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Multi-scenario Simulation of Ecological Networks in Dengkou County

YU Qiang LIU Zhili YUE Depeng ZHANG Qibin NIU Teng SU Kai
( Beijing Key Laboratory of Precision Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: Complex ecological network is a hotspot in the study of regional eco-environmental
sustainability in recent years. The remote sensing image in 2016, DEM data and so on in Dengkou
County were used as research material. The concept of ecological Coulomb force was proposed and based
on the force-directed algorithm, a multi-scenario simulation model of ecological network was constructed.
Furthermore, combining the minimum cumulative resistance surface model, totally 11 scenarios were set
up to study the evolution of the present ecological network. The results were shown as follows: based on
the current situation of ecological protection mode, the cumulative ecological resistance surface showed
that the wolf mountain piedmont and the northeastern margin of the Ulan Buh Desert had great ecological
resistance. In contrast, there were significantly more areas with large cumulative ecological resistance
values under the economic development model. With (1.0, 0) to (0, 1.0) model conversion,
ecological source grid patches gradually disappeared, the skeleton corridor was gradually broken. In the
(0, 1.0) mode, the ecological network had been greatly destroyed. Under the present condition, large-
scale land economic development would cause great damage to the ecological network. However, in the
(0.9, 0.1) mode, although the destruction occurred on the edge of the desert, the ecological network
inside the sample circle was expanded. Under the existing natural resources, there was still room for
economic development in Dengkou County, but the space was limited. The multi-scenario simulation
model proposed was suitable for the evolution analysis of ecological networks.

Key words: ecological network; ecological Coulomb force; force-directed algorithm; multi-scenario

simulation model; Dengkou County

0 3= 2z " AETE VUL X 7 AL A TR
= % BB 2N L4 2 T R AR S BR B v A T AR KRS
T VDAL H R S ERE R R IR S S B AT & I R RS (R 5 R B 1 TR S ek

WekS H I 2017 —11—14 (&[0l H 5 2017 —12-08
ELTH: BHXARBFEETE (41371189) f + = #." B F B 32 45 1143 H (2012BAD16B00)

PR FoR(1987—) , 5, Wik, 5 U 35 HEARAE e A5 5 B of 93 FBF 9T , E-mail: yugiang@ bifu. edu. en
BEES: FHENS(1963—) B 23z, LA I, 322N F 500 A 54 M L HPE M F 55, E-mail . yuedepeng@ 126. com



%2 1

o 15 A % 2 A R 183

R 23 X G 59 1 2 25 B B 3 RO AT K A2 AR
HUA A 250 B A 25 T A LS & 3T 0 T 4 0 2
ARG GO A G A — R B ARAE T T Rk
TR X LR SRR E B LA TIT R
V0BG R WL ER 55 S B P 4 1 S ) L 2 4%
B 0% HG BT B0 I 11 380 1 A OE 875 300 B B R U 119 26 25 Y
AT —E R W E D e o vk
T %2 15 5 T ARAIE A 745 I 4% 1 45 R s AT % 4 4L
HEZSTRE B T R 0 Ut ) B S [ R

X X 38 BRAR: £ 25 190 4% 1 AT 200 35053 W 2 AT A% R
AL B FT 3 o 76 AR 25 I 45 44 8 4 7 T, B AT 2 5K
F BIF 0 2 T XV A A 25 I % O BF 5, EL 2 4 P T3
TR 1 S T L AR S B e — AR G
B BRI P A 25 B T A TR 46 g A X3 10 9 1 2
259 4%, HE T B R IR GE M LT B A RO AK R 48
BT SR B R B A BOEE B N 4 45 A B
B LR R T A 2 2 )R JR 4 A
N FLEAT A3 M o VR A 75 46 RS b R IR A 55
W 2% BRI AR 25 9 7 A 25 190 4% 1 4 7 2 3 T BDIR
SR R IR I A 25 0 4 g5 1 (L R i O
AL RS 7E T E P A T Rk TR IX Tk YR
U5 SR U A A BRI X Bl R AL 1 2R A I A
JR IS B L IE (0 52 B, e BRI 1 2E 25 I 46 R AT 43
7 SR, 245 BUR 2R 75 100 2% B B s Fr e o Oy
o,

