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ABSTRACT ARTICLE HISTORY
There is a growing body of economic literature focusing on the Received 3 July 2021
negative health effect of air pollution. This paper performs a data-  Accepted 16 December 2021

driven analysis of 844 economic publications on air pollution and
health in the last three decades. We provide a novel way to visu-
alize the research patterns and features, including the numerical
analysis, collaboration network analysis at macro-meso-micro lev-
els, keyword co-occurrence network analysis, and co-citation con-
nection analysis. Additionally, the comparison with the topic JEL CODES
dendrogram in environmental science is supplemented to seek Q530; 1150
the potential research direction. The results reveal that the entire

field is now experiencing the rapid development. United States

has not only published the largest number of articles, but has

also established the most extensive collaborations with other

countries. Besides, there have developed a couple of stable

cooperative teams consisting of the leading authors. Research

topics are gradually leaning toward the developing countries, and

research contents are turning to psychological health. More types

of air pollutants are worthy of analysis in the future.
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1. Introduction

As air pollution has become one of the most important issues worldwide, its impact
on public health has also received extensive attention for a long time. Both short-
term and long-term exposure to air pollution will lead to a series of respiratory and
cardiovascular diseases (Gotschi et al., 2008; Horne et al., 2018; Rajagopalan et al.,
2018), and even interfere in the functioning of the reproductive system and endocrine
system (Iavicoli et al., 2009; Mohallem et al., 2005).
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The link from air pollution to health in the field of economics has also been inves-
tigated in many studies. The contents of this area show the diversified characteristics
from multiple aspects. On the one hand, the types of air pollutants discussed include
particulate matters (PM2.5 or PM10), SO2, NO2, CO, ozone, and greenhouse gas
emission (like CO2) (Currie & Walker, 2011; Ebenstein et al., 2016). Besides the out-
door ambient quality, the indoor air pollution generated by biomass fuels combustion
is also widely studied (Grieshop et al., 2011; Jeuland et al., 2015a). On the other
hand, the casual studies cover a various of health effects, such as infant health
(Currie, 2011), mortality, life expectancy (Chen et al., 2013), respiratory diseases like
asthma, and cardiovascular diseases (Schlenker & Walker, 2016). In addition, the
studies tend to extend the health impact to the psychological level, like happiness, life
satisfaction, crime, judgement and productivity. Meanwhile, more analysis has been
transferred from developed countries to developing countries, like China and India
(Greenstone & Hanna, 2014; Schreifels et al., 2012).

Literature review provides a comprehensive elaboration of the current research, play-
ing a significant role in understanding the performance and frontiers of the development
in the field. It not only helps the senior experts to recognize the latest evolution, but also
enables the newcomers to quickly grasp the structure and features of the existing scien-
tific articles (Randolph, 2009). The traditional review summarizes and evaluates the ideas
of the representative publications refined and sorted out by authors themselves (Xie
et al, 2020), making each review have its own focus. For example, Currie et al. (2014)
review the literature associated with both short and long term effects of early-childhood
exposure to pollution. Greenstone and Jack (2015) are concerned with the low marginal
willingness to pay for environmental quality in developing countries and review the lit-
erature for explanations. Jeuland et al. (2015b) review the problem of household air pol-
lution. In addition, due to the inherent incompleteness of the literature collection
process, the review performed in the traditional way is likely to be partially biased
according to the author’s personal background and profession.

In this paper, we provide a novel way based on the data-driven analysis, namely
bibliometric analysis, intuitively visualising the patterns of the economic publications
in the air pollution-health area. Compared with the traditional review, bibliometric
analysis has the rather advantageous characteristics: Numerical analysis, which inte-
grates the bibliographic information and provides the ranking information from the
aspects of authors, journals, cited references, institution, and country; Collaboration
network analysis, helps to figure out the international cooperation at national, institu-
tional and author levels; Keyword co-occurrence analysis, along with the clustering
technique, indicates the hotspots and frontiers; Co-cited networks at documents and
authors present the leading experts and highly cited papers on various topics; Topic
dendrogram maps the overall analytical framework in the field.

Bibliometric method has also been used in economics, like Lin and Su (2020),
Costa et al. (2019), and Benavides-Velasco et al. (2013). However, there are few
efforts on air pollution and health, which is growing popular in environmental eco-
nomics. Through a set of the analysis procedures, the major contribution of our
paper is to explore the global performance, research trends, hotspots and frontiers in
the economic studies linking from air pollution to health.
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The remainder of the paper is laid out as follows: Section 2 describes the biblio-
graphic data collection process. Section 3 provides the necessary introduction of the
methods and softwares we adopt for the bibliometric analysis. Section 4 explains the
visualization results comprehensively, including the numerical outputs at journal
and country level, collaboration network at macro-meso-micro levels, keyword co-
occurrence network, co-citation network of documents and authors, and comparison
of the topic dendrogram between economics and environmental science. Section
5 concludes.

