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Fig 1 Spatial distribution of PM, s monitoring stations in Yangtze River Delta
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B 2 2015—2019 £EK=F PM, s SEIME TR HIZ%

Fig 2 Density curve of PM, s annual mean value in Yangtze River Delta from 2015 to 2019
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B 3 2015—2019 K= PM,s EIMER B HILR

Fig 3 Density curve of PM, 5 seasonal mean value in Yangtze River Delta from 2015 to 2019
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FEFR AR O X 58 AR T REX . BB EREA X . XX T XAEAIX . K =AANDom%sE. Wk
KEGR, WS IR X AE S R B IR O T 35 poim® ) BT IR . BT R B 1O e A A s
o AR RN PMy s 25 IRIASIULRDRS B2 B s SE BRI BLSCfE . DRI AN S ) ot FEL 5 L 1) V0 = 53 05 PM s AR 35MH
BEAT A AR, FARIEIE M0 45 AT 7 PMys 2 IS R 10 AR AL . BEFCIAIE], K =4f PMys V54 U5 81 8 2 038 (1 4), i8FRIX
BN R E T AN WL AN (ARE T R IR EARGE, K =AM DY0 2 = HTT PM, s BB AEAE A [F Ll v
RIS, PMys EMME A R ITiIbm . R s mm w2, 2015 46, BfFimish, HEIm PMys #5777 A R R R 1
PRI . 2016 4, FITT PMos FEBMEASHIL 7 AR T, P REIES 8.01pg/m3 2017 4, BRzepk. Wi R m
BE R 2 HL X PMs BB A BTG,  HARIRTT PM, s S 3 EAEEA FIFERE 1 F . 2018 42, PM,s H391H 55/m3BL L X
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Fig 4 Spatial distribution of PM, s annual mean value in Yangtze River Delta from 2015 to 2019

2.3 PMsBHERSEH ST
231 PMys &R 28 H H AKX

2015—2019 4 PMys A A4 R B L FE 3K U 0.49. 054 0.57. 0.71. 0.76, il 1% & E MK (R 1 , ¥H
K= 24 AN PMys SFISMHIELE 5 4F 38 BRI S M IEAHDGOR R, AAE I 2 o B SR AR XM (B R A IX

R 1 2015—2019 K =F PMys FRIEME /2B RIBLE

Table 1 PM; 5 annual mean value’s global Moran index and its test of Yangtze River from 2015 to 2019

&) 2015 2016 2017 2018 2019
2R IR L 0.49 0.5 0.57 0.71 0.76

P 0.007 0.008 0.001 0.001 0.001

ZME 2.6252 2.8223 3.4953 5.0913 5.6229

2.3.2 PMys 73 (8] H AH K

W5 o, 20154, WM. AIE. R BUL. DB TEMEX, T8, Sl S8 TAERMEX; 2016 4F, mil
IX TR Ui, BRI N A B, (MBI AR I B T (R4 X — 404 s 2017 45, L IX TF A 1) 22 B vl 3 %
MR XA T8 FRl GHRAS; 2018 4F, wifE X FER R PE, (RMEX P KB, 2019 4, wfH X
BN, XA, WEBRRE, RERLIR TR BT PMys SMEIX, PMys V545 ™5,  MIWHT AN FHE A
R BLT PMys B E X, HARMIX EAG Bk, IR AN L 2 SR B A T 22 BT IR K

(a) 2015 4F (b) 2016 4 (¢c) 2017 4F



(d) 2018 4E (e) 2019 4F
Bl 5 2015—2019 FK=H PM, s FIIE T AERESH
Fig5 Spatial agglomeration distribution of PM, s annual mean value in

Yangtze River Delta from 2015 to 2019
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2.4.1 Ry 43 #r

FEEHRE TS, PRI, SFRRGE. TSR R p-value BB 5%8 ML, BE/KE p-value A B B %
VRS . JLrh, PR PMys ZELEAMIR, 2SI B (1 6a) , PMys 4 1 15 T 44 i EL A AL 0 2 1) 43 A a3,
R X PR R R 25 A0S e AR A et I IE) L, WS, K= A S 2 SR E YA 24 v — B AR o
—. HSt b, IR LT R T BRI PR, E TS YT T PMys YRR, PR R I X 35,
St I8 2 A I — R A 4

