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Abstract
With the acceleration of global urbanization and the degradation of environmental 
resources, cities face enormous challenges in sustainable development, which is more pro-
nounced in the Pearl River Delta (PRD) urban agglomeration of China. The influencing 
factors and countermeasures of the sustainable development of the PRD were identified 
through an ecological security assessment that was associated with the coupling coordina-
tion degree model and the BP-DEMATEL model. Three index systems were established, 
including socioeconomic indicators, eco-environmental indicators and both kinds of indi-
cators; from the perspective of the ecological security and coordination degree, develop-
ing areas have better sustainability performance with a higher ecological security score on 
these three index systems (0.3909, 0.4210 and 0.3912, respectively). Further influencing 
indicator analysis suggested that the fundamental indicator that limits the regional sustain-
ability of the PRD is the urban ecological elasticity (the “Prominence” value is 4.4713 and 
the “Relation” value is 3.3336), as well as driving indicators, including the normalized 
difference vegetation index, GDP per capita, the population density and pesticide usage per 
 km2 of cultivated area. Therefore, coordinated development among different cities should 
be considered. Cities with more native environments are vulnerable to external factors, 
and industrialized cities lack powerful ecological restoration. Ecological restoration and 
management measures are suggested to provide guidance for urban managers and promote 
regional sustainable development.
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1 Introduction

Over the past four decades, the rapid development of society and the economy in China 
have caused accelerated urbanization and urban population growth spurts. Urbanization 
is always accompanied by changes in land use types, given that natural landscape is 
gradually replaced by urban infrastructure (Larson et al. 2016; Gao et al. 2018). How-
ever, the more serious issue is ecological degradation and the accompanying compli-
cated urban environmental problems, such as air pollution, biodiversity loss, the heat 
island effect, etc. (Chauvin et al. 2017), which seriously hinder urban sustainable devel-
opment (Hodson and Marvin 2009; Chen et al. 2017; Dong and Xu 2019). Ecological 
security provides a guarantee for sustainability (Simmons et al. 2018; Gong et al. 2009; 
Li and Xu 2010). In the process of urbanization, the key issue that emerges is how to 
coordinate and balance socioeconomic development and eco-environment protection 
(Pulighe et al. 2016; Zulueta et al. 2017). First, it is hard but important to focus on both 
aspects during urbanization. Second, the interaction between socioeconomic develop-
ment and eco-environment protection should promote the well-being of urban residents. 
Therefore, during urban planning and management, a crucial issue is how to consider 
the relationship between the socioeconomy and eco-environment, and how to identify 
the key factors that constrain urban sustainable development and guarantee urban eco-
logical security (Gao et al. 2017).

In 1987, the World Commission on Environment and Development (WCED) pub-
lished Our Common Future, which defined sustainability as development that meets the 
needs of the present without compromising the ability of future generations to meet 
their needs (WCED 1987). Urban ecological security is the premise and foundation of 
urban sustainable development. Sustainable development is actually the development of 
human beings and the common development of human beings with their environment 
(Gao 2012). Ecological security is commonly assessed using an index framework that 
is combined with various mathematic models (Chu et  al. 2017). With increasing con-
cerns for the ecological security, many methods have been proposed for assessing urban 
ecological security or sustainability ways (Su et al. 2016; Kwak et al. 2002; Rodriguez-
Labajos et  al. 2009; Tran et  al. 2002; Mamim et  al. 2009). Several conceptual frame-
works and mathematical modeling approaches have been employed in this field (Shao 
et al. 2013). These include the widely used Press(P)–Status(S)–Response(R) model, the 
fussy assessment and gray assessment models, and so on.

