Acta Ecologica Sinica 35 (2015) 111-121

Contents lists available at ScienceDirect

Acta Ecologica Sinica

journal homepage: www.elsevier.com/locate/chnaes

Ecological security research progress in China

@ CrossMark

Dan Liu, Qing Chang *

Department of Ornamental Horticulture and Landscape Architecture, China Agricultural University, Beijing 100193, China

ARTICLE INFO ABSTRACT
Article history: In the last two decades, China has experienced extensive economic development and urbanization. The conse-
Received 3 August 2013 quential loss and degradation of natural resources and resulting environment pollution may adversely affect

Received in revised form 23 May 2014

human health. As global changes ensue, ecological security becomes one hotspot of researches and practices
Accepted 18 July 2014

all over the world. Based on the literature analysis from 1985 to 2012 and bibliometric methods, this paper ex-
amines the current research stage, contents and emerging topics of ecological security in China. Ecological secu-
rity researches in China go through two stages: the conceptual and theoretical framework exploratory stage
(1985-1999) and the theory formation and practical development stage (2000-2012). In the exploratory
stage, researchers mainly focused upon ecological problems at the global and national level, rather than the
local or regional level. Research hotspots involved national security strategy, ecological risk assessment, land-
scape ecology and ecological balance, all of which were not correlated tightly. During this period, researches
concerning ecological security were still exploring the concept of ecological security and tried to form its theoret-
ical framework and technical methods. In the practical stage, researchers examined concepts, spatial patterns, as-
sessments and management systems of ecological security, especially the ecological security assessment index
system. During this period, the research methods shifted from conceptual and exploratory qualitative analysis
to quantitative analysis, including mathematical models, and digital terrain models, etc.; the research content de-
veloped from a theoretical exploration to a case study approach. We also reviewed the historical research of eco-
logical security in China and suggest a research framework involving different research scales, different research
objectives, and different research methods. Our statistical findings show that ecological security research on glob-
al and regional scales is one topic of increased research activity. From the perspective of research goals, the cur-
rent focus is biodiversity conservation. Next, from the view of the research subject, environmental science is most
frequently studied among domestic researchers on ecological security. The number of published articles
concerning ecological security accounts for 40.73% of the total. Finally, in terms of sustentation funds, the fund
of the ecological security research is mainly from Natural Science Foundation of China (NSFC), accounting for
38.01% of the total funds support. A total of 1178 papers were awarded sustentation funds, accounting for
23.83%. Our study summarized the research progress of ecological security assessment, ecological security warn-
ing, ecological security maintenance and ecological security patterns. Thus based on these statistic data and anal-
ysis, ecological security research in China may be emphasized from the following aspects: (1) to form the
theoretical system of ecological security and to integrate the technical methods; (2) to improve ecological secu-
rity warning mechanisms and environmental monitoring; and (3) to improve ecological security maintenance
and management system. In conclusion, we believe ecological security warning and ecological security patterns
will be given more attention in the future research. The correlation research will develop from the previously ex-
ploratory qualitative research and status analysis to the quantitative research and dynamic warning. At the same
time, by using ‘3S’ space technology and combining with the disciplines/professions of geography, environmental
science, ecology, landscape ecology, restoration ecology and economics, there may be a stronger establishment of
grounded ecological security knowledge. Therefore, the ecological security evaluation index system and grading
standards of the evaluation results will be gradually integrated and improved plus the dynamic evaluation, sim-
ulation and warning research will be strengthened.
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In recent decades, as the global confliction between people and land
has been increasingly intensified, in general ecological environment
presents a trend of deterioration [1], such as ecological damage caused
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by the unduly development and utilization of natural resources, the
‘three wastes’ pollution and other environmental aspects caused by ur-
banization, industrial and agricultural overexploitation, specifically ero-
sion, desertification, decline of forest and grassland resources and
decline of biodiversity. It has become the world focus topic to restore
the degraded natural ecosystem and its sustainable ecosystem services
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[2]. The report to the Eighteenth National Congress of China has pro-
moted ecological civilization into the overall plan of the cause of social-
ism, and improved its strategic position, which indicates that ecological
security has become a hotspot in the field of sustainable development
strategies.

Currently, researches on ecological security in western counties
began in the 1980s, which range from the field of forest management,
timber harvesting and other agricultural issues to land use change, hab-
itat suitability and river water quality problems [3]. The optimal alloca-
tion of land use and the landscape ecology planning have been put more
focus by European and American scholars. However, domestic re-
searches on ecological security began in the 1990s, and plentiful aca-
demic studies have been published on basic concepts and contents of
ecological security [4], the design principles and methods [5], evaluation
methods and indicators system [6]. The theoretical system and research
methods are still under exploration. Conceptual, initiative or explorato-
ry qualitative analysis are more than quantitative analysis, and the re-
searches of opinion, principles and criteria are more than case
study [7]. Therefore, it is of great importance to put the theoretical re-
search results into practices, based on which the system of ecological se-
curity involving theory and methodology are established. Through the
bibliometric method and content analysis, this paper tries to review
the existing literatures in Web of Science (WOS) and China National
Knowledge Infrastructure (CNKI) between 1985 and 2012, to summa-
rize the ecological security research progress in China and to present a
systematic framework for ecological security researches with the sup-
port of the software (Endnote X6 and CiteSpacell). It is hoped to provide
a reference to systematize the ecological security study, to help solving
regional environmental problems and to promote ecological civilization
and ecological security pattern construction.