FUIR e 75 190 245 2 — A~ 3 25748 4k 109 19 2%, %ok B
S AT SR LT R, FETE AL TR T
S IX A 2 T 4% 11 2 TR A AR 5 I 2 E K BT U5
AIRMBTR TR LRI L, 2% T L HE R
KE U, S BOM T A S R AR B R K R OR
JU BT AR B 2 Bl B X BUIR AR 25
245 110 A A R AT A R0 T , 2 25 0 4% 14 AL RS [
T A 3 AL, HAS A 52 B A2 A 5T 1 52 e, H
5 F R ] A 7 A R B A S R % v A
TELEZS T, X 2R 25 0 AT 5 R R X T A S W 4%
3 R4 28 06 T L AR A R 4 R R A T 4% 1 —
i, B0 A A2 9 2% | T4k 1 T A I 4% A ) I 4% 25
e W% AT R W5 B R4 2, Hovp ) S Bk
2 1L T X e 5 A 4% 1 B Bl AR R XA s (]
I S R B R AT AR BT S L [
3 T Y X R LSO BT 5 X, X 7 S gk
FF o3 R A R T T A A 4% A F) g S 1
2 4 e /IS BB ) TG 250 6F T 51X B R A 25
2 BEATRERL A HT o BEIRLIE T AR ) 8 BE 2B 25 4 A
M2 I R BT DX A 2 I % SR 1 v A
B A, O K IR T R E  JRAR A TG S

1 HESHE

1.1 #SHREHER

A6 11 EL 4 vp B PG B ER (R & 107°057, JL &
40°13") ,fr TN 52 7l I &P I U Sk, B o Bl
SEAR LK, VE AR S A AU, fE 0B RE TR
AT KGR UR A R, iV A ™, R e
R, REZE KRR, R L B R IR RN
4R 1030 ~2 046 m, B AU BR 1L X Ah, 2 AR W
POACAR, B W ARt o a8 e dl Al Bl Pk 2 XU, T 4F
-2 X 3.0 m/s, 1 E] die K KU 28 m/s, 2 4E 71
F7k B 143.9 mm, Z4E 28 & & 2 327 mm, Z4F
SRR 7.6°C L oI 136 d, 2B 6 A4~ 125,10 4>
WE,31 A8, 258 AL, Wi a s 0 E
52 km 4E42 3 310 42 m® /K8 i XL 2 400 hm® , §i]
DX T KR 0.5 ~3 m, Vb XMl R KPR 3 ~
10 m, 11T SE R B 3 T /K B 3 ~ 30 m, A X =5 1Y
i F oK 5 bR AN RS B R DL AR AN PR O 4
T R,
1.2 #HiERkRESLE

TEHURE 1 5 2016 45 2= H /D = 1Y 30 m 43 HE4
() Landsat OLI S22 0 WF9E R A (oK H b 3R =3 i) £ 4
=FE) 2B NDVI MNDWI #5%% . #I/H ENVI 5.1
WA XS AR AT I B A 1 A 38 5 N LA A IE Ak
B, R de KAV AR B 26 i 0 S AR ik AT H AL
fif 36, PR MORE B R 2R AU B,
ArcMap 10. 2 g 47 40 f¢ BE B 4b B8, R 3 2 T R 7
2R AN A S B G KB E R T E 4 R
2015 4F 2% + M R RS 4 53 28 208 XF 52 AR Mg 2 1
2016 4 4 1 A B HE HEAT 15 1E , 45 & S0l ] A 5
3 B HERA Y 2016 48 4 3 A FHRT 40 43 28 5048 , 4 3 A
FHREBIALFE R4 T3 B FE XU 24 I SRR IR T 3
O3 B M VU AR M R B RT3 T
BTG i RS A TG = K AN B DR B R 21k N T X O
B/ S NS5 N N o 8 B N (S
AR P K b K PR KT K SR A0 5 8 A
Mk 26 261

