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WE: [B8 ] WA LT EFELRZTIASNICH 208 TAHE, BTN FTIUAESRETAARL, HZEPIRAE
BERP AR LTH . RSP DRA L TR THESEANR . ZEFIRARRPEA L, EHRRSHRELRERLEL
#F. [F#&] 22000, 2010, 2020 F LBk HAE A LB, ERAETRARHEHOTINESKREFNER, BFrad
KT RS RIS =8 AR, SRR FLUS R A F st 69 PLUS AR ) AEERTAM % F 7 2030 R Bt
BT ENAESRE T WA HFiafe TS [ £ F ] 20002020 4, AIARAZMETGRE LAY, S, EH,
BARM, KBBEREKRZTHEALY, RbBRENEE; FUEASRBATAERRENE, REREEZTHRAEH,
FNAZRGSERZERATFLEAIRNGE, KRHEEREAH L, b E@RE 59.76%~52.95%; 2030 F 3 A REAEZTFALS
BYPHERTHHEAZIRER@RE D, KEASRER@RER, BAERY, [4&8 ] LEPIRALEERNSEHEfod
BEFEAFTERR, EEREHESHFEEARLEZH TFRZEZ AL, GESRER £ 25% T EArEWRAY B2
G, BEERERAAT KT FEFTNERENRLASREWHE TR, ATASEPHEROLTTRL
AR 18] 5 A B A e TACAS B B A2 4 B AR BRI IZ, PHEETTREBEFHANSREL L. BSE5%530
KA FUAXZRKG; PLUS B4 ; ZHFAib; %7 W
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Dynamic simulation of landscape ecological risk in mountain
towns based on PLUS model

LI Chen', GAO Binpin', WU Yingmei', ZHENG Kejun'?, WU Yan'

(1. Faculty of Geography, Yunnan Normal University, Kunming 650500, Yunnan, China; 2. Yunnan Academy of
Social Sciences, Kunming 650000, Yunnan, China)

Abstract: [Objective] With an exploration of the spatiotemporal evolution characteristics of landscape
ecological risks in key mountainous development zones as well as the the simulation and prediction of the
changing trends of landscape ecological risks, this study is aimed to provide support for the alleviation of the
conflicts between ecological protection and construction, so as to promote the sustainable use of land resources,
giving full play to the regional central function and furthering the high-quality regional development in small
and medium-sized towns. [Method] Based on the land cover data of 2000, 2010 and 2020, a model of risk
assessment on landscape ecology was constructed on the basis of the landscape index to examine the
spatiotemporal variations of landscape ecological risk in Anning in Yunnan Province. Then, a prediction was
made of the spatial distribution characteristics and trends of landscape ecological risks in different contexts in
Anning in 2030 employing the PLUS model which was improved from the FLUS model. [Result] From 2000
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to 2020, the area of artificial surfaces in the study area showed an upward trend, while the area of cultivated
land, grassland, shrubland and water bodies showed a downward trend, with the area of forest land staying
relatively stable. The spatial agglomeration state of landscape ecological risk values was significant, yet with its
degree on the decline and the landscape ecological risk was mainly at medium and high levels in Anning taking
up 59.76%—52.95% of the total area. Under the ecological protection scenario in 2030, the area of high
ecological risk zone will be the smallest deterioration zone taking up an even smaller share while the area of low
ecological risk zone will be the largest. [Conclusion] The contradiction between ecological risk control and the
construction of small and medium-sized towns in mountainous areas was obvious. The spatiotemporal
distribution characteristics of landscape ecological risks were closely related to the intensity of human activity
intervention, and the higher ecological risk regions were mainly distributed in the fringes of the urban areas.
Therefore, focus should be laid on the dynamic changes in the structure of landscape types and their ecological
risks as a result of urban land expansion. It was also found that the spatial distribution characteristics and change
trends of landscape ecological risk under the ecological protection scenario are closer to the optimization path of
ecological security pattern and this scenario is more consistent with the high-quality development of regional
economy and society in Anning. [Ch, 5 fig. 5 tab. 30 ref.]

Key words: landscape ecological risk; PLUS model; multi-scenario simulation; Anning
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AL ST A% 2000, 2010 1 2020 4F 3 AR 4725 (AP, SR AR ] W S0 40) 435008 A 28 XU 55
%, it Geoda BAIHE ARy (6] B A CEE 29840 (1), SRRAEFA: 25 KU 5 K07 25 18] 20 A AR 20 S AR
BRI, HER-1~1, >0 F/RIEME, <0 FRHAR, =0 FRAMK,