HUGRTHIRGE, T4 RGE 5 PMyg %% 18] 50 A5 AT BRI FUR Yo, 43 IR R A, i 2 0t e, i AL
SYRGE AT, T SIS SR R SR, BB A BRI IR B TR . 35 = AT, 2458 h M
BRHE, PMys BRI DY 2k 4 G, 7B 5 A1 T R A DR T FRAEE PMg L1,

(@) PRI (b) PR (c) “THMIXREE

B 6 SKEFRZE M HFL

Fig 6 The spatial distribution of meteorological factors

FEA S RT R, SRR ACT TR RN Tl Ak KT p-value YJ3E5d 5% 525 MEAa 36, A5 GDP M %5 E i) p-value
WA B RV . FRPIFACH AR X H AR GNE K, BARBHH R BB 7] AR i e VR 2 515 Gein 3
KO, BT ESR RS BRI SECT AR R, 51 R GEIE AR R B3N, 1 PM, 535 440
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Table 2 Technology expenditures of industrial Enterprises. higher learning Institutions. research institute and other

departments in Zhejiang and Anhui in 2018

By Tkl T PR WAL HeH Joyil
wroiT 1147.39 72.36 47.41 178.53 1145.69
7 B 417.66 9.06 60.82 4.04 491.59

HORRIE: 2018 4F (WITATHER) | (ZBGIHHES)

K= T AP 135 Yo R REIR LR R, STLARFHLX PMys v5 Ytk 5 Tk AE =i #ER) R &, B 2=
S B AR . 2018 4R, ¥, WIVL. VLIRFI RS R 4TI 484.97, 13629.28. 24066.07. 17096.13 J7I, [
MR KHIE, PMys iSQill ™ E. WK = A XKIB TR TS PMys 91, RIUHHE A A LA R —
I, Wk 3 R, L. WHL. MLIRAEEE P S AR P SE L E KN R I LTI IR>WTL> i, 1 PMys 4F
A AR IR ) 73 ATHE R o 1 PMg g (B 00 1A X4k 0 BB PR 2 BORIVT T, LRI PMos V5 Je B8 . PMps WREE S Tl
I R RIUAE P A b, 55 EE MR RE B A R R, MR B R AR RIBR RS Tk i (0 A 77 e 8
G G G, BN PMos WREE, T IX 46 y5 Je 7 b IR AR 7 A 3 TR AR T UL %, R 2 WAL IR PMys i35 4
7 B (1 R

3 2018 4 LA WILE . AL . ZRERGR=HESFEHRE
Table 3 High-polluting product output and Raw coal consumption of Shanghai, Zhejiang,
Jiangsu and Anhui in 2018
By SRR o i) AR RE (%) RO HEMWOTEE)  ARRR(TE)  BRER(JTI)

i 484.97 0.29 549.28 1640.25 1490.06 8.62

WL 13629.28 0.41 208.88 1350.67 835.48 303.9
LT3 24066.07 0.44 1611.02 12017.09 7347.59 318.23
2 17096.13 0.46 1167.17 3222.46 2530 625.15

HllokiE: 2018 4 (LiBGUHHER) - QLARIHEE) « (WHLGHES) « (ZRGIHHEE) « ChESUTHES)

JIF A 3B A S 35 A 56 P S PR T 1) q BT R 0.22~0.74(F1 7). 7E 6 AN Frh,  HR IR EE MR IR SR
(0.74) > FHRIE (0.66) > TIIMFHEE (0.45) >FEAPFIKT (0.44) > GEFEHEFE (0.33) > TolkfKk T (0.22), &
SRR T, BREFRHK =AM PM, s B2 R K.
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Bl 7 2018 SEK= PM,s B FHRMIEK q &
Fig7 The g value of PM, 5 factor detection of Yangtze River Delta in 2018
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2.4.2 ZHAERAREN 73t

