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Construction of Long Term Regional Ecological Security
Pattern Based on RSEl-taking the Hebei Section of the Taihang
Mountains as an Example
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(1. School of Earth Science and Engineering, Hebei University of Engineering, Handan, Hebei 056038, China;
2. School of Mining and Surveying Engineering, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract: Taking the Hebei section of the Tathang Mountains as the research object, the Remote Sens-
ing Ecological Index ( RSEI) is calculated to identify the ecological source area. Multiple spatial data
sources such as the land use type, normalized vegetation index, elevation, and slope are selected for
comprehensive resistance evaluation. The circuit theory model is used to extract ecological corridors and
pinch points, and a long-term regional ecological security pattern of “source area corridor node” is con-
structed. The results show that: (1) The average RSEI of the study area in 2002, 2007, 2012, 2017,
and 2021 are 0. 507, 0. 538, 0.554, 0.493, and 0. 541, respectively, and the RSEI shows a trend of
“rising-falling-rising” over the past 20 years; (2) The total area of the source area in the research area
increases gradually, with an increase of 5705 km” from the initial stage to the final stage. The proportion
of area increases from 2. 66% to 18.56%, and the average RSEI of the source patches increases from
0.774 t0 0.834; (3) The main ecological corridors in the research area are distributed vertically from
north to south. At the end of the study, 16 ecological source areas, 21 ecological corridors, and 5 eco-
logical pinch points are identified.
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1.1 HREHR
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IR, 158 4% B (NDVI) % B2 (WET) | T B
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HSZEAR R | B 174 b ER 5030 Ak B A A B 42
P2 AR SCHE GEE F & Lk (7 B AR £ = Ab
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Tab.1 Calculation formula for various components of RSEI indicators

Ef=ga) HHEAX
NDVI NDVE = (pye = Pra)/ (Poic + Prea)
L5, = 0.0315 x B, +0.2021 x B, + 0.3012 x B, + 0.1594 x B, — 0. 6806 x By — 0.6109 x B
WET L8, = 0.1511 x B, + 0.1973 x B, + 0.3283 x B, + 0.3407 x B, — 0. 7117 X B; — 0. 4559 x B,
NDBSI = (IBI + SI)/2
NDBSI S = 4L (Poin *Pra) = (Pasint + Piue) 1/ L (P +Prea) + (P +Pyic) 1

IBI = 2 Xp i/ (Pyin +Puic) = (P (P +Prea) + (pgm»n/(Pgn-,.-,.. +Ppoi))
72 %P/ (Pasin + Puie) + (P (Pric ¥ Prea) + (Peen” (Peen + Povie) )

LST = T/[ 1 + (AT/p) *1In(e) ]
LST L¢ = gain X DN + bias
T =K,/In(k,/Lg + 1)
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ARSI AR P RSET 453 KT 0.7
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HOPE T B B B A e T A A A5 3 A5 R U
M B 2 18 3 TR M 1 ARk /N X DL S 43 DX IR S
R RE R 7 K b AR F45 T 50 km® 1
SRy BB 25 U A R
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TR 35 R R R AR R — 2 e 3], %) b o —
EPEA I, e AT 2N A B I TR EUE

2.4 EFBEAEERER
A 25 BHL T e T ) A =S T s Bl 0 S
B RSO 4 AR R TR R LA AR AN B

I, 5% M5 SCHR [ 17,26-27 VEBH % E R 0~
1 000, FH I {E R, A A8 PR BB 2% | Wy F it 7% 1 TR
ME, FIH arcgis H 328 T 244 AR 7 IR 4%
%2 AT o SRR, A5 3 B R - BH D T e S TR
arcgis FOFMAE T 2% BLOINA S A i A A4S
RH 7 1
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FL B L 4 ) o A A 8 R s Ly H T,
R, SEL T A5 UL REL g T, £ 35 o e ) e e
PAEST BAUERVEHL . 7 Circuitscape X {F1H 51
A 2SR B AR A A ) DX, A R T
PIFE RS > 5 o R 2 B kg A DX, 2 253 3 ) B
J18/N?) | Linkage Mapper T. 2 7] LLTHE 51 5% 0L
4 AR 2R T 5 OB R, DT 0 B DX 3 Y )
Tl 5, s 1) sl 0 AR SOl Linkage Pathways
Tool T E i3I 8] 4 25 )Ag & ; {7 H] Pinchpoint Map-
per T.E.“all to one” X7 MEH, IHHHE AN
JER L P U B, R T AR IR 2