222 PLUS #A B4 PLUS FRAIE Y T 3T b sk 0T L0427 38 5 1k Ak 1 2 2SR Bl L FR
T-HLHI A TCHE A BhAL (CA) BT 2 ANERH X6 452 = i A FH AR PR A0 52 0 DR R R P s 0, AL 235 RO
B U, AR SE AT PR 2 B b b AR Ak A5 2 b TR A3, 32 P B AT AR ARV SR SIS Tl & TR A
., PR T 2 RELBEIR AN 1 CA BEARXT AR SFOWAS SR HEA TR TN . 2%, MR 7 i S b
O SR T AR, AR R | RSP ER R EN: 3 AN IR EGE A . W . B RRE . A
A% GDP, A AoGi@idk, BB prE g . Bt g . BRI I R A el i 2 4 10 SR
7, S A S G — Al - b 2 i A [R] B B3 Ak b R B s T e e . Hak, R I 5K 2 ok s
(LEAS) fHLz AR 25T X 45 oM 2B R R AR . Iefe, 45 A AR BARGoos . #
AHERE . BEHLEESAR B E S S SRR AR S5, ST 2 RBEHLEEHAN 71 CA BB ST 5% IX 5
SRR . A5 ] Markov BEASHEAT AR SOME AU T R B0, 76 & A LAl LU 45 G b
FEX S RVER IS, RETIRSSE, i S W R A, B REHLBEE R T AR % E h


http://www.globallandcover.com
http://www.globallandcover.com
http://www.gscloud.cn
http://www.resdc.cn
http://59.175.109.173:8888/index.html
https://www.openstreetmap.org
https://www.webmap.cn
https://www.webmap.cn
http://www.globallandcover.com
http://www.globallandcover.com
http://www.gscloud.cn
http://www.resdc.cn
http://59.175.109.173:8888/index.html
https://www.openstreetmap.org
https://www.webmap.cn
https://www.webmap.cn

39 H5 14 Zs BRAE. FLTF PLUS AR AY LU X3R4 5 W00 A= 25 JRUBS: Bl 25 AR 87

0.01(SHGE 0~1, I | TG = A BBy, i, M, Fod ., A KR A3
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AL, ARG X R AR 43.46%; LR ML, AR 24.94%, S5t SGT R BN BE NS H
FH 9.63% . 4 X (1) S WSS B AR L RRIE SR I N i R T ARSI, BkHh | R M i AR SR
ARHL . FEHE RSN, KIS D RN, AR AR LTS, Bk MEAM,
Mo, KSR BR R TR, AR AR O R o v, A a b R T ARG 0 R A, SRR
8 464.36 hm*, i B ARk & 11 49.92%; b T AL A0 R Je K, 3Rk 527419 e, BEAR LR
31.10%. 2000—2010 4, £% 5% 0028 1Y 1) AR AR £k i W S i 2 bR, 380 1 358.30 hm?, /7 B AR fb i (1)
33.06%; 2010—2020 4, -5 A i BUR AL i I B 02 AN xE b3, 59 8 175.00 hm?, /i B AR Ak (1)
48.89%,

2000—2020 4%, ARy sk ALt , T b EARMIE A 2010—2020 4+
H B A5 B = T 2000—2010 4F, Hidr 2000—2010 459/ B 3 p i SR AR FIk 8, EAR
Mo RS AR KIS R B RS B . AR E M 2010—2020 A AT M I R B A, AE
(PGS 5 T R P . ARHFT R SRR LS MR SO 5k o 32, s AR Ik
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Table 1  Area and dynamics of landscape types, 2000—-2020

— T F/hm? SORASAL B /%
20004 20104E 20204F 2000—20104F 2010—20204F 2000—20204F

Bt 37 735.40 36 893.06 32461.21 -0.22 -1.20 -0.67
b2 56 576.30 57 934.60 56 590.20 0.24 -0.23 0.00
Fih 25994.11 26 400.80 24 044.90 0.16 -0.89 -0.37
TEAH 4798.30 3939.19 3709.99 -1.79 -0.58 -1.13
K3 1002.43 649.53 835.89 -3.52 2.87 -0.83
N 4 074.46 4363.81 12 538.82 0.71 18.73 10.39

3.2 SEMESKEE R ETFE
321 FMASKEEELZ HERATE: 27T 2000, 2010 F1 2020 455000 A 25 XU Y 52 22 F5 4K
(D) 53514 0.525 4, 0.552 1 F10.492 9, I W E 1928 (B IE A A SCHE (P<0.01), UiBH SR & R (E
FEZS ) LR RE S, HAME Z B AFEZ N 2000—2010 4, F0 A 8 KBS 9 118 E T,
2010—2020 4F R, SRR T REEH, FRUZ T oW AR A RS B 76 23 (] 43 A0 b A AR e 0 55, 2 1]
R ERENL, A28E Shsgma G AR S XS R B0 2 kg Ry, IF S BOL2s [0 4310 fh RAE M 34 503 %
iz AP 0 B A R (E AT B2 T A AR AR R, T A AW A0 2020 AR5 X AR A XU
Oy RARAE SRR (Tgr<0.151 1), #ARAZS KU (0.151 1<I;x<<0.177 8). W& AR (0.177 8<Ip<
0.202 6). AT R (0.202 6<I5r<<0.230 3). =R (Igr=0.230 3). H i £ B9 5 95 25 R H
2020 LR R ICIA], T2 BPBAIE 0 LU, A5 32 7 T UL AR 2 XURS: S5 9 A ) A K (8] 2)
322 FAMASRGFEANZEERFAE L2 H: 20002020 422 T 7 5o A 25 RS R A DL HR 45 XL
6 A i KU X R 32, o A DX R A 2 U S L TR Y 52.95%0~59.76% . 455K 2 K E, IRAES K
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Figure 1 Landscape ecological risk Moran’s / scatter diagram in Anning, 2000—2020
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Figure 2 Spatial distribution of landscape ecological risk level in Anning, 2000—2020
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B b, BETMEATETE AR N2 T IR A Tl e, 3T S O TP T R SO, s TR
B AR Tl S0 23 X AN HRY 7 S5 XA O3 DX, SR MR BRE R 9 F B I i, 0L A XU A5 217 R 7 422
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Table 2 Area and proportion of landscape ecological risk level in Anning, 2000—-2020

