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Study on the construction of ecological security pattern in

Minjiang River Basin based on circuit theory

Yang Yanping, Gan Xiaoyu, Wu Xiao

(College of Architecture and Environment s Sichuan University s Chengdu 610065, China)

Abstract: [ Objective]This study aims to accurately extract various ecological spatial elements and construct
an ecological security pattern, to maintain the health and stability of river basin ecosystems, and to promote
the sustainable development of ecological environmental protection. [ Methods | The Minjiang River Basin was
taken as the study area where the significance of ecosystem services was assessed to select ecological sources.
The basic resistance surface of land use was modified through the evaluation of geological disaster sensitivity.
Ecological spatial elements such as corridors, pinch points, and barrier points were quantitatively identified
based on circuit theory to construct the ecological security pattern. [ Results] (1) With the area threshold
established at 7 km®, 77 ecological sources were selected, accounting for 30.77% of the total area. The key
ecological sources were mainly located in the forested areas of the ‘Longmen-Qionglai Mountains’ and the
southern-central segment of the Minshan Mountains to the north, including Xuebaoding, as well as part of
cultivated land and forested land in the middle and lower reaches of the Minjiang River Basin. (2) A total of
176 ecological corridors were identified, with a combined length of 2 072.96 km. of which the key ecological
corridors accounted for 21.32% of the total length and were primarily concentrated in the middle reaches of

the Minjiang River Basin. There were 719 ecological pinch points covering an area of 1 578.5 km?®, and 163
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ecological barrier points spanning an area of 2 410 km?”. (3) The ecological security pattern characterized by

‘four zones, two belts, and one corridor’ had been established for the Minjiang River Basin. Minjiang

Township was taken as an example. A collaborative ecological spatial restoration approach for the ‘whole

watershed-local unit’ within the Minjiang River Basin had been explored. [ Conclusion] In the context of

ecological restoration, emphasis should be placed on the integration and convergence of multi-scale patterns.

And a systematic and differentiated approach to ecological spatial zoning governance should be implemented

to enhance ecological landscape connectivity and habitat quality, and to facilitate the circulation of materials.

Keywords: ecological security pattern; ecological restoration; circuit theory; ecosystem services; geological

disaster sensitivity; Minjiang River Basin
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Fig. 5 Construction of ecological security pattern in Minjiang River Basin

F2 IRIRBESRENX

Table 2 Minjiang River Basin ecological security zones

X R HA/ km® TR /%
. SR B d T A ke L
fRAEBEKX Pl 3600.44 7.69
EERERX  AET 14009.16 29.91

A 2 HE (5 B A 2 B A

PRI 771X St B 9612.08 20.53
ML S RS RS 8
g , ) .
AKX I 19608.90 41.87

T 2 K AR 0 AR S ARG K AR E RBH AT i
AR B, 5 Ak K Rk &R L WK T T Y AR %
T VTR AR A G v X AR 5 B VLT
TAE R A A PR E B B A b BRI X Y
Yy Re B i am . R NI SO L/ s N A
O3 PR R T TSR R B L Ak, B A AR AP IR VT
IKE W WB K T 0035 32 15 YL K AR, I 4 TIE 2 AR T
HEHE DXOK R A S B K R 2
3.5 IRIIREB“eRE—BBRET"£5=EAhEE

KR
3.5.1 BmELAATAMSAREZE HEEREBAES
AN R R RERL N A B ST AT X SR SR T i H 4R

TR BT 5 A S ) R AT A A A XA R4 T
TV 1 A B S B, I b TR UM S A 2R A ARG L
B TR B S L R R R T Y AR S B B A R L B
B S AR R AT R AR SR E T B AR B AR P
(23 1814 Jmy A 45 2R S R G0 MR 55 BB L oD B AR R
L, DAY R 2 b XA T R 4 R R R A A i
HEEES (8 7, R IT A S A M R S5 i
DRI T 4 3 0 A 25 e A Bl 2k, A Bl T 1F 9% IX 3% 14
S U 322 8 ) 34 5 B A B I Y R T L DA AR A S
F G5 ) TG R 5 AR G L 9 B 2 S R G fek B
e kR,

