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Abstract: Research on the spatial and temporal distribution characteristics of air pollutants is the key technical support for air pollution prevention and
control. Based on the data of 52 urban ambient air quality monitoring stations in Guangzhou, this study used systematic clustering and empirical
orthogonal function (EOF) methods to analyze the temporal and spatial distribution characteristics of PM, . The results show that: (D the PM,,
pollution in Guangzhou was significantly improved from 2016 to 2020, and the annual average concentration of PM, s decreased from 35.9 pgem™ to
23.0 pg'm™. The percentage of attaining the national ambient air quality standard has increased from 96.2% to 100%. The average concentration of
PM, 5 in the dry season is 1.54 times higher than that of the wet season, and the number of days exceeding the national ambient air quality standard at
the national control sites is 10.5 times higher than that in the wet season. The peak-to-valley concentration difference of the diurnal variation curve of
PM, , concentration decreased from 7.5 pg+m™ to 3.9 pg-m™, and the diurnal variations tended to be gentle. @ The highest PM, ; concentration areas in
Guangzhou are mainly distributed in the east and west, and the range of high-value areas decreases year by year, and the distribution of PM,
concentration in the city tends to be even. Using the systematic clustering method, PM, in Guangzhou city can be divided into four pollution zones :
northern, north-central, southern and south-central. The decrease rate of PM, i concentration in the northern zone is only half of that in other pollution
zones, and it is presumed that the decrease of its PM, s concentration may be more contributed by the decrease of regional background concentration.
The cumulative variance contribution of the first three modes of EOF decomposition reaches 93%, which can characterize the overall PM, ¢ pollution

level, the regional transport characteristics in the north-south direction and the pollution characteristics of PM,  gathering from the peripheral areas to
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the central city, respectively.

Keywords: PM,,; Guangzhou; spatial and temporal distribution; systematic clustering method; empirical orthogonal function(EOF)

1 3|5 (Introduction)

PM, A E AR K SRE WL (3R 555, 2012a) , 82 A A (i B i % 22 7 11 14 165 5 (Vert et al., 2017
Chi et al.,2019;Zeng et al.,2020). 7EF[E , 5 PM, V5 Q5 DIAHOCIN SR H A 20 T2 80 4E AU B W3 ( 52 5.5,
2010) , Bk = ff b X R BIE N 835 (3R 5045, 2006) . AE M ER = MAAZDIRTT, ) M T 9 PM, 75 Y R REAS 25 200
(5055 ,2007). 95 52 545 (2012a) X 1951—2010 4F )M T3 5K 38 R LA 1B oA , 2545 301 20 248k AN ] 24 3
X M T R ASURL ) v B 1 1 I A 5 (BRI 45, 19995 THESE , 2010 220555, 20135 B 12 55, 2020) , AT 4%
TN Y PM, 75 Yotk 20 40 80 4R R EZ T 1T 3 R K% 3l , 76 21 20wk 2156 3 Mg )G 24
FEARR TGS AN, IN T PM, 75 4 (AR GBI TAE T R4 L (3R 5055, 1994 Wei et al., 1999) , £id
ZAE MG FER R , R E CAE) M T PM, s 1975 G RRiE CRAE 2AE, 2013 ; Mo et al.,2021) 2Rt (R X2
4%,2010; Chen et al.,2016) AR50 (52 5655, 19945 BAH IRAE,2012) 2% 20 W (Lai et al.,2016; X1 5555,
2019) (T P4 ( EF 9255, 20163 Zhou et al.,2020) 75 4@ (IR A55 , 2014 Cui et al.,2015) G5
(5055 ,2012b; BIFEIE AT, 2018) | X 3454 (PR 45, 2012 X SCHE 45, 2013) S Agt BREAK (Tie et al.,2009; Yu
et al.,2011)ELA I AAT T KRB , 2T T PM, 35 YU T F & kL.

