%23 B8 M
2025 4F- 8 A

Y RN R
HEILONGJIANG LAND AND RESOURCES

Vol. 23 No. 8
Aug. 2025

ETFBERUEZNERET PM2.SHESH S
THFAXERHAR

. 1 88 4k 251+ 2 =2
a3 ERR OFIER
(. =3B L FRIRLFRE, B LTI LEFE, LA 652501 ;
2. R KAKE R A R AEAE 29 650000)

OB AXTEIET RIS R, AR AR A T G BT 20002022 4 PM2. 5 ik B8 B | i T
[ FEF M LISA BREE 0T T 22 4ERA LT PM2. 5 W J3 It 28 A8 AL HRAIE | SR 5 255 T i BRI 8458 T
PM2.5 5+ A R 2 ARG IC R HZE R0 . (1) 2000-2022 454 HETT PM2. 5 % B8 i 8] 7 1) S22 30 g0 50 )
“U” RUERE  7E 2013 AR RN UEAE , A 2013 47 2022 AFAS IR AF R %5 (2) A AT PM2. 5 M DA - G
~MRER Iy AN [ I i) ER A AN 25 (8] S A0 A AE 22 57 5 (3) 38 e b AR 45 ¢ BUMR b 7 U XS PM2. 5 ¥k J3E
AR TR A FH o, 3 ORE O B o L A R T R 5, MR o LRI K MR 5 L X PM2. 5 W A HAE

b L

KRR PM2. 55 - 1R ; sth BEERIN 2§ 5 B (0] 2 91 43 A7 i s LISA R

hE 4 #ES.X513 XHERPRAERD . A

0 3l

il

M 20 5L 80 AEATT R, FRIEI S 7 Al i AR A
Wit o, Tolk 2B P USR5 T — R 5
(PR BRI, 23 S5 Y e R A2 KA
HNFIURLTS Y PM2. 5 25 | 2 S5 Ye i) 1 2R
P PM2. 5 B AP ER/NTET 2.5 %
KA AR | RES K B ) {5 B AE s <
2SR PM2. 5k R R 3 I R AT Gyl
HO EUE R PM2. 5 £ R K ) B 1A ik
JRE, Y8 ITIE 2R G0 A0 I 5 1 RBOIE IXUIG: , 4
FeE T g4 S B0 B AT By
Br PM2. 5 BB 28 43 A B 3R - 8 PM2. 5
BERE I IR R C AN 2%

H T, E N AME 2225 @ ot X PM2. 5 (1915
W BT AT R, PM2. 5 Wk E S R A
HIG sl A M M b 5 S R 2% D)

XEHS.1672-2736(2025)08-0083-8

T AR R O 5 N R e
SRR, I FLAT AR5 2 W - b ) 2 S 38 R Xk
PM2. 5 MM EA — B MY, IR L AR B 55 2
PR RS PM2. 5 WRIERYE &, 4R
k, A REEFHMHARR LWL T PM2. 5
WS A HZ RN ER, B % i
FEAAL IR 43 Bk A B4R AL b X PM2. 5 5 Lt
F /B4 A8 A A B b o 7, G v 452 P b
PM2. 5 WREERE MR K . 2R84 s FHAE DG 4
Br 7 ORJET PM2. 5 5 R A6 & & BUbK
H AR AR 2 S8 PM2. 5 W R R, ASHT
FEFERT ANBRFE (G FEAH 22 1, 1 P b BRI 2 4
PM2. 5 W5 H A R Z I OC R
BT L HEE A S:h , J& 38 I
Pk B X I, B N ER 40 kil AN
TG SR ZL SRR AE, SR T 9 5Kk X PM2. 5 2 58 X
(A ENE T Y T e AR S PN R/ 7S

EEWB . =/ [F 2GR 22 B R AU A (6 42 & FHR 4R 557 (2022KITDO1 ) 5 = B 48 BT R4 T s S 0 H <« H 4 22
AT T 5 A S BN ITIE” (202201368 ) 3 = B A8 BT RHART S 00 H “ S 1L X S A s R 22 A =R A e

(2023]1605) ,

- 83 .



