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Relationship Between Air Purification Service and Landscape
Pattern of Urban Green Space in Cities with More Haze

—Taking Anyang Urban Area of He’nan Province as an Example
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Abstract: [ Objective] The effects of urban green space landscape pattern on air purification service were
studied to provide theoretical guidance for the structural optimization and layout of urban green space
landscape. [ Methods ] Based on the land use data of 2009 and 2019 in the urban area of Anyang City, He’nan
Province, the purification efficiency of urban green landscape for SO, , NO, and PM,, was measured, and the
relationship between landscape configuration and airpurification services was explored from a spatial perspective.
[Results] @ The landscape area of urban green space in Anyang City decreased by 3 492.18 hm, mainly for
construction land. Shannon’s diversity index, landscape shape index and contagion index changed from
0.572 7, 44.272 1 and 78.98% t0 0.875 8, 90.334 5 and 66.88%. @ The service value of air purification at the
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beginning and the end of the studied period was 565 million yuan and 2.67 billion yuan respectively. The
proportion of dust retention function value increased from 97.19% to 99.07%, and the contribution of
forestland landscape to the total value increased from 88.99% to 94.54%. @ The high, medium and low
value areas of green landscape air purification service presented a mosaic distribution state, and the low value
areas of ecological value were more in the early stage, and the medium and high value areas increased
significantly in the late stage. @ The bivariate moran index of Shannon’s diversity index, landscape shape
index, contagion index and air purification service value was 0.281, 0.458 and —0.305 in 2009, while the
corresponding value was 0.403, 0,411 and —0.408 in 2019. [ Conclusion] The increase of landscape diversity
and the complexity of landscape shape could improve the air purification service, while the decreasing spread
of green space landscape would inhibit the air purification service.

Keywords: Anyang City of He’ nan Province; urban green landscape; landscape pattern; air purification;

ecosystem service value; bivariate moran index; haze

B A R AL B P s R IR RS
BTk <t i HE R B R 2 fa AR
A ARG B M R AR AR ] AR TS G RO
() 53 A 5 s IR T I S RGP MR B 2 TR 5%
NP AR RS . W sk M /R 3T A 28 24k
BRGH ERE S HAT P N R IR IEIE A
SRR AP E MR B E M
FEIR T S Ml STOUL 5 23 AR Ak =2 T8 6 RN ek s R
Jo R R AR B R L

FE] AIMF 5 3 3 TA A 30k T 4 b ] DL 3 e b R
T Y0 HL Ak M 0 A RS Y I T A2 i it R
AT 56 F a Hb e Ak TS e ) I 5 7 5 D i Tree
RS 1S FHH A )12 o 38 43 SR BUAE FEE BR300 T Y ) 31 Uk
AR Ty 0 AR R R S R Y
(R B e S D 0 2 B 25 A AT G [ N A DG AR 5T
FR B R RS Y Wk W IO TR D vk (B
St RV R A R )Xo 3 T 4 . s A Ak B AR 1A Y
JR 55 PEAS > 1 L R m R R AR S A R R
[F] — DX ) gt b, %o AN [ 190 KA G 4 (O G A6 40 L 4
AR ) B RS (T — AR VRS TE TR
FHAT AR X 43 o A [) S b 28 70, 355 R [ b 2 (R A L AR
) A B 1 T 2 A % R RTS Ye H E E A  IX
I AT OC R A — e R OGN, R
FE] P AMIF T SCRIR Sz 3000 T 2 0 XoF X J R A5 B B3 9 Y
FIAE I CBE 32 6 v (2 H R OC T3kl i 25 =g
TR AE FH B i AT 5 A 20 B /b B [ 3855 8 40 BT A3 DK Ik
7 2 Hb S5 WUAK Jm 15 25 S Al 22 8] 1Y) 56 R A DT

T T 48 22 BT A 2+ 267 0 5 W I 3k i T g
B SHEE R ) BN 2013 AR ISR Z T 2R
[ B R R A R AR B, FLS Y R Y A 5 e L
o AR AR A IR B R AT (2019 AF [ AR S R B
AR 2 BT 28 S5 6 BUTE 168 A HE 44 3Tl
S G AT BE VRO — o e BETT Tl = oMb 45 44 Ot 7 %

B SRR AR A R T A X R IR B R A A
JEE T o SCHIAL S R A e W) A i I L =z P
PR ), A 5 T 1T e D ) SR R AN o DRIt AR SC L2
FHTI 45 X A 1] B7F 52 30k X 4 b 25 S0 Ak RUCRE I X o
(BB HEA TN PR SOUAS s S TR R I C R, B
T A 3 T 20 b 55 SO 1 45 ) A0 Ak R A R S
1 ®RS 5%
1.1 WHRE#HR

g VA S G =T s [ N R A = A I
35°41'—36°21'N il 113°38'—114°59'E, AR &EMHEMH T,
PR RET VO R RAT I 5 L P YA AR B U
TG HBHRHIE &S . R AT QAL vp DU WA 2 PR . HbAb
AT Lk 5 AR A6 T A8 S0 2ok I b L b 4G = AR A1
SEBERAR A A . %2 BH T Hb AL AU B R T L JE R 2R X
S M, ZAEE )RR 12.7~13.7 °C, Z4EF
BIREK i 560.60 mm, WFFE X HH 2 T IX, & 4
AN RE DX, 4300 SRy S XL b O X B IX L R X
BE 2019 4, X 4 4 S AT 54 360.00 hm” , Horp
W Sk AR 31 971,33 hm® L B 5 U9 58.81%
1.2 H#EFRIE

