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development. However, traditional approaches, often based on a static and single-temporal framework,
struggle to account for future land-use dynamics, resulting in planning outcomes with limited foresight and
adaptability. This study employs multi-scenario simulation to analyze the evolutionary characteristics of the
ecological network under various land-use development pathways. It seeks to precisely identify priority
areas for conservation and restoration, thereby providing a methodological framework to enhance the
scientific rigor and precision of comprehensive territorial space governance. [Method] This research
integrates the PLUS model, the InVEST-MSPA model, and circuit theory to establish an analytical
framework encompassing “scenario simulation, element identification, network optimization, and
hierarchical management”. We first employ the PLUS model to project land use patterns for 2030 under
three distinct scenarios: natural development, farmland protection, and ecological priority. Subsequently,
ecological sources are extracted using the IN'VEST-MSPA model, and circuit theory is applied to delineate
ecological corridors and identify critical nodes, including barriers and pinch points. In the final phase,
priority areas for ecological conservation and restoration are delineated according to the differential
evolution of ecological elements across the various scenarios. The core of this methodology lies in revealing
the differential impacts of land-use change on the ecological network through multi-scenario comparison and
by quantifying connectivity costs and key nodes via circuit theory, thereby facilitating dynamic optimization
and targeted regulation of the network. [Result] (1) Territorial spatial control strategies prioritizing
ecological conservation effectively enhanced ecological quality and network structure. Under the natural
development and farmland protection scenarios for 2030, construction land expanded markedly, with
minimal changes in other land types. In contrast, the ecological priority scenario curbed construction land
expansion, yielding marginal gains in forest, grassland, and water bodies. This scenario also increased the
number and area of ecological sources, effectively integrating fragmented habitats and achieving optimal
connectivity with the shortest total ecological corridor length. (2) Core elements underpinning the structural
stability of the ecological network were identified. Despite localized variations in the network across
different land-use scenarios, the distribution patterns and spatial locations of key ecological elements
remained highly stable. This underscores their critical role in maintaining network functionality, warranting
their designation as long-term conservation priorities. (3) Priority areas for territorial spatial conservation
and restoration were delineated. The study pinpointed 204.47 km” of source areas, 50.46 km of primary
corridors, and 64.8 km® of key nodes for focused intervention. Characterized by coexisting high degradation
risk and high ecological value, these areas constitute the strategic priority for current territorial spatial
management. [Conclusion] This method enhances the ecological network structure and enables the
effective identification of key areas for various ecological elements. By clarifying conservation and
restoration priorities, it helps prevent common issues in comprehensive territorial spatial remediation, such
as ambiguous targets and uneven resource allocation. The findings provide direct guidance for formulating
targeted land management strategies in Lhasa and offer a valuable model for protecting and restoring other
ecologically fragile regions.

Key words: Tibetan Plateau; PLUS model; circuit theory; InVEST-MSPA model; ecological security

pattern; multi-scenario simulation; connectivity; ecological network optimization; targeted identification

47 %

B & Dol S et R R, <rAete. i
IBAE AW 2 e R A AR ST i R, 7™ B
WERES ARG, B XIS 22N, T,
P RSO BT A0 [ SR, 4 “aRK
Ll A < LR L™ ol ZRObR 980 B A i S R A 45
B, IF & 2SR B, BEE RS BR
Ao RS 2630 5 2 BRI A HLEE T i ] o

SO BB, 2 A2 Wt 5 e R 2l Y AR AA ),
AR L B X IRAE S 2 5 AT R R 2 1]
o ES, SOV AR B E N EEF R, Bl
TR A= 25 X 48 A1 S IR T TR 31 2% 2 38 B X3, X
TR Z FEPEORY, B 98 XA S R g Ree 1k,
HEBh [E 2 (] 2 5 B R B B s s
HET, ENAMET ARSI SR LS



12

Bt W% PLUS-HUERFR SR AR S M 215 S SR B 147

PR AR ) — A 25 10X 2% 4y el — R X AR B A
HEZR o ARSI A 75 ik B B AR ERRRIE, £
FRbRE B VPR AN SR A HEIX 3 2K, Hh R e
WU W R A InVEST B T8 25 25 Al 4 J5) 23 B

[9-10]