VT R TR 2025 4E 8 A %5 8 M

DA
05750071000,
/) e— kM
I

B1 HREXERE
(% B %5 .GS(2024)0650 5)

T2 IRV BG R B O 2R A A X0, DR I AR R 58 s 4 A
ROV RIS Xt 5, 3 T B A 8 s Tl oA, o
72 T AT 2000-2022 4F 22 4EfY PM2. 5 H
(RIS 23 AR AL ARRAE | 328 FH b B PR 2 R 1 A P Tl
T HF SR PM2. 5 W Z ] E 2R

1 ARER

AR R w e A R A
ST SRR E AR M X RE R T, T R R
X R B &1L X A X K FEE B AR R A
[ = S W= N O & W ol (1120
11445km*, # 1k 2024 4K, BN 812. 7 J5
N BT T LA P, R4 E117°137
18.25",db 4 N31°49'21. 30", tn &l 1 frn, & 08
DIERIA G el Ta RS R 7 U = EE I (737
AEF-RRR 15 7°C AR TR 5 1000mm

2 HESTE

2.1 HERIREEAE

PM2. 5 ¥ BB R UR T B K M BR 2R Ge Rl
Bl b0 Chitps://www. geodata. en) 1 [E 1km
AT PR TR B4R PM2. 5 B 4E (CHAP)
[R5 B A 2000-2022 4F, B dli i s NC, B

.84 -

SEHET ArcPy ¥ 2000-2022 4F PM2. 5 Y 44
H1 NC #% 4 TIFF #2098 5 % AT A& 455
AR IS A B I 532 ] AreGIS BEALFY RS
ACHIE AR ECS IE T 2000-2022 4F PM2. 5 #k i
B,

o FHEAE K VR T Esri Land Cover ( http-
s://www. esrichina. hk/en—hk/home) , HER R
10m, I [H] 2 2022 4 28086 A2 0 T b BT 5 S A
A3 R bRl EHL A B R
B #RH FUK B2, ABSIE A Arc-
GIS Pro Hl Fragstats4. 2 fit 1584 AT 2022 4F
1000 KR Py 10 K 3 FH &

2.2 MIRAZE
2.2.1  BIRFFN 41k

B IE] 3 51 43 BT 5 02 DA BSOS 1 2% R B A
FRERIE R LA K S X PM2. 5 B ok 3 B %
REE ] P8 AT HES , 3 T iz i X PM2. 5 ¥k JiE
BB A B RS AR AR AR ST 3 T Excel
XA AETH 2000-2022 4F PM2. 5 ¥ {1 4% R i) a]
FPAVHER , 73 T 22 ARk G IETT PM2. 5 ¥k AR
FEAHE
2.2.2 LISA %K

LISA B E & ArcGIS R4t 1) —Fh 5 3 2



BT b SRR 85195 N TT PM2. 5 128 345 5 - F FIOC R BT

80
70

. B ARSI

50

40
3=-0.9659x+69.149
30 b R=0.2808
20 F
10 F
0 1 1 1 1 1 1 1
20004F  20034F  20064F  20094F  20124F  20154F  20184F  20214F

2 2000—2022 FEEBET PM 2.5 SREEHTHHER

] FAH OGS T D RE , 3 4o S T A 5 DX A8l P 45 25 (]
Xof G2 55 AR S 11 A Hﬂ%l:#hr“ o)
JRIHIX R 25 ) S S, ARHF T aE A LISA
AR I B 2000-2022 AEA LT PM2. 5 W FE
PV NEIlNEETOE 2 S w D T R 1 THEAE )
oA DE m-m R IR R -mRAE
R4 5 R,
2.2.3 M

b PR 25 2 PRI B W 2 ) 43 e, R
PZEY G IR sh 1 0 — PGty i, L
o3 5 B PRI 38 FAE FHERIN XURS: DX P00 A=
AT U AR T Hod 4 5 B R
AR PR X6 S 7 (] G S P 1 5 T R
3 BRI 2548 7 45 52 i) R - 180 149 38 B A
SR 55 5 KU DX HR I S8 I S A )
JeW) A SR 10 2% DR RS 5 A2 AR A R A%
X SRR R & R ABRET
Hby PRI A4 I AS 5] 4 ) P28 R PM2. 5 v
FEI R A, 3675 PM2. 5 He B 5+ R FH Y

