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Abstract

In order to explore the land use change and landscape ecological risk change under multiple sce-
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narios in Chengdu, based on the land use data of Chengdu in 2010 and 2020, the MOP-PLUS model
and Fragstats were used to simulate and predict the change of land use change on landscape
eco-logical risk under multiple scenarios, combined with GeoDa analysis of spatial autocorrelation
of urban landscape ecological risk in Chengdu. The results show: 1) In natural scenarios, the con-
struction land in Chengdu will expand rapidly and occupy cultivated land resources; in low-carbon
scenarios, the expansion of construction land is controlled. 2) In 2020, the landscape eco-logical
risks in Chengdu are mainly low and medium risks. High-risk areas are mainly distributed in the
southwestern region of Chengdu. Under the low-carbon scene in 2030, a large number of high-risk
areas decreased. 3) From 2020 to 2030, the distribution of landscape ecological risk space in
Chengdu is positively correlated and has a significant agglomeration effect. In the low-carbon
scene in 2030, the space agglomeration effect weakened.
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1. 51§

s 7 F 78 9 A8 4k, (Land Use/Cover Change, LUCC) & A\ K& 0 A1 4R R G RIVER SRR, Rk
T XA SHEIZ AR R SRR E N R[] SR REN LUCC ALK BRI, s
AR E RS RGIRS (2] B, BT 245 5ot ft LR AR, X T IX A S e Ak
JR AR LA L X [2].

HAT, BN T R AR R SR T2 R . S TR T, EE W KAE[3]
W41 YRTTEES]. WIS, WA RENEITRIE. ABMETIXIH, MHEAKEELIX . T i
FIFHAR R, EARAE SD [3]. CA-Markov [7]. CLUE-S [8]. FLUS [5]. GeoSOS [9]%, T
FH], PLUS MEAULL DL EAEAYRE B o m, A BB A A5 A L BT 25 i, IS HIE R &, N
- MR FH A 7T ) IR AL [10]. B U A EASE R R A S R GRS M EIEAE[5]. LUCC i 2484k
F IR F150 4T [6] RIS R T [7] R AR A A [11] S0A AR S BT [12] %%

BT T AL IR R X, R AR A VLRI AR S M B R B . A ORI
MOP-PLUS #5584, 5| N POI #¥i 5 /E NIKAN A ¥, HeT B 2010~2020 4F LR 4cdls, B & HAR.
fiCBR i 5, TIOIASAEL 2030 4 sl i Lt R FHAZ A L4 A 2020~2030 4 P Fi i 5 T ol A 28 XU
RIS AR Ak, g BSGHT TI ) FH IR R A 254 R A i AR S B AT

2. WX

JAR 117(102°54'~104°53'E, 30°05'~31°26'N) i T- DY )1 Z v P 5 . 598 S AR 2%, ARAL SHEFHTH . AR5
IR TIMEAS, FETH S E LA, VAR ST P SRTHURE IS F A N R 20 MXE, 4
W LA 14,335 km?, 2021 ERFAE AL N 2119.2 AN . i ERHE, dvglm Kb,
PO LA AL, REON PR FREHLIX, JERE KM EE 2, ke 1R 359~5364 m 2 [i].
A B TG ZE KSR, PR 16°C, ¥R /KE 1000 mm Aot o X3 A KV SCRIRTLE 2
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TR, TR A, KA BIRE T o AR T A i SR et el 2, 2 P B XA JR 7K1 e v
B BRI -

3. BEKESHZ*
3.1 KR

AV A F EEASE LR B . B R R A AR, POl KEESSE(R 1), Hht
iR FH B8 SRR T [ R 2 o s BB 7 5 BRI 7T T (https://www.resde.cn/), 30*30 ¥& %, 73 Rbr#ES
SN EE PR o L 1 2 7 N A e b L VT i B/ 15 AN 7 < N I AN = 5 A S 1 VAR A
XK. W TEEEFAXBUR Bl nl 3%, EIERE . . Hm . EPRIR. ERKE. AD,
GDP. FIAKFEES. FIKRIEESSE 15 NMAT. HApERKM . QTR ZRIET o E R b B R
55 BRI 7 (https:/Awww.resde.cn/):  A8IE7K R EHEKIE T OSM Hdli £ POI K E i KU T v i b =l A1
B GDP i K IE T AR T g it % .

