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Resources and environment management have always been a research hotspot. In
the context of sustainable development and environmental governance, scholars and
policy makers have been increasing their research efforts on natural resource utilization
and its environmental impact. By using the Web of Science Core Collection database,
this article applies the bibliometric method to accomplish a systematic review about
studies on accounting and management of natural resource consumption based on
input-output method. The results indicate that both in terms of the quantity and quality
of academic achievements and international cooperation, China is in high academic
position and has made great contributions to the development in this research field.
While energy and water account for a large proportion of the study objects, more
attention is paid on the other kinds of natural resources, such as land, metal, and ocean.
International trade is an eternal hot topic in this field. With the continuous progress of
the multi-regional input-output model, the importance and feasibility in the analysis of
sub-national level or region in the global supply chain gradually emerged. Combining
input-output model with other methods can obtain more comprehensive and accurate
results for scientific decision-making. Meanwhile, the uncertainty and limitations inherent
in such models clearly need further attention.

Keywords: natural resource consumption, bibliometric analysis, co-occurrence network analysis, social network
analysis, input-output analysis

INTRODUCTION

Natural resources are the important material basis of social stability and economic development. In
recent decades, global resource extraction has risen to about 80-90 billion tons a year. Historical
trends suggest that this number could double to 190 billion tons a year by 2060 (International
Resource Panel, 2019). Resource consumption has brought unprecedented harm to the ecology
environment. Climate changes such as melting glaciers, water pollution and ecosystem degradation
have caused widespread concern about health and sustainable development (Lenzen et al., 2012).
This resource-intensive development route is causing a rethink.

In September 2015, the 193-member states of the United Nations put forward 17 Sustainable
Development Goals (SDGs) at the Sustainable Development Summit, aiming at completely solving
the development problems (United Nation-UN, 2015). In September 2020, President Xi announced
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China’s decision to become carbon neutral by 2060 at the
75th general debate of the United Nations General Assembly
(Xinhuanet.com, 2020). This is the first long-term climate goal
of China to limit carbon dioxide emissions to zero. That
means China is not only under pressure to transition to
a low-carbon energy system, but also need to use negative
emission technologies such as carbon capture utilization and
storage (CCUS) (Mallapaty, 2020). However, this systemic
shift has increased the demand for other types of resources,
such as copper and nickel (Li et al., 2020). This low-carbon
transition complicates the economic system’s demand for natural
resources, which in turn makes integrated management more
difficult. Globalization also leads to an increasing geospatial
separation of supply and demand (Wiedmann and Lenzen,
2018). Therefore, it is necessary to consider the relationship
systematically and comprehensively among natural resources,
economic development, and low-carbon transition.

Input-output analysis (IOA) is a top-down economic
technique developed by Leontief in the 1930s. It uses
departmental currency transaction data to explain the complex
interdependencies between different sectors of the economy
(Leontief, 1970; Munksgaard et al., 2005). Compared with
the bottom-up approach, this method can fully reflect the
economic exchanges between industries without arbitrary
boundaries (Suh et al, 2004; Lenzen, 2008). By calculating
direct and indirect impact, Input-output method captures
the environmental impacts generated over the entire supply
chain from the perspective of consumer or producer. This can
reflect the environmental impacts outsourcing through trade
(Wiedmann and Lenzen, 2018). Therefore, the research on
resource accounting and management based on Input-output
method is of great significance to sustainable development.
Because of the diversity of research perspective, scope and
methods, the results vary greatly.

Bibliometrics is a mature literature analysis and information
mining technology, which uses the law of research publication to
explore the research status and development history (Van Raan,
2005). Xie et al. (2018) used bibliometric analysis to characterize
the literatures related to Input-output analysis between 1990
and 2017, pointing out the most influential works and authors,
and the emerging studies. Hawkins et al. (2015) surveyed the
published articles regarding Environmentally Extended Input-
output (EEIO) analysis for China in peer-reviewed journals and
provided a quantitative overview of literatures. Zhong et al.
(2016) reviewed research progress on natural resource accounting
for the period of 1995-2014 through the methods of bibliometric
analysis and social network. Previous reviews have focused on
either method of Input-output or topic of resource consumption,
concentrating on the patterns of these articles rather than content
and conclusions. A comprehensive overview in natural resource
consumption and management based on Input-output method is
currently lacking. The evolution of both topic and methods needs
to be further analyzed.

