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Abstract 
High-intensity human socio-economic activities pose a great threat to the ecological environment, thus 
resulting in the decline of biodiversity in ecologically fragile areas and serious problems over regional eco-
security. The regional scale provides a reasonable spatial context for exploring the eco-security of mega-cities 
or metropolitan areas. However, the existing research lacks a comprehensive understanding of the 
influencing factors for biodiversity at a regional scale. Therefore, the study on landscape ecological planning 
represented by the theory of eco-security patterns has become increasingly significant. In this study, the 
“DPSIR-LM” model at a regional scale is adopted to analyze the positive and negative factors that affect the 
eco-security of Guangzhou’s biodiversity, and obtain the spatial differentiation result of the eco-security 
assessment on Guangzhou’s biodiversity. In terms of the conservation of Guangzhou’s biodiversity, an 
innovative approach is taken to integrate ecological assessment into the construction of the eco-security 
pattern, so as to propose a novel method to construct the eco-security pattern. First, a holistic study on the 
urban eco-security pattern is conducted and the eco-security pattern of Guangzhou’s biodiversity is 
established from the perspectives of government decision-making, socio-economic indicators and data, as 
well as the science and technology level. Then, the main geographical distribution and its causes are further 
analyzed to provide a corresponding protection strategy for each security pattern, contributing to the 
ecological space planning of Guangzhou’s biodiversity conservation. The “DPSIR-LM” model given in this 
paper enhances the assessment of the positive and negative influences on biodiversity by quantifying the 
inner differences of the region, and it is more accurate and scientific in source selection, resistance evaluation 
and result optimization for the pattern construction. The research provides a valuable reference for the study 
and construction of eco-security patterns at a regional scale. 
Keywords: biodiversity, eco-security assessment, construction of the eco-security pattern, the “DPSIR-LM” 
model 
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INTRODUCTION 
China’s rapid urbanization not only has driven the 

economic and social development across the country, 
but also has caused damage to the ecological 
environment. Faced with the decline in biodiversity, the 
eco-security pattern based on landscape planning has 
become an important measure to mitigate and cease this 
trend and a reliable means of promoting the biodiversity 
restoration. Guangzhou has always been a typical 
example of China’s national urban agglomeration. As 
one of the core cities in the Pearl River Delta urban 
agglomeration (Yu et al. 2009a, 2009b, Yue et al. 2014), 
Guangzhou, due to noticeable scale effect and 
coordinated effect in its economy, has generated huger 
space demands than other single cities, and 
strengthened the opposition of “development” and 
“protection”, two contradictory propositions. The 

ongoing urbanization will surely impose new 
requirements on ecological service functions of the 
urban area, which indicates the urgency of shaping a 
reasonable regional eco-security pattern. 

Olmsted, the US’s landscape pioneer and Howard, 
the UK’s planning expert are the people who first 
propose that the park system benefits human beings, 
and parks and other green spaces (Beier et al. 2011) are 
connected to be conducive to biodiversity, protected 
areas and natural areas in order to avoid fragile habitats 
(Li et al. 2014, 2015). Judith et al. (2013) inspired by the 
McHarg’s (Pourebrahim et al. 2011, Sandström et al. 
2006, Thuy Trang et al. 2016) layer cake mode applied 
high-precision remote sensing data to the habitat 
suitability model, and besides, based on the support of 
high-resolution satellite images, she combined rapid 
species assessment and environmental models for 
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employing them in the study on the prediction of 
species distribution. Nguyen (2016), Villa et al. (1996) 
applied the “3S” technology to the ecological security 
research, and adopted the land and hydrology 
assessment model in assessing the impact of climate and 
land use changes on water quality and the environment 
of the river basin, showing the sensitivity of 3S river to 
climate and land use changes. Foreign studies prefer the 
precise quantification of the planning in the small-scale 
space and lack the large-scale ecological planning 
research. More discusses focus on complicated 
mathematical quantification relationships between 
parameters and data (Beier et al. 2011, La Rosa and 
Privitera 2013, Netusil et al. 2014, Schadt et al. 2002, 
Xun et al. 2017), while socio-economic factors other 
than ecological factors are rarely taken into account. 