Table 1. Data sources

F 1 BIEKIR

Hpl KA LG/ TR S /D S
— 2010, 2020 FFp T LR S T E R B R S BRI ST (https://www.resdc.cn/)
S 2N i CREBH G445
DEM
W
1A ‘
H AR AT . o [ R 2 e o B2 5 BT 5L P (https://www. resdc.cn/)
PR
EREKE
g
Fan s 2ty PN }\(;D:’%F o [ 2 e 1 P R 2 5 BEURATT T T (https://Awwwe.resdc.cn/)
i %
FIKREE
I R B2 B A 2 open street map
Pk PR IE B
B S
AFEATE
POI %i# P, A L R
/NI R4
Ve
3.2. ARA*E
3.21. ZERE

ZIKIﬁ Viﬁaw ,ﬁﬂﬁﬁ%rﬁﬁﬁ%ﬁﬁimﬁﬁwﬁ 2030 F A KRS, BRI
Hh e HRE R 2SR T R T 2010~2020 AEHE, ARYE D SeAR kA, M 2030 GRS TH
ET&‘%@&I‘%I%?%FE’J%*%%WXTﬁ/ﬂ iZ H PLUS %4 Markov Chain 3k iz 15 5 T &K H
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MR

T3 s ARBR TS 5t 121 S LA B kR ik Ak, R A R HE R A M 2 B AR BRI L (MOP),
TR T R O S M AL Y AR 2 —[13], T AR E R R, g Hirm . ST 4w
AT =%, JFH LINGO18 >R il iZfE 5t F & R AT R E .
3.2.2. MOP 58!

1. AR

ARSCH R RRRI R 6 25, BHbA Xo, WA X, BHEH X, KIRA X, BN Xs,
FFIFHHA Xeo

2. HirekL

U R, AR

Max Fl(x)ziEiX.

L, F(X) AREUH G EASKAMNATFEGERE: X A AR, R ML, 2
6
Min F, (x) = C,X,
i=1
A, Ry (X) ARBRHES R C SR BRHS RS X, A& M. BArsRE0y:
Max{Fl(x),Fz(x)}
3. LIREKIECE 2)

Table 2. MOP model constraints (Unit: km?)
% 2. MOP #RBVARE (B AL: km?)

LR B
Xt Xyt Xyt Xy + X + X, =14335 P T - MO FE R TR A 14,335 km?

X, <7916.18 e AR, ARBHBIIR 20T 2020 4R
X,23727.29 HRAE A 1T 2020~2035 47 [H -2 (M, ARARE A 200 26%
Xy 2596.39 St i, ORI R, & T 2020 KT
X, <286.71 G DAL, KRN, R R B 2%
X5 <2343.32 CiE A AR, BRI KASE TS 2020 4R 2%

26.15< X, <2641 Ghe I AR, RFI M AL T 2020 4EKF

THORI ARG IRNR, SEMKROTTL, P, MR, B, AORZ TR DRk, ok, Holk.
WO B TR, @A PG LA . = E TR, RA A TR Ei o 0. ARYE A T 4t
THE SR AR 45 28 F M Hh 3 22 5 s (J3 76hm?), s 793

F(x)=6.89x, +2.16x, +5.83x, +13.18x, +1297.57x,
LRI BRHE S S, SHREE, B, MR, S, K AR B R R B (kgl(mP*a)

%125 0.4595, —0.6125. —0.0205. —0.0253. —0.0005, 7% HHuHEK 2 EHRYE 2010~2020 4 (K] 2 15 FH Hh
AR BIL A 15 3], 2030 4F 2 v F i HE R %0 10.3036.
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F, (X) = 0.4595, —0.6125x, —0.0205x, —0.0253x, +10.3036X; —0.0005,

3.2.3. PLUS 158

PLUS #5452 HPSCIL@CUG k5% 28 GG TF R K — Fh BB AR il LR AR BB A [14], £
T EET AT 5K A A SR (LEAS) I RE U 32 38 HESEAIRE T 2 KR BEN LM T (CARS) ) CA #5584, 1ZBIARI AT LA
Z A T AN SO AR SRS R 2R, FRAT B e AU

LEAS @i 2 5 A (1 L R F %5 28 U 7k 40, T ke IXSdb A7 SRR, SR BEALAR AR SRR
A2 I M 1) A F M2 DA B 45 DR BN TR R 6 25 S I by 5K 1) Dk CARS 45 & Bl AL 1A= s AR s {1328 D AL
fil, FERIEHHR SRR AT, X ARSfe - ) FH AT AR TR