This systematic literature review serves to investigate this
research gap by analyzing the research evolution of natural
resource consumption and management based on Input-output
method. It cannot only have a grasp of this field in terms of

structure, but also provide empirical evidence and theoretical
support for the recent resource management policies in terms
of content. The rest of the article is structured as follows.
Bibliometric analysis method and data are described in Part 2.
An in-depth review of the patterns in this field is given in Part 3.
Part 4 presents the discussion, while the conclusion drawn from
the study is provided in Part 5.

DATA AND METHODOLOGY
Methodology

Bibliometric analysis is a quantitative analysis method using
various external characteristics of academic publications (Van
Raan, 2005). Based on statistical and mathematical methods, this
method cannot only investigate the distribution characteristics
and numerical laws of the bottom layer, but also reveal research
hotspots and future trends (Du et al., 2015; Hu et al., 2015).
Bibliometrics has become an important basis and component
of library and information science. Meanwhile, word frequency
analysis, citation analysis, and occurrence analysis have been
widely used in empirical research (Hawkins et al., 2015; Zhong
et al,, 2016; Xie et al., 2018). Bibliographic coupling (Kessler,
1963) and co-citation analysis (Marshakova, 1973; Small, 1973)
are primary methods of probing the frontiers of research by
tracing their roots back several decades.

Bibliometric analysis can present the external characteristics
of academic achievements in the form of a knowledge graph.
According to different purposes, the items are selected from the
literature data as nodes on the knowledge graph, and the links
between the items are shown as edges (Van Eck and Waltman,
2014). In this paper, VOSviewer is selected as the visualization
software of the knowledge graph. In this software, items and links’
properties are described by the node weight and edge weight,
called weights and strength, respectively. By calculation, items
are grouped into different clusters, shown in the same color. In
general, the closer the items are, the more relevant they are.

In the co-authorship analysis, the links between nations,
institutions or authors represent the cooperative relationship,
while the link strength stands for the number of collaborative
publications. In co-citation analysis, the links between journals
or publications appear as the citation of the same literature, and
the link strength means the number of common citations. Links
between publications in bibliographic coupling analysis act for
the sharing of one or more citations, and link strength symbolizes
the number of shared references for both publications. In co-
occurrence analysis, the links between keywords denote the co-
occurrence of the keywords, and the link strength illustrates
the number of publications in which the keywords appear
simultaneously (Van Eck and Waltman, 2010).

Data Source

The aim of this article is to review the literatures of natural
resource consumption and management based on Input-output
method. Referring to the retrieval methods of existing articles,
the search criteria include three parts: resource type, Input-
output, and usage (Jin et al, 2019). The retrieval formula is
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[Topic = (“Input Output Analysis” OR “Input Output Model”
OR “Input Output Table” OR “Input Output Method” OR “Input
Output Framework” OR “IO analysis” OR “IO Model” OR “IO
table” OR “IO technique™ OR “IO framework” OR “IO method”)
AND Topic = (“fossil fuel*” OR “natural gas” OR coal OR
oil OR energy OR water OR freshwater OR wastewater OR
land OR wood OR biomass OR metal OR mineral OR material
OR “natural resource”) AND Topic = (footprint OR use OR
consumption OR withdrawal OR demand OR requirement OR
extraction)]. A total of 1,977 peer-reviewed articles in English
from 2000 to 2020 (as of July 9, 2020) were retrieved from the
Web of Science Core Collection (SCI-Expanded, CPCI-S, CCR-
Expanded, IC.). Articles that are not within the scope of this study
are excluded, such as those applied in control systems, inventory
management, biochemistry, computer science, oncology, etc.
Therefore, after data cleaning, 1,824 references were finally
determined. Each document contains information such as title,
author, organization, abstract, keywords, and citations.

