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A B S T R A C T

Trade plays an important role in redistributing resources and also brings significant environmental impacts to
involved countries. This relatively complex research domain of international trade and environmental burden
shifts is informed through study of embodied environmental flows of products. Research trends to identify
features of international trade embodied flows between 1997 and 2016 are determined through a bibliometric
study. Research contribution of countries, authors, institutions and journals are described. Co-citation and
network analyses are completed. Results show that there has been significant research interest increase on this
topic. Given the interdisciplinary and global nature of this topic, increases in countries, author, and institutional
collaborations has occurred. USA, China, the Netherlands, the United Kingdom and Norway were the top 5
countries with high academic influence, and country as USA and institution as Chinese Academy of Sciences has
the largest number of collaborations, respectively. Embodied flows such as carbon emission and water are
popular ones associated with international trade in the given period, and the most popular methodological tool is
Input/Output Analysis. In addition, hotspots which extracted from keywords are analyzed, additional avenues of
research are also discussed in this study.

1. Introduction

Trade globalization has led to international economic integration
that systemically links nations, and plays an important role in affecting
sustainable economic development and ecological dynamics amongst
nations (Jomo and Rudiger, 2009). Countries seek to determine if they
are gaining or losing in international trade flows. The traditional eco-
nomic discussion typically focuses levels of economic flows and im-
balances. What has been given less focus in the literature and popular
press are the impacts of trade on natural resources and the natural
environment although these topics remain important and controversial
(Jayadevappa and Chhatre, 2000; Moran et al., 2013).

Trade is sought out by nations to aid in their economic develop-
ment. Countries seek out a share of the “trade pie”. International trade
flows are associated with comparative advantages or nations and re-
gions. Comparative advantages occur for many reasons, some of which
are natural resources availability and capabilities, such as water, land
and carbon efficiency resources. The beneficial aspects of international
trade and natural resources may be exemplified by global water

resource balances. Countries and regions rich in water resources may be
beneficial partners to those regions with water scarcity. For example, it
has been found that international global water resources trade of
agricultural products is 352 cubic gig meters per year (average over the
period 1997–2001), greatly aiding water scarce areas (Chapagain et al.,
2005). Another example is exports growth of carbon-intensive goods
from Australia to China. This international trade relationship has
helped in global carbon emissions reductions since Australian goods
manufacturing carbon intensity is much less than China goods manu-
facturing carbon intensity (Tan et al., 2013).

International trade may result in resources and environmentally
detrimental balances and trade shifts. This type of trade may allow one
country to partially decouple its domestic economic and ecological
systems while consuming goods from other national economic systems.
Countries may seek to save their own environmental and resources
capacity by shifting away from natural resources and pollutant-in-
tensive activities in the manufacture of their goods (Machado et al.,
2001). They can do this through importing high environmentally and
resource burdensome products from other regions of the world. Under
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these circumstances, global issues such as “carbon leakage” and “eco-
logically unequal exchange” may occur across nations, resulting in
greater overall environmental and natural resources degradation
(Hoekstra and Mekonnen, 2012; Moran et al., 2013; Peters et al., 2011).

Inter-relational quantitative assessments incorporating socio-
economic systems and the natural environment have gained attention
with respect to global international trade. The major international trade
assessment metrics and environmental indicators are called “embodied
flows” (Bruckner et al., 2012; Giljum et al., 2011). Embodied flows
quantify the natural resource or environmental quantities required di-
rectly or indirectly to make a product or provide a service. Embodied
flows analysis helps identify and illustrate environmental burden shifts
associated with raw materials extraction and processing, and product
manufacture. Further analyses help to identify international trade bal-
ances. An important line of research focuses on “unequal ecological
exchange” amongst nations.

To date, studies on trade-based embodied flows typically focus on
either environmental or resources dimensions, based on different
methods, such as Input-Output Analysis (IOA), Material Flow Analysis
(MFA) and other relevant methods. These studies also aim to identify
driving factors influencing embodied flows transfer, so that more ap-
propriate policies can be raised to help address resources and en-
vironmental losses from trade (Caro et al., 2014; Davis et al., 2011;
Tukker and Dietzenbacher, 2013; Steinberger et al., 2010; Wu et al.,
2016; Guan et al., 2008).

However, due to the short period of this nascent field, publications
related to embodied flows have not been comprehensively reviewed
from either a quantitative or qualitative perspective. Although a
number of reviews have been completed related to specific tools for
embodied flows (Bruckner et al., 2015; Wiedmann, 2009; Wiedmann
et al., 2007) or for specific types of embodied flows (embodied carbon,
virtual water) (Liu et al., 2016; Zhang et al., 2017b); no research review
has considered all the embodied flows, tools, and regions. A compre-
hensive integrative review provides insights into what topics have been
covered and the reasons for these studies. It can also help identify re-
search gaps and determine some consensus findings that policy makers
can utilize.

In order to fill this gap in the literature and help to advance the
field, this study applies bibliometric and complex network analysis for a
systematic review of embodied flows associated with international
trade. Systematic literature reviews are completed through an iterative
process of defining appropriate search keywords, searching the litera-
ture and completing the analysis (Higgins and Green, 2009). Systematic
reviews differ from traditional narrative reviews in that they employ a
replicable, scientific and transparent process that minimizes the selec-
tion bias through exhaustive literature search (Vrabel, 2015).

The goals of this study include: (1) identifying trends and features of
international trade embodied flows research for the period of
1997–2016; (2) summarizing contributions based on country, institu-
tions, authors and journals and collaborative efforts to determine the
perspectives and potential biases; (3) uncovering emergent research
fields extracted from keywords through co-citation relationships; and
(4) providing future directions for embodied flows and international
trade research.

The remainder of this paper includes discussion of the methodology
and data collection in Section 2. Section 3 pesents the main results.
Section 4 provides a discussion and critical analysis of the results.
Conclusions and future directions drawn from analysis are presented in
the final section, Section 5.

2. Methods, data collection and treatment

2.1. Methods

Systematic bibliometric literature reviews follow a series of steps.
Initially topically relevant keywords are needed for electronic database

searches. Typical databases include the Web of Science or Scopus da-
tabases. Secondly some literature analysis tools (such as Bibexcel
(Persson, 1986), in this study) are applied for identifying basic features
of the selected papers. These data are then exported and processed for
further analysis. The third step is the application of a network analysis
tool. Network analysis provides insights into complex relationships
amongst the publications and their various characteristics. In this re-
gard, Gephi (Heymann, 2014) is used for network analysis and visua-
lization of these networks. Various bibliometric statistics such as h-
index, PageRank and cluster analysis could further help researchers
identify the key roles of publications. The general flow chart for the
systematic literature analysis used in this study is shown in Fig. 1. More
details on these methodological steps and tools are now provided.