3 ZR5HMH

3.1 PM2.5 R = 95 TR4FiE
38.1.1 PM2. 5 Af[a] JF 51 4#E

2000-2022 AEA AT PM2. 5 ¥ & Bisf [ )7 51
PR U BUREIE Q& 2 B, 2000-2013
AEANET PM2. 5 ¥ B (R 2 0 3l B TR, A

2000 4 A9 50. 4479ug/m’ b T3 2013 4Ry
76.3543ug/m’ , 7E 2013 4E 35 B, 13 4E A&
HETT PM2. 5 W BE(E AL Bk T 51.35%, M 2013
SETFRR-AAETT PM2. 5 ¥R BB TF 4R 2 4F R [, 31
2022 4E T R R R ARAE 33. 0923 pg/m’ , AH# 2000
EA T PM2. 5 MREE(E TR T 34. 04% , Sk
K ,2000-2022 4F 22 4E[E] A BT PM2. 5 W
{H2 TR T REE R -0. 9653/ a,,
3.1.2 PM2.5 %A A FHAIE

TE ArcGIS 3 F h Xf 4 JE T 2000 -2022 4
PM2. 5 He B 47 25 (6] B AH G408, LR ERAE
popTRuR] SIS g RIS By T TSR By iR~
FAHHTXT A HE T 2000-2022 4E PM2. 5 #e {14
22 LISA RIS, i 3 froR, i@ it LISA R
IS e B T PM2. 5 ¥ B 28 8] 43 A7 F#IE . LISA
RRE R, W5 X PM2. 5 W LA - K-
RN F ALEA R B 1 g AR 43 A0 AN
AR, ZERFSERII (2000-2009 4F ) | & - 4k
F AR TR IX R b i X A0 — 0 SR 4 AR
HHFE R R AR ER . F T WS TR (2010 - 2016
AR, e — e SRR A P AESX AL b X i
RAE DRI G IR R AL R A £
SRR TERER AR . B T ST (2017 -
2022 4F) , i — e R A R X L RS B AL
R R AR AE BRI FR A 25 R L PO 3 X 3 34 A A7
T E%?ﬁ%fﬁ PM2. 5 ¥ 828 [A) AR SRR 3X AT

2 BN Rl e LA B 5 DX a5 G A i 1) 52 )

.85 .



VT R TR 2025 4E 8 A %5 8 M

20004 20014 20024 20034 20044F 20054F

20064 20074 20084 20094F 20104F 20114

20124F 20134 ¢ 20144F 20154 20164F 20174F

20184F 20194F 20204F 20214 20224 N
0 40 80
m— km

@ Not Significant

' High-High Cluster

® High-Low Outlier

@ Low-High Outlier
Low-low Cluster

3 2000—2022 F£&BETH PM 2.5 iREE LISA B#E

3.2 PM2.5 51ihFIHERX ARSI

3.2.1 LA FHBUR

iEFH ArcGIS Xf A AE T 2022 4 + b F FH 2
RS A B0 R R AT gt A5 R aniEl 4 i
7N AL AT A MET MR R S BT B b A
T KA AT M R S A ISR B b 1T R
4 6654. 4082km”, (i A 5 X G I R 62. 29% ,
HEHL 72 4 A AE B 5T XS0 B bR b T RS
684. 6694km” , i B 5% X G T ALY 6. 41% , PR H
OIAEDTFE X AAR (R PGP DX B T R
137. 758km? , i AIF5E X B TET AR I 1. 29% , 7 i 4y
ATLERFZE X B v T 5 7K 38 TE AR 737. 9057km?,
H P IX SRR Y 6. 91% , 7K 38k 43 A 76 55300 5 4
P HL T B A 2445, 6257km? (5 #F T X T FR
(1) 22. 89% , iV FH Hb 43 AT PERT 5 DX s s 4t
AR 22. 6151km?, HAF5E B HEIAL 0. 21%, 4 2022 AT T iF FHEB S IER

