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Layout Optimization of Ecological Nodes Based on BCBS Model
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Abstract; In the arid and semi-arid region in Northwest China, the pattern of ecological land use is an
important guarantee to maintain the regional ecological environment security and stability. Ecological
network construction is of great significance. Accordingly, based on the typical ecologically vulnerable
area—Dengkou county, remote sensing image interpretation data in 2015 is used as research material.
The MCR — P model is constructed, and then the ecological sources, corridors and nodes in county scale
are extracted. The Voronoi graph model is introduced into the study of layout of ecological nodes. Blind-
zone centroid-based scheme model is constructed and ecological node layout is optimized. The results
show that totally 391 ecological source nodes and 667 potential ecological nodes are extracted in Dengkou
county. The number of nodes that need to be optimized are 182. After optimization, the coverage rate (Cy) of
ecological nodes is 87. 79% , which is increased by 22. 56% compared with the current ecological node
coverage rate. The node distribution uniformity (U) is reduced to 0.397 8, and the node space
distribution is more uniform. After optimization, the covering area of ecological node is 187 003 hm”, and
the area of blind area of Tyson polygon is reduced to 117 927 hm*, which is reduced by 48 446 hm*. The
structure and node coverage circle space tend to be contiguous, ecological network structure optimization
is more stable. The BCBS model constructed by this research can improve the coverage rate of ecological
nodes, which is a convenient and efficient method for the layout of regional ecological nodes. This study
can provide a scientific basis for construction and management of current and future ecological security
pattern.

Key words: ecological node; ecologically vulnerable area; MCR — P model; BCBS model

Wk B 2016 —08 —18 &l H . 2016 —09 — 08

EEWA: ERAHAREIEGIH (41371189) Fl* + — 17 [F Z R 3% 1 5 H (2012BADI6B00)

EBE® T TR (1987—) ) W, ERNEE 38 HORTEA: SR A0 HIWFST , E-mail . yuqiang@ bjfu. edu. en
BEEE: HEN(1963—) 5, Bz, WA AR 0, T2 MG WA 522 M LN AT, E-mail : yuedepeng@ 126. com



5512 4

T 4 BT BCBS SRR A 25 AT AT R 331

51

HEAS T AR 21 4 N Rk 4T H 4 K T I
i — N7 S, B N3 sl B AR TR R A
BEA AR R A g g e E P AL T
T BAESMESS X, T A ™ 5, SO B H A
RS TR IESS o A 25 10 2% R85 Ao A 25 3 A
PE ST R R T IR S i LI 4% X
A 25 W4 O RAE RR ISR X A 2520 4, R 3 B
FVE PR AR 2515 15 ST A 25 I 4% D225 137 3
DI RE AT , X A 2574 AT 2 1) A R A AL 2
K

] &1 £ 265 0 46 S5 A IF 2 2 B0 5 WL 25 B A
SEFRE S b LR R 45 A A A R 4 LA 1 4R
2000 2 L5 A7 W4 o7 22 [ 50 20 25 R 4% L IR A
AR AR P E O T A 2 R 4 R AT 5T
KELEPIERMA S GEAT 0 A A 5 7
PR Sk A S G R D R R R A N 4 4
Ha v A 250 A A B 25 ) A SR 1 2 5 T Y BR
5 R A 25 A5 A SR TROE 5 3 AL 3 S WLBH g 43
 IZB AT LB 2SR TR L T 765 27 23 ) g S
T2t O e 25 B TR 5 A L A A 2
T fr/IVKE 2 R AR R KRG 2R IR 1058 SU A D % 2
750 JBR A 559 118 SR A AT A, B N R A
SRR BT R . B AT, BESR R 2 LA
T A2 R AR, X RIS A A B A R A Ak
WS, TS T WU 2 T 100 24% 5 AU AT 5 v
X 5 2SR TS8R 2, R BRI R 7
VOR #6383 5048 T34k \BCBS emg a5~
Hir, 3T Voronoi [&]f) BCBS i1 H A7 7 3% 42 7}
I NI a3 BT =R ) S