Bibexcel is a bibliometric toolbox offering the user significant flex-
ibility in data management and analysis. It is helpful in evaluating the
research status and trends of various disciplines and topics. It is also
helpful for identifying future research directions (Persson, 1986; Zheng
et al., 2015). Bibexcel allows for modifying and adjusting data fields
which can be imported from various electronic publication databases
including Web of Science and Scopus. It can be integrated with other
bibliometric and statistical software such as Pajek, Excel, SPSS, and
Gephi (Fahimnia et al., 2015). Bibexcel extracts basic information from
each publication, such as title, keywords, publication year, journal,
authors’ information (names, countries and institutions), and citations.
Additional information on Bibexcel operations and capabilities can be
found in Šubelj et al. (2014a,b) and Persson (1986).

Network analysis helps evaluate various relationships among in-
teracting units. Relations defined by linkages among units are a fun-
damental component. Network analysis evaluates observed attributes of
social actors, such as race, ethnicity, size, and productivity of collective
bodies such as cooperation or nation-states, as examples. It seeks to
understand relationship patterns or structures amongst the units of

Fig. 1. The general flow chart for the systematic literature analysis.
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analysis (Wolfe, 1994). Network analysis is used in literature reviews by
establishing nodes that may be represented by research papers, key-
words, countries, institutions or authors. Arcs, which are relationships,
such as collaborations and influences of these nodes, can also be eval-
uated. Gephi software is used to complete a network analysis and vi-
sualization of the networks. Gephi is an open-source platform for vi-
sualizing and manipulating large graphs (Heymann, 2014).

PageRank can help identify influential publications and researchers.
PageRank was originally used to evaluate webpage connectivity. It was
initially intended to help prioritize web pages when a keyword search is
performed in a search engine (Boldi et al., 2009). PageRank for litera-
ture analysis can determine popularity of a given publication. The
central idea of PageRank is to determine publication influence by the
number of times a paper is cited by other highly cited papers. Higher
PageRank scores mean greater publication influence (Yates and Dixon,
2015).

Cluster analysis helps to structure a network for analysis. Network
nodes can be divided into several clusters or modules. Nodes within the
same cluster typically contain similar features. These features provide
grouped insights which can further detect latent or explicit general
related topics or partnerships. For systematic literature analysis, cluster
analysis is often used for co-citation analysis, papers which have similar
topics, interrelations, and collaboration patterns (Everitt and Dunn,
2011).

2.2. Data collection and treatment

The Web of Science database is used to compile the literature data
set. The Web of Science database provides comprehensive and stan-
dardized information searches of publications for academia. It re-
presents the most influential and highest quality journals from a broad
variety of disciplines. A two-level keyword assembly structure that aims
to accommodate a broad range of search terms for capturing related
publications was used in a search of publications between the years
1997–2016. Fig. 1 outlines the keyword search terms structure. Level 1
identifies the international trade related keywords; level 2 contains
virtual and embodied flows related keywords.

The publication search was conducted in June 2017. Initial 1072
papers were identified and collected. The research results were stored
in plain .txt format to include all the essential paper information in-
cluding titles, keywords, abstracts, affiliations, authors, and references.
Among these publications, according to categories within the Web of
Science, articles account for 80.63%, followed by proceedings paper
(15.14%), review papers (2.70%) and others. English (97.67%) is the
most frequently used language, followed by Spanish (0.47%) and
others. In this study, only articles in English (874) are selected due to its
academic popularity. Further screening by the researchers after reading
abstracts, titles and main texts was conducted to remove those articles
which were found to be irrelevant. After screening the final study da-
tabase is comprised of 419 research publications.

3. Results

3.1. General performance of selected publications

The per year total number of publications (TP), authors (TA),
average numbers of references per paper (ARP) and published countries
(TPC) from 1997 to 2016 are shown in Fig. 2. The results show that the
values of TP and TA increased stably during the entire study period,
while the values of TPPC and ARP first increased rapidly during
1997–2001, then significantly decreased during 2001–2004 and finally
increased stably during 2004–2016.

As can be seen few publications on this topic were published before
2007, while the number increased rapidly from 2010 to 2016. Overall,
during this time period, 889 unique researcher names were found to
have studied embodied flows associated with international trade. The

total unique author quantity increased from 4 in 1997–295 in 2016, a
very significant increase in magnitude of researchers studying this
topic. ARP increased between 1997 and 2016. The number of refer-
ences in earlier papers may have been fewer since the research was
nascent at that time. In later years given the increase in previous
publications on this topic, the number of references per paper in-
creased. It was also found that more countries involved in this topic
over the years. The TPC increased from 1 in 1997–25 in 2016. This
increase in the breadth of countries investigating this issue may relate
to greater interests from the country research institutions as more
countries developed economically and had increased environmental
burdens due to international trade.

3.2. Country/region, author and institution influences

Countries/regions, authors and institutions perspectives can help
provide insight into schools of thought due to demographic or personal
features. For example, country/region level interest may derive from a
country/region that is heavily dependent or influenced by international
trade and its impact on the environment or resources. If a nation is
under pressure to address environmental concerns, the embodied flows
perspective may provide valuable insights on environmental influences
in that nation. Scholar influence is important since it helps to define
discipline relationships. For example, an international trade perspective
may derive from economics and business scholars, while environmental
embodiment concerns may derive from environmental policy scholars.
Institutional perspectives may provide insights into influence of various
institutions and their research groups as well as collaborative institu-
tions. Schools of thought may be derived from the actual schools or
institutions involved.

However, the quantity of publications may not be equivalent to the
quality or influence of these publications. Another statistical indicator,
the h-index, is used as a proxy for influence or quality of publication.
The h-index is calculated by having an individual or group that has at
least h papers cited by at least h times. It can be used to represent the
academic influence of countries/regions, institutions and authors
(Bornmann et al., 2011; Hirsch and Buelacasal, 2014). Fig. 3 sum-
marizes this information. The dashed line in this figure refers to that x
represents the total number of publications and y represents h-index
where y= x. A large gap, for example, between total number of pub-
lications and h-index for a country, would indicate high output but
minimal influence by that country. If a country, institution, or author is
closer to the dashed line, then arguably they have greater academic
influence. Academic cooperation among different countries/regions,
institutions, authors are important. More opportunities and solutions
could be found through cooperation, especially with the involvement of
developing countries. Country/region, institutional and author level
academic influences in this field are summarized as below.

