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Construction and optimization of urban ecological network in lakeside cities:
a case study of Hefei City, Anhui Province of eastern China
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Abstract: [Objective] Establishing an ecological network that fosters “city-lake symbiosis” is essential for
addressing the conflict between urban development and environmental conservation in lakeside cities. Using
Hefei as a case study, this research identifies connectivity deficiencies between Chaohu Lake and urban
areas and proposes optimization strategies. [Method] The study employs a “ source-corridor-node”
analytical framework based on morphological spatial pattern analysis (MSPA), minimum
cumulativeresistance (MCR), the gravity model, and circuit theory. Ecological sources were identified using

MSPA, and an optimal distance threshold of 7 500 m was determined through landscape connectivity
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gradient analysis. An ecological resistance surface was constructed, incorporating land use type, slope,
elevation, and road factors. The MCR model was utilized to extract corridors, which were further classified
using the gravity model. Critical nodes were identified using circuit theory, facilitating network optimization
and quantitative evaluation. [Result] (1) The ecological network of Hefei encompasses 1 494.64 km* of
core ecological sources and 271 ecological corridors, including 69 primary corridors. The network structure
exhibits a spatial pattern characterized by “greater density in the south, sparser distribution in the north, and
clustering around the lake.” (2) By addressing ecological barrier points and augmenting ecological sources,
the network closure index, network connectivity index, and network connectivity rate were improved from
0.96, 2.85, and 0.97 before optimization to 1.02, 2.99, and 1.01, respectively, demonstrating a marked
enhancement in network connectivity. (3) Based on the spatial characteristics of Hefei’s ecological network,
310.53 km” of ecological pinch points and 54 ecological barrier points were identified. A strategy of "zonal
differentiation and targeted management”" was proposed. [Conclusion] This study elucidates the radial
connectivity pattern centered on the lake in lakeside cities. The proposed integrated strategy of pinch point
protection and barrier elimination offers methodological support for constructing ecological security barriers
in the Yangtze River Delta region.

Key words: ecological network; morphological spatial pattern analysis(MSPA); ecological corridor; city-

lake relationship; Hefei City
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Tab.5 Area statistics of MSPA landscape types
in Hefei City
ST A /km’ i BT SRS T L%
X 1919.76 84.77
A8 26.64 1.18
MrHEIX 4.96 0.22
FLEIX 20.61 0.91
LLIX 261.40 11.54
HiE 1.42 0.06
73 29.97 1.32
it 2264.76 100.00

PEFEH DL R R A 0 i ) S D K e
PR B RIE Y 50 mi, BEEREOON 15, M E0m
X 86, I fE I I M 45 HOR B A4 % i 500 B
N 0.42 F1 0.40, W3 AE A BEHAR T AL, 3% I8 PR
Z . Y PR BT E M 500 m B2 7500 m B, G %
M 54 5 E N A 237, A EN 5T NS 14, W]
REFEIBIEFE B 0.46 12 0.68, BEARIEIE 5 5
041 ¥4 % 0.51, RIEBMEFFLLUE . U B BE
IEF 7500 m i, BEEEQID S A BADKAE
K H 7R 22 B0 E BT OO R, (RIS R A8
i B0 R A 3% 30 R i 0P 1S M O 4 B ek 2, 3R A

BEHGEIE M TR e AR B IR . ST,
9 BF 25 BRI 9 000 m Ji5, %38 R H RS N,
B H ARG SRR ES . 212030 9 000 m i [ 5
7, HAE 22 500 m B FF R 1, BWRE BT A BEHEEE iR
M AR R AT AR T e S R R
B NMERE K, (HiX— g5 Rt Tk, 2
W TSI B 0OU AR PR BEL R AR, 5 A BB T A A A TR
LRGBS o

o9 35 BT b R T AL T A S B B 1 0 e A
AHIE 70 PR B BIAE AT 50 m & 7 500 m ) % B
Bedb AT 7 Al Ak B (B 4) . 4R BB A 500 m
I, BT 08 A A BRI 4 v A T IR T T Sk e
0, X 5 ST R AR L AETE R 225 T 24 PE B8 B E 58 N
6 000 m I, A BEA 2R H B AT 1 BRSO E 17T
.

