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Construction and optimization of ecological network in rapidly urbanized area.
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Abstract: Rapid urbanization may lead to fragmentation of ecological patches and decrease in the landscape connectivity of
urban green spaces. This change may result in continuous deterioration of the ecological environment. A well-connected
ecological network can effectively alleviate many ecological and environmental problems caused by rapid urbanization and is
important for biodiversity protection, urban ecosystem restoration, and sustainable development of urban and rural ecological
spaces. This study selected the Daxing District of Beijing City as the study area and identified ecological source patches
using remotely sensed land cover data and the morphological spatial pattern analysis ( MSPA ) tool. The minimum

cumulative resistance (MCR) model was used to generate a resistance surface, based upon which potentially ecological
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corridors were extracted. Then, gravity model was applied to classify the importance of the corridors. Finally, the ecological
network was evaluated and optimized using the relevant network index, and the measures to optimize the ecological network
were identified. The results indicated that forest land occupied the largest proportion (37.32%) of land cover in the study
area, followed by construction land (28.9% ) and farmland (19.2%). The MSPA analysis divided the ecological patches
that were identified into seven types: core area, bridging area, ring road area, isolated island area, pore area, edge area,
and branch area. The core area was 349.42km’, accounting for 33.73% of the study area. The majority of ecological
fragments were distributed in the west, south, and southeast of the Daxing District and along the Yongding River. According
to the values of patch importance (dIIC and dPC) , 16 key ecological sources were selected, covering area of 85.15km” and
accounting for 8.2% of the study area. A resistance surface was generated by the MCR model and 120 corridors were
identified. The importance of the corridors, which included 39 important corridors and 81 general corridors, was classified
using the gravity model. In terms of ecological network optimization, 4 ecological sources, 70 planned ecological corridors,
and 17 ecological nodes were added, and 20 “stepping stones” were planned for construction to restore 72 major ecological
breakpoints. After implementing these optimization measures, the a index, 8 index, and 7y index all increased, indicating
that the connectivity of the whole ecological network had been optimized effectively. The study found that during the process
of rapid urbanization in the Daxing District, the ecological problems such as fragmentation, uneven distribution, and poor
connectivity had emerged. The study area had many green spaces, but they were concentrated on the edges of the study area.
The ecological sources and corridors were mainly distributed in the west and southeast of the study area, and the central and
northern regions lacked large-scale ecological sources and were not closely connected to the surrounding areas. In future
ecological construction, to protect the existing ecological sources and corridors, we should strengthen the construction of
additional ecological sources in the central and northern parts of the study area. We should also continue to improve the
connectivity of the ecological network of the study area, which will help to restore the urban ecosystem and conserve
biodiversity throughout the region. This study can provide reference for ecological construction, optimization restoration, and

sustainable development of ecological space in other rapidly urbanized areas.

Key Words: ecological network; Minimum Cumulative Residence; connectivity of landscape; Morphological Spatial

Pattern Analysis; Daxing District
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Table 1 Ecological resistance value

N i e .
R A IIE B AR FE
Ecological Ecological
Landscape types . Landscape types .
resistance value resistance value
X, Core 5 b 1 4 Wetland 200
( BRHLFHY Forest and grassland ) Eig:S 5 JKI% Waters 500
— % 10 A% FIHb Construction land 1000
MHb Forest 10 i % Roads 800
i Grassland 20 AFFHHL Unused land 600
i Farmland 50

http ; //www.ecologica.cn



20 14 XUFEEE A DR T A DA 25 R 25 A 5 A A —— AL Ui R % X 8325

2.5 ASECHME S

/N BFRBH R (MCR ) Sz i AR 285 88 18 TR A9
AROTEZ " GRS e R S TR ] T RS |
PRI v R/ N SRR T A5 B A M e R S e AR
(1 85/ AR B A RIVPES £ 2 SRR (220 4) o

MCR = | S (D, % R) (4)

minj:n

P MCR S f/N BARBL T 5 D, 2R MAEZS IR ¢ 3 H
PRG3RI s R 278 FARTE @ AR TT 2R 8K
R T o TR A A U ] A A P R

vy
TR KR

T RFSE X AM km
FE R DA A A AR A A M A Y R gus?ﬁgm
R b ] A 1 T 3 B A 254 2 1 A4 25 Y SER-
g o T B R | R O A5 ) 2 S R T A =330 mm 1000
5y,
2 2 HIREESEIT
_ LyulIn (S)In(S;) (5) Fig.2 Ecological resistance surface of the study area

! L. P, P,
Kb, G ARKRBE i 55 j ZIBIAIAHEAE ) 5 S, 808 i AR P O BESBE (8 ; L, Bk i 5 7 22 [H) R 3 1) SRR
2SR L, A A BB ERTE P ok R ARBE I fE

P 265 73BT 15 RE A S e DX 3 A 25 IR0 245 45 4 ) 30 P AN A2 R 2, SR T I 2% P 5 1R 0 (@) LR R (B) (2%
PERE AR (y ) XS M4 HEA TP AR

P-Q+1

*T 70 -5 (6)
P

_r 7

B 0 (7)
P

7:73(0—2) (8)

X, PO ARSI TR RO 5 Q 0 45T B0

ARZS AT R AR S 2% T R A A PR A Y AR, ] A
AT RS I R R O S, XA 2 0 2 A E A e
P H 2 S, AR SO A 25 AR A B BT A AR 2
[ A 52 i AR A 25 R (A A IR R0 a5 RO AR 25
TR,