T ek AT 2010, 2020 A HA%CHE DL KB Rl T AT AL, 45— 30 m*30 m A EEFIAT A4,
JEN PLUS AT b U 4 J5 SR 0 ok F M . R sk At OB BRI F78ON LEAS B, A e &2 i th
R AR ZR DL e 8% DR 5 DR 1% 45 S5 I b 5K (1 Dk B o fiJim B0 1 AR Bt AR S - S 5 SR B0,
VB B RO AT 3B S5 R CARS ASEHRIEAT 23 [ ASEALL , 73 1 A 7 2030 4F A FHAEAS R 1 35 T i)
2 (B A3 A O o

FEXTRERf R B R HOR P A TR0, 2 T, 75 S R R e RS R B AN AT A AT R (R 3. &
4). THOFIFEREAERE, 0 RORAT LI, 1 RORTTDEH ., HREST, — @ EHAA S I
f At ARERIESCN, WE ML, B, KA. IS A E R R &R
TRERE, ASCHRHE 2010~2020 &2 FH MY SR AR & S sk AR i LU B R e, YEEIFE 0~1 2 0F), AE
K, Ui BB R R .

Table 3. Land use conversion cost matrix

3. LRI AN RS

20202030 H AR 1 5 a5
T1 T2 T3 T4 TS T6 T1 T2 T3 T4 T5 T6
T1 1 1 1 1 1 1 1 1 1 1 1 0
T2 1 1 1 1 1 1 0 1 1 1 0 0
T3 1 1 1 1 1 1 0 1 1 1 0 0
T4 1 1 1 1 1 1 0 1 1 1 0 0
T5 0 0 0 0 1 0 1 1 1 1 1 0
T6 1 1 1 1 1 1 1 1 1 1 1 1
Table 4. Land use type neighborhood weight
2 4. THFIF BRI E
Hiit Pt i K5k T HY AR H b
At = 0.014 0.005 0.003 0.055 0.923 0.00005

3.2.4. EMESRERIFMIER

1. GIS ¥ M5 #r

AR SR S WORRIE 7 X AT 5 AR RS KU PPN, 2% A WE5E[8] [15] [16] [17] [1813H, H&I K/
R RPN 2~5 £ Bk, #FFEIX K54 5 km-5 km IR, 1531 655 AR KB /NX, F
FH Fragstats4.2 BEFS B0 & 1195, & R/ A 600 m, 5 BT 78 X AR S G 6 %, I kriging 481
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VRBEAT A (A

2. FOWA ARG TR By

1 R SO SR A 5 XA A U 2 IR B B AR, S5 AW E[8] [15] [16] [17] [18], ik
SOWT IR FOWBIESE . FW B MBS E . SO 55 B R AL S AN

1) ST R %

SO TR FE A DL 2 A [F SO SRR 52 3 F AR BN N PR R FE N 32 BRI L [16], 3 5 50
WRERE . W B FMNBE =AM & . TR, BRI, Kz, MAR K
N, AR

U, =aB, +bS, +cA

K, Uy AT HERREG: B oW, S W B A SR E: a. by ¢ 3l AaXt
NSRRI E, a=05, b=0.3, ¢=0.2[16][17] [18] [19].

2) SOMLNGE S5 AR

SO S5 FE SR T8 AN R SO SR AL SZ B A R BUSAR L, BDBTHHiRe Jy. MESSFEEROR, HiTHiae
ST, [z, WHtHHiae iR . 25457 W F[12] [16] [19], % 6 SEEHH| FH 2R 73 5 kAT i 55 2
WAE, FEEAT IH— AL EE (3 5).

Table 5. Landscape vulnerability index

5 RYRSSEIEE

SRR i b8 o 7Kk A AFFH Hb
e 55 P TAE 4 2 3 5 1 6
e 55 55 $E %k 0.19 0.10 0.14 0.24 0.05 0.29

3) SRS EL
A2 XU R (BRI R WIAN R S (9 AL A KUK ASCR SO IR fa . SOl 58 /%
TRECCL SR o R e, 22 3(an R
R =U,xF,

- A
ERI, =) —R
k é A< i
X, ERILAREE k ME P SOWAS KSR A 1558 kK IS | NSRRI AL, A FREE k1
WL TR R NFORBUR SRS ROV B fe 2. Horh n B R 2R (n = 6).