AR R S I U X M TR T i O B R R Y
X, L A 245 150 b R i PR i 9 A 745 REL oy T A 780 42
BAZST 5 B 3T Voronoi [K] /) BCBS #HI 5| A %)
SR A AT, I AR A A 2 B A R MR AT
B, X 1 L A 25 A5 R AT 25 1) A SR A AL

1 #R5FE

1.1 #SHREER

i 1B HAb AR 28 107°057, Jb 45 40°137, A TN
Sl E IRk, B b, AR Lk, 7Y
WLy 2 ATFIVDEL 8 AT AR, K BT
ok, AL, R A, X
R, FECE R B TR, B IR L 1030 ~
2046 m, BEAHIEER X A1, 575 B i PG LA, B

T

Rt Ja A K B PR R XU, T AR T 1 X
3.0 m/s, Igf [B) 5 K XU 28 m/s, 248 - 2 B K i
143.9 mm, Z4EF 28 K& 2 327 mm, ZHEF X
i 7.6°C, LFEM 136 d, 284 6 125,10 M
2,31 & 258 A, B AR H B 52 km,
AERRT R 310 12 m’, A KB X 2 406. 67 hm,
T X F KV 0.5 ~3 m, V0 X M R /K # I8
3 ~10 m, LLiFTHE AR B MR KR 3 ~ 30 m, AHXS =
& L FROK S T KO RS 1B R R DL S A A B A
PR TR IR B
1.2 HERRES4E

VeI 11 H K 2 H /b = ) Landsat OLI 3214
(2015 4F) Sy 58 2= 44, ) iF ) T BF 51X 2015 4
1: 50 000 AF#% 43 4 4] .25 [A] 43 #E 3 30 m ) DEM 5§
YERHBNEE . A ENVI S, 1 8RR 3047
BeG 1 BUG G s A LA TE AR B, 4R e R AR
By XHE BRI T B AR SR 1 B
M FOUZEAAE B, ] ArcMap 10. 2 3R 47 21 #4 B 2k
QB 3z 18 o M T H -7 235 [V 8RS0 B, e 4AE
Arclnfo 10. 2 PA5E T SE S FNFICEE AL 3
1.3 AEFENERE

A A A By R B MCR ( Minimal
cumulative resistance ) BB ) FEA N KN

i=m,j=k

VWCR :f:m'n 2 DURL ( 1 )

i=1j=1

K Vyer—— /N BB 7 A

S T 1B TT X AN [ 19 2 25 i B3R

FRRH ) e/ IMA

h——E AR B A

D—— A ZS i 7 3 4 b G @ 23 (] PR 5

m— i TR

R—— I BT @ Xfiz gl FEBH ) 2R 4L

AN ) AR S TR AT AN ) 1) A= 2 e 6, RIAS ) AR 2

P 1) 20 ) S AN ) 1, 51 AAS [) 85 4 AR 2 U5 b 1Y
Aet AT P, & 1E MCR BEAL, Sy fb i1 55, $ie /R
AU b BB TR A 2SR M A AT 4 9, O KT BB
™ o BIE G MCR BRI & T 3 Jr i A %, B
A 2SR RE 1 A IR B RN TR BEL D AR L B TR R 2
B2

VM(;H—P =fmml_:§: | Dinin <2)
P Voo 25 T N 25 L
[REEN

P——H 255 j s AR e A T
AU ARy, AR A RERLBOR
A= SR S JRAE R AR A I 5K AT AN [R] S5 R BB



332 KAk MO ¥ R

2016 4

VERTR st 255 18 3t R 3 1 114 186 s A4 A0 B i Js 1
PRSI R R R A 2S00 0 5 ANRE L,
| R/, S BRI AR

FEHMETY M R SRR AL o BRI P AR AR S R
GilR4sH(E" ' NDVI Kkl . Brig g isi S
PR RIE 1 E2 piRt

