
Ecological Indicators 136 (2022) 108714

Available online 25 February 2022
1470-160X/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Construction and optimization of ecological security patterns based on 
social equity perspective: A case study in Wuhan, China 

Xufeng Cui a,*, Wei Deng a, Jixin Yang a, Wei Huang a, Walter T. de Vries b,* 

a School of Business Administration, Zhongnan University of Economics and Law, Wuhan 430073, China 
b School of Engineering and Design, Department of Aerospace and Geodesy, Technical University of Munich (TUM), Arcisstrasse 21, 80333 München, Germany   

A R T I C L E  I N F O   

Keywords: 
Ecological security patterns 
Social equity 
Minimum cumulative resistance 
Buffer analysis 
Wuhan 

A B S T R A C T   

Ecological Security Patterns (ESPs) are important nature-based solutions for ecological problems caused by ur
banization and industrialization. Previous studies on ESPs focus on natural conditions only, yet do not incor
porate the need for social equity. This study aims to address this quandary for the study area of Wuhan by 
identifying and extracting ecological sources and ecological corridors, followed by an ecological sensitivity 
assessment, minimum cumulative resistance model and buffer analysis, in order to construct and optimize 
ecological security patterns. The optimization for the construction of the most suitable ecological security pat
terns relies on social equity aspects, including the quality of urban ecological services and the improvement of 
the well-being of urban residents. The results demonstrate: (1) There are 19 ecological sources in Wuhan and 51 
ecological corridors with a total length of 840.10 km. (2) To cater for the optimization of social equity needs, it 
was necessary to add one additional amendment source, with an area of 14.89 km2, and 25 new amendment 
corridors with a total length of 287.8 km. (3) Optimizing the ecological security patterns in Wuhan is possible 
through the derivation of an ecological restoration area, ecological improvement area, ecological control area 
and ecological shield area. The results indicate the feasibility of simultaneously protecting urban ecological 
security and realizing social equity.   

1. Introduction 

The advancement of economic development and associated spatial 
demographic changes has led to both rapid urbanization and pressure on 
the ecological environment in China. The rapid expansion of urban 
space has extremely squeezed the natural ecological space (Kang et al., 
2021; Peng et al., 2018). Additionally, problems such as environmental 
degradation, species decline and soil erosion caused by the over- 
exploitation of resources still exist (Xu et al., 2019; Li et al., 2020a,b; 
Han et al., 2021; Wu et al., 2021). Given these challenges, the Chinese 
government is currently prioritizing policies based on ecological prin
ciples, evidenced by recent achievements in environmental conservation 
by implementing high-quality development strategies and promoting 
ecological protection and restoration. In 2020, the nine binding targets 
on the ecological environment and the phased tasks for tackling key 
problems of pollution prevention, which set out in 13th five-year plan 
for Economic and Social Development of the People’s Republic of China, 
were completed according to plans. Furthermore, the legal system has 
also been adapted to incorporate the ecological principles in order to 

achieve the ecologically oriented policy goals. Despite these adaptations 
there are still problems of pollution and ecological damage in local areas 
(Peng and Zhou, 2019; Wu et al., 2021). This requires new goals for an 
ecologically responsive spatial development. Hereby, it is necessary to 
optimize the both spatial development goals, whilst building and pro
tecting a more solid ecological security barrier. Based on this, the con
struction of a continuous, complete and systematic Ecological Security 
Patterns (ESPs) has become the key to further guarantee ecological se
curity (Jiang et al., 2021; Jin et al., 2021). 

ESPs are mainly composed of landscape elements in different spatial 
locations. ESPs reflect a spatial configuration scheme for maintaining 
the continuity and stability of regional ecological safety from the prin
ciple of optimization of comprehensive benefits, and in response to 
regional ecological environment problems (Li et al., 2019; Wang et al., 
2021a, Wang et al., 2021b). In recent years, the Chinese government 
discovered the importance of ESPs for aligning economic development 
and ecological protection, and therefore gradually enhanced the role of 
ESPs in their environmental policies. In 2012, the report of the 18th 
National Congress of the Communist Party of China proposed to build an 
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ESP to promote an ecologically response development. In 2017, the 
Outline of China’s Territorial Planning (2016–2030) made this intention 
more concrete by formulating a multi-level and multi-scale ESP frame
work. In 2020, 14th Five-Year Plan for Economic and Social Develop
ment of the People’s Republic of China listed building an ESP as one of 
the three major strategies for spatial development and protection of the 
national territory. Currently, building ESPs has become a core instru
ment to resolve the contradictory goals of between ecological protection 
and economic development, guarantee ecological security and human 
benefits, and promote ecological principles (Huang et al., 2021; Yue 
et al., 2019). 