1. Stage of ecological security research

Ecological security is a hot research topic in China. The issue about
ecological security had been proposed in the early 1990s, but the
study of ecological security began in 1998. In 1998 continuous flood
for a few months on the Yangtze River region caused enormous social
and economic losses, thus the negative impacts that environmental
degradation had on the socio-economic aroused extensive attention,
which drove and promoted the ecological security research. Xiao had
studied the relationship between ecological security and ecological
risk in 2002. He pointed out that the ecological security research is de-
rived from the ecological risk analysis [8]. Therefore, this paper included
the topic word—‘ecological risk’ into search scope when searching eco-
logical security related papers.

In this paper, data are collected from Web of Science, in which data-
base selections are SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH, IC and CCR-
EXPANDED, literature type is ARTICLE. Taking ‘ecological security or
ecological safety or ecological risk’ as the topic word to search for pa-
pers, up to 2012, there are 11,928 papers, of which 826 come from
China, accounting for 6.92% of the total and ranking fourth among all
countries. In CNKI, there are 9976 relevant papers by using the same
topic words. According to the analysis of annual trend of published pa-
pers, it can be seen that the number of ecological security paper is grad-
ually increasing (Fig.1). According to changes of the published
literatures and national policies, this paper proposed two stages of eco-
logical security development in China: (a) conceptual and theoretical
framework exploratory stage (1985-1999) and (b) theory formation
and practical development stage (2000-2012).

1.1. Conceptual and theoretical framework exploratory stage (1985-1999)

Research on ecological security began in the 1990s. Domestic
scholars conducted a preliminary theoretical exploration of ecological
security. During this period, there is a small quantity of papers. In
CNKI, there are 158 journal articles. In WOS, the number is 1723, 7
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Fig. 1. Articles on ecological security between the years 1985-2012.

papers per year, but only 16 are from China. And the amount of 25-
year-paper accounted for only 1.61% of the total. Based on content anal-
ysis and word frequency analysis, the top five keywords are respectively
‘ecological risk assessment’, ‘ecological security’, ‘ecological risk’, ‘na-
tional security’ and ‘landscape ecology’ (Fig. 2). Further analysis shows
that during this period, the ecological security research focused on re-
gional ecological risk assessment and national ecological security. The
main focus of many scholars was ecological problems at global and na-
tional level, ranging from national security strategy and ecological risk
assessment to landscape ecology and ecological balance. However,
there also were a few scholars to explore regional ecological security.
The most representative theory was presented by Yu [9,10]. He pro-
posed a landscape ecological security pattern and introduced the con-
cept of ecological security into the landscape pattern of biological
protection. Moreover, he proposed using ecological security pattern to
achieve the environmental and economic sustainable development.
Those data and keywords show that research on the ecological safety
during this period was still in the conceptual and theoretical exploration
stage, lacking mature theoretical support, technical methods and re-
search system. Scholars mainly focused on the problems at global or na-
tional level rather than that at local or regional level. Furthermore, the
attention attached to the special relationship between environmental
pressures and some local or regional security was insufficient [11].

1.2. Theory formation and practical development stage (2000-2012)

After 2000, the amount of ecological security research paper in-
creases rapidly year by year. The number of research paper in 2000 is
as 1.68 times as that in 1999. On December 29, 2000, the State Council
promulgated the ‘Outline of National Ecological Environment Protec-
tion’, which for the first time clearly stated the goal of ‘maintain national
ecological environment security’. Then ecological security was rapidly
becoming a hot issue of academic research and public discussion [12,
13]. In addition, China's ecological security research developed into
the theory formation and practical development stage.
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Fig. 2. Keywords of exploratory stage.
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In WOS, there are 810 relevant papers from China, whereas in CNKI,
there are 9869 relevant papers. The average annual amount of papers is
821, the aggregate number of 13 years accounts for 98.86%, indicating
that this period research on ecological security is very active and at
the stage of rapid development and has fruitful scientific research
achievements.

Use word frequency analysis method to extract the key words ar-
ranged in the top ten (Fig. 3). As aresult, ‘heavy metal’, ‘sediments’, ‘eco-
logical risk assessment,’ ‘assessment’ and ‘indicator system’ belong to
ecological security assessment content, and ‘measures’, ‘environment’
are a part of ecological security management. Scholars have exerted
great effort to explore the concept of ecological security, spatial pattern,
assessment, management and security system, especially the index sys-
tem of ecological security assessment. As for theoretical research, Xiao
[8] proposed that main contents of ecological security study include
ecosystem health diagnosis, regional ecological risk analysis, landscape
security pattern, ecological security monitoring and early warning, eco-
logical security management and other aspects; when it comes to spa-
tial pattern, Ma [4] and Yu [14], respectively, did some research on
ecological security pattern at regional scale and national scale; in prac-
tice research, Wang [15], Jia [16], Fu [17], Xu [18] carried out ecological
risk, ecological security analysis and assessment in the Three Gorges
Reservoir Region, Gansu pastoral, Liaohe River, the Yellow River, etc.