RHRMAER (£ 4 RYEREA IR 722 0JE L — X PMys SERIPE IR, AR R 35 00, iR
PH P 5 HAR R 728 B G 5T PMys 22K LN g 153 0.7 LhE, S2maFeE 838 KT HARPHE AP I 8 iE 11 (0.44),
ICARFEAE TR =M PMys 28 8] 23 A1 (52 K IR A W2 B — NP2 2 A o AMERI, PR RE IR #65C BAEH
JEXE PMy s R0 EEI 1) o {8 5 R 0.821, T WHIAZ A KUK R 7 X AH FLAE F 6 PM, s 2B A SE IR SR . 53 oh, FLe s
KWZ HAERRTA: felfE S HARIKER KT (0.808) | REVRTHEFEL P XHEE (0.763) . “FIRIR-5 T XiE (0.748) .

F4 2018 FK=F PM, s ZEHIBFN
Table 4 PM, s interactive detection of Yangtze River Delta in 2018
FARTHRAE  BRIEERE ok PMAEXNEE CFRIE PR

HARFRFR KT 0.44
REVR T #E 0.808 0.33
Tk Ak 0.775 0.631 0.215
SEY AR 0.719 0.763 0.687 0.442
AR 0.804 0.821 0.789 0.799 0.735
35 X GE 0.748 0.78 0.722 0.716 0.797 0.663
3 Wig

2015-2019 FK = A PMys FBMEIZE T [, KIBIFIXIH PMys 15 415 3G ROR FLE B 5, UL WIA RBURES It R SE it e 3
THEIEEM. EARERZ, NEJUERRERE, ZEMLTE RN EEE 2R, Tl PMys M5 R R e
N PM,s IRT5H%IX, FUHJRRH, ATRES LTS k. Wk 5o, BEFUHIE, VI35 2@pE 5 = E 5 2 E L E 2
BAE BT, AR, Dol S E S S E L E R CR BRI o RIS R R TH A5, AR XK =M PM,s
AR R, Sk MS SR s it 8 .

R 5 2015—2019 SIS ZBE B = EE B EEEM TS E 58 ELE (%)
Table 5 Jiangsu and Anhui Province tertiary industry output value as a percentage of GDP and

industrial output value as a percentage of GDP from 2015 to 2019

Ay A (T2 N SY ok s P e A 7=

(%) (%)

2015 445 35.1

T 2016 46.7 33.9
2017 48.6 32.8

2018 50.8 31.3

2019 50.8 30.9
2015 47.6 40.4

2016 49.5 39.2
Lo 2017 49.7 39.3
2018 50.4 38.7

2019 51.3 38

HRRIR:  2015—2019 4 (VLIRGIHEE) o (ZESEIHESE)

SPEYTR T3 R H X 2 0 PM s BRI RN T, 3915 PMys R0, X5 H S5 AMITE, sk
R EEPURT PMys 5 USSR TR RIS R IL, PMys 5 RGE . AIRAFEK R AAR, SHHEERSE R M. R
B PURT S AR N T X PMys 5 R TR AN RIL, PMys SHRHEEEM MR, SEE. RERAME, 555 RTEM
%o Bk, FEHTTE PMys 55K TARCPERS, 5% 8 X I B0 A B S 1208, A AE— T8, SEbR b, BFFEIX PMys 51
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ESRRERT A EE 8, BRI PMy s 75 G fi™ 5 A DX RO IR A2 /N, B RAE T-520H PM, 5
AR R AR EER S, EARZEAAERIT, s R RESBAANE RIS TRMEER, HXHEE 57
AR TR q EIAR] 079, AT AHXHE L #ARE T PMos 224610 q {E.

