,42( 1) ;1-42.

(8] HU/NWI, B, 250 45 P R O, eI 28 AR AL RRAIE 12
IR K] J] . BRI, 2019,40( 3) :1120- 1131. [ HUANG X
iao-gang,ZHAO Jing-bo,CAO Jun-ji,et al.Spatial-Temporal Vari
ation of O-zone Concentration and Its Driving Factors in China
[ J].Environ-mental Science,2019,40(3) :1120-1131.]

(9] SR RV, T, %.2015—2016 45 o [ 7 5L ARk BE 1) 2%
ACHLERREST [T PR R 2 2 41, 2018, 38 (6) :2179-2190.
[ WU Kai,KANG Ping, YU Lei, et al. Pollution Status and Spatio-
Temporal Variations of Ozone in China During 2015;2016[ J].
Acta Scientiae Circumstantiae ,2018,38(6) :2179-2190. ]

[10] JH2H Bk feE | 0, 55.2013—2016 4F 2 i 1 X B 40k B
FAERL SRR NR MR R[] BB 540, 2019, 39
(1):143-153.[ZHOU X S,LIAO Z H,WANG M, et al.Charac-
teristics of Ozone Concentration and Its Relationship With Meteor-
ological Factors in Zhuhai During 2013-2016[ J].Acta Scientiae
Circumstantiae ,2019,39(1) ;143-153.]

[11] O, 2 e 55 A0 05 15 Jemtzs AR AL FRAE K 52 i



- 996 - 4 SN

5ok KO

N % 36 &

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

P2 AHT[ 1] B R #2442, 2018 ,38(2) :649-660.[ ZHAO
Xu-hui, DONG Hao, JI Mian, et al. Analysis on the Spatial-Tem-
poral Distribution Characteristics of O; and Its Influencing Factors
in Hefei City[ J].Acta Scientiae Circumstantiae,2018,38(2) :
649-660. |

XU NI R 45 VL = A W b X R 4TS e i 4 4
AL [ ] R85 R A B4, 2016,32(3) : 445-450.
[LIU Zhi-jun, XIE Xiao-xun, XIE Min, et al. Spatio-Temporal
Distribution of Ozone Pollution Over Yangtze River Delta Region
[J].Journal of Ecology and Rural Environment,2016,32(3) .
445-450. ]

T IR, TR U (A O R R
IO &[], B4 2%, 2019, 39 (7) : 2689 - 2698.
[ WANG Mei,ZHENG You-fei,LIU Yan-ju,et al.Characteristics
of Ozoneand Its Relationship With Meteorological Factors in Beiji
ng-Tian-jin— Hebei Region [ J]. China Environmental Science,
2019, 39(7) :2689-2698.]

HRE A, B, BET, A I T R SR AT Y AR AR B e [
FOMr[T] B R 22 4], 2018, 38 (4) : 1275-1284.[ CAO
Ting-wei, WU Kai, KANG Ping, et al. Study on Ozone Pollution
Characteristics and Meteorological Cause of Chengdu—Chongqing
Urban Agglomeration [ J]. Acta Scientiae Circumstantiae, 2018,
38(4):1275-1284. ]

G, ENAR, SRR, 2 I = R I b DX 3 T LA T5 YR AiF 5
SRR AT )] IR 2444, 2015,35(8) :2370-2377. [ YI
Rui, WANG Ya-lin,ZHANG Yin-jun,et al.Pollution Characteristics
and Influence Factors of Ozone in Yangtze River Delta[ J ].Acta Sci-
entiae Circumstantiae ,2015,35(8) :2370-2377. |

BULAE , PVFR A JEAE, 45.2006—2012 4F Bk = i b IX 25 <15
RARACHRAE B R R [ )] B ERERLS ,2015,35(2) :329-
336.[ LIAO Zhi-heng, SUN Jia-ren, FAN Shao-jia, et al. Variation
Characteristics and Influencing Factors of Air Pollution in Pearl
River Delta Area From 2006 to 2012[ J ].China Environmental Sci-
ence,2015,35(2) :329-336. ]

LEN, GG VET A5 AR R4S YRR SR IR AR AT I 5T
[J]. 3R 55 Rh 22 22 4k, 2017, 37 (12) ; 4449 — 4457. [ SHEN Jin,
HUANG Xiao-bo, WANG Yu,et al.Study on Ozone Pollution Char-
acteristics and Source Apportionment in Guangdong Province[ ] ].
Acta Scientiae Circumstantiae,2017,37(12) :4449-4457. ]

X R, ) 50, 45 D BH SR ST e I 25 43 A1 R AIE B 78 Ak i
[J7. o E R BT Wi, 2017,33(4) : 126-131.[ LIU Min, WANG
Chuang, HOU Le, et al. Spatial-Temporal Patterns and Variation
Trend of Ozone Pollution in Shenyang [ J ]. Environmental
Monitoring in China,2017,33(4) :126-131. ]

FUHEYE R, TR A5 O T 5L AUTS PR IE M R TS L H
AL T A e BR BT W, 2017, 33 (4) : 167 178.[ BAO Yan-
ying, XU Jie, ZHANG Ming-ming, et al. The Characteristics of
Ozone Pollution and Causes of a Typical Ozone Pollution Episode
in Dalian[ J ] . Environmental Monitoring in China,2017,33(4) :
167-178.]