2. Data

We collect the bibliographic data from Web of Science (WOS) core collection, that
consists of more than 21,100 high-quality peer-reviewed academic journals and covers
over 250 disciplines involving science, social sciences, art and humanities." WOS core
collection also provides a comprehensive “cover to cover” indexed records, including
each paper’s authors, affiliation, country, keywords (or keywords plus), field, and full
reference, which allows us to conduct an in-depth analysis of cooperation network,
keywords co-occurrence and co-cited connections.” In this background, we tailor the
searching under its advanced search setting tool.

As shown in Figure 1, the search query is formulated to connect the two parts of
the topics (TS), “air pollution” and “health”, using the basic Boolean operator
“AND”. For the “air pollution” part, besides the basic expression, a variety of specific
pollutants, like PM2.5, PM10, NO2, SO2, ozone and lead, are also incorporated
through the basic operator “OR”.> Moreover, topics with “health”, “mortality” or
“disease” are added to filter out the “health” related literature. Finally, we obtain 844
English academic publications (articles or reviews) in economic field over the period
from 1990 to 2020. The following bibliometric analysis will be conducted based on
those derived full records and cited reference.

3. Methodology and software
3.1. Methodology

This paper aims to present a bibliometric analysis of economic research structure
about “air pollution” and “health” in the last three decades. The main methodology
consists of five parts: Numerical analysis, that shows the publication trends, the lead-
ing journals and the most productive countries, as well as their respective total local
citation scores (TLCS) and total global citation scores (TGCS); Collaboration network
analysis, that visualizes the co-authorship networks at macro (national), meso (institu-
tional), and micro (author) levels; Keyword co-occurrence networks, along with clus-
tering map and citation burst, are used to demonstrate the knowledge connections
among research contents, and detect the paradigm and hotspots in the current field;
Co-citation studies include both document and author co-citation networks, help to
explore the key citing articles, the highly cited papers, the authoritative scholars, and
the research trend; Comparison with the topic dendrogram in Environmental Science,
which is the most productive category in “air pollution” and “health”, could be seen
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Notes: The technology roadmap outlines the entire analysis procedure of this article, including data
collection, bibliometric analysis, and conclusion.

Figure 1. The technology roadmap.
Source: Authors.

as the future evolution direction, providing the scientific basis and new ideas for the
economic research.

Through a set of bibliometric analysis mentioned above, we can comprehensively
get knowledge of the structure and frontiers in the existing literature. The work not
only helps such new scholars, who enter the field for the first time, to quickly grasp
the historical development of the topic, but also helps the senior experts to explore
the cutting-edge hotspots and generate new ideas.

3.2. Software

In recent years, a series of bibliometric analysis methods, characterized by text mining
and visualization, have been widely used to explore the structures and trends of a cer-
tain research field. Among them, CiteSpace (5.8.R2 version), developed by Chaomei
Chen in the College of Computing and Informatics at Drexel University, and
VOSviewer, developed at Leiden University’s Centre for Science and Technology
Studies (CWTS), are the two most popular tools (Pan et al., 2018). Both of them can
intuitively visualize the development status and evolution trends in scientistic publica-
tions. In this paper, we combine the advantages of their respective map features and
draw a set of the collaboration, co-occurrence, and co-citation network graphs which
are discussed in the results section.

In addition, we also adopt HistCite software, whose main function is its statistical
analysis of the WOS database. Specifically, HistCite can clearly show the yearly output
trend, and quickly list the important documents, the academic experts, the key jour-
nals, and the productive countries according to the records and citation scores
(Lucio-Arias & Leydesdorff, 2008). Besides the main methods introduced above, the
Bibliometrix tool is also supplemented in this article for visualizing the topic
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dendrogram. It is a newly developed R language toolkit for comprehensive science
mapping analysis (Aria & Cuccurullo, 2017), that supports the study of authors
including the affiliations and the countries, documents including the cited references
and the keywords, conceptual structure, intellectual structure, and social structure.
The following part of this paper will move on to describe in greater detail the settings
and applications of the tools listed above.

4, Results

As shown in Figure 1, the total 844 academic publications including the full records
and cited references have till now been collected through the advanced search set
under the WOS core collection. Then, we will explain the bibliometric results pro-
duced during the aforementioned research process, mapping the global performance
and research fronts of the economic literature on air pollution-health area.

4.1. Numerical analysis

We first conduct the numerical analysis mainly through the HistCite software, where
the documentation records, TLCS and TGCS are extracted for summarizing the statis-
tics of the yearly output, journals and countries. TLCS is the number of times of one
article that has been cited by the references in the local field which are the set we col-
lected related to “air pollution” and “health”. TGCS is the frequency of one article
that has been cited by the set in the whole WOS (Chen et al,, 2017). The former
explains more about its popularity in the economic field, while the other highlights
its influence in the entire scientific field.