3.2.1. Performance of countries/regions
A total of 44 countries have been represented in publications on

embodied flows in international trade research from 1997 to 2016.
Among these countries, China, USA, the United Kingdom, the
Netherlands, Norway, Japan, Germany, Spain, Austria and Australia are
the top ten most productive countries in that order; respectively they
account for 29.8%, 26.3%, 13.8%, 10.5%, 7.9%, 7.9%, 7.6%, 7.4%,
6.7% and 5.7% of the total selected publications. In addition, from an h-
index perspective, USA (32), China (31), the Netherlands (24), the
United Kingdom (22) and Norway (20) are the top five countries in
terms of influential publications. Some of these papers are cooperative
across countries.

A co-occurrence analysis of the top 30 countries/regions is used for
evaluating collaboration between countries. This number of countries/
regions represents a natural break in total number of publications with
two or more publications on this topic. The top 30 countries/regions
range from 2 to 125 publications. Of these 30 countries/regions, the
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USA, the Netherlands and China are the most collaborative. Each of
these countries/regions has cooperated with 21, 19 and 17 of the other
29 countries/regions, respectively. The USA has the most collaborative
publications with international partners for a total 123 papers with the
other 29 countries/regions. This result shows a strong USA-centric
focus of the research. This may not always be the case as the second
largest collaboration and increasing set of collaborations is occurring
with China and other nations; for example, the China-UK collaboration
in this area is the third largest set of collaborative publications (see
Fig. 3-CO).

3.2.2. Performance of authors
The total publications and h-index of the top 17 most productive

scholars, who range from 8 to 18 publications, are shown in Fig. 3-AU.
Among these scholars, 15 belong to the top 10 most productive coun-
tries. Chen GQ, Peters GP, Hoekstra AY, Chen ZM and Lenzen M are the
most productive and influential scholars.

The most collaborative scholar is professor Guan DB which origin-
ally was from the University of Leeds, who is now working at the
University of East Anglia in UK. His publications appear mostly with Liu
Z (another fellow at the University of East Anglia), with an emphasis of
work on emissions from China’s international trade. Emissions by this
collaboration include carbon emissions, PM2.5 emissions and embodied

Fig. 2. General statistics of selected publications
from 1997 to 2016.
Total number of publications/year (TP); Total au-
thors/year (TA); Average references per paper
(ARP); and Total published countries/per year (TPC)

Fig. 3. Performance of countries (CO), authors (AU) and institutions (IN).
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aerosols. Guan DB has also collaborated with Hubacek K on virtual
water topics. A second scholar’s cluster is centered by Peters GP from
the Norwegian University of Science and Technology whose most co-
authored publications appear with Weber CL, and Wiedmann T, with a
focus on embodied carbon emissions in international trade.

3.2.3. Academic institution performance
In total 453 unique academic institutions had published on this

topic from 1997 to 2016. Peking University (27 publications), the
Chinese Academy of Sciences (27 publications), the University of
Sydney (21 publications), the University of Twente (20 publications)
and the University of Leeds (18 publications) are the top 5 productive
institutions. These institutions also belong to some of the more pro-
ductive countries.

The h-index results show that the Peking University, University of
Twente, the University of Sydney, the Chinese Academy of Sciences,
and the National Institute for Environmental Studies (Japan), are the
top 5 academic institutions. The top 32 institutions are selected for
collaborative analysis. The total publications from these institutions
range from 6 to 27 publications. Of these 32 institutions, the Chinese
Academy of Sciences, the University of Leeds, the University of East
Anglia and the University of Maryland are the most collaborative. These
institutions have collaborated with 18, 15, 13 and 13 of the other 31
institutions, respectively. The Chinese Academy of Sciences has the
largest number of collaborations for a total 39, with its largest colla-
borative partner institution being Beijing Normal University with col-
laboration on 5 publications (see Fig. 3-IN).

3.3. Journals, citations and keywords analysis

This section evaluates the publication outlets, i.e. journals that have
published the papers. This analysis provides an idea of the disciplines
that are most interested and generative of this topic. Citations help to
determine the level of connectedness of topics and papers. The citations
and co-citations analysis help to identify core topics in the field.
Keywords analysis can also help to identify core areas and topics and
other paper features in the field. For example, keyword analysis allows
for analysis of methods, relationships between topics, and research
fields.

3.3.1. Journals analysis
The selected 419 papers appeared in 114 different journals. The top

15 journals are summarized in Table 1. The top 15 journals account for
60% of the publications in this dataset. This distribution shows great
diversity in journals and disciplines. Among these journals, Ecological
Economics is the most popular journal with a total of 52 publications,
followed by Energy Policy (36 publications) and Environmental Science &
Technology (24 publications).

These top 15 journals are directly linked with resources and the
natural environment. Ecological Economics is concerned with extending
and integrating the study and management of nature's household
(ecology) and humankind’s household (economics). Specific research
areas mainly covered include: valuation of natural resources, sustain-
able agriculture and development, ecologically integrated technology,
integrated ecologic-economic modelling at scales from local to regional
to global. Energy Policy is an international journal addressing the policy
implications of energy supply and use from economic, social, planning
and environmental aspects. Topics of particular interests include energy
and environmental regulation, energy supply security, the quality and
efficiency of energy services. The objective of Environmental Science &
Technology is to analyze the major advances, trends, and challenges in
environmental science, technology, and policy for a diverse profes-
sional audience, and to promote interdisciplinary understanding in the
environmental field. Given these journal descriptions, it is not sur-
prising that this interdisciplinary topic appears in these journals.

3.3.2. Citation analysis
A total of 11,440 cited references appeared in the selected pub-

lications. The top 15 most cited references are shown in Table 2. In
order to analyze the co-citations relationships, a co-citation network,
with various clusters identified, is shown in Fig. 4. PageRank is also
presented in Table 2, which is helpful for identifying the core papers
within each cluster. The core paper topics help to further define the
cluster features.