3G 5 T8 8 FE AR UL A AN T WAL o BT 45 R
28 7500 m AR T A A T AR A I 28 1 1
B PE B BB o T U BAE, FHR 0 H & R T O
AL 95 4N, BHEIFUN 1494.64 km?, 54 BT T
WA 13.06% . X EeA Y50 &E R 7 A e
Tk P A 2 A A s ORI B 5 XU 4 AR X
FHIAE 7 500 m 22 B N O R RZ O AR A T kD A
BREMATERE,

R4 B B B VAR RN X 95 MZ L AR TR

®6 ARMESTEAEESRETWEEEEY

Tab. 6 Connectivity indices of ecological space under varying distance thresholds in Hefei City

5 B/ m BB Mo sk BV IIRER E T R AR B R
50 15 86 0.43 0.42 0.40
500 54 57 0.45 0.46 041
1500 75 43 0.56 0.53 0.44
3000 109 34 0.61 0.58 047
4500 145 29 0.61 0.62 048
6 000 194 19 0.69 0.65 0.51
7500 237 14 0.69 0.68 0.51
9000 289 7 0.81 0.70 0.55
10 500 323 7 0.81 0.72 0.55
12000 367 4 0.81 0.74 0.55
13500 367 4 0.81 0.74 0.55
15 000 466 4 0.81 0.77 0.56
16 500 523 3 0.93 0.78 0.58
18 000 523 3 0.93 0.78 0.58
19500 644 2 0.99 0.80 0.63
21000 716 2 0.99 0.81 0.63
22500 792 1 1.00 0.82 0.65
24000 862 1 1.00 0.83 0.65
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d 3000 m

AT 5 I IR (R D H, 1 SRR
b CE 5T D f BE e 55 B2 1 45 B A 96.54, T AR A
919.47 km?, 378 F AR YR b . 1X 3R B S A A
A AR, B R A AR XA A 4 T 3 M R A
OV T . A RS BRELIB, W] AR T BUR NI AL IX ) AR
@M. BHEHEM 2~ 5 SRR, KB
B EMEIREON T 5.19 £ 8.46 2 Ja], MR T A&
SR ST A, I S WAL R R T M 1 T
HEZE . SR, B 70 A B, A 2 R M Al T AR Ol e e 3
B TR I R R . G, 0 43 TH AR AH I R
(U 10 55 11 SO7ERE S HE E AR E 7%
725, 15 HAE A ) R FE B A A R S A K
BARORE, ST A ST A L0 B2
O— IR D—— " SRR . R EE A2 1K
D M 2 B AR BT B A TR A R, (R EATTE N AR
AP R FEANGE h X, TSR B AN AT B ARIER
22 ASEERINSEEMERE

B3R 3 Mg R TR T, R R E
KRR BEAT INBCR A, e &3 B A BT 288 5
SBE T EICE 5) 0 SOULBH 7 2= 0] o0 A 2B “DLEE
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Fig. 4 Distribution of ecological sources under different distance thresholds in Hefei City

f7 500 m

T AR 0 ) A0 3 387 RFAIE o 5390 R 32 % mE
e o X4 BHL 94 5 3 T R 03 X R J b 2 1 v
VAR X 3o 3k 22 S 2 B VA DR SR8 3 5 K U e 7R
FRE B 5 55 Th e, BRAK T & o BH 77, AT T ik
WA BRI T S B BRI, A B3R Z [
AT R A B A O SR T RSN IE
FF 27 B A TH AN 2R A 95 MO AE SR
Hby, 38 A B B 5 RA B AR S AT, SR AR A Y b R
[ f/ N AR B A5, T AR T 271 ARSI, MK
%53 979.19 km. Fll F 8 A5 81155045 B B ) () A
AR REE, FE275 5 IRWT mE o G4 BT SIE HL
R 271 RSB N —H M= H
o, — AR SRR TE O AR S EE (5] 11 > 50), E
T 2 B BT AR R B B AT I AR S R R, Rt
69 %, K 493.63 km, JLFAi oA T AT
WA R g g, B BRI ST B IX Py, s T
O EL ELsk Py s A A R Oy — AR AR (5] )
fHE[, 50D, it 164 2%, BKJE 2 507.90 km, 7EHF
FUDX I N 43 A 5 R 3 50, S 3T A 2 I 285 [ ) 2
BT PRARA” R S RAERRIEAMISAES