Indicator selection is the first step of a security assessment, which based on the char-
acteristics and developmental trends of a given study area. However, the biggest lim-
itation of the current assessment method is that there is no uniform standard for the 
index framework, and the assessment result will change according to different indicators 
(Wang et al. 2003; Zhou et al. 2010), from which we could not get a stable result. To 
overcome the instability of the results of the index assessment, the coordination degree 
model and BP-DEMATEL model were introduced, which were used to measure and 
screen out the main indicators that influence the urban ecological security of the PDR. 
The urban ecological security to be discussed here includes social elements, economic 
elements and natural elements of the PRD region, and the roles that the socioeconomy 
and eco-environment play in the process of urban sustainable development form an 
opposing but cooperative relationship. To some extent, urbanization is the result of the 
trade-off between socioeconomic growth and eco-environmental protection, which com-
prehensively guide the urban ecological security and sustainability.
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Using those comprehensive methods, the urban ecological security of the PRD was 
assessed with respect to the role of a single element. Two index systems were established 
that contain a single type of element (socioeconomic indicators or eco-environment indica-
tors) and further consider the comprehensive elements that contain mixed indicators. Based 
on the coupling coordination degree model (Chen and Xu 2017) and the BP-DEMATEL 
model (Qin and Lu 2015), the trade-offs of these two single type elements were measured 
in order to identify the fundamental indicator, the driving indicators and the characteristic 
indicators that support the urban sustainable development of the PRD. This study focuses 
on the limiting factors of the regional sustainable development of the PRD, considers the 
measures that could be taken to maintain the urban ecological security and provides sug-
gestions to urban planners and politicians.

2  Study area

The Pearl River Delta urban agglomeration (PRD) is located in Guangdong province in 
southern China. It is one of the most densely urbanized regions in the world and is an eco-
nomic hub of China. It encompasses a total area of more than 55,368.7 square kilometers 
and had a combined population of over 63.01 million at the end of 2018 (Guangdong sta-
tistics bureau 2019). The area’s growth rate was 2.38%, while the national average growth 
rate was only 0.39%. In 2018, the total economy of the PRD was 8104.85 billion Yuan, 
accounting for 80.207% of the economy of Guangdong province. The main metropolitan 
region of the PRD is located at (22.25°–23.5°N, 112.25°–114.5°E), including the most 
developed cities of Guangzhou and Shenzhen. However, the periphery of the PRD still 
has its original ecological environment with inadequate economic development, including 
Zhaoqing and Huizhou. The location of the PRD is shown in Fig. 1.

The PRD includes nine municipalities of Guangdong province, namely Guangzhou, 
Shenzhen, Zhuhai, Dongguan, Zhongshan, Foshan, Huizhou, Zhaoqing and Jiangmen. 
Among those cities, Guangzhou is the capital and the most populous city of Guangdong. 

Fig. 1  The location of the Pearl River Delta urban agglomeration
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The eastern side of the PRD (Shenzhen and Dongguan) is the most economically devel-
oped area. The western areas (Foshan, Zhuhai and Zhongshan) are open for development, 
and the outermost areas of the PRD (Zhaoqing, Huizhou and Jiangmen) are developing 
with good ecological and environmental statuses.

As an important part of the Guangdong–Hong Kong–Macao Greater Bay Area (GBA), 
the PRD urban agglomeration has greater development space and faces more severe eco-
logical pressure. The current urban planning aims to develop the economy without exces-
sively damaging the environment with the ultimate goal of improving regional competi-
tiveness and public welfare. Over the past four decades, with the rapid expansion and 
urbanization, the PRD is facing a series of ecological environmental problems, which are 
becoming key factors restricting the urban sustainable development. In view of the increas-
ingly serious urban ecological problems, decision makers need to ensure the security of the 
PRD’s overall ecological environment.

3  Methods

3.1  Ecological security assessment

Systematic index analysis became the mainstream method of environmental assessment 
after the US and EU (EEC) successively announced environmental governance policies 
approximately 1995 (Wang et al. 2003). The index evaluation method was used to establish 
three index systems, including two index systems with a single type of element (Table 1E 
and S) and one index system with mixed elements (Table 1C). The indicators included two 
types. One type of indicator included eco-environmental elements, which directly reflect 

Table 1  Index system and indicator weights of different elements

Index system (C/E/S) Indicator Indicator 
weight (E/S)

Indicator 
weight (C)

Comprehensive elements (C)
 Eco-environment element (E) Water area per regional unit 0.1660 0.0663

Green land area per regional unit 0.1627 0.0661
Shannon’s diversity 0.1773 0.0693
Biological abundance index 0.1629 0.0661
Ecological elasticity 0.1662 0.0665
Normalized difference vegetation index 0.1650 0.0669