T S RT3 T PM, 75 Je B A TAEASMOE TAS A0 AL 0938 D75 2R, 3070 348 PM, 75 Yt BB 25 S0 A i R
TF I PM, K 115 Y B iA 1 SE Al TAE 2 — B3R AL PM, 5 A 8h W50 2013 454 1E 20T e, B 1
PM,  AH A 5% K 22 35 S50 A W, 22 38 o5 A 1) B) 7 810 A9 PML, 5 ¥R B8 43 A F 98 4 e = (5K BRR 5%,
2015). bifi 25 AT AT 4 [ 45 i 23 S e ) o0 Wi ol 0880 ) R s K | L ORI 22 A IX 3l L 5 3 ok 2% R A 1
(14 A5 T3 BSCHI AR A 15 0 2 00 P, s V& B I 25 20 A1 B 25 4 . o 145 (2015) R 2013 4F b 5t 354
F1 272 A0t W T3k 1) W SR S0 T T PML 5 PR B 25 43 A R AE L R S5 AR RO A A A DG G R
TR H A (2017) ) FH 2015 A0 5T 12 A4 P55 W0 33 o 1) R0 T e v B B30H i A 2 Bl 2 B o T bt
2015 A= R AR 1 25 18] A2 AR S o3 A B s RS 55 (2021) 43 B 1 2014—2020 4F b 5017 34 KRB
WDk () PML, s F1 O, Ve BE AR AR RRAE , JEIPAS T RT3 Yo By 16 1A (RN 5 W V5 45 (2018) 1) 78 14 43 i
1) W0 5 4l L R B EOF (855 1E 52 SRR 3 B U 1) Bk R 28 40 B 5 VA 3R AE 1) 7 PM, s I B 28 3 AR
AT T AN R TG Gl il i ) R AR AR 25 0T e AR A AR A R 45 (2018) B T 2013—2016 4F 2k — A 551 R,
Jo e WIS PV o S At e B W KSR , SR TN G R Be i 2 IR B J 1 X Bk = A Ml X PML, s A B 25 T A b
15 T IS, RIAEE = PM, JR 25 (] 0 A Ao 2 “ VAL - AR e 7 = G Dl o0 SRR AIE SR, 36 T 220 4 st ]
FEBNE T N T PM, 5 46 B2 B 25 0 A FRAERIF A B R i 2, BRI, AR F SR 40U ) N T S2 A3 Tl IR BE 25 U i
Wk s R R G RIS (EOF (2250 1 A2 pRER) 45 7 143 B 2016—2020 4F M 11 PM, ¥k JBE ¥ i) 25 3 A
FEIE 6 = 1] (2016—2020 4F ) )N 7 PM, o 46 B AR AL R IEA T 0, LI R ) M Tl PM, 575 4Bl T
PR AR A

2 AR5 A% (Materials and methods)

21 #HiE

AHIFSE i FH B 2016—2020 4F 328 1) PM, W& B2 A48 19 S0 1 P T PR 858 23 A0 i 1 5 A D00 o) 4% %) A 300 45 40
2016—2020 4F , iz W 1 45 pR 52 > A58 25 S0 o ] 20 W o f 2B, P 4 10 A B L, DRI LAy
BT S AR A T E G, ORI ST s S i ) N T 4T PM, 5 - Y59 B R [ 4 s A G GE 3134 DA
104~ E VAN S GRS VR B ERE 5 AT T ORWRE VG B 75 ) 2R ARV B VD b 2 BT AT
TEAR B ) TR (E ).
22 REREE

