Advances in Environmental Protection ISR RTHS, 2023, 13(2), 322-332 Hans )0
Published Online April 2023 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2023.132042

N= = FEEAR [
BN, 'y, RES, A

RN AR TR R R AT, W RN

2 M R T R R A TR A ], -0, T RN
SRR TR, WT S

Weks H . 20234F3 110 FHBEM: 20234F4H13H; KA HM: 20234F420H

H E

ER G55 NKES. BT KERREFMER. ZHRAFRHHFEXRL kmHRPM, £, S
WL E SBRMTT2000~2020FEPM, s ¥R F B A AAIHE FIHESMHFIE; M A Mann-Kendallf 55455
PrPM s IR EBEEPIETHES . £RRE, BLEEEMTT2000~20205EPM, R EH 2T = HRE
KHES, HPMsIREEMMERREN “+ =1 BFRARNBEMHER: L SEMNTEHERDT SEH
PAE20174E, BHHPM K EEFHENTBHEHRBEZRTINE . ZHAEBT THENERERELX
SHBERERNERARBER, AXBRZERBEGE. BHTREARNRESEZEL.

KA

BT, =ZK[EYH, PMys, BIZZ84k, Mann-Kendallf3

Study on the Trend of Air Quality Changes in
Wenzhou

Renchuan Qian'2, Hongyang Bail2*, Qianwen Wus3, Yutai Ke3

'Wenzhou Data Management Development Group Co., Ltd., Wenzhou Zhejiang
’Doctor Innovation Station, Wenzhou Data Management Development Group Co., Ltd., Wenzhou Zhejiang
3College of Civil Engineering and Architecture, Wenzhou University, Wenzhou Zhejiang

Received: Mar. 11", 2023; accepted: Apr. 13", 2023; published: Apr. 20", 2023

Abstract
Air pollution is closely related to human activities, urban expansion and other factors. In this
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study, the spatial distribution characteristics and annual average distribution characteristics of
PM; 5 concentration in Zhejiang Province and Wenzhou City from 2000 to 2020 were analyzed us-
ing the 1 km resolution PM; 5 data in China; Mann-Kendall test was used to analyze the annual av-
erage change trend of PM, s concentration. The results showed that the PM;; concentration in
Zhejiang Province and Wenzhou City increased first and then decreased from 2000 to 2020, and
the reduction of the annual mean PM; 5 concentration was highly related to the “Twelfth Five Year
Plan”. The trend mutation points of Zhejiang Province and Wenzhou City both appeared in 2017,
and the change trend of annual average PM; s concentration in Wenzhou City was significantly
greater than that in Zhejiang Province. This study is helpful to understand and master the evolu-
tion and development of atmospheric environment quality in China, and provide reference for re-
gional air pollution prevention and urban development planning.
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1. 51§

LR, RE T ACF T AR IR, R @ SR O L 5 B TR R, RIS 7y ok
TORVEH T A (A5, ALah A A B s, eI BE YR FEIRV I RGN, 4T 7 i R
i%, MTE AL 1 — RAVFR R, s G s 5. ERA EsoRIR TR E R, K754
) @ H 25 5 1]

] KA B3R 5 G R R AR, JU R 3R ] 3 e th X (135 ey A0 RE s AT 20 A m R R
KT G AN W A i O SRR VDRl & PMo s IR E R Z — o PMy s o — PR I 28 8 R Co i
M REEFRGRY, LIREEE S — G, 2R ERILE. T PMys &2 5068 WAL
TR, AT T () AT 4 i e AR — e I AR o T JUAE, FRE 2R AR T 7 8 IR RS 5 G,
M 2012 4EiE, FEAFE 338 AL LA EIRTTARSR LT PM, s UMD HE DU IR 45, IFx AT T . 4y
Prias, FRE KSR PM, s IRFBEE T @ B A8, 1 H PMys B75 R LLEO™ 5, I H A& B KIA
X HE2].