China’s eco-security pattern studies have gone 
through a process from certain points to the whole 
region, from disciplinary to interdisciplinary research, 
and from small to large scales (Liu et al. 2010). With the 
minimum cumulative resistance model as a core 
method, Yu Kongjian developed the “three-step 
method”– “source determination”, “establishment of 
resistance surface”, and “determination of the security 
pattern according to resistance surface”–for shaping the 
landscape eco-security pattern of biological protection 
(Yu 1999). Liang Youjia et al. focused on integrated 
modeling by using the CLUE-S model and the SD 
model, and used the modeling for land use scenario 
analysis in Ganzhou District, Zhangye City, Gansu 
Province (Liang et al. 2011). Then, Zhou Rui et al. 
established the integrated eco-security pattern based on 
the four sub-patterns of biological protection, water 
security, geological disasters and recreation, and 
described the rigid and elastic boundary of urban 
expansion as per this pattern (Zhou et al. 2013). There 
is also some research lacking discussions on source 
extraction and corridor calculation. In most studies, the 
ecological land in a certain area or various protected 
areas stipulated by laws and regulations is directly 
chosen as the “source” of the security pattern, while the 
complex impact mechanism between the ecological 
environment system and the human society system is 
ignored; in addition, previous eco-security patterns fail 
to comprehensively study the background conditions of 
ecological security in the study area, which results in 
those areas covered by final schemes of the security 
pattern being distributed along the main direction of 
urban development or in the important agricultural 
producing areas, namely ecologically insecure ones. In 
this case, the reality and feasibility of the eco-security 

pattern scheme are weakened, and its influence on 
ecological process maintenance, the ecosystem 
structure and ecological service functions is indirectly 
affected. Furthermore, the eco-security pattern is a 
study that focuses on ecological security. However, 
there are no cases that have horizontal relations with 
other studies related to ecological security. Thus, it is 
difficult for the pattern to form a synergy under the 
proposition of ecological security. 

Based on this situation, in this paper, Guangzhou’s 
ecological element pattern is selected as the main object 
of study, aiming at the research issue of more 
scientifically and accurately shaping the eco-security 
pattern that can effectively promote the biodiversity 
conservation at the regional scale. By relying on 
quantitative results of ecological security assessment, we 
select the “source” according to four factors, determine 
the coefficient value of landscape resistance evaluation, 
and adopt the “LM” calculation corridor to work out the 
initial security pattern. In addition, the fourth-grade 
regional ecological security assessment is conducted to 
carry out the matrix judgment on the determination of 
the comprehensive third-level eco-security pattern. It is 
not only of scientific research in theoretical research and 
method exploration but also of practical significance in 
safeguarding regional ecological functions and services 
and protecting the sound regional ecological 
environment. Furthermore, current ecological 
problems should be avoided and solved in line with 
local conditions. 

THE RESULT METHOD AND DATA 
SOURCE 

An Overview of the Research Area 
Guangzhou, the capital city of Guangdong Province, 

is known as China’s central city, the mega-city, 
international trade center, international comprehensive 
transportation hub, national integrated gateway city and 
national historical and cultural city. The terrestrial areas 
under the jurisdiction of Guangzhou cover an area of 
about 7,434km2. There are 11 districts, namely Yuexiu, 
Liwan, Haizhu, Tianhe, Baiyun, Huangpu, Panyu, 
Huadu, Nansha, Zengcheng, and Conghua. To be 
specific, district and town administrative units are 
shown in Figs. 1 and 2. The land area accounts for 4.2% 
of the total area in Guangdong province. With an 
average elevation of 6.6m, the highest area is at an 
altitude of 1,210m. The altitude is increasingly low from 
north to south, and the topography, in turn, is medium- 
and low-level mountain land, hills, and plains. Affected 
by both the mainland and ocean, it is characterized by 
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marine climate, under which Guangzhou is rich in 
rainwater, with rainfall in about 150 precipitation days 
and reaching approximately 1,800mm. It is warm and 
humid throughout the year, with an average annual 
temperature of 21.75℃. Although Guangzhou is 
featured with good ecological endowments, its 
vegetation, due to historical reasons, is still dominated 
by artificial populations, with a single community 
structure. Guangzhou’s forest coverage rate has already 
exceeded 42% and the greening rate of urban built-up 
areas reaches 36%, but the unreasonable stand structure 
still threats the ecological functions, which is 
manifested in the city’s 1,651 species of plants under 20-
odd main families and orders. To be specific, there are 
14 species of precious wild animals and only 13 species 
of wild plants. There are a few traces of large wild 
animals in Baiyun Mountain. 

The Eco-security Assessment Process for 
Biodiversity Based on “DPSIR-LM” 

Determination of DPSIR and the multi-factor index 
system  

The security assessment under the unified focus of 
biodiversity conservation represents the prerequisite for 
the shaping of the security pattern that is the planned 
response to problems reflected in the security 
assessment. The research on the status quo and quality 
of and the disturbance on ecological security shows that 
ecological security is constantly changing during the 
interaction of five factors, namely “Driver, Pressure, 
State, Impact and Response” (Zhang et al. 2011). The 
“DPSIR” conceptual model incorporates economic and 
social activities, the status of the ecological environment 
and their interaction mechanism into the index 
evaluation system from a relatively comprehensive 
perspective. With reference to the existing research 
results (Huang et al. 2016, Li et al. 2011, Li and Yong 
2012, Wang et al. 2012), the index system has been 
adjusted by considering the characteristics of the 
evaluation that focuses on biodiversity conservation. 
The detailed evaluation index system is shown in Table 
1. 