R2 £ETBENEFERSGEER

Tab. 2 Classification system of ecological resistance factor indicators

ity BE Vs RH 7 1E ity BE Wi RH I3 16

M 1 0~0.2 100

N 10 0.2~0.4 80

E 20 0.4~0.6 50

+ A 0. 567 HhHb 50 NDVI 0.237 0.6~0.8 20
KAk 200 0.8~1.0 0

B 600 — —

ANiE K T 1 000 — —
<300 1 <8 1

300~ 600 20 8~15 20

L/ m 0.124 600~ 1 200 50 Wil (°) 0.072 15~25 50

1 200~1 500 80 25~-35 80

>1 500 100 >35 100
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3 HBRENH

3.1 BRASEH

RSEI 43 5 48 b5 3 — 1k 32 180 3 o3 Hr 45 S 5k
3, Hrf NDVI Fll WET 26 — 32 5 73 FRAE 1) 224 1
NDBSI F1 LST 1, H 46 B 1) PC1 BTk R ¥ KT
77% ., RSEI K446 b4 i BUE N 3R 4, Forf 2012
4 RSEI BUAFK, U XIS S B e, M
RSEI ${E A8 1k ok & , 2002—2012 4F RSET $F4L Tt
1, BB 0. 047  AE3E MR 0. 9% , A B IR
Frekik % ,2012—2017 4F RSEL F[% 0. 061, 4F F %
RN 2.2%, % B A S A BE 0l B ™ E AR,
2017—2021 4F- RSEI 3471 0. 048 , A& 35 i 724 Jir [
THEAR K 2012 4, 08 1, K I 6 25 [ 4% J5 78

ORI 5 DX T = A I 09 A 2 25 I B8 o i R 4
W3, RSEL 45 20 M\ 74 il 1] 7R 328 ¥ 7+ 51, 2012 4F
RSEI %5 [A] 4% Jay 35 2 5 1 ; 2017 44 5% X AR 1 ]
RSEI S5 K FLUR [, JR 3 A A8 A 5% 8 Ak 2021
AEAFFAE X b o A1 AR PR X 38 RSEL 4 2 FF 5, X 48
AR RSEI %5 2017 4F-A5 FIrdit 5

3.2 £FREERBEE
3.2.1 ST

PR H RN ZE AN 2 F1k S FR  BFSEwIR
B9 AT E R B AR LA 6 4, ik
3 ARAE BB R A5 ELRE L B U e R T AR
955 km”, T FH 5 Fb K 2. 66% , e A TR b IREBR T AL
455 km*, 2007 AFREEB A G P9 L DL R iR
7 VT A5 AR DX 48 b — 1A 5 B B 3 R

% 3 2002—2021 £ RSEI & EEMFERNER &N ER D TEE

Tab. 3 Feature vectors and contribution rates of each principal component of RSEI indicators from 2002 to 2021

Ay F sy £ NDVI B WET FJ& NDBSI P 18T Py &7
2002 PCl 0.614 8 0. 406 4 -0.616 6 -0.276 9 80. 89
2007 PCl1 0.702 3 0.331 4 -0.483 2 -0.404 3 77.56
2012 PCl 0.749 7 0.379 7 -0.522 7 -0.143 1 85.01
2017 PC1 0.545 4 0.484 9 -0.528 1 -0.434 1 88.39
2021 PCl 0.571 8 0.486 4 -0.556 4 -0.356 2 82.29
3 4 2002—2021 4 RSEI M1& 5 EHtRE
Tab.4 RSEI and various component indicator values from 2002 to 2021