AR 5% I ) 0 R R0 B KUk S s Bk, #1v [ 2001~2006 45 PMy s 4 P13 B2 80 pg/m®, 5
I T AEH 21 (World Trade Organization, WHO) X 1) PM, s - P23 FEAREAA 2 8 fi%. FET 2010 4E
Bl AR R HE 44, B = S ASUBORE TS 2 50 DU K f R fa R (3], 9 i BRI 25 U
&, 5 LV 2 EFAHIX AR O T BN & KRR R R R (4] toan, SEERAE 1997 ki
JE T PMys 4R, ) 2010 K, BKEFERKBEEFKOEM PM, s SN KSIT G388, I H S 1
FEARS . SO HOR AR IR BT, MHLEBUR AT PM, s 3T IR S, PR RA R T b, A AR
B T4

H A CA 38 XL 2012 4242 2015 4F (1) 25 SBT3 Jeid FE SR v HRFAE S LTt 77 T fg 1 AHOCHH AL,
RSN T 25 S0 S AR PRI PPAN (5] RIS B — B 7 X B SR B E R K o i TR 2
LR ERNAYE . Spearman FRAH R REE[6]. BT 7L HK Mann-Kendall (MK)£367% 8 H T PM, s 3 B HE-F3%)
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EAR AT R8T, B TAZTTVERI 204 45 e SEAER M S Rt 76 X ARA a5, et AR AL i 35 i R AR
Mo FETUE, ASCEEXHTA ST 2000~2020 ) PM, s W E 2 M ARHE. I EAZ LB
CASAE B AT HEAT 00T, 525 B R BUR K SE A WL AR Sl M T PM,y s IR SR RAR a3 5y
Wiy, VAL § T Sl AR R 21 SR A SRR R I 18] AR .

2. BIERAATESE
2.1. HIBNA

2% [# 51 /5 (National Aeronautics and Space Administration, NASA) 7 1999 “E 4 ERA I R 45 (Earth
Observing System, EOS) Z&4i(Terra) AM T EIEANHWERELIE, JET 2002 4 75 4b—FUHb BRI R St K
(Aqua) PM T EIEN KT . XPM TR SA 0P g 6w (MODIS) , F LA 8 2Bk SR A A
TSR . ZALR AR BT 36 MUK, WG AT WBILLAMTE . BERE 1 AR 2 K, BRI RIS — IR AR
TR, HRA T ZRERERERR . W LR TOR, Bl 5 107284, thEkae B aet, B
e RN it Hb 2 T PR R A A 3 2 858 . MODIS W AT WO - i 2140k B i < i ' 2 JEL B2 (Aerosol
Optical Depth, AOD) £#i, R[S BURSFTE 0.1~2 um Z[0], 5 PMys HIRIEE AR A —5, H
PRI Z AR I SETE SR &R [ 7]

7£ MODIS AOD [l |, Alexei Lyapustin 553 — 22 H 17 KARIEM 2 /1 FESEHL (Multiangle im-
plementation of atmospheric correction, MAIAC) 7%, Fll FH B 7 o3 A A X KA HP S Je R A1E R0 UL )
B RFOHAT I, [ AOD G o FF R FE = 2] 1 AH[8] [9], NI HEEN) PM, s W B Tl A 28
SE T IEERH[10]. SRT, BT LERHATENE, S8 PM, s IREETURAIR L FRE(11] [12], SCRA A
JREX AT ToR[13]. HA2, P A D> PM, s S AR . Xiao i T ZHth L2
AOD ##5 () Z4fAbMD J7 %, Wi i KBRS EES i SRR Zm KRR EA]
A G P 25 (8] RN 25 (0] o3 A (RS, 57 7 — I+ AOD M [ AR [14], 1% 7 VATE ks 2 LA PM, 5
RS RS 3 ARG N A [14] [15]

China High PM, s &7 g FEMLIX K. 2E S modiE. sENRKREEDEEZ — %R
4% H 7 MODIS/Terra + Aqua MAIAC AOD 7=, FH456 e TR, wniIEE, TEEK, KK
Bt BT 55, RIHNLES 7 ) BE A OB 2 28 75 1) PM, s 23 -

2.2. WHEKIR

PM, s HiHiE i Ay r G 5 9 K 2 18 A =15 A v B v 20 1 6 v i e 2 s e 4, e R
AREHLIX 2000~2020 4E¥] MODIS PM, s /=it 2 [H 3 HE3 0 1 km,  PM, s ¥ B 0008 -4 4505 b [ S 285
BEAB MR = 0.94), HWIHHRIEZERMSE)N 5.07 pg/m®, P43 IR ZEMAE)A 6.71 pg/m’,
SEHME R Z(MRE) N 21.37%.

AR S LA GIS BERl . TP ERB AN I 3 ARl S6ml GIS BORER A A [ i Hh A
b= HE R UL A A& TS & AOafmEodds RS, S Bk
HAE, BRIV E RS .

