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Construction of ecological security pattern at Zhangjiakou section of
Bashang region based on landscape connectivity optimization

Xu Zehao, Qiu Yan, LiLei, Zhang Xin
(College of Architecture and Art, Hebei University of Architecture, Zhangjiakou, Hebei 075000, China)

Abstract: [Objective] An ecological security pattern at Zhangjiakou section of Bashang Plateau region was
constructed, and key ecological elements and their spatial optimization directions were identified, in order to
provide scientific basis for stabilizing the ecological barrier in the upper reaches of the river and for the management
of ecological space. [ Methods] Ecological sources were identified by evaluating ecosystem services including
water conservation, carbon storage, habitat quality, and soil conservation, combined with ecological sensitivity
assessment and morphological spatial pattern analysis (MSPA). A comprehensive resistance surface was
constructed based on the minimum cumulative resistance (MCR) model and circuit theory to extract ecological
corridors, ecological pinch points, and barriers. On this basis, ecological security zoning and pattern optimization
were performed. [ Results] High and relatively high ecological security zones in the Bashang region covered an
area of 5 423 km?, accounting for 39.4% of the study area. A total of 21 ecological sources (430 km?) , 50
ecological corridors (with a total length of 1 600 km) , and 127 ecological nodes were identified. These nodes

included 36 ecological pinch points and 91 ecological barriers. The overall spatial pattern was characterized by the
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aggregation of sources and corridors in high-security zones and the concentration of barriers in low-security zones.

[ Conclusion] The ecological security pattern of the Bashang region exhibits significant spatial differentiation. High-

security zones serve as core areas for maintaining regional ecological connectivity and stability, while middle- and

low-security zones are key areas affecting ecological flows. The proposed “five zones and three belts” framework

can effectively coordinate source protection, corridor connectivity, and priority restoration areas.

Keywords: ecological security pattern; Bashang region; minimum cumulative resistance model; circuit theory
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Fig.1 Flowchart framework for constructing a comprehensive ecological security
pattern at Zhangjiakou section of Bashang region
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Fig.2 Importance of ecosystem services at Zhangjiakou section of Bashang region
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Table 3 Evaluation of core resistance factors at Zhangjiakou section of Bashang region

WH  BAET B goRiE FH 3 1E & I H BHF bt BRIME &
0~0.2 100 >5 1
0.2~0.4 80 ‘ 3~5 20
NDVI 0.4~0.6 50 0.253 3 Egif/i%m 2~3 50 0.1329
0.6~0.8 20 1~2 80
0.8~1 1 1 100
0~5 1 >5 1
A 5~13 20 * . 3~5 20
WepE/(")  13~20 50 0.075 4 Fgﬁiﬁzﬁ;?m 2~3 50 0.1329
e 20~30 80 £ 1~2 80
=30 100 1 100
AR R F T 1 1 1
i 20 1~2 20
iigﬁﬁ Ik 8, 50 0.2950 Egﬁgfm 2~3 50 0.110 6
Ft Hi 80 3~4 80
5 b 100 >5 100
FH 27 A BEL i 5 R CIE 6O ml |, e /NS A B 0 1 AR AT S ) 25 S e L BT AR X i

1L R 96.24 LA 33 PRUAS 325 7K 3% 1T BEL 4 {0l 75 BEL g {8138 2 0 s e



%2 3

TR Ay 24« T S5 UL T T A ) 30 3t DX 58 T B AR 3R 2 A R M 197

FBR s DX IR, 38 38 R 2 BEL T AR, ) T A AR 5 R
MR IR £ E P I & [N A R o AR LI i R P

a JEKAIEH

:100
{&:0

Es5 SEMXKKXORBRFEAE

SR BELAT o e o A M R B DR E T A AR A
2 B S

b JEE XA HIE D

Fig.5 Single-factor resistance surface at Zhangjiakou section of Bashang region

RMNRITEAE
:96.24
il 1§£:1.000 1
Ee6 MEMRFEFROBESEGHEIA

Fig.6 Integrated ecological resistance surface at

0 15 30km

Zhangjiakou section of Bashang region

2.2.3 AXRELAEST EIRA

BT M X S A R (A S TR b BHL
TR T 45 e A A A5, A8 F A I P O A R
50 2% A A AR AE (B 7D, A0 4G 37 4530 BRHR 18 A1 13 2k AN
T IR HR I, K BE S 1 600 km, J A 3 BR AR E K BE R
1069 km, JF 1% BRJERIE 531 km, 4% B JER 8 28 W] 43 A5 2%
S ek db BRI o> A B, B 736 km, X
B ZS FE A XH (368 k) TR RN, R E
B X 5 i PR (256 km) DL M K b R ER G 4 3 5 B
P L (240 km) JBR 18 2 0, @ MRS . R R kAL

b, SORE IR R BROR B A B R AE .
Pinchpoint Mapper T. H 9 all to one 5 207 51 4= 25 5
FO AR 2BV 45 A H AR R, R4 S ks
JEE O 0 39 A e (B DX, e 2445 3] 36 AR A e A, BT AR
18.4 km?, B /A fE sk AL EL B AR 0 5 %10 & I %
WS R E i RE 2 A Pl el e K e O L R e
DB PEE I 2 A M, S TR A T R AR
SRR R P @ NIRRT ) v O ) Y S A )
KA AL .

