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Abstraet: PM“2 5 1s the mdly Source oair pollution, and its spatial+ temporal evolution pattern and influencing factors are of great significance for the regulation of atmospheric
env¥engentl quality #Based on'the remote sensing inversion, data of PM, ;-from_ 2_(_}99 102020, the spatial and temporal evolution characteristics of PM, 5 in Guanzhong Plain
urban Agglomération are analyzed by using spatial autocorrelation and mathematical statistics. Taking 10 factors such as altitude, annual average temperature and per capita
GDP as indépendent van'able.s, combined with geographical detector and multi-scale geographical weighted regression (MGWR) model, the spatial differentiation of influencing
factors of PM,, 5 pollution is explored. The results show that: (D From 2000 to 2020, the concentration of PM, 5 in Guanzhong Plain urban agglomeration shows a downward
trend. The high concentration area is concentrated in the middle and east of the study area, and the low concentration area is concentrated in the west of the study area. Hot
spots are concentrated in Linfen and Yuncheng, while cold spots are concentrated in Tianshui and Baoji. @ Natural factors play a dominant role in PM,  pollution in
Guanzhong Plain urban agglomeration. The main influencing factors of PM,  concentration in 2020 were ranked as follows; altitude > average annual temperature > topographic
relief > average annual relative humidity > annual precipitation > per capita GDP > vegetation coverage > energy consumption index. @)The order of main controlling factors
according to the size of action scale is: vegetation coverage > average annual temperature > energy consumption index > annual precipitation > topographic relief > altitude > per
capita GDP > average annual relative humidity. Among them, GDP per capita, topographic relief, energy consumption index and annual average temperature are mainly
positive, while vegetation cover, annual precipitation, altitude and annual average relative humidity are mainly negative. The temporal and spatial evolution pattern and
influencing factors of PM, 5 in Guanzhong Plain urban agglomeration were obtained, which can provide decision-making basis for relevant departments to formulate air pollution
prevention policies, and enrich empirical research.

Key words:PM,  ; spatio-temporal evolution; influencing factors; geographical detector; multi-scale geographically weighted regression (MGWR) model
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02 Y 529 | 70es 50.8 1 829/ . 519 436 59.4 72.2 64.9 66.9 77.9
2013 o 579 74.2 .2 565 5aT 40 63.0 80. 1 72.4 74.6 85. 1
2014 4 53.8 68.4 51.7 538 521 46.4 58.9 70.5 62.3 64.5 76.0
20150 40.7 59.6 41.6 40.7 39.8 35.2 47.4 57.1 47.9 51.0 63.2
2016 4.4 62.4 40.3 38.3 39.5 34.9 47.5 60.6 52.0 55.2 64.7
2017 40.9 64.3 38.8 39.2 37.4 33.5 45.7 59.1 51.6 54.1 65.8
2018 37.9 54.9 37.4 36.0 35.3 33.6 41.9 52.4 45.8 48.3 57.2
2019 34.4 52.5 32.2 33.1 32.5 26.4 39.7 50.7 43.0 46.1 55.9
2020 30.8 45.0 29.3 30.8 28.8 23.7 36.1 44.9 38.2 41.0 48.8

2.2 SRR TTRE PM, B I 25 AR RRAE

FH 2000 ~ 2020 4 HF T A PM, (W B 25
6] S0 A5 A 0, 4% 464y PM,, € BE 78 23 18] _E 43 A5 A B
(K 3), m EAE PRI X HR AR (A X ) S 7
FFEIX PEHB. 2000 ~ 2013 4F PM, S #e BEAL T 8
FHEYEE, p(PM, ) FH 2000 4Ef5 48. 2 wg-m 7 LT+
T 2013 4EHY 66. 1 wg-m . PM, .5 4% =5 {8 X 3
PG4 3 3R I o Bl 1) O el B K, OB GG
PM, 75 YL {E X KK R 5209 77 16 350 20 L IX K<
AR R AR A X3 BB 7E 3% 28 4 ik, DA 2013 4F
15 Ped Ry RO EIRTTHRE p (PM,, ) BER Yy
mF 35 pgemC EE EAE T 116.2 pgem .
2013 ~ 2020 4 PM,, ¥ & 4 T F B B B,