3.5.2 JRIT 4 AKX A A BT AT AL IR
S LT DU 1A BT 3L IE R 1 T6 AL T L RS A IR
VLA Ui 28, RBRG LL f5e vey 04 2 5 IO, M B R AR K AR 38
IR AP AR R G S5 B8 1 7 R i L e H7E K
TR S AR B A 7= 1w (R 5AD . i X 39628 R LY
Bt 5 51E EHHR L N2 S R EE MRS L, AR
R VT 55 25 L W 2R b 7R 0% B A B T L L TR A
TR A I E R 2 . eAh, R T B SR B T LK
TR BANRES THREZ TR . LT AR
VEPEIRVT. £ A8 Ry U 58 X 42 (& 8)



% 2 ) 0 T L R VL 9B 5 4 kR R 9 271
(B ( EBHH S ] wmsa ) A ]
B ER
it : &R B |

: ! FREBE®R -/
! [ 5. WLASAHERR | FEWMTEmAERN
5 i) B ERE: | ool tieal I 2 L AR A
Eﬁﬂh|5ﬂﬁ%%gﬁz§%ié AN R T EETER REAVEENKHE |
e T e L T Tt FEAR Bt 73 < B/ 0 J=H 1 ) 8 AR AR 9 |
g | ESUBEFEE ¥
il [ mAEwnagmm ] FEREOAFAEARER |
IEER L yAmERE
Ty Ty L] B < FRAEEGAR |
; | BEARE L I
e EERT |
| | T | _ mEESRWAEBLE
| il T ¥ BARSESRS EEGTARTNEH |
& iﬁﬂ!l R E | YR | B R RS |
T e e BB T, AN LA
e ACHR %
o | | £ R I RERERAR || B uom a1 |
Rl AEEDRE i ‘ ‘ —
L | T T I BRES. s — BREE T |
EERER
i —— ! RRESRERA —{ GPOEHEEMED
A LERMEE | FWER LR S5 RT |
w | BB _AFmares ) GBESBUNR ——  Foinst e i
; [ Awmrenfis | LERaaNRl. [ EmpEhE, nERREE |
i_ """" | """""" Z{(f}(}igﬁ_%______ll m I< T ST #E PR A 4T 2R |
g | ] et REHIAR | FEEFRERRE |
i “ » l‘n
i[HF ;
% E | e ! ;;ﬁ@ffff;f :
i W i 2 B 7 B —
SR S35 N T— RELn KLRRER |
B Fe s R FE |
e 00 WAL ER KA TESA ]
A ERTELAATTS ——— CEITREL: |
% {3 | R %gﬁﬁm BRI O, PR
| AR kEwrrE . | LT |
! DR TS S i ESYUY
£ o B EGES NRB |
= VRBRARSESEARXR |
i--_._._-_.l_._-_._._-_._A-_lgéé ______________ %ﬁ&;%%ﬂﬂ\ )ﬁgiﬁ fﬁ)ﬁﬁﬁz?&ﬁﬁ% |
TER B 1 SRR F AR EEREER |
3'4; g | R K BRI = feA BEE : |
w | OB | e AL £
5 — MR, mBRRELEEERE |
S i D SrinR | [ EURUEAK ESRWER ]
I |

& 6

38 hn A R N = b

“I XA TR X R

Fig. 6 Governance responses in the ‘four zones’



