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Abstract. This paper, studying on the basis of existing research, taking theissues of trade and
environment as the research object, applying the analytical models of document co-cited, combined
with Cluster analysis and Strategic diagram analysis, made empirical analysison therelated literature
from CSSCI database, intuitively showing the research status as well as research hotspots and
knowledge structure in this field. The research suggests that the subjects such as the Coordination of
Trade Policy and Environmental Policy and so on, are in the core position among the whole research
field.

INTRODUCTION

The relationship between trade and environment has gradually attracted peopl€'s attention since
the United Nations Conference on the Human and Environment held in Stockholmin 1972. But in the
1980s, environmental problems were temporarily ignored because of the world economic recession.
Since the beginning of the 1990s, the world economic began to recover, it has once again become the
focus of attention. People adhering to the theory of free trade and environmental protection engaged
in a fierce debate on the issue of trade and environment. Those who insist the theory of free trade
believe that trade liberalization is beneficial to the improvement of the environment. They think that
the root cause of environmental degradation is the market and government failure, not trade
liberalization ™ @, However, environmentalists argue that trade growth runs counter to
environmental protection objectives. They believe that free trade is one of the important factors of
destruction in the environment. Unrestricted trade will cause the destruction of the ecological
environment, especially in countries with loose environmental policies, trade liberalization is far
more damaging to the environment P This paper, on the purpose of intuitively showing the
domestic research status, hotspots and knowledge structure on the trade and environment problems,
taking published papers from Chinese Socia Science Citation Index (CSSCI) database as the
research object, is going to carry out a bibliometrics and scientometrics study on relevant literature.

DATA SELECTION AND STANDARDIZATION

With the help of the research methods and indexes of bibliometrics, applying the document
co-cited analysis, this study intendsto intuitively show the research status as well as research hotspots
and knowledge structure of trade and environment problems in China. So we select the CSSCI
database, set theretrieval timefor 1998-2012, and do the retrieve in the advanced search in the search
type = "trade * environment |[@ALL= carbon emissions * trade" . Retrieval results show that we
obtain 1753 literature in total, but it contains conference notice, meeting review, book review and so
on. Besides, there are somein the search results, but they have nothing to do with the research subject.
Therefore, after removing above literature, this paper finally gained 926 valid data, with download
and update time in July, 2013.
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THE MAIN MEASURING INDEXESAND RESEARCH METHODS

A. Main indexes

(1) Cosineindex: it isakind of index that measures the co-occurrence strength and thisresearch
is mainly to measure the strength of co-occurrence of co-citation literature by using this index. The
formulais asfollows:

Cosine= _F(AB) (D)

VF(AF(B)

Where F(A) isthe frequency of the cited literature A appeared in a given collection of literature;
F(B) isthefrequency of the cited literature B appeared in a given collection of
literature; F(A,B) isthe frequency of appearance of both cited literature A and cited literature B.
The value range is between 0 and 1, the greater the value, the higher co-occurring strength between
the cited literature.

(2) Density: it is used to measure the close degree of cited literature in each internal cluster and
reflects the cluster’s ability to maintain and develop themselves!®. Density calculation has a variety
of measurement methods, such as mean, median, square and so on. In this study, we use the average
cosine index between cited literature in clusters for measurement.

(3) Centrality: it isused to measure the close degree of the cited literature in each cluster with other
cluster. It reflects the degree of mutual influence between one research subject and the others. If the
number and intensity of connection between one research subject and others are larger, then this
research subject is the more central position in the field of the whole study . The more the number of
edges of a cluster connected to other clusters, the greater the centrality of this cluster compared with
other clusters.

B. Main research methods

(1) Citation Analysis.Citation analysis is an important part of bibliometric and scientometrics.
By using a variety of mathematics and statistics method and logical methods, such as comparison,
induction, abstract, generalization and so on, it analyzes and studies the quoted or cited phenomenon
of scientific journals, papers, authorsand other analysisobjects in order to reveal quantitative
characteristics and inherent laws, and achieve the purpose of evaluating and predicting scientific
development trend. To some extent, literature citation reflects the degree of influence and quality
level. Co-citation analysis of literature refers to the Co-citation relationships between two papers
when they are cited together by later one or more papers, some scholarsaso call it relationswith cited.
Co-citation analysis aso includes co-citation analysis of journals, authors, subjects and so on.

(2) Cluster analysis.Cluster analysisis an active method of bibliometric and visualization in data
mining. It analyzes co-occurrence strength among keywords, and then assigns the keywords which
haverelatively greater strength into varioustypes of clusters. Since traditional clustering algorithmis
to cluster wordswith shortest distance, this method has severa drawbacks: having no central concept,
the clustered words may not likely to express the same content, etc. This paper, on basis of clustering
algorithms, borrowing from Callon’s method of constituting sub-sets, i.e. having no more than 10
blocks of knowledge in a constituted sub-set, takes a pair of technical terms which have the highest
index of cosinein co-occurrence matrix (the greatest co-occurrence strength) as blocks of knowledge,
in order to reflect the research content and orientation of this cluster.