The construction of ESPs does not only protect urban ecological se
curity, but also aims to foster ecological welfare for urban residents 
(Zhang et al., 2017; Wang and Pan, 2019; Kmail and Onyango, 2020; 
Fan et al., 2021). Still, however, there appears to be an imbalance be
tween urban social spaces and urban ecological spaces (Wolff et al., 
2020; Zhang et al., 2021). Some scholars note the inequality in urban 
residents’ access to urban green spaces (Chen et al., 2020; Li et al., 
2021a,b,c; Wu and Kim, 2021), urban parks (Li et al., 2021a,b,c; Wang 
et al., 2021a, Wang et al., 2021b), and green services (Wang et al., 
2018). Hence, a more equitable distribution is urgent. As ESPs usually 
cover ecological landscape elements such as green spaces and parks 
(Xiao et al., 2020; Yin et al., 2020), it is worth considering ESPs to supply 
ecosystem services and enhance the equity of residents’ ecological 
benefits. In other words, the construction and evaluation of ESPs has the 
potential to support the creation of more urban environmental equity. 
Furthermore, the concept of fairness and justice has long been integrated 
into the development of Chinese society. In ancient China, there was a 
thought of “Inequality, not scarcity, that persecutes governors”, and now 
it has expanded the basic principle of “People-oriented, fair sharing”. In 
view of this, the construction of ESPs needs to align with building social 
equity, that is, urban residents should enjoy ecological space as fairly as 
possible. Given this, the key question of this research is: how to construct 
the urban ESPs, conceptually and methodologically? This includes the 
question on how to optimize ESPs to ensure social equity. These scien
tific questions are relevant in the discourse on social and spatial equity 
on the one hand and spatial and environmental justice, on the other 
hand (Heckert and Rosan, 2018; Uwayezu and de Vries, 2020). 

There are a number of previous studies on the conceptualization of 
ESPs and methodology to construct ESPs. For example, Xu et al. (2019) 
use Wenchuan County as an example to construct an ESP in order to 
improve the sustainability of a nature reserve landscape; Liu et al. 
(2020a,b) derives how and ESP framework based on the value of 
ecosystem services helps to achieve sustainable management of the 
ecosystem in Zhuhai, China. This research posits that the basic paradigm 
of “identifying ecological sources - constructing resistance surfaces - 
extracting ecological corridors” informs how to construct an ESP. 
Additionally, there are studies focusing on the type of optimization of 
ecological security patterns. Reason from optimizing biodiversity con
servation (Delmas et al., 2019) aim at optimizing ecological restoration 
of land space (Li et al., 2021a,b,c) on optimizing urban growth boundary 
optimization (Yin et al., 2020). Hence, there is a large theoretical variety 
of optimizing the ESPs. What is however lacking in all of these studies is 
a more mature theoretical system from the perspective of social equity. 
Without the consideration of people’s needs and interests and an- 
orientation towards fair sharing of resources, any ecological security 
strategy is likely to contradict the pursuit for a better living environ
ment. This justifies a more detailed research on optimizing methods for 
ESPs. To test the ideas of optimized ESPs we selected Wuhan city as a 
study area. Geographically, it is rich in mountain and water resources, 
and as a study area it fits the characteristics of having contradicting 
needs in terms of economic and ecological patterns, and possible social 
inequities when opting for one optimization strategy. The alternative 
multi-dimensional optimization can therefore be tested and validated in 
this area. Specifics are provided in the subsequent section. 

2. Methodology 

2.1. Study area 

Wuhan is located in the east of Hubei Province, China. The city has 
13 administrative districts with a total area of 8,569.15 km2 (Fig. 1). 
Wuhan is rich in natural resources such as lakes, wetlands and forests. 
However, economic development has fostered urbanization and 
changed the city to favor an industrial spatial structure at the expense of 
ecological space. In recent years, the Wuhan government has increas
ingly aim to adhere to more ecological principles for its development. 
This includes a policy strategy for configuring ecological water net
works, construction of parks and green spaces, and public campaigns for 
embracing the blue sky. Still, however, most of the ecological spaces in 
Wuhan are fragmented and there is a lack of spatial continuity. It is 
therefore urgent to construct systematic, multi-level, continuous and 
integrated ecological security patterns which connect various ecological 
protection areas in an integrated manner.Fig. 2 

2.2. Data sources 

This study utilized the following data (1) Digital elevation data in 
raster format and MODIS data, derived from the geospatial data cloud 
(http://www.gscloud.cn/), a professional service platform built and 
operated by computer network information center of the Chinese 
Academy of Sciences. The MODIS data were mainly used to extract NDVI 
values and to estimate the vegetation cover. (2) Land cover data derived 
from GlobeLand30 (http://www.globallandcover.com/). These data are 
a product of the 863 Program’s global land cover mapping and key 
technologies research program. (3) Vector data of water, roads and 
residential spot, extracted from the Open Street Map platform. (4) In
dustrial points of interest, obtained from the OSPIDER. (5) Adminis
trative area vector data, obtained from the OMAP platform (Table 1). 