In sum, in this period, the ecological security research has trans-
formed from macro global, national and other large scale to smaller
scale like regional and urban scale; research methods have developed
from conceptual, exploratory qualitative analysis to quantitative analy-
sis, such as mathematical model, digital terrain model, etc.; scholars pay
more attention to case study rather than merely theoretical exploration.

2. Contents of ecological security research
2.1. Concept and research framework

1980s, the World Commission on Environment and Development
proposed the concept—‘sustainable development’ for a range of social,
economic and environmental problems, and for the first time used the
term ‘environmental security’. It clearly stated that the definition of se-
curity must be extended beyond national sovereignty political and mil-
itary threats, but includes environmental degradation and destruction.
At the same time, the development of human civilization, characterized
by urbanization and industrialization, and the global environmental
change began to gain attention. The discussion about environment se-
curity gradually increased, ranging from taking environmental stress
as a major threat to national security to taking the environment change
as a common topic of global security. The changes in the concept of en-
vironmental security and environmental management triggered the
rapid development of ecological risk research and in the 1990s put for-
ward the concept of ecological security (Fig. 4).
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Fig. 3. Keywords of practical stage.
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Ecological risk is defined as ‘a process or event caused by one or
more external factors that have or may have adversely effect on ecosys-
tem structure, function or dynamic development, thereby affecting the
survival and development of human and other organisms’ [19-21]. Eco-
logical security is an inverse function of ecological risk. Scholars discuss
and summarize the ecological security concept, content and essence
from different angles but still there are many claims, no generally ac-
cepted definition. Currently widespread ecological security has both
broad and narrow interpretations.

The broad definition is presented by the International Institute for
Applied Systems Analysis (IIASA) [13]. This definition is mainly from
the perspective of the human society, including the three ‘security’:
(1) security of human production and life; (2) security of human adap-
tation and development; and (3) security of environmental resources.
Domestic scholar Peng Shaolin [22] claimed that the definition of eco-
logical security boils down to three areas: environmental and resource
security, biological and ecological systems security, nature and social se-
curity. And Yang [23], Zhang [24], Zheng [25], et al. elaborated the defi-
nition from the human ecological sense. Some scholars [12] tend to
equal ecological security to the environmental security, namely ecolog-
ical environment and resource that human depend on. The narrow def-
inition is defined as natural or semi-natural ecosystems security that
reflects the overall level of ecological integrity and health system [13].
This ecological security includes biosecurity and ecological system
security. Some scholars believe that the most important part of the eco-
logical security is biosecurity that can be affected by factors such as bio-
logical invasions, genetic drift resulting from biotechnology issues and
so on. Ecosystems security includes whether ecosystem structure and
function is compromised.

In the context of global environmental change, facing enormous
challenges of global, national and regional demands of sustainable de-
velopment, domestic researchers in different fields have been carried
out ecological security research work at different scales (Fig. 4).

In CNKI, this paper searched for ‘ecological security or ecological
safety or ecological risk’ relevant papers from different scales, different
research objectives (Fig. 5). The results can be seen from the statistics
show that ecological security research at the national and regional
scales [26] is the focus of the current study, respectively accounting
for 36.55% and 35.13%. From the perspective of research goals, papers
concerning biodiversity conservation account for 45.51%, followed by
soil and water conservation, whose paper proportion reaches 31.18%.
The number of both accounts for 76.69% of the total, showing the cur-
rent research focus is biodiversity conservation.

In CNKI, this paper searched papers from different subjects, different
funds (Fig. 6). From the view of the research subject, environmental sci-
ence is most frequently studied among domestic researchers on ecolog-
ical security. The number of published articles concerning ecological
security accounts for 40.73% of the total, followed by agricultural sci-
ence, including forestry and other disciplines. Papers mainly distribute
in three areas: environmental science, agricultural science and econo-
my, accounting for 87.11% of the total. In terms of sustentation funds,
the fund of the ecological security research is mainly from Natural Sci-
ence Foundation of China (NSFC), accounting for 38.01% of the total
funds support. A total of 1178 papers were awarded sustentation
funds, accounting for 23.83%, in which 809 papers were awarded na-
tional funds, accounting for 68.68%. The above data show the ecological
security research is provided with high-level funding, but the overall
funds papers rate is still low.