. 86 -



BT b SRR 85195 N TT PM2. 5 128 345 5 - F FIOC R BT

R 2022 FMFALBE PM2. 5 REENRERREE

KA L Mt 5 HE B o L Al L HRHL A i A
EgE| (X)) (X,) (X3) (Xy) (X5) (Xe)
q fl 0. 009038 0. 086802 0.018254 0.011728 0. 000831 0.017562
BRI A LT DX PY R AT B A SRR (Bt %

3.2.2 PM2.5 5 A IS AU G 5 BRI

HERFEAN] - b A AT PM2. 5 i B
ISR BT S08 PM2. 5 YR (AR g R AE 0%
IR AT L (X)) Bt 7 (X)) (BFHE S ER (X))
ML 7L (X)) VB L (X)) CFEHE S L
(X )MER H AR 1, iz s BRI 25 250 PM2. 5
Ve B 5 AN W]+ R R R Z TR OC R

(1) 535 B4R, e 1 s, bt o
Ho BEHB G EE RO A = AN XS PM2. 5 YR E
(O R 0 A5, U I ARCHE 5 b B L RN i
FHMb b R I PM2. 5 MR (E A9 3 5 T, K
Hiy HF I | AR A AR A X PM2. 5 kB S e 5
ST, A Ml A7 L X PM2. 5 vk AR b PR
TR, A HX PM2. 5 U R (AR
55, VLB M 5 e X PM2. 5 ik B (5 A8 L Ay B

(2) A EAEFHARM 0 T by 32800 25 iy
A HAEFBEM R G S A X PM2. 5
ACHAE RS R A8 HAE R R ) KSR
B A B X PM2. 5 38 B TS e g, O
OB -1 58 2 AN BT 928 BAE A5 SR K
F AN PR T v B R i R ) i R, FE et
RPN PR 1 28 BAE S R R T AR 7
B R 2 AT s TR 38 HAR
FIZE S o , BRbk b & EL AR b Y EE IR
A7 B R B R L R M
f7 AR 7 eSS BAR S AR L R R LA H
AR T 28 HAE FHY AU -1 a8, Forbbkil 5 He
FUK R 5 HE X PM2. 5 ¥ B 9 28 B 4E F ok,
q B4 0.1101,

qff
—0.1105
X 0.0024
L 0.08860
X 0.0025 00217
. 0.0034 00088  0.0453 - 0.06670
=
=
X 00033 00575 00208  0.0278 | 0.04450
X 0.0015 00964 00942 00884 00914
L 0.02290
X4 00013 01101 00443 00262 00114  0.0467
T T T T T T ——0.001000

X, X, X X4 Xs Xs
WBEF T

B 5 2022 ERIEMEMFIAERES PM2. 5 REXEXERMBLER
E o TR &R AT E TR AR &N R, TN W TR

- 87 -



VT R TR 2025 4E 8 A %5 8 M

x2 RERFMNER

¥ LiEPS AL PM2. 5 W e fIR B (pg/m*)
IR (X)) 3. 66%-9. 05% 32. 9626
ML H(X,) - 81.3%-100% 31. 8104
B 5 (X)) + <2.49% 32.7415
B L (X,) + <3.66% 33.0142
Bt (X5) 5.97%-12.3% 33.0583
O EE (X)) - 9. 08%-76. 6% 32.7119
(3) RUBS: X AR, A PM2. 5 MR F A% FEZ T B
KR G L AR o EE B o R S (2)i4d LISA BB Wox, & LT PM2. 5
Lo B e R A S i b FR R WeRE Lhs - MR- 3, BT PM2. 5
i P IR DX PR 5 54T R, 45 2R A0 2 fir JIE 23 1) AR S PR R, A ) B 0 5[] 3 A7 4 AE

AN, HR b I B 5 PM2. 5 ¥ B fURE 5%, Ak
b LRI B o LG PM2. 5 vk FE BRI, #F b
AR AL S PM2. 5 ¥ B (B 1E AH G, A b Al
TR SN PM2. 5 e B {EERAE , H A 3tb
JEHINE PM2. 5 MR E(ESZ AR K,

(4) A5 HRM A= 25 PRI 4 BE % 2RI X PA]
X PM2. 5 BYAE & A A7 7E i 35 1, A5 3R
B4R 7 X PM2. 5 4 X 1 38 17 78
EME,

ABFFEis A IR 2000-2022 4F PM2. 5 #¢
FERRBAR B, 2T GIS AR T &R
PM2. 5 B 28 R AL AR AL, SR )5 45 A A BB T 4 H A
FRESHE | 56T b BRI 2%, #8565 A 17 4t R
HKARE PM2. S VREERSCR , A58 .