A 5T B 3 BB 4 - S AT I A
20092019 4E SO, , NOy , PM,, A [X 5 i 5 28 1k, ok
U5 TR 48 AR A8 PR B )T A A 1 () R A8 BRBE 42 1 4F
Y (http: // sthjt.henan. gov.cn/) ;s . S LB =
B 2009—2019 4E42 AT &8 1H4F 58, R I T2 B T
et Jmy s X 2 39 A Hi ) R BCHE SR DR T2 B T AR R
P8Ry 3 3 S HLE A 45 A Google 38 B8, 1 iE 15
332 A b A B WA AR AE 9026 LA b AR 4 22 B T
DX = i R FH bR B 55 2K B AR 38 T SO0 43 Sl BE
by | el b ARHE M K B H TR b L GE B 7 2L TS
JS I G Ry 3T g b S W s ARG B L AE T B OK R LR
Jetm A VPR R K B S A v R A A R L Ol TR



294 7K R E

%41

T E S %538 M (http: / data.cma.cen/) ; - 78 35
H s DA [ 4 DX b B 5 255 BOHE 4R P L A TE] )
BEA 100 m, R R T 98 5 R KB o (http: /
bdc.casnw.net/) .
1.3 WRAE
1.3.1 WMTEAF M ERSAH  NIEB 2 HT
X HA 2 AU IR 55 B9 75 5K L B 5820 B 122 B HET
1 F2 s ST Ye W i A2 AL BRI 2009—2019 4FE 19 55
4 F LA L AR (SO VBV R AR (NOx) B aT i
AR (PM) 3 DX 3Lt 174 T AR 540 5 38 5 4 26 &
I3 M 4% 55 5 3 U AR A TS L
1.3.2 3R LR F A B AL AT Il 2k 5 WL
Boiet A8 Al 3 R 1 B B R T R AE B ST B BT LR
WAL Z (8] B R R AR DL . S5 WU A% Jmy 48 202 X iF
€ XS PN T A SO ST Y 255 4 BT e 0 e BOH £
R RS WL, K 4 4 R0 S ) A A AR AR AR R
P +5 %0 (Shannon’s diversity index, SHDI) §E% Jz It
SO S BT PE A Z AR 0] DURIE SO N B8 2 . e
MR8 44 (Landscape shape index, LSI) & ('Y i 5
WL G AR B S 2R, S St LA T AR e, & 4
JE+5 %0 (Contagion index, CONTAG) I $ & 5 W 5
LIS R 1) 1 5 e A e 34, m P R R 90 ¢ Ml 55 0L
P B2 A1 30 10 SR G . B G TR 5O K P | T R
SHDI, LSI, CONTAG I L)% 2y 4 17 Hhy Sz B 4ok 7 43¢
MW ZS [B)REAE . A A Fragstats 4.2 B A4 )5 3
7 3R BRI 5 X1 2 8] S AR SR 5 5K
1.3.3  3RF LTI T A AR S WAL A7 3 3 4E
e A M EURE SO B A W 5 R A DR T 2 X 5 SR
F o B W i HEAT B OE (R D LR R
(e N B LA PS5 AR 4P BT ) v 18 LA 75 G ) A 24
T (B 2 HOAH GBI SR TS R W e A h 5 — 15
e B B MRS R 8 N REBUR O T 4237 w BUF
BE R4 B A8 3 FHBEAURD W B 175 G It H B0 22 11
Z IR R A5 e T Y M i 4.80 JT, BV AT AR
HE 2 il SFOUL T W S 25 5 > VA B9 2 B O
Hb 55 28 e Ak IR 55 00 25 DA A . G rh oK 30
8 9 8N LT 2 AR IR AE ST A A 5
M,;=A, G, e (D
KM, R0 Rak WS RIXT 5 ;2R 55 56 o
A IR A 75 e 2 i (kg /a) s A RS @ et A
M AR Chm®) 5 G, R AL TH AR 2R @ 288 4 b 5% 0L 2 7Y
WECER 2555 5 LA WU i Ckg/ (hm® = a)J5 e
il 75 Y 4 B AH (SO, , NOx» PM,, 4 {8 53 51 N
0.95, 0.95, 4),

M

4
U=>>M, + K, (2)
i=1j

1

KU Ryt 5 025 S 4 Ak A 75 R G0 IR 55 100 26 DE A
ME (TG /a) s K Mg A W B KA T5 4 ) B 5 e Y
B, B L 4.80 TG/ kg,

x1 BUEREHMSANEELTE

ﬁkﬁa\ﬁ"]ﬂ}iillﬂti kg/(hm2 . a)
T ) 5T WA AT
S ek SO, M NOx BH 7 PM,,
B 45.00 33.50 0.95
Pl Hh 88.65 380.00 10 110.00
PN 152.13 380.00 21 655.00
Bl 279.03 6.00 1.20

e« S TR AR H 0 SO L W NOx B PMyo fiE 11 R 35 5
6 T2021T 2l 9 248220 0 5 4 L5 0 BB M SO L
NOx BHLHF PMuo i 7 R A 56 25029 5 000 T BLMR B I I SO
BELHE P Mo fiE F7 R I AR 0 I 1 ARORE 26 2 850 249 (i 2250 i it NOx
A F7 . AR 4 2 2 4 (20D TR 9 24 0L 5 2L S T B 1 W i SO, I NOx
BELE Mo i 1 AR S0 2800 2270 g 26 L2 g 5 B
1.3.4  WMTEILFTNE LARES ML B FE B
HFARIG ™ ) (NPP) R 1 AT ) BF 7% A 7 58 J1 1)
SRS B R R — MR A E R 2R i B
— M2 PR R 2 5 T B0 25 AR AR IR 55 i 1 AR
B, R CASA AR AU 1 5501 ) 191 F0 oK 1 1) NPP
Jei o 3 AT bR o AL AL BEOR A58 F R BB IE R
B 28 VAR 1 25 Kb I (L EA T B IE (B D)

NPP(z,t)=APAR(x ,t) Xe(z 1) (3)
K NPPCx ) FAEY) ¢ AR TERIG « Ab 1540 9
A= Silg/(m® » )3 APAR(x,) N ¢ AT «
Ab B A A RBURE ST IMI/(m® « 5 e(xat)h ¢ A
180 b 1 SEBR G RE R R (/MDD .