2.2. Research hotspots

According to the 9976 papers concerning ecological security in CNKI
(Table 1), current domestic ecological security research can be summa-
rized as four hot fields, 12 research areas, quantitatively constituting a
significant pyramid. Ecological assessment and analysis accounts for
52.33%, specifically including four main research areas: ecological



114

D. Liu, Q. Chang / Acta Ecologica Sinica 35 (2015) 111-121

Global environmental problems

Sustainable Development

Ecological Risk Analysis

Environmental Security
and Management

Inverse function

‘ Ecological Security

Broad Definition Narrow Definition E
Human Human Environmental Ripueiiti Eco-System i
survival || Development || Resources 4 Security :
i
............................................................................... :
‘ Research content ‘
Scale Target Area
Human ecological Water Conservation Ecosystem Health
Diagnosis

security I
Global ecological |

Desertification Control

|
Flood Control |
|

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

: i
| Ecosystem services '
i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

:

security Regional ecological
National Soil and Water Security a“alVSI_S
Ecological Security Conservation Ecological security
Regional Biodiversity = Warmng
logical : Conservation Maintenance and
ecological security | | | L——"— management
ualitative uantitative Combination of qualitative and
Methods Q i Q : s
description evaluation quantitative
National Natural Science 5 :
Foundation of China 973 Program National Sci-tech Support Plan
Funding CAS Knowledge National Social National Science and
Innovation Project Fund Science Fund Technology Research Plan
Environmental Biolo Agricultural Macroeconomic
Science Y | | Economics management
Disciplines . Resources Water Resources and
Plant Protection | | Forestry z : :
Science Hydropower Engineering

Fig. 4. Theoretical framework of the ecological security.

® Human ecological

security

4.21%
2.39% = Water

® Global ecological

security
<7.91%

= National Ecological
Security

m Regional ecological
security

(a)

Fig. 5. Articles on ecological security research

Conservation
u Flood Control

w Desertification

Control
m Soil and Water

Conservation
u Biodiversity
Conservation

(b)

: (a) different scales; (b) different research objectives.



3000

2500

Amount of articles

500

(a)

Amount of articles

(b)

security assessment, ecological risk assessment, ecological vulnerability
assessment and ecosystem services assessment. The research focus is
still to establish evaluation index system and select evaluation model.
Ecological security protection and management account for 27.52% of

Table 1

1000

D. Liu, Q. Chang / Acta Ecologica Sinica 35 (2015) 111-121

115

2000

W Water Resources and
Hydropower Engineering
Biology

™ Forestry

™ Plant Protection

™ Agricultural Sciences

¥ Macroeconomic
Management
W Agricultural Sciences

3000

2500

2000

1500

1000

500

= Economic reform

Environmental  Economy Agricultural Biology
Science Science and
Technology
Subjects
L = T 1
National Ministerial Provinces,
universit)

Funds

Hydraulic ™ Resources Science
Engineering

® Environmental Science
and Resource Utilization

® National Natural Science Foundation
of China

B National Social Science Fund

® Others (National)

B CAS Knowledge Innovation Project
Fund

B Ministry of Education, Science and
Technology Research Project

= QOthers (Ministerial)

¥ Natural Science Foundation of Fujian
Province

¥ Spedialized Research Fund for the
Doctoral Program

Others (Provinces, university)

Fig. 6. Distribution of ecological security research: (a) subjects; (b) funds.

Contents of ecology security research achievements.

the total, including ecological security management, ecological protec-
tion and restoration. In CNKI, using ‘ecological security management’
as the topic word to search for papers, there are only 40 relevant papers,
which indicates that ecological security management system in our

Research hotspots Keywords Amount Research areas
(proportion)
Ecological security analysis and Ecological security, ecosystem health, evaluation model/index, 2537 Ecological security assessment
assessment country/region/city, GIS (52.33%)
Ecological risk, regional ecological risk, index system, evaluation model, Ecological risk assessment
heavy metals, sediments
Ecological risk, ecosystem sensitivity/vulnerability assessment model/index, Ecological vulnerability
country/region/city, GIS assessment
Ecological environment, environmental security, biodiversity, ecosystem services Ecosystem services assessment
Ecological security prevention Ecological risk prevention system, risk sources, risk receptors 452 Ecological risk prevention
and warning Ecological risk prevention system, warning mechanisms/systems (9.32%) Ecological security warning
Dynamic, monitoring, natural disasters, geological disasters Ecological security monitoring
Ecological security pattern Ecological functions, connectivity, nodes, corridors 525 Ecological network Planning
optimization Sustainable, land use, urban space, green/ecological infrastructure, (10.83%) Urban spatial
planning/optimization planning/optimization
Optimization/planning, biodiversity, GIS, ecosystem structure Ecological security pattern
Ecological security protection Natural ecosystem management, social environmental management, 1334 Ecological security management
and management environmental issues (27.52%)

Sustainable development, ecological restoration, species diversity

Ecological protection and
restoration
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country is not consummate and mature, lack of a complete study of re-
gional ecological security system maintenance and management, espe-
cially research on warning mechanisms and prevention mechanisms of
risk management, therefore, it is of great importance to develop further
study. While search for papers concerning ‘ecological protection and
restoration’, 1294 papers are found, which indicates that China begin
to focus on a win-win development model that environment and econ-
omy are mutually beneficial, and also pay attention to symbiosis be-
tween man and nature. Furthermore, it also shows that our research
system and management mechanism of disaster management and eco-
logical restoration are comparatively mature. Ecological security pattern
accounts for 10.83%, including three main research areas: ecological
network planning, urban spatial planning and ecological security pat-
tern. The study involved areas include nature reserves, scenic spots, eco-
logically fragile areas, rapid economic development region and major
projects, where rapid economic development region is the focus of the
study [26]. In contrast, ecological security and warning merely accounts
for 9.32%, including ecological risk prevention, ecological security warn-
ing and ecological security monitoring. In CNKI, respectively taking ‘eco-
logical risk prevention’, ‘ecological security warning’ and ‘ecological
security monitoring’ as topic words to search, obtain relevant papers
132, 262 and 58, a total of 452. It can be seen from the data of four re-
search areas above that currently ecological security assessment is the
research hotspot, while ecological security warning and ecological secu-
rity management system still lags behind, in the future it needs to be
given more attention and research efforts .