(morphological spatial pattern analysis, MSPA)
23 () A8 S AR 37 455 78 ( Zonation)D ! 5 5540 3% 38 i 43 At
771 . MSPA 5 InVEST #E AU AH 25 & (1) 77 2 A it
“DRE-E5 M7 XUE 75 5K, BTl ) A A U5 e HL sy
AR SS D RE S v S (VR o A 25 D 2 4 7
AR A /N BT P R A R U R B
PRI A SR IE B A% . FHAET &, FREE B AR
WAL BRIZ IS AR, DA R o AU, ) b g A
BHL 3, FLREADL 45 B e S i AR SV ) 22 B AR 40 AT RFAE,
R E YRR RS 47 M, R I 7 DR ) A 2
PG R SAES R AT AR BENY . BKE,
AT BIE 7T 22 T Py sl R F e, SR s S A
PR M4, KRI85 18 LR 2L 5 A 35 %
SR EAE, 2 7S A5 SBORE RN AR
W 2 B S RE I, 3 BUET0 BORAE RO AR R E 4%
PRI FE AR a1tk o b, B X GR 2 AT M
2 TN e, h Z 0 AR EEBARS 5 AS R aE
MZraHE. MANRET TAT R, X4
SEUR H 25 ROIE X REA 2« fnfef il i
NI AT AR S W 4 I AR 1 R AR AL S5 4, R i 75 DR 4P
15 S DI, o AT A S W 2 2 5 1 4=
()6 B AR AZ O R

P T 1L A T 8 e SR, O T R R X AR RS
SRS X . AR, SR RR S, H 5
BAL. dHtivb il AV REE T BESE IR R AR A IR
i, A T I A A EE AN R VR TT A S P
ST X A B 5% % EE T B YA PR I SE N, 4n
A3 I B A R AR A I 2%, AEHF X AR S 2 e R
R, R tHE VR ) B DX A L3R T ] 73 ) 7 2%
2, BN R AR SR i) . D, ASHITFT A
PLEE N ZEH], GINTEHZ A 3] AR A A Y
(PLUS), %54 MSPA-InVEST #L 4! 5 H 2 31 i g
DA A 25 P 2% I R ) B R IX 3. PLUS B AT AR 4
[y st b ) 40 5 3R Bl R R R ok kR
S, BT HARARI, TR, AR H A R 32
Ji 5 S B A7 1 S BAL Y MSPA-InVEST
BT AE Ab PR % 1K R A A S ) 5 B v, DURE R AR Y
DI, 5 VR ) BE RS A AR A s FL B B U S HF 2
P SO AR 2570 1 AR T SE B ZE A o KA B
AT TAISMA, B 2155 PPl A S W
23R ADLACAT R, SRS DU AR S BRI RE . AL
B 5 AR R ad BEAT 7328, DUIR THR ) 45 R ]

SEHPE . AHTICE 0 5 MM A X
A MR AR R, e B2 R A TR B A 1) 2 R VR
R RS %

1 BT &G BRI

1.1 RIS

PLE= AL T PUE E VR X AR &R, AR AR 20T, V0
FEHWEN T, bR, M5 LT, 2B
XE . TR L 29 /5 km?, BREIREF,
PRI 55 I8 19%, HHTH AR 5 L 67%, BN IA
R 2 HARRIT X 4 4b, B R R5 4 i IX 5 B R
AT 5 Ak
1.2 HHEFRIE

AHH T RS BRI 2 WGS_1984
UTM_Zone 46N #4475 &, M5 15 6 K/hg — 1w h
30 m, Ft FHEHE R JORIE LK 1,

2 HER Tk

AHETT E BAEE 3 N4 BT PLUS fAY T
J& 2030 4F LA FH 245 5455, 454 InVEST-MSPA
FEAY B Ha B PR AL J 5 1 5 T AR S 48, X &1
SOERBERIATIR AL 5 9 K50 G, ki e £
o P B DX 3 2 2 A s TR o
2.1 ETF PLUS HE YL FI AL ESHESEM
2.1.1 7 23R R R RAE IR I E