188 1t

oMok R

¥k

548 4

x7 AREHROETREMIARG

ER—N

Tab. 7 Identification results of core ecological sources in Hefei City
ETRE THAR/km? P TE R AL ETRS i /km’ DEP R ZE AR AL ETRE THAR/km? P TR AL
1 919.47 96.539 1 33 3.61 0.338 1 65 1.69 0.096 7
2 60.81 8.462 1 34 3.52 0.3169 66 1.67 0.084 6
3 55.37 5.540 8 35 3.35 03150 67 1.64 0.079 9
4 47.35 5.476 7 36 3.24 0.3142 68 1.64 0.078 0
5 29.39 5.193 1 37 3.09 0.3062 69 1.55 0.0779
6 27.68 2.3622 38 2.86 0.306 1 70 1.54 0.077 4
7 26.31 1.969 1 39 2.83 0.3012 71 1.53 0.0751
8 14.65 1.814 1 40 2.80 0.278 1 72 1.50 0.058 2
9 13.90 1.7777 41 2.57 0.273 9 73 1.49 0.055 6
10 12.57 1.737 8 42 2.51 0.262 6 74 1.46 0.048 3
11 12.48 1.553 6 43 2.44 0.253 3 75 1.46 0.044 6
12 11.62 1.366 4 44 242 0.249 8 76 1.44 0.040 8
13 11.59 1.3500 45 2.40 0.248 9 77 1.43 0.033 6
14 11.20 1.343 5 46 2.39 0.236 6 78 1.38 0.033 1
15 10.86 1.3207 47 2.33 0.236 4 79 1.30 0.024 4
16 10.63 1.0415 48 2.30 0.2353 80 1.25 0.0219
17 10.01 0.915 4 49 2.20 0.2317 81 1.24 0.0196
18 9.89 0.899 4 50 2.16 0.229 5 82 1.22 0.018 6
19 9.40 0.801 8 51 2.10 0.220 3 83 1.19 0.017 4
20 8.90 0.689 9 52 2.06 0.2199 84 1.18 0.0170
21 8.61 0.622 0 53 2.02 0.205 3 85 1.16 0.016 0
22 8.46 0.5823 54 2.00 0.196 9 86 1.13 0.0142
23 6.83 0.560 7 55 1.96 0.186 0 87 1.12 0.0130
24 6.41 0.5519 56 1.94 0.1821 88 1.11 0.0129
25 6.30 0.5116 57 1.94 0.177 7 89 1.09 0.0118
26 5.71 0.504 8 58 1.80 0.167 3 90 1.08 0.0113
27 542 0.4715 59 1.77 0.1629 91 1.08 0.0103
28 5.02 04216 60 1.77 0.146 7 92 1.07 0.008 0
29 4.66 04211 61 1.73 0.1362 93 1.06 0.007 0
30 4.65 04158 62 1.73 0.1211 94 1.05 0.004 1
31 4.50 0.4106 63 1.72 0.1156 95 1.01 0.002 5
32 3.68 0.3629 64 1.72 0.113 1

JRIE (5] SME < 1, HLit 38 %%, B K E 977.66 km,
FESAAT AT X . BT &S, 1%
SIS JHR 38 T 1) 1 2B A BE B[R] ) 5 R A R 5 S
EEMBEBE R E S X ZEERFES 5% )5
AR AR, M T A IET RS (A 6).
AT A A W 4 H 95 AN A A U M CE T AR
1494.64 km>) M1 271 42588 CRKE 3 979.19 km)
PR 12 R 285 1 723 (B AR SR PRI 1“0 A% . Ikl
7 A R : B LI Z O, TR VR