A BB S
o EXRFN
— EEJEE
— —fURIE
C0 40 bty (X W 5 95

B7 MEMREKROBRESHBENTESH
Fig.7 Distribution of ecological corridors and nodes at
Zhangjiakou section of Bashang region




198 pi s U E SR

46 %

#I JH Barrier Mapper T. H £ JC 2 BUHL i 1K 52 &
(B XAE BRGS0 . 28 F SR 00K 40 R ) O 45 45 52
BRAE B, P Y R A 25 91 &b, T AR 74.82 km®, 5 JE
B F i B AR /N BRI LD R DL Rk AL
BEopdRm KBl =5 2%, Ry k5@
Hb T B0 A I Y R T A AR PR bR A A
TR T 5O 3% i

Mo e R 0 L K A S e i EF AT
Jot i fE R AR R BE B, 3 2 IX Sl A 0 ) ol A O 5 A
DR 52 90 B4 A% A0 308 5 77 R D) 4 o M A R 2
o B — 1) RS AT R A S R AR
32 BH N g A% 3 A IR 2l Y 3% 2P e R
23 A XRABESH
231 £AE%4LKA

W 4001 M IX 25 A5 BEL 7 TR 43 Sk 5 A4 e A O] (B
8) e A AR BARRUIE T . T BA KRR S
XFH AT AR SHE I 3 E A X (Rt
B A X O AR B IR A I CRAIR 15D .

B AT
R s s
ST AEVSL b “LeGiA ey T
3 T O R - X
Ta . SRR Wé.
el G e A N
PR Rt 1 R
£

B e I R
B BEAEEELE o SR
CIhEaEEEE o EERA
O e s % i 5
B ST — — B

E§ MEMRKRABESLZEIEFTHER
Fig.8 Construction of ecological security pattern at
Zhangjiakou section of Bashang region

i A X (5 423 km?, (5 39.4%0) 4 A Tl
T EL R CFURE £ A I M 2O Fndb 3 OF 2 £ 4H
FN L S ), e S w38 11 /053 VA B R AR 3488 1 s T
BLLL Kk AL BRI R 2 AF L X B XK £ T
G OMPEE R ,ESYREE, RESREEE
HRENZ.OMA . St RN Z X AR
1 AR 347.1 km? (i 4 4 X 228.1 km?, #5824 X

118.3 km?) , JAf i 2K BF 1 298 km (/& B 762.3 km, #%
15 535.7 km)  JFIL R T K BRI G R 2 X
164 B m A X 154, S 86 %) 5 /0 i i 15 45
(R R A2 B Z X 161,

gz 4 X (4 305 km?, (§ 31.3%) F %4015 T 5
A B b3 B0 e B AT B PR TR, T VR L op s G /N g
T2 LR X E PR+ 2. £ RhE KX H
I EAT Y 5 CR A T E KX 2 E L E
AT T A S R T R O 2 T s . XN R
AR TE AR 61.5 km?, BR1E 4 B 261.1 km, FL3 51 H 5
AER TIN5 324 FEE A

22 41X (4 023 km?, /5 29.3%) £ 50 #i T HE A4
bR i BRECRBEAN of BL A sk b B b R Y sk b LR
i ESGEAN B & R i DN R oL S o 3 RV 5]
S o 2 NG B TR B R b
FUEE AR AS R BT ARG T o % X A A TR T
FH21.6 km? (Hi% 20.4 km?, {§ 1.2 km?) , Jif 38 K S
40.9 km (AL 36.2 km , {K 4.7 km) , FEA T AR 7385k 6,
T B 5 o5 B o 421X 45 % (B 334 (R 8 1)

RN I S L RS WE SR ey = T e | A
ABR VG 55 A 7S 6] 43 SEARAE AR S R e X TR
FE S RO HBEOFEX, BRERXBAESRE S E
A5 U3 4 0 23 (] 5 rp g A IXOR AR A o U S RE R
b IR IR L X 2 T A 5P EHEX
B R Jry S B3 )2 A X & A B S I I b X AR
BRP A KAE RS IX =2 "I TR .
2.3.2 AEABEEHKA

R R T NECE U I o N RO e o - B |
SNPGRS G X AR LG AR P X R AR S K
AKX R AESBRE X TR R XA
B g A 7R VG AR A T A g A S R B R
CHIX AR AR SR AR R (EL9)

PO b AR 25 28 v X R EOAE S “ b 7 Bl Vb " i
OB 2H BB 43, e T IR 2 4 A S W o R G TR I
Vb Al AR o AR RO R R E S —
WY 4% D RAE £ W AR 32 0 B XU VD AR
I v B B DA R b R D S B O AR VR + S
T 5 (N 2R KO AN T 2R G IR B

RIS X EEMNTFHKILEASHEH . - H
BT E S, A AT AR v S i A%
P4, ek A JF i aE ) D A g A 4k v TR
HEAT VE R B B Y AR AL I AR S B e i DX IR AT
TEON B TET S T BE 5 0 2% Fa e M o

VG0 U b R DX 22 A e R A S R R R ik
1 a5, I A BR A R R RS T s, 4L 4



%2 3

TR Ay 24« T S5 UL T T A ) 30 3t DX 58 T B AR 3R 2 A R M 199

55 70Nk 0 B A M e A T XS 1B A A A A
MAB S TR A2 KA £ /DNt 16 B4 AT 10t A1 ]
HETTHE S S AR TE MR M - AR T 3 SR R, B X
AR ZE T IIRE o X e R Y S A DU =BT R
B TR R R RS R R AR W W AR T
Iy 8 2B 2R 2 A AR A

9 MEMRKROARESTEEBMNLE

Fig.9 Optimization of ecological security pattern at

Zhangjiakou section of Bashang region
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