 Socioeconomy element (S) GDP per capita 0.1253 0.0748
Population density 0.1112 0.0683
Pesticide usage per unit of cultivated area 0.1405 0.0784
Fertilizer usage per unit of cultivated area 0.1470 0.0823
Secondary industry proportion 0.1034 0.0661
Anthropogenic disturbance index 0.1272 0.0741
Construction land per unit 0.1033 0.0662
Comprehensive management area of soil 

and water erosion
0.1421 0.0885
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the status of the urban ecology, such as water area per unit of area, green land area per 
regional unit, ecological elasticity and so on. Another type of indicator included socioeco-
nomic elements, which indirectly reflect the status of the ecological security, and include 
GDP per capita, population density, the anthropogenic disturbance index and so on. In 
addition, the degree of social and economic development also reflects the pressure on the 
urban ecology and environment. The selected indicators were considered based on the ref-
erences (Gao et al. 2017; Li et al. 2019), and these indicators are the most frequently used 
and easily obtained. The indicator weight was calculated using the complex correlation 
coefficient method (Zou et al. 2006), and the ecological security score was calculated using 
the gray clustering method (He et al. 2012). Each index system was calculated using the 
same method.

The PRD was divided into 35 areas (counties or districts of the 9 municipals). The data 
of the socioeconomic indicators were taken from the Statistic Yearbook of each area. The 
data of the landscape indicators were acquired using ENVI 5.1 and ArcGIS 10.2 based on 
the remote sensing images (https ://glovi s.usgs.gov) of the PRD in 2017, or they were cal-
culated using Fragstats 4.2. The ecological elasticity indicator is taken from Costanza et al. 
(1997), and the anthropogenic disturbance index is taken from Gong et al. (2008). The eco-
logical security results are divided into five levels according to the Natural Breaks (Jenks) 
method of ArcGIS 10.2, and we set each level to Unsafe, Relatively unsafe, Generally safe, 
Relatively safe or Safe. The five levels of ecological security reflect the relative state of the 
urban ecology rather than the absolute value. The higher the safety level is, the better the 
ecological status of the corresponding county or district. For example, Safe represents a 
good environmental status.

3.2  Coordination degree model

The coordination degree model is used to measure the balance between the socioeconomic 
growth and eco-environmental protection of each city. The coupling coordination degree is 
used as the standard value, and the strategy types of each element are divided according to 
the level of each element’s deviation from the coupling coordination degree.

The coordination degree model of the urban socioeconomic level and eco-environmen-
tal level is represented as follows:

In formula (1), C is the coordination degree of the urban socioeconomy and eco-envi-
ronment (0 ≤ C≤1). FA represents the urban eco-environment, and FB represents the urban 
socioeconomy. Here, F =

∑n

1

�
An ×Wn

�
 , where An is the standard indicator value, and Wn 

is the indicator weight (refers to Table 1E), which was calculated using the complex cor-
relation coefficient method.

When C cannot reflect the coordination degree of the two elements, we further intro-
duced the following coupling coordination degree model:

In formula (2), D is the coupling coordination degree of the urban eco-environment and 
socioeconomy; T is the coupling coordination coefficient, where T = �FA + �FB ; and � and 
� are the undetermined coefficients, which, respectively, represent the contribution rates of 

(1)C =
[(
FA × FB

)
∕
(
FA + FB

)2]1∕2

(2)D = (C × T)1∕2

https://glovis.usgs.gov
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the urban eco-environment and socioeconomy to the overall coordinated development, 
where � =

1

n

∑n

1

FAn

FAn+FBn

 and � =
1

n

∑n

1

FBn

FAn+FBn

.

3.3  BP‑DEMATEL model

DEMATEL (Decision-Making Trial and Evaluation Laboratory) is a method of system-
atic analysis based on graph theory and matrix theory that was proposed by the Battelle 
Institute of the United States (Tseng 2009). By constructing the direct influence matrix 
through the logical relations among the factors in the system, the central degree and causal 
degree of each indicator are calculated, the status and system function of each indicator are 
defined, and then, the key indicators of the system are further identified (Lee et al. 2008; 
Liu et  al. 2012; Li et  al. 2012). It uses the BP neural network to replace the traditional 
method to calculate the weight value and form the direct correlation matrix between each 
indicator. Therefore, a BP-DEMATEL model that conforms to the study of urban ecologi-
cal security is constructed, which improves the objectivity and reliability of the analytical 
results of the influential factors of ecological security.

1. Construction of BP neural network model.

A total of 16 indicators are used as input layer neurons, which includes socioeconomic 
indicators, natural environment indicators and landscape ecological indicators. The BP 
neural network with hidden layers is established using MATLAB 2016a, and the nonlinear 
mapping model is created. The BP neural network is trained using the gradient descent 
method of the adaptive rate of the momentum term. The weight matrix (W)n×t of the input 
layer and hidden layer and the weight matrix (w)t×k of the hidden layer and output layer 
were obtained, respectively.