Ur=U-T &P

Hf T HIBEIE RS NPP(x.0) g BF 5T IX 484 4] 2%
EFE B g/ (m® » a)); Ur B IE G 1Y 4t b 5
M2 EL S RER S SMECD .

1.3.5 = AAX oA 25 HAHSE S R 4 R %S )
FI M 56 5 Sy 2 ) 1 A 5%, 42 JR 2 1) R 56 AT DA 5%
BEANIF 5T DX B AR B 22 R] (4 R G B L 17 XUAS B 42 J 2 (]
F1 AH G 43 A7 I o] DLAE 78 BIF 5 DX 38 P9 AN [R] A 8 22 ] 1)
23 ) S I M A S D B GeoDal. 16.0.16 i
SRR T DX B P T A b s A AR R 55 (S R
& Jy 8 B 23 o] | A DG . — SR Moran’s T 48
BOR AR 2 (8] A A SRR,

ié}éw,ﬂx,-*&)(xj*;)
S’S,

I= (6)



5% 4 3

L BN < 2255 S 30T k3t 23 U R 55 5 50 LA JR O SR R 295

A T AR i B 22 4R 8 O &S ) B OT B G
u’ijﬁél‘m*ﬂﬁ; Xis X ﬁ%’]j{ﬁﬁl /l\g:i‘lﬁjiﬁ\%]
A A HTTHE — At (B A v AR AR R

20094F

0 2.5 5.0km
—

i 5= x S =yt 8= 8 S, 2

n i=1j=1

AR 2 (A AL Z A

EERH

w:1.19
1%:0.68

1 EFTNPPHEATRE=SELULBSHNEECERE=ESH

2 giR50br

21 HHEKRTEWHMEL

3 AR AR L RS AR R T A URE ) 1Y DX B
S S22 PR T S AT G HE IR B (L 2) . SO,
B 2011 1 2014 447 /N i 3G A Ah 8 R A A i 3 5
BUA R B A B AT I 2> T 140 025,85 ¢, B I
92.06% . NOx 25k Ak 52 B S8 14 5 T F L K
BB BAW L T 9 607.56 t, IR 26.11% . BT
NOx 4 X388 IR £, BT AR 1008 i AS 9 4, (H
SUE(EAE 2015 AFEAHEL .4 a BRI T 77 761.88 t,
PM,, b 2 B T FE G LT TR L F IR R
HAFGTE 2014 Fl 2015 4F X 3 = 3k B T 22 )5
[RS8 o S B R
104 473.65 t. 98§ 79.03% . SO,,NOx,PM, i 3 2
FE bR Y X R B 7E 2014 RN 2015 4F 3k B 8 2B
BB Z 0 3 2 AE b 0 HE AR 2 LR B A
ZIRBCR G , DL AR R AR 19 Tl Al T
J7AE B R A RS P ) X R R R R R R
. BT RL B R % R 3 25 S5 Y W i A5 5, BT L
RSO R BRE L PR X 25 A0 = Y B A
2 T 25 305 Y 0 0 HE I Bl R 1 A 5 XU 45 B T
XS AR 28 SR IR 55 1 T 5K o0 R — 25 T X 4 5t
W25 S AR AR 55 B I (B, B9 8k T $R00E T SR
22 WHEMENHERKETK

# 2 RAET 2009—2019 2 PHTIT X 45 5L M2 Ay
Z A B R R L. 2009 A1 2019 4F 22 BH 3k i 4%
b5 U T AR ) R 35 463.51 hm?® A1 31 971.33 hm?,
kDT 3 492.18 hm” , R 9.85 %0, Ikl & & h
WA 6 991.28 hm?®, H v 76.59% % g #d % FH .

23,41 00 e SRy A I 35 IR T A DX T K L R R Al
Wit A48 S IO T B D ) o 4 U0 AH DG . 3T kb
AT R 3 499,09 hm?, 87.09% 3k J§ T # % H Hb,
12.91 %K U6 T 38 B . ot 2% 5 00 P 350 % B 1 Bl ok
B BF b 0 5 AU RO 11 320,97 hm” W FE R 1Y &
FLLR M 25 1) O AR U B 33.71 %0, M L
KT HE b e 9] B A, 87,74 6 I HE M G Ay HL A
SORZEHL, Hoh A 53,61 056 8 Bkt . e A T LR
LYk, AT 5 660.49 hm? o FHEOR IR b 41 R /MK
ki A & NN AN B O NS Y B T =R P
Pl b, FBK S, W 35 B4 L B8] 43 00 S 91.66 96 R 91.61 % .
HABEIAR R 90%

[\
<
1

-o- S0,

>r —0—NO,

ml%ﬂ 16 A B

CRREEE'

pi3) A R A

& 12 S BT

X

R

g/ 8

H

e

R 4

Rl A--F O..