BT PMys A8 R RS RN TR TT, X = PMos 75 BB 50 BEE DU @ (1) Inai Kok B 13K
o KT JE AR A, BUHTE R RIS R BOR, SRR B T AR, R R EIAMRTT SRR AT QBN N
HEREPA GRISRH A IR FRANSAT i LRI 2B, B “ A5G0 IEORE R . (2) WEILILH. R,
PR TG Y R P, ISR T, TR R ROR S S A RE TR ST B IR eI s ST 4 Tk
AV IS YR TR, ISR = M A A B AN BRI . (3) HE— P e X . ILE IR MENLE], et
DX TR R -

4 Fw

(1) K=A1 PMps SEBHRIZE T RIS, PMos BH LI 57pgim® TIEE 42pg/m®, RIIK = 24 MRS
JREREARIFHe . PMys R EA ER<KR<FR<LRIFFR, HAFRGREENE .

(2) #4Z 2019 AR, IEFRIRTT M AHILY A T SN WA, BETIX PMos SEEEAILE] 55pg/m3BA T, (HIR
Pa s AR EARHEE, B2 =H9HIX PM,s S ETIF AR EIGEAR ISR, PMys S EPZI UL AR
2 TR ) o

(3) PMys HL AT 35 (R SRR MRS AIL , A7 4 R E SRS X AVIRME SRR X, I AT W12 (M 3h A AR Mg sl o L IX o v v e R e 72
A AT e AR XA TS FHil, SN AP R B, TERCR IR AL, JEE T3 THIEL . B 6 M E R EX
X ECYL IR RN 2208, LRl b2 U B A .

(4) HF RN B R B T2 BT, HAR T PMys B MAR L L s PR FHXENRES PMys 212
FHMR: BORPAFAKTXS PMos AL BA TR, REIRTHAES ALK TR PMys AL HA IE IR A2 B AN 2 R
IR PR T A TR JE X PMy 5 2240 IR REMARE B2 45 K T 50— DR X B 4 P JE b P2 AR AT REVR T AE S AR F X PMs
AT R K -

BE R

[1] Sun Yueshan (#p‘k1l1), YE Xiaofang("He75), YE Rongju(>€%g), et al. Analysis of the effect of PM, 5 on inflammatory of
factors of hospital patients with cardiovascular diseases[J]( PMs 0o ML R AF B £ 3 40E R F RIS M 234 [J]). Geriatr Health
Care(ZZFEE 2% 5 f74iE), 2020, 26(4):591-593.

[2] CHEN Youliang(B+f ), LI Yagian (Z=IFA%) . Analysis of air quality and its influential factors on both sides of Huhuanyong
Dividing Line[J](HA i 2k i il 2= = 5 FobR v B i (R 25 43 #[9]). Journal of Safety and Environment(Z24x 53855244)%), 2020,
20(6): 2424-2432.

[3] CUI Yongxue(# 7k 2%2), ZHANG Yang(7k#%), WANG Liheng(EN#7), et al. Burden of Disease Caused by Atmospheric PM, 5
Pulltion in Jinan, China, in 2013 and 2017[J]( 2013 4EA1 2017 4EFF R T RS PMy s 15 4 S EUWEIR 73HAT 52 [9]). Journal of
Environmental Hygiene(¥F 1% T4 22 4% ), 2020, 10(6):559-568.

[4] WANG Zhenbo(E &%), FANG Chuanglin(J7 fJ#£) , XU Guang(¥FJt), et al. Spatial-temporal characteristics of the PM, 5 in
China in 2014[J]( 2014 £+ EI30 T PM, s ¥R 5 B 25 45 AL B [3]). Acta Geographica Sinica(MhF 2%4R)), 2015, 70(11):1720-1734.
[5] WANG Zhenbo(E#z%%), Liang Longwu(F: i), Wang Xujing(EE##). Spatio-temporal evolution patterns and influencing
factors of PM,sin Chinese urban agglomerations [J](H [EI 4 T ##1 X PM, 5 I 25 A8 M 7 R FC 2 R 2 [J]). Acta Geographica
Sinica(Mi ¥ 244R), 2019, 74(12):2614-2630.

[6] MAO Wanliu(EZill) , XU Jianhua(#:24E), LU Debin (J5£&4) , et al. An analysis of the Spatial-temporal pattern and
influencing factors of PM,s in Yangtze River Delta in 2015[J]( 2015 4FK =M MX LT PM, 5 I 2548 J5 S 50 (R 25204 [3]).
Resources and Environment in the Yangtze Basin CKITUIRE VR 53085) |, 2017, 26(2):264-272.