2.3. BRI X

PM, s JRUGXHE N NetCDF #%3K, JiE et HAL N ArcGIS IS HR#% 0, DME 5 2R 2#E 54 o
NetCDF g 2 72 28 J 453 o L () — M AR 5K, S 3= 2 | 8 X4 %8 (dimensions) 78 A8 &
(variables). 7ZF & (attributes). (¥ (data)PUFBor2H AL, SO B DAY 007 66 . ASCEF PMys

DOI: 10.12677/aep.2023.132042 324 SR AT T


https://doi.org/10.12677/aep.2023.132042

B %%

B N — 4840 . TIFF A% SO0 AR BGOSR, oo 2l oSk (IFH) . X H 3¢ (IFD).
H SR TU(TAG) MR HHE VU o 2R, SO A 8 L5 T 201766 - NetCDF #% 30f% TIFF #% 307E ArcGIS
B EEEH TR, AT DU R 385 SO AT e s . R AR T AT TIFF % 2Rk A7 4%
o B EE IR (MRS A B FE RS R 20 BRI T 48 5 M T CRRRIE 72 [X) 2000~2020 £EIZ4E ) PM, 5
WP 23 ) X ATHE , TR ArcGIS IS TF 588 20 T H U0 7S X IR AR 1Y) PM, s SR (46 & i B 4
).

UbAh, NRENS S EOUE HTFEIX 21 4EIR] PM, s IR EEAEIME AL %S, A Mann-Kendall (MK)
KEIG o BT 701X (1) PM s IREEAEISME, FRel TRFFLIX PM, s 7RG 34 . MK AR50 7T AZE& AN 4
R R FIWT AR AERR . AR IR 18] 7 5 AR kA, TR TR BRI, AT B A IS — 5 1o A
RIS 350 20 B B R AN U I 2 I S5 R, AN D BUR R BUE T, 78 SR FH o & FH A0 16] o

=AM A RS X, = (x1, %0, %), MK BB SR S iHEARMT:

S =20 Y sen (X, - X,) )

mARMGH, GiitE S, &8 i ZBE K TS H2EE M Rt s, BS, =0, iR s 22—
ANESL 45— 5 FOSLINELAE b BT I 258 i) T8 s Gl Sy — M, A fF—i o 1)
NI ELAF Eb 2 11 (0 I 2 1) T A8 N

HAr, sgn NI R 2L

Eﬁﬁﬁﬁﬁ@/ﬁ Xy~ X; M2 E K sgn (0)(n >k >i>1)
1,6>0
sgn(6)=40,0=0 (2)
-1,6<0

SRJG T S, 77 2 Var 3¢ X G & UF, UF WHAQ)IHHESH:
S, -1

——,85,>0
Var

UF, =< 0,5,=0 k=12,---,n 3)
S, +1

Var

Hr UF, =0, UF & XCRWTTEFH X AT 2B, HIRMREIES 210, 45E BEMKT a=0.05,
NEFEXRU, =+1.96 . WR[UF|>|Ua|, WHEELEBHEEE, RUFIELEN BB EL. %K
FEH X, RGP L B ik, WA LA 53 —4iit & UB, UB & SUAIFIAIFF S X, (54T AR it 3,
UF 5 UB W22 s RN R]F 51 X, B3 98 5

3. AEXNE
3.0, HiIA

Wil b b E R ra v il . KIC=MMNE R, BEXMERESE, BRZMRNE, HmEsltds
27°02~31°11", ZR& 118°01'~123°10's ARimZeiE, PR, PS5V, Z8AHE, b5 L. LEE.
WL AR VG AC I B2 B 2458 450 AB A A, KRR 10.55 7P A8, & EHARENE 2
—o HHHEAE . TIAERE . NASAERERWE 1R,

,8, <0
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Figure.1. Overview of geographical location, industrial output value and population distribution of Zhejiang Province
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Figure.2. Overview of geographical location, industrial output value and population distribution of Wenzhou
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4. fiX PM, s BT 2= 53 FR4F4E
4.1. FHREX PM, s RE =8 53 R HFE

FIFH 2000~2020 EHTTLA B F ] PM, s W FEECRAT 21X 21 421 PM, s WRFE RVT-FIME 73 o0 1
B, a0 3 B 85 SREIR, WL 21 £ PMys iR BEAL T- 1124 /N PMy s PR E N 0 pg/m’~35 pg/m’)
IR V59424 /N PM, s “FYJURIE N 75 ng/mP~115 pug/m’)Z 1], PM,s i MF4 0 B . mifl X 544G
TEWAM T AL LA B 58 T AR50 o Wi A8 ma s DX (CELHE IR ZK 7T« N 713 76 3 S bl & M T P A s
ST RS PG RE ) PMas “FIIR UK. PMy s YR BE S KAE HBTE 58 X4 T S L AR, PML s IR FET35)
55 115.44 pg/ m’.
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Figure.3. Grading distribution of cumulative mean PM, 5 concentration in Zhejiang Province in 21 years
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Figure.4. Grading distribution of cumulative mean PM, 5 concentration in Wenzhou in 21 years