In addition to topic words, keyword indexing is a highly generaliza-
tion of a paper that can reflect the quality of academic papers and de-
gree of standardization. Keywords with higher frequency often are
positively correlated with the hot issues or focus issues in academic de-
velopment [28]. Import the above papers into analysis software End-
note X6 and extract keywords. The top ten keywords are ‘ecological
security’, ‘ecological risk’, ‘heavy metal’, ‘sustainable development’, ‘sed-
iment’, ‘ecological risk assessment’, ‘countermeasures’, ‘evaluation’, ‘en-
vironment’ and ‘index system’. The ‘heavy metal’, ‘deposits’, ‘ecological
risk assessment,’ ‘evaluation’ and ‘index system’ belong to the contents
of ecological risk assessment. It also proves that ecological risk assess-
ment is the research hotspot.

3. Progress of four ecological security research hotspots
3.1. Ecological risk assessment and ecological security

Ecological risk and ecological security are mutually inverse functions
[8]. Ecological risk assessment is to analyze and evaluate the stress
degree of ecological environment or regional ecosystem, or the uncer-
tainty of events. Moreover, it identifies risk-averse approaches and
maintains the stability of ecological environment. Ecological security as-
sessment is to evaluate the reliability of ecological environment to
maintain the security status and the development trends, and to pre-
vent the occurrence of uncertain events, protect and improve the envi-
ronmental security [29].

Ecological risk assessment includes two aspects: ecological environ-
ment security analysis and ecological security assessment [30]. Ecological
environment security analysis mainly focuses on natural environment
analysis and social environment analysis. Environmental analysis can be
launched from natural ecosystems, ecological landscape and ecological
risk, while social environment analysis involves the political and national
interests, diplomatic, economic globalization, laws and other aspects.
Among them, the ecological risk assessment is the primary means of eco-
logical security analysis, originated in human health assessment, which
was conducted to protect human from the threat of chemical exposure
and the environmental health assessment, aimed to analyze harmful ef-
fects of pollutants on ecosystems or some component [19-21]. Neverthe-
less, ecological security assessment has yet to form a comprehensive,
systematic evaluation system. Commonly used index system includes

single factor evaluation index and multi-factor comprehensive evaluation
index. Most single factor index, which aim at the risk assessment for en-
vironmental pollution and toxicological hazards and the evaluation of
micro-ecosystem quality and healthy, are key biological factors or envi-
ronmental factors that are set up to characterize the level of system secu-
rity [6,31]. Multi-factor comprehensive evaluation index system includes
indexes of biological and environmental resources and life support sys-
tems that have effects on the socio-economic and human health. Com-
monly used indicator systems include PSR model (pressure-state—
response), the extended and revised models of PSR model, etc. With
the further study of ecological security, evaluation method has also
been considerably developed, from conceptual, exploratory qualitative
description to quantitative evaluation. Evaluation methods currently
used are shown in Table 2.

3.2. Ecological security warning

Ecological security warning means to make predictions for reverse
evolution, degradation and deterioration of environmental quality and
ecosystem, then carry out ecological security warning, namely issue
ecological security crisis alert or warning in advance [39,40], including
the ecological risk warning. Ecological risk warning refers to predictions,
analysis and evaluation of external influences on the ecosystem caused
by engineering construction, resources development, territorial man-
agement and other human activities or natural disasters [35]. Zhou
and Meng [36] proposed the establishment of a long-term dynamic
monitoring mechanism for the risk prevention before the arrival of
the risk. At the same time obtain different levels of risk areas according
to the results of ecological risk analysis and evaluation; therefore, estab-
lish a grading warning mechanism. Zang [35] based on the ecological
risk assessment and prediction, conducted warning analysis of ecologi-
cal environment in Daqing City. Wang Jun [37] and Wang Bo [38], re-
spectively, tested the soil heavy metals in Shanghai Chongming Island
and Dayanghan urban wetland park, evaluated the soil quality, and car-
ried out ecological risk of warning assessment aimed at heavy metals in
soil.

Ecological security warning is a complex statistical prediction pro-
cess, requires a combination of warning theory and ecological security
assessment system to establish warning assessment index system, ra-
tionally design the structure of warning system, and form multi-level
parallel warning subsystem [39]. As early as the 1990s Fu [41] proposed
that regional ecological environment warning is the evaluation, predic-
tion and warning of the ecological consequences of regional resource
development and utilization, the changes in regional ecological envi-
ronmental quality and the coordinated development of environment
and socio-economy. Xu [34], applying ecological ecotone theory to ana-
lyze the ecological environmental condition of the Yellow River Delta,
proposed calculating formula of environmental potential index. Also
he conducted the status evaluation and warning research of the ecolog-
ical environment in Yellow River Delta.