FH T4 # fe/s BB BE ) 9 DEM %045 % B
P G =6, 0 PER 30 m, FI ] ArcGIS 10. 2
A AR HE DEM B 405 5 B B B o b R K IR Y
2 () 43 A B o 1 S s g E 5 AR L He ok AS B
ST R o b ) S B EOK R A
B, F T AreGIS 10. 2 B4 v i 22 8 52 v X 43 7
(82 8 R 8 AR N R € 115 0 e w7 1| DA €7 E o O
RO BRI K I, F T AreGIS 10. 2 B4 v (1) %5 1
I3 BT B AR AT 5 T B



184 & A Bl B ¥ i

2018 4

1.3 HNERENEER
FEAS d5e /N B2 FBH g i B RS, B MCR ( Minimal
cumulative resistance) E]/J%ZIK/A\K}J

i=m.,j=n

Vicr =fuin Z (Di]’Ri) (1)

i=l,j=1

L Vyer— S/ BRIy 18
S uin B Hh BT B BE ) e/ ME
D, —— WA U5 j 3 4 5T ¢ A3 AR
R, JHHb BT @ % iz gl ad B B ) &R 8
AN Te) A2 25 U6 b A A [m] A A S RE o, RO R 2R 2
5t 1) 52 W) 3 2 AN 6] 19, 51 AAS [) 55 2 A= 285 U5 b 1
BERE N T P, B 1F MCR AR S M 3R 2 25 U5 /)
DR BIAE w6 1B 0y A 285 U5 1o w] % 455 o 2%
00 PR R, 43 3 A HT NDVIE AT MNDWT % 4~
B R R A S DR AR RS A R AR
AU B P T F/MAEERE B P 1B IE R AL
BB N F P, AR
P =Al (2)
Ao A5 e 2 T B 1Y 1 A
L—"55 j P B IR M B B iy 55 r A~ — 1k
i
FEAEGE I e B T 5 B 03— 1L 48 B0 A A 5 R b
WCr 3 BV 1A 2, 1, 5 B AR A IR L NDVI
BE L, 05 j YRR R A MNDWI 3{E
f&IEJG MCR BERIE BT 4 Jy A &, B4 &R
M A A TR b BE B A G BB B ORN S T BEL T RRAE L 18 I
JE AR N

i=mj=n

Viere =fuin _2_ (Dinin) (3)
P VoS & F/h A S R
]

P AW 0 BRI T G0 KA
A AR VR BE B 0 A 25 BE B BOR

SER R ST i 195 0 N [ A SO R e S DR S
AE T8 15 AR 25 9 28 LA K DI 19 9 8 o e v BT 32 3 Y
R3S AN B o BH 0 2R B0 e 1 A 25 5 WL 5 478 1
At S5 0 P e S AR B A F 9 A AL TR B
PP LA A A, 2 1 Ao 22 28 5 R R A
A4 2 Bl AR AR B xR A A A
Xof B4 BHL g T T A ) B BH T R B B AR
ArcGIS 4 ) cost — distance FH 58 Ji% 7 Fi 25 Al
A2 2SR b A R ARBE I TR, B TR R AR, i
FIH Python BIATE & 40 5 2 5 58 OZ TR . 1l
XF AR Y 2R AR AT = e AL TS A A
M BT B R /ME, B A5 3 2 MU 19 2 A i
/NS SR ARBE i o