2.3. Research methods 

2.3.1. Ecological sensitivity assessment (ESA) 
Ecological sensitivity refers to the ability of ecological factors to 

adapt to external pressure or human disturbance when the environ
mental quality does not decrease. Specifically, this method first con
structs the index system and assigns a weight to each index, then 
superposes and analyzes each ecological factor, and finally obtains the 
ecological sensitivity distribution of a region in space. Equation (1) 
summarizes this sequence (Yang et al., 2002). 

S =
∑n

i=1
Vi⋅Wi (1) 

In this equation S is the comprehensive score of ecological sensi
tivity, N is the number of single ecological factors, Vi is the score of the ith 

ecological factors, and Wi is the weight of single ecological factors. 
In this study, we employ the ecological sensitivity assessment 

method to identify ecological sources. Ecological sources are patches 
with high quality of ecological services that are beneficial to maintain
ing biodiversity and ecosystem stability in the region (Wu et al., 2013). 

Considering the ecological characteristics of Wuhan and the appli
cability of the data, a total of six ecological factors were selected 
(Table 2). According to the National Ecological Function Zoning issued 
by the Ministry of Environmental Protection of China in 2015 (No.61 of 
2015), the elevation, slope grade and topography indicate the level of 
ecosystem functions of water conservation and soil maintenance in the 
study area, the vegetation coverage and distance from water areas 
indicate the level of ecosystem functions of residential protection in the 
area, and the land cover indicates the distribution of ecosystems and the 
level of ecosystem functions of product supply in the area. Combined 
with analytic hierarchy process (CR = 0.0327 < 0.1, pass the test) to 
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determine the weight of each factor. 
The analysis is mainly carried out using geospatial techniques, which 

are widely used in the field of spatial planning (de Vries, 2022). In this 
study it is mainly implemented through ArcMap 10.8 software (ESRI, 
Inc., Redlands, CA, USA). The first step was to derive the ecological 
sensitivity of single factors. This required using the tools of mosaicing, 
clipping, Euclidean distance calculation and reclassification after which 
it was possible to assign corresponding ecological sensitivity scores to six 
single ecological factors: elevation, slope, topography, vegetation, hy
drology and land use type. This enabled drawing the ecological sensi
tivity evaluation results of single factors. The next step was to conduct, a 
comprehensive evaluation analysis of ecological sensitivity, by super
imposing the results of ecological sensitivity analysis of single factor and 
using the tools of weighted synthesis and grid calculator. Finally, taking 
into account the description of ecological sensitivity classification in the 
National Ecological Function Zoning issued by the Ministry of Envi
ronmental Protection of China in 2015 (No.61 of 2015) and related 
studies (Huang et al., 2020; Jin et al., 2021; Lin et al., 2021), the 
comprehensive score was divided into five sections: non-sensitivity, 
mild sensitivity, moderate sensitivity, highly sensitivity and extremely 
sensitivity. With these results it was possible to draw, a comprehensive 
evaluation map of ecological sensitivity in Wuhan. 

2.3.2. Minimum cumulative resistance model 
The Minimum Cumulative Resistance (MCR) model enables the 

calculation of the total cost of the spatial movement of a certain species 
from its original source to other target points. Specifically, this method 
needs to construct the ESP index system and assign each index weight, 
followed by a superposition analysis of each resistance factor. Finally, 
one can obtain the resistance distribution of a region in space, using 
formula (2) (Knaapen et al, 1992; Yu, 1999). 

R =
∑n

i=1
(Hi∙Wi) (2)  

here, R is the comprehensive resistance value, n is the number of resis
tance factors, Hi is the score of the ith resistance factor and Wi is the 
weight of the ith resistance factor. 

In this study, we used the MCR model to extract ecological corridors. 

Ecological corridors are important ecological channels for the exchange 
and flow of species in the region, which is of great significance to the 
protection of biodiversity and ecological services (Zhu et al., 2005). 

Calculating the resistance surface follows two steps. The first step is 
to select the resistance factors. Considering the natural, economic and 
social conditions of the study area and the applicability of the data, we 
opted for eight resistance factors: elevation, slope grade, vegetation 
cover, land cover, distance from water areas, road, residential areas and 
industrial points. Among these, elevation, slope, vegetation cover, land 
cover and distance from water areas are natural resistance factors; 
contrastingly, distance from road, residential areas and industrial areas 
are social resistance factors. Using an analytic hierarchy process (CR =
0.0238 < 0.1, pass the test), the weight of each factor could be assigned. 
Table 3 presents the results of this process. 