Citation analysis is used to study the contributions of
countries, institutions, and authors and their ways of
cooperation. And the most influential authors, articles, and
mainstream journals in this field are explored by this method.
Keyword’s co-occurrence and bibliographic coupling analysis are
used to study the topic cluster composition and hot topics.

RESULTS

The Performances of Publications

It can be seen from Figure 1 that the distribution and variation
trend of 1,824 articles can be roughly divided into three stages.
There is an increase of papers published per year from two
articles in 2000 to 17 articles in 2004, with an average increase of
3.75 papers per year. From 2005 to 2014, the annual publication
fluctuated from 27 articles in 2005 to 103 articles in 2014, with an
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FIGURE 1 | The number of publications in this field from 2000 to 2019. ATP is
the annual total publication.

average yearly increase of 8.44. Since 2015, the annual publication
has multiplied to 277 articles in 2019, representing an average
increase of 33.25 articles per annum.

This is roughly in sync with the formulation of the global
climate-change governance system and SDGs. On June 4, 1992,
the United Nations Framework Convention on Climate Change
(UNFCCC) and the Convention on Biological Diversity (CBD)
were adopted in Rio de Janeiro, Brazil. After that, countries began
the practical exploration of market-based climate governance.
However, due to the shortcomings of market mechanisms such
as carbon trading, carbon compensation and carbon tax, negative
externalities of the environment caused new economic inequality,
ecosystem degradation, and human rights problems in the third-
world countries (Xie et al., 2014). In the 21st century, the rapidly
developing third-world countries have realized the importance of
ecology, environment, resources, and sustainable development.
In 2005, 142 countries and regions signed the Kyoto Protocol,
which identified the central issue of Burden Sharing. In addition,
a joint commitment to reduce greenhouse-gas emissions by 2020
is made (Kyoto Protocol, 2005). In September 2015, the member
states of the United Nations proposed 17 SDGs, aiming at solving
the development problems in the three dimensions of social,
economy and environment, and shifting to the path to sustainable
development. In December of that year, the Paris Agreement
was approved to further incentive each country to make more
efforts to reduce emissions through Opportunity Sharing. These
milestones bear witness to academic progress within the field.

The Contribution of Countries (regions)

Since 2000, scholars from 68 countries have made outstanding
contributions to the field over the past 20 years. Among them,
an in-depth analysis on 40 countries whose publication is no less
than five are carried out. A total of 222 partnerships have been
formed in these 40 countries, with the results shown in Figure 2
and Table 1.

Although China (853 articles, 17,491 citations) started
relatively late in this field, it has taken a global lead in the count
of publication and citations, much higher than the United States
(USA) (369 articles, 13,678 citations), the United Kingdom (UK)
(181 articles, 7,396 citations), Japan (150 articles, 4,541 citations),
and Australia (140 articles, 5,838 citations). However, Singapore
(21 articles, 1,478 citations) and Norway (84 articles, 5,024
citations) ranked high among the 40 countries with an average
of 70.38 citations per article and 59.81 citations per article.

Publications by authors from different countries can be
defined as international collaborative publications. The ratio
of the number of international collaborative publications to
the total number of publications by a country can reflect the
degree of international cooperation in this country. The ratios
of United Kingdom (0.66), Netherlands (0.75), Norway (0.71),
Germany (0.58), and Austria (0.85) are all greater than 0.5,
indicating that these countries are more likely to conduct research
in the form of international cooperation. It was followed by
United States (0.49) and Australia (0.46). Although China’s ratio
(0.28) is smaller than those of any of the above countries, the total
volume of collaborative publications is the highest in the world,
with 235 collaborative publications.
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FIGURE 3 | Bibliographic coupling of highly cited articles.

In the global cooperative relationship, China and
United States have the closest cooperative relationship in
this field with 124 articles published in collaboration, accounting
for 69.27% of the total in United States and 52.77% in China.

The number of cooperative articles between China and
United Kingdom came second, with 71 articles jointly published,
accounting for 5.90% of the total, 59.66% for United Kingdom
and 59.66% for China. After that, United Kingdom and
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United States jointly published 47 articles, accounting for 3.91%
of the total volume of articles published by 40 countries. China
has become an indispensable part of this field and is playing
an important role in promoting research progress in this field.
The performances of institutions and authors are shown in
Supplementary Material.