(3)Strategic diagram analysis:Strategic diagram, drawn by the deviation from mean of density
and centrality of each cluster, is a two-dimensional planar graph to show the position of research
subject. Among them, the horizontal axis represents Centrality, the longitudinal axis represents
density, and origin of coordinates is determined by the mean of Centrality and density of all clusters.
We separate the plane into four quadrants(Fig. 1):

The cluster in Quadrant | has higher density and higher centrality. Higher Density indicates that
the internal of cluster has strong internal connection and shows that the researches represented by
these clusters receive comparatively higher attention; Higher Centrality indicates that the cluster with
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other clusters have stronger connectivity, and the researches represented by these clusters are the core
of whole research domain. So clustersin Quadrant | are known as the core research subject.

The cluster in Quadrant |1 has higher density and lower centrality. Higher Density demonstrates
that the cluster has been well studied and was once the center area of research subjects. But lower
Centrality shows that it is no longer the center and has been gradually marginalized and peripheral
and we have less and less interest in the research. So clusters in Quadrant |1 belong to a secondary
research subject.

The cluster in Quadrant 111 has lower density and lower centrality which illustrates that the
researches represented by the clusters are themargina zonein the whole research network.
Therefore, it is called marginal research subject. Thiskind of cluster has two trends of development:
one possibility isto obtain adequate research into the second quadrant, and then enter Quadrant | asa
core subject, or contact with other subjects more and more closely and enter Quadrant 1V, then enter
the first quadrant as the core research subject. Another possibility is that the researches represented
by the clusters receive less attention, and have less tightly contacts with other research subjects,
finally the researches disappear from the whole research network.

The cluster in Quadrant 1V has higher density and lower centrality. Higher Density shows that
although the cluster has higher connectivity than other clusters, lower density shows its internal
connectivity is not very strong and has Low degree of polymerization. Therefore the researches
represented by clustersin Quadrant 1V are called fundamental research subjects. For the researches
represented by these clusters, we should consider its strategic position. They may be the object of
study in other fields, or may be emerging and will become a hot field in the future research center.
But they have not yet become significant objects of study, and they are becoming important and
mature. As long as these research subjects obtain adequate research, they will enter into Quadrant I,
thus become the core of the whole research area

EMPIRICAL ANALYSISAND DISCUSSION

A. Co-citation matrix

CiteSpace is visua analysis software based on JAVA platform and was developed by Dr. Chen
Chaomei from College of information science and technology in Drexel University in the United
States. This study used CiteSpace to generate a co-cited matrix'”, did the main settings in the set
interface of CiteSpace, such astimeinterval was set to one year, co-cited literature, the threshold value
was (3,3,0; 4,4,0; 3,3,0), etc. We ran the CiteSpace software, got 182 highly cited literature and
generated a matrix of cited literature. The size of the co-occurrence strength of cited literature in a
matrix is measured by value of cosine index: the greater the strength, the higher the value. According
to co-occurrence relationship and cosine index among cited literature, a 182x182 co-cited matrix is
congtituted.

B. Cluster partition and Strategic diagram analysis

(DClassification principles of Cluster

1)In the co-occurrence matrix (182x182) which is generated by CiteSpace, the pair of cited
literature with the highest cosine index are taken as the initial literature of the first cluster. 2)
Sequence cosine index of the 182 cited literature and one of the pair of cited literature in the matrix
descending order, then select 10 cited literature (including the pair of cited literature as the initial
literature) from higher to lower from the sequence (if there are less than 10 literature whose cosine
index is more than 0, only select the literature whose cosine index is more than 0). If there are more
than 10 cited literature whose cosine index is more than O, choose only 10 cited literatureto joinin the
cluster, for that cluster has reached saturation value (10 cited literature).3) When the first cluster has
formed (or saturated, or there are less than 10 cited literature whose cosine index is more than 0),
delete the literature which joined the cluster from the matrix (deletion should include both the row
and the column), so asto ensure that these literature would not join in the following other clusters. 4)
Go over repeatedly step 1 to 3,then clusters could be formed one by one, until all cited literature with
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co-occurrence relationship have joined in clusters. If there are still some cited literature with no
co-occurrence relationship, that isto say that the co-occurrence strength among all cited literatureisO
(cosine index=0), the clustering generation has been finished, the cited literature left would not ever
joined in any cluster.