Hh 2 A — R TEAZ S I 25 A% 0 X, Tt 108 26 MR
JRR T ) 0 T PN S S AR R I A A R AR T D
WX s AR Tk = KT SRIKAR SCHE, R ) AT 8L
oL TS N ol G S U e G S (A
2.3 AT RIRA
B 5 RS IR AR A R B AR RS, 25T
ﬁﬁ@ * [) A 25 P 2% 1) EE AT ) P R O
hUﬁﬁh[E’Ji%ﬁ%)ﬁ, FEAFEETITAES
PG o B 7 s 1 YR B ) ) H i B A O, 8 I
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Fig. 5 Single and comprehensive landscape resistance values in Hefei City
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b ) BB AR A e I, AR IE Oy S . R
AT A A R A I, I B ST AR 2R T 95 3 X [ 12
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Ji 5 R A 1) X o 3 0 A 2 R 4% 1 A A
15 ST SR AME R, R 5 TH AR 25 JRRIE (1

PE, T3 5 AR S W 28 Ao M s 8 B, &
JE AT AR 54 Ab AR A RE G A, o 25 Ak AR
I 1 km?, RS M ERAR E B E X k. T
e K I R A UL T4 L X AR SR AL T X P G, i
60.74 km®. 1% X 35 75 A6 58 S # K e, R A L
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BEME . HARBERG 32 B9 7 8 FH Hh A0 2% F 3,
Horb 14 K047 F HE0 20 km 58 5 5 L . X SRS
FUEREFH I 1 5075 3T A S A 2 R R 5T S g
A, N R RS Y . BEAh,
oy /N ARG 2 230 T Ll ki 2%
24 ERERAUER

B A REIS AgNEBER 3h 3 K- 9. 2R
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Fig. 6 Construction map of ecological network in Hefei City
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Fig. 7 Distribution of critical pinch point area
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Fig. 8 Distribution of ecological barrier points
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Fig. 9 Distribution and status of ecological barrier points
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Fig. 10 Comparison of the ecological network before and after optimization in Hefei City
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Tab. 8 Comparison of evaluation indicators before and
after ecological network optimization

T H PR AR PURAZ LS HRAGSEES M4
RSB LESE 0.97 1.01
W2 ST Atk SR PE R AL 2.85 2.99
o4 2% P 15 4L 0.96 1.02
— RESE S 0.477 0.477
P i 5.705 5.983
4 %
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Fig. 11 Zoning protection map of ecological network in Hefei City



194

Sl Ay

L SNAEPN

548 4

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

2 % x
ZT I, X, HHIE, 4. 2T MSPA Fl MCR R RY fr)ifg i 71
T AR A R R DUAR R A PR DR B (0], K AR RRBETE,
2023, 30(2): 303-311.
Qin Z B, Xuan J, Huang L J, et al. Ecological network
construction of sea-island city based on MSPA and MCR model: a
case study of Pingtan Island in Fujian Province [J]. Research of
Soil and Water Conservation, 2023, 30(2): 303—311.
Masoudi M, Tan P Y. Multi-year comparison of the effects of
spatial pattern of urban green spaces on urban land surface
temperature [J]. Landscape and Urban Planning, 2019, 184:
44-58.
FESCRR, i, AR 58, 45, BT R A M 45 318 i DU & 18
SRAEAS N E AL [J]. B AR AR 223, 2025, 36(7): 2139-2149.
Fu W X, Gao C, Ren G Y, et al. Construction of composite blue-
green ecological network of Wuhan City based on complex
network theory [J]. Chinese Journal of Applied Ecology, 2025,
36(7): 2139-2149.
Niu X, Zhang J, Wang S, et al. Identification of priority areas for
ecological restoration based on ecological security patterns and
ecological risks: a case study of the Hefei Metropolitan Area [J].
Ecological Indicators, 2025, 175: 113590.
Kowe P, Mutanga O, Dube T. Advancements in the remote
sensing of landscape pattern of urban green spaces and vegetation
fragmentation [J]. International Journal of Remote Sensing, 2021,
42(10): 3797-3832.
Forman R T T, Godron M. Landscape ecology[M]. New York:
Wiley, 1986.
AL AR ORI B S AR S 2 A R (0], RS 254K, 1999,
19(1): 10—-17.
Yu K J. Landscape ecological security patterns in biological
conservation [J]. Acta Ecologica Sinica, 1999, 19(1): 10-17.
VR, BRI, TR, 5. BT MSPA L5 s BRI iR 1) 35 8
HON B Z A R E 0] ASHE IR, 2023, 32(4):
805-813.
Xu J, Liao X K, Gan Q X, et al. Construction of ecological
security pattern based on MSPA and circuit theory in Gansu
section of the Yellow River Basin [J]. Ecology and Environmental
Sciences, 2023, 32(4): 805—813.
SR IGE B, X0, FEIRUE. Eoi LTI S 2 ) A 7S P 4 TR
AL [7]. ZECRAE 4R, 2025, 52(2): 228-238.
Zhang X R, Liu C, Wang Z B. Identification, construction and
optimization of Ma 'anshan City urban green space ecological
network [J]. Journal of Anhui Agricultural University, 2025,
52(2): 228-238.
Teih, BREENL, T, S5, J5F MSPA A1 B 3 10 1) 5T 0
TR A A 2% [7]. FREERLE, 2023, 44(6): 3034-3042.
Qiao Z, Chen J Y, Wang N, et al. Spatial network of urban heat