4.1.1. Yearly output

The development of the economic research on “air pollution” and “health” has been
shown in Figure 2, revealing that the number of publications experienced a significant
increase from 1990 to 2020. Intuitively, the overall trend could be divided into
three phases:

(1) Early stage (1990 to 2002): The annual number of publications is under 10.
During that time, the health impact of air pollution had begun to be discussed by a
few of scholars in the field of economics. However, limited by the data on air pollu-
tants and health statistics, many studies could not be carried out in large numbers
nor in great depth. Thus, the development of the documents is relatively slow, and
the influence is also small with both low levels of TLCS and TGCS.

(2) Steady development (2003 to 2016): At this stage, except for some fluctuations,
both the number of publications and citations (TLCS and TGCS) have steadily
improved to a certain extent compared with those in the last phrase. The number of
articles has increased by an average of 18.64% each year. In addition, after a period
of accumulation, the air pollution-health topic tends to be mature. Many influential
scholars gradually emerge in the field, like Muller NZ, Neidell M, Currie J,
Greenstone M, Jones BA, Krupnick A, Brajer V, Zivin JG and so on. It is noted that
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Figure 2. The number of articles published each year.
Source: Authors.

there are clearly citation bursts in 2004, 2009, and 2011, mainly because of the
appearance of several highly cited articles (will be discussed later).

(3) High growth (2017 to present): Since 2017, there has been a rapid growth in
the economic studies of air pollution and health. In 2020, 107 articles were published
which are 35 times as many as that in 1990, and 4 times that in 2010. However,
when looking at the TLCS and TGCS, the influential literature with high citations has
constantly decreased due to the insufficient time accumulation and the lack of in-
depth explorations.

4.1.2. Journals

We present the most active journals in Figure 3 from three aspects: the ten most-
published journals, the ten journals with the largest-TLCS, and the ten journals with
the largest-TGCS. It can be seen that Energy Policy published the most literature
(135 publications) related to “air pollution” and “health” in the last three decades, fol-
lowed by Ecological Economics (57 publications), Journal of Environmental
Economics and Management (57 publications), and Environmental and Resource
Economics (48 publications). Others have 30 or fewer papers in this field.

When looking at the TGCS shown in Panel (b) of Figure 3, it is not surprising
that Energy Policy has the most significant number of citations in the entire scientific
area because of its quantity advantage. In Panel (c), Journal of Environmental
Economics and Management has the largest TLCS, in which the articles like Zivin
and Neidell (2009) and Muller and Mendelsohn (2007) have strong citations.
Although The Quarterly Journal of Economics has only 2 relevant publications
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Figure 3. The top ten active journals.
Source: Authors.

ranked outside the top ten and not shown in Figure 3, it is also one of the most
influential journals in the local field, ranking second in TLCS, mainly due to the high
popularity of its two articles, Chay and Greenstone (2003) and Currie and Neidell
(2005). A similar situation also occurs in Journal of Health Economics and The
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American Economic Review, which published relatively fewer papers related to our
target topic but those papers have strong citations, such as Currie et al. (2009),
Neidell (2004), Graff Zivin and Neidell (2012), and Muller and Mendelsohn (2009).

4.1.3. Countries

Table 1 lists the top ten productive countries according to the number of publications
on “air pollution” and “health” in the economic field over the period from 1990 to
2020. It can be seen that United States published the largest amount of papers regard-
ing the related topic with the number of 419 in total. Besides, United States likewise
plays a dominant role among all countries with the largest TLCS and TGCS. PR.
China also has a relatively large number of articles, ranking second in both numbers
and citations. With the intensification of local air pollution problems, the Chinese
scholars have carried out a lot of relevant economic research in recent ten years.
Other countries like United Kingdom, which has 74 papers, followed by Germany,
Canada, France, Australia, Spain, Netherlands and India, having papers ranging from
41 to 19.

4.1.4. Three-fields plot

We also draw the three-fields plot (Figure 4) regarding keywords, authors and refer-
ences with 25 items for each field, intuitively virtualizing the main structure and fea-
tures related to air pollution-health research in the field of economics. It is important
to note that this picture is drawn based on the keywords in the middle area, where
the height of blocks represents the number of articles including that keyword, sug-
gesting that the higher the block is, the hotter it has been studied. The left field dem-
onstrates the leading authors whose papers contain that keyword, and the right field
lists the corresponding most cited papers. The connecting lines help to identify the
internal connections among those three fields.

It is evident that, except for the general keywords of “pollution” and “health”, the
main topics include “China”, “mortality”, “infant health”, “particulate matter”,
“environmental policy”, “human capital”, “externalities” and “indoor air pollution”,
representing the hottest topics in this area. Furthermore, according to the connection
line to the relevant authors on the left side, we can find and list the leading authors
related to each topic. For example, Aunan K, Krupnick A, Brajer V, Zheng SQ, Kahn
ME, Zhang X, and He LY are most interested in the topic of air pollution in China;
Currie ], Jones BA, Neidell M and Muller NZ focus on mortality; Currie J, Jones BA,
Burtraw D, and Neidell M also put more efforts into infant health; Muller NZ carries
out the research based on the particulate matter; Dickie M studies environmental pol-
icy; Currie J, Neidell M and Zivin JG evaluate the human capital; Jones BA analyses
the externality; Zhang X and Pattanayak SK examine the effect of indoor air pollu-
tion. At last, the right field lists the corresponding references with citations indicated
by the height of the block. When looking at the whole field, it is clear that Chay and
Greenstone (2003) and Currie and Neidell (2005) published in The Quarterly Journal
of Economics are highly cited in the air pollution-health area, which again reinforces
the above statement.
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Table 1. The top ten productive countries.