o

0 L L L 1 Il
2009 2011 2013 2015 2017 2019

F
2 ZHET2009— 2019 FEEFEFRIRBRELTHK

T A 22 B T8 B0 500 F B R RAF (R 3) L1
fH I 0.572 7 & FISR ] 0.875 8, i B % BH T 4
b SO S S5 1 A DT 4R 1R 3 DX o AR AR 3 AACAS IR )
YRR b 11 550 EL B8], AT AR 5 A B — U 28 A 1Y



296 7K R E

%41

90.334 5, Ud W22 BT PN A9 BEBE AR 8 T 42 204 i 02
H1 T = M 9 22 R P 22 R 2 A TR AR i K
AL B i e A L b L DL B 0 B R T e

R BRI 66.88 00, 3 Ik 1 T 76 22 BF S e A3 i i
TSR S B MR AR L R R A Sk L R B
YR 2 B i) 2 S AR R O T Ak M AR — E R b

BRI ki 26 0 10 8 4 3 FE R WD 78,98 6 R I ot S O A
K2 ZMATHE 2009—2019 FEW LB IERK hm?
R . 2019 : : :
b b M H L} AR K5k E
B st 19 222.32 500.78 3 816.49 233.92 4 662.22 635.98 1471.57
[ 59.19 60.82 46.55 2.50 58.60 15.94 11.26
ko 342.99 13.63 518.32 13.49 241.72 59.85 56.53
§ O 624.95 13.33 314.41 162.86 143.96 31.30 37.78
- R by 1725.31 100.77 927.57 76.60 12 831.87 217.28 1 435.65
7K 5% 560.32 24.93 347.58 20.84 248.20 828.92 59.45
W 196.98 14.68 207.88 5.48 597.50 26.54 532.37

R 3 ZMAHK 2009 712019 EFHHEMEFHIEHT L

SE By TR L HEE SOMIE AR i FE AL
o ¥ (SHDD  45%(LSD  (CONTAG)/%

2009 0.572 7 44.272 1 78.980 6

2019 0.875 8 90.334 5 66.879 3

23 HHRZHWENTSEURSNHNERET

B 38 T 4 b, S5 UL AR 2 I ) R 25 Rk IR 55
{43 9K 5.65 42 TCH 26.70 42T » #4123 7] 4%
R ) 2 A B XA 7R B A 1.81 %61 4.13% . HhInl
K F 2 B3 T 2 M 570 2 A< Ak i 55 32 25 A B0 7 B
T PMy, by HOW A 25 R 45 B A0 (B A BTl R MK 2009 4F
) 97.19 %4 FHE] T 2019 4F 1% 99.07 % . i W YR SO,
I NOx 1928745 2 558 iR 55 0 (B R S A0 1B 1Y) o3 R 46
LN FEIRAS  TCIR SR AE BT AR 3R B 2 R
PRI 3%, At mT UL, 3 Tl 4 5 0 A Sde Ak i
BEYRE R A R A R e f A E A . S
2 Hl 57 L X 25 Ak IR 55 1) A 1 0T R 2 S A K pk b

SOULE B A 5Tk B R, DA 88,99 %6 #& TS 94,
54%0  Hk O [l b R L B /D R EOH, BF 5 00 0 AN
AL H T X 45 G b s 00 1T AR B A AR AR (H IR 55 A E
P RAS F B N Fa E . 2019 4E Bk T 4% b 1w ALER 2009
ARV /3 492,18 hm? , U IR 9.85 %6 . IRk 55 S A 20 16 K
T 3,73 A . T AE Ak Rl v AR A K e e
L WA M 25 4 ) A T . PR b SO0 SR A6 TR R S
AL B K. o 41,82 J5 G/ hm? , 17 bl H B | B
M PR K 19.62,0.04,0.13 J776/hm*, M 25 =,
Ak IR 55 4 1 8 K 20. 22 4258, o5 B 48 a0 i
96.03 % . ¢ FHTIT DXB 3 AR b R 2 o IR KL TR
ARPEAE AL T e R, B0 9 56 %% %o T R A JUAE 40 1y BEL %
AR 0 3 R el s o e AR LB AR R
TG Y W A A . 55 A LIOPR i Sk 35 itk A bR
R RGAE S %R Y 2R 1E R A
S ECH b A i RN T A X e AR S
RGN R EABAEH (& O,

x4 ZHETHRMENESELRSNEZ 10" JG/a
AR s SO, W NOx FELY PM, SAE
G5 2009 4 2019 4F 2009 4F 2019 4F 2009 4 2019 4F 2009 4F 2019 4F
Ho o 617.15 466.70 459.43 347.43 57.28 41.48 1 133.86 855.62
FE b 9.73 28.13 41.73 120.57 1 867.64 13 506.88 4919.10 13 655.59
L) 83.42 418.78 208.39 1 046.09 50 001.33 251 003.55 50 293.14 252 168.42
B 165.09 67.68 3.55 1.46 2.99 1.17 171.63 70.30
&3t 875.40 981.29 713.10 1515.55 54 929.24 264 553.09 56 517.74 267 049.93

24 WHRMEUTSEURSHETEEZN

I FH B AR W7 0 X I T 2t el 500 2 R A IR 55
I E SR 55 HEAT 3 9, 70 A BE ST op A (B0 A 2
PR 2 AC D, V4 R T 22 DX B s SO IR 55 0 (L ER 2%

JE A4 X AL, SR A IR 55 L P IR E X
B HR > ARSI RA B A 0 F LR HF 50K
S B 2 A I 55 2 () 22 S ) A B T 2
B A [ A5 2 D) RE X AY B B 4 B 0 2 (3D,