2. Total weight vector (ω)

ω   =  |W| × |w| and � = �n×k , where |W| and |w| are the absolute weight matrices. When 
k > 1, the vectors are weighted as follows:

where �ng represents the weight and g = 1, 2, …, k.

3. Direct relation matrix of each indicator (B)

(3)�n×k =

(
k∑

j=1

k∑
g=1

�1g�1j,

k∑
j=1

k∑
g=1

�2g�2j,… ,

k∑
j=1

k∑
g=1

�ng�nj

)

(4)B =
�
bij
�
n×n

=

⎡⎢⎢⎢⎣

b11 b12
b21 b22

⋯ b1n
⋯ b2n

⋮ ⋮

bn1 bn2

⋮ ⋮

⋯ bnn

⎤⎥⎥⎥⎦
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where bii = 0, and bij = wi

wj

 (if wj = 0, then bij = 0), which is the weight of indicator i for 
indicator j.

4. Normalized direct correlation matrix (X)

5. Full incidence matrix (T)

where (I − X)−1 is the inverse matrix of (I − X) , and I is the unit matrix.
6. The degree of influence (R) and the influenced degree (D)

7. Analysis of influence factors

The horizontal axis vector (D + R) named “Prominence” is made by adding D to R, which 
represents the importance and magnitude of a single indicator. The vertical axis (R − D) 
named “Relation” is made by subtracting D from R, which may group criteria into a causal 
group. Conversely, if (D − R) is negative, the criterion is grouped into the effect group. 
According to the ranking of the relative importance of the ecological security indicators 
in the PRD, the main influencing factors are determined and analyzed. (D − R) is used to 
distinguish between the causal factors and effect factors.

Based on the above calculation results, the influencing factors of ecological security in 
the PRD urban agglomeration were classified as follows

a. The fundamental indicator: One indicator whose central degree value is greater than all 
others shows significant importance.

b. The driving indicator: The central degree and causal degree are higher than the average 
values of all indicators, but obviously weaker than the fundamental indicator.

c. The characteristic indicator: As the result factor R − D < 0, there is a high degree of 
centrality and the result is closely related to other indicators. Such indicators are the 
result of the combined action of other indicators in the system, which represents the core 
problem to be solved in the ecological security system. However, because the character-
istic indicators are the result of the comprehensive influence of many other indicators, 
it is difficult to improve and influence them directly.

(5)X =
�
xij
�
n×n

=
1

max
1≤i≤n

∑n

j=1
bij

⋅ B

(6)T =
(
tij
)
n×n

= X(I − X)−1

(7)R =
∑n

i=1
tij

(8)D =
∑n

j=1
tij
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4  Results

4.1  Eco‑environmental element

The eco-environmental index system includes six indicators, which consider the situa-
tion of each type of landscape and the ecological factors of water, green land, biodiversity 
and ecological elasticity, and exclude the influence of economic and social factors. The 
weight of each indicator ranges from 0.1627 to 0.1773 (Table 1E). The indicator with the 
highest weight is Shannon’s biodiversity, and the indicator with the lowest weight is green 
land area per unit of area. The ES score of the 35 regions ranges from 0.2306 to 0.3909. 
Seven areas possess safety with respect to ecological security, sixteen areas possess relative 
safety, six areas possess general safety, three areas possess relative unsafety, and the last 
three areas possess unsafety (Fig. 2a).

Not surprisingly, those areas that were highly developed had a poor performance on 
urban ecological security. Especially, the areas such as Foshan, Guangzhou and Baoan 
received low ES scores for their eco-environments, as well as Dongguan, Longgang and 
Shenzhen areas. All of those areas are located on the central region or on the east bank of 
the PRD. However, some other areas around the central region have better performance on 
the ES evaluation, such as Zhaoqing, Xinhui, Huizhou and others. Although the develop-
ing counties in the PRD have good ecological environments, they are threatened by the 
environment pressure of surrounding regions. In addition, those areas have weaker eco-
nomic capacities, and their ecological security prospects are not optimistic. In this case, a 
welcome ecological status provided a safe environment for economic development, and an 
advanced economy will guarantee the security of the urban ecology.