With the emphasis on ecological security, domestic scholars have
exerted great effort to research ‘ecological security warning’. Construc-
tion of ecological security warning index system is the basis for the es-
tablishment of a warning mechanism. He Yan [42] took Shanghai as
example, employed ‘state-pressure-response’ index system to discrim-
inate the ecological security risk degree, risk sources in water environ-
ment from the perspective of time and space distribution, established
warning system and came up with countermeasures to response the
possible water resource exhaustion and environmental crisis. Hao [43]
analyzed the meaning, classification and characteristics of ecological se-
curity warning in the ecological security system, and built basic princi-
ples, index system and content elements for ecological security
warning system in Hebei Province. Wang [44] proposed warning
index calculation method; Guan and Xie [45] from the perspective of re-
gional integrated warning, created a desertification hazards warning
model including ecological vulnerability in desertification areas and
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Models Methods

Feature

Case

Mathematical model

Comprehensive Index

Analytic hierarchy process (AHP)

Gray correlation method

Fuzzy comprehensive analysis

Matter element analysis

Principal component analysis

Ecological model

Ecological footprint

Landscape analysis

Ecological carrying capacity
Ecological security pattern

Digital terrain model

Simulation model

Ecological risk Health risk assessment

EIA index

Spatial statistical or geo-statistical
method
Relative risk model (RRM)

Obtaining ecological security index by the
mathematical model, this method is comprehensive,
holistic and hierarchical

Using less quantitative information to make the
decision-making process mathematical, but it is arbitrary
and is difficult to accurately reflect the actual situation
According to various factors' sample data, use gray
correlation to describe the strength, size and order of
the relationship among factors

By constructing the hierarchical fuzzy subset to
quantify the fuzzy indicators, which reflect the
evaluated things, and then use the fuzzy
transformation to synthesize the indicators

Mainly used to solve complex, incompatible problems,
suitable for multi-factor evaluation

Use the idea of dimension reduction, turn the
multi-index into a few comprehensive index, and
reduce variable

Computing is simple and practical, and by the method
it is easier to compare human demand for ecological
space with the Earth's limited supply of space

From a quantitative description of the spatial structure
of the landscape to establish the landscape structure
function model and relevant evaluation index
Determine whether the ecological load condition
exceeds the system carrying capacity

Some potential landscape spatial pattern

Combining RS with GIS and using raster data structure,
it is easily superimposed and has simple logic
operations

Usually there are spatial model and non-spatial model
that describes the behavior characteristics of the
environment system or system elements, or the effect
human activities have on ecosystems

Apply toxicology to environment research, and use
ecotoxicology in the laboratory or in the field to study
the response relationship between toxic substances
and ecological environment

Combine ecosystems and ecology to identify the type
of risks, then build ecological risk assessment index
system

Used to study the distribution, class structure, change
characteristics of spatial risk

Mainly used in regional ecological risk assessment

Quantitative evaluation of ecological security status
and trends: a case study of Guangdong Province, China

Study on assessment of the regional eco-security based
on PSR—as an example of Yubei District in Chongqing

The ecological security evaluation of small watershed
based on entropy weight and Gray correlation analysis

Application of entropy weight and fuzzy synthetic
evaluation in urban ecological security assessment

Evaluation of land eco-security based on matter
element analysis

Ecological safety evaluation of land use in Jian City
based on the principal component analysis

EFAA (Ecological Footprint Analysis Approach) based
on city ecological security

Spatial neighboring characteristics among patch types
in oasis and its ecological security

Eco-security capacity in Yunyang County

Security patterns and surface model in landscape
ecological planning [27]

Comprehensive assessment and mapping of the
regional ecological safety—a case study of Zhongxian
County, Chongging City

Land use change simulation on the edge of
metropolis—a case study of Changping District in
Beijing

Health risk assessment on heavy metals in soil based
on GIS—a case study in Cixi City of Zejiang Province

Arisk assessment system for alien plant bio-invasion in
Xiamen, China [32]

Regional eco risk analysis of based on landscape
structure and spatial statistics

A regional multiple stressor risk assessment of the
Codoms Creek watershed applying the relative risk
model [33]

hazards evaluation when desertification occurs. In the theory formation
and practical development stage, many scholars carry out practice-
based warning research on ecological environment. However, com-
pared with the ecological security assessment, ecological security warn-
ing remains to be further and detailed studied in the future.