The second step was to create the resistance surface. This step relied 
on using the tools of reclassification, and raster calculator by Arc
Map10.8 software, which generated a single resistance surface and a 
comprehensive resistance surface. Based on the identified ecological 
sources and the comprehensive resistance surface, the ecological corri
dors were extracted by using the tools of cost distance and cost path. 

2.3.3. The buffer analysis method 
The buffer analysis method is a widely-used tool to analyze spatial 

influence factors. It requires setting up an influence area around the 
target point, line and plane according to the given distance, and then 
analyze the spatial influence of the object (Zhao et al., 2005). In this 
study, we used the buffer analysis method to analyze the impact range of 
ecological sources and ecological corridors, and then optimize the ESPs 
based on the principle of social equity. 

The first requirement when establishing a buffer is to determine the 
impact area of the object, i.e., the buffer distance. We chose the daily 
travel distance of residents to represent the impact radius of ecological 
sources and ecological corridors in order to ensure that residents enjoy 
higher ecological accessibility. With regard to the daily travel distance 
of residents, this study relied on the concept of “15-minute life circle”. 
This concept reflects the inclusion of relatively perfect set of public fa
cilities for daily needs of residents within a 15-minute walking range 
(Cheng, 2018). Wu et al. (2020) argues that the travel distance of the 15- 
minute life circle is approximately 800 m-1100 m. This distance range is 

Fig. 1. Location map of Wuhan city.  
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therefore a representative buffer distances, and can be utilized in the 
further analysis. So, we chose for (1) Sources: the buffer radius of the 
ecological sources and amendment sources are 1100 m and 800 m 
respectively. (2) Corridors: the buffer radius of important ecological 
corridors, normal ecological corridors and amendment corridors are 
1100 m, 950 m and 800 m respectively. 

3. Results and analysis 

3.1. Identification of ecological sources 

3.1.1. Results of ecological sensitivity assessment 
From the assessment results of the single ecological factors, (Fig. 3 

(a)) demonstrates that the higher elevation areas in the northern part of 
the study area have a higher ecological sensitivity (highly sensitivity or 
extremely sensitivity). This area mainly includes the Shuangfeng 
Mountain Area in the northwest of Huangpi District. Fig. 3(b) shows that 
the undulation factor generates a higher ecological sensitivity in the 
northern, northeastern and south-central parts of the study area, which 
mainly includes the hilly and wooded areas in the northwestern and 
central parts of the Huangpi District. In terms of slope factor, repre
sented in Fig. 3(c), the north, northeast, southwest and south-central 
areas of the study area have higher ecological sensitivity. This mainly 
includes the mountainous and woodland areas in the northeast of 
Xinzhou District, Eastern Hongshan District, Northern Huangpi District, 
Central Jiangxia District and northwestern Caidian District. With regard 
to the vegetation cover factor, Fig. 3(d) indicates that, the northern, 

Fig. 2. Workflow of construction and optimization of ESPs.  

Table 1 
Data description and source.  

Data name Data type Data source Time 

Administrative boundaries Vector OMAP  
Elevation Raster Geospatial data cloud  
Water areas Vector Open Street Map 2020 
Land cover Raster GlobeLand30 2020 
MODIS Raster NASA 2020 
Road Vector Open Street Map 2020 
Industrial point Point of Interest OSpider 2020 
Residential areas Vector Open Street Map 2020  
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northeastern and southern parts of the study area have a relatively high 
ecological sensitivity (high sensitivity). These areas mainly include the 
woodlands in the northwestern part of Xinzhou District and the arable 
lands in the southern part of Jiangxia District. In terms of water factor, 
represented by Fig. 3(e), the central, southern and southwestern parts of 
the study area indicate a higher ecological sensitivity, mainly due to the 
interweaving of rivers and numerous lakes in the region. In terms of land 
cover factor, Fig. 3(f) shows that the northern part of the study area has a 
higher ecological sensitivity, mainly due to the woodlands in northern 
Huangpi District. 