Fig. 4 shows 3 distinct clusters from the co-citation network. Cluster
1 includes 20 papers and is greatly influenced by the scholar Yan YF
and his paper published in 2010 (with a PageRank of 0.1485). This
cluster mainly focuses on climate change, carbon leakage, input-output
analysis, structural decomposition analysis, and CO2 emissions. The
second cluster includes 16 papers and highlights multi-region input-
output models, carbon footprints, producer responsibility, consumer
responsibility, and ecological footprints. The lead publication in this
cluster is Wiedmann T’s paper published in 2010 (PageRank: 0.0575).
The third cluster includes virtual water, water management, water
policy, water use efficiency, globalization, and water footprints. Cluster
3 has 14 total publications with the most influential author and paper
being Yang H and his paper published in 2006 (PageRank: 0.0477).

3.3.3. Keywords analysis
A total of 892 keywords with 1714 occurrences appeared from the

419 selected papers. From these keywords, 77.6% appeared only once.
Only 2.4% of the keywords appeared more than 10 times each. Some
keywords may have similar ultimate meanings, such as “input-output
analysis” and “input-output”; these keywords are regarded as one
keyword. After this integration a total of 802 keywords with 1169 oc-
currences are used for further analysis.

Keywords information in one publication may include objectives,
methods, study areas, and purposes. Keywords are classified into these
four areas. Fig. 5 illustrates the main topics which are extracted from
keywords of the 419 selected publications.

The overall objectives are relevant to international trade. Topics
within this general objective by scholars include global trade, agri-
culture trade, energy trade and food trade levels. Embodied flows ty-
pically focused on either environmental or resources dimensions.
Environmental indicators typically include air emissions such as
carbon, methane, sulfur dioxide, mercury, ozone, or particulate matter
emissions (Caro et al., 2014; Davis et al., 2011; Deng et al., 2016; Li,
2016; Román et al., 2016; Zhang et al., 2017a). Embodied resources

Table 1
Top 15 journals from 1997 to 2016.

Journal Amount Percentage Impact factor
(based on
2017 year)

Ecological Economics 52 12.41% 2.965
Energy Policy 36 8.59% 4.14
Environmental Science &

Technology
24 5.73% 6.198

Environmental Research Letters 20 4.77% 4.134
Journal of Industrial Ecology 20 4.77% 4.123
Journal of Cleaner Production 18 4.30% 5.715
Energy Economics 12 2.86% 2.862
Economic Systems Research 11 2.63% 5.306
Hydrology and Earth System

Sciences
10 2.39% 4.437

Applied Energy 10 2.39% 7.182
Global Environmental Change 9 2.15% 6.327
Proceedings of The National

Academy of Sciences of The
United States of America

9 2.15% 9.661

Energy 8 1.91% 4.52
Climate Policy 7 1.67% 1.98
Water Resources Research 7 1.67% 4.397
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indicators include energy, virtual water, virtual land, materials, labor,
biodiversity and aggressive resources (total amount of biosphere work
used to generate products or services) (Bruckner et al., 2012;
Cortésborda et al., 2015; Geng et al., 2017; Hoekstra and Mekonnen,
2012; Lenzen et al., 2012; Qiang et al., 2013; Xu et al., 2009). The five
main embodied flow topics include embodied carbon emissions, em-
bodied water, embodied land, embodied energy and embodied pollu-
tion.

Scholars tend to study these embodied flows from two perspectives,
namely, consumption-based and production-based. Most recent studies
focused on consumption-based perspectives, whereas previously pro-
duction-based perspectives dominated. It has been argued that con-
sumption-based measurements are more effective for allocating re-
sponsibility from an equity viewpoint. A consumption-based
perspective has advantages of avoiding carbon leakage, increasing mi-
tigation options, encouraging environmental comparative advantage,
addressing competitiveness concerns, and inevitably speeding up
technology diffusion. However, embodied carbon emissions research
tended to focus on the production perspective rather than on the con-
sumption perspective. Scholars in this research sought to identify as-
pects of carbon leakage and carbon intensity. Embodied water research
also included two perspectives, namely, production (virtual water) and
consumption (water footprints). Embodied water research typically
utilized a blue water, directly from nature, and a green water, cleaned
human grey water, with a dichotomy perspective. Embodied water re-
search explored such diverse topics as water scarcity, water resources
management, water policy, water-energy nexus and water allocation.
With regard to land, embodied land, land footprints and virtual land
topics included two main perspectives, namely net primary production
and improvement of land use. In addition, embodied energy topics
primarily included energy consumption, intensity, security, and re-
covery. Fossil fuels and biofuels were two popular topics within energy.
Finally, embodied pollution had relatively fewer keyword occurrences.
Pollution keywords, such as air pollutants, particulate matters, methane
and sulfur dioxide, were the most popular pollution types. Besides the
main five embodied topics, embodied technology, nitrogen, biodi-
versity, and labor also appeared amongst popular keywords.

In terms of research methods, input-output analysis (IO analysis) is
the most popular method. IO analysis helps to identify inter-
dependencies between different countries and economic sectors based
on sectorial monetary transactions and physical data. This method can
identify both direct and indirect production and consumption en-
vironmental burdens (Leontief, 1936). It has been used to evaluate a
variety of flows in trade, including carbon emissions (Peters et al.,
2011), pollutant emissions (Zhang et al., 2017a), virtual water (Guan
and Hubacek, 2007), embodied materials (Bruckner et al., 2012), and
virtual land (Ali et al., 2016). Multi-Regional Input-output (MRIO)
analysis has received more attention than other types of IO analysis.
MRIO analysis is more popular when scholars focus on footprint ana-
lyses. MRIO’s major advantage is its ability tracing not only domestic
supply chains, but supply chains on a global level. It takes into account
varying resource intensities in different countries (Tukker and
Dietzenbacher, 2013). Further IO methods and analyses information
could be found in Tukker and Dietzenbacher (2013). Structural de-
composition analysis, material flow analysis, ecological footprint ana-
lysis, complex networks, life cycle assessment, emergy accounting,
uncertainty analysis, and cluster analysis are other major methods
utilized in the literature. Each method has its advantages and limita-
tions and is discussed in the relevant literatures (Hoekstra and Hung,
2005; Qiang et al., 2013; Steinberger et al., 2010; Kovanda and
Weinzettel, 2013; Wiedmann and Lenzen, 2007; Geng et al., 2017).