3.25. mEBHEXSHT

75 (8] H AR IS AT B B E T e B B0 LR EE 20 LK R, PLEIXFMKEIC R 2 ExT
AR B 2 ()RS R P AR FE SN[ 20] o A0 BT T T S0 0 A 245 XU B 2 [0 R R AiE, AR SCRF GeoDa #44:,
545 VKL UL A Queen F—WrATHEkLER, 7851140 52211 4 HI26 Moran’s | (8RR b4 ] 4 A% LISA &,
4. ERE D
4.1. PLUS HEEEHRIE

ONKGEG PLUS BORUBIRE L, ASCLL 2010 4 H30R 80 DBk, 456 HI R R B AR Bl A 7,
BEZHURT 2 2020 4 HHOR FIBUEE R (4] 1), FERAEILLT 2020 4+ 30R AT 5 BUPGEAT RS EERR 30, A
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Figure 1. Comparison of land use status and simulation in Chengdu in 2020

1. FRERTH 2020 £ 43t B B ALl X EE

4.2. p#RTH 2030 S HF| A B IHRER

AHFFEEET 2010~2020 LRI HEEE, BoE BR. (IRBRPIME 5, 455 Markov. MOP #8L,  Fiill
1) 2030 £ - HuF SRR IR N SE 6 Fion. WiAMER N, LRI SRR e, B, KIS, KA A
WA K AEF RGN, T 2020 4Bk bt KA 05 B> T 327.63 km?, 28.8 km?. 0.26 km?,
B 5K R A 337.5 km?, IXBULBATERZAN AN ETINT, SRR P, &
Hb Mt IR B A UL AR Ay FEIRRRIE SUT, B, RAF b 519D T 560.36 km?, 0.26 km?,
Mk, K3, EB AL BN T 474.28 km?. 40.39 km®. 45.95 km?, X i5 B K E B A bRHE .

XTEE 2020~2030 4 b 2 (8] 404 B 2) wT BAKRIR, PiFRE 5c T, 2030 4 R A 2 8] 23 A 1
BUERE 2020 FEZEFAK. AR R, 25002 5 3 EARELIE £ B A ORI KIS W 075k, o F A
Mt RBRE SR, MRt KIRIARSE RN I, @R AME 5P ESE BT, AR T ISR
I, GZfRRHEBUE T

Table 6. Comparison of area of land use types in Chengdu from 2020 to 2030 (Unit: km?)
6. AERT 2020~2030 L ithFIFA LRI EARIILL (AL km?)

30°0'0"4k
0 00"t

2030 4= i
bR A 2T 2020 “FBLIR
H AR 5 H ARG SR (%) ERBR 1 3¢ TR AT T2k 26 (%)
Hih 7916.18 7588.55 —4.14 7355.82 -7.08
Pt 3253.01 3224.21 -0.89 3727.29 14.58
HHh 596.39 597.46 0.18 596.39 0.00
K35, 246.32 264.44 7.36 286.71 16.40
B 2297.37 2634.87 14.69 2343.32 2.00
AR F b, 26.41 26.15 -0.98 26.15 -0.98
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Figure 2. Multi-scenario simulation of land use in Chengdu in 2030
2. FRERTH 2030 L HFI A ZIERIEHL

4.3. FREPTH TR 75 X BE Tl

W AT 2020~2030 4 oML A 7S AR HE B AT b BLEAEE, BT B AR kg 2030 4 B AAE SR
A 25 RS AR K1 43 9 I RU:(0.0027~0.0133), AKX (0.0134~0.0207),  H145 )X\ [%:(0.0208~0.0278),  #21=i K
§:(0.0279~0.0357), f=i/A\[%:(0.0358~0.0502) Figft, FHALEIAKAEII R %32, (8T AT LR T, 53]
SO AR R 7 A I (] 3).

BH72 7 AT, BCHT SO AR A RS B A B DU A A R 85 U S 3, AT X T AR 54%~59%
552020 T AES KB AL, AT RN, K. 8K, R X IARERERCD, o, & AR X AR
Hn, IF B RS X AR N 491.2 kmP, X R IATE ARG R T, AZATMBORIRE], ARSWA S XS
KB R . RBER T, (K, BARKE X AR, H&. Bam. @RS X mAEEkl, 7 e
ARG DX T AR /D 1362.96 km?. SX R BATE 7800 % FE 4 B R SR AVRBR IO O R, VAR ORI 450, itk +
MR 23 (B A JR), AT DARR AR SO A 2 XU

NEE AR 25 UG 2= TB) o0 A (K 3), 2020 HEAR KU X B A fE A Fe X dbi 2Rt DA B FRCa 3k X
Jb A = BOA R F RO, HAb il B, AN T, ST AR AR s i Ay
AR IH . WRHh, SORBRE AR, SRS KRG O IX SO IS AL 32 BN R A 1 R
M, FasEtEm, ZANFTIEm N, R SA SRR 2R X A, G X R
27.61%, FEIRGAT T A0 AR X A0 FEl o 250 v IRV DX Ak T v 45 XIS X o) s XSG DOt PR IX 33, o b
17.96%. = MU X FEAAAAAERM T REE . IRBET. LR FrEX e, XU s =25,
B, wRtb, JKIR. BB AT, OB R