1.4 ZESEUER

785 10 B 1 BUIR A 25 00 4% 2 oy 2R 2 U Y A A
A SRR E AR, — A IR M 4. RS e
TE A 75 0 28 v R 3L 2l S 001 1), B AR 2 0 AR 3
B Z B REW AR W, AL b e & . i T AET
FR XK BT YA X L ke, A 2 Rl 22 (8] A AU AE R A
HARAF ISR TEK B | - 8 95 IR T 25 D 1T i A7
TEETFHRR . MANRRET 2 MESEZ
[ 14 56 2, B e 30 U 5 S B R ™ S, A e U A
REAS AH H AN FERE it , X P B R 2R 0L T W 32 v i
252 A HL P T AR RN, A SRS A 2 TR
ZTE]F 2o ol B G Ay A 2 U M 2 AR RN o Ik AR
IO AT DASE R - 2 2 A AR S IR B R i o, AT =2
[IA7 A3 HE R 0, B 2 AR 25 05 M I 8 1y 3, 3
PR T 73 i e A2 W51 g, LB RS iR T 2 2
AW Z 18] R T K o

A SCHs 1y B2 U 1 22 (8] 19 AR 7 51 A3
S5 W AR 2 U, K AR 5 R M 2 TR A X 2R AR )
WA S EAR T, 25 AR S AR T 1 5E S AE— €
F8 s ) P AR A 2 3t BT BE R P B B U A
— 7 FRIEE B, ) 2 A~ A 25 2 Ml 22 [ A 75 Bl BE 2 1) 72
e A AR AR 0, BRI A 25 P48 7

AR A 2R = A EAR T 2 DR Z )
A4 7 FH 1 R R A g o SR/ INRR 45, 5 il A R, PR
TR — A AR o WA = RIS T AR S
[ (o B N W e Sy L 2 e e S LY (oW S
/NS R JE — XA AR T TR/
SFHITMAE o 2 2 A AU SO AR DT AR
ABERIG ESFER T X FE T SRR AEL
MR S, T A T ARSI T AR AR TE
U 2l 1A 2o A R I A B A T R/ RV SR v
I A 25 L 194 3L 3 T A B T LR e SRR 25
BEL 3 o S e A S AR T

BNEBWAF, S E,

Oi,ééa‘hﬁjm

| _
L BUNERA A,

F1 AR SR M A A A T o A
Fig. 1 Schematic diagram of interaction forces

between ecological sources

A S YR M BE A R/ E T AR SR AR I Y 9
559, A S PEAS JT BB A T R 1 A 25 M 28 A Jmy Y IUE
T S 5 8 (Force directed model , FDM ) iy & &
221 7 1 2 W 4 T R A sl AR R 5 R B A Y



%2 1

o 15 A % 2 A R 185

—REIE, FDM S ER R — YR 4,
BEAN T 5032 B A S BB BUF Jy, BTA Y
MAEMEAER I T2 8, 4 & 50k 8 ) 7 i ok
W EI 3RS T A R
AR 2 W 45 01 F 1 vk R T e 0 B A

SM AR, RV HEREE RS
Mg Horh VIR ST RS, T H S R E Y
L4 5% Noack T2 H Y LL( LinLog) #57 | % A5
RUTE DL #4775 550 B 20 A J 09 [6) B, 58 BT 5 R
KU R AR U I A N B A R G i
H

E=% (lp=p | =WnClp=p; 1)) (4)
K E—H S M=

pi—V i AT

p—V R A

| 4 2 p, 5 p; 2 1] 1 K 5

Ip, =p, | — s p, 5 p, ZHH B E

CEBkE)
2P AR T AR 5] 1, e 2 A
RITEETSZMEMFI
AR AR TGS TP R

Bl 5 /F A, [ % Fruchterman [HF 50K T+ 5 5]
AR P26 1 S A Rk A2 U 2 ANk
AR Y S RAETE ) R T3 A 5] 1 B A