[7] Mi Kena(:% %), Zhuang Rulong(H:i%2), Liang Longwu(# /i), et al. Spatio-temporal evolution and characteristics of PM, 5
in the Yangtze River Delta based on real-time monitoring data during 2013-2016 [J](1= 4 PM, s I 45 4% R I A8 554 fi -3 T
2013-2016 4F Sz} Wi I % #5[J]). Geographical Research(Ms3Af47), 2018, 37(8):1641-1654.

[8] BAI Ling(#1¥%), JIANG Lei(Z#%), CHEN Zhongsheng([%: it ). Spatio-Temporal Characteristics of PM,sand Its Influencing
Factors of the Urban Agglomeration in the Middle Reaches of the Yangtze River[J](K- VL Hi#3 7 PM, g B 2 REAE A 50 H 25
FL[3]). Resources and Environment in the Yangtze Basin (KIS IH53A57) |, 2018, 27(5):960-968.

[9] SUN Dandan(#h/+1), YANG Shuyun(#+3iz), WANG Tijian(L{A{&), et al. Characteristics of O; and PM,, 5 and its impact
factors in Yangtze River Delta. Journal of the Meteorological Sciences[J](K =M XL O3 Al PM, 5 15 JLUFAE K 520 K & 40 ¥
[31) . Journal of the Meteorological Sciences(<, %%l %), 2019, 39( 2):164-177.

[10] YANG Mian(#%%.), WANG Yin(ZE4R). Spatial-temporal characteristics of PM, 5 and its influencing factors in the Yangtze River
Economic Belt[J]( KITZ& 50 PM,s I 24541 K 520 B & #F 72 [3]). China population, resources and environment(H & A 1T <55
53R4%), 2017, 27(1):91-100.

[11] WANG Zhao(EH4), YAN Xiaobing(™/)» £z). Temporal-Spatial Evolution of PM , 5 and Driving Factors in

Yangtze River Delta Urban Agglomeration[JJ(£/T = MM TTHE PMys I 25848 K 5 M0 Kl % [J]). Resources and Environment in
the Yangtze Basin (VTS5 | 2020, 29(7):1497-1506.

[12] HUANG Xiaogang (#5/~NID, ZHAO Jingbo GEX5t%), CAO Junji (HZEL#) | et al. Evolution of the Distribution of PM, 5
Concentration in the Yangtze River Economic Belt and Its Influencing Factors[J]( KIT4 555 PM,.s 23 A 1 J 5 A8 K F 50 R 2%
[3]). Environmental Science(¥ 15 F}%), 2020, 41(3):1013-1024.

[13] GUO Chunying(FF%#1), SHI Runhe(jifiiE A1), ZHOU Yunyun(ffl = =), et al. Analysis on risk factors of air pollution over the
using remote sensing and geographical detector[J](Z T 1 /215 b B HR M A5 HI VT = A0 2S00 G AR R 72317 [J]). Resources
and Environment in the Yangtze Basin( L8 % I 5 34 1%), 2017, 26(11):1805-1814.

[14] GB3095-2012, Ambient air quality standards[S1(3 5% 2 i & ARAE[S]). (Beijing)dL&L: (China Environmental Science Press)
AR AL, 2012,

[15] WANG Jinfeng(E2hi%), XUN Chengdong(#4: 5% %<). Geodetector: Principle and prospective[J] (s #8125 7 B 5 fE 22 [J)).
Acta Geographica Sinica(#hEE 24R), 2017, 72(1):116-134.