2030 FHAERT, Bmm. mARXIER DY EYEG K BAR. PEREEXTEGER. (K. KX IR
6] 55 2020 SFEAHELBA RO, XX AT, SO0RMS R AT BONEE « BRI X 55 2 KR
DX TR CEAR Yok, TSR o PAUSSE X THTRRZE R o o 55 o XIS DX 38 I DX 33 2 L A AR TE AT IX L SRR IX L SR B X
Gt FLAE i ARG XA N DX B0 A TR U R DX, SASRMITT . KE R IRkTT. WVLE. X %,

2030 SFEARBAE 5N, MK AR PR X T AR 23 5386 50 T 839.32 km?, 1175.17 km?, 17 i S [X. T AR PR
I, AN 389.06 AW, EEATREE. ST BrEX. X, BREX. &AM, &
A X THI R kD, WA 2 A U5

4.4. REHRWESKE = ERTEE S
A AR 17 2020~2030 4 (1) 5 A2 XS S [ %5t FIF GeoDa %cft, 19311425 Moran’s | 8 B 4)
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Table 7. Comparison of the area of Chengdu City with different scenarios of ecological risk level in 2020 and 2030 (Unit; km?)
7. RBLEDT 2020 £ 2030 E A EIIERES MRS REAXILL (AL km?)

G =B R X B RS X PR 25 R X A AU X R AU X
2020 - 2159.19 3805.79 3914.70 2546.37 1752.02
SRS 2105.12 3435.63 3693.86 2700.23 2243.22
2030
R AR = 2998.51 4980.96 3455.97 2353.55 389.06
FAR G 5t —54.07 -370.16 -220.84 153.86 491.2
2020-2030
R AR 839.32 1175.17 —458.73 -192.82 -1362.96
103°00"%& 104°0'0"%& 105°000"%& 103°00"%& 104°0'0" % 105°00"%&  103°0'0"% 104°0'0"% 105°0'0" %
) f;ﬁ\ L f ;\ oL ﬁ .
W 4 - ¥ - 2
! 0"& s O/ o
S R ‘ ’ o R : ‘ ' ‘ e
Egm b v Ellim i v ° >
=L kL B % ¥ R b
g 010 20 40 6()km g g‘?‘ 0 10 20 40 Gokm g_ N 010 20 40 Gom
2 104°0'0"% 105"0'0”?}2% lOS”IO'O”?E 104"'0'0”,4? l()5"U"0”?E2 103°0'0" %R 104°0'0" % 105°0'0"%R
(a) 2020 4 (b) 2023 4 [ SR 15 5 (c) 2030 AR A

Figure 3. Spatial distribution of ecological risk levels of multi-scenario landscapes in Chengdu from 2020 to 2030
3. BiERTH 2020~2030 FZERFRWESRIEFR =6 727 E

0 E AR LISA (] 5). 2020 4 Moran’s | {524 0.559, 2030 4 [ #A 1% 5t Moran’s | {4 0.574, 2030
SERARTE 5 Moran’s | {54 0.532, S A AE KT 0, 1 B S A 25 KU 2 1) 43 A1 b 2 IEA 5% 2020~2030
H SR 5t Moran’s | (3G, 568X — BF H1 550000 A 25 XU 78 2 (7] 1B 28 4R 2020~2030 {1 5t
B, i B X — B B S50 A 2 AU 7 25 R) AR 3

MR B2 A] A5 LISA PR AT LA Y, 2020~2030 SEAN[EE 5 K, Sl 28 KU E 25 18] 0 A £ 2N
AR FEME—EERRA, 5w E SR E RS B SO0 A S KR (1) ) A Ak R A — 3. m— =R RE
T BH LU AR 25 AR w5, I LA DXl PRy s 0 A 245 XURS: 4 5, = 2 43 A 7 Jis 0 117 78 i 4 [X . 2020 4F:~2030
FEHANR, S mER XA RN, AREXIEIEN. 2020~2030 AR, S m R R XIEE

Moran’s I: 0.559
i

Moran’s |
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Figure 4. Moran’s | scatterplot of landscape ecological risks in Chengdu from 2020 to 2030
4. RE#ERTH 2020~2030 SRS Moran’s | B [E
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Figure 5. Localized spatial autocorrelation LISA map of landscape ecological risk in Chengdu from 2020 to 2030
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