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Research on synergistic optimization of ecological network under the dual-
objective orientation of “ blind zone reduction” and “ functional structure

coordination” ; a case study of Wuhan
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Abstract: The construction and optimization of ecological network is of great significance in solving current ecological
problems, ensuring regional ecological security and achieving sustainable development. However, the current research on
ecological network optimization rarely has multiple objectives and ignores the optimization perspective that considers the
synergy between multiple optimization objectives, and lacks a systematic optimization framework. Therefore, this study
proposed a dual-objective synergistic optimization model, i.e., the model of “ecological blind area reduction and network
function structure coordination” , in which the former was the basis of the latter optimization, and the latter was able to
consolidate the optimization results of the former, and took Wuhan as an example to carry out an empirical study. Firstly,

the Minimum Cumulative Resistance model was used to construct the initial ecological network of Wuhan City. Secondly, the
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initial ecological network was optimized under the guidance of ecological blind area. Then, based on the results of function
and structure coordination analysis, targeted optimization measures were proposed for the nodes with functional and
structural mismatches. Finally, the robustness and ecological network structure index were used to evaluate the ecological
network before and after optimization. The results showed that: (1) the initial ecological network of Wuhan contained 17
ecological sources and 47 ecological corridors, and the spatial distribution was uneven, with dense in the southwest, sparse
in the middle, and obvious vacancies in the southeast. (2) Under the guidance of ecological blind areas, the percentage of
ecological blind areas reduced from 31.77% to 15.37% after the optimization of the adjusted ecological sources, the new
ecological sources, the supplementary ecological corridors and the non-source patches. (3) Based on the results of
coordination analysis, the functional and structural coordination of the ecological network was realized by adding 17 new
corridors and implementing three-level differentiated construction of ecological sources. (4) The optimized ecological
network structure indices «, B, and 7y improved by 69.16% , 56.16% , and 47.12% , respectively, and showed stronger
robustness in the face of random and deliberate attacks. The study concluded that the dual-objective synergistic optimization
model could not only achieve the respective optimization objectives, but also had the potential to produce synergistic effect.
At the same time, the stability, complexity, closure and connectivity of the optimized ecological network were enhanced to
varying degrees. The model will provide a new perspective and framework for the study of ecological network optimization,
and the case results will provide theoretical and methodological guidance for Wuhan to reduce ecological blind areas and

build an ecological network with coordinated function and structure.

Key Words: ecological network optimization; ecological blindness; complex networks; function-structure coordination;

robustness
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Fig.1 Dual-objective synergistic optimization framework based on “ ecological blind zone reduction and network function structure

coordination ”
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Fig.2 Location, land type and geomorphological distribution map of the study area
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Table 1 Evaluation system of ecological resistance factors

RHJy ¥ I3 PR BHL3 B FH 1 5 I3 PAiE FH 3 {8
; S ; &N ; S ; &N
Resistance Classification Resistance . Resistance Classification Resistance .
o Weight o Weight

factors criteria value factors criteria value
TR bR i 10 0.51 R /m [-28,50] 10 0.07
Land use types =] 30 Elevation (50,200] 30

Hhi 50 (200,300 ] 50

s 70 (300,500] 70

AR KAk 90 (500,827] 90
W/ (°) [0,2] 1 0.13 A—ferigdsde  (0.8,1] 1 0.29
Slope (2,5] 10 NDVI (0.6,0.8] 10

(5,15] 30 (0.4,0.6] 30

(15,25] 50 (0.2,0.4] 50

(25,35] 70 (0,0.2] 70

(35,90] 90 [-0.2,0] 90

A A5 R TR 3 A A A A R M P A IR B SOIR G X 4R XA S R G R R B R
ORISR T RN B EE D ( Minimum Cumulative Resistance, MCR) #5%8 F] F ArcGIS {4 1) Cost
Path BEHOR S 2SR IE
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Table 2 Table of threat factor parameters

T T BRI RGBS/ km Wl o
Threat factors The maximum influence distance Weight Decay type
Bt Cultivated land 1 07 Py
AL Artificial surface 9 1 5
il Bareland 1 0.4 e

*3 TR ARBWEREEERYEREFOSRESHR
Table 3 Table of parameters for habitat suitability and sensitivity to threat factors for land use types

U R F- (R AR S SR Relevant sensitivities of threat factors

b A A 3 N
ILand use types Habitat suitability i PN-EIES it
Cultivated land Artificial surface Bareland
BEHb Cultivated land 0 0 0 0
FRHb Forest 1 0.4 0.8 0.3
B Grassland 1 0.5 0.7 0.25
T HE Wetland 1 0.5 0.7 0.25
JK{K Water bodies 1 0.6 0.7 0.2
A Artificial surface 0 0 0 0
#Hb Bareland 0 0 0 0

(2) A=A R LG B B
A2 2% T LB AR — R oK LT SRR S 2R M 255, R A2 2 I 4% IR o A 25 1 248 O 25 R P AR R4 7 20 A2
PRI FTV 7 10 22— AR IO 2= 0 4 3 P 3 a5 BE A Bt O FVRFAE 17 85 O e = AR AR
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Fig.3 Spatial distribution of ecological sources, ecological resistance surfaces and ecological networks in Wuhan city
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Fig.4 Original ecological blind zone map
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Fig.5 Ecological blind zone I, ecological blind zone II, ecological blind zone III, Ecological blind zone I'V
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Fig.6 Habitat quality, ecological sources number
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Table 4 Table analysing “functional-structural” coordination in ecological networks

S R TR UIREEENE  AVMETNE DIRESSHbRRTE T4 5 TIREE N SRR Ly Re4s b v
Source location Functional Structural Functional-structural || Source location Functional Structural Functional-structural
number importance importance coordination number importance importance coordination
1 0.58 0.46 1.27 17 0.38 0.26 1.47
2 0.41 0.26 1.56 18 0.41 0.60 0.69
3 0.00 0.04 0.00 19 0.30 0.54 0.56
4 0.00 0.69 0.00 20 0.27 0.59 0.45
5 0.25 0.63 0.40 21 0.22 0.38 0.59
6 0.01 0.25 0.02 22 0.27 0.67 0.40
7 0.63 0.12 5.14 23 0.26 0.47 0.56
8 0.28 0.24 1.15 24 0.32 0.13 2.49
9 0.38 0.51 0.75 25 0.00 0.32 0.00
10 0.27 0.42 0.65 26 0.25 0.61 0.41
11 0.27 0.60 0.45 27 0.70 0.32 2.19
12 0.00 0.44 0.00 28 0.25 0.41 0.60
13 0.33 0.71 0.46 29 0.26 0.43 0.60
14 0.00 0.99 0.00 30 0.25 0.28 0.92
15 0.00 0.54 0.00 31 0.24 0.21 1.16
16 0.28 0.73 0.38 32 0.25 0.00 —
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Fig.7 Optimized ecological network, results of the coordination analysis of the optimized ecological network
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Fig.8 Robustness analysis of ecological networks before and after optimization
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Table 5 Evaluation table of ecological network structure index before and after optimisation

eSS iSiik € JRR

Type Number of sources Number of corridors * B Y

AL TG Pre-optimization 17 47 1.07 2.76 1.04

TALJF Post-optimization 32 138 1.81 4.31 1.53
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