p(PM, o) i1 2013 4E (1) 66. 1 wg-m ~° [ 2 2020
4E1Y9 36.0 wg-m . PM, 75 YR AH X 95 [ i 52 0
AR K [ PO F K, Hodr KK PR R BE T
2019 4ETF I PM, i B S ARSI AR T — Gbr e R,
KARDE B 4. PM, 515 44 = {8 X 22 25 46 36, PM,
e B RE R R, 2600 [ 2013 4F Lk 56 S5 J5 I
AT G B i6 UG B0 R
2.3 SCHOFJRIRTHE PM, VR 228 R AR R ERAE
AL LA 2000 ,2005 ,2010 2015 A1 2020 4F A B
[i] BT A5 2A 53 B G H - D 3l T A P, VA B 5 (1] 4R 2R
R ARRAE  PM, ¥ J3E 53 A 52 M PR 38 i ad X 5 4>
ARGy RHAT M. B S Ta] | ARG I 45 R AT 5 A4
FA R4 )R Moran’s T ¥ RT 0(F2), KL
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il I | Il ] Jlr--. 3 IJA |

P(PMy s AEH i/ pg-m?

. 35
B 35-45
[ 45-55
[ 55-65
B 65-75
. 75

B

| ”

Fia /H £ | 52" S T EARE P,  FIRESS Moran's 1
Y Table 2 Global Moran’s I of PM, 5 annual average concentration in the Guanzhong Plain urban agglomeration
ﬂlﬁi H 2000 4 2005 4 2010 4 2015 4 2020 4
eI 0.28 0.25 0.26 0.31 0.28
Z-score 1.93 1. 80 1.85 2.11 1.92
P-value 0. 05 0.07 0. 06 0.04 0.05

BRI TR PM,, AR 3k B A 28 (R 3 A A 2 0 A
KR, RIZs ] - AR

HeF 4R A [a) A AH S AT A 45 5L X 56 o I
WTEE PM, S EEAT Getis-Ord G S 00T, 381
HJrEpas a3 A FLAE 25 & 4 s, Zs 8] 2 A
B RAE T TR X RS, ¥ S TR X7
#B. Hr 2000, 2010 F1 2015 4E4 #5304 — 3k, K
IR PRI A A ¥ i R AR X, R WX L X 5 PM,
WA JBBH AR PHA YR Y8 1. 38 BRI 1 R R
RAEIX, FeA 30 2L X 2 G P I Ik T AR 2 fa e
Y PM, 5 e 5 G X, 7822 A 1T TS R R R 9 Ry R
JLFE 2005 F1 2020 AF4 S i ER s Y 0, B R
RXY RETIHE, M R X 4/ 2 T KK
T,

2.4 CHTIEIRTTRE PM, o245 5311 500 £
2.4.1 SCPFIETTRE PM,  FREm R T

BET ORI BCHAS BE BCs i Ta) 3 S B
Hdle T ARAT M LR U R BT 10 A4 1 b B
FER BN P OF R TTRE PM, 75 YL T4 K 1
RO 3 s, NG5 AT LI $],2000 4FF1 2005
AF PM, 15 YL 1) F= 455 e DR - [R] , s me g ek
B SRR, LT R ) T K 1 R e R 433 O g
VR REFE B AW T 1 R AR AR KR AR
PR AR ARG EE . 2010 4EH1 2020 4F PM, 75
YLty AR R A (], G e i ) d oK i 14 R 1
e, Hoesg m R a2 i R A ¥ GDP B U
THAEFE B A 36 1 PR E AFRK R AR
SIRAAES AR, 2015 AR £ B2 5 [ RN E