According to the comprehensive results of ecological sensitivity 
assessment (Fig. 3(g)), the area which is highly and extremely sensitivity 
amounts to 1678.76 km2, which accounts for 19.6% of the total area. 
Specifically, the highly and the extremely sensitivity areas include: (1) 
The mountainous areas in the north of Huangpi District, which has 
mountains such as Mulan Mountain and Yunwu Mountain, dominated 
by woodland, with a large vegetation cover and a good ecological 
environment. (2) The southern area of the Jiangxia District, where 
agriculture is well-developed, mainly consisting of cotton, vegetables 
and grain crops. This has therefore a relatively high ecological sensi
tivity. (3) The eastern part of Xinzhou District is mostly mountainous, 
which are dominated by woodland with a good habitat quality. In 
addition, the level of ecological sensitivity in the central part of the 
study area is relatively low, including the Jianghan, Qiaokou, Jiang’an, 
Hanyang, Wuchang, Hongshan and Qingshan Districts. The land cover 
in these areas is mainly construction land, with a small watershed area, 
low vegetation coverage, a high degree of interference by human ac
tivities, and a relatively poor ecological environment. 

3.1.2. Identification of ecological sources 
Based on the results of ecological sensitivity assessment and the 

natural, economic and social conditions in Wuhan, it was possible to 
identify the ecological sources. Firstly, one needs to select, the area 
where the ecological sources are located. This is based on the ecological 
sensitivity evaluation results, and using the principle of easy identifi
cation. This yielded 19 ecological sources, with a total area of 1033.82 
km2, accounting for 12.06% of the total area of the study area. The 
spatial distribution of ecological sources seemed scattered, except for 
the northern part of the study area, where ecological sources appeared 
more complete. In other areas the ecological sources were more frag
mented. Fig. 3(h) presents the distribution of ecological sources in the 

13 administrative regions, except for the five administrative regions of 
Jiang’an, Dongxihu, Jianghan, Qiaokou and Hanyang District. 

3.2. Identification of ecological corridor 

3.2.1. Establishment of resistance surface 
The comprehensive resistance surface in Fig. 4 shows that the 

resistance values in the central, central south and central west of the 
study area are high, with an overall pattern of “Central dense and 
scattered around”. 

Among them, “Central dense” mainly involves the seven adminis
trative regions of Jianghan, Jiang’an, Qiaokou, Hanyang, Hongshan, 
Wuchang and Qingshan District. These areas have dense road networks 
and a large population density, and are subject to a high degree of 
human activity interference. “Scattered around” mainly covers the north 
of Jiangxia District, the southwest of Huangpi District, the east of Cai
dian District and the southwest of Xinzhou District, the areas with higher 
resistance values in the four districts are all close to the economically 
developed areas in central Wuhan, which are significantly affected by 
road network extension and human disturbance. 

3.2.2. Corridors extraction 
A total of 51 ecological corridors with a cumulative length of 840.1 

km were identified, including 12 important corridors (Fig. 4). Because of 
the large area of the study area, most of the ecological corridors are long 
in length and show relatively dispersed characteristics in space. Spe
cifically, the ecological corridors are more densely distributed in the 
north, southeast and southwest of the study area. These regions are rich 
in natural resources such as lakes, reservoirs and mountains, and have 
high ecological environment quality, which provides the necessary 
conditions for promoting species exchange and migration. 

3.3. Construction and optimization of ecological security patterns 

3.3.1. Construction of ecological security patterns 
The method of ecological sensitivity assessment enabled to identify 

19 ecological sources and 51 ecological corridors, extracted by estab
lishing a comprehensive resistance surface in the study area through the 
MCR model. Finally, based on the above results, it was possible to 
construct the patterns of ecological security in Wuhan. Three types of 
ecological protection zones were planned, namely, an ecological 

Table 2 
Index system of ecological sensitivity assessment.  

Ecological factor (Unit) Weight Sensitivity 

Non-sensitivity Mild sensitivity Moderate sensitivity Highly sensitivity Extremely sensitivity 

Elevation(m)  0.1121 − 60 ~ 40 40 ~ 90 90 ~ 190 190 ~ 360 > 360 
Slope grade (◦)  0.0693 0 ~ 25 25 ~ 45 45 ~ 60 60 ~ 75 > 75 
Topography(m)  0.0864 0 ~ 10 10 ~ 25 25 ~ 50 50 ~ 85 > 85 
Vegetationcoverage  0.3123 0.00 ~ 0.25 0.25 ~ 0.50 0.50 ~ 0.70 0.70 ~ 0.80 > 0.80 
Distance fromwater areas(m)  0.1702 > 900 500 ~ 900 300 ~ 500 100 ~ 300 < 100 
Land cover  0.2497 artificial bare land cropland, tundra grassland, wetland forests, water  

Table 3 
Index system of resistance factors.  