3 ZBRES

3.1 ORI FHEUIR T
8 X AR VR B e e, i bY 37.32% , 5401

O] #k

TEWFIE X PUES AR 30 (181 3) o, HokE i F sl o kb -**ﬂ
28.9% , HFHu T AR 5 L 19.2% , kb R L KR 4 % it&

0 3km L R

XA il 8.16% .4.4% .2.02% . LR 9K & L5t )LD [ RAIA

BORE WX X S & Bt 3 B IR A7 A ] dk 22
S IR L AT & HUR AR R 5 2 M3 WARLAHRRR
I)_UJ uﬁﬂﬁ%ﬂ%ﬂﬁﬁjﬁ ﬁm%}iﬁﬁﬁi&o Fig.3 Land use and land cover in the study area

http ; //www.ecologica.cn



&t
4

8326 H Eire 43 4

3.2 T MSPA 50 BT

HRAE MSPA PN EE R (BT 4 3K 2) %0 XA AR
O 245 375 4 3 e by O A, FL TG AU R 240 349.42km”,
s (A R AY 71.18% , 5 0F 78 X A I AL AY33.73%
HYIED X Hr X, B8 X I X 5248 FFL B T
b7 FE BN, ST A5 R R %00 X B S A R 43
A, RAUAZ A X F2 B0 A7 75 P L 1 38 7K e Tl i de
R B R S B DXt 5 At DB A Ry /N B
B WAL R B A i, VAR TR, I 9 IX 4 b 9% U
BT ORI B H 2R P Te i, 5
TR R AN B
3.3 UL PR PN 5 AR A TR AR R

C#5 W% KX
G X R X
I R X
) PR X i FLER

N a2 3 km
AR AZ O X 5 P d 2 PR HE e, R d1IC> 1.5 H —
dPC>2 1) 16 HEEHBEHAE Ty A= R (36 3) , B fH E4 ETF MSPA HIEM4H%
4 85.15 km? s ST X S TR 8.2% ; B35 “ dIIC/ Fig.4 Landscape classification based on MSPA

dPC<1” E/‘J*Z'[L‘IZ’{/E ﬂﬂ*ﬂﬁﬁ/[} X , %{J—F B"Jﬁfﬁ%’ﬁzﬁi MSPA . JEZS272%8 (A% SR /38T Morphological spatial pattern analysis
ALK (8 5) , WA E ZEHE PR E XA

X5 WS TSI B R B BRERR 1,23 4, 73 i) 2 P 78 7 G 0 Jmlk gl R R ol 0 4 s L DX o . 5 AR BRE B 2
SRR E T I AR L IO el 2l SR ARIX R bR, NS [0 AR SR TR S5 X AP A AN A X R
SR AR AR M T B A DR T 5 DX R DY B S AR g o, S A T — B B T U s ] 2
FAY RIS A1 Jo v B4 T S P 2 AR e (00 B TE A X

#2 MSPA EMHHLER
Table 2 The results of MSPA landscape classification

FOMZE A TR km? i S A E /% SR E 43 L %
Landscape types Area Percentage of green space area Percentage of total area
K> X Core 349.42 71.18 33.73

PF#£IX Bridge 18.11 3.69 1.75

FFIE X Loop 8.23 1.68 0.79

L IX Edge 79.69 16.23 7.69

P X Tslet 8.33 1.70 0.80

2% Branch 15.61 3.18 1.51

FLBR Perforation 11.50 2.34 1.11

MSPA . JEAS23[A4% JR 43T Morphological spatial pattern analysis

R3 ESEEMEHEEEHF

Table 3 Ranking of important values of ecological connectivity index

S , 3
1 1 15.07 17.77 1339.16
2 2 6.25 15.19 791.97
3 3 14.36 13.20 1414.39
4 4 6.94 10.55 852.36
5 5 1.90 8.91 226.49
6 6 2.49 7.74 307.4
7 7 3.43 5.69 372.4
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14 14 2.24 2.14 348.98
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Fig.5 Potential ecological network of the study area
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Table 4 Interaction matrix between ecological source

BERAS Patch codes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 2.87 33248 248 2420 174 190.69 0.61 1502 7552 105.03 13.11 1.67 53.37 1.80 39131
2 47521441 229 3818 456 420 144 185 255 130 521 181 2721 2.18
3 4.00 105.81 2.74 3619.63 0.93 47.971326.37 2155.95 38.56 271 5493 3.00  267.05
4 1.85 8475 387 620 123 157 215 112 734  1.58 28.68 1.87
5 122 6621 040 587 2630 4445 517 127 1028 146 22.34
6 267 1537 085 1.08 148 078 1499 141 847 1.31
7 0.92  79.041901.48 2298.06 60.11 2.61 42.27 298  148.47
8 026 037 051 024 634 062 144 0.48
9 2134 2764 6439 0.62 558 0.99 11.19
10 836.75 17.08 1.06 16.95 1.23 58.73
11 2.16 146  23.00 1.67 81.87
12 0.61  5.09 0.88 9.74
13 1.89 191 1.37
14 1.12 94.43
15 1.37
x5 WERESFEHERER
Table 5 Basic information on ecological sources will be supplemented
B G5 JIIC dPC BEHAEL T A VA s PEREAK I
Patch codes Plaque level  Area/hm? Location Basis for selection
17 163 174 EEROLK 30029 s @ﬁﬁj:,dpc N dNC {HE R, AL T AR AL, R dtik
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8 506 - FEERLK 20581 i gﬁgﬁ,dm il dIIC (R, A T b AR X, FL
19 1.03 1.55 I X 217.96 iR @ﬁﬁj{’m A dlIC 8, T AMAR AR
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Fig.6 Optimization of ecological network in study area
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