Regions and locations are also investigated with 27 regions studied.
China is the most frequently appearing keyword when it comes to lo-
cational or regional analysis; Europe is second. In addition, trade re-
lationships between nations have been investigated. China-US trade
and Japan-China trade dyadic relationships were the most popular.Ta
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These country relationship studies focused on trade and environment,
as well as sustainable development. Scholars investigated trade policy
alternatives for decreasing environmental and resources loss or impact
in these regions. Scholars also recommended directions for improving
resource efficiency and potential technological solutions, especially
those that conserve resources and mitigate environmental burdens.

In order to improve trade in the long run, prescriptive and pre-
dictive studies in this field also exist. Researchers have sought to de-
termine which factors contribute to various flows. These factors are
used to prepare more appropriate policies to help address resources and

environmental losses from trade. For instance, Wu et al. (2016) use
decomposition analysis to investigate carbon emissions exchange from
China-Japan trade and found that increasing trade volume induced the
increase of embodied emissions, while technological improvement de-
creased such embodied emissions. Tuninetti et al. (2016) evaluated
virtual water flows using a gravity-law model and found that popula-
tion, geographical distances between countries, and agricultural effi-
ciency (through fertilizers use) are major factors driving increases and
decreases in virtual water trade. Dittrich et al. (2012) uncovered that
resource amounts and population density are more relevant than per

Fig. 4. The cluster structure of the authors’ co-citation network.

Fig. 5. Research topics from keywords.
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capita income in determining the material physical trade balance based
on regression analysis. Guan et al. (2008) combined structural decom-
position analysis with input-output analysis to assess China’s CO2

emissions from 1980 to 2030 and predicted that production-related CO2

emissions are expected to increase by 300 percent by 2030 and found
that household consumption, capital investment and growth in exports
are key factors driving this CO2 emissions increase.

4. Discussions

The research on international trade has typically focused on eco-
nomic development and international financial and goods flows.
Globalization of commerce has caused even more emphasis on trade,
causing greater concerns with environmental burdens and resource
shifts. A major concern over the past couple decades has been the un-
balanced resources and environmental burdens caused by international
trade. The relationship between economy, resources and the environ-
ment has reached a critical point and for this reason the research in this
field has started to gain more attentions.

Broadly, economic production and consumption use natural mate-
rial and resource inputs. Environmental resources are currently highly
undervalued as there are often little or no costs attached to their con-
sumption. Given this undervaluation resources and environmental
goods consumption is exacerbated. This situation has caused greater
and more frequent global concerns related to resources depletion and
environmental burdens (Bruckner et al., 2012).

The impact of economic development and international trade on the
environment and its resources is clear. Alternatively the influence of
resources and the environment on economic systems is also profound.
For example climate change could change spatial distribution of eco-
nomic patterns. Some countries will become better suited for agri-
cultural production, while other countries’ agricultural production will
deteriorate. Thus, resource depletion and environmental shifts will in-
fluence one country’s comparative advantage and disrupt international
trade and economic patterns (Konar et al., 2013). Under such a cir-
cumstance, studies of embodied flows from international trade have
increased, aiming to identify the relationships between economy, re-
sources and the environment.

4.1. Typical countries

The analysis of the literature has resulted in a number of general
findings. International trade embodied flows studies have primarily
occurred within developed countries such as the USA, the Netherlands,
the United Kingdom and Norway. These countries are at the high end of
the national economic development, technological level and living
quality scales. Given their situations, these nations tend to pay more
attention on embodied flow research concerns, with a goal of improving
environmental quality.

Developing and undeveloped countries are less represented in this
research due to less economic development, environmental awareness,
poor living quality, and data and economic resources availability.
Within this general finding, China is one exception and has put more
emphasis on this topic. China has become one of the fastest growing
economies in the world. Currently, it may be at the early portions of the
“environmental Kuznets curve” (Stern et al., 1996) and may soon reach
the turning point causing it to further support study in this area. China’s
economic success has resulted in considerable improvements in peo-
ple’s quality of life. The country has realized that the economic
achievements have required significant natural resources inputs,
leading to serious environmental problems on both local and global
scales (Shapiro, 2016). Global impact of China’s environmental pro-
blems is evidenced since it has become the largest carbon emissions
emitter in the world due to its coal-dominated energy structure and
increasing exports (Peters et al., 2007). In addition, the co-occurrence
analysis between countries indicates that cooperation between

developed countries are frequent. Developing or underdeveloped
countries had few cooperation with developed countries except China,
implying that more cooperation should be encouraged between devel-
oped and developing countries so that environmental and resources
issues can be addressed at the global level.

4.2. Typical clusters

The co-citation and keywords analyses provide insights into the
major topics of focus in this area of research. The co-citation analysis
shows that three clusters were created. Two of them focused primarily
on embodied carbon in international trade, while the other cluster
tended to be more focused on water resources.

Carbon emissions are clearly related with global climate change,
one of the major topical areas of the first cluster. Research purports that
understanding production and consumption of materials and goods that
cause global climate change can be managed through international
trade. Embodied carbon accounting will aid in mitigation opportunities
by various nations, companies, and industrial supply chains. Cluster 1
seemed to focus on a standard specification and quantification of
carbon flows amongst a variety of countries, aiming to understand and
describe the general carbon embodiment and leakage situation. IO
analysis was the most prevalent approach to understand carbon flows.
Scholars also sought to determine what factors were driving the various
carbon flows between countries. Interestingly, a large fraction of papers
within this first cluster focused on China and its international trade
partners. Given that China is the largest emitter of carbon emissions, it
is not surprising that they are a focus of several studies.

Cluster 2 emphasized a more in-depth and nuanced set of studies.
For example, further refinement of IO analysis to a MRIO occurred in
this cluster. Also, in Cluster 2 a more consumption research perspective
emerged and dominated. Many of this research, as emphasized in the
earlier discussion of this section, aim to identify who should bear re-
sponsibility for the international trade influences on natural resources
and the environment (especially in carbon emissions). The focus on
footprint and responsibility analysis in these studies started the shift in
analysis to specific industries and goods manufacture, a more detailed
and disaggregated perspective. The research shows that the issue of
whether the focus of studies is on production or consumption of in-
ternational trade and embodied flows complicates the fundamental
question of where the responsibility lies for resources depletion and
environmental burden. A key finding from these studies is that devel-
oped countries benefit more from the resources and environment of
developing and underdeveloped countries from a consumption per-
spective. Thus, these findings would imply that developed countries
should take the lead on investing in technologies, practices, and policies
to aid developing and underdeveloped countries. Conclusions of the
consumption based studies indicate that the consuming countries
should increase their investments and support for mitigating the im-
pacts of international trade on resources and the environment, rather
than those producing countries. This more nuanced approach sought to
make progress on actions necessary to mitigate imbalances and poor
embodied flows management, a more prescriptive stance rather than
the descriptive perspective of Cluster 1.