F(,:Ki2 (5)
I p;—p;l
Il p: - D; I ’
T (6)
X F—F S F—3)

e RN (WA N i

O3 AR AR 25 R M Y A5 22 1 4 B /N D A )
A, 3% AT A S8R ik ke A 25 TR MY 2 T e
it | A BT IR T A Y )L

TEJF I35 51 03 LA K dwe /I AR g i 3 [ 4 1
B A AR A R 2 2 B K AR A . AR SR
M A5 AR AR 2 A AR /NI R A A7 A A L R T
B S , A BE T (B B 25 I A7 AR 25 I R 3l
e /N A 2SR YT R B P RS B R AR
Aii Ry o A R D 52 B v d5e /s SR BRBEL T 9 BRI 22 25
W 45 HURE R fe KT REM B T B AT Ry o ASIFSE AR
A 255 3 S 1) 2 SRR DURE Y A 2L AR B0k O A
LE

(1) A 100 B B i A AR 285 & o ok b A1
X, I AT 5 o

Q)RS ESBEIY HE b AT XK
3 SO0, 75 p, 2 B 1 KU A A S T

W RBYE R 1 Z

IR KRERAESIER T, 46 /N B
BHL 77 1T 50408 AR A5 fe /s B2 ARRH g, 40 W 7 4 ] Bz A
BYHREEB I MEE 55 m, B2 S p, AL
BHLIPFUR AW LAY A p, B XIS, A L)
I RASRERE 1 A p, AR e KA 7 Xk, ) 7
25 8] R A p WO B RS B B BRI A
AL E

(4) B A= 25 T 48 40 FD 1B 5 52 B 2B 25 T 245 A A 4k
o 6 IV, AR A A 2 U B A% 1 2R S A T, AR
BHL 77 /N GHEA T A4 25 V5 1t B e | 2 285 AR 3 B e 1) 7
B4R A

(5)\EEIHE, HEEAEBMNE RGN HER E
Z RN AR S 2 58 B TP MR A B A5 B AR
5 I 24 23 1] 73 A7 A A AL 5 2R

BT RR AR X, B T IR AR S W 4% 1 AR
AR 5 22 A X I SlORE 1) 28 U R TR AR
FE IS e B R R R A A PR AP N2 T R R
POy AT e B AR SRR AR HOME 55, AE SR R
SR R R SR AR A A R A B H R
FEAA L A A ORI R AT B O R B IR R
2, 3 5 A 0 O A e A S0 U SRR L 4 T
FE AR OR 218 55T AR 245 I 2% 1 Y8 A AR

T BT R, KR IR L &R O &
ez, HoK IR & PF 308 R A BR Y , B T IRk
AR ACE N M, &5 &R AL E R
NJWHEM+N=1, BELKRO. 1, 55&EM=
{0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0},
M4 N=1{1.0,0.9,0.8,0.7,0.6,0.5,0.4,0.3,
0.2,0.1,0f, M=0fRRAMM &I KRB, M =
1O MACER IR i £ S PR P B R A A R R
HZARAT 11 g S5/ RABE I T L B 1T A ] A
J3E AR A R A SR 8 W ke e A i it 1 B i T B
FRAE , R 7 1) S0k B L 11 B B8 R 2R
B ALLE R .

2 EHRE5HM

2.1 RNRRENEHEZE

HTE SR A e K SO A B s
BT BRI T 6 O TN S AR AS LD TR R &
IR LR A A S R 50 0 5 A2 9, B X R
SRR MR T A A, 23 1.3.5.7.9 5k
FORFREE 5 IBA AT 0 T IR A 25 W 45 1 4t 55
5 R JEHRAT WA T D B SRR, #5454 T B A )
AOALEE o LTS 7B IR 8 2 [ A X 3t A A 7 2 T
A% SRy b A R PR T, BT K BRI/ 5 AR B A AR



186 & ol HLOM ¥ R 20184

x1 EEBEATNRERER
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