272 K+ fR AR %3245
(Cmwnzze ] 3 (Cmmmwer ) 3 [ zezasn ] 3 ([ ssemss | I [ musess )
r = ‘ u 1/ REHRER

EREEE EERRE o R O Byl
gﬁﬂhi&,i HEECE I8 keeE
j'“.H 1 m ! s )
DEERE W ] ® '\ﬁ
Igﬂ". == 1L AL, M o
1] | : f
B7 BERETESTEHEERR
Fig. 7 Restoration path of ecological space in local units
XS IR 4 47 || #szewn | | xspzem || mussws |
()[4 ®rrwns, £5n |[ ] iy El
& BEE WEESH, 8 || 4 || 5aprmm ML MAESER | & Rt
m || % cEmaRrRRE || & o R 4
o ® | smm | B e —# Rops e
l;/%t — B: m&ﬂi?&ﬁ%jﬁ% H‘nﬂa i*”‘mwﬁr
o B wamsnm sns |— - — R
2 || z|| eroreznzs, | il e
A % RAEARRARRE ||, || wesus # Mw
K| 5| ETAERARS A || mmEE | 5 [ gy =5
B | = & FHEEH RUETBESBEL. | A ol
Wz | mawesmn. wmx B mcm s ()
B | |5 # ArmxzAzs |— % -
2 |l m| FHhezEHRm N X e 3 .
I | K-EEYTHE MR BRI X Wf;iwﬁt‘ ¥
5|4 wrememmasn || B Cmaamu MEHHFE S| gl
S| mrrmmass, A ||| wesm BER. WS RK, =
3 THERER B AR EERK A [ ERasax
. /o1 E7

WA SR T AR 2 s B S Bt A (L 7D S A IRTT

8 IRIISESTHEESE

Fig. 8 Restoration steps of ecological space in Minjiang Township

o L) YRS R SRR A B TR A A A A

S ENRIT A P s b 25 48 24 Jmy v (9 07 ' () 5B) AT
A 2 P A MR YL S — Bt — i — a5, TR B L X7 2
BBEMK R R 50), I 2 % WR T B AR S 00 A x5
(6 o il B XTIRTT. & 1 A4 B B2 S0t it (1] 5D)
(D EFzs Ay XAtk , B 57 IR VT £ 4k
PR R . IRVL 2 7R H L b A 2 B R S K RE A
FOEANLE WA, N TR R RE A A5 B A 3h . 1
T8 30 3 G S M Y 2 4, MR AT R X R IR
B B0 0 R R FH A Sk 2B 25 AE B2 10 S A X I, i 3
o (AR 52 5 38 B OO B2 AR 3 A e L4 BE S (0]
R bR b BT R T XM T AR K RS PR A A
L MM AL RERD, B R, Mo IR AN X
PALAE 77 S 1R T 0 R T A 1% DXl R R s R A 32 4 bR
A e H A LIS A2 A S L SR A LB
IE oK O RE . S B D) Bl R R A T
AR B LIRSS AR S TR 25 AR B

LW 0 e A v TH R B X, 22 AR THIR £ 2R
FERE S H AR A% Vi S K A HE AR AR T AR R DR 3 o
JEE A7 A0 A T AR AR AR ] I 4 R R R T
T o VAL Il 23 35 3t AoBh B X3, 32 7 - i F
R b i B s B R R R K R SO A T 1]
T B K R A5 R, AR figk K 55 IR g L 4R e R R
REFNAR MR AE S 5 R, v o e ol ), Bl 42895
R CRVIND R T A R CES €1 1S N o

(2) MK E KRG Y Biin . H s 9 F By ke Ak
SRR i IO o i N7 —+ 42 By A b S5 K ) 5
e o 2 g e TR A 34 B A U e 4
Tr 6 SEARAE S 25 I A% 28 0 R s, A
B XU e HL 2 B TH B0 2 5 i, B i R ol B R A
S 2 BAE R 4 A bl U AR B IR 7 A A5 g i
TR A LA M KT A5G [ R T A%
A XA 85 T A D W O G A