Country Recs TLCS TGCS
USA 419 1679 14824
PR. China 118 171 3060
UK 74 92 1812
Germany 41 139 1028
Canada 38 70 1378
France 35 70 836
Australia 27 26 410
Spain 22 15 1231
Netherlands 21 23 389
India 19 32 433

Notes: This table lists the top ten countries based on the number of publications on “air pollution” and “health” in
the economic field over the period 1990 to 2020, as well as their respective total local citation score (TLCS) and total
global citation score (TGCS).

Source: Authors.

In summary, this section describes the trend of yearly output, as well as the distri-
bution patterns among journals and countries. Moreover, the three-fields plot has
reviewed the three key aspects of keywords, authors and references, that allow us to
comprehensively get knowledge of the hottest topics in this field and the outstanding
scholars. Besides, it also lists the documents worthy of attention under the corre-
sponding topic. Therefore, the whole numerical analysis enables the scholars in eco-
nomics, especially for beginners, to quickly grasp the basic structure and
characteristics of the air pollution-health literature. The next section of this paper will
move on to the collaboration analysis among nations, institutions and authors, which
helps to further deepen the understanding of the entire academic network (Figure 4).

4.2. Collaboration analysis

In this section, we provide the three-level studies on collaboration analysis, that is the
macro level (country co-authorship), meso level (institutional co-authorship) and the
micro level (author co-authorship), intuitively explaining the internal connection
structures through the visualized diagrams. Among them, the national collaboration
world map is drawn under the Biliometrix toolkit, and institution and author collab-
oration networks are obtained through VOSViewer software. The specific settings will
be introduced separately in the following parts.

4.2.1. National cooperation network

The national cooperation network can be shown in Figure 5. The map on the left-hand
side presents the geographical distribution of the international collaboration. The depth
of the blue colour change is proportional to the number of the national economic pub-
lications on air pollution-health, some of which are listed in Table 1. It is apparent that
United States has the largest amount of papers with the darkest blue. Each connection
line represents one collaborative article between two countries. The table on the right-
hand side lists the ten closest undirected connections between countries. It is interesting
to note that the closest international co-authorship is around the United States extend-
ing to different countries. Moreover, United States cooperates most closely with PR.
China, followed by Canada, then United Kingdom, India, and Germany.
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Figure 4. Three-fields plot.
Source: Authors.

4.2.2. Institutional cooperation network

We create the institutional co-authorship network in Figure 6, which conveys a
wealth of information from multiple aspects. Institutions with three or more docu-
ments will be displayed as nodes. The larger the circle of the node, the more articles
the institution has. We filter out some items that are not connected to each other
and thus 134 items are kept out of 149. As for the connection line, we adopt the full
counting method that means each co-authorship has the same weight no matter how
many institutions are involved in one article.* The thicker the line between the two
items, the more often they co-authored. The colour of the items represents the year
when the institution entered the field, indicated by the bottom legend ranging from
2005 to 2020, that is automatically generated according to the network data.

It can be shown that most of the publications and cooperation mainly appear after
2010, which is also consistent with the trend displayed in Figure 2. The first batch of
institutions that started the major research are Columbia University, University of
Colorado, world bank and United States Environmental Protection Agency. In add-
ition, it is University of California-Berkeley that published the most documents in the
air pollution-health area (the number is 33), followed by Columbia University (the
number is 25), and then Massachusetts Institute of Technology (the number is 22).
Besides, it is not surprising that University of California-Berkeley also has the stron-
gest total link strength, whose most frequent collaborators contain Cornell University,
University of Chicago, and Columbia University.

PR. China is the country that published the second most documents shown in
Table 1, where Tsinghua University, Peking University, Renmin University of China,
and Jinan University are the most active ones in recent years, especially since 2015.
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Country 1 Country 2 Frequency
USA PR. China 48
USA Canada 17
USA United Kingdom 15
USA India 10
USA Singapore 9
USA Germany 9
USA Mexico 8
USA Australia b &
USA France 7
USA Italy 7

0 14 419

Notes: The map on the left hand gives a picture of the pattern of international collaboration. The colour
of the country represents its number of publications on “air pollution” and “health” in the economic
field over the period 1990 to 2020. Each line stands for one collaborative article between two countries.
The table on the right hand lists the ten closest undirected relationship between countries.

Figure 5. National cooperation network.
Source: Authors.