5 43

L BN < 2255 S 30T k3t 23 U R 55 5 50 LA JR O SR R

297

2009 4522 BH T £ Hb 5 WL 25 A0 iR 55 A1 (R IXC
SR R s o I s DX o T AR S T B
LA Shy i Jot e 3t 5 O HC B 5 190 1 00 1 7 25 AT IR R L
iR RE R BB L BE I A ™ . A%
R 22 A IR 55 v X 32 B SR AR AR 22 B L il
AR R 7K AG ] v AR v BEAR N = 7 X Bk, 22 BH T
e P DX B T 2 AL G 12 T T 114 #F M 4R 5%
R A 25 i A LB 3t o BE il i A S R 4
PR ELAR E M o B TR R A W 1 38 A7 B 4P b
R EE PR 2 B R i R X R B g
HEDXCBREEAC TS 5 it ik R XA A O T AR B —
BRGSO LAY Z B I, 32T T s Ak
1R 55 28CHE . T R 7K G R o 2k B Hh BRI ey T E K VS
i S5 U DX T s e N T ) AR 3 b
0 bl AR AR 2 R 0 3 B i s AR T R . (E DX
T LR 0 A A P R T R X A TR R R R B2
NI 32 NSl b B ARIR 2 TR R HCRL AR
& R IR U AR TS B BT A L R
WOREF

TSRS R
CORAEX
B R EIX
A X

mwi%ﬁﬁﬁv

2019 ARz AL IR 55 (8 2 3 B2 T b O IX
L B2 e P S . AR LR T (L DX ki
PE DA I3 A1 LU R A i 23 3 b b e o ]
o X5 IR T D RE XA 30 RE 5C AR U 22 R DL L M
DX AR I T4 88 3275 16 o A D 20 X R £ A 2508 R 45
T IIRE L ACHE BT A SR LR B S BT B A AR IR
DX T BBl AR 3 R S AR AU R S0 K AR
YRR T T 2 S AR IR 55 (8 5 788 208 g sk L
T 2 1 37 39 v B DX A BB 55 A AL T 5
B ORS00 48 e {EL DX 20 A B AT WS I R B L B
T R R R R A g K LA T R R 3 AR R
WM 5 0 WY 50 o 52 MR A9F % B o T A R AR
e N T A DX R P 9 e T ORI T
BB, D9 TR R KR DR B R OK K R 2 4 AE
JK AT v e T SR PN AR T By 4P bR AR i R T U
LATREN . BN LX) R XN S 2 i
Ak T RAT LA DA ARG L B DX DA R B TG S AR Al
FEARH L 10 a [H]3 ok A T3 bR 117 AR R T AR
SEAEIE . S R T A A IR S I E R B T

SRR SR
CORE X
I A X

R "
lizceds Sois e

s M‘f&'ﬂ e

P e

20194E 38 R 0 25 5.0km

B3 ZABHTEMESEURENERERERTERESH

25 EREHEUBRSSESABBHXRE
Shy P AT ¢ b 5% LA B ) 2HL i R A 0 25 A< Al IR

55 (L Y52 080 o SR G 300 ) 50 L i 280 23501 5 0 7 ) 5

SEALIR S M AE 723 (8] A AHSE 0T . 45 3R 7R 2009
4 SHDI, LSI,CONTAG 54 & & 4k 55 5 (ESV)
P4 A R 55 22 FR R ol 0.281,0.458 Fil—0.305, T



298 7K R E

%41

2019 AFAH R XS 5 52 2= 45 %043 51 R 0.403,0.411 Al
—0.408, EAFEEYI R T 90% (& 5), i B SHDI, LSI
5 ESV U2 2B E 1 1E 7125 8] [ A1 2%, 1 CONT-
AG M 5 ESV #f 2 5 B 3% i G 25 1) [ A 6.
OFRZ M52 E RS M E A 2 IEM X,
Ul B WL 22 R PR I B A R T s K RE D 1 B
AR B TR — 2 i O X S AR v Al K RS G B
WA Z2 M HE S A A 0 i S M St L. 2009 4R
bS5 U ) S5 0 28 R B B 86,10 %0, 2019 4FE R R R
711106 b 5 0 iy 0 910 3,51 26 35 K S K 1
19.32 %6 38 iR R ab 4.5 A% . 22 BH T 40 T 4 bl S0 1) 5%
W 22 A 1 0 g, AR e 2R AT T AR R W,
B RANEY S T 3 KIRAR AR, 502 HEPER
Bmfe A Z e S A S R G RE A
SR FE . QWL R E S = L IR 55
(B R 28 Ry T AH G, Bl 27 550U IR 4 00 £ v 23 AR
TR AR 55 A (B4 T o T U TR R R0 1) 2 b S5 OB A T 2 fR
RS 31BN E (Y] s = N - = I T E e = S
b TR B 4R T TR X SR 2 35 5% (B T8
R I b TR A1 T 1 A L RS R R b BT 2
TR SO0 L, DLV RS EB e 2 X ), AR Hb BE
B iy B K M IR T B A R . B 2 2 B
77 2 Y D R A 25 SCRA R et BH TR T I £
NG T Ml 8 LR b O & R 2R B 1 kL 5 Ab
FE Tl 2238 1l S FEL 3G TV 22 G il ok S A B
Jit A58 JE AT A R e T R %) S R M s TR IR R AR
TR SO A KA IR 55 . O & HE FE AR B s R
bR 55 A 1Bt 28 S B70RH OG5 AT DL — Bl st W 6T o — b 5t
R 118 455 90E XoF 1 5% 0L 3% A 25 S g Ak 10 B8 0 &5 7 A il
YERT . ZERTTAE 25 3R G b A W) b 2 S5 WL AH B A8 4 38
i 5 SO B AH B & A R P T ) BAR RAE A Ik & 4
TR FH Ml 0 e 422 o5 T L 3 SR A g b U T 4
2o b, 55 0L 1Y) 5 A AR AR T U Ml SR A 0
2 M S50 UL A RIASE L AN T 2 Sk IR 55 Th e 10 R 4