4.2  Socioeconomic element

Next, we assess the second index system in which all indicators are socioeconomic factors. 
The weight of each indicator ranges from 0.1033 to 0.1470 (Table 1S). The indicator with 
the highest weight is fertilizer usage per unit of cultivated area, and the indicator with the 
lowest weight is construction land per unit of area. The further ES assessment scores of the 
35 counties and districts range from 0.2419 to 0.4210 in five levels (Fig. 2b). Among them, 
five areas possessed safety with respect to ecological security and were mainly located in 
the less developed area with the native environment. Eight areas possessed relative safety, 
and these areas were mainly distributed in the periphery of the core region of the PRD with 
lower economical pressure. Nine areas possessed general safety with a certain degree of 

Fig. 2  Ecological security pattern of the PRD as evaluated by different index systems. a eco-environmental 
elements, b socioeconomic elements and c comprehensive elements
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urbanization. Seven areas possessed relative unsafety with higher environmental pressure. 
Finally, five areas possessed unsafely due to their high economic pressure and low environ-
mental protection.

Economic growth promotes urbanization and results in various environmental prob-
lems for cities. Meanwhile, after a certain degree of urbanization, an advanced economy 
is conducive to improving urban environmental restoration. Based on this view, the eco-
nomic development level has played an important role in the ecological security of cities. 
However, according to the ES result, the counties and districts with lower human activities 
performed better overall than those regions with higher urbanization. To some extent, the 
lesser the economic pressure that an urban area suffers, the better ecological security the 
urban area will possess, regardless of the urbanization level of the city.

4.3  Comprehensive elements

From the third index system, we obtained a very similar ecological security pattern to the 
former two results. This indicator system considered both the ecological status and eco-
nomic pressure of each county or district. The evaluation result showed that most areas 
have good urban ecology, but Foshan is still the worst, along with Baoan.

The weight of each indicator ranges from 0.0661 to 0.0885 (Table 1C). The anthropo-
genic disturbance index and comprehensive management area of soil and water erosion are 
the indicators with the lowest and the highest weights, respectively. The ES scores of the 
35 areas range from 0.2528 to 0.3912 in five levels (Fig. 2c). Compared with the former 
two results, under the comprehensive influence of the socioeconomic and eco-environmen-
tal indicators, the city’s ecological security classification is more obvious. Apart from Fos-
han and Baoan, there are twelve areas that possessed general unsafety, seven areas that pos-
sessed general safety, eight areas that possessed relative safety and six areas that possessed 
safety. The number of cities possessing safety and relative safety was reduced to fourteen, 
and more cities show the limitations of ecological security as affected by the socioeconomy 
and eco-environment.

Among the three index systems, some areas retain the same security level in urban 
ecological security assessment among the different index systems. For example, Fos-
han and Baoan still possess unsafety, and Longmen, Boluo, Huidong and Enping still 
possess relative safety. Although most areas exhibited different security levels among 
the three index systems, the whole ecological security pattern of the PRD is relatively 
formed (Fig. 3). According to the ecological security of each area, the PRD region was 
divided into three subregions, including the central and east subregion, the west sub-
region and the peripheral subregion. The central and east subregion is very developed, 
and the ecological security is poor with respect to both socioeconomic and eco-environ-
mental conditions. The areas in the west subregion are good with respect to eco-envi-
ronmental conditions but have poor socioeconomic conditions. The areas in the periph-
eral subregion have both good eco-environmental and socioeconomic conditions.

4.4  Coupling coordination degree model

According to the coordination degree model, eight areas show lower coordination of 
their socioeconomy and eco-environment. Those areas all located in the center region 
and on the east bank of the PRD, and this is basically similar to the ecological security 
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patterns of those developed areas. Nine cities show higher coordination of their socioec-
onomy and eco-environment, which include areas with poor ecological security, such as 
Shenzhen and Longgang, and areas with good ecological security, such as Guangning, 
Longmen and Boluo (Fig. 4). However, most areas have high coordination and balance 
their socioeconomic and eco-environmental development. It is proven that only cities 
that reached a balance between their economic development and environmental protec-
tion can be sustainable (Figs. 2, 4).