4. BT 21 80 PM, s KE R FHESR AT

DOI: 10.12677/aep.2023.132042 327 PRI AT


https://doi.org/10.12677/aep.2023.132042

B %

FIF 2000~2020 47 T E A 1) PMy s W< FE A 45 212X 21 41K PM, 5 ¥R B SR 0T P39 73 0 5 A
W 4 fis. SEREIR, T 21 £ PM,s AL T0(24 /N PM, s FEIIK N 0 pg/m’~35 pg/m’)fil
(24 /N PM, s PR BEN 35 pg/m’~75 ng/m’) 2 [f), PM, s WRIEESFEIN R o i X A £ IR i 2R
R ARACES X (CBLAE SRy T EIRIX . BRVEIX . EG 22T 5P B AR ER), T A At IX PM, s P39
B PMys WREE B KB Y BUAERG 22 TH AR T, PMs WREESFAME A 71.53 pg/m’.

4.2. FREX PM, s REFIMESH

HH 1] 5 RTANHTLAS 2000~2020 4F 1) PM, s I FEAEIME M AT . 2000 42, PM, s M8 BE = H X E 2L
JEELA K ZREE R . 2001 4 PM, s 8 FE B X M R 0 . 2002 4EHVTAE P a0 PM, s IRFEXT EL | —44
Bz . 2003~2012 4F, Wi N PMys W FE AR ETF, FEMTT WM TT IR 3 H X PM s e FE K A7
TRERE G b, HAEMmiIbd. F M RE N PM, s IREEAL TH TG Y. 2013 47, WHLAFEHE
X 1) PM, s IR BEARAC T 2012 ARG FTFRAR, (RSN W AT 20 Hi X PM, s IR FEAR IB AL T2 Y5
o 2014~2020 F, WIVLAE N PM,s IREDEAE T FE, 2020 FEHVLA KA HX PM, s W BEAL T

. 2000 ¥ b.2001 [ N N e 2004 ¥
a i . =k iﬁ A c. 20024F ot | d. 20034F R e 4 o
N
= P‘ T o S )
£. 2005 N g.2006 ¥ N
4 <k g iF— = Y A
k. 20104F ¥ 12011 u i
~oA LauE -k i
* o Tex 3 Wex
¥ q.2016 u N5 20188 4 o
g oA i sl I
: e
ol S
w p
A TR ; ' 1 TR F 4 A
% il
u. 20204 i i3 =
- 15 Vel
=3 B e
PM2. 5% S O O S N N ¥ N
S
o \,\? o7 S ‘;.}.“ @9(\5.“ %«.,.g@ Q;,.“ \59 q,;,'.\ ,,;;’ o 5°.° ,\f.,.“ QQ.Q )
Q/(,,? ;"?’zg /z@@,\\\\,\,\,\w,,
VS b«pﬁ_@ S "'@é"@‘:@ .S SQQ Q«s@’ (\‘{f»bb \,\j, QQQ & _@6_@ o
MR S BRSNS NGl 2

Figure.5. Graded distribution of annual mean PM, 5 concentration in Zhejiang Province from 2000 to 2020