Resistance factor (Unit) Weight Resistance value 

1 2 3 4 5 

Natural factor (Unit) Elevation(m) 0.0698 − 60 ~ 40 40 ~ 90 90 ~ 190 190 ~ 360 > 360 
Slope grade (◦) 0.0698 0 ~ 25 25 ~ 45 45 ~ 60 60 ~ 75 > 75 
Vegetation coverage 0.1617 > 0.80 0.70 ~ 0.80 0.50 ~ 0.70 0.25 ~ 0.50 0.00 ~ 0.25 
Distance from water areas (m) 0.0865 < 100 100 ~ 300 300 ~ 500 500 ~ 900 > 900 
Land cover 0.2411 forests, water grassland, wetland cropland, tundra bare land artificial 

Man-made Factor (Unit) Distance from roads (m) 0.0905 >700 350 ~ 700 200 ~ 350 100 ~ 200 <100 
Distance from industrial point (m) 0.1452 >2200 1300 ~ 2200 700 ~ 1300 300 ~ 700 < 300 
Distance from residential spot (m) 0.1354 > 450 300 ~ 450 200 ~ 300 100 ~ 200 <100  
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remediation area, an ecological control area and an ecological shield 
area. Fig. 5(a) presents these targeted ecological protection measures 
according to the actual situation. The justifications for the three 
ecological protection zones include: 

(1) The ecological remediation area mainly refers to the area in the 
central of the study area that needs to strengthen the ecological pro
tection and the ecological construction. From the perspective of urban 
development, one could argue that because of the advantages of trans
portation, industry and culture, a broad range of human activities and 

interventions have severely affected the central region over a long 
period of time. Similarly, from the perspective of land cover analysis, 
construction land in the central region is proportionally high as 
compared to other land cover types. From the ecological sensitivity and 
resistance value, the ecological sensitivity and resistance value are 
higher in the central area. Therefore, the ecological environment quality 
in the central region is relatively weak, and the ecological rehabilitation 
work would need to be accelerated. 

(2) The ecological control area is mainly in the northeast of Xinzhou 

Fig. 3. Ecological sensitivity assessment and ecological sources. (a) Elevation. (b) Topography. (c) Slope grade. (d) Vegetation cover. (e) Distance from the water. (f) 
Land cover. (g) Comprehensive results of ecological sensitivity assessment. (h) 19 ecological sources with an area of 1033.82 km2, accounting for 12.06% of the total 
area of Wuhan. 
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District, southeast of Caidian District and east of Hannan District. These 
areas one should continue to control the environment in the same 
manner as currently done. The economic strength of these three regions 
is however relatively weak and the population density is relatively low, 
but in the process of planning and development, the urban road network 
was gradually extended and the industries moved successively, which 
lead to higher ecological sensitivity yet also higher resistance values. 

There are many valuable ecological resources in this area, such as 
forestland, lakes and reservoirs. If these three regions were not 
controlled appropriately, the ecological environment quality of the re
gion and the surrounding areas would be in danger. 

(3) The ecological shield area refers to the regional space where an 
ecosystem is relatively stable and is conducive to maintaining the 
ecological security of the whole large region (Chen, 2002). The 
ecological shield areas mainly comprise of the northern Huangpi District 
and the southern Jiangxia District. These two regions are rich in 
forestland, lakes and reservoirs. They have good ecological functions, 
and are of great significance to the improvement of the ecological 
environment of the surrounding areas and even the whole of Wuhan. 

3.3.2. Optimization of ecological security patterns 
From the perspective of social equity, buffer analysis of ecological 

sources and ecological corridors was conducted, based on the con
structed ESPs, followed by overlapping the buffering results with the 
distribution of residential areas in the study area. This yielded the extent 
of coverage of the existing ecological sources and the ecological corri
dors around the residential spots. As can be seen from the Fig. 5(b), the 
coverage of the ecological impact in the central part and the southwest 
part of the study area is relatively low, whilst the coverage of the 
ecological impact in other areas is relatively good. In other words, 
within the “15-minute living circle”, people living in central and south- 
central Wuhan will not be able to enjoy the ecological benefits brought 
about by the constructed ESPs. It is simply too far from the ecological 
sources and ecological corridors. Therefore, the constructed ESPs of 
Wuhan is limited with regard to the social equity indicator. It is difficult 
for many urban residents to get close to ecological sources and ecolog
ical corridors. This is therefore an issue which requires further 
optimization. 

Based on the residential areas that cannot be covered by the impact 
area of the source corridor, parcels with high ecological sensitivity were 
selected as amendment sources, and paths with low resistance values 
and coherence were selected as amendment corridors. After optimiza
tion, an amendment ecological source of 14.89 km2, 25 amendment 
ecological corridors with a total length of 287.8 km were added to 
construct the ecological security optimization pattern (Fig. 6(a)). Among 

Fig. 4. Resistance surface and ecological corridors.  