In addition to their mutual cooperation, they also connect with other domestic insti-
tutions such as Shanghai University of Finance and Economics, Beijing Normal
University, and Southwestern University of Finance and Economics. Besides, the for-
eign institutions with which they cooperate closely include Duke University,
University of California-Berkeley, University of Minnesota, National University of
Singapore, and International Food Policy Research Institute.

4.2.3. Author cooperation network

The way we construct the author cooperation network is identical to that used for
the institutional network above, except for presenting the overall picture additionally.
In Figure 7, all the authors who have published two or more articles are shown in
panel (a).” It can be seen that there is a certain scale of economic authors in air pol-
lution-health area. Note that there exist many isolated authors having few connection
lines with others, most of which are labelled in red. Thus, it can be inferred that
many new authors entered this research field and have not yet extended their
cooperative network. However, we also find several collaborative groups from the
relatively big clusters, suggesting that a couple of stable leading author teams have
been formed in this field.

Furthermore, we present the largest set of connected items in Panel (b) that con-
sists of 32 authors. Among them, Neidell M, Currie J, Zivin JG, Muller NZ,
Greenstone M and Chay KY have developed the most influential academic teams in
air pollution-health area. Besides, there are also some other obvious cooperative rela-
tionships, such as those with Muller NZ as the core, Neidell M as the core, Zivin JG
as the core, Greenstone M and He GJ as the core.

In this section, we have explained the cooperation network of air pollution-health
publications at national, institutional and author levels, respectively. The following
section moves on to study the keywords co-occurrence network, that helps to com-
prehensively understand the main research hotspots, frontiers and trends in this field.
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Figure 6. Institutional cooperation network.
Source: Authors.

4.3. Keywords co-occurrence network analysis

4.3.1. Keywords co-occurrence network over the three decades

Keywords co-occurrence network is processed through CiteSpace software. After
importing the bibliographic data, we set the time span from 1990 to 2020 (slice
length = 1), choose the “Keyword” as node type, and decide the selection criteria as
“Top 50” (select top 50 of most occurred items from each slice). We also prune the
sliced network using the way of Pathfinder so as to avoid the overly scattered
branches in the network. In Figure 8, there are 226 nodes in total with 1597 connec-
tions among them. The clustered labels are shown by the log-likelihood ratios
algorithm (LLR), which helps to obtain the clusters, especially for those with high
intra-class similarity and low inter-class similarity (Lin & Su, 2020; Olawumi & Chan,
2018). The order of the cluster labels is arranged according to their size, the relative
large clusters include wildfire smoke exposure (#0), integrated bioeconomic-health
model (#1), North India (#2), external cost (#3), multitasking local bureaucrat (#4),
and economic growth (#5).

In order to get more information related to those core keywords, we list the mean
years and the relevant top terms in Table 2. It can be seen from the table that the
largest cluster is active around 2010, mainly discussing the topics such as public
health, clean air act, pollution dispersion, and emission control, which are also linked
to the health effect on birth weight. The second-largest cluster focuses on the use of
household energy and analyse the energy policy to help reduce indoor air pollution.
The other clusters extend the topics to environmental quality and economic develop-
ment, as well as sustainability and defensive behaviors.
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Notes: The upper figure shows the overall authorship with at least two publications for each author, as
well as their collaboration network. The bottom figure represents the largest connected set, where most
of the unconnected items have been drooped.

Figure 7. Author cooperation network.
Source: Authors.

4.3.2. The timeline network and keywords bursts in recent ten years

The analysis above is based on the entire time period from 1990 to 2020. Considering
that there has been a rapid growth in the recent decade and it is more interesting to
know the current research frontiers, we construct the timeline network in Figure 9,
addressing the hot topics from 2011 to 2020 Panel (a) demonstrates the six clusters
and displays the growing trend of the relevant top terms. It is worth noting that the
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Notes: In the keyword co-occurrence network, each node represents one keyword, and each line stands
for the co-occurrence relation between two keywords. After supplemented by the clustering technique
using LLR algorithm, the main hotspots in the field is shown from #0 wildfire smoke exposure to #6
panel data.

Figure 8. Keyword co-occurrence network.
Source: Authors.

studies on the integrated bioeconomic-health model, which focuses on the connec-
tions among the environmental, social, and ecological flows, have the largest size, that
is also consistent with the discussion of that over the whole time period. Besides, the
external cost is also one of the most important topics, especially when linking to for-
est fire and emission exposure mortality. In addition, the indoor pollution issue in
North India generated by biomass fuel combustion (like wood, agriculture waste, and
dung) has gradually aroused people’s attention. The negative health impact of the
cooking stove and the benefit of technology adoption have been largely analysed.
Moreover, the most studied diseases associated with air pollution include lung cancer,
respiratory diseases, cardiovascular diseases, and infant health problems (like low
birth weight, and mortality).