 
Fig. 1. Guangzhou’s District-level Administrative Unit 
Overview of the Administration Scope 

 

 
Fig. 2. Guangzhou’s Town-level Administrative Unit 
Overview of the Administration Scope 
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The data standardization and weight determination 
process 

Each indicator unit in the index system is different, 
and there are dimension differences between them. 
Therefore, each indicator value should be standardized. 
In the study, the “maximum-minimum 
standardization” method is adopted to standardize the 
data. For standardized calculation, please see formula 
(1): 

 𝑍𝑍𝑍𝑍 =
(𝑇𝑇𝑍𝑍 − 𝑇𝑇𝑇𝑇𝑍𝑍𝑇𝑇)

(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇𝑍𝑍𝑇𝑇) (1) 

Ti is the statistical value; Tmax is the statistical 
maximum; Tmin is the statistical minimum; and Zi is 
the normalized value; and the processed Zi value ranges 
from 0 to 1. 

Indicator weight calculation 
The mean squared error is employed to give weight. 

The sample data in the study area is decomposed by the 
discrete rules of the numerical value to extract the most 
representative index information of importance, and the 
weight is obtained after quantization. The first step is to 
calculate the arithmetic mean value of the index layer 
with formula (2) after the standardization of all non-
dimension indexes; the second step is to calculate the 
mean square error of all index layers’ values by 
employing formula (3); the third step is to realize 
normalization by formula (4). The final result Gi is the 
weighted result of each indicator, and the method for 
determining the weight of the factor layer is the same as 
that of the index layer. 

All steps are as follows: 

Solve the arithmetic mean: 

 𝜇𝜇(𝑇𝑇𝑍𝑍) =
1
𝑇𝑇
�𝑇𝑇𝑍𝑍
𝑛𝑛

𝑖𝑖=1

 (2) 

Solve the mean square error (standard deviation): 

 𝜎𝜎(𝑇𝑇𝑍𝑍) = �
1
𝑇𝑇
��𝑇𝑇𝑍𝑍 − 𝜇𝜇(𝑇𝑇𝑍𝑍)�2
𝑛𝑛

𝑖𝑖=1

 (3) 

Solve the weight value: 

 𝐺𝐺𝑍𝑍 =
𝜎𝜎(𝑇𝑇𝑍𝑍)

∑ 𝜎𝜎(𝑇𝑇𝑍𝑍)𝑚𝑚
𝑗𝑗=1

 (4) 

Establishment of the ecological security index 
The Ecological Security Index (hereinafter referred 

to as “ESI”) is used to assess the ecological security in 
the study area (Ng et al. 2013). Then, the index is 
calculated using the “DPSIR” model (as shown in 
formula 5). The negative indicators of “driver”, 
“pressure” and “impact” that are disturbed by the 
natural environment are placed on the denominator, 
and two positive indicators: “state” and “response” 
adopting the restoration of and impact on ecological 
resources are placed on the numerator. The larger the 
ESI value is, the higher the comprehensive ecological 
security level in the region is; and vice versa.  

 𝐸𝐸𝐸𝐸𝐸𝐸 =
𝐸𝐸𝑇𝑇 × 𝑅𝑅𝑇𝑇

𝐷𝐷𝑇𝑇 × 𝑃𝑃𝑇𝑇 × 𝐸𝐸𝑇𝑇
 (5) 

Furthermore, ESI is taken as the main result of the 
evaluation, and the results calculated with all factors are 
used to draw the analysis chart, when taking the 
pressure P as an example, as shown in formula 6. Pn, 
the result value when calculating the pressure factor, is 
obtained by multiplying the normalized value BPn of all 
pressure indicators by the weight coefficient GPn of all 
indicators. By the same token, Dn, Sn, In, and Rn, in 
turn, represent result values of driver, state, impact and 

Table 1. The The Ecological Security Assessment Index System of Guangzhou’s Terrestrial Biodiversity 
Target layer Factor layer Indicator layer Indicator weights Factor weights 

Ecological safety index 

Driving Force 

Annual GDP growth rate（%） 0.1312 

0.2155 
Population growth rate（%） 0.1349 
Urbanization rate（%） 0.3863 
Loss of natural disasters as a percentage of GDP（%） 0.3476 

Pressure 

Population density（people/km²） 0.1683 

0.2584 
Industrial pollution index 0.1699 
The proportion of construction land area（%） 0.3317 
Road traffic network density（km/km²） 0.1472 
Human disturbance index 0.1829 

State 

Forest coverage（%） 0.1807 

0.1166 

River network density（%） 0.1615 
Biodiversity Quality 0.1907 
Integrated Ecological Services Function Index 0.18 
Annual precipitation anomaly percentage（%） 0.1613 
Annual average temperature anomaly percentage（%） 0.1288 

Impact 

NDVI decline rate（%） 0.2233 

0.1844 
Landscape fragmentation 0.2067 
Landscape diversity index 0.3268 
Forest reduction rate（%） 0.2432 

Response 
Annual growth rate of afforestation area（%） 0.4021 

0.2251 Protected area proportion（%） 0.2554 
Ecology and environmental protection input proportion（%） 0.3424 
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response. In addition, results of eco-security assessment 
are detailed in Table 2 and Fig. 3. 