The Performances of Journals
The main carriers of academic achievements are articles and
journals. The 1,824 target papers are from 259 journals. Forty-
three journals with no less than five publications in 20 years are
analyzed in depth. The specific results are shown in Tables 2, 3.
There are 79.89% of the total papers in this field published
in 15 journals as shown in Table 2. And the citations of these
papers account for 87.80% of the total. The distribution of
high-level achievements in this field is relatively concentrated.
Ecological Economics (115 articles, 6,846 citations) is the most
influential journal with the most citations. Energy Policy (133
articles, 5,833 citations), Journal of Cleaner Production (290
articles and 5,490 citations), Applied Energy (115 articles, 3,822
citations), and Journal of Industrial Ecology (125 articles, 3,584
citations) followed closely. Among the 15 journals, The Global
Environmental Change with the highest impact factor (10
articles, 1,261 citations) ranked 9th in terms of publication.
Journals such as Environmental Science and Pollution Research
(26 articles, 78 citations), Environmental Pollution (5 articles,
76 citations), Earths Future (9 articles, 84 citations), and
Environmental Research Letters (18 articles, 612 citations) have
published more articles in recent years. This indicates that these

journals begin to pay more attention to this research field.
Journal of Cleaner Production (290 articles, 5,490 citations),
Science of the Total Environment (46 articles, 902 citations), and
Resources Conservation and Recycling (58 articles, 647 citations)
all have high publication and citation. And their year of average
publication is also recent. This shows that these three journals
not only have high influence, but also have been active in the
academic forefront.

The Characteristics of Publications

Among 1,824 selected articles, 211 articles have been cited more
than 60 times. The bibliographic coupling analysis was carried
out, and the evolution path of the topic was explored. The specific
results are shown in Supplementary Tables A, B.

The top 10 cited articles are mainly from countries such as
Australia, Norway, and China. “Growth in Emission Transfers
Via International Trade From 1990 to 2008” published in
Proceedings of the national academy of the united states of
America (PNAS) in 2011 has a great influence, with 655 citations
(Peters et al., 2011). This paper calculates trade-related carbon
emissions of 113 countries and regions between 1990 and 2008.
It was found that emission’s transfers through international trade
tended to exceed emission’s reductions by importing countries.
“The Material Footprint of Nations,” also from PNAS, ranked
second with a cumulative 468 citations (Wiedmann et al., 2013).
This paper focuses on natural resources, including fossil energy,
metal minerals, non-metallic minerals, and biomass energy.
And this paper conducts a quantitative analysis of the natural
resource footprint and its drivers in 186 countries in 2008 from a
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Publications
Keywords FP(%) © 22 44 67 89 111
Input-output analysis 728(19.25) |
Multi-regional input-output analysis 202(5.34)
China 160(4.23) -
Structural decomposition analysis 127(3.36)
Industrial ecology 106(2.80) —
Life cycle assessment ~ 81(2.14) -
Co2 emission  77(2.04)
International trade  77(2.01) -
Water footprint  66(1.75)
Carbon footprint  57(1.75)
Embodied energy 55(1.45) -
Virtual water  46(1.22)
Energy consumption  45(1.19) -
Environmental input-output analysis ~ 42(1.11)
Structural path analysis ~ 39(1.03) -
Sustainability  37(0.98)
Material flow analysis  35(0.93)
Ecological footprint  31(0.82)
Ecological network analysis  30(0.79) —
Consumption-based accounting  28(0.74) |
czogzsogEzgszoozonenze
S SSSSSISSSIIISSSIIISR
Year
FIGURE 5 | Frequency distribution of research topics. The color bar represents publications per year of keywords.

consumption-based perspective. The results show that the use of
non-domestic natural resources in developed countries is about
three times the volume of physical trade. A paper published in
the Global Environmental Change in 2013, “Affluence Drives the
Global Displacement of Land Use” ranked sixth with a cumulative
287 citations (Weinzettel et al., 2013). This paper tracks the land
and ocean footprints of 113 countries in the global supply chain
based on the GTAP database. It found that high-income countries
require more biologically productive land per capita than low-
income countries, with a one-third increase in a country’s land
and ocean footprint per capita for each doubling of per capita
income. The above three articles all carry out accounting analysis
on natural resource consumption and transfer embodied in
international trade from a global perspective, while other highly
cited literatures mainly focus on a single country.