We further extract the top 7 keywords with the strongest bursts in Panel (b),
which lists the hottest issues studied in the recent decade. Note that the table is
sorted by the beginning time of the topics and the sixth column displays the progress
bar of their popularity status. Before 2015, the articles are mainly around the issues
in developing countries, and focus on the health risk of ozone and indoor air pollu-
tion, attempting to evaluate the health risk of the household. Since 2015, the focal
object of the studies has begun shifting to the human impact, like the effect of air
pollution on income and consumption. Moreover, the issue of vehicle exhaust emis-
sions due to congestion has become more active recently.
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Table 2. Keywords clusters and top terms.

ID Cluster Label mean (Year) Top terms

0 Wildfire smoke exposure 2008 Mexico city; case study; health effect; invasive species;
academic performance; active transport; health burden;
residential energy consumption

1 Integrated bioeconomic- 2013 subjective well-being; environmental regulation; urban
health model migration choice; monetary value; using compulsory
relocation; air pollutant; gray matter
2 North India 2014 technology adoption; cooking stove; infant mortality;

environmental policy — air pollution; household
technology adoption; intra-household bargaining; rural
Guatemala; household energy consumption pattern

3 External cost 2014 regional public health; regulatory rollback; air pollution
damage; electricity policy; air pollution; coal-fired power
plant; health benefit; air quality; respiratory health

4 Multitasking 2014 case study; environmental justice; power plant; agricultural
local bureaucrat fire; developing countries; child health; elite college; job

location choice; ambient air pollution
5 Economic growth 2013 Chinese cities; economic growth; infant mortality; economic

development; ill health; transboundary haze pollution;
household utilities consumption; subway expansion;
empirical evidence

Notes: This table displays the detail information of the top six clusters shown in Figure 8. The first two columns indi-
cate the cluster ID numbers and the corresponding label names. The third column shows the mean of year when
the topic is discussed. The fourth column lists the top ten terms related to each of the cluster.

Source: Authors.

4.4. Co-citation analysis

The fundamental logic underlying the co-citation analysis is that when two objects
(documents or authors) are cited by the third document at the same time, it can be
considered that the two objects have a co-citation relationship. The more two objects
are cited simultaneously, the closer their “distance” is. It can also be inferred that
those groups composed of a series of closely related objects tend to have certain com-
mon characteristics (Chen, 2006). In CiteSpace, after operating the clustering tech-
nique according to their keywords, we can visually identify the scientific community
under different topics in this field.

4.4.1. Document co-citation analysis

Document co-citation analysis is based on the co-cited connections among docu-
ments, that helps to detect the hotspots in air pollution-health area. Besides, the net-
work analysis also enables the scholars to quickly figure out the highly cited
references according to their points of interest. In the use of CiteSpace, we select the
mode of DCA-Document Co-citation Analysis. Except that we set the node type as a
reference, other options and parameters are kept the same as that for the keyword
co-occurrence network.

Figure 10 presents the visualization network that is clustered through the LLR
algorithm based on the keywords of the reference data. Overall, there are 13 clusters
shown in the network, along with the two most cited references per cluster. It is
worth emphasizing that the citation bursts are indicated by those red points
embedded in the nodes that provide suggestive evidence that the topics are active
around infant health, cooking stoves and human health. Moreover, Table 3 details the
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(a) The timeline network

Top 7 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2011 - 2020
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income 2011 243 2012 2016 o s .
consumption 2011 3.19 2015 2016 .. e
congestion 2011 3.06 2017 2018 e e e e ——

(b) Frequency burst history

Notes: After duration adjustment, the upper panel demonstrates the keyword co-
occurrence timeline network in the past ten years. Each node represents one key-
word, and each line stands for the co-occurrence relation between two keywords.
The lower panel displays the top 7 keywords with the strongest bursts, that are
sorted by the beginning time of the topics.

Figure 9. Keyword co-occurrence network in the past ten years.
Source: Authors.

cluster information by listing the relative top terms and three most cited papers. It
can be seen that the first cluster with the largest size is mainly concerned with the
infant risk of air pollution, assessing infant mortality, and respiratory health, as well
as the vehicle emissions policy and avoidance behavior. The related references include
Currie (2009), Currie and Neidell (2005), and Currie and Walker (2011). The health
risk of outdoor air pollution and household indoor pollution is again highlighted in
cluster #1 and cluster #2, which can refer to the articles such as He et al. (2016),
Bensch et al. (2015) and Bielecki and Wingenbach (2014). Studies on CGE modelling
for regulatory analysis become more active recently, like Muller et al. (2011) and
Muller and Mendelsohn (2009). Other topics like electricity policy insight, emission
reduction, human health, and life satisfaction are also widely studied in the air pollu-
tion-health area, which will be explained in detail in the remainder of Table 3.
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4.4.2. Author co-citation analysis

Here, the author co-citation timeline network is constructed through the similar pro-
cedure with that above. The mode of ACA-Author Co-citation Analysis in CiteSpace is
configured, and the node type is again reset to the author. In Figure 11, it is clear to
find that there are night parallel time axes, corresponding to the different clusters, such
as statistical life, air pollution, air pollution damage, environmental Kuznets curve,
household air pollution, life satisfaction, economic development, intertemporal avoid-
ance behavior, and integrated approach. Each node on the timeline represents one
author in that cluster, and the connection line stands for the co-cited relationship.
When looking at the distribution trend of authors under different topics, we find that
the field of estimating the value of statistical life has more key authors, whose studies
mainly start from 1995, such as Schwartz ], Viscusi WK, Alberini A, and Smith VK,
while more influential authors who focus on infant health have appeared and be fol-
lowed since 2004, such as Chay KY, Currie J, Zivin JG, Greenstone M.