 𝑃𝑃𝑇𝑇 = �𝐺𝐺𝑃𝑃𝑛𝑛𝐵𝐵𝑃𝑃𝑛𝑛

𝑛𝑛

𝑖𝑖=1

 (6) 

Shaping of the Eco-Security Pattern for 
Biodiversity Based on “DPSIR-LM” 

The selection of the “source” by four factors 
“Source”, an original point of species diffusion 

under biodiversity protection, is crucial to 
fundamentally producing horizontal ecological 
processes. First, the application of the InVEST model 
concerning assessing the habitat quality of the selected 
“source” in the research area is studied, and the 
assessment process can be divided into two steps. The 
first one is to identify the habitat and interference 
source; the second is to set relevant parameters of all 
interference sources for all types of habitats, determine 
the weight of interference sources, the sensitivity of 
each type of habitat to its interference source and the 
maximum influence distance, and finally import data 
and corresponding parameters into InVEST software to 
evaluate the quality of habitats. All parameter values are 
shown in Table 3, and data results are shown in Fig. 4. 

Second, the “source” is assessed based on 
biodiversity services. According to the research result of 
Xie Gaodi et al. (He et al. 2016), we take the service 

value equivalent of “maintaining biodiversity” per unit 
area of the ecosystem as the assessment parameter value 
to determine the equivalent of the biodiversity service 
value in forest, grassland, field, farmland, wetland, and 
river or lake, respectively, which are 4.51, 1.87, 3.19, 
1.02, 3.69 and 3.43 respectively. By adopting 
Guangzhou’s GIS data in land use in 2013, calculation 
are conducted through assignment. The data is shown 
in Fig. 5. 

In addition, the “source” is selected by making the 
landscape connectivity analysis, and the importance of 
each habitat patch in the entire landscape connectivity 
structure is studied. The CI index (Buren et al. 2005, 
Wu et al. 2010, 2015) (see Equation 7) is adopted to 
calculate impacts of some habitat patches on the 
connectivity of the whole habitat patch system. 
Specifically, first, the connectivity index CIall of the 
entire habitat patch system is calculated. Then, the 

Table 2. Classification of Ecological Safety Standards 
project Ecological safety index score 

Safety index score 0.501-1.000 0.301-0.500 0.101-0.300 0.000-0.100 
Safety classification Safety Safer Lack safety Unsafely 

 

 

 
Fig. 3. 2013 Guangzhou’s Land Ecological Security 
Evaluation Results 

Table 3. Values of Interference Sensitivity Factors in 
Habitats 

Land 
use Land use Habitat L-

Railway 

L-
main 
road 

L-
construction 

land 

L-
independent 

mining 

1 
independent 

mining 0 0 0 0 0 

2 
construction 

land 0 0 0 0 0 

3 Railway 0 0 0 0 0 
4 main road 0 0 0 0 0 
5 Grassland 1 0.8 0.8 1 0.9 
6 arable land 0 0 0 0 0 
7 forest 1 0.5 0.7 0.9 0.8 
8 Garden 1 0.5 0.7 1 0.8 

9 
Other non-

habitat 0 0 0 0 0 
 

 

 
Fig. 4. InVEST Model Evaluation Results of 
Guangzhou’s Land-based Biodiversity Habitat Quality 
in 2003 
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connectivity index CIj of the entire habitat patch system 
is also obtained after removing some habitat patches i. 
Finally, the difference value CIi between CIall and CIj 
(see Equation 8) is the degree value of the significance 
of some habitat patches i to the connectivity of the entire 
habitat patch system. After that, the data is processed 
with ArcGIS and Fragstats software. According to 
natural discontinuity points, the data are graded to be 
shown as an image (See Fig. 6).  

 

 𝐶𝐶𝐸𝐸 =
∑ ∑ (𝐶𝐶𝑍𝑍𝐶𝐶)𝑚𝑚

𝑗𝑗=1
𝑛𝑛
𝑖𝑖=1

∑ (𝑇𝑇𝑍𝑍 − 1)𝑇𝑇𝑍𝑍
2

𝑛𝑛
𝑖𝑖=1

 (7) 

 𝐶𝐶𝐸𝐸 = 𝐶𝐶𝐸𝐸𝑇𝑇𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐸𝐸𝐶𝐶 (8) 
Finally, environmental dynamics as a factor is loaded 

into the selected “source”. Data results derived from the 
ecological security index as the “environmental 
dynamic” factors are shown as an image (See Fig. 7). 