Bibliographic coupling occurs when two documents share one
or more citations, indicating that the content expressed by these
documents is about the same topic (Boyack and Klavans, 2010).
The more references the two articles share, the more similar the
content will be. According to the differences in shared citations,
the 211 articles were divided into eight clusters (Figure 3).

According to the scope of research objects, eight clusters are
divided into two categories. One is the research on carbon
emissions from fossil fuel’s consumption; The other one is the
research on natural resources, including energy, water, and land.

Cluster 1, represented by Lenzen and Murray (2001); Hondo
(2005), and Guan et al. (2008) calculate and analyze the energy
and related carbon emissions embodied in international trade.
Since then, research has evolved in two directions. One is a
change of topic. Cluster 5, represented by Weber and Matthews
(2008); Baiocchi et al. (2010), and Liu et al. (2011), further
analyzes the impact of household consumption patterns on
carbon emissions from a micro perspective. Cluster 8 and Cluster
7 study the inter-sectoral economic dependence and vulnerability
to shocks among technical facilities from a macro perspective
through Input-output. The other one is a shift in methodology.
Cluster 3, represented by Tukker and Jansen (2006); Wiedmann
et al. (2011), and Genovese et al. (2017), started to compare
and analyze the carbon emission results related to energy
consumption calculated by top-down Input-output method and
bottom-up life cycle analysis, and built an improved integration
model from various aspects.
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TABLE 1 | Top 10 countries (regions) in cumulative publication.

Country TP (%) TC (%) Avg. pub. year Num. co-countries Num. co-publication (%) RA
China 853 (31.65%) 17491 (21.73%) 2016.73 31 235 (19.53%) 0.28
United States 369 (13.69%) 13678 (16.99%) 2014.33 32 179 (14.88) 0.49
United Kingdom 181 (6.72%) 7396 (9.19%) 2015.44 26 119 (9.89%) 0.66
Japan 150 (5.57%) 4541 (5.64%) 2014.05 17 55.5 (4.61%) 0.37
Australia 140 (5.19%) 5838 (7.25%) 2015.08 19 64.5 (5.36%) 0.46
Spain 110 (4.08%) 2672 (3.32%) 2014.40 21 39.5 (3.28%) 0.36
Netherlands 87 (3.23%) 3152 (3.92%) 2015.34 22 65.5 (5.44%) 0.75
Norway 84 (3.12%) 5024 (6.24%) 2014.63 18 60 (4.99%) 0.71
Germany 73 (2.71%) 3050 (3.79%) 2014.77 15 42.5 (3.53%) 0.58
Austria 67 (2.49%) 3179 (3.95%) 2014.55 18 57 (4.74%) 0.85

TP is the cumulative total publication,; TP% is the proportion of cumulative total publication; TC is the cumulative cited times; TC% is the proportion of cumulative citations;
Avg. pub. Year is the average publication year; Num. Co -countries is the number of cooperative countries; Num. Co-publication refers to the number of international

collaborative publications; RA is the ratio of the number of international collaborative publications in a country to its total number of publications, the same as below.

Around 2010, the research focuses gradually shifted from
the environmental impact to other kinds of natural resources
such as energy, water, land, and minerals, primarily represented
by literature such as Chen and Chen (2010); Chen and Zhang
(2010), and Bruckner et al. (2012). Since then, with the
improvement of the Multi-regional Input-output database, the
research mainly focuses on the consumption and management
of natural resources in countries and even cities from the
perspective of the global supply chain.

The Features of Keywords

Keywords are the epitome of the article, which can let readers
understand the key content of article in a short time (Xia et al.,
2017). There were 3,879 keywords in 1,824 articles. In order
to increase the effectiveness of keyword analysis, this paper

TABLE 2 | Top 15 cited journals.