ARG R R GERISIEXF T M7 PM, #1735 Y X 3R] 4, HEEAC S I (E 4555 ,2012) : O¥ A
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AR AU —2 s QT HRREAR Z 18] BB 2 s LI B e/ DIAEA 5 i — 38, SR 5 B R S AU IR
AR AR Kt s O 52 45 2 RS 340 FL B T A REAS U —J 0 1k AR WSS ] Matlab B9 pdist pRELTH SR AR (8] Y
DR GRS, fil ] linkage PRECHEATIRIS T . 25 SE S s 01 vl (R B ity ol MV ey b e i 0 ) Sl (RS L) B RASE
PREE 5 HAR i AT R 2 S SR AT TP AR B 4 T A — 25 5 b, ol 17 3 B R i Ao
FEARA B AR AW A BT R GRS 00 s e o 484>

E1 SRR SREE NSNS

Fig.1  Location of air automatic monitoring sites in Guangzhou

23 ZWIFXHH(EOF) 5

EOF J7 AR R = W53 AT, & — o3 b HE B 5t v B A5 FA AR, 32 B 32 BB A 2 DAk 31 50l e 4
H A9 EOF IR R B4 oA 25 12 W 3 AR AT e 2 Wt 5 K L R R AR X R B8 25 A i 2 11
O b (R EI4E 2017 2 5145, 20185 T84, 2020) . BREE25 S 1A Sl W il 1 b AS B I 43-35 F A i) e B 2
oty UL — B [y s S 1% 35 e 0 v B A S, D) T A s — L DA WA Ay 2 TR A i ] 22 Ak 8 A A S
FHT EOF 43 B i, Je R AN ] Wi s i 175 G Tk J3 54 2 iR BE P A A 3L A 38U 1 B4R o, 1) R R p 1

25 (8] BR AR v, FESF [R] RS v, (A=1,2, ..., p) IR G FOR i (1) 32 0nT AR GA U RFIE A, DL (2).
Xy = 04Y5 = V)t UpYy o Uy, (1)
X=vYy (2)
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A, X R pxn B, A5 A RN RE VAT Y DL (3) , 0 BIAR A 225 T AR 2 R I R B[] 22 50006 . A miF 7 il
H Matlab 9 princomp RECHE ) M 17 52 4~ PM, WL 55437 2016—2020 4E 132 H PM,,  WIN B 3 43 o~ LR A
FEMEI AL, IR T 0 p 28 RIS A5 B A9 7 22 DTl A SRR T 22 DTiloR

vy, U, Uy, Yu Y Yip
Vo Uy 0t Uy, Yo Yoo ¥y

V= | Y= (3)
Ul’l vl’2 e vl’" ynl yuZ e yup

3 R 5478 (Resulis and discussion)

3.1 BFE4FAE

2016—2020 4F-, ) 17 PM, 575 G AR B0 A I 52 iR AT i S A 34 PV, (AT 350K BE A 5331 8 35.9 .35.4.35.4
29.9 F123.0 pg+m”, 7E 2017 4F 5 IR B [E 5 —brifE (35 pg-m™) J5 — BEAERFIAbR , IFAE 2020 4F B UGA 2L T
TS A8V — B B HARE (25 pg-m™) 3 PM, B bR KEC 510 14 15,193 F10 d, %222 d XV L iR
MG B HI /D, 5 2016 4EAH LG, 2020 4F PM, 3545 LU B 96.2% - F+ 2 100% , 5598 AR ) KA LA R 57.7%
T2 81.7% , B AR T 35 pg - m (9 Bl SAS AR 114 A B ST AR R H Bl 44 A R =
1007 5 AR, PV, W BEAR 1 25 KA TR 400 550 B 34 b 38 I 9, 2R B P, VR B 1 10 0 A B 0l 59 28 Ak Bl
Wz BT R (8] 2~3 (36 1~2).PM, s BE K- 3215 YRR ARG A5 L RIS M , 38 55, PM,, 5 v B2 1 e 1 % 3
SR G5 OIA G AR B 1] RUBE () v J3 A8 A6 U 5 ] 805 R 195 S U HE OO 3 i e i 2%, =
] (2016—20204F ) , ) N T BOURF B TT LA W00 32 42 (B2l DT S T K e R A05 Y B iA TAE
FEID T HERL A8 K AL AR gl sl Ak 58T ZE3E0h VR S S T b 2R 75 A 40 B i A & VOCs
FAR G IR IR T | R4 RS HMAS Y R KIS YR L WA T8, LR iE A TN T
I A3 S G PM MR B 1 R RS 81 T SCSEVE (8, 2021).