(1)2000-2022 4F 20 48], A AE T PM2. 5
VAR JEE B[R] 7 71 2 B ML () 3]« U BUARAE , #F 2013
AEIRBNIEAE, M\ 2013 4EF 2022 4F PM2. 5 281
TR, X T 2013 FFEESBEH G TR
SIS RBHAAT S | 4 A I T B 9% 52 =
FEOR A NETT IR A6 IRz S5 e Biih, n B4R
FRRR L | A 7 B R R A AR T AT
ULff PM2. 5 W EEFE 2013 4R FF IR BT F %, X
5 ST Al SR — 2, BN 2013 4F
[ 55 b th 5 A OCBUR Ja |, 4 [E 45 HL IX 1) PM2. 5

.- 88 -

AT

(3) 3 2o iy HL R 2 & AN [R) - b ) FH 2
R PM2. 5 Wk B AR A0 A R[] i 52 i, G rb o
XA PM2. 5 WA B EBOR X 55k 2B Ak
5 2 RIS R — B, Bk AN R
Hi AU x4 PM2. 5 ¥ EE Ik, He Al - A
FHZERIXT PM2. 5 Mk BESZ AN 3 A PR %
PM2. 5 ¥ B2 52w HL oA 52 BLHg s v, H bk
7 FERIZK A 5 X PM2. 5 3 B 4 38 T AR P 4
588, [ AR 58 S 6 T & A Tl X F PM2. 5 ¥
FER A B R AR A R, o T REAR
HHETT PM2. 5 Wk B {8, AR SR G I T /Y -+ b
I PR o7 8 TR b Py o5 L T A ) R FH
B, AR RO, B | o 3 X AR Ak
HIER

2 2 3Lk ( References) :

[1] Luo Y,Teng M F, Yang K, et al. Research on PM2. 5
estimation and prediction method and changing cha-
racteristics analysis under long temporal and large sp-
atial scale—A case study in China typical regions[J].
Science of the Total Environment, 2019, 696: 133983.

[2] Huang R J, Zhang Y L, Bozzetti C, et al. High secon-
dary aerosol contribution to particulate pollution du-
ring haze events inChina [ J]. Nature, 2014, 514
(7521):218-222.



BT b SRR 85195 N TT PM2. 5 128 345 5 - F FIOC R BT

[31

[4]

[51

[61

[7]

(81

91

[10]

[11]

[12]

SRILTE, PG, B WUAE. R4 PM 2.5 (16
R HIABBOR BT[], FHASEAE B, 2020, 45
(04): 102-105.
Yang D, Meng F, Liu Y, et al. Scale effects and regio-
nal disparities of land use in influencing PM2. 5 con-
centrations: A case study in the zheng zhou Metropo-
litan Area, China[J]. Land, 2022, 11: 1538.
Pope C A 3rd, Burnett R T, Thun M J, et al. Lung
cancer, cardiopulmonary mortality, and long — term
exposure to fine particulate air pollution[J]. JAMA,
2002, 287(09): 1132-1141.
Tihf, FB2. BT B 35 45 4t T4 vl 2 S AN
RLPIIGVE F R 58 (1], V5 Jb Ak 24 e 2% 3R, 2020, 35
(03):237-242.
AR, e hiher, ¥ R4 ¥ 4w R - R AR Ak
%f PM2. 5 HREE RIS [T]. BEIRIT & 5T 45, 2025,
41(03): 344-352.
Liu C, Henderson B H, Wang D F, et al. A land use
regression application into assessing spatial variation
of intra—urban fine particulate matter (PM2. 5) and
nitrogen dioxide (NO,) concentrations in City of
Shanghai, China [ J]. Science of the Total Environ-
ment, 2016, 565: 607-615.
Wi, 2EHENN. AL A6 X S AN ) (PM2. 5) 45
FRAR Ak B X+ 4 R FH /8 B AR A e B2 [T]. 36
BRI, 2020, 41(07): 2995-3003.
A, T, RIRTT PM2. 5 HE 5 A R &
MEBETE 55 1 56 R [T, BB ORVT R H K,
2024, 34(02): 249-254.
5 LR RMAIRKIEFTE L[N i L
{12, 2018-08-10.
ERS TR, 2023 44811/ X L5 [ EB/OL].
(2023-06-30) [2025-05~-17]. http: //www. stats.
gov. en/sj/tjbz/tjyqhdmhexhfdm/2023/index. html.