[16] ZHOU Shuling(J&#1¥%). Comparison of spatial interpolation methods for PM,s concentration distribution in Fuzhou Ci
ty [J](REIH T PMos 3% 2047 110 2 8] 3B 5 = EL B [J]). Environment And Development(3445 5 % J2). 2018, 30(6):177-179.
[17] ZHANG Xinwen(7K 22 32). Spatial-temporal Distribution and Evolution Characteristics of PM, 5 in Henan Province from 2014
to 2018 Based on Spatial Interpolation Algorithm [J] (2T~ [A]48 (A 532: 11 2014—2018 £ETF] R 24 PMy s ) 25 20 A7 S AR R AR 510
[3]). Journal of Henan Science and Technology (7] g #H). 2019, (8):151-155.

[18] XU Jie(fx74s), KUANG Hanwei([E 7 ), WANG Guogiang(T [E3#), et al. Analysis of the relationship between PM2.5 and air
relative humidity [JJ(PM,s 5 45 S A BE 1A] ¢ 2 347 [9]). Agriculture and Technology (R 5H:AK), 2017, 37(9): 148-149.
[19] YAO Rongpeng(®kz€i%), ZHANG Bo(7K#1), WANG Libin(E3Z L), et al. Spatiotemporal variations of PM, s and driving
factors over central and eastern China between 2015 and 2019[J]( 2015-2019 #ErhZ<EBHLIX PM,s I 25 34 & IR SN 71 [J]).
Chinese Journal of Ecology(“E #2424 ), 2020, 10.13292/j.1000-4890.202103.004.

[20] HUANG Jun(¥18), WANG Chaoqun(Ei##), ZHOU Baoqin(J& %), et al. Characteristics of PM,5 pollution and its
relationship with meteorological factors in Guangzhou[J]( /=M PM,g ¥5 4 & 53 % K 7 1I5¢ £ 20 #7[J]). Environmental
Pollution & Control (M 4575 4+ 5 i 1R), 2020, 42(2):176-186.

[21] SONG Haixiao (¥ , YU Shouchao(F5Fi#8), ZHAI Fu-shun(Z 1)), et al. Study on the Correlation Between PM, 5
Concentration and Meteorological Factors in Xuzhou City[JJ(#=/M T X PMys i 55 % K &K MAHSSHERT 72 [3]). Journal of
Changchun Normal University (K54l K5 54), 2020,39(4): 112-116+142.


Administrator
高亮


Temporal-spatial characteristics of PM, s and impact factors analysis in Yangtze
River Delta from 2015 to 2019
CHEN You-liang, ZOU Wen-min
(School of Architecture and Surveying Engineering, Jiangxi University of Science and Technology,

Ganzhou 341000, Jiangxi, China)

Abstract: Based on the hourly PM, s data, this paper studied the PM, 5 temporal-spatial characteristics in 24 cities of Yangtze River
Delta from 2015 to 2019, revealing the influence of natural factors and socio-economic factors on PM, s changes by geographic
detector. The results show that: (1) During the study period, the peak value of PM, 5 annual average nuclear density curve shifted to
the left, indicating that improvement in air quality in 24 cities of Yangtze River Delta. The seasonal nuclear density curve shows that
PM, s change in Yangtze River Delta has the characteristic of summer <autumn <spring <winter. Significant improvement in air
pollution of winter. (2) As of the end of 2019, the PM, s annual mean value of all cities have reached below 55pg/m3but more than
four-fifths of the cities’ PM, 5 annual mean value still have exceeded limiting value. PM, s mean value still has a spatial pattern of
higher in the northwest and lower in the southeast. (3) The high-value area of PM, s shifted from central Anhui to southern Anhui.
The low-value area expanded westward to Shaoxing, forming the low-value area with Zhoushan in the east, Ningbo in the north,
Shaoxing in the west, and Taizhou in the south. Compared with Jiangsu and Anhui, Zhejiang and Shanghai have better air quality. (4)
Natural factors have a higher degree of influence on PM, s change than socio-economic factors. Average temperature, average wind
speed and relative humidity are negatively correlated with PM,s. The level of technical support has a negative impact on PM, 5
changes. Energy consumption and industrialization level have a positive impact on PM, s change. The interaction of any two factors
has greater impact on PM, 5 changes than a single factor alone. The interactive effects of natural factors and socio-economic factors
play a key role in the PM, 5 change in Yangtze River Delta.
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