F1 2016—2020 &M TH PM, iR RS 1T

Table 1 Statistics of PM, ; concentration in Guangzhou from 2016 to 2020

FRA UCEL

. ARk bR 2E/ B - :

ARy o R LY IS . L . L LR LR
(g m™) (pgrm™) i R RIS Y ST
(=24d) (=3d)

2016 359 18.7 96.2% 211 141 12 2 0 4 0
2017 354 19.3 95.9% 211 139 14 0 1 1 1
2018 354 21.1 94.8% 223 123 13 6 0 1 2
2019 29.9 15.4 99.2% 249 113 3 0 0 0 0
2020 23.0 12.6 100% 299 67 0 0 0 0 0

I T PM, H 2 R ECR v B A (I 2) , B 2 4R H e B 5 R a3, R R AR Al i .
2016—2020 4F- 5 i H Y HFTE 2018 4F 1 H L1k 61.6 pgem™; e flAE H FAE 20204E 7 A U 11.6 pg-m> (£ 2).
AN (BREISESE, 1997) ) M A A A 2R R K B2 h A 4—9 1 38 5K 4—9 H
R IR Zs A H 0 T2 F T ER Sy, T2 PM,  F % (38.7 pgem™) MiEZE(25.2 ug-m™) 4 1.54
5, R P S MR R AL (503 d) 2= (48 d) 1 10.5 4% . ik PM, 75 G R i A8 25 555 56 10 st B A RS BRI 34
25 SN IC , QOR [A) A 3 5 RUIa) 300 52 R TR R K B 7 AR AN R T AL AR SRR (B R S
2020) , M55 KRR i 52 M 25 v /NS () RUBE F) PML, R AR Ak T N 23 SR A8 P 4 v R 42 i, T XL
N IR O A IRZ IR, KB SR, AR T 15 Y 4 BIORIFR B, 25 5 T B PM, 515 Y i 72
W2018 41 H 16—24 H , Z KW [ FFEEFFa M FE M, | TH B T IE 229 d 1) PM, ol AR, (LB H 2L 4
2016—2020 4 PM, o G HEBR KB 17.6%. 1) P 2% 22 52 By i AT H i Jo b i %ol 3 R Aok AR 06 BK, BT
WA T PM, AR BT B
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B2 2016—2020 &) )N PM, & A IR E T GHIE - L B T if L7 0 2R 58 10.25.50.75.90 1 7 A 0
Fig.2 Annual and monthly average concentration changes of PM, ;in Guangzhou from 2016 to 2020(The horizontal lines in the boxplot represent

the 10th, 25th, 50th, 75th and 90th percentiles from bottom to top respectively)

£2 2016—2020 F ] M ARE R PM,  FHiR E R EiE SBRRESH
Table 2 The distribution of average PM, ; concentration in different periods of Guangzhou and the number of days exceeding the national standard at

national control sites from 2016 to 2020

—— Az (pg-m™) EEAIVELPN 0|
20164F  20174F  20184F  20194F 20204 20164 20174F  20184F  20194F  20204F
1A 34.8 54.1 61.6 47.5 29.2 20 62 111 24 2
T 2H 36.7 43.7 443 25.7 23.8 10 15 17 0 0
3H 475 41.4 42.6 28.5 21.1 43 8 19 0 0
4H 37.7 343 403 23.8 26.7 8 0 13 0 0
5H 30.6 33.6 24.0 20.6 18.4 0 8 0 0 0
. 6H 23.1 18.4 223 15.6 11.7 0 0 0 0 0
7H 26.6 20.9 19.4 18.5 11.6 0 0 0 0 0
8 H 36.8 22.6 25.9 23.1 17.6 7 0 0 0 0
9 35.6 34.2 30.5 29.8 20.9 10 2 0 0 0
10 H 30.0 31.6 38.0 38.8 27.7 0 8 7 0 0
T 1A 40.7 38.6 422 43.2 32.1 33 10 10 0 0
124 50.9 51.4 34.1 42.6 35.6 28 45 13 14 4