5338 A 3%
N
(a) 20004 A (b) 20054
[ {#)
[ R
ks
¢ Y
0 60 km '-,'
L =
1 !..,- i " F | ‘.‘a‘ ,". 3 .‘- A . ,‘
'l 7L NN e y
- iy =S | F]é 4 D,lst@‘ h\inon of hot and cold spots m spdce.a 1 "
i — i .‘I ':"_' | ,! |
i AW ‘ = | " e 4
I Thigp | 4 -'r-g% RS
‘ll "Fu o i ’_3_ Mo HrER
’ LI.:::“' - Table 3 Factor probing analysis results
. 2000 4F 2005 4F 2010 4F 2015 4F 2020 4=
FRMFE bR
q P q r q P q r q r
A¥ GDP 0.0471 0.4594  0.0836 0. 000 0.2030 0. 000 0.1010 0. 000 0.3313 0. 000
UNEF S 0.0360 0.1692  0.0294 0.1744 0.043 1 0.0278 0.0329 0.1083 0.0399 0.025 1
REVRTHAETR 2L 0.4103  0.000 0.417 8 0. 000 0.388 6 0. 000 0.108 1 0. 000 0.206 1 0. 000
FE P 0.2761  0.000 0.2654 0. 000 0.2952 0. 000 0.2926 0. 000 0.2689 0. 000
HIE AR B 0.5634  0.000 0.5702 0. 000 0.597 4 0. 000 0.5397 0. 000 0.5344 0. 000
a2 0.7463  0.000 0.804 8 0. 000 0.799 0 0. 000 0.7567 0. 000 0.778 1 0. 000
AT X 0.0865  0.000 0.0453 0. 000 0.0732 0. 000 0.0729 0. 000 0.029 6 0. 000
SERRK 0.2259  0.000 0.4138 0. 000 0.2762 0. 000 0.2157 0. 000 0.406 6 0. 000
PR IR 0.4985  0.000 0.6149 0. 000 0.5870 0. 000 0.529 4 0. 000 0.6929 0. 000
AR IR 0.4609  0.000 0.5194 0. 000 0.5609 0. 000 0.468 7 0. 000 0.474 8 0. 000
SO, EEONAHPIE 55 B OB RARE IR AEREK BEA FESE m RF iE 4T MCWR BIAILA (R

5 AESAIR A A XTI . A T S g vk

T, HARA X S I T PM,, 28 fbse i )

B,

2.4.2  EHPSREERETTRE PM, R0 R T2 ) S i
2 T8 BN AR ) 25 A M BRI 25 77 1% B A

S R 2 AR 2020 4R FIR T RE PM, |

4). FF 3 AN 2020 4F PM, ¥R E 45500 R 14
ff R RN R < 3R > AR 4 > M R
REE > AE B A MR B > 4ERE K > A3 GDP > f#
W%*W > REURTHFEFE 2. ik 4 nI o0 s A

e B RUEE R/INHE AR U O < AR 4578 75 B2 > 4F
ﬂ‘]“m‘ﬁm > AETRIEAEFE AL > ERF/K i > MR R IRE >
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Table 4 MGWR model fitting results

eItz WHI A GDP  MIMEIEE  HIEERRKE W FEROKE REIRTMRETEEL  AEXRIA AR A RHE B
AR T 43 45 474 59 76 169 429 44

1) % R* 4 0.93
TR > A3 GDP > 45 A R B
3 itig
2000 ~ 2020 4ESCHF R T E PM, R EE AR

(a) HHE P L2

F¥ Wl -028--013 B -0.13-0

1 0~0.06

B 0.06-0.19 N 0.19-034

(c) AENE I PESR L

F4 W -007--002 B -0.02-0 [ 0-0.06
B 0.06-0.10 W 0.10-0.15

o

/)

(e) M TR HE =

. f

F¥ EE -028--0.13 EE -0.13-0 1 0-0.06
B 0.06-0.19 EE 0.19-034
£
(2) AJSGDP ‘mﬁ
] . ",1;;
S M q o

0

F¥ mE -0.17--0.01 BE -0.01-0

1 0-0.31

B 0.31-047 R 047-0.63

AR R B, B RIS Y5 8] T A RO B A,
2013 ~2020 4, PM, s ¥ B KR B, Rk P
W R BHATRT% BAR  ET5 Je IX. X 5 KL=
IR ES) 2013 ~ 2017 4F PM, (AR H R BE (84

(b) 4EH /Gl

Zi W 025-029
B 0.36-0.40

B 0.29-0.33
B 0.40-0.44

1 0.33-0.36

(d) FEpEK fit

R

F¥ Bl -0.44—034 B -034-0
B 0.02-004 EE 0.04-007

1 0~0.02

(f) itk

P

FY W -062--045 BE -045-0
B 0.02-0.10 HE 0.10-022

7 0~0.02

(h) 4ERg i

F¥ o -0.68--047
. 0.02-0.07

5 PM, #MmEZEEIRRH

Fig. 5 Regression coefficient of PM, 5 influencing factors

Hl -0.47-0
Hl 0.07-0.18

1 0~0.02
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A0 5 S S T A PM, 75 % % T 7 B 4 5
R AR, 5 A T BB S 1 45 S — B
R T Bl 0T P 25 4 220 330 PR 26 e v P JB
PM, 7543 [ SR IR 500 T K.