Journal name IF (2019) TP (%) TC (%) TC/TP
Ecological Economics 4.482 115 (7.61) 6846 (15.47) 59.53
Energy Policy 5.042 133 (8.80) 5833 (13.18) 43.86
Journal of Cleaner Production 7.246 290 (19.18) 5490 (12.41) 18.93
Applied Energy 8.848 115 (7.61) 3822 (8.66) 33.32
Journal of Industrial Ecology 6.539 125 (8.27) 3584 (8.10) 28.67
Environmental Science and 7.864 69 (4.56) 3298 (7.45) 47.80
Technology

Energy 6.082 72 (4.76) 2081 (4.70) 28.90
Proceedings of the National 9.412 5(0.33) 1364 (3.08) 272.80
Academy of Sciences of the

United States of America

Global Environmental Change 10.466 10 (0.66) 1261 (2.85) 126.10
Ecological Modelling 2.497 33 (2.18) 1092 (2.47)  338.09
Ecological Indicators 4.229 38 (2.51) 1080 (2.44) 28.42
Science of the Total 6.551 46 (3.04) 902 (2.04) 19.61
Environment

International Journal of Life 4.307 27 (1.79) 850 (1.92) 31.48
Cycle Assessment

Resources Conservation and 8.086 58 (3.84) 647 (1.46) 11.16
Recycling

Sustainability 2.576 72 (4.76) 644 (1.46)  8.94

first preprocesses the original data and unifies the keywords
with similar meanings into one expression form. For example,
Input-output analysis is used to represent Input-output models,
Input-output modeling, and other similarly keywords. After
that, 195 keywords that appeared no less than five times were
analyzed deeply.

From the perspective of occurrence frequency, there is no
doubt that “Input-output analysis” is the keyword with the
most occurrences (Figures 4, 5). “Multi-regional Input-output
analysis” and “China” ranked second and third, respectively. The
current research in this field has turned to the discussion of
interregional issues, and the research object has been inclined
to China. “Structural decomposition analysis” and “Life cycle
assessment” rank fourth and sixth, respectively. It shows that
many articles in this field combine the above two methods with
Input-output. Table 4 shows the 20 most-recent keywords in
terms of publication per annum. Energy-water nexus, energy
transition and trade inequality have gradually become hot
topics. System optimization, driver factors analysis and complex

TABLE 3 | The top 10 journals with more recent publication years on average.

Journal name IF (2019) TP (%) TC (%) Avg. citations
Environmental Science and  3.056 26 (1.72) 78 (0.18) 3.00
Pollution Research

Environmental Pollution 6.792 5 (0.33) 76 (0.17) 156.20
Sustainable Production and  3.660 5(0.33) 10 (0.02) 2.00
Consumption

Earths Future 6.141 9 (0.60) 84 (0.19) 9.33
Fresenius Environmental 0.553 8 (0.53) 20 (0.05) 2.50
Bulletin

Science of the Total 6.551 46 (3.04) 902 (2.04) 19.61
Environment

Journal of Cleaner 7.246 290 (19.18) 5490 (12.41) 18.93
Production

Sustainability 2.576 72 (4.76) 644 (1.46) 8.94
Resources Conservation 8.086 58 (3.84) 647 (1.46) 11.16
and Recycling

Environmental Research 6.096 18 (1.19) 612 (1.38) 34.00
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TABLE 4 | Research frontier distribution.

Keywords FP (%) Avg. pub. year Keywords FP (%) Avg. pub. year
LMDI 7 (0.19%) 2018.57 Final demand 7 (0.19%) 2018.14
Energy-water nexus 10 (0.26%) 2018.40 Construction sector 8(0.21%) 2018.13
Driving factors 5(0.13%) 2018.40 Guangdong province 6 (0.16%) 2018.00
Energy conservation 5(0.13%) 2018.40 Optimization 6 (0.16%) 2018.00
Energy transition 5(0.13%) 2018.40 Production-based emissions 6 (0.16%) 2018.00
SO, emissions 5(0.13%) 2018.40 Carbon footprints 5(0.13%) 2018.00
Water-energy nexus 14 (0.37%) 2018.21 Urban agglomeration 7 (0.19%) 2017.86
Interprovincial trade 5(0.13%) 2018.20 Complex network 12 (0.32%) 2017.83
Linkage analysis 5(0.13%) 2018.20 Consumption-based emissions 13 (0.34%) 2017.69
Trade imbalance 6 (0.16%) 2018.17 Gray water footprint 5(0.13%) 2017.60