£5 ENAURENESRNEBNNTREZIEHTW

i ESV 5 SHDI ESV 5 LSI ESV 5 CONTAG
7 Moran’s I Z 184y Moran’s I Z 8% Moran’s [ Z &4y
2009 0.281 1.821 4 0.458 2.920 5 —0.305 1.950 4
2019 0.403 2.440 7 0.411 2.726 8 —0.408 2.458 1
» \A
3 e

A FEHE T 2 BE A M 0 T 5 2 BH kT 2 M 25 R
AR 5 018 AR 4 2018 4R 52t B9 ¢ rp A N R 3L [
PBE ORI BLIE ) AT R A N B BURF ¢ T 4898 1 IR

B OB B 3 44 38 B &5 RN N Bl V5 Y ) 10 H BT R
WX 25 A ALY BT 8 A, 1 R T NPP X P Af 45
RFATIEIE . AR5 7R 1 22 BH 3k Tl ¢ b 55 W 28 < o
A0 B (B3¢ e e A 1 B 3 e e PR 2 A Ml DX AR
SAEM 4.13% . FIH GIS 55 8] 43 #7 D) g 2 80 T 4%
b WA S Al T AR XY B e A T R
S RNl 5118 R = = [ o = S A9 1
MG TE A AR FE 2 B b, R OBUAS o 55 2% 45 B
BT SIS Jay X 23 S A IR 55 10 52 0 L 23 ) | A OG 43
B2 58T 2 (] 1 4% DR 22 a0 A AH B A R M o8 45 1 B
BhA e

SOULAS JR 6 H0nT LLE Ak L TR AE 52U Y B
H R T b BV 22 S, 45 6 19 S5 W48 250RT RE s e A )
1) 25 [E) A JR) REAE » O A2 25 R G0 IR 55 1) 52 Wl A7 7 0 3
25 E B LA, WA B AT 54 1 S
W5 A 5 3F 50 48 B IR AE 60~ 700 . Hi A B
R B R 5 B M M RN 3 1 3 IR R R I B £, i
J 75 D) R AIE B Ml bR M A5 5508 3Z 1 T K 9 4 A 5 iR i
HRB AR T . FEADEFE H, BT R T AR 2 R ik
AR e e P PR M S OU T RS B 2 T L A A R Wk
T SR A SO 1 S S0 I, S At b SIS B B 1 T IR 1
1. fd 45 SHDI, LSI #3 & %F ESV 2 Bl M 1E [ 52 0,
1T 3¢ iS5 W0 4 77 5K L 8 9 ) R B AN % A FH b S L
FH M CONTAG Xt ESV R K & m w2
S5 b SR R AR N S B D, R S b UL L X A
SRR B R ] DT 8 5 A AR T UL A A

R AT 2 % 42 BA T 8 b 50 00 A% Jmy 28 b K 28 X
H AR 55 (6 B AT T 2252, TGI8 7E A5 U0 i I
WS SO JR 22 B BURN AT R ) R HE T AR,
PLIBURE by 35 04 308 DX 4 5 L R 780 56 A 152 7 8 4 R 85 D)
S8 5 T B T S b 5OU R e ) A P RN E PR %
B o B0 500 00 T AR T 2 2% | Ml 1 45 E FE AN BT T
R o I B Ab AR AR 5 PR L AR PR I TIT A IR it 3
TR 5 g b S O B AR TR AT A R R —
SEA P T SO SR A . T EURAT N
PR35 W) AN T AR 2 A A AR A A 1) A b T el b S
R T FEUAS BT 86 o 3 0 <22 B T DX R S5 R 45 < Ak g
JIRIFETY . FE AR L T R R R g K I R
SR Y B Rl 152 it B L TR 30 ST R Sk Ak RN AR S R Y
B U R T 28 S A IR 55 8 {E DX 0 B 7 LR 30 1Y
G, I3 Ah s bk 20 Bl L3R SRR 3 DX PR IR AR X 46 T
HE AT ARAES RGN TR R WS <ig ik
MR 55 A7 FE AR . UM BB H o b1 i o B AR B A
AR BE | R TR S 58 L RS e B R TR R S
it 5 58 S R Z 5% W 2 2 BH T G s UL AR B A A



5 43

L BN < 2255 S 30T k3t 23 U R 55 5 50 LA JR O SR R 299

PS5 M6 . DAL S BORFAT i 30T 2B 25 2R 0 el A2 )
F T R R AR ST A R S v O BOR R i
Bl 5] 2 522 W) 3 T S5 WL J R G AR 2SR 55 T RE

4 5w

(1) M 2009 4F ] 2019 4F, % [FH 3k 17 2% Hh 5 00
T AR UE > 3 492,18 hm”™ , 17 2 Hiu 57 W PN 38 A Hb 5% A T
Bl Z, 05 660.49 hm®, I il B Hb %% 28 S Aib 11
AR 3 816.49 hm” . HEWLAY 5 53 M A 22 B vk 38
BEYIE AR ¥ T 2 4%, i & HE B R R