A 18 %A A5 RSEL £ HE NDVI 1B WET P LST T-BE NDBSI

2002 0. 507 0. 682 0. 491 0. 553 0.538

2007 0.538 0. 643 0. 536 0.611 0. 596

2012 0.554 0. 463 0. 629 0. 807 0. 660

2017 0. 493 0.534 0. 544 0.521 0.543

2021 0. 541 0.579 0. 567 0.420 0. 498

(b 207¢

(a) 20024E

0,30 60

(c) 20124
120 180 240
km

(d) 20174 (€) 20214

Bl 1 RSEIL 474 =5 A 43 ]
Fig. 1 RSEI level spatial distribution map
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Fig. 2 Spatial distribution map of ecological source areas
R 5 2002—2021 FHARKEFREMIAGNER
Tab. 5 Identification results of ecological source areas in the study area from 2002 to 2021

AE(y PSR BB E A k'’ BMEMIE A km® LSRR km® DRI %
2002 9 455 51 955 2. 66
2007 12 341 58 1719 4.79
2012 10 1 676 53 2 668 7.44
2017 14 1335 58 4322 12. 05
2021 16 2254 53 6 660 18. 56

H T AL A 1 719 km®, fie K YR b BE B A AR
341 km® ;2012 4EAF5T XA Bl g B R PRk
AR RIS, H ) B 5P B IR s B
T B RIRUA 2 668 km® , F KIFMLEI AL 1 676 km®;
2017 A5 b g T AR A b — 0 S 3 G, AR 5 X P
00 H R A 22 IR T e IR b A A s ) 43 A A E)
Befft ;2021 AEP BN AY 3 AN TR BB 7 2% | ok UR
BB 4 A 10 U5 b BE R 122 5 309 U5 b B B 33
16 A, T Hb ST A 6 660 km? , $5 A Y5 Hb BE He 1 FH
2254 km’, MWKHEHFPAERF  WF5E X 20 4 8] I
Mo T R I 5 705 km?, TR (5 LG B W0 B
2.66% LT+ 1 18. 56% , Wi b 2= 18] A Joy i 2 7t
W2 6, BT AT 01 PN B 2 U5 1 B He %) 348 Jin sl
b P RSEL S A sl AT, B4 RSEL

& 6 MEXIFEMBILR RSEI Giit{E
Tab. 6 RSEI statistical values of source patches in

the research area

Ay TRMBBERRNEL JEHD RSEL SME R RSEI Y{E

2002 9 6.970 0.774
2007 12 9. 406 0.784
2012 10 7.949 0.795
2017 14 11. 605 0. 829
2021 16 13. 346 0. 834

SMERIUIEARDC , AR, 5 > HH YA 5% X1 T
HoBEEE RSET $4{E H1 0. 774 FFiE £ 0. 834, F=14
FR0.3% ,BUE LB I, SR L BT
BN XA RSEL A THAT R, {E I8 M B e 11 5 1
FURWI K, U5 L BE S P 19 RSEL 2B F-Fa 7t 5,
R R R KO
3.2.2 LGSR M

AR SR R R o Wi v A s A B L e
— AR AR L (NDVI) | #2353 1 BH ) A o 4
MR 0.567 0. 237 .0. 124 0. 072, & 45— 01k L 4]
70.025 7>0. 1,5 — SRR I A R, nE 3, 4K
CHEEABRJIE R 438 1,20, 50,80 ,100, Horfrgg
GBEIE R 10 X 3 ARG X, A
PR, BB G vh X R /N S 254 B ) 1
RE T 4(E 2 B AHOC, BF S X AR R Ml 1 25 & AR 2R
RH 7 {ELAE X =, PH A6 %) 255 BE g T AR b e 2
BARBEINR 7, R X LA ¥ E 2 e T
wma TRE AR A Ho 2002 4E£5 5 BH 1 3
e/, b XA H R 30.35% 52012 4F48 5
RH ¥ E A, 28 i X TE R LR 16. 2% 52017 4%
F12021 4FLRABH 1 B4 (E 20 T B, A 822 o X T
FRUE 2012 44355038 0 4 494 km® 15 495 km®,
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Fig. 3 Spatial distribution map of comprehensive resistance surface
7 2002—2021 ERRRESESHEAENE
Tab.7 Average value of integrated ecological resistance surface from 2002 to 2021 in the study area
E0y B 1P 291 PRifE 2 2 o XA km® G XA e/ %
2002 32.48 29. 46 10 888 30. 35
2007 34.11 30. 20 10 705 29. 84
2012 43.75 30.53 5814 16.20
2017 39.78 33.73 10 308 28.73
2021 38. 38 34.10 11 309 31.52