Table 4 is supplemented to list the relative top terms and highly cited authors
under each cluster, as well as the key citing papers that cover most of the leading
authors in their reference. Therefore, the scholars can follow the leading experts dis-
played under the various topics and quickly get familiar with the whole field.

4.5. Comparison between categories

Till now, the whole bibliometric analysis above has provided comprehensive know-
ledge of the structure and features of the economic literature in the air pollution-
health area. In this section, we review the authors’ keywords of the reference data,
and draw the topic dendrogram using Bibliometrix tool operated in R. It can be seen
from Panel (a) of Figure 12, the research frame consists of two parts, one with small
part focuses on the loss of life satisfaction and happiness due to air pollution, while
the majority of studies are still concerned with the physical risk, especially for infant
health. The air pollutants that have mainly been studied are particulate matters,
PM2.5 and ozone. Besides that, asthma, cardiovascular disease, and life expectancy,
physical activity are the major aspects of the health impact in this field.

The topic related to air pollution and health is not only discussed in the economic
field, but has also received the most extensive attention and discussion in the field of
environmental science. Moreover, despite the existence of disciplinary differences, the
studies in environmental science could still provide the scientific basis for the related
research in the field of economics. Therefore, what is more interesting is comparing
between the research frameworks of those two categories and seeking the potential
direction for the development in economics.

We re-collect the bibliographic records under the identical settings except replacing
the economics category with environmental science, and then re-draw the topic den-
drogram in Panel (b). The structure is composed of two parts, one for the list of the
target pollutant, that is PM2.5, and the other branch mainly for the types of health
risk and the affected groups. Compared with that in economics, environmental sci-
ence has investigated a wider coverage of air pollutants, including particulate matter,
PM2.5, ultra-fine particles, polycyclic aromatic hydrocarbon, PM10, chemical
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Notes: This figure shows the document co-citation network. Each node represents one cited
reference, and each line stands for the co-cited relation between two references. Clustering tech-
nique using LLR algorithm is also adopted to discover the hottest topics. The citation bursts are
denoted by those red spots embedded in the nodes.

Figure 10. Document co-citation network.
Source: Authors.

composition, heavy metals, aerosol, and volatile organic compounds. In addition,
besides asthma and cardiovascular disease discussed in economics, lung cancer, and
daily mortality have also been extensively studied.

5. Conclusion

In this paper, we adopt a novel way, namely bibliometric analysis, to explore the
research patterns and features in the economic literature on air pollution and health
over the last three decades. A total of 844 English articles and their full records are
obtained through WOS core collection. The entire study procedure consists of
numerical analysis, cooperation network, keyword co-occurrence network, co-citation
network, and topic dendrogram between categories. HistCite, CiteSpace, VOSviewer,
and Bibliometrix toolkit in R are involved to visualize the structures and connections.

The main contribution of this paper is to map the knowledge structure and fea-
tures of the entire air pollution-health area in economics, exploring the research
topics, hotspots and frontiers in the existing articles. The major points are concluded
in the following:

1. The overall trend of economic publications on air pollution and health is upward,
and has experienced three stages, including early-stage (1990 to 2002), steady
development (2003 to 2016), and high growth (2017 to present).

2. Energy Policy published the most literature (135 publications), followed by Journal
of Environmental Economics and Management (57 publications), Ecological
Economics (57 publications), and Environmental and Resource Economics (48
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Table 3. Document cluster information and cited references.

ID  Cluster Label Top terms Most cited papers

0 Infant health infant mortality; respiratory o Healthy, wealthy, and wise: Socioeconomic status, poor
health; air quality warning; health in childhood, and human capital development.
vehicle emissions policy; (Currie, 2009)
avoidance e Air pollution and infant health: What can we learn from
behavior evidence california’s recent experience? (Currie & Neidell, 2005)

o Traffic congestion and infant health: Evidence from e-
zpass. (Currie & Walker, 2011)

1 Air pollution agricultural fire; remarkable e Happiness in the air: How does a dirty sky affect mental
decline; clean air; air purifier health and subjective well-being?. (Zhang et al., 2017)
market; particulate-filtering e The effect of air pollution on mortality in china: Evidence
face-mask from the 2008 Beijing Olympic games. (He et al., 2016)

o Self-protection investment exacerbates air pollution
exposure inequality in urban China. (Sun et al., 2017)