Cluster 3 focused on embodied (or virtual) water flows in interna-
tional trade. In this cluster, both descriptive and prescriptive literatures
were evident. Essentially, this cluster was an integration of Clusters 1
and 2, but for water. Both a production and consumption perspective of
water was included. Water use efficiency and water management po-
licies and future practices were important. Water is a very significant
issue in many countries and was not necessarily tied to a particular
country, it is a truly global, but regionalized, concern that impacts
countries in varying ways. This cluster was a resource based concern
rather than an environmental concern.
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4.3. Typical keywords

The keywords analysis helps to identify some of the limitations of
the co-citation analysis in terms of coverage of topics. It also provides
insight into underrepresented topical areas for further investigation.
For example, energy, land, material, and other pollution embodiments
are not well represented in the clusters. These research study areas may
be more pronounced in the future, but may be at the whim of social
pressures, policy makers, and funding agencies or other stakeholders.

Research methods and accounting tools may also need further de-
velopment. At this time the IO Analysis tools seem to dominate meth-
odologically. IO analysis may require data that are easily available for
this type of analysis and thus is more popular. Also, given the economic
nature of these studies, economics based tools dominate. As the field
emerges, optimization, decision support tools, stochastic modelling,
and other statistical analysis tools may become more prevalent. From
an accounting perspective, emergent techniques like exergy and emergy
analysis may be promising approaches for standardized environmental
and resources accounting techniques. These research methodology tools
and their applications could provide additional insights.

5. Conclusions and directions for future research

International trade plays a key role in global shifts of resources and
environmental burdens between countries. Given the resources and
environmental burdens embodied within goods exchange between
countries, it is necessary for countries to identify trade patterns so that
more appropriate policy planning and implementation can be com-
pleted.

In this study, a systematic and comprehensive review on embodied
flows associated with international trade from both quantitative and
qualitative perspectives is presented. The Web-of-Science database was
used and only published peer reviewed journals appearing in this da-
tabase were used. The main results show that annual publication
quantity, the number of authors, average number of references per
paper, and number of studying this issue all show increasing trends
during the period 1997–2016.

Out of a total of 44 countries/regions, the USA, China, the
Netherlands, the United Kingdom and Norway were the top 5 countries.
The results show that most of the research was completed by developed
nations, with China being the only exception. Chinese universities were
also some of the most productive and collaborative. Hundreds of au-
thors from these countries have studied this issue with most coming
from ecological or environmental economics research backgrounds.

Three research clusters were determined through a co-citation
analysis. Two clusters mainly focused on climate change, carbon
leakage, input-output analysis, structural decomposition analysis, CO2

emission, and carbon footprints. The third cluster focused more on
water resources embodiment and trade.

From the analysis of the published research for the past two dec-
ades, some insights and future research directions about international
trade embodied flows have been identified. For example, research in a
number of environmental burdens and resources use still require fur-
ther investigations. Also, emergent methodologies can be further in-
vestigated. These issues were identified previously in our discussion.
Additional research, from the various directions have also been iden-
tified. Four of these major outstanding research concerns are now
summarized.

(1) Improving data availability. From present research can be noted
that developed countries have access to significant data resources.
Developing and undeveloped countries are lacking in available data
and information. Given the seriousness of environmental and re-
source problems in developing countries developing more reliable
and accurate databases, and accounting tools, is needed. Not only
are new databases required but maintenance of the trade and

embodied data is also important. For example, updating national IO
databases each five years and even longer for resources and en-
vironmental databases, makes it difficult for researchers and policy
makers to monitor the dynamic shifts and patterns. Although supra-
national governmental agencies can help in this effort, researchers
who develop and maintain databases should cooperate in their ef-
forts to maintain updated information and sharing of this in-
formation.

(2) \Improving methods standards. Given that these studies will play
an important role in potentially setting policy, having scientific and
replicable methods to investigate the many dimensions of this re-
search is necessary. Understanding and limiting the disadvantages
of different methods and standardizing results are important. For
example, integrating different methods taking advantage of each’s
complementary characteristics could improve understanding of the
field. Research on this area is needed, as are how to approach these
methodologies and understanding when they are appropriate and
when not appropriate.

(3) Exploring more useful indicators. The resources and environmental
features and dimensions can be quite diverse. Also resources and
environmental burden features and needs within various countries
or regions tend to differ. Exploring the development and selection
of indicators reflect the idiosyncrasies of various regions, while
maintaining consistency with sustainable development goals in
these areas, is needed. In this way more knowledge can be gained
using new indicators, in addition more specific location problems
could be solved.

(4) Defining sustainability limits and analyzing trade-offs. The identi-
fication of sustainability limits for each of the resource use cate-
gories is a key issue for further investigation when researching new
indicators. These targets need to be defined on a scientific basis.
Issues such as the maximum amount of biomass extraction from a
given area of crop lands and forests, or the maximum uptake of
fresh water, given the limited capacity for water renewal are ex-
amples. Only when boundaries for embodied flow categories are
known, can trade-offs between different options be properly eval-
uated. Having indicators that can standardize different types of
resources plus knowing sustainability limits for each of the cate-
gories, can further support trade-offs analysis. For example, higher
production of biofuels would likely decrease the abiotic resource
indicator (less fossil fuels) and, depending on the type of biofuels,
also the related GHG emissions. Alternatively, this would translate
into increased demand for land area and water. The set of indicators
and related limits can illustrate whether an improvement in one
category leads to an unsustainable situation in another category, or
may be a co-benefit.

This study provides helpful information for researchers and policy
makers who seek to further broadly understand embodied flows asso-
ciated with international trade. Overall, this is an emergent and ne-
cessary study area that needs to broaden its scope to more compre-
hensively address the world’s resource and environmental burden
limits. The complexity of this field will only increase as more research is
completed. This paper tries to clarify this complexity to make sense of
the field. Understanding how the field has evolved and where gaps and
opportunities exist, is important to further scientific and policy under-
standing.