Fig. 5. Ecological security patterns of Wuhan city. (a) Ecological security patterns of Wuhan, consists of three types of ecological zones, 19 ecological sources and 51 
corridors. (b) Buffer coverage condition of ecological security patterns. 
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them, the amendment source is located at the confluence of the Sheshui 
and the Yangtze River, and its ecological sensitivity assessment results 
are high or very high. Although the amendment source is relatively 
small, it is of great significance for the residents around it, so that they 
can enjoy the ecological space. Therefore, it is necessary to strengthen 
the ecological renovation of the fine patches, as it plays an important 
role in the ecological security of the surrounding area and possibly even 
in the whole area. In addition, the length of the amendment corridors is 
relatively short, and although they are low resistance paths with con
nectivity and relatively good habitat quality, their ecological status is 
still relatively fragile compared to the important corridors and the 
general corridors, they need to be further maintained and strengthened 
in the actual construction. 

After the optimization of ecological security patterns, a certain 
number of ecological sources and corridors were added to ensure that 
residents in the study area can enjoy the results of the construction of 
ESPs and promote social equity. However, there are still areas in the 
study area, which are not covered by the impact radius of the ecological 
sources and ecological corridors (Fig. 6(b)). Based on this, and in order 
to further strengthen the ecological construction, this research once 
again demarcated the original ecological regulation area, and divided 
the former “Ecological remediation area” into two levels, namely an 
“Ecological restoration area” and an “Ecological improvement area”. 
This enabled to carry out the work of ecological protection with more 
pertinence. 

4. Discussion 

4.1. Comparison of related studies 

Previous studies on ESPs have primarily focused on how to identify 
and construct ecological security patterns under existing habitat con
ditions, with an emphasis on “identification” and “construction”. For 
example, Li et al. (2021a,b,c) identifies ecological sources, corridors and 
nodes in the Chaohu Basin and construct ecological security patterns in 
the region. Jin et al. (2021) identifies and construct ecological corridors 
in Fengxian County, Jiangsu Province, based on ecosystem service 

functions and ecological sensitivity. Jiang et al. (2021) identify 
ecological sources, corridors and potential corridors in the Guangdong- 
Hong Kong-Macao Greater Bay Area in China based on the ecological 
background and ecological needs, and use them to construct the 
ecological security patterns in the region. However, relatively few 
studies optimize the ecological security patterns according to the actual 
needs, and include how to optimize it effectively. As urbanization con
tinues, the ecological benefits of urban residents weakens by the 
encroachment of steel and concrete constructions. Yet, ecological ben
efits are crucial factors for public health, and the degree to which they 
can access these areas should also be fair. It is therefore necessary to 
accommodate these fairness norms in contemporary spatial planning. 

This study highlights the importance of both “construction” and 
“optimization”, and provides a systematic planning tool to assess and 
design the overall ecological condition of the region. This tool focuses on 
the public requirement for fairness and equity in accessing ecological 
benefits, and optimizes the constructed ESPs. The optimized ESPs make 
the ecological condition of the study area more advanced, and yields a 
clearer treatment and restoration of ecological areas. It provides 
furthermore a systematic spatial support structure for urban residents to 
enjoy ecological space and obtain ecological benefits. This study further 
enriches the research related to the optimization of ESPs and provides a 
new perspective on the social equity of public access to ecological 
benefits. 

Although this study contributes to the optimization of ESPs, there is 
still room for further improvement and extension of this research. For 
example, in the construction of ESPs, there could be more attention to 
the influence and impacts of choosing specific widths of corridors in the 
overall pattern. This may affect the variability of corridors within 
different regions. Therefore, how the width of ecological corridors cre
ates new spatio-temporal changes is the direction of our future research. 

4.2. Policy implications 

Combining the results of the study and the actual ecological needs of 
Wuhan, one can derive a number of land and environmental policy 
recommendations. Firstly, in terms of natural conditions, the ecological 

Fig. 6. Ecological security optimization pattern of Wuhan city. (a) Ecological security optimization pattern, consists of four types of ecological zones, 19 ecological 
sources and 51 corridors, 1 amendment source and 25 amendment corridors. (b) Buffer coverage condition after optimization of ESPs. 
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space in Wuhan is mainly distributed in a point-like manner and it lacks 
spatial continuity. This is not conducive to the maintenance and 
improvement of the overall ecological condition of the region on the one 
hand, and the protection of the ecological benefits of the public on the 
other. Secondly, in terms of social development, whilst the Wuhan 
government is planning to develop its secondary urban areas in the next 
five years, which are however in areas of a relatively fragile ecological 
habitat, there is an urgent need to re-consider how to strike a balance 
between development and ecological protection. Therefore, when 
considering the four ecological zones, we suggest specific policy actions 
for each of the following areas:  