5. #TI4 2000~2020 5 PM, s iREFHMES RS

1] 6 R AR T 2000~2020 4F 1) PM, s IR FEAEIME M. 2000 4, R T PM, s W FE AL TR,
SRIB T DL . BRI Hi2e Ty “PRHE PMy s IRFEALT R 2001 AR T PM, s i EESMARL T R,
5 E—FAL, PMysiREE B FF. 2002 4ERBRRIE 1T DA ESRIX . BRMEIX . Sy “SFRHELAAL, HpHhX
PM, s IR FEXFEE E— A /b . 2003~2012 4F, &M TN PM, s IRBEGVE EFF, ZRIE . SCpE . ~FFH
B X PMy s WRBEAL T, HARHLIX PM, s IRFEK AN TR o 2013~2020 4, @M T PM, s IRFEIR
SERBE, 2020 AR T AL PM, s W FE AL T
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Figure.6. Grading distribution of annual mean PM, 5 concentration in Wenzhou from 2000 to 2020
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Figure.7. Annual mean change of PM, 5 concentration in Zhejiang Province and Wenzhou City from 2000 to 2020
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[FIa%h . 2000~2003 4 PMys IRFEEAE-T- AR T £ —4, 7E 2003 AT 5 — M EEfE(57.70 pg/m’);
2004~2006 4F, PM, s # AR FIMEIZRAE T FEIET 2006 4FIiA 25 —AMEIE(E(55.80 pg/m®); 2007 fEBESR -
FH(58.05 pg/m*); 2007~2010 4 PM, s ¥R 5 45 FIAMEIZAE T M9+ 2010 SR8 B 55 /MK IE(E(54.28 pg/m’);
2011 4EBESR ETH(58.30 pg/m’); 2012~2020 4 PM, s I FEE-THIEIZRE FFE(2019 4EBRAL), M 2018 4EFF
UEHTTAE PMy s iR FEAE P AL T-H0; 2020 £EIA 3] PM, s R 5 45 P S48 F IR AE(25.54 pg/m’).

BEINTH PMys ISR FIMEA T 23.07 pg/m’~52.80 pg/m’, ik E 282 ETHE TR
2000~2005 F PM,s ¥R FEAEFEMEZRE L FH2002 FFr4M), 2002 FHBLE —MEIEHE @535 pg/m’);
2006~2011 4F, ¥RIHTT PM, s W AEFIMEAE 48.19 pg/m*~52.80 pg/m’® S N AE5); 2012~2020 4FE PM, s K
FEAEPIMEIZAE T FR(2019 4EBRAM), A 2017 SEFFAGIRIN T PMy s IRFEAEPIMEAL T 2020 4FIAH] PM, 5
WP T JARAR(23.07 pg/m’)

4.4. FREX PM, s REFHETHES

MK #36(E 8)rI%n, Wil PM,s IREEEFIME A ZEH e THa, FEREiRm&Es, 7
2000~2013 FE I EFHES, 2014~2020 F 2N FEESE, HAANBEFHRA SAT 2017 4. HH 2003,
2007 2008 EHITA [ UF 73 H1iEF)] 2.03. 1.97. 2.08, #] LLEIX JLEEHITE K PM, s W FE 4EF- 18 281k
il WP TE; 2018 SEWITTAA N UF N-1.96, HAFILZ JGHHTARER UF ZBERK, R Lok
TLA8 2018 4 S LA ) PMy s R B2 AF~P-S{E AR Ak 34 ) 8 D 0 35 T %
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Figure.8. Analysis chart of annual mean MK of PM, 5 concentration in Zhejiang Province

8. #IE PM,s IREFIIME MK #&E 17 E

F MK ARS8 (1] 9)RT %, WM TT PM, s IR FE AP II(E AR a3 ST A 28100, Bk BB e T =,
TR BT BEAR IS, 7F 2000~2013 4E 23 F T4, 2014~2020 F L0 T E#HE, HARMLER GRS S AT
2016~2017 H=2 8]  iF T TE 2004~2009 FIX 7S E ) UF ¥ KT 1.96, AT DA E IR M 7T 72X 7S 4F (8] B PM, 5
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Figure 9. Analysis chart of annual mean value MK of PM, 5 Concentration in Wenzhou City

9. IRMT PM, s IREFFIIE MK HEHE S [E

5. &g

AR SCHFH 2000~2020 4IRS PM, s 3048 04T 1WA SR N 17 21 S8 1) PMys IR FE IR 25 20 AR AE
BAIE DL, AW EEL R

1) WiLAA ) PM, s WS B KA HH I AE 3 6 T R EL g 3, I T 1) PML 5 94 B B R AL HE LA i 22 T 2R
e WILA SIEM T I PM, s IR AP MER A LG EF SRJGTRIE TR . 78 2000~2014
FENF 2B ETHES, 1E 2014~2020 £E (8] £ HUHLE T R

2) TE2000~2020 = [A], 5 M T7RFEE 1] PMy s ¥ B AR S5E AR /N T WL 48 (5 B MK A58 7] %01, 75 2004~2009
X 6 MR T PM, s IREEAES(E R IR 2 S, MW LA TE R PM, s W - H SR Ak
F BT, L ETESONFRM T BT Y. B MK RIGATR, 76 2018~2020 4ERIHHLA SiEM
T8 PM, s W BE AR AR A i 30 R 35 T Pk dh, (IR M TSR JLAE RN UF B/NT-HLE, B
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