2016—2020 4FARF4F ) M T PM, & B H AR {b il £k

I 20: 00 72 A7 H 30— K e e A WA AEL, TTTAE 15: 00—
16:00 i P — R EALAAE . AN 76 R A A~

/ISR, 47 19 LB B [R] A XS e (Bl 4a). IR
*”1/\111 E AT B 5% BN AT R TG shik 2
A 5 5 MES 2 A (R B B2 R A, FLIZ G M 7E 52 2R A
Xif i 2 Ol B (L2230 G 3 06 ) (&1 4b) |, T FE A ZR T 2
eI 55 71 [a) 5 ' B AR PR U UKL ) 1) 2B A
(Zhao et al.2018) , H7EH RIS e biE
RAIRAJE = EESEIn, KAY 8RR ik 3 , 4 F
FPM, MR TR, NIk BB . G5 IR A2 R E B
I AR AR L ILES B RUIIAT i i o s sl b Gumpton
e o D6 119 22 E 5 I, 5 350 PML s Tk 2 DR BRL 3R T I T 2016 10 2020
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PM, ¢ H AR 2R 1 B i (B DA PM, 1R H 2R AR R 19 120 H 38 30k A (8 4¢) ,2016—2020 4F- PM,
e T H A AL ZR P S AR A AL AN A (B 22 10 7.5 pgem?® FREZE 3.9 pg-m™, — K HF/ NIk ) 48 1k
e B 122

B4 2016—2020 5] M PM, iR B B (a 4EPRARAL ;b B AL 1L ; e 120 H W sh P 347454k
Fig4 Diurnal variation of PM, 4 concentration in Guangzhou from 2016 to 2020 (a. Interannual variation; b.Seasonal variation; c. 12-month

moving average variation)

3.2 FEI4HE
321 PMREZESH  KSERT 2016—2020 4 M 17 PM, 4 B 59 23 [8] AR BE . 7T UL M 17 PM,
VAR v L DX T2 B2 AT AE I T 2R VG AN, W 4 v ek = T AR, LS S B Sk AR XA L SE E LA
T 5 DRI B DX G 38 A o 8 P 8 X PG 8 A 4 T PML, (TR JEE R (L IX., T2 X5 1 2 DX P 8 A0 X 7 g 3
N B DX PG % B — Fr , T B0 L T 2 1 P S v DX 9 IR DX AR i P ) 5 B0 IX AR R L 7 R X AR
FLTR] 21 B 5 2R 58 T HE %) A S v (L DX P R TR A2 2%, BB AT — YR 05 SR VR 52 M), A W A o ke RS2 i)
DX 35l V5 YL R AR B A, v B o0 A BRI ARG 4 15 YR IR 0 A S DR 3 94 0%, b B (IR0 T YU A A 1Y
IR X AEAR R TR T AT PV, 15 9% i3 i L0 ey T DAL M o 3=, N 1H 288 BE AR /DN
15 YL PR D PM, S HEJE U 31 b T4 K S .2016—2020 45, N T Y PM, (9K 5 20 A JEAS EARFR ik oA
FRAE 5 = (X S A 02, 4T PML MR A T35