Acknowledgments

This study is supported by the Natural Science Foundation of China
(71704104, 71690241, 71461137008, and 71325006), the
Fundamental Research Funds for the Central Universities through
Shanghai Jiao Tong University (16JCCS04), the Shanghai Municipal
Government (17XD1401800), and Yunnan Provincial Research
Academy of Environmental Science.

X. Tian et al. Resources, Conservation & Recycling 131 (2018) 148–157

156



References

Šubelj, L., Fiala, D., Bajec, M., 2014a. Network-based statistical comparison of citation
topology of bibliographic databases. Sci. Rep. 4, 6496.

Šubelj, L., Fiala, D., Bajec, M., 2014b. Network-based statistical comparison of citation
topology of bibliographic databases. Sci. Rep. 4, 6496.

Ali, T., Huang, J., Wang, J., Xie, W., 2016. Global footprints of water and land resources
through China’s food trade. Glob. Food Secur. 12, 139–145.

Boldi, P., Santini, M., Vigna, S., 2009. PageRank. ACM T. Inform. Syst. 27, 1–23.
Bornmann, L., Mutz, R., Hug, S.E., Daniel, H.D., 2011. A multilevel meta-analysis of

studies reporting correlations between the h index and 37 different h index variants.
J. Informetr. 5, 346–359.

Bruckner, M., Giljum, S., Lutz, C., Wiebe, K.S., 2012. Materials embodied in international
trade – global material extraction and consumption between 1995 and 2005. Global
Environ. Change 22, 568–576.

Bruckner, M., Fischer, G., Tramberend, S., Giljum, S., 2015. Measuring telecouplings in
the global land system: a review and comparative evaluation of land footprint ac-
counting methods. Ecol. Econ. 114, 11–21.

Caro, D., Lopresti, A., Davis, S.J., Bastianoni, S., Caldeira, K., 2014. CH4 and N2O emis-
sions embodied in international trade of meat. Environ. Res. Lett. 9, 1–13.

Chapagain, A.K., Hoekstra, A.Y., Savenije, H.H.G., 2005. Water saving through interna-
tional trade of agricultural products. Hydrol. Earth Syst. Sci. 10, 455–468.

Cortésborda, D., Guilléngosálbez, G., Jiménez, L., Lund, H., Kaiser, M.J., 2015.
Assessment of nuclear energy embodied in international trade following a world
multi-regional input-output approach. Energy 91, 91–101.

Davis, S.J., Peters, G.P., Caldeira, K., 2011. The supply chain of CO2 emissions. Proc. Natl.
Acad. Sci. U. S. A. 108, 18554–18559.

Deng, G., Ding, Y., Ren, S., 2016. The study on the air pollutants embodied in goods for
consumption and trade in China-accounting and structural decomposition analysis. J.
Clean. Prod. 135, 332–341.

Dittrich, M., Bringezu, S., Schütz, H., 2012. The physical dimension of international trade,
part 2: indirect global resource flows between 1962 and 2005. Ecol. Econ. 79, 32–43.

Everitt, B.S., Dunn, G., 2011. Cluster Analysis 14. Wiley, pp. 115–136.
Fahimnia, B., Tang, C.S., Davarzani, H., Sarkis, J., 2015. Quantitative models for mana-

ging supply chain risks: a review. Eur. J. Oper. Res. 247, 1–15.
Geng, Y., Tian, X., Sarkis, J., Ulgiati, S., 2017. China-USA trade: indicators for equitable

and environmentally balanced resource exchange. Ecol. Econ. 132, 245–254.
Giljum, S., Burger, E., Hinterberger, F., Lutter, S., Bruckner, M., 2011. A comprehensive

set of resource use indicators from the micro to the macro level. Resour. Conserv.
Recycl. 55, 300–308.

Guan, D., Hubacek, K., 2007. Assessment of regional trade and virtual water flows in
China. Ecol. Econ. 61, 159–170.

Guan, D., Hubacek, K., Weber, C.L., Peters, G.P., Reiner, D.M., 2008. The drivers of
Chinese CO2 emissions from 1980 to 2030. Glob. Environ. Change 18, 626–634.

Heymann, S., 2014. Gephi: Encyclopedia of Social Network Analysis and Mining.
Springer, New York, pp. 612–625.

Higgins, J.P., Green, S., 2009. Cochrane handbook for systematic reviews of interven-
tions. N.-S. Arch. Pharmacol. 5, 38.

Hirsch, J.E., Buelacasal, G., 2014. The meaning of the h-index. Int. J. Clin. Pharm. Ther.
14, 161–164.

Hoekstra, A.Y., Hung, P.Q., 2005. Globalisation of water resources: international virtual
water flows in relation to crop trade. Glob. Environ. Change 15, 45–56.

Hoekstra, A.Y., Mekonnen, M.M., 2012. The water footprint of humanity. Proc. Natl.
Acad. Sci. U. S. A. 109, 3232–3237.

Jayadevappa, R., Chhatre, S., 2000. International trade and environmental quality: a
survey. Ecol. Econ. 32, 175–194.

Jomo, K.S., Rudiger, A., 2009. Trade liberalization and economic development. Science
323, 211–212.

Konar, M., Hussein, Z., Hanasaki, N., Mauzerall, D.L., 2013. Virtual water trade flows and
savings under climate change. Hydrol. Earth Syst. Sci. 10, 67–101.

Kovanda, J., Weinzettel, J., 2013. The importance of raw material equivalents in
economy-wide material flow accounting and its policy dimension. Environ. Sci.
Policy 29, 71–80.

Lenzen, M., Moran, D., Kanemoto, K., Foran, B., Lobefaro, L., Geschke, A., 2012.
International trade drives biodiversity threats in developing nations. Nature 486,
109–112.

Leontief, W.W., 1936. Quantitative Input-Output Relations in the Economic System of the
United States. Review of Economics & Statistics. pp. pp. 188 105–125.

Li, J., 2016. An overview of mercury emissions by global fuel combustion: the impact of
international trade. Renew. Sust. Energy Rev. 65, 345–355.

Liu, X., Klemeš, J.J., Varbanov, P.S., Čuček, L., Qian, Y., 2016. Virtual carbon and water
flows embodied in international trade: a review on consumption-based analysis. J.
Clean. Prod. 146, 20–28.

Machado, G., Schaeffer, R., Worrell, E., 2001. Energy and carbon embodied in the in-
ternational trade of Brazil: an input–output approach. Ecol. Econ. 39, 409–424.