environment in Beijing-Tianjin-Hebei urban agglomeration based

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

on MSPA and circuit theory [J]. Environmental Science, 2023,
44(6): 3034-3042.

TR BT, W44, THRIE. 3+ MSPA-MCR [F3 VTR 1T 5 4% 2%
) A 25 P23 A LA B TEW T ] (0] B TRE R 23R,
2025, 40(1): 72-79.

Zhang X R, Xiang J M, Wang Z B. Construction of blue-green
space ecological network in waterfront cities based on MSPA-
MCR: a case study of Wuhu City, Anhui Province [J]. Journal of
Anhui Polytechnic University, 2025, 40(1): 72=79.

WSO, B, AR, S5 B PR R X T A A A A 2 S AR
1k [1]. A SIEE2EIR, 2025, 34(5): 699-709.

Feng Y L, He M, Li B, et al. Construction and optimization of
urban ecological network in Chongqing main urban area [J].
Ecology and Environmental Sciences, 2025, 34(5): 699—709.
TRARAH, SR, TR, A BT E R S B 0 A A I 2R
X LU AFF 78 LB = T A (0], AR 4 2231, 2025, 45(4): 1684—
1696.

Zhang L X, Chai B, Zhang Y, et al. A comparative study on
ecological networks based on gavity model and circuit theory: a
case study of Jining City [J]. Acta Ecologica Sinica, 2025, 45(4):
1684—1696.

Wang T W, Li J L, Gu K K, et al. Construction and optimization
of watershed-scale ecological network based on complex network
method: a case study of Erhai Lake Basin in China [J]. Ecological
Indicators, 2024, 160: 111794.

M AR, TR, FOUHE, A IR SS RICR AR Rl XLl KR
FET 980 B 28 i 6 IR 4 A2 35 X 4 R @ BT 7S (0], o il b, 2021,
37(8): 103-108.

Xiao H B, Zhang H Y, Guo Y X, et al. Study on the ecological
network construction of life community of mountain-water-forest-
farmland-lake-grassland in Taishan area from the perspective of
service efficiency [J]. Chinese Landscape Architecture, 2021,
37(8): 103-108.

Luo Z J, Yang X F, Luo S K. Land use simulation and ecological
network construction around Poyang Lake Area in China under
the goal of sustainable development [J]. Sustainability, 2024,
16(18): 8146.

WAy 2z, TRR I, KA, 4. B0 I T R A 35 22 4% SR
&SI (9] AU R, 2025, 56(1): 397-409.

Chen Z A, Tan P X, Zheng X P, et al. Construction and
optimization of ecological security pattern in Poyang Lake urban
agglomeration [J]. Transactions of the Chinese Society for
Agricultural Machinery, 2025, 56(1): 397-409.

O, I, WRT7, S, 74 22 T A IXORURE ¢ €0 7 ) S5 00 42 R B
B BME FIEB LT (9], P B, 2023, 39(9): 61-66.