FET 28, B N GRS X 8 PM,, s & B AR X AR A, LA RS 40 DX 3ave 14 185 F 30 g m™ , i (i B X A A £
T AV R 5 e 1 R 12 1 R DX R R, 38T R S e A A — R PML MR BE IR R A X (&1 6).
I B =Y DR oo s o P LY 75 v [ Tl e i Y o W S s =9 | P = W £ = A1 1
WP AT A R L T T2 PM W IR R A R WO AR B RS T PM, AR B AS [A]0A . R )T M PM, T
PR EAR AR 2, AT e (X VR A e 4 /0, T e 6—7 A L BRZS VU0 JR 30 X sk PML e B2 A5 4R X 4 i 40
ST IR DX I PM, s R B 35 7F 20 pg-m™ LU L7 W25 0 22 32 i g XU ), 38 T i 8 DX 8 bl Ak XU )
17 B2 AR X 5K, 03 DX 3 0] P 95 G VR A5 0t d s S A R R BB, W5 4 Tl P ¢ 3 AR X {1 X o v
H X BT TGS TEBEAS ZET, TN PM, o i (B IX AR 2800 A7 78 HRO 30 X PR, iAEAR X L 2 X P 38 2L
S DX AR A DX, S AP DX DU 5 A ) 24 325 XU () AR AR T A i e 75
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BEl5 2016—2020 ) N PM, iR B =653 16
Fig.5 Spatial distribution of PM, s concentration in Guangzhou from 2016 to 2020
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Fig.6  Spatial distribution of monthly average PM, ; concentration in Guangzhou from 2016 to 2020

322 PM,SRFUEFR AR RGERIE LT M PM, 75 R IE 5 X, B 7 2R H R Rk
AR B HSE R B R DAL Firn 0 BRE ) N T 48 A28 R it [ Shubi AR 45 L PM, s Wk BE AR AIE 43 1 7 1
XIS TS AT, ASBIF TR 45 SR ol 5 A XS UG 43 X 2 SRR VR IR — R R AU SR AR b 57 A X ) A
Rk A 5 LR A AR 11 AR AR AR T IR S S A I — A X R FIREI M A s LS A &
AT 2 ) o XA B A/ AR R DI AT AR A /N, D R 837 3 Jy b 15 YL U5 4 52 ], SO PR A
JE Sy M VB ) N T PM, 575 YRR AIE 5 2800 IX 25 R AU X R B3R X oo i 5 DX A e 38 X s 44 DX dk
(1 8) , A5~ DX I B ()3l s B30 B HE PV, v B 349 L 3% 3. AR IR SR FH K EG I B A 43 DA A, it - ] —
DX i A 3 LA FE Y P 5 ¥ B AR B AR A ka3, vT BB A L[] 1) PM,, s Vi b ASBIF TR AR AR 1) 43 X 445
5 S PR A TE e PR A A B 0 —Eer , A0 DX ok 7 AR Bk A 22 i A A i X e, A AR XA
AEABALTS IR DA 5 GO R T M T Ak TR R RS B3R RBES 3 AL AE AL X S = X
BT X R bR 38 3 X 0 5 e i S U 7 5 T P T S X 2 A R N I i B 2 ) IX 3R, 2 A s
I IX L R DX BT DX 1 2 DXORITRG 38 IX A — 0 4, T A D = S 0 T M e R R R AT R0 X R B X, A2 DX
AT E

IR 443 X5 B S RS S AR T S R (3R 3) B 9 i — 2P R T IX 6 AN [ 2 Ak A5 Y
PM, P-4 i K AR LR AT UL 2016—2020 4 PM, o F- Y479 J3 R BGEARE © 46 141 0l > b 38 X~ Hh g 8 1X > 1 8 X >
AEEBIX ~ 5 Feul” BHET . B30 H T S I HRAE = BE AR X AR, PM, s ¥R 32 e ey 5 AR X 5 h g i X
BLF TN T A N T e 2 4 0 DX, 1R PML s VR BB AT, AR % 00 3 5 B DX 5 o X — e B
PR 2 P AbF 32 5 IR T TR S AR, 6 2 ) 2 1) — i XA 6 5, PML, R 8 PR 225 AL IX 5 15 St ol
H B A, Y07 F ) N ZR AL e 2 A 1 L, 5 YR DR AR G 5520 50 P, 5 e B FeAIG . AR -, PML TR
7 ) X AR R LR, e S B A T 4% DX PML e S 1] — 5 {H I PML, W B 5 4R SRR
PR, bR X AR R X R S X AR — 3, SA7E 31.5%~32.6% 2Z 8] ; 1AL DX R S b A T 69 172,
R RN [ B HE R B R, 00 PM, R BT B T REE 22 Ml bk DX SR B A R [ ek, T LAy XY
PM, s ¥ AR A0 AT 75 1 S HE it B ok 555 DX sk B g A e PR 2R L[] 22 i A &5