networks are the new research methods in this field. However,
the frequencies of occurrence and co-occurrence of the above
keywords are still small, indicating that there are still large
academic gaps worth studying.

Through the classification of the meanings of keywords, it
is found that among 195 keywords, 48 keywords were research
objects, and 57 keywords were research methods, while the
remaining 92 keywords included research background and
other expressions.

The object includes a single kind of resources and resource
nexus. In terms of a single type of resources, the pollutants
emitted by fossil energy consumption have been studied the
most, among which carbon dioxide emission and sulfur dioxide
emission had a larger proportion of single pollutant types.
Then there is the study of primary energy and renewable-
energy consumption, in which coal, electricity, and biomass
energy subcategories are studied more. The next is the study
of water, which gray water footprint and water pollution
research more. More and more attention has been paid in the
study on the consumption of land metals and other materials.
The other type of research focuses on the nexus of multiple
resources, which is mainly energy-water nexus, water-energy
nexus, and energy-water-food nexus at present. The essential
metaphor of these nexuses is the synergy between them. The
implementation of single resource-saving actions in resource-
intensive industries would effectively promote the synergistic
other resource-conservation effects (Bleischwitz et al., 2018;
Tang et al., 2018).

In terms of research methods, Input-output analysis extends
and refines the model itself, such as Multi-Region Input-output
model, Physical Input-output model, and other Extended Input-
output. On the other hand, it is actively applied in combination
with other models, such as hybrid life cycle analysis and
economy-wide material flow analysis. In addition, structural
decomposition analysis (SDA), structural path analysis (SPA),
network analysis, data envelopment analysis (DEA), computable
general equilibrium (CGE), and multi-objective optimization
methods are also widely used in this field.

In other aspects, there are many case studies in China,
Australia, South Korea, and other countries, including cities and
city agglomeration. The construction industry, electric vehicle
and electric power industry are also highly focused. International
trade, inter-provincial trade, global supply chain, climate change,

sustainable development, industrial structure reform, and energy
transition are the frequent research background.

DISCUSSION

Improvement of Research Method

The uncertainty of Input-output analysis has been mentioned
many times in the selected articles. First, the Input-output
model itself has many uncertainties and limitations, including the
process of data investigation, model coordination and balance,
and the assumption of departmental homogeneity in order to
maintain the stability of technical and economic links between
departments (Hawkins et al., 2007; Lenzen, 2008; Weber, 2008).
Secondly, the single regional Input-output model assumes that
the production technologies of imported goods and services
are the same as those of the economy surveyed. However, this
assumption is not consistent with reality. In order to reduce the
uncertainty caused by this assumption, the multi-regional Input-
output model is built with other uncertainties, such as the sectoral
division system of multiple regions, the currency exchange rate,
and the treatment of other regions in the world (Weber, 2008).
At the same time, Input-output tables from different scientific
research institutions and databases also have different results
due to different data sources and calculation methods (Hoekstra
et al., 2014). So, the uncertainty and limitations inherent in
such models clearly need further attention from the research
community, which needs to improve the availability and quality
of data. There is also a need for more in-depth evaluation of the
data results and model programming estimates for each country
(Wiedmann, 2009; Tukker et al., 2018).