(2) 2 P TT 2 1 55000 28 S A0 AR 55 (B i 5.65
f¢TCEETHH] 26.70 12,50 H I fig £ Z AR A A I,
A b, 55 00X 25 A A IR 55 1 TR B K. WIF O 0 N 4
bW TR D A0 28 S I 55 I (A K T 3.73
5, Ut B SRS AS S 52 e 28 b i E R R

(3) & 5o 2 S AL Il 55 5 rp AR X 2 3
B o3 A RS W 98 I B ) AR AL DX o 40 O 98 40 T
BRI X mAA TR EHK, Hhpe
AL DX 77 AR S5 WA B I 1 ] 300 O R A B 4 L R T
Jii) 30 7 8 B ST AR S AR T R AR A AR GE

(4) SO 22 FE A 18 388 i A K 55 0 TR R 1) S R0 )
A B T T KA IR 55 - HAR SR B R ok 4 23 R
b AR 55 5 5 1) 3 Tl 5 L L 461 48 O 3R T A S
TEAR o AR A2 05 YL IR A 152 1T Ml 5 UL &5 S B i
T & SO, AN R 23 S I S DI RE Y KA

[ & % x # ]

(1] 470, = merk, 5 5. B W] T 4 il 5 B A0 X 3 22 [
il (9 52 WA [ ] P R AL R 2 4 CH SRR 2 D 5 2018, 38
(6):151-158.

(2] BES.oRE M. PhK G, S5, LI A0 Aol 131 T e 48 R R
R R OF oY LT ). m MOl R 2 2 3 CA AR D
2016,40(3) :81-86.

(3] 0, TR AT, 55 . b 30 T 4 b B2 2 9 TR 80 B
Hm R R[] A A% ,2020,40(19) :6749-6760.

C4]  E 35, P8 s, o Bk A, A5, 30T Bl Ak gt T s K X
PM_(2.5) % J& ffF 5 3ff Jge [J 1. 1 5 Ak ll F 5, 2021, 34
(3):46-51.

[5] Shirkou J. Afshin A S, Mazaher M, et al. Applying
landscape metrics and structural equation modeling to
predict the effect of urban green space on air pollution
and respiratory mortality in Tehran [C]// Environmental
Monitoring and Assessment: An International Journal
Devoted to Progress in the Use of Monitoring Data in
Assessing Environmental Risks to Man and the Environ-
ment, 2020,192(7) :412.

[6] Maryam M, Vahid H. An investigation into the effects

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

of green space on air quality of an urban area using CFD
modeling [J]. Urban Climate, 2020,34:100686.

Jenny K, Malin B, Bo Strandberg, et al. Influence of
urban vegetation on air pollution and noise exposure: A
case study in Gothenburg, Sweden []J]. Science of the
Iotal Environment, 2017,599/600:1728-1739.
Wissal S, Christiane W, Emmanuel R, et al. Air pollu-
tion removal by trees in public green spaces in Stras-
bourg City, France [J]. Urban Forestry & Urban
Greening, 2016,17:192-201.
Sebastiani A, Buonocore E, Franzese P P, et al. Model-
ing air quality regulation by green infrastructure in a
Mediterranean coastal urban area: The removal of PM;,
in the Metropolitan City of Naples(Italy) [J]. Ecological
Modelling, 2021,440:109383.

Vahid A P, Esmail S, Ahmad R Y, et al. Analyzing
temporal changes in urban forest structure and the
effect on air quality improvement [ J]. Sustainable
Cities and Society, 2019,48:101548.

T IR L A T R 28 B X KRR PML(2.5)
WRRE 0 5w [T, B s bRk R 2 2 4 CH AR B D
2020,44(3):179-184.

FERAD TR 5, X ARG T S X SR (Y
il i L) LR B2 5 R L 2020,43(4) 1121129,
BN 6 AR R B ST S R A A I 55 ) g
MBS A 20 7 [T 174 A ol K 2% 2% 4, 2014, 36 (1)
230-237.

7R S5 Sl A QA NN TS
PN [T ] 5 PR AR 2 4, 2017, 23(2) : 333-342.
TR S, 2 A L AR T St 2 AR R GRS M (A A
R IREVE M- Lhrg mt i R[] A S R, 2019, 38
(4):142-149.

INBGEFE L 2200 g, X EE L 55 AN 7] 2 b 45 A4 3 U R A<URE
IR [ ] FREE AL % . 2017,36(2) :289-295.

ET 0L R A NSO 1990—2018 4F 1 A
A RS R G M g5 B LT K DR 244l 2020, 34
(5):244-250.

B A8 T, B SOA 85T 30 40 U HEEE b X I8 M
SO ARG S LK R [T ] R A8 24, 2018, 38 (12)
4492-4503.

MRS 2 I A, S B TR Sl 0 Ak e X
SEOULAK Je B 2% 3 AR WF ()], [ B 8 AL 2019, 31
(4):60-68.

I AR 7RO IMIRAE SR T AL B L R ST 5
PEAN LAY 2277 S B [T 0. o [ A 2 ol 2 4k, 2004, 12
(2):185-187.

Lh M, PIVIR AR, A 25300 . VG 2 T A A ) T 1Y
W e e BP0 [T T B XI5 385, 2002, 16
(4) :83-86.

(T 4% 309 T



5 43 AR TR 2 020032018 AF ) VU 3 T B5 348 2 5 & b M) P A i 5% 3% A9 I 25 AR AR 309

[7] Abdullahi S, Pradhan B, Jebur M N. GIS-based sustain-
able city compactness assessment using integration of
MCDM, Bayes theorem and RADAR technology [J].
Geocarto International, 2015,30(4) :365-387.