(&1 10 S AN [) 2 03 0 1) PML R B2 H 78 AR T 4R B8 S5l R R 340 DX A0, AR ARl ) 5 LUl — U 2%
1, HAE 19:00—20: 0044 — 5 B 0 (% W6 v 0 )™ 4] T 2 3 4 it e sy WA 4 1 A 17 : 00 (R T 5, 2020) , 17
PM, ¥4 5 G s 3 TR Fsf 160 0k i - 3nk i 208 Bl s 030, X 5 5 1045 (2015) B 98 — 830 HEMNZ B4l e 50 fa] — ik
ORI () E XA AR S AR B 5 (Guo et al,2020) 5 BEA AR RAIR A J2 TR0 B 19 1 B (P 45, 2016 ) S KUY
ik (RS ,2016) GG R W] BERZNA PM, 5 ¥ 8 1) i w2 06 1 B B] . i 300 DX RO A, 2 ULt b, (G g
HRBIAE 11:00 HREE & TG . Rl X HIARERIT. 1, A FFE 3R Z I il XU H 383K 259%0~3 5% (BRIGEE ST, 2013 ) ,
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Fig.7  Systematic clustering diagram

F3 2016—2020 F T M ARE LB S PM, R EHIESG T

Table 3 Statistics of PM, ¢ concentration data of different types of stations in Guangzhou from 2016 to 2020

PM, (# /(g m™)

R i 20164F 20174 20184F 20194F 20204F: SAEH(E SR
AEEBIX 4 25.1 25.7 243 23.8 21.2 24.0 15.6%

HhbERIX 8 35.0 34.4 33.0 29.5 23.7 31.1 32.3%

TR 30 34.6 34.7 324 29.5 233 30.9 32.6%
FHBIX 5 29.9 31.0 27.6 26.1 20.4 27.0 31.5%
e 1 245 30.5 315 242 20.5 26.3 16.3%

Bk 2 39.6 39.5 415 342 26.7 36.3 32.6%
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Fig.8  PM, pollution zone in Guangzhou
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Fig.9  Change rate of PM, ; concentration at different types of stations in Guangzhou from 2016 to 2020
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Fig.10  Diurnal variation of PM, ¢ concentration at different types of stations in Guangzhou from 2016 to 2020
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323 PM, ST EMER XM T 524> PM, U 55 07 2016—2020 4F (1% H PM, ST £ 48 £ 17 EOF
o3 B 11k EOF 2 ff 25 3, DR 3 B8 BRAR T 22 DTHR R 38 93% , ARG AR i 3 B A 743 # .

EOF 55 1 251 J7 22 TRk N 86% , J&= ) M i e B PM, 15 L 25 (Al 3 AT A AR IR N RRAE i) i — 3K
A IEAE (I 11) , R BAFEIZAAS T TN T PM ¥ B (1425 (] A8 Ak B 34 LA [R]85 e (B DX T Ho L 3R X [ e 1
T LTS DX D, APRAEL XA T DA DX G R e v DX g 350 . S Bkt 2 PML, 15 G S R e AR sk, ) M T A PM,
VB 1) T IR B A O 3 DXy v (s 328 1 L AR AT D B o A A X S TE AR (2017) T P
S5 (2018) AU BIFFE 25 A0l IZ RS I 18] R A0y A B2 434 (18] 12a) 55 PM, 5 H B4k B2 A 3500 B AH OGP , AT R AT
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Fig.11  1st to 3rd modal space coefficients of EOF decomposition of PM, ¢ concentration in Guangzhou from 2016 to 2020

oA R A 3518

1 1 1 1
2016-01 2017-01 2018-01 2019-01 2010-01

2 HIEE-H)

3 .