Cao S, Liu H, Chen Y, et al. The gradient analysis of distance
threshold of green space landscape connectivity at block scale in
Xi’an [J]. Chinese Landscape Architecture, 2023, 39(9): 61-66.
TR, R, SR, 5. R A A S TIRE S RS L ek


https://doi.org/10.1016/j.landurbplan.2018.10.023
https://doi.org/10.1016/j.ecolind.2025.113590
https://doi.org/10.1080/01431161.2021.1881185
https://doi.org/10.16258/j.cnki.1674-5906.2023.04.018
https://doi.org/10.16258/j.cnki.1674-5906.2023.04.018
https://doi.org/10.16258/j.cnki.1674-5906.2023.04.018
https://doi.org/10.13610/j.cnki.1672-352x.20250519.023
https://doi.org/10.13610/j.cnki.1672-352x.20250519.023
https://doi.org/10.20103/j.stxb.202405101056
https://doi.org/10.20103/j.stxb.202405101056
https://doi.org/10.1016/j.ecolind.2024.111794
https://doi.org/10.1016/j.ecolind.2024.111794
https://doi.org/10.19775/j.cla.2021.08.0103
https://doi.org/10.19775/j.cla.2021.08.0103
https://doi.org/10.3390/su16188146
https://doi.org/10.6041/j.issn.1000-1298.2025.01.038
https://doi.org/10.6041/j.issn.1000-1298.2025.01.038
https://doi.org/10.6041/j.issn.1000-1298.2025.01.038

51

FRIDE RS PRI T A A 2R M A S A —— BL S AR T A 195

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

28]

JR A g LA g AR AR T A (0] AR A F R, 2025, 45(14):
7134-7149.

Zhang K X, Zhou Y, Liang X Y, et al. Construction of ecological
security pattern based on integrated structure and function: a case
study of Jiaozuo City, Henan Province[J]. Acta Ecologica Sinica,
2025, 45(14): 7134-7149.

Wang Y Y, Cai Y P, Xie Y L, et al. An integrated approach for
evaluating dynamics of urban eco-resilience in urban
agglomerations of China[J]. Ecological Indicators, 2023, 146(2):
109859.

Lian Z, Feng X. Urban green space pattern in core cities of the
greater bay area based on morphological spatial pattern analysis
[J]. Sustainability, 2022, 14(19): 12365.

Vogt P, Riitters K H, Esteguil C, et al. Mapping spatial patterns
with morphological image processing [J]. Landscape Ecology,
2007,22(2): 171-177.

R, AT, AR, A5 BT R A R T R W
TBETEAL (1], RS EREE SR, 2021, 41(2): 188-197.

Wang T, Lu F Q, Li Z Z, et al. Study on vegetation landscape
connectivity of Changzhou City based on remote sensing data [J].
Journal of Forest and Environment, 2021, 41(2): 188—197.
KVFRTT, R, SESENI, A5, T 5 P i T 0 e A 2 T 4 0
BB TSRS DU 2R oA B (7], B AR B A2 4, 2024,
39(9): 2087-2101.

Liu C F, Ni B W, Lian H G, et al. Evolution of resilience in the
ecological network across arid inland river basins and its
improvement strategies: a case study of Shiyang River Basin [J].
Journal of Natural Resources, 2024, 39(9): 2087-2101.

B, KW, 71, % MG Graphab-PLUS KR ) 2 25 1
RIS VEHESE: DU A3 X ][9], JEstafalk ka2
i, 2025, 47(1): 95-105.

LiH, Wu M H, Zhan F Z, et al. A dynamic assessment framework
of ecological networks coupled with Graphab-PLUS model: a
case study in the central area of Beijing [J]. Journal of Beijing
Forestry University, 2025, 47(1): 95-105.

FRALI, A F RSO, B JE T IR A (RS R 20 M 75 1A B
/1N ERAUBEL 3 M R A s T 1 B X aE bk AR AR S R A T (0]
e IR 0, 2023, 39(3F 1): 7-18.

Zhang L K, Li L J, Zhao W H, et al. Ecological pattern analysis of
afforestation project in Beijing plain areas using morphological
spatial pattern analysis and minimum cumulative resistance model
[J]. Environmental Monitoring in China, 2023, 39(Suppl.1): 7-18.
FER, TR, W AW IR 2 5 A SR A S R g
BT A B S N BRBRE OB (1], A 2R, 2022,
42(5): 1968—1980.