4.5  BP‑DEMATEL model

According to the BP-DEMATEL model, three kinds of influencing factors were selected 
from the fifteen indicators (Table 2). The fundamental influencing factor is the ecological 
elasticity index; the driving influencing factors include the normalized difference vegeta-
tion index, GDP per capita, population density and pesticide usage per unit of cultivated 
area; and the other eight indicators are the characteristic influencing factors (Fig. 5). The 
fundamental influencing factor was the most important factor that affected urban ecological 
security and limited urban sustainable development.

Fig. 3  The change of the ecological security level of each county (district) in the PRD under the three eval-
uation systems
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Fig. 4  Coupling coordination degree of each county (district) in the PRD

Table 2  Influencing factors of the urban ecological security of the PRD

a (D + R) reflects the importance of a criterion
b If (D − R) > 0, the indicator is grouped into the cause group; and if (D − R) < 0, the indicator is grouped 
into the effect group

Influence factor (D + R)a (D − R)b Indicator

Fundamental influencing factor 4.4713 3.3336 Ecological elasticity
Driving influencing factor 3.7063 2.1740 Normalized difference vegetation index

3.1413 0.8718 GDP per capita
3.0759 0.5850 Anthropogenic disturbance index
3.0735 0.5723 Population density
3.0243 0.1380 Pesticide usage per unit of cultivated area

Characteristic influencing factor 3.0977 − 0.6933 Water area per unit of area
3.1895 − 1.0364 Green land area per unit of area
3.2087 − 1.0955 Shannon’s diversity
3.3149 − 1.3822 Biological abundance index
3.2476 − 1.2072 Secondary industry proportion
3.1569 − 0.9279 Fertilizer usage per unit of cultivated area
3.1613 − 0.9433 Construction land per unit of area
3.0455 − 0.3889 Comprehensive management area of soil 

and water erosion
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5  Discussion

Ecological security is the foundation and premise of urban sustainable development. With 
rapid urbanization, environmental problems are affecting the safety and orderly operations 
of cities. Therefore, the accurate assessment of urban ecological security becomes increas-
ingly more important. However, the identification of the main factors affecting the urban 
ecological security is more conductive to the sustainable development of urban managers 
and to maintaining scientific development.

5.1  Urban ecological security and coordination degree

In the process of urbanization, the social and economic activities of human beings promote 
the development of cities. A city originates from a single natural system, which combines 
the subjective social system and economic system of human beings, and finally grows into 
a complex ecosystem. The ecological foundation of a city suffers irreversible damage in 
the process of urbanization, which results in the biggest obstacle to the sustainability of a 
city. Especially, many cities have been hit hard in the process of industrialization, which 
has resulted in socioeconomic development while destroying the cities. It can be said that 
the eco-environment provides the foundation for social and economic development and 
advanced society and economy, thereby providing support for the eco-environmental resto-
ration of the problems that were caused by the rapid development. Modern urban develop-
ment should avoid the old way of “destruction first, protection later” since the urban ecol-
ogy is the primary element.

Taking the Pearl River Delta urban agglomeration as an example, it can be seen from 
the results that urban development is restricted by both socioeconomic elements and eco-
environmental elements. However, whether based on eco-environmental elements or socio-
economic elements, the ecological security situation that is faced by developed counties 
or districts is more serious. On the one hand, rapid economic growth will inevitably cause 

Fig. 5  The performance of each county (district) on the six main indicators of the PRD. a Ecological elas-
ticity index, b normalized difference vegetation index, c GDP per capita, d anthropogenic disturbance 
index, e population density and f pesticide usage per unit of cultivated area
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ecological environmental degradation. On the other hand, the degraded ecological environ-
ment can only be restored by a developed society and economy. The two elements both 
play important roles in the urban ecosystem. Furthermore, whether from the perspective of 
urban ecological security or the perspective of urban coordinated development, the PRD 
region has shown a similar pattern with poor ecological security and poor coordination in 
developed areas. It is ultimately reflected in the poor sustainable developmental capacity of 
those counties and districts.

5.2  Limiting factors of urban sustainable development

The fundamental factor influencing the ecological security of each county and district in 
the PRD region is the ecological elasticity. As the basis of the self-regulation ability of the 
natural ecosystem, the ecological elasticity supports the ecological carrying capacity (Tian 
and Zhang 2018). The ecological elasticity is reflected in the self-maintenance and self-
regulation of an ecosystem and its ability to resist external pressures and disturbances (Gao 
2001). Moreover, an urban ecosystem’s uniqueness is embodied in the complex compo-
nents with large disturbances and instability. Therefore, the fundamental factors of the PRD 
region’s ecological security are the maintenance of the ecosystem’s stability and increasing 
the ecosystem’s elasticity. The ecological elasticity of developed areas is greater, and the 
ecological connectivity between the developed areas and the less developed areas will help 
balance the ecological level of the whole region.