3.3. Ecological security protection and restoration

Ecological security protection and restoration specifically includes
two parts: ecological protection and ecological restoration. Currently
domestic research on ecological protection are mostly conceptual and
exploratory, specific protection measures, method system and ecologi-
cal protection compensation mechanism need to be further explored.
In the view of theory, domestic scholars have active researches on ne-
cessity and practical significance of ecological protection, and on region-
al ecological compensation theory and methods. As for practice aspect,
researchers carry out the correlation study on how to coordinate the de-
velopment of ecological protection and hydropower development, re-
source utilization, tourism management, land use change and other
aspects, including the study of forest resources, water resources, grass-
land resources, wetlands and biodiversity. In Hu Yi's paper [46], a meth-
od is proposed to build ecological protection compensation mechanism

of inter-regional watershed, and he thinks that the calculation of com-
pensation funds and sharing mechanism are the key points of ecological
compensation. Chu [47], taking Tianmu Mountain Nature Reserve for
example, proposes the establishment of reasonable compensation
mechanism and the implementation of different land policies in differ-
ent functional areas. Furthermore, regard the eco-tourism as a break-
through to resolve land use conflicts and to coordinate the conflict
between land use and ecological protection.

Ecological restoration refers to the management and operation that
restore the damaged ecosystem to or close to the natural conditions be-
fore interference [48]. Study areas involve mining wasteland, industrial
wasteland, landfills, rivers, lakes, wetlands and a series of areas that are
ecological damaged and its ecosystem is seriously degraded. Apart from
the ecosystem self-maintenance and the strength of resistance that re-
sponsible for the degradation of ecosystem, the more direct reason is
the external driving force, namely interference [49]. Therefore, human
activities, no matter in the degradation process of an ecosystem or
under restoration, are factors that cannot be ignored. At present, domes-
tic research on ecological restoration has fruitful achievements, ranging
from wasteland landscape regeneration to vegetation restoration.
Zhang [50] carried out the research to discuss the methods and recon-
structive measure for river ecosystem restoration, from the aspects of
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river flood control, river water environment improvement, shoreline
morphology restoration, ecology embankment design, and river buffer
zone design. From the perspective of ecological economy, Shen [51] con-
ducted wetland restoration, proposed to restoration planning strategy,
such as adjust the wetland ecosystem structure and strengthen wetland
protection and management, to restore the wetland biodiversity.

3.4. Ecological security pattern

Ecological security pattern is able to maintain the integrity of the eco-
system structure, function and processes. At the same time it can achieve
effective control and continuous improvement of the ecological environ-
ment problems. Rational optimization of ecological security pattern
helps prevent and avoid ecological risk, reduce the negative impact
that environmental degradation have. In terms of ecological of security
pattern, domestic scholars have made relevant discussion from both
basic theoretical and practical perspective [52,53] (Table 3). Yu [26]
claimed that the construction of ecological security pattern is an impor-
tant approach and basic protection to achieve the regional and urban
ecological security. Based on the application of landscape security pat-
tern theory and methods, he also discussed the construction approach
of regional and urban ecological security. In addition he proposed the
land use pattern and implementation strategies that can assure the
long-term ecological security of Beijing. Chen [54] analyzed the type
and characteristic of engineering construction, and its impact on regional
ecological environment. Then on this basis, he proposed basic principles

Table 3
Ecology security pattern research.

and methods of the restoration and construction of ecological security
pattern in major projects.

4. Discussion
4.1. Research frontier of ecological security in western countries

Import all the 11928 papers searched in Web of Science and CNKI
into analysis software CiteSpace II to analyze the research frontier and
hotspot. According to the result, current ecological security research
abroad focus on ecological security management, ecological risk assess-
ment, biodiversity protection and landscape security pattern. Therefore,
it shows that the ecological security research abroad has covered the
evaluation, management, pattern, etc. multiple levels with a wide re-
search field. Besides, management has formed a mature system. How-
ever, only import papers from China into CiteSpace II, the result shows
that domestic ecological security research hotspots include pollution
or contamination, heavy metal, sediments and ecological risk assess-
ment, which means that in China ecological security is still mainly fo-
cused on ecological risk and ecological security assessment.

Based on the long-term ecological security research, the United
States, Britain, Germany, the European Union and the United Nations
Environment Programme formed specialized regulations and guidelines
to ensure the ecological security. In the United States, the U.S. Environ-
mental Protection Agency (EPA) formed the outline of ecological
risk assessment to improve the quality and consistency of ecological
risk assessment in the late 1990s. Currently, EPA have developed a

Research content Feature

Case

Theoretical basis Optimal landscape pattern

Landscape security pattern
Ecological security pattern

Methods System dynamics

Scenario

Interference analysis

GAP analysis

Landscape dynamic analysis

Minimal cumulative resistance

(MCR) model

Study areas Nature reserves

Scenic spots

Ecologically fragile areas

Rapid economic
development region

Major projects

Retain small natural plaques in the development areas
and built-up areas

Landscape process is a process that achieve landscape

control and cover by overcoming the space resistance

Some potential landscape spatial pattern

To reflect the interaction among complex system
structure, function and dynamic behavior

By analyzing the characteristics and driving force of the
most uncertain and most influential factor that affect
the future to understand the future

Analyzing the interference caused by spatial growth to
ecosystem will provide support to exclude the human
interference or to optimize the ecological patterns and
processes through useful human interference

Using GIS, satellite image and field survey data to
determine biodiversity conservation gaps, omission
region and the areas need protective action

Analyze landscape change based on plaques to get
information of drive mechanism of landscape and its
future development trend