S BT, b L, S5 R T R ARS JREIE S RGO R Y
[T]. 385 Rl 222 4L, 2017, 37 (11) ; 4241 - 4252. [ WU Kai,
KANG Ping, WANG Zhan-shan, et al. Ozone Temporal Variation

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

and Tts Meteorological Factors Over Chengdu City [ J]. Acta
Scientiae Circumstantiae,2017,37(11) ;4241-4252.]

M U, TAYANC M T, YENIGUN O. Analysis of Major
Photochemical Pollutants With Meteorological Factors for High O-
zone Days in Istanbul , Turkey[ J]. Water, Air, and Soil Pollution,
2006,175(1/2/3/4) :335-359.

LIU P F,SONG H Q,WANG T H, et al.Effects of Meteorological
Conditions and Anthropogenic Precursors on Ground-Level Ozone
Concentrations in Chinese Cities [ J ]. Environmental Pollution,
2020,262:114366.

BRI, B0, B RS, 55 3T OMI ¥ 7 B LAY 25 43 10 FFAE
BN BT )] A S RN ISR ,2019,35(2) : 167-
173.[ CHEN Xue-ping, XIAN Long, JU Tian-zhen, et al. Study of
Spatial and Temporal Distribution of Ozone and Its Influencing
Factors in Ningxia Based on OMI[ J].Journal of Ecology and Rural
Environment ,2019,35(2) :167-173. ]

WANG Z B,LI J X,LIANG L W.Spatio-Temporal Evolution of O-
zone Pollution and Its Influencing Factors in the Beijing—Tianjin—
Hebei Urban Agglomeration [ J ]. Environmental Pollution, 2020,
256:113419.

WANG T,XUE L K,BRIMBLECOMBE P , et al.Ozone Pollution in
China; A Review of Concentrations, Meteorological Influences,
Chemical Precursors,and Effects[ J].Science of the Total Environ-
ment,2017,575:1582~-1596.

Wi , M 1 — 9 A ARG AR AR X R T S A T T e R
WREIR (0] A5 SR M R B4R, 2019, 35 (8) :992-999.[ LU
Qian, WANG Guo-hui,FENG Yi-chun,et al.The Influence of Me-
teorological Conditions on a Heavy Ozone Pollution Process in
Chengde City [ J ]. Journal of Ecology and Rural Environment,
2019,35(8) :992-999. ]

CHEN Z Y,LI R Y,CHEN D L, et al. Understanding the Causal
Influence of Major Meteorological Factors on Ground Ozone Con-
centrations Across China[ J].Journal of Cleaner Production,2020,
242.118498.

BN RS R, 45 AR R R AT A b [ AR O,
WEE AR I [ 7] b R B4, 2019,39(6) 2273 -2282.
[ HUANG Xiao-gang,SHAO Tian-jie,ZHAO Jing-bo,et al. Impact
of Meteorological Factors and Precursors on Spatial Distribution of
Ozone Concentration in Eastern China[ J |. China Environmental
Science ,2019,39(6) :2273-2282.]

TH, RN EE TG, ALK PM, 5 B T YA A
ARAGORE” A B AR SR [ J] IR BERE 4R, 2015,35(5) -
1520- 1528. [ LEI Yu, ZHANG Xiao-ling, TANG Yi-xi, et al.
Holiday Effects on PM, s and Other Major Pollutants in Beijing
[J].Acta Scientiae Circumstantiae,2015,35(5) ;1520-1528. ]
F/NRI BRRAS , I, 45 A = A 0TI A S RV B I i s
SRR ] ATLRIITR S 315 ,2019,28(6) : 1434
1445.[ HUANG Xiao-gang, SHAO Tian-jie, ZHAO Jing-bo, et al.
Spatio-Temporal Differentiation of Ozone Concentration and Iis
Driving Factors in Yangtze River Delta Urban Agglomeration[ ] ].
Resources and Environment in the Yangtze Basin,2019,28(6) :
1434-1445.]

Ja ., ZEAR e A S VER AR W IR HE TR B AR A T AR B 2



48 1

TRA S : 2015—2018 AR ZREH X IR AR JEE I 28 A8 AL RRAE LIRSl I R BT - 997 -

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

AR IX R ] . E PR REA: 2009,29(4) :337-344.[ QU
Yu, AN Jun-ling. Total and Synergistic Impacts of Anthropogenic
and Biogenic Emissions on Ozone-Examples in East Asia in Spring
and Summer [ J ]. China Environmental Science, 2009, 29 (4):
337-344.]