The driving factor that mainly affects the PRD is the normalized difference vegetation 
index. The vegetation coverage is still an important indicator that promotes the ecological 
security in the PRD region. The vegetation coverage is the foundation of the ecological 
conditions, and the natural habitat is still the main factor. The second driving factor is GDP 
per capita. Once urban development reaches a certain stage, the major form of the urban 
ecosystem is the social economic system. The social economy is also a main factor sup-
porting the natural ecosystem’s recovery. On the one hand, it is important to promote the 
ecosystem protection consciousness of urban residents. On the other hand, it is necessary 
to enhance the recovery of the ecological system, and GDP is the main factor of the PRD’s 
ecological security. Furthermore, the anthropogenic distribution index, population density 
and pesticide use per unit of area also reflect the impacts of human activities on the urban 
ecology of the PRD. The PRD region is facing the pressure of population growth, which 
leads to the expansion of the urban space and greater ecological pressure. It is important to 
coordinate the ecological environmental protection and socioeconomic development in the 
urban complex ecosystem.

5.3  Urban sustainable development pattern of the PRD

The overall ecological security pattern of the PRD shows a trend of gradual deterioration 
from inland areas to estuary areas, which is similar to the economic development level of 
each district and county. The more developed the country or district is, the lower the eco-
logical security level. The results reveal that there are many problems from blind develop-
ment and the lack of environmental protection in the process of urbanization. Moreover, 
the developed social economic system plays a certain but very limited role in urban eco-
logical restoration. The traditional urban development idea of “destruction first, protection 
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later” is very unfavorable to the sustainable development of cities, and sustainable urban 
development should be based on ecological priority and economic moderation.

The development of each area in the PRD is very different, and the ecological security 
problems of each county or district are also different. Under the unified evaluation method, 
the different index systems reflect the relatively stable influencing factors of the ecological 
security problems of each district and county. The cities exist due to social and economic 
development, and the ecological system will inevitably suffer from damage in this pro-
cess. Controlling the urban ecosystem security falls within urban sustainable development, 
which provides support for urban sustainability.

For city managers, balancing the relationship between the socioeconomy and eco-envi-
ronment in the process of urban development is crucial in improving the comfort level of 
urban residents. To this end, the specific measures should include the following: (1) con-
trol the population, thereby reducing the pressure of the urban population; (2) increasing 
the environmental awareness of urban residents and improving the urban environment; (3) 
changing the economic growth model and developing environmentally friendly enterprises; 
and (4) increasing the financial investments in environmental protection and green GDP.

6  Conclusions

The index assessment method was used to measure the ecological security status of the 
PRD region under different influencing factors, and the restrictive factors and counter-
measures affecting the regional sustainable development are obtained through the coor-
dination degree model and the BP-DEMATEL model. By comparing the results of dif-
ferent research methods, the sustainable development of the regional ecological security 
is comprehensively analyzed. The index assessment method can establish different index 
systems, and they are assessed using different influencing factors of the PRD regional eco-
logical security pattern. However, due to the instability of the index assessment result, it is 
difficult to directly show the limiting factors of the identification on the regional sustain-
able development. Under this condition, the developmental level and the importance of 
the influencing factors of the counties and districts of each city were determined using a 
mathematical model of the different influencing factors. Through the combination of the 
above methods, the limiting influencing factors of regional sustainable development and 
the countermeasures of urban sustainable development are suggested from the perspective 
of urban ecological security.

Ecological security and coordinated development are the primary conditions of urban 
sustainable development. The main threat to the sustainable development of the PRD 
comes from the population and economic growth. The economic “regurgitation-feeding 
effect” on the eco-environment has a limited effect on the restoration of the urban ecosys-
tem. On this basis, the overall ecological security of the PRD shows a tendency of deterio-
ration from inland areas to estuary areas. The city managers face the problems of how to 
maintain the sustainable development of developing areas and promote ecological recovery 
in developed areas. It is suggested that the overall planning and scientific design should be 
done well in the early stage of urban development, which would ensure the coordinated 
development of the regional ecology and economy.
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