&1 ETSHEAENER

Tab.1 Evaluation system of ecological resistance

o T
1 2 3 4 5
SO KPS T Sl R A o
j\éﬂ y E*A 0 D SR
st o g Bt SR T Wit
WIALS  BOER (RO FHOL (R R
ok Bt Sk KEE .= R BLED BT AR SR \
T ok > > * H. ;/H\:
WADE o pemems A R i i AARBERILH

Fz2 NDVI-KEBEEAREANENER

Tab.2 NDVI — water distance ecological resistance

evaluation
NDVI SRR Z ] A B S/ km
0~3 3~6 6~12 12~18 >18

0.8~1.0 1 1 2 2 2
0.6~0.8 1 2 2 3 3
0.4~0.6 2 3 3 4 4
0.2~0.4 2 3 4 4 4

0~0.2 3 4 5 5 5

1.4 Voronoi E#&%

Voronoi [ Jg— i fiff he 8 o 455 1 [0 & 1 A5 &% 7
B B RS RS = {s),8,,,
Ay, W EELIE R Delaunay =R A
Delaunay = M43 A HE B Vo3 26, P 4L i 2
IE R 2% #% 22 31 80 FR 2l Voronoi FLIT, 2§ 7k
Z A B AR IE B 2 Voronoi [, Voronoi
B AR 2 IAIE 5 B bR s i 55 DU X G 2R
AL RO X AR

RSN A 520N RRZNIE, 5%
WL 5 B bR B N 0L X RO R A 3
*EF[19720: .

KR LREHRZHIL NN B Fe 2R N A 25
RIS RO, 5 AR SO o, W — e Bz 3 4k
ZNTENAES T BT . GRBREZNIENRT
FORBE G HAR AL W HAR SR X

KR 2:FEHRZHILAD B H AR HIL
AR ZIIE NI R EE B AH S o 5 B AR A

i, W —E PN Y 2 DRHRZ LI N5 5
BPA o A3X 2 A AR 55 AR A, % H s s
WHFERX.

KEJBRZHILTS B G 3 NERS
WG WI RABE B A S . 2 R o 5, I — 5
PG 3 ANBEARZ LN RN B . 47X

s, |, 34T Delaunay

3 AT R T U, W T A TE B X
1.5 BCBS #&#!

AR SR M AR T A AR SR ] A AR A
HLi s i B2 A — & BRIZ R, F H] Voronoi [ 4
BT R AR ST SRR Z LI, I A —E B
AT RS e A X UE R T AR E X
B XA KWASF] T Xk R S fa e, HE
XHEAGE RS SRS RE 2, A SR %
SR . AT B E XK ZHIRIE O
#5571 ( Blind-zone centroid-based scheme , BCBS) , #4 2
RS R s B RN R

T 26, A AR A BH T T A A S R 11 B ) A 2
T PSR T B A S RH N iR E AR RS
RIS S= 15,8, syt o XAFFEXIER T FH
Voronoi EIRE R HEAT R 73, i i€ e AR 2 B R &
V=1{v,0,, 05}

SRIG TSGR A ST s, FIEXE IV A v, B TR
BAEOL, & DR AW eos 6, 7 i ES P ER
s RIS R EMBHRZDIL, WV, = o,.,,
Vs s 3V |5 FEVRUBI = A2 (1 28 7% 22 300 T00 453 10 71
WO . AEEE X EHHZ Y AR W R AR E X
ORI AR RIEAE ST R S W A TR R
TR R AR AR B X RS A,
1Ev, NINERE X ZWE MR IZERE X ZLIE
BB Co= (C,C) o n TR0 A AL A 2 I
FEREN (XY, (X, Yy) o (X, Y, ) o n B
i (C..C,) BT FH A5

%z (Xi +Xi+1)(Xi + Yi+1 _Xi+1 + Yi)
i=1

C, = I
(3)
%z (Y + Yo ) (X, + Y, - Xy + 1))
_ 6=
C, = i

(4)