Wang X R, Wan R R, Pan P P. Construction and adjustment of
ecological security pattern based on MSPA-MCR Model in Taihu
Lake Basin [J]. Acta Ecologica Sinica, 2022, 42(5): 1968—1980.

Modica G, Pratico S, Laudari L. Implementation of multispecies

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

ecological network at the regional scale: analysis and multi-
temporal assessment [J]. Journal of Environmental Management,
2021, 289: 112494.

Mcrae B H. Isolation by resistance [J]. Evolution, 2006, 60(8):
1551—-1561.

Xun B, Yu D, Liu Y. Habitat connectivity analysis for
conservation implications in an urban area [J]. Acta Ecologica
Sinica, 2014, 34(1): 44-52.

Mroo &, IS, TR, 4. 2T MSPA-MCR R HF 5L E
A A AT A [J]. (L AR ML RS, 2022, 52(6): 12-18.

Chen Y H, Lei Y Q, Xing Y L, et al. Research on ecological
security pattern construction in Fuliang County based on MSPA-
MCR model [J]. Journal of Shandong Forestry Science and
Technology, 2022, 52(6): 12—18.

Chen W, Zhao J, Chen G, et al. Ecological network optimization
and security pattern development for Kunming’s main urban area
using the MSPA-MCR model [J]. Sustainability, 2025, 17(8):
3623.

Knaape N J P, Scheffer M, Harms B. Estimating habitat isolation
in landscape planning [J]. Landscape and Urban Planning, 1992,
23(1): 1-16.

SR, Er T, B, R T AR R e R E B e E
BEPE ORI 8 2 DX dgl: DA R D) (0], 5 X BB, 2025,
48(4): 586—598.

Yan X M, Wang H W, Luo K, et al. Determining priority areas for
county biodiversity conservation based on ecological security
pattern: a case study of Burqin County [J]. Arid Land Geography,
2025, 48(4): 586—598.

B, ZEAL, W L. O i P A 2 I 2% 5 P P A S AR e
YRS T (). ZEZSFL2E, 2024, 43(1): 63-73.

Huang Y, Li H B, Ou G L. Robustness simulation and stability
analysis of ecological network in Wuhan metropolitan area [J].
Ecologic Science, 2024, 43(1): 63—73.

McRae B H, Dickson B G, Keitt T H, et al. Using circuit theory to
model connectivity in ecology, evolution, and conservation [J].
Ecology, 2008, 89(10): 2712—-2724.

IR, R, WO, I T AR 2S5 A R IR RS BE 4k 1 A
A R R X IRAR ) S A2 R [1]. K LR FFEIT, 2023,
30(2): 393-402.

Zhang H L, Ye C S, Hu M S. Identification and restoration
strategy of key areas of ecological restoration in urban
agglomeration around Poyang Lake based on ecological security
pattern [J]. Research of Soil and Water Conservation, 2023, 30(2):
393-402.

Zou H, Wang X. Progress and gaps in research on urban green
space morphology: a review [J]. Sustainability, 2021, 13(3): 1202.
Li F, Zheng W, Wang Y, et al. Urban green space fragmentation
and urbanization: a spatio-temporal perspective [J]. Forests, 2019,

10(4): 333.


https://doi.org/10.3390/su141912365
https://doi.org/10.1007/s10980-006-9013-2
https://doi.org/10.13324/j.cnki.jfcf.2021.02.010
https://doi.org/10.13324/j.cnki.jfcf.2021.02.010
https://doi.org/10.31497/zrzyxb.20240905
https://doi.org/10.31497/zrzyxb.20240905
https://doi.org/10.19316/j.issn.1002-6002.2023.S1.02
https://doi.org/10.19316/j.issn.1002-6002.2023.S1.02
https://doi.org/10.1111/j.0014-3820.2006.tb00500.x
https://doi.org/10.1016/j.chnaes.2013.11.006
https://doi.org/10.1016/j.chnaes.2013.11.006
https://doi.org/10.3390/su17083623
https://doi.org/10.1016/0169-2046(92)90060-D
https://doi.org/10.1890/07-1861.1
https://doi.org/10.13869/j.cnki.rswc.2023.02.012
https://doi.org/10.13869/j.cnki.rswc.2023.02.012
https://doi.org/10.3390/su13031202

196

Sl Ay

L SNAEPN

548 4

[40]

[41]

[42]

[43]

[44]

Sun C, Lin T, Zhao Q, et al. Spatial pattern of urban green spaces
in a long-term compact urbanization process: a case study in
China [J]. Ecological Indicators, 2019, 96: 111-119.