Jumping out of the Input-output model itself, it is found
that Input-output model is widely combined with others to
establish an integrated model. In the process of accounting, it
can be found that Input-output is often combined with life
cycle analysis (LCA) or material flow analysis (MFA). Different
from the top-down macroscopical characteristics of Input-output
method, life cycle evaluation can provide microscopic data with
the bottom-up paradigm, while material flow analysis can track
the flow and stock of materials, which are complementary
to Input-output method from distinct perspectives (Hertwich
et al., 2000; Ayres and Ayres, 2002; Fischer-Kowalski et al.,
2011; Beylot et al., 2020). Nevertheless, due to the initial “pure
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sector” hypothesis of Input-Output model, the data collected
through LCA or MFA must be merged into the unified sector
(Sleeswijk et al., 2008; Kondo et al., 2012; Wang et al., 2021).
In the aspect of driving factor analysis, structural decomposition
method (SDA) and LMDI and measurement methods are used in
some researches. However, in the decomposition process, SDA
will produce a non-unique problem of decomposition results,
leading to great differences among the decomposition results
and reducing the accuracy and reliability of the conclusions
(Peters et al., 2007; Guan et al, 2008; Lenzeiy et al, 2012;
Liang et al., 2013). LMDI can overcome the cross-term problem,
but it cannot analyze the resource consumption effect related
to trading or demand. Therefore, some articles combine SDA
and LMDI to analyze the driving factors (Wang and Yang,
2015; Romén-Collado and Colinet, 2018). Most researches adopt
structural path analysis (SPA) and network analysis. SPA is
a step-by-step path analysis method, which can decompose
the effect to each production layer from the perspective of
consumption along the supply chain (Hong et al, 2016). In
network analysis, the connection between individuals can be
expressed through the set of nodes and edges. Compared with
SPA, network analysis theory can capture the information of
the transmission sectors in the supply chain (Liang et al., 2017).
Therefore, some articles combine SPA and network analysis
methods to analyze the path of resource consumption in the
supply chain (Feng et al., 2019). In the aspect of natural resource
management, Input-output model is also combined with multi-
objective optimization, data envelopment analysis, computable
general equilibrium model and other methods to explore the
integrated management mode and path (Jin et al., 2017; Tang
et al., 2018). In addition, there are also literatures that combine
Input-output with GIS for spatial analysis, system dynamics for
dynamic simulation, etc.

Limitation and Future Work

Since this paper only selects the Web of Science Core Collection
as the basic database, and the research scope is limited to the
peer-reviewed English journal articles related to the search terms,
the coverage of selected literature is incomplete. At the same
time, in the process of citation analysis, co-authorship analysis,
bibliographic coupling analysis and keyword co-occurrence
analysis, initial thresholds are set on the research objects. And
some researches with novel topics but few publications are also
kicked out of the research scope. Moreover, due to the time lag in
the creation, publication, and citation of academic achievements,
there should be a delay in the definition of academic hot topics in
this paper. Bibliometrics analysis mainly uses the external feature
information of the article to carry out structural analysis. It would
be better to combine the method of meta-analysis to further
analyze the specific data results of resource consumption from
various analytical perspectives.

CONCLUSION

This study provides a review of current developments and hot
topics about natural resource consumption and environment
management based on Input-output research. Word frequency

analysis, bibliographic coupling, and co-citation analysis
are conducted to discover the evolution pattern of the
research frontiers.

The results show that academic research in this field is
increasing rapidly due to the ever-growing focus on sustainable
development. While China is playing the role of the world’s
manufacturer, its demand for natural resources is soaring both
at home and abroad. Although China started later, it has taken
a global lead in citations and international cooperation. The
distribution of high-level achievements in this field is relatively
concentrated. Journals like Ecological Economics, Energy Policy,
Journal of Cleaner Production, Science of the Total Environment,
and Resources Conservation and Recycling are mainstream
journals, from which is easier to track the academic frontiers.
Depending on the topic, the literatures can be divided into two
categories. One is the research on pollutant emissions related
to fossil fuel's consumption. The other one is the research
on natural resources, including energy, water, and land. With
the development of the Multi-regional Input-output database,
the research topic is gradually focusing on the sub-national
and regional natural resources consumption accounting and
management in the global supply chain. Methods such as LCA,
MFA, SDA, SPA, network analysis, DEA, CGE and multi-
objective optimization are also widely used in this field, which are
combined with Input-output. The integration of these methods
can obtain more comprehensive and accurate results for scientific
decision-making.
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