Moran, D.D., Lenzen, M., Kanemoto, K., Geschke, A., 2013. Does ecologically unequal
exchange occur? Ecol. Econ. 89, 177–186.

Persson, O., 1986. Online bibliometrics: a research tool for every man. Scientometrics 10,
69–75.

Peters, G.P., Weber, C.L., Guan, D., Hubacek, K., 2007. China’s growing CO2 emissions-a
race between increasing consumption and efficiency gains. Environ. Sci. Technol. 41,
5939–5944.

Peters, G.P., Minx, J.C., Weber, C.L., Edenhofer, O., 2011. Growth in emission transfers
via international trade from 1990 to 2008. Proc. Natl. Acad. Sci. U. S. A. 108,
8903–8908.

Qiang, W., Liu, A., Cheng, S., Kastner, T., Xie, G., 2013. Agricultural trade and virtual land
use: the case of China’s crop trade. Land Use Policy 33, 141–150.

Román, R., Cansino, J.M., Rueda-Cantuche, J.M., 2016. A multi-regional input-output
analysis of ozone precursor emissions embodied in Spanish international trade. J.
Clean. Prod. 137, 1382–1392.

Shapiro, J., 2016. Environmental degradation in China under Mao and today: a com-
parative reflection. Glob. Environ. 9, 440–457.

Steinberger, J.K., Krausmann, F., Eisenmenger, N., 2010. Global patterns of materials use:
a socioeconomic and geophysical analysis. Ecol. Econ. 69, 1148–1158.

Stern, D.I., Common, M.S., Barbier, E.B., 1996. Economic growth and environmental
degradation: the environmental Kuznets curve and sustainable development. World
Dev. 24, 1151–1160.

Tan, H., Sun, A., Lau, H., 2013. CO2 embodiment in China-Australia trade: the drivers and
implications. Energy Policy 61, 1212–1220.

Tukker, A., Dietzenbacher, E., 2013. Global multiregional input-output frameworks: an
introduction and outlook. Econ. Syst. Res. 25, 1–19.

Tuninetti, M., Tamea, S., Laio, F., Ridolfi, L., 2016. To trade or not to trade: link pre-
diction in the virtual water network. Adv. Water Resour. 1–10.

Vrabel, M., 2015. Preferred reporting items for systematic reviews and meta-analyses.
Oncol. Nurs. Forum 42, 552.

Wiedmann, T., Lenzen, M., 2007. On the conversion between local and global hectares in
ecological footprint analysis. Ecol. Econ. 60, 673–677.

Wiedmann, T., Lenzen, M., Turner, K., Barrett, J., 2007. Examining the global environ-
mental impact of regional consumption activities-Part 2: review of input-output
models for the assessment of environmental impacts embodied in trade. Ecol. Econ.
61, 15–26.

Wiedmann, T., 2009. A review of recent multi-region input-output models used for
consumption-based emission and resource accounting. Ecol. Econ. 69, 211–222.

Wolfe, A.W., 1994. Social network analysis: methods and applications by Stanley
Wasserman; Katherine Faust. Contemp. Sociol. 91, 219–220.

Wu, R., Geng, Y., Dong, H., Fujita, T., Tian, X., 2016. Changes of CO2 emissions embodied
in China-Japan trade: drivers and implications. J. Clean. Prod. 112, 4151–4158.

Xu, M., Williams, E., Allenby, B., 2009. Assessing environmental impacts embodied in
manufacturing and labor input for the China-US trade. Environ. Sci. Technol. 44,
567–573.

Yates, E.J., Dixon, L.C., 2015. PageRank as a method to rank biomedical literature by
importance. Source Code Biol. Med. 10, 16.

Zhang, Q., Jiang, X., Tong, D., Davis, S.J., Zhao, H., Geng, G., Feng, T., Zheng, B., Lu, Z.,
Streets, D.G., 2017a. Transboundary health impacts of transported global air pollu-
tion and international trade. Nature 543, 705.

Zhang, Z., Zhao, Y., Su, B., Zhang, Y., Wang, S., Liu, Y., Li, H., 2017b. Embodied carbon in
China’s foreign trade: an online SCI-E and SSCI based literature review. Renew. Sust.
Energy Rev. 68, 492–510.

Zheng, T., Wang, J., Wang, Q., Nie, C., Smale, N., Shi, Z., Wang, X., 2015. A bibliometric
analysis of industrial wastewater research: current trends and future prospects.
Scientometrics 105, 863–882.

X. Tian et al. Resources, Conservation & Recycling 131 (2018) 148–157

157

http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0005
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0005
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0010
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0010
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0015
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0015
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0020
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0025
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0025
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0025
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0030
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0030
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0030
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0035
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0035
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0035
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0040
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0040
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0045
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0045
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0050
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0050
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0050
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0055
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0055
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0060
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0060
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0060
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0065
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0065
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0070
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0075
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0075
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0080
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0080
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0085
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0085
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0085
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0090
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0090
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0095
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0095
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0100
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0100
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0105
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0105
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0110
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0110
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0115
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0115
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0120
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0120
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0125
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0125
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0130
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0130
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0135
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0135
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0140
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0140
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0140
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0145
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0145
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0145
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0150
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0150
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0155
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0155
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0160
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0160
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0160
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0165
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0165
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0170
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0170
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0175
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0175
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0180
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0180
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0180
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0185
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0185
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0185
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0190
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0190
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0195
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0195
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0195
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0200
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0200
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0205
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0205
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0210
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0210
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0210
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0215
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0215
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0220
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0220
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0225
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0225
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0230
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0230
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0235
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0235
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0240
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0240
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0240
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0240
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0245
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0245
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0250
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0250
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0255
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0255
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0260
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0260
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0260
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0265
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0265
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0270
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0270
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0270
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0275
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0275
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0275
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0280
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0280
http://refhub.elsevier.com/S0921-3449(18)30002-8/sbref0280

	Trends and features of embodied flows associated with international trade based on bibliometric analysis
	Introduction
	Methods, data collection and treatment
	Methods
	Data collection and treatment

	Results
	General performance of selected publications
	Country/region, author and institution influences
	Performance of countries/regions
	Performance of authors
	Academic institution performance

	Journals, citations and keywords analysis
	Journals analysis
	Citation analysis
	Keywords analysis


	Discussions
	Typical countries
	Typical clusters
	Typical keywords

	Conclusions and directions for future research
	Acknowledgments
	References