Evaluation of landscape resistance 
According to regional landscape types and related 

properties, comprehensive assessment on the resistance 
of horizontal biologic flow is carried out. In this paper, 
five first-grade indexes of intrinsic landscape properties, 
including terrain slope, normalized differential 
vegetation index (NDVI), land use and various types of 
protected areas, are selected to determine the 
secondary-grade index system in terms of the two 
aspects of data acquisition possibility and the differential 
eco-security assessment index, and then assignment and 
weight are corresponding. The “source” is theoretically 
a zone of zero resistance (Ye et al. 2014). When 
landscape resistance is evaluated, we should handle the 
“source” separately (Wu et al. 2010). The landscape 
resistance evaluation index and assignment and weight 
are shown in Table 4. Evaluation results of 
Guangzhou’s terrestrial landscape resistance are shown 
in Fig. 8. 

“LM” calculation corridor 
Calculation is conducted according to the principle 

of the minimum cumulative resistance model. The 

 
Fig. 5. Land Evaluation of Guangzhou’s Territorial 
Biodiversity Services in 2013 

 
Fig. 6. Evaluation Results of Ecological Patch 
Connectivity in Guangzhou in 2013 

 
Fig. 7. Guangzhou’s Terrestrial Environmental Power 
Evaluation Results in 2013 
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basic calculated data include the data on “evaluation of 
landscape resistance”, and “source” point data. The 
output result is not only a simple linear corridor but also 
a resistance surface, which can effectively support the 
follow-up calculations including corridor width 
planning. These data are imported into Linkage Mapper 
for calculation. Then, the data on corridor suitability is 
obtained, as shown in Fig. 9. 

Differentiation of the eco-security pattern for 
biodiversity 

 

In this paper, the strategic point takes more than 
10km2 as the area condition, and the corridor between 
sources as the location condition. In this paper, the 
regional eco-security pattern including sources, buffer 
zones, corridors and strategic points is shaped. By 
adding the weight of results from the InVEST model 
assessment on the quality of terrestrial biodiversity 

Table 4. Guangzhou’s Land Landscape Resistance Evaluation Index System 
Factor layer Indicator layer Indicators content classification Assignment Indicator weight Factor weights 

terrain 

Relative height difference(a) 

<20m 100 

0.5 

0.15 

20–40m 300 
40–60m 500 
60–80m 700 
>80m 900 

slope(b) 

<3 100 

0.5 
3–8 300 
8–15 500 
15–25 700 
>25 900 

Vegetation 
coverage NDVI（c） 

<0.1 900 

1 0.1 
0.1–0.2 700 
0.2–0.3 500 
0.3–0.4 300 
>0.4 100 

Land use Land use type（d） 

Land for railways, land for roads, land for airports, land for harbors and terminals, 
cities, towns for construction, land for mining, 

900 

1 0.35 

rural roads, pipeline transportation land, hydraulic construction land, facilities, farm 
land, villages, river/ water surface… 

700 

Reservoir surface, mud flats, channels and bare land  500 
Lake water, paddy fields, irrigated land, dry land, pit pond water surface, ridge 300 
Orchards, tea gardens, other fields, artificial pastures, other meadows, scenic spots 
and special sites 

100 

Woodland, shrub land, other wooded 50 
      

Various types 
of protected 
areas 

Importance of drinking water 
source protection(e) The first level of water protection zone 100 0.2 

0.25 Water Conservation and Soil and 
Water Conservation Importance(f) 

Water Conservation Service Function Evaluation 100 0.2 
Evaluation of Soil and Water Conservation Service Function 100 0.2 

Biodiversity remains important(g) Nature reserve, forest park, scenic area 100 0.4 
Environmental 
motivation Ecological safety index Ecological safety evaluation result value / 1 0.15 

 

 
Fig. 8. Guangzhou’s Land Landscape Resistance 
Evaluation Results in 2013 

 
Fig. 9. Calculation Results of Corridor Suitability in 
Guangzhou in 2013 
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habitats in Guangzhou in 2013, the biodiversity service 
assessment and the evaluation of ecological patch 
connectivity, the optimal habitat data can be extracted 
via spatial calculation, from which the “source” data, 
namely habitats, are derived by excluding patches. The 
“source” distribution in this study is shown in Fig. 10. 

FINDINGS AND ANALYSIS 

Forming Preliminary Low-, Medium- and High-
level Security Patterns 

The selected “source” is the core area of biodiversity 
conservation in the entire study area, representing the 
bottom line of ecological protection and the main 
component of a low-level eco-security pattern. Thanks 
to corridor data derived from corridor suitability data, 
spatial mapping can shape the initial low-level eco-
security pattern (See Fig. 11 for details). The spatial 
region next only to the best source is chosen to form a 
preliminary medium-level eco-security pattern (See 
Fig. 12 for details). Then, the corridor data derived 
from the superimposed spatial region between the best 
source and the medium-level eco-security pattern are 
selected to form an initial high-level eco-security 
pattern (See Fig. 13 for details). In the GIS space, low-, 
medium- and high-level security patterns are 
superimposed to form the result map of initial low-, 
medium- and high-level eco-security pattern shaping 
(See Fig. 14 for details). 