[8] Posada H M. Informal housing, spatial structure, and
city compactness [ J]. Journal of Regional Science,
2018,58(4) :822-836.

[9] Abdullahi S, Pradhan B, Mojaddadi H. City compact-
ness: Assessing the influence of the growth of residen-
tial land use [J]. Journal of Urban Technology, 2018,25
(1) :21-46.

[10] Salvati A, Coch H, Morganti M. Effects of urban com-
pactness on the building energy performance in Medi-
terranean climate [ ]J]. Energy Procedia, 2017, 122:
499-504.

[11] Echenique M H, Hargreaves A J, Mitchell G, et al.
Growing cities sustainably: Does urban form really
matter? [J]. Journal of the American Planning Associ-
ation, 2012,78(2):121-137.

[12] W TEIR . 4 SOR LR 20 4 7P R A 2 b LB 3y 25 B 25
BARLT ] AR BE IR, 2013,28(3) 1 470-480.

[13]  JHSE.ARH . WHR Z.2000—2010 4 A [H 3 17 25 (1] B 45 &
B AR T [T ] 2R, 2016, 35(3) 1 134-139.

[14] Zhao Fangqi, Tang Lina, Qiu Quanyi, et al. The compact-
ness of spatial structure in Chinese cities;: Measurement,
clustering patterns and influencing factors [ J]. Ecosystem
Health and Sustainability, 2020.6(1) :743-763.

(150 #Eoicou, T, KT i 0 TIT 05 5 5 IR T AR ¢

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

RWMETASAFEL) ] P E A D « BIR 5% 85, 2015, 25
(3):64-73.

P B+ 2% 4 R R I T 50 2 5 BB RSO 11 56 R 5T
[J]. AR IR ¥4 ,2018,33(10) : 1781-1795.

N AR PR SRR T A R S 25 Bk 52
W 45 R g ()] B R 24, 2019,39(1) :41-51.

X AE L 0 2 0. v A S T R U S A Ak KT 6
ZLI) AR EZR.2020.35(3) :586-600.

o T B B L AR W B TR P R R Y R R R O
S A ) 22 S AT DAWR T A B LT ). v B 4 ) 2
2015,29(11) :83-88.

SRSCUR L AN 95 A8 kT A b ) PR AL S5 I s AR K TR
A WF5E [T ] E 4 B 2% ,2019,33(4) 1 103-112.
XUy o T2 S, 2B BE 45 5L F W) s A5 28 A 96 R 28 kT
A Hb A g S A PN B ST LT ] K R AR FERF 5T, 2015,
22(4):122-126.

BT X TR 0 25, A8 RN TIT 4 MR FH Ak 2 e 5
M HAS ARG WG R R L) Rl %,
2008,28(5) :636-641.

AR ZE B AR AR = AR ST BRI 2 3
25 SRR R AE B R Ak g F o LD ). b B £ b AL 2
2019,33(8) :63-70.

B LA, RV 1 R B 1 9 1) A 5 XK+ b
I AR 26 5 T A6 K 788 A R F 58 [0 1K £ 4 455
#%.2019,39(3) :256-262.

B TR, TR HT S5 I TR 01 & R A kit b sk
5 4 W R AR R A BRI LA BT R T X A B[] ].
A SCHL PR, 2020,35(4) :91-98.

(E#% 299 )

[22] HaEBFBRE, X AHBRRHERREMR ST
BB B PP A BF 55 (1. A 48 98 IR 2% 42, 2005, 20 (4) .
564-571.

(23] ik&F R IRRZE, RN, 5.5 iR i g A S R 5 n
It b R S5 B0 ] AE 554, 2011, 31(9) - 2576-2584.

[24] rhoe N RILAE E R AR 5. b E LY 25 E
1B (M. b st . b [ BB R 2% At , 1998,

[25] MAEE.ZuE. G50 FRZ228HAKESRER
SUIREITF MR L) ] TR KB 5 7 55,2012,26(2) .
31-36.

[26] g, FAMMEE, R 6, 5 INT A S RGNS DM 5
PEAR IR : LI A [T ], AL 50 R 2= 2 4l CH SRR %
Jif) 5 2005,41(4) :594-604,

(270 MBI 24k 5. 35 PR 7 30 Rt A 25 R S0 IR 55 M (17
fE0)] R E R, 2005(1) :13-17, 22,

(28] wfinte, J&] m 2 PH 20 i G b SRR IR 25 B A S R IR 55
DU J s (B4 Jmy [T ] M 3B 5, 2015, 34(7) 1 1247-1258.

[29]

[30]

[31]

[32]

[33]

[34]

R R R SRR K e ] I AR A ) SR P )
A B L)Y AW ,2007,31(3) :413-424.
TokHE, T2 W3 T B R RV — P VL& A )
B A AR A3 A 35 R G R 55 M 18 52 ma F g T .
A 25234 ,2020,40(21) . 7826-7839.

FBE L FE— W, By MR, 45 HE T a8 ) T R A b
TR R A 0 St o ol 2 0 1 K B B T L0 . b I 4 Rl
%,2019,33(6) :53-61.

ZEPRH KL BK R TS L R R IT& 5
ST R AR A RO BT O 5 L ). b B Rk R 2 2 R
2017,22(1):161-171.

PR L ok I BRI E. A fE AR B R 4 R IR T
i SR S LR A R e [ . ob B Al oK 2 2R 4L 2020,
25(11) :199-208.

Mo S 8 BT LR « RITAR AL FE L « B30 oK, 45 T 5
KGR BEE260F T A SRS M ETF I Umi 6 B
S LI ok £ ,2019,41(4) :1005-1014.