LT XA SRR SR B e 1A 5 5
K JEE R TT A S B IR I T 10 A, 3 1ot H
R 28075 1 44 A AT 50T 0 82 ) T [ 3
G SELE PN, 57 ST MGWR A HE 474004 JF0 3%
0 PR - 61 U R B s Tl AT MR (1 5 ) . i P,
0 PRI 22 161U 28 02 i) 43 A 7 60, A3 GDP Mo JE
TRBE REVEIRESS M AE 39 IR 10 5109 BRI b
IE e B TR PM, L5 4] T 1F [ B AR
F, AP T 000 R B |t o5 et 3 T
SRR, A2 20 T rh A GDP 1 1T 25 ]
P A P M X 4 T E T R
BRI )11 36 5 7, 5 46 XA GDP 585, %
WILECSEHE X PM, 4755232 25 0% % RS M 35S, TRt
TE K ) 2 22 0 ) N U 75 B K5 e Wiy i
I R KT FH 25 £ o X 4 o 58 R
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VA TR i BBV 1. 4 559 IR LRt
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A RURL I 2 [ 43 A5 5 IE | X 56 o 5 6 3k i 7 46 1k
PM, 75 44350 1F [m) 3G 5 AE Y, =22 R Ko« IR R R
R 4 T G, 85 YL £ 0 R A D 14 06 1k 2% IR
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MR Z 2 SRR K, R AT PM, 475 Y1
T BRI R T M X PV, e B A (. A T o
S 1 X S VR, — T 7, B Rk
BT RO (TR TIE . M i
TR BE R S 5 AR, M, vk B o DX 4 o 7 M
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T A LRI Ml A Jo 3 4 e S 7
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PM, 75 e 1AM R (SRS 0 1R ) P IR (R
SR T ) R, 768 7] KK 05
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A S R A TS R B AR DK 2 I 2%

BRIX. PM, VG JE B W60 T . 245 25 R 5 e B 0T
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RIZ [ TN, [ MGWR 0 A 44813
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PM, o FIA U TSR | S0 125 K 2 A 22 T L1
9 PM,, s 5 S FSE, F BT PM, o A 11 SR G fr ot
e R L | SIS e AT P, (35

e, & BEE TR | e

@it [ Nt 4
(1 )200:(}“; 2020 4 , P EUR T BE PM, ﬂilﬁ” _.
AR R 11,2000 ~ 2013 42035 3 L HH
Bt 2013/~ 2000 41 T WEHRBL. PM, ;5 4% B (ELIX 1
VO2E B IR A 1) DU JR A RO B R e 4
HRFERIF ST IX 253 IR AL IX 86 FR eI 5 IX PG 3. P
DX IR PRI 13 T 2 R T, ¥4 A DX 4 R e R K
NG,

) AR TAE S AT £, AR X o
JEI T HE PM,, 15 44520 B8 B 3% 2020 4 PM, iR
F 5w BT R ) RN HE R AR R T R
(0.778 1) > 4E SR (0.6929) > Hiu I B AR
(0.5344) > AEBAH X REBE (0. 474 8) > 4ERFEIK i
(0.4066) > A3 GDP (0.3313) > i #k 78 55 /&
(0.2689) > REVRIHAETE%1(0.206 1).

(3) FEFE R K4 R RO R/ INHEIF AR
h FHBFE TG (474) > AEA R (429) > BRI AE
FEE(169) > AFRIKE(76) > HIIEEINE (59) > 1
P (51) > N GDP(45) > FFHMXTIRIE (44). A
Y] GDP HuJE B Ak FE | B R I #E 48 £OM 4E 2 <R
[IH ZR AR FAIE X S H IR TR PM,, 75 4
ACH] T I [ SR AR A AR 56 ARRREK R
FVAE SRR B 22 ) VR, X5 e e 3] 1 410
il H.

Bt B E B PR AL IR 557 - K
B R G Rl B 0 (http ./ /www. geodata. cn) $243E
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