 

Viewed from the preliminary result of the eco-
security pattern of terrestrial biodiversity in 
Guangzhou, areas with the security pattern are mainly 

 
Fig. 10. Evaluation Results of the Land’s Ecological 
Security Pattern “Source” in Guangzhou in 2013 

 
Fig. 11. Preliminary Low Ecological Security Pattern 
Building Results 

 
Fig. 12. Preliminary Intermediate Ecological Security 
Pattern Building Results 
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distributed in five areas that are Conghua, Huadu, 
Zengcheng, Baiyun and Huangpu. These areas are 
generally considered as those where the ecological 
evaluation is securer, and the conditions of background 
ecological resources are excellent. As they are far away 
from the downtown area of Guangzhou, the low-level 
security pattern is also not located in the axis of spatial 
distribution of the city’s urban development. Spatially, 
the low-level security patterns of Conghua, Huadu, 
Zengcheng, Baiyun and Huangpu are also far away 
from their urban development space. Specifically, the 
low-level security pattern is mostly distributed in 
Conghua and Zengcheng; the extra protected space of 
the medium-level security pattern based on the low-
level ones is mainly located in Huadu, Zengcheng and 
Huangpu; and the extra parts of high-level security 
pattern relying on the medium-level one are mostly 
located in Huadu, Conghua, Zengcheng and Nansha. 

Optimization Results of the Comprehensive 
Eco-Security Pattern for Biodiversity 

The method of integrating the results of ecological 
security assessment with those of preliminary eco-
security pattern construction is to optimize the 
preliminary eco-security pattern according to the matrix 
judgment method, thus, producing the comprehensive 
eco-security pattern, as shown in Fig. 15. 

As the low-level security pattern serving as the 
“bottom-line” one cannot be easily increased or 
decreased, the initial calculation results are maintained 
to shape a comprehensive low-level security pattern. 

 
Fig. 13. Preliminary High Ecological Security Pattern 
Building Results 

 

 
Fig. 14. Preliminary Ecological Safety Pattern 
Construction Results 

 
Fig. 15. Integrated Ecological Safety Assessment of the 
Security Pattern Planning Map 
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Then, the results show that terrestrial protected areas 
that belong to the integrated low-level eco-security 
pattern in Guangzhou are roughly distributed in the 
eastern and northeastern regions, and it is mainly a 
region with better ecological quality formed by the 
natural extension of the southern region of Jiulianshan 
Mountain, one branch of Nanling Mountains. In the 
western region of Nanling Mountains, the largest area 
of the border between Huadu and Conghua is the 
ecological area formed by the extension of Qingyun 
Mountain, another branch of Nanling Mountains, 
without natural connection to the northern region due 
to the obstruction of Conghua’s urban area. Baiyun 
Mountain in the south and its surrounding ecological 
areas, despite high-intensity development of 
surrounding cities, are the ones with good ecological 
conditions developed by Guangzhou that vigorously 
protects Baiyun Mountain. These areas are far away 
from the core and focus of the urban spatial layout in 
Guangzhou. There is less pressure concerning urban 
development in terms of ecological protection and 
conservation. From the perspective of the proportion of 
all districts and counties belonging to the low-level 
security pattern, Conghua, Zengcheng, Huangpu, 
Huadu and Baiyun are major distribution areas. Among 
districts and counties, Conghua has the highest 
proportion of 62.6740%. Among the four traditional 
districts located in the central of Guangzhou, Liwan and 
Yuexiu possess the lowest proportion. As an exception, 
Tianhe, adjacent to the urban development center, 
accounts for 13.1852%. From the low-level security 
pattern map, it can be seen that Tianhe, due to its 
northern part that belongs to the periphery of Baiyun 
Mountain, has better ecological conditions under the 
protection of the urban system and the transition zone 
of the natural environment, especially in several high-
altitude peaks less disturbed by human beings. 