5512 4

Tl 45 FET BCBS BEAUAY 7

1 n

ol M=y Y (XY

X M—n MM

WERAE XEOE, TAERGEXELER]
[l —Z R 200 W B AE ST AR o, TR A
W)

_Xi+l+Yi) (5)

ldl =./(C,-S,)"+(C,-8)* (6)
BB MR R R A 1 d] > 2R,
HZAES T EAEREE RKIE LA EE = AT Y
M), TR AR 2S5 A A B AN Lt A 2574 s AR B, 76
SRR ) A AR 4 g DL SR SR R AL T 2T O
ACAS FAT A AR 20 s I 25, OIS BN 2R 510
BEEZG 0L, #51d] <2R, ULBHZ ¥ A 574 5
B EixICO AL, BB O UE A ALY A8 . il
o B B SR B I 9 X3 T AR AT Ak B A
?‘ﬁ%'ﬁ
J& R AT S A ST L s, FEIR L € AEXT o,
%%%%Qmoﬁ%émT@miﬁﬁﬁ FE YR
ﬁﬁ(aam)ﬁ v, % Q. MEER Q. M
Qim FTEA, AR QL = Q. WIBE By pi B i s, =
., J?:WJ”'J%“”éﬁuEﬁw MALE. BERITAR
i%ﬁwfwf
*%%”Eﬁé*ﬁ%ﬂi% RPE 3 C R A 1Y
AU AR C HEAR N

30
Co= (7)
sl 0=t - IT (-p(sr) (8)
Aoft QW %mm
pGsioty) 3
A | B
5 0

106°15'0"E 106°40'0"E 107°5'0"E 106°15'0"E

&
b
=

SR A%
3
4

km km

20 0
106°40'0"E 107°5'0"E 106°15'0"E

10 20
106°15'0"E

106°40'0"E

106°40'0"E

A R 333
t,-—ﬁﬁ)ﬁ LA E DR L= (x,-,yj)
WA U TR AR
1 N
U= 21 U, (9)
1 ki 12
/\EF' = [ITZ (Mi_Di,j):I (1())
ks
1 &
M=y 2{ D, (11)
D, ;=d(s,,z) (12)
K b —5 A AT RUARE T RN

M —55 i DA S G AR R SRR
Di,j—% 2 /I\HE?&%)\J—:T\ S; Egﬁ'] ?BET?)?
z; Z ] R 2

U380 s, 5 AR a1 2 ] B

HIARIE 2
2 ZEREH5H
2.1 EE A E 1'5\ ?ITEHl

S, B R SR M . TE AR DX M A5
VU ARHB 0 AR SR TR, DA 1 B AR S XA 9K
Sl RIBBUIR 3 AT R B AR T 10 hm® iy
e TEHE P R T AT T A SR g 2 S T
SERAE 391 HeA AR (18] 1a) AR A A5 U LAY
T RO £ 25 YR AT 25 4 R4, 3 0 A A 25 T
BESRPEFTRE RN T P WRARL. 1 ~ 4 20 25 5 3 i 70
4352 8270. 78 .8 462. 18 15 301. 84 .3 010. 19 hm? 5

IR AR SRR E . FIF] MCR — P R LT
A ZSBE B A 2 R AR 2 AR T Al
ArcGIS 10.2 #ff Python AR 1% 7 41 B 2R 25 6 il
([ 1b) o ELIs R Py A3 B B 2 S B e B 45 1
(¥ 47 466 4% 18 76 4 A5 R3Sk S 04 AR 25 G
30 m, e K I AE A R IE R 10 679 m,
BT ARUE 2S5 A AR 45 A

106°15'0"E 106°40'0"E

FRUH

107°5'0"E

N

40°25'0"N

I\' m
0 10 20
106°15'0"E 106°40'0"E

107°5'0"E 107°5'0"E

BB A SRR

Fig. 1

Ecological pattern factor maps of Dengkou county
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