FIF PLUS BE7 () LEAS BHe o3 #4525 4 3 F)
PR R 770 456 AH 58 SR S5 L IX S brfl
B, I E SRS, S FRK ZREOR. e, 3
& H— AR AR AL A0 KRB B A BN,
GDP) J 22 il T IA ME ARG iy 3. kT,
T S R B A B BUR SRAT FE B )3 AN 4E B i HL
16 T OK 7)) PR 51540, b R R (L 1. i B 2010
5 2015 4 - HUR) s SR AL 5k R, SR FHBE AL
Zx A [B] 1945 Y (random forest classification, RFC)43
AT R AR, i it b A & Hh s RMSE (X7
MRi%Z2) 5 OOB-RMSEU4S /M T HRR Z2) Fabr (55 2)
PSR AL RE ), B E SRR KR R
AP

BT CARS BB B 2020 4F + 31 R FH 254k
W KA PR R R IX, BT R T NI R X s o
SR R S TR AR o S e TR AR A9 DA S AT 3k
WEM, 22 OGP, it 2 07 58 LR %
BAE UL, TR, aH R AR BUFRHIE X
BRI, 28 e 52 1000 i L b R 2 7R A 46 A
(F3). HHERLE B 5 2020 45 S2hr - H ) I HE o
b, Kappa R#0E 0.94, BAABREE R4, 7T



148 b = Mok ok 2R F 475

xR 1 HRBIBLBRKR

Tab. 1 Research data categories and provenance

By i AR HAY Feis
et R HdE CNLUCC 2010. 2015, 2020 VR IR RN 5800 0 https:/www.resde.cn/
AT HHRER (R Tl ] 2 TR SRR (2021—2035) A AR )
i SRTF R " e “n
. 2020 L LT T ———
oA GDP 2020 DTVRN B 57 = ‘L» https://www.resdc.c
POI 2020 F= 78 1 ] https://Ibs.amap.com
PR el 2020 Open Street Map www.openstreetmap.org
RS £it]
NDVI 2020
YR 2020 IR BTl 553 .0 hitps://www.resde.cn/
EREK R 2020
A SR B AR -
UK 2020 NASA https://www.earthdata.nasa.gov/
DEM 2020 HOF 2 A4 2 °F & http:/www.gscould.cn/
WRE HeAE20204E DEMBHRE 115
KFR 2020 Open Street Map www.openstreetmap.org
T+ SIR/C AE R KR /mm ZEWUE mm/d
iz 8.56 i 5182 W i 6418

< wlfilk: —20.23 Lk 2503 " ik 8.1

S et v *

3 N T e N ‘ N : : & N
S 01530 60y, (‘D 01530 60y, @ 01530 60y, @ e = 01530 60y, @
a TR b il c K d Z R
i /m Bere/ (°) o , B #/m
§ i 7124 i 81.04 wh 4 et 0.65 > i 28122
e Wk 3437 L ilfik: 033 . -0.2 L ke 30

01530 60y, (D 01530 60y, @ <P 01530 60y, @ 01530 60y, @
e rfE iz g A — AR A h KB S
NI BB T G 1 /m 1 /m

o 36992
ik 2

e 4321

ik 1

i 127295 ’? e 69 803
ks 0 Y ]

£

N
01530 60km®

~

N N N
01530 60km® 01530 60km® 01530 60km®

IUNE] JABEE ke SRk 140 e PR B
) /m B /m 2 /m #E 5 /m
L g 79028 % s 44469 i 32294 i 49 486
LK 0 k0 ﬂ) .k o0 L% 30

-(( ~ 2
- »

-

N

¥ . v
01530 50kaN> \q 01530 sokma]) ‘—‘,. QS0 60y, (T km(‘f)

m &R ETIER n ARUCTERE o AR SR p AREN /i R i BE B8
T IEAIET 1:10077 e N RIEFIE LA ) Byt .

1 BREHA T k%

Fig. 1 Selection of driving factors

01530 60


https://www.resdc.cn/
https://www.resdc.cn/
https://lbs.amap.com
https://www.resdc.cn/
https://www.earthdata.nasa.gov/
http://www.gscould.cn/

12

B 1% PLUS-HUBR AR A BLBF AR 25 W 2% 2 45 S SRS i 5

149

K2 HHFERFCINGHEERBR

Tab. 2 Situation of RFC training accuracy indicators across land types
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Tab.4 Resistance factor classification and weighting
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Tab. 5 Dynamics of land use categories across scenarios
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Fig. 2 Multi-scenario simulation of future land use
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Tab. 6 Calculation of ecological network connectivity indices across scenarios
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Fig. 5 Identification of ecological barrier points across scenarios
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Fig. 6 Pinch point identification across scenarios
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