5% 2

e 9 45 < T B A IR VL O A A A T A A R A T Y 273

UL A 28 PR il 5 i Ak By it 4 L o By A 1 72t
G PR e KU X o 9% S9] G A1 17 L AR R R
Wb B FHE AT IR RHADE 8 . RIS s K PR Ok
PR AR A K B R TS B A A AR AR b
FHAZSBITAPAR IR SOK AR T B PR AR 2SR 4R B TR
SRR A BRSBTS B R S AR A AR AP R
DX G X gt e IX Al ik A 2k T WA I R

4 HR5&®

4.1 it ig
4.1.1 WRITABESE LK AMEALITI IR
TR R VT i AR S T R AR T D R K
U5 M, A 2522 4 Ry A S A Y 5 TE 48 o 2R S UL i
W R ESREREM.., SUAURAMALL,
AHFFEAE U A S PR I R 25 0 4 Fbews T ELX 22 A
SR AR T N SR A Ak AT HE 5 e 1 AR S R SR
55 Bh B G IRV BRI TR A T R AR R
G5 1 b P A A AR A, Al A AN BH D T 25
G ARG SET R, BT K E B, L
/NS ) 23 ) 43 S B BH (R 25 . JE Ttk R
FH 5 A= Wy BE DL A5 e 1 B 25 A L B SO RS I 4 I
Az s A VAR U B AT 98 R P EL SR R e b
XL BE R IR A= 250 R 8, I A4 PR I % R O JRE 0
T 1 o 905 M L JER S 4 AT M Ay g, BRI TR
S BRI TS Y A 3 e BRSSOk S A
At IR VE A A S A Ry LUIRVT. £ Ry 191, £
R R T A A A ) B A B A A L o
P T 22 R A 252 A Jmy i 1 42 S Rl G o Sl HoAth DXk
MRS SR # A R 5 2 A BB S S BRI T A S
T 0 5838 B I Tk O O vE S B B ST
[e] o Ffr 75t 0 45 2% 00 he: | T AR S =3 (8] 4 A Y A7 A 22
5o U Y AR S TR M e A RS R TE R AR
O WA T BRI, HL YR H AR b T AR, % 4 VMY
A SRR IE SR EE A X T, DRt /0 s N i AR AR
Hby 5 AR T Y T, B R AR R AR R, AN UE Y X
Pl ke, 3 3 e I I T X, DT S R R
WL 322 308 1 Y 1 o e AR S Ak AR ) AT
4.1.2 HRAESREE KR EEETRAEDY
14 3 A > 15T 4 BB 25 U5 b R JRR T8 L % K A= Bl ) FAR )
- 8% BB AN 2 AH SO P R T8 T U AR AR A DR
ShIE Y W) Mg ZREME, Ik A, Circuitscape B4 5
Linkage Mapper i {43z 17 # [ & 18 Fp Jo i 2 7% )1 4%
DA B9 X S B i O ELARE SR IR 20 R EEAR —

iz B2 IR A7 B L 4 B A 2R A s ) 5 S B O AT
REFATE—E 25 . IRl B, B T B0 0 B PR ), Z20m T
AN IUBE K A FIVTE B, XoF R A4 A% Jmy 4 VS ZE S e . M T
W2 B 1 585 v BCHE RS B RSB N A A AE 1Y
e [ 50 R A f AT 3 ok 2o B R R IO AE A A R R
HEAT X A3 AT, I ] /N RUBE RS 40 858l 6 R ROE AR S
A K Jay iy b i R
42 4

(1) T AR5 g 7 km? I, 07 26 A2 25 8
77T A RRFR A 14 408.75 km?, (5 BF 5T X BT AR Y
30.77% o REEASUR ML FZEAE T T IRk 1L ik AR
A58 B Ak K HE D) AE A L pg B T S T AR AR L X, DA
ST T 3 08 758 53 Bk A AR

(2) FETHLER IS, LR AR SR I 176 2%, B K
£ 2 072.96 km, S HEA A HE B E Ny 21.32%,
P TEIRTL R . A A3k 719 4b, BEAR 1 578.5
km”, b 3222 SR A3 JOAr AL v R i 3 B AR
I3A . AEASBERG A 163 &b METRL 2 410 km® . K £

AL T IR M 0 G m R B, ELAT 070 B 4 A 28 e i B B 2
HZHEE.