[13]

[171

[18]

[19]

[20]

GG R. A AT 2024 45 FE R ATtk
G5 AR[EB/OL]. (2025-03-28) [2025-05-17].
https: //jj. hefei. gov. en/tjyw/tjgh/ 15299317, html
B I3 s 8] 5 50 43 B S FER ()], R A H &
#,2011,7(27): 255.

WI-ZEi, BHIE, 224, 55, YRR T PM2. 5 i %5 43
ARAAE B I 5 A 1 R B A DG PR SE [ J]. 97 L
M, 2020, 48(01): 6-11.

A, RS, T AR AR R GRS
(LA AE 25 RS, (4 B 245 208 R B I — A A 6
WA AR DRG], R U5 24 (A SRR
220) , 2024, 56(05): 77-90.

TN, R, M RPN A SR S R )] b
PR, 2017, 72(01): 116-134.

FHH, Hoiss, 2 SCR, 55 ILPE 48 PM2. S B a5 4
TE S HL R i PR 22 1) M BRI [ T ). AR R U R 2
S (HARBRERR) , 2022, 40(09): 1495-1501.

JEI o R, WA, A IR, 45, 2001-2020 4E LA
PM2. 5 B 28 A3 A R AE e G SR sh B F 40 W [T].
e S SRR AR, 2023, 39(12): 1559~ 1567.
TR, EAE, FHAE AR HLIX PM2. 5 YRS
A5 R FERFFE[1]. Y00 223], 2022, 34
(09): 156-161.

1EE BT

S VB 0, 1985 FE, &, A IR, B, 27
] SR UR IO 2= Be, PRI, =2 ZE0F 5% 07 [n) Sy = Hb 5T R A
T (S B RS, Email; 125211496@ qq. com;
WIES A% 1982 44 3 IR W1, = [
e AN S IR € e e S B A s e w2 Y
BALE I, Email ;94298984@ qq. com

.89 .



VT R TR 2025 4E 8 A %5 8 M

Research on the Relationship between Spatial and Temporal Distribution

of PM2.5 and Land Use in Hefei City based on Geographic Detector
FENG Yan', QU Huaying' *, LI Jialong’
(1. Yunnan Land and Resources Vocational College, Department of Land and Spatial Information, Kunming 652501, China

2. Kunming Changshui International Airport Co. , Ltd, Kunming 650000, China)

Abstract: In response to the air pollution problem in Hefei City, this study collected remote sensing data
on PM2.5 concentration from 2000 to 2022. Time series analysis and LISA clustering were used to analyze
the spatiotemporal variation characteristics of PM2. 5 concentration in Hefei City over the past 22 years.
Then, based on geographic detectors, the relationship between PM2. 5 and land use types was explored. The
results showed that: (1)the time series of PM2. 5 concentration in Hefei City from 2000 to 2022 exhibited a
typical inverted “U” shape, reaching its peak in 2013 and gradually decreasing from 2013 to 2022; (2) the
PM2. 5 concentration in Hefei City is mainly composed of high—high and low—low clusters, and there are
differences in their clustering patterns and spatial distribution at different times; (3) Through a geographic
detector, it was found that the proportion of forest land had the strongest single factor effect on changes in
PM2.5 concentration, with a negative correlation between the two. The proportion of bare land had the
weakest explanatory power, while the proportion of forest land and water had the strongest interactive effect on
PM2. 5 concentration.

Key words: PM2. 5; land use; geographic detector; time series analysis method; LISA clustering diagram
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