m

£y

W& 0

=

Z -1l 1 1 1 1 I

2016-01 2017-01 2018-01 2019-01 2010-01

HI(EE-A)

o] R A 3518

1L 1 1 1 1
2016-01 2017-01 2018-01 2019-01 2010-01
HI(EE-A)

12 2016—2020 4] JN T PM, ik Bf EOF 5% 5 1~3 475 B 18] R B A $91E (a. 55 1B b 25 2025 e 21 3 HE)
Fig.12  Monthly mean value of time coefficients of EOF decomposition of PM, s concentration in Guangzhou from 2016 to 2020 for the 1Ist to 3rd

modal
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HLFE N RGEARIN, B Hh BB 0 2=, 75 G Al i A A AN B AR (JE 2255, 2006) , BU IR AT AE S 2L
GBI DX 3 B 775 4 90 1l w3 KR B, AT HR BRI 23 A1 AR B R ZRAE T T P, 15 QAR TR AT,
CHCS 18] R R RE 2270 PM, 15 YRR BE AR 58 89 A 3 1 B R (R (1] 12¢).

4 4Z5i2(Conclusions)

1)2016—20204F, ] M T PM, 5 15 IR O S8 A Bl e 4. 15 2016 4FAH HE , 2020 4F PM, 4F 243k B2 ) 35.9
ngem® FREE 23.0 pgem?, bR Ll i 96.2% E T % 100%; PM, A ¥ B 52V B34, T 2 4 1
1B 20 154 A%, EHE SUBAR K BONIR Z 09 10.5 F5 5 D14 PM, W B H AR {b i 2808 B 8 AR AR (U AN K, B4R 78
2000 H PR 25 W0, 75 15:00—16: 00 M IR AR AR , We A (VR B2 25 10 7.5 pgem™ FRE A 3.9 pg-m®, H 284k
R TV 2% .

2) T PN T PML ¥ B 5 o (L DX 22 4 A 0 30k 17 2 W 0, A0 w0 5 T 8 AR Xt A I, 5 {1 {1 X )
B 25 A7) 257 3 G KU B AR R T BT 8% .2016—2020 4F , 1M 1T PM, 3 B 23 ] A3 A bR e A8 A AN K, (EL i 1
X I FELBE AR I8N , 4T PM, 3k B 43 Al T 15957 .

3) R R G R IEAL) N T PM; 23 AL | Fp AL a8 | R RE B 4 15 YL X, PM, s e g “ b X ~
H R R X > T S X > AU X B9 HERE . LR IX 2016—2020 4F PM, € J3 18 T B 384Ny HoAt 5 42 XA 172, 0
PM, ¢ T B4 T A T 22 b oy DB S5 R B 190 o ik, 1 b v % X ML 5 6 725 Ak U mT 7 A S s
Yok 555 5 X I S B R A R DR 2 ) A 5 AR

4)%F 2016—2020 4 MM T (132 H PM, s ISR HE1 T EOF 20, 7 3 225 SR A7 22 DUk 3k 93%. Hirpr,
55 RS PM, o YU B A SR AR DG, T R AE PM, o S A T5 YL PR E 5 45 2 BEZS RE AL A 5 AF R, ] R A4E PM,
FE AL T 1] b B XS 8 T 5 58 3 AR O X 5 A BB X S8R 45 AR S, T B AIE e PML ; R A7 B X 38K 1) s
IR X SR AR 1) 75 YRR AIE
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