(3) A P X PR 7 — JAR 4 IR YL 9 S AR A A
¥ R IR 4t Zs AR AL 3R . X R A e B R X
e = B e PN B B W P 1 S Bl = e 8 1L
7.69%,29.91%,20.53% ,41.87% ., “Wit” JgH= 25 5%
WA R A SR 4B Al — AR kg A A P R E JRR

(D) SR T ZREARL2MHNERESME,
i MR R YT 900 3 4 T 4k — Ry 4R B e A 2 A ) B TR B
S BEAR T LARTT. £ R 9] %o 2% Je) 38 2R e Ak 25 18 4R
e T BAR M s [F8 51, o0 Bk A 2 2 s Rk i s
SASBE BB AE S SE,

2 % S #f (References) :

(1] e R 080 BT A b BAE SO g R ik 5
S ) TS [T ] MR 5T 2015, 34(12) £ 2222-2237.
Jiang Y L, Liu C L, Zhou C Q, et al. Overview of theo-
retical research and practical considerations on eco-cities
of China[]]. Geographical Research, 2015, 34 (12):
2222-2237.

(2] GAEMS, T, ok ek, 5. X A A 2 R O A B 5T
BT AR AU 412 . 2017 ,48(2) 1 1-10.
Yue D P, Yu Q. Zhang Q B, et al. Progress in research
on regional ecological security pattern optimization[ ] ].
Transactions of the Chinese Society for Agricultural
Machinery, 2017,48(2) :1-10.

[3] Forman R T T, Michel G. Patches and structural compo-



274

e o V3 S U/ T

% 32 &

[4]

[6]

7]

[8]

[9]

nents for a landscape ecology[J]. BioScience, 1981,31(10):
733-740.

Forman R T T. Some general principles of landscape
and regional ecology[J]. Landscape Ecology, 1995, 10
(3):133-142.

AL AW S A S ek R L) RS M,
1999,19(1) . 8-15.

Yu K J. Landscape ecological security patterns in biolog-
ical conservation[ J]. Acta Ecologica Sinica, 1999, 19
(1):8-15.

Dod B A A BRI W, 5 X EBUE R Z iR s
IS IR ] A A5 2 4. 2004, 24(4) . 761-768.

Ma K M, Fu BJ. Li X Y, et al. The regional pattern
for ecological security (RPES): The concept and theo-
retical basis[ J]. Acta Ecologica Sinica, 2004, 24 (4):
761-768.

X, EAEWR, BZE R E A T A S S AR TRR
A UMA SIS AL 2 SO HBOR R R[] A4
PR 2] 2023, 38(10) : 2599-2618.

Liu Y, Wang Q N, Liao Y Q. Dynamic evolution and
multi-scenario simulation of ecosystem and socio-eco-
nomic system coupling coordination in Chengdu Metro-
politan Area and its policy implications[ ]J]. Journal of
Natural Resources, 2023,38(10) :2599-2618.

FIERAE  FAS B, R, S R T AESRE RS T
0 10 B R VR RV XA S e R R [T AR A
#%.2024,44(5):1765-1779.

Ke Q H, Zhou Q W, Zhuang B Y, et al. Construction
of ecological security pattern in Guangdong-Hong Kong-
Macao Greater Bay Area based on the balance of ecosys-
tem services supply and demand[]J]. Acta Ecologica
Sinica, 2024,44(5):1765-1779.

W E, ERURL, JA 4, 4B T A 35 R 3 TR 0 1 B B i
TS A SR [ RS 5 4, 2023, 43 (21) ¢
8948-8957.