(1) For the ecological restoration area - the area in the central and the 
southwest-central part of the study area - it is currently not easy 
for the residents to obtain the ecological benefits, despite the 
optimization efforts. Therefore, additional stricter ecological 
restoration measures should be taken to secure ecological reme
diation. The ecological remediation areas mainly include 
Hanyang, Jiang’an and Jianghan District. Hanyang District is one 
of the cradles of modern industry in China, with a long history of 
industry and a relatively serious problem of ecological degrada
tion. The Jiang’an District and Jianghan District are the areas 
with the most advanced economic development in Wuhan. Both 
districts have a large permanent population and tensions between 
people and land. So, the focus should be on strengthening the 
construction of ecological sources and ecological corridors con
nectivity, two types of measures should be taken respectively. 
First, professional ecological restoration measures should be 
taken for old industrial areas, such as increasing soil fertility and 
planting plants with the ability to absorb pollutants in heavily 
polluted areas. Secondly, for the overly dense residential areas, 
the entry point would be to optimize the human living environ
ment, such as demolishing illegal structures to release space for 
ecological construction, or transforming abandoned building 
clusters into urban gardens.  

(2) The ecological improvement area mainly consists of the area in 
the central part of the study area, except for the ecological 
remediation area. The ecological improvement areas mainly 
include Qiaokou, Dongxihu, Wuchang, Hongshan and Qingshan 
District. Among them, Qingshan District is one of the most 
important industrial areas in central China, whereas other dis
tricts are congested with people and buildings. Although the 
residents can enjoy a certain amount of ecological space, at the 
same time the number of accessible sources and corridors is 
relatively small. Hence, this area is the key area to optimize the 
ecological corridors. Specifically, the ecological improvement 
work should pay attention to the maintenance and improvement 
of the ecological corridors’ habitat quality. Moreover, the 
improvement of ecological corridors can be started from behavior 
control in the new green areas, which would include a stricter 
supervision and punishment when observing illegal sewage 
discharge, excessive pumping of groundwater, illegal construc
tion and other acts that damage urban ecology. Further preven
tive measures would be to set up as three-dimensional green belt, 
and planting a more diverse variety of green plants. 

(3) For the ecological control area, the emphasis of ecological con
struction in this area would be control and improvement. In 
Wuhan’s “14th five-year plan”, it is proposed to “Make the main 
urban area better and four suburban areas stronger”, of which the 
“four sub urban areas” are within the ecological control zone, 
indicating that under the situation of future key development, the 
ecological environment of the ecological control area will face 
great pressure. Therefore, it is necessary to take into account the 
basic conditions of ecological security and the carrying capacity 
of land resources, so as to control the deterioration of the regional 
ecological environment and take certain measures to improve the 

existing ecological environment. For example, to create urban 
ecological parks, change the wasteland into forest, etc.  

(4) For the ecological shield area, the quality of the habitat in this 
area is already good enough, and the key point for the ecological 
construction is to maintain the current level of ecological quality. 
Yet, also here this would require a strengthening of environ
mental monitoring and protection, whilst additionally exploring 
further possibilities of ecological resources in the region. In this 
way, they can better support the functions of ecological services. 
For example, the water quality of lakes can be improved through 
intelligent measures such as the renovation of sewage networks 
and regular monitoring of water quality by drones, thus 
enhancing ecosystem stability. 

5. Conclusions 

The construction and optimization of the ecological security patterns 
is conducive to the simultaneous promotion of ecological protection and 
ecological benefits of residents. This study uses ecological sensitivity 
assessment, minimum cumulative resistance model and other methods 
to construct the ecological security patterns in Wuhan, and furthermore, 
from the perspective of social equity, combines buffer analysis method 
to optimize the ecological security patterns in Wuhan. The results of the 
study are as follows:  

(1) Among the constructed ecological security patterns, there are 19 
ecological sources, which is 1033.82 km2, accounting for 12.06% 
of the total area of the study area, it presents the relatively 
scattered layout in the space. And there are 51 ecological corri
dors with a cumulative length of 840.1 km, including 12 impor
tant corridors, which are mainly distributed in the areas except 
the central part of the study area. The ecological security patterns 
can be divided into ecological remediation area, ecological con
trol area and ecological shield area.  

(2) From the perspective of social equity, there are differences in the 
supply of ecological space among constructed ecological security 
patterns, mainly because the ecological sources and ecological 
corridors in the central part of the study area and the southwest- 
central part of the study area are less in number and of poorer in 
quality, leading to inequity in the supply of ecological benefits.  

(3) Through optimized ecological security patterns, one amendment 
source was added, with an area of 14.89 km2, 25 amendment 
corridors were added, with a total length of 287.8 km. The 
original ecological remediation zone is refined into ecological 
restoration area and ecological management area. The optimized 
ecological security patterns better ensure social equity in the 
enjoyment of ecological space by local residents. 
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