The medium-level security pattern based on the 
low-level security pattern protects a larger scope. In this 
case, it is known as the “satisfactory pattern”. Because of 
the integration of results from the regional ecological 
security assessment, the medium-level security pattern 
is mainly distributed in areas where the ecological 
evaluation is “secure” and “securer”. The results show 
that the distribution pattern keeps the distribution law 
of the low-level security pattern. The difference 
concerns that most of the new protected areas have been 
added to the originally fragmented parts of the eastern, 
northeastern, western and southern regions, so as to 
benefit the northern areas of better ecological quality to 
form an entire body comprising “clusters that are 

separated”. Thus, the exchanges of biological species or 
material energy among different regions can be 
strengthened. From the perspective of the proportion of 
the medium-level security pattern in all districts and 
counties, the main change is the increase of Huadu’s 
protected areas, because a large number of new 
protected areas have been added to the border between 
the north of Huadu and Conghua. Therefore, the 
protected areas on the west side are connected to those 
on the north side. Moreover, Yaji Mountain in the west 
of Huadu and its surrounding hilly mountains and 
forests have relatively excellent ecological background 
conditions, and therefore, this patch of basic mountains 
and forests is classified as the protected area under the 
medium-level security pattern.  

The high-level security pattern will include the areas 
that need to be protected in the scope of the security 
pattern and further expand the “ideal pattern” based on 
the medium-level security pattern. Due to the high-
level security pattern, all areas that should be protected 
are included in this pattern. Therefore, the results of the 
ecological security assessment have no significant 
impact on them. In the end, the results show that the 
integrated high-level terrestrial eco-security pattern in 
Guangzhou causes the increase in many ecologically-
protected areas which are mainly located in the west and 
south of Zengcheng, the south of Huangpu, the west of 
Huadu, and the west of Panyu. These protected areas 
are far away from those with good ecological 
background conditions in Guangzhou’s urban area and 
are embedded in those with relatively large urban 
development intensity, because the newly-added areas, 
belonging to the high-level security pattern and based 
on the medium-level one, are all located in those areas 
with the ecological security assessment rated as 
“insecure” and “less secure”, after the optimization by 
the judgment matrix mentioned earlier. Such 
optimization is conducive to easily realizing the 
objective of protecting the medium-level ecological 
security pattern, investing limited environmental 
protection resources to the areas that are more likely to 
be restored and improved, and avoiding the core and 
axis of the urban spatial layout. More protected areas 
that are included in the high-level security pattern are 
added to enable this level security pattern to connect 
several previously-divided protected areas but not to 
completely cover these areas. From the distribution and 
proportion of districts and counties, it can be found that 
Huangpu, due to many new protected areas, ranks 
higher in the proportion than Huadu, which is 
consistent with the proportion of the low-level security 
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pattern. Nansha, as a new protected area, ranks higher 
in the proportion than Panyu. Zengcheng is the district 
with the largest increase in proportion, because the new 
protected areas are mainly located in the region where 
the ecological security assessment is rated as “less 
secure” one. After the initial medium-level security 
pattern is optimized, it is categorized as the high-level 
security pattern. 

Comprehensive Protection Strategies for the 
Eco-Security Pattern of Biodiversity 

Protected areas that belong to a low-level security 
pattern have an area of 2,275.44km2, accounting for 
30.60% of the total terrestrial area under the jurisdiction 
of Guangzhou. Due to superimposed ecological 
security index, the low-level eco-security pattern is 
mainly distributed in the regions where the ecology is 
secure or securer, which is more conducive to the 
protection of the low-level security pattern. (See Table 
5 for the statistics on the area). The low-level security 
pattern, including the security pattern area and the 
corridor core area, mainly aims at biodiversity 
protection and conservation, and ecosystem 
maintenance and restoration. The basic principle is to 
protect and conserve the natural ecosystems within the 
district to the greatest extent and to conduct the 
ecological rehabilitation as far as possible. All 
construction activities should be strictly limited, and 
occupation and destruction of natural elements should 
be rigorously avoided. For towns, villages and farmland 
surrounding protected areas, it is necessary to restrain 
and restrict large-scale construction activities. Given 
possible tourism and recreation development practices, 
development and activity intensity of tourism and limit 
open areas should be controlled if the natural elements 
are protected. Relevant tourism or construction 
activities should be prohibited in the core area of 
security pattern protection. In addition, related tourism 
planning should presuppose the preservation of natural 
landscape in the security pattern. We shall abide by laws 
and regulations to protect the low-level security pattern 
by strictly prohibiting the new construction, renovation 
and expansion of construction projects and production 
activities inconsistent with protection requirements 

implemented within the jurisdiction of protected areas. 
The necessary protection and management projects 
shall strictly comply with relevant laws and regulations. 
The construction land area and content shall not exceed 
relevant requirements. Facilities related to non-
scientific research and environmental protection that 
have been completed shall be dismantled with the 
restored ecology. 