Han W Y, Xia S'S, Zhou W, et al. Constructing ecological
security pattern based on ecological corridor identification
in Lhasa River Basin[J]. Acta Ecologica Sinica, 2023,
43(21):8948-8957.

(101 HEsR ., BB, 2R3, 45 2 T 8 B0 5K UM Y AR S e &

R G B XA 58 5 AT R i A L) ] AR A2 4R
2021,41(22) :9050-9063.

Xue Q, Lu L, Niu R, et al. Identification and restora-
tion of key areas of ecological security pattern based on
sensitivity to geological disasters: a case study of Jinan
City[J]. Acta Ecologica Sinica, 2021, 41 (22):9050-
9063.

[11]

(12]

(13]

[14]

[15]

[16]

[17]

MM, E RSB A TR A B0 AR A XU
WM SEBLZLM N Lo ma RN KFEE
BILT]. A A 2% 7, 2024, 43(5) 1 1509-1520.

DuJ H, Wang Y X, Pan Y, et al. Ecological risk assess-
ment and ecological security pattern construction of county-
level landscape in plateau valley: a case study in Yongping
County, Dali Prefecture, Yunnan Province [ J]. Chinese
Journal of Ecology. 2024,43(5) :1509-1520.

g2, RN o BRI S Tl R O BURR PR 1 1L
RGN Dl ma EE W T8 1 E
224 ,2017,28(2) :627-635.

Peng J, Guo X N, Hu Y N, et al. Constructing eco-
logical security patterns in mountain areas based on
geological disaster sensitivity: a case study in Yuxi Cit-
ys Yunnan Province, China[J]. Chinese Journal of Ap-
plied Ecology. 2017.,28(2):627-635.

W BRHE L BRRBGT L 4519902018 4E I M 1B 1
SRS B Ak /AR [ ] R A B A2 4, 2020, 29
(2):293-302.

Lei ] R, ChenZ Z, Chen Y Q. et al. Dynamic analysis
of wetland landscape ecological security pattern of
Hainan Island in 1990-2018[J]. Ecology and Environ-
mental Sciences, 2020,29(2):293-302.

WA SR X AR L S I A A A R e B 5
HER 5 R[] ] M A 5T , 2017, 36(3) :407-419.

Peng J, Zhao H J, Liu Y X, et al. Research progress
and prospect on regional ecological security pattern
construction[ J |. Geographical Research, 2017,36(3):
407-419.

White R, Engelen G, Uljee 1. The use of constrained
cellular automata for high-resolution modelling of urban
land-use dynamics[J]. Environment and Planning B:
Planning and Design, 1997,24(3) :323-343.

TR R R W AR I AR TR A & A K R 1 BR 6 B
T 3 T B A A A S X IR ) B e A S )]k £
PBRFFIFFE . 2023,30(2) :393-402.

Zhang H L, Ye CS, Hu M S. Identification and resto-
ration strategy of key areas of ecological restoration in
urban agglomeration around Poyang Lake based on
ecological security pattern[J]. Research of Soil and
Water Conservations 2023,30(2):393-402.

JER L AR R AR ML AR T O 114 R DR L
AR A A% ey b g DL PR TIT AR T X R L) DK+
RFFIFFT . 2021,28(2) : 319-325,334.

Zhou L, Li M H, Zhou Q G, et al. Construction of eco-
logical security pattern in very large mountainous city

based on circuit theory:taking Chongqing metropolitan



5% 2

e 9 45 < T B A IR VL O A A A T A A R A T Y

275

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

area as an example[]J]. Research of Soil and Water
Conservation, 2021,28(2) :319-325,334.

McRae B H. Isolation by resistance[ ] ]. Evolution,
2006,60(8):1551-1561.

McRae B H, Dickson B G, Keitt T H, et al. Using
circuit theory to model connectivity in ecology, evolu-
tion, and conservation[ J]. Ecology, 2008, 89 (10):
2712-2724.