3.2.3 AEBJEE

25 B T A 20 AR T U 45 SR gk 8 FRUR, Hrh
2002 4 2012 4FEAYJER I8 250350 11 45,2007 4828
16 45,2017 2021 4R JHRIE 5 50HH 22 1 4%, 300k 20
55,21 4% AT SE I 0 L e K BRI 180. 48 km,
BRI R 69. 77 km,, MBRIE %5 H FER I 2K
AL R F ,2002—2007 4F, JER I H M 5 2%, 8§
R BERE N 56. 01 km ;2007—2012 4F | JBRiE % H
WD 5 4% JRRE BUK BN 2 76. 32 km;2012—2017
AR ERIEECEH BN 9 45, A K BERA N 482. 98 km;
2017—2021 4F, JRRIEEC H AN 1 2%, R S K B
> 677. 47 km; @K - BFSEIX 2017 4519 JBRE 43 H
AARE S LA el

* 8 2002—2021 FHR X EREEIRFIER
Tab. 8 Results of ecological corridor identification in

the study area from 2002 to 2021

Gy BREAR BEBKE/km RAKERE km
2002 11 527.98 178.72
2007 16 583.99 163. 51
2012 11 507. 67 156. 92
2017 20 990. 65 180. 48
2021 21 313.18 69.77

3.2.4 IS

A5 I R 300 28 R R AN 1 4 BT, TR ] v
T E I BRI I %, HE arcgis K
v e 1 45 B 0 R I 2 B 4 {E 43 0 S 0,018
0.021.0. 025 0. 026 .0. 032 , ¥I{EZEAEHE i, K 14
T3 L I 2 R (AN 0. 014 A 43S =k 3|
3.8%, MK P ISR F | B HH S
U5 Hb AR A B K R S AT, AR SCRUN A% s 4
ARSI EST AN 11,9 .26 14 5 1,

3.3 KHFAEDRREEBHNEELSHT

KB P AR s Rt @ a5 R Kl 5 R
t 2002 AERYAE S L e R A A 9 MRS,
11 FA AR, 11 AN AR A5 e 7 < V50 b - JBg 3 -
e g7 FUo A AR BIE 9T X3 DX 8, A% ) 4 6 Y
T AR, XA R A S g R 22, 2007 4F
) U b S ORI B T A5 B0 A BT R N, A= S ER
T ) LB A% SR AR BB AR 2012 4R R B 3 AN UR
HBEHRE 2%, b Y5 b TR B B, 9 e B B
— AR HLBEER | R s (RIS e ke A= A8 4k, H 22D
At i 4 ey P 1 5ER A T DK 55 A 2 ARAE
2017 47 A2 JHR A A0 AR AN A4 vz b A A A F
FEDXVG T BT 45 A T AR 1 6 S s Sy, DXl
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Fig. 4 Spatial distribution map of current density grid
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Fig. 5 Results of ecological security pattern construction
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4 £k

1) BF5E WIWT 10 4F RSEI 48808548 IF, 2B S
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TEEHR 0.493, HAK TH1H1 RSEI {A , ixX W] X 3 A=
AL, A AR LR ™, 2017—2021 45,
RSEI {71 7+, 2021 4= RSEI A 0. 541, 4= 753 58
AR AAA J 2012 47 (0. 554 ) , Af WA= A R85

— ELERIBEIR AR A s (B) 9 TG iR A5 2K, A2
ISR O T AN A T ) R e

2) MK P AR G g ok B |, 25 IR m AR
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AR, 2R 88 DI 5 0 (RIS sl A R b 3
13§ 1 R U Pt o <3t Ay 7 N W 7 N A
M, BIFFE B AR 2SR PR A 1) e RE R JBR A IR
WA W T, 2012 AR PR A 25 e 5 R0E B
2,0 26 4~ WIFFT DX A% B 3 < Y Ml - JER 3 -9 0507 1 A
B LN EA B2 22 530k,

3)RSEI J5 10 4% 2 3« BRI 5 7 1928 1k
P DX I AR 28 I e R B 5 1) el R {HL R
BEHE RSEIL A 5 22 i O IR Ak o, A
WFFE ST, Ut B e P A — o 1 AR () B A 355 I
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