The area of protected areas that belong to the 
integrated medium-level security pattern is 
3,096.64km2, accounting for 41.66% of the total 
terrestrial area under the jurisdiction of Guangzhou. 
After a matrix judgment, the integrated medium-level 
security pattern is mainly distributed in the secure and 
securer ecological regions. A few patterns are located in 
less secure ecological regions since the low-level 
security pattern is distributed in these regions (See 
Table 6 for the statistics on area). According to 
planning guidelines adopted within the medium-level 
eco-security pattern, to ensure that protected areas 
belonging to the low-level security pattern are not 
disturbed and destroyed is of the greatest importance. 
As for newly-added protected areas belonging to the 
medium-level security pattern, the natural ecological 
elements should be kept intact as far as possible, and 
restrictions should be placed on the large-scale, 
destructive and polluting construction activities as 
much as possible. In the new areas, recreation and 
tourism activities with low activity intensity may be 
developed, such as the planning and design of 
greenways, exercise and fitness venues, and greening 
remediation. As a whole, the interference with natural 
ecosystems should be minimized in the medium-level 
security pattern so as to ensure that the area of the green 
ecological space such as natural grassland, forest land, 
reservoir surfaces, river surfaces and lake surfaces will 
not be reduced; the content, mode and strength of 
various development activities shall be strictly 
controlled; industry development shall be implemented 
in a limited and environment-friendly manner without 
affecting ecological protection, and the ecological 
remediation shall be vigorously implemented. 

Table 5. Guangzhou’s Land Integrated Low-level 
Safety Pattern Area and Accounting for the Safety of the 
Regional Statistics 
Ecological safety level Regional security 

pattern area (km2) 
Each level of 

security area (km2) 
Accounting 

area (%) 
Ecologically safe 1451.3936 2780.9487 52.1906 
Ecologically safer 709.2217 2691.2496 26.3529 

Insufficient ecologically 
safe 

113.8961 1379.3129 8.2574 

Ecologically insecure 0.0023 395.5995 0.0006 

 

Table 6. Guangzhou’s Land Integrated Intermediate-
level Safety Pattern Area and Accounting for the Safety 
of the Regional Statistics 

Ecological safety 
level 

Regional security 
pattern area (km2) 

Each level of 
security area (km2) 

Accounting area 
(%) 

Ecologically safe 1792.7028 2780.9487 64.4637 
Ecologically safer 1190.0403 2691.2496 44.2189 

Insufficient Ecologically 
safe 113.8961 1379.3129 8.2574 

Ecologically insecure 0.0023 395.5995 0.0006 
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The protected areas belonging to the integrated 
high-level security pattern cover an area of 3,220.88km2, 
taking up 43.33% of the total land under Guangzhou’s 
jurisdiction (See Table 7 for the statistics on the area). 
As the high-level security pattern is “the ideal one” that 
means the best protected area for biodiversity and 
ecological services, the newly-added areas belonging to 
the comprehensive high-level pattern are basically 
located in those areas where the ecology is less secure 
and insecure. Thus, it is possible to carry out related 
activities in newly-added protected areas in a moderate 
and conditional manner according to the strength of 
human development and construction within the 
newly-added areas belonging to the high-level eco-
security pattern. However, large-scale and disturbing 
construction activities should be still controlled. In the 
protected areas, natural ecological elements, such as 
woodlands, water bodies, shrubs and vegetation, still 
need to be protected as much as possible. Despite 
relaxed restrictions on the protection of the high-level 
security pattern, this practice is applicable for new areas 
that belong to the high-level pattern when compared 
with relatively low- and medium-level patterns. 
Relevant construction activities in the protected areas 
under the high-level pattern must be conducted under 
the premise of strictly maintaining the low-level 
security pattern and vigorously protecting the medium-
level security pattern. 

CONCLUSIONS AND DISCUSSION 
Based on the existing studies, we take the terrestrial 

space of Guangzhou’s administrative region as a spatial 
scale and the biodiversity in this area as the object of 
study to focus on how to adopt the “DPSIR-LM” model 
to protect the biodiversity at the regional scale through 
the ecological security assessment and eco-security 
pattern construction. First, in this study, the “DPSIR” 
eco-security assessment method which includes the 
index system comprising 5 factors and 22 indicators is 
established. The updated data processing and weight 
calculation methods can more accurately reflect 
differences of the ecological security for the biodiversity 
among all evaluation units at the regional scale. Then, 
the construction method of the “LM” eco-security 
pattern is developed, and four factors are employed to 
select the “source” when six factors are used to evaluate 
the landscape resistance in this method. The “LM” 
technology that can strengthen the big spatial data 
processing is introduced and the ecological evaluation 
results are reflected in pattern shaping. 

In the context of the fierce competition between 
protection and development, complex ecological 
processes and humans’ impacts concerning the 
construction of the eco-security pattern for biodiversity 
at the regional scale provide a landscape ecological 
planning method to strike a compromise between the 
need of economic development and that of ecological 
protection. Due to the expanded spatial scale, the 
paucity of research on ecological processes, such as 
species habitats and migration laws, and insufficient 
data make it hard to get more scientific and accurate 
results. However, based on this study, it is believed that 
future studies can further promote the landscape 
ecological planning in a more scientific and accurate 
manner in a bid to better safeguard the regional 
ecological security, including biodiversity security. 
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