McRae B H, Hall S A, Beier P, et al. Where to restore
ecological connectivity? Detecting barriers and quantifying
restoration benefits [ J ]. PLoS One, 2012, 7 (12):
€52604.

PAIE S R I i A 1 it | o S e /- A SN
W Al A B AR . 35 35 TR HOR £ 4, 2023, 13 (4)
1315-1324.

Liu SY. Luo Y. Yu H, et al. Construction and opti-
mization of ecological security pattern in the source
regions of the Yangtze River and the Yellow River in
northwestern Sichuan [ J]. Journal of Environmental
Engineering Technology. 2023.13(4):1315-1324.
Sharmina M, Hoolohan C, Bows-Larkin A, et al. A
nexus perspective on competing land demands: Wider
lessons from a UK policy case study[J]. Environmental
Science & Policy, 2016,59:74-84.

B HERE L BMEF AR L R X 2 RE T A4
BB KEREMERITLT] TR X EE 5%, 2024,
38(8):129-138.

Li X, Dong Z, Li X Q. et al. A probe to the ecological
space zoning control at multiple scales in hilly areas of
central-south Shandong [ J]. Journal of Arid Land
Resources and Environment, 2024,38(8):129-138.
HRAL. T LUCC Ay B A8 - S i DX B8 HE e 5% 13 AF 52
CDJ. e - DU IS R 2, 2018.

Zhang Y. Study on carbon emission effect in Chengdu
Plain Area based on LUCC[D]. Chengdu: Sichuan
Normal University, 2018.

XEM, mIE, £ EI, UL SR A 5
IR H ST ] K AR HE 2 4. 2008(5) :56-60.

[26]

[27]

[28]

[29]

[30]

Deng Y L, Meng Z X, Wang Y K, et al. Study on soil
erosion changes and controlling strategy in the Min-
jiang River Valley[J]. Journal of Soil and Water Con-
servation, 2008(5) :56-60.

ZIT R TR TR FRGLZHRESRYP iR
REAEST MKW )] AE%IR, 2022,42(5);
1981-1992.

Jiang H, Zhang Z M, Xu Z H, et al. Construction of
ecological security pattern integrating multiple ecologi-
cal protection objectives in Guangdong Province [ ] ].
Acta Ecologica Sinica, 2022,42(5) :1981-1992.

XL ok 2 AU A5 NG 0 T S i R ) 5 s TR
IMARFIERTFE [T ] M5 ) 22412, 2023, 29(1) < 111-126.

Liu X H, Yao X. Yang B. et al. InSAR-based indenti-
fication and spatial distribution analysis of active land-
slides in the Western Sichuan Plateau[ ] ]. Journal of
Geomechanics, 2023,29(1):111-126.

5 PRI, T30 SO B 55 T R I PR 1 A S AR R
PUN S5 L iR B BT ] T B X35 5
$,2019,33(5) :67-73.

Ni Q L. Ding Z Y, Hou H P, et al. Ecological pattern
recognition and protection based on circuit theory[]].
Journal of Arid Land Resources and Environment,
2019,33(5):67-73.

75 B, B AR B L BRIGEAAS A5 L THD ) A= 25 42 42 A% JR) 1 Ui YT
Mo DX A 2548 5 A DR [T ] R AR LR 2 e R
2022,42(1) :151-159.

Fang G Z, Xue D J, Chen X J, et al. Identification of
key ecological restoration areas in Minjiang River region
based on ecological security pattern[J]. Journal of Guilin
University of Technology, 2022,42(1):151-159.

WA AL 0T {6 A L R 2 O, AR VIO BE A 2 A A R TF
M 504 - 3k T fe /N SRR BH g A A AR ) BRI AR
A2 ,2023,43(17) :7083-7096.

Yao CY, He Y M, Cheng ] X, et al. Evaluation of ecologi-
cal security pattern and optimization suggestions in Minjiang
River Basin based on MCR model and gravity model []].
Acta Ecologica Sinica, 2023,43(17) :7083-7096.