FEFEB, ST AR X Tl 35 G 25 AR SR SR BF ST [ D] 56
BiRl244R ,2018,38(5) :2108-2118.[ REN Jia-min, MA Yan-
ji.Studies on the Spatiotemporal Dynamics of Industrial Pollution in
Northeast China[ J].Acta Scientiae Circumstantiae,2018,38(5) :
2108-2118.]

JASAITIS D, VASILIAUSKIENE V, CHADYSIENE R, et al.
Surface Ozone Concentration and Its Relationship With UV Radia-
tion , Meteorological Parameters and Radon on the Eastern Coast of
the Baltic Sea[ J].Atmosphere,2016,7(2) :27.

FEATHE R MOW, SF T T RS YRR R PR R A3 A
[J].3F 55 Bl 2 2 42, 2018, 38 (3) : 1128 - 1136. [ YAN Ren-
chang, YE Hui, LIN Xu, et al. Characteristics and Influence Factors
of Ozone Pollution in Hangzhou [ J ]. Acta Scientiae
Circumstantiae , 2018 ,38(3) :1128-1136. ]

BRUS D J,HEUVELINK G B M.Optimization of Sample Patterns
for Universal Kriging of Environmental Variables|[ J].Geoderma,
2007,138(1/2) :86-95.

GOODCHILD M, HAINING R, WISE S.Integrating GIS and Spatial
Data Analysis : Problems and Possibilities[ J ] .International Journal
of Geographical Information Systems,1992,6(5) :407-423.
GETIS A,ORD J K.The Analysis of Spatial Association by Use of
Distance Statistics [ J ]. Geographical Analysis, 2010, 24 (3):
189-206.

R IRAUR I B G - SR S R ) ] B AR 4, 2017,
72(1) :116—-134.[ WANG Jin-feng, XU Cheng-dong. Geodetector
Principle and Prospective[ J].Acta Geographica Sinica,2017,72
(1):116-134.]

WANG H,GAO J B,HOU W J.Quantitative Attribution Analysis of
Soil Erosion in Different Geomorphological Types in Karst Areas:
Based on the Geodetector Method[ J].Journal of Geographical Sci-
ences,2019,29(2) .271-286.

ZHOU C S,CHEN J,WANG S J.Examining the Effects of Socioe-
conomic Development on Fine Particulate Matter ( PM,5) in

China's Cities Using Spatial Regression and the Geographical De-

tector Technique[ J].Science of the Total Environment,2018,619;
436-445.

[41] BAI L,JIANG L,YANG D Y, et al.Quantifying the Spatial Hetero-
geneity Influences of Natural and Socioeconomic Factors and Their
Interactions on Air Pollution Using the Geographical Detector
Method: A Case Study of the Yangtze River Economic Belt, China
[ J].Journal of Cleaner Production,2019,232.:692-704.

[42] BRIk, K418, B T M T b R A =2k HE5R
GNT I RA (1] E 35 I, 2017, 33 (4) : 99 - 109.
[ CHEN Yang,ZHANG Jin-pu, HUANG Zu-zhao.Spatial-Temporal
Variation of Surface Ozone in Guangzhou and Its Relations With
Meteorological Factors [ J ]. Environmental Monitoring in China,
2017,33(4) :99-109. ]

[43] FINLAYSON B J,PITTS J N.Photochemistry of the Polluted Tropo-
sphere[ J ] .Science,1976,192(4235) :111-119.

[44] P &Y, PRI R EEAL XS B R B SE kSR [ J ] b sk
Bl i 2019,34(9) :984-997.[ LUO Xin-yue, CHEN Ming-
xing. Research Progress on the Impact of Urbanization on Climate
Change[ J].Advances in Earth Science,2019,34(9) :984-997. ]

[45] SHEN L X,ZHAO C F,MA Z S, et al.Observed Decrease of Sum-
mer Sea-Land Breeze in Shanghai From 1994 to 2014 and Its Asso-
ciation With Urbanization [ J ]. Atmospheric Research,2019,227.
198-209.

[46] TAO Z N. A Summer Simulation of Biogenic Contributions to
Ground-Level Ozone Over the Continental United States [ J ].
Journal of Geophysical Research Atmospheres, 2003, 108
(D14) .4404.

[47] WRaRTE,BBRAS, S IE I 3 a P9 5% Hi X B Uk 2 ) 25 8 4k
LM ER]. T2 XB5E,2019,36(4) :990-996.[ CHEN
Zhi-qing ,SHAO Tian-jie, ZHAO Jing-bo. Spatiotemporal Variation
of Ozone Concentration and Its Influential Factors in Inner
Mongolia in Recent 3 Years[ J]. Arid Zone Research, 2019, 36
(4):990-996. ]

{EER . Dl (1995—) , 2, BEPE AR, B+ A= i 5
71 8 XA EEHSE . E-mail; 18392519008@ 163.com

(REHE: B )


User
高亮