Among the 182 high-frequency cited literature, the ones concerning "Is Free Trade Good for the
Environment?' enjoy the highest frequency (Freg=669), but it is still unable to identify research
content and direction only with help of individual high-frequency cited literature. Therefore, this
paper uses Calon's cluster analysis for reference to identify research content and direction.
According to the above clustering algorithms and principles, 182 cited literature are distributed into
17 clusters, each cluster has its name summarized on account of the cited literature included, the 17
names are just the research contents and direction in that field.

From the 17 cluster names and constitution, we can be seen that research hot spotsin thefield of
trade and environment in our country present the characteristics of diversification and the vast
majority of cited literature was published after entering the 1990s. This is because, since the 1990s,
economic globalization and trade liberalization wave engulfing the world have greatly promoted the
commodity and capital flow internationally. Therapid growth of the international trade hasimproved
the national welfare of every trading nation and stimulated economic development in each county.
However, at the same time, the global ecological environment is progressively deteriorating: climate
warming, energy crisis and environment pollution and so on, are frequently warning human and
challenging the sustainable devel opment in today's world economy. Therefore, the issues of trade and
environment have caused the wide attention of academic community in our country, and scholars
have carried out studies on thisissue from different perspectives.

(2)Strategic diagram analysis

The Centrality istaken as lateral axis, and the density istaken aslongitudinal axis. According to
meaning of these two indicators and position of quadrant, we can clearly see that research hot spotsin
the field of trade and environment present the characteristics of diversification, but the positions of
each research contents in the whole research field are very different.

Subjects with higher density and higher Centrality include the coordination of Trade policy and
environmental policy, Pollution haven hypothesis and so on. Since the 1990s, these two subjects have
aroused wide attention of scholars in our country. They have carried out long-term and in-depth
researches, made them become research focus in trade and environment field and at the core of the
entire research field.

Subjects with higher Centrality but lower density mainly include "The Environmental Kuznets
curve", "Environmental effect of trade liberalization ", " The environment standard and international
competitiveness " ," Trade, economic growth and environmental pollution ". These research subjects
are closely related with other subjects in the whole field of trade and environment, the researches to
themselves are not sufficient. Especially "The environmental Kuznets curve" has the highest
Centrality. Since the Environmental Kuznets curve hypothesis was put forward, many scholars have
been inspired on the research of the relationship between economic growth and environmental quality.
Chinese scholars have also used the Environmental Kuznets curve as analysis tool. But so far, the
EKC theory analysisis still lack of unified theoretical framework, and the empirical analysis results
also have very big difference.

Located in Quadrant 11 are fields with lower Centrality but higher density including "Trade and
sustainable development”, "Environmental regulation and comparative advantage”', "Economic
growth and environmental protection”, "Green barrier”, the theme was the core problem of trade and
environment research field, but in recent years, scholars have lessinterest in this research.

Located in Quadrant 11l are fields with lower Centrality and lower density including "The
relationship between trade and environment”, "The environmental impact of foreign direct
investment”, "Legal coordination of trade and environment”, "Carbon emission effect of trade”,
"Energy cost of foreign trade" , "Environmental policy and trade patterns’, "The issues of trade
and environment in WTQ". These subjects are at the marginal zone in the research network, and have
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not caused the attention of researchers. Many clusters gathered in Quadrant 111 indicate that research
hot spots in the field of trade and environment in our country present the characteristics of
diversification, but many subjects arein the periphery of the whole research network, and haven't got
sufficient research, so they need researchers more attention.
Density

Quadrant 11 Quadrant I

Centrality of deviation from mean>0 | Centrality of deviation from mean=>0
Density of deviation from mean<0 | Density of deviation from mean>0

Centrality

Quadrant [II Quadrant [V

Centrality of deviation from mean<0 | Centrality of deviation from mean<0
Density of deviation from mean<0 | Density of deviation from mean>0

Fig. 1 Strategic diagram

CONCLUSION AND PROSPECT

This paper, through measurement indicators of bibliometrics and scientometrics, adopts co-cited
anaysis, cluster analysis and strategic diagram to intuitively illustrate research status, hotspots and
knowledge structure of theissues of trade and environment. Through the comprehensive analysis of
sub cluster and large cluster, this paper summarizes the researchesin this field in China are mainly
concentrated in the four major themes. the related research literature have been divided into four
categories. theory basis of trade and environment relation, the effects of trade liberalization on the
environment, the effects of environmental regulation on trade, and the coordinated development of
foreign trade and environment protection. This study is an attempt that applies scientometrics and
bibliometrics in the field of theissues of trade and environment. However, the non-standard data
brought a lot of obstacles to empirical research, and also may affect the empirical results in a
certain extent. How to make full use of literature database, and how to normalize the literature data of
the current database, will be an important research subject in the future.
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