Reflect the potential movement and trend of species

Taking every level or node of biological systems as the
protected object, connect the nodes into a whole
protective network

Unique cultural landscape of human interaction with
the natural landscape activities

Anti-interference capability is weak and is sensitive to
global climate change. Also its spatial and temporal
fluctuations are strong and it has significant edge
effects and high environmental heterogeneity
Through human initiative intervention to ensure the
stability of the ecosystems structure and the continuity
of function while meeting the needs of economic
development

The basic principles of ecological security construction:
dual security, regional, multi-scale, interactive, targeted

Land mosaics: the ecology of landscapes and regions [55]
On the basic concepts and contents of ecological security [8]

Security patterns and surface model in landscape
ecological planning [27]

Study on the system dynamics about the adjustment of
the land use structure in the arid zones—a case study of
Tulufan City, Xinjiang [56]

The function of ecological security patterns as an urban
growth framework in Beijing [27]

A study on space method of urban pattern for ecological
security [57]

A method for assessing regional ecological security
pattern to conserve biodiversity—GAP analysis [58]

The landscape pattern changes and simulation in Lushan
Mountain national park [59]

Research on applying minimal cumulative resistance
model in urban land ecological suitability assessment: as
an example of Xiamen City [60]

On the methods of ecological security design for nature
reserves [61]

Construction and organization of the landscape
networks: discussion on the landscape ecological
planning of the Beijing Shihua cave scenic area [62]
Changes of landscape pattern between 1986 and 2000 in
Jiuquan oasis, Heihe River basin [63]

Establishing the ecological security pattern in rapidly
developing regions—a case in the AYRAP [64]

Principles and methodology for ecological rehabilitation
and security pattern design in key project construction [54]
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corresponding evaluation methods, models and databases for air, water,
climate change, ecosystem health, sustainable development, land and
waste management and various other topics, while China has not yet de-
veloped specialized guides and research methods aimed at specific eco-
logical problems. In addition, EPA have conducted studies of ecological
security practice in the United States and throughout the Americas, and
carried out a project called ‘Environmental Monitoring and Assessment
Program’ (EMAP). EMAP was a research program that measured the cur-
rent and changing conditions of the nation's ecological resources, aimed
to establish the scientific basis for eco-environmental monitoring and
ecological risk assessment. At the same time, it enhanced the awareness
of ecosystem integrity and dynamic through large-scale regional projects
and guided monitoring programs of countries, organizations as well as
departments. In short, through the integration of ecological security re-
search achievements, ecological security research and practice abroad
formed regulations and guidelines concerning ecological security man-
agement, meanwhile emphasizing the dynamic monitoring, assessment
and warning of the ecological environment, which has a certain refer-
ence significance for China's ecological security research in the future.

4.2. Suggestion for future ecological security researches in China

In China, ecological security researches began before the last two de-
cades, so the theories, methods and case studies have a long way to go.
According to the statistics and analysis of literatures concerning ecolog-
ical security, it can be concluded that currently China's ecological

security research focuses on ecological security assessment, in which
the key points are the index selection and evaluation methods [65].
The report to the Eighteenth National Congress of China came up
with the idea that ‘the construction of ecological civilization is the
long-term plan concerning people's welfare and the nation's future’. In
addition, it included the construction of ecological civilization into the
‘five in one’ overall layout for the first time, which can have a positive
effect on promoting the development of ecological security research.
By contrast with the research frontier and trend of ecological security
in west countries, it can be predicted that in the future China's ecological
security research will be strengthened from the following aspects:

(1) To form the theoretical system of ecological security and to inte-
grate the technical methods
In the future, ecological security research may establish and im-
prove the index selection criteria and evaluation methods, partic-
ularly establish ecological security assessment specifications and
standards that may lay the foundation for the establishment of
ecological risk warning mechanism and the optimization of eco-
logical security pattern. Some measures, such as dynamic moni-
toring and supervision of ecological environment, improvement
of the methods of quantitative analysis, using mathematical
models, digital terrain model and creating a composite evalua-
tion model, can help strengthen the uncertainty analysis and
treatment in ecological security research [66]. Also, it is necessary
to combine landscape ecology, geography and other related

Ecological security analysis

Environmental monitoring

i Natural Social :
: ; ‘Long-term‘ ‘ Dynamic
Environment Environment
[ l |
Ecological security assessment
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K Ecosystem Health Ecological Risk
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Ecological security warning
Monitor  Evaluate ’ Predict ‘ ‘warning’
Target
Ecological security pattern
Judge >e+— .
- . Green Ecosystem .
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management Management

Fig. 7. Research system of the ecological security.
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theories with ecological security research. Then, rationally apply
it into the establishment of warning mechanism and the evalua- 7
tion and design of ecological security pattern, which can lead to
the formation of a theoretical system with multi-disciplinary
support. Combined with the conceptual model, mathematical
model and spatial model we can form a research system: analy- 9
sis-assessment-warning-pattern optimization (Fig. 7). ) ) )
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search system. Thus, future research is supposed to pay more
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As a result, ecological security warning and ecological security
patterns will be given more attention in the future researches.
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