" 20004F 20104F 20204F
AR
T A/hm? 5 kb /% T A/hm? 5 kb /% T A/hm? 5 kb /%
ik 7 668.09 5.89 9071.57 6.97 17 098.04 13.13
B 24 811.59 19.06 27 087.88 20.81 30309.34 23.28
A 37 116.44 28.51 36 556.20 28.08 37280.93 28.64

L 40 688.03 31.25 38 622.92 29.67 31 643.44 24.31
= 19 896.85 15.28 18 842.42 14.47 13 849.25 10.64
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T i A A XS DX ] v 25 A 2 UG DX 9 DX, S S0 P T AR o LU ARG, ERRAIG 6.94% . v AR 2 KU IX =
B AT T A IR R AL G, BESTI N AR R R, & I a0 D 15.28%
14.47% . 10.64%; VLHIBEH TR 5K 2S5OSR BOR, JEHARIR T 3D Sy st B Ak
AL, ASCRUS ARSI S, T TAE S RGERYRAR, A WRERE B2 s . 20 B,
R AR Herp b e R A T A S KB A, ARMARES Tolk . Fr@Alk . somixal . R
RN L MUIRERTR G HTIE , SOULICRE BE AN > SRR, e A 2 USRS DX T AR A 22 L BRI A R 14 e XL
R o I e B R 1 3k — 20 23 M 9F 50 DX 30 WL A4 285 XU I 4% 25 5 IR B B RS R A, AR 35 3 AT LA I
2000—2020 4F, BRAR AU X F2 2R RS g IRAR S XURE X, P A5 RURS: IX. 32 B RS D A . AR AE S KU
DX, A A A AU IX S B RS O v AR A 2R X, o A 2 AU X B RS O R A U X o 4% A A
AL IX 1 F2 R A 1] I A 25 AU DR RS O RFAIE o G TT DU, 5 DR A 22 R R KA
P, WA TR RS IR G B 1 A R A R A SR
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Table 3 Transfer matrix of landscape ecological risk level in Anning, 2000-2020

20204F
A IR A2

fi%/hm* BA/hm’ h&E/hm? iR /hm? fmi/hm? ST F/hm?

f/hm? 7 560.44 107.66 0.00 0.00 0.00 7 668.09

AR /hm? 4 481.42 19 479.31 850.86 0.00 0.00 24 811.59

20004 4% /hm? 2461.22 5938.77 26 779.17 1937.28 0.00 37116.44
3 f/hm? 2 063.85 3781.97 7979.14 25351.21 1511.85 40 688.03

f/hm’ 531.11 1 001.63 1671.77 4354.94 12337.40 19 896.85

SR/ hm? 17 098.04 30 309.34 37280.93 31 643.44 13 849.25 130 181.00
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FEMERIEIN 10%, I/ EBGRA, B XIS KEE L NAME R 2R &, BRI .
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Figure 3  Spatial distribution of the landscape types in 2030 under different scenarios in Anning
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Table 4 Comparison of landscape types and areas under different scenarios in Anning in 2020 and 2030
Ry 15 HEHb/hm? MHt/hm? | /hm? A Hb/hm? K /hm? N3 2 /hm?
2020 32461.21 56590.20 24 044.90 3709.99 835.89 12 538.82
AR B RS 5 28 993.52 55320.37 22 054.37 3519.86 869.77 19 423.11
2030 IR RN 28 137.83 55033.97 21 600.53 347791 879.36 21 051.40
EER VS Al By 30130.15 55693.18 2245291 3563.07 995.26 17 346.44
ASRK RN 5 -3 467.69 ~1269.83 ~1990.53 -190.12 33.88 6 884.29
2020—2030 IR R 5 —-4323.39 -1556.23 244437 -232.08 43.47 8512.58
HEA R R -2331.07 -897.02 -1591.99 -146.92 159.38 4807.62

S, ANiEHLZR S N FE 2 076.06 A1 3 704.97 hm*, B . AR . FH VA Bl AR/ I RE A BTG
A A B
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YA EFb. 52020 AL, HARRJRIE SR MRAR . v 5 R AR A8 XURS: IX T RV T R, Tl i 238
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Figure 4 Spatial distribution of landscape ecological risk level in 2030 under different scenarios in Anning
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Figure 5 Change of landscape ecological risks under different scenarios in Anning, 2020—-2030
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