KA, T T, WEE, S KT R S R B PEAN: BL
TRH IR ] [7]. Mk, 2025, 61(2): 62-73.

Zhu Y, Zhou X Y, Feng Y Q, et al. Resilience evaluation of
wetland ecological network in water network city: a case study of
Suzhou central urban area [J]. Scientia Silvae Sinicae, 2025,
61(2): 62—-73.

BUREE, MREE, TR, 5. BT R A AR S T RE VR4 1R il g
A A R IE R 5 LA AT (9] BRI A A R, 2025,
44(1): 84-98.

Yin F J, Chen H X, Huang F M, et al. Identification and
optimization of land-sea connectivity ecological corridor based on
coastal zone ecological function assessment [J]. Journal of
Applied Oceanography, 2025, 44(1): 84-98.

A, R, B, A5 BT S A O 4 B G A R A [
SRR MR [1]. B AERF4R, 2024, 35(1): 237-246.
Shi J, Shi P J, Wang Z Y, et al. Optimization of ecological
network in Jiuquan City based on complex network theory and
circuit model [J]. Chinese Journal of Applied Ecology, 2024,
35(1): 237-246.

Ye J, Hou Z, Ming H, et al. Ecological security pattern-based

[45]

[46]

[47]

simulation for land use structure change: a case study in Ezhou
City, China [J]. Frontiers of Earth Science, 2021, 15(3): 526—542.

Peng J, Yang Y, Liu Y, et al. Linking ecosystem services and
circuit theory to identify ecological security patterns [J]. Science
of the Total Environment, 2018, 644: 781-790.

BOM, KT, e, 5. T AR RGEMS M E A IE
AW CLA LT 9 B (9], B 4 B UL R R, 2023,
40(6): 13-26.

LiJ L, Hu D W, Chu J L, et al. Ecological network construction
based on ecosystem service valuation: a case study of Hefei City
[J]. Scientific and Technological Management of Land and
Resources, 2023, 40(6): 13—26.

Vi, AR, B, 55, T R IR E SR EON BB PR A 2R
SRERIDE—LCTINT B 3], F ALK 22 224,
2023, 45(10): 127-139.

Yang Honghui, Yu Jiao, Geng Jianwei, et al. Construction of
ecological security pattern based on remote sensing urban
ecological index and circuit theory: a case study of Guangzhou
City, Guangdong Province of southern China [J]. Journal of
Beijing Forestry University, 2023, 45(10): 127—-139.

(Fixsmi & 3%
TERE  BEE)


https://doi.org/10.1016/j.ecolind.2017.09.043
https://doi.org/10.11707/j.1001-7488.LYKX20240260
https://doi.org/10.11707/j.1001-7488.LYKX20240260
https://doi.org/10.3969/J.ISSN.2095-4972.20231231004
https://doi.org/10.3969/J.ISSN.2095-4972.20231231004
https://doi.org/10.3969/J.ISSN.2095-4972.20231231004
https://doi.org/10.1007/s11707-021-0934-5
https://doi.org/10.1016/j.scitotenv.2018.06.292
https://doi.org/10.1016/j.scitotenv.2018.06.292

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 研究方法
	1.2.1 研究技术路线
	1.2.2 数据来源
	1.2.3 生态源地识别
	1.2.4 生态廊道构建
	1.2.5 生态节点识别
	1.2.6 生态网络优化结果评价


	2 结果与分析
	2.1 生态源地识别
	2.2 生态廊道提取与生态网络构建
	2.3 生态节点识别
	2.4 生态障碍点消除
	2.5 生态网络优化结果
	2.6 对策建议

	3 讨　　论
	4 结　　论
	参考文献