2 Cooking stove technology adoption; North o The intensive margin of technology adoption-Experimental
India; household air evidence on improved cooking stoves in rural Senegal.
pollution; rural senegal; (Bensch & Peters, 2015)
fuel-efficient cookstove e Why do households forego high returns from technology

adoption? Evidence from improved cooking stoves in
Burkina Faso. (Bensch et al., 2015)

o Rethinking improved cookstove diffusion programs: A case
study of social perceptions and cooking choices in rural
Guatemala. (Bielecki & Wingenbach, 2014)

3 CGE analysis health damage; policy making; e Environmental accounting for pollution in the United
So2 emission; residential States economy. (Muller et al., 2011)
demand response; peak o Efficient pollution regulation: Getting the prices right.
electricity demand (Muller & Mendelsohn, 2009)

o Measuring welfare loss caused by air pollution in Europe:
A CGE analysis. (Nam et al., 2010)
4 Policy insight  carbon tax scenario; electricity e Particulate pollution and the productivity of pear packers.

policy; welfare effect; (Chang et al., 2016)

market change; long-run o Are there environmental benefits from driving electric

economic consequence vehicles? The importance of local factors. (Holland et al.,
2016)

e The long-run economic consequences of high-stakes
examinations: Evidence from transitory variation in
pollution. (Ebenstein et al., 2016)

5 Reduced air electricity sector; nitrogen o Co-benefits of climate policy—lessons learned from a study
pollution oxide; emissions reduction; net in Shanxi, China. (Aunan et al., 2004)
benefit; efficient emission fee o Ancillary benefits of reduced air pollution in the US from

moderate greenhouse gas mitigation policies in the
electricity sector. (Burtraw et al., 2003)

e The economic value of air-pollution-related health risks in
China: a contingent valuation study. (Hammitt &

Zhou, 2006)
6 Human health  particulate matter; electricity o Particulate matter and human health in the United
generation; electric power Kingdom. (Pearce & Crowards, 1996)
sector; integrated approach; o Transferability of air pollution control health benefits
electricity resource estimates from the United States to developing countries:

Evidence from the Bangkok study. (Chestnut et al., 1997)
e Economic valuation and health damage from air pollution
in the developing world. (Pearce, 1996)

7  Life satisfaction non-market valuation; e To what extent does air pollution affect happiness? The
individual religious behaviour; case of the Jinchuan mining area, China. (Li et al., 2014)
valuing non-market good; e Estimating the cost of air pollution in South East
causal effect; individual Queensland: An application of the life satisfaction non-
religious behaviour market valuation approach. (Ambrey et al., 2014)

o Subjective well-being and environmental quality: The
impact of air pollution and green coverage in China.
(Yuan et al., 2018)

Notes: This table displays the detail information of the clusters obtained by document co-citation network shown in
Figure 10. The first two columns indicate the cluster ID numbers and the corresponding label names. The third col-
umn displays the top five terms related to each cluster. The fourth column lists three of the most cited papers in
each topic.

Source: Authors.
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by those red spots embedded in the nodes.

Figure 11. Author co-citation network.
Source: Authors.

publications). Moreover, Energy Policy also has the largest TGCS, while Journal of
Environmental Economics and Management has the largest TLCS.

3. United States has played a core role in this field, with both the largest number of
publications and the largest TLCS and TGCS. PR. China ranks second in terms
of number and citations, followed by United Kingdom, Germany, and Canada.

4. Three-fields plot clearly displays the hottest topics and the related authors, as well as
the highly-cited documents in each topic. The main topics include “China”, “mortality”,
“infant health”, “particulate matter”, “environmental policy”, “human capital”,
“externalities” and “indoor air pollution”, representing the hottest topics in this area,
which are also the major concerns in economics. Chay and Greenstone (2003) and
Currie and Neidell (2005) are the two most cited literatures in air pollution-health area.

5.  United States has the most extensive collaboration networks with other countries,
who cooperates most closely with PR. China, Canada and United Kingdom.
University of California-Berkeley has published the most work, whose most fre-
quent collaborators contain Cornell University and University of Chicago.

6. There has formed several relatively influential collaborations in air pollution-
health area. Muller NZ, Neidell M, Zivin JG, Greenstone M, and He GJ have
established the most influential academic teams.

7. In terms of keyword co-occurrence network, keywords are clustered at the fol-
lowing terms, including wildfire smoke exposure, integrated bioeconomic-health
model, indoor air pollution in North India, external cost, multitasking local bur-
eaucrat, economic growth. In recent ten years, more keywords related to human
impact become active, like life satisfaction, happiness, forest fire, cooking stove,
income, consumption, and congestion.
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Table 4. Key citing papers and highly cited authors in each cluster.

Highly cited

ID Cluster Label Top terms Key citing papers authors

0 Statistical life air quality; health o Does air quality matter? Evidence from e Schwartz J
effect; electricity the housing market. (Chay & o Viscusi WK
generation; case Greenstone, 2005) o Alberini A
study; Chinese cities e Air pollution, health, and socio- e Smith VK

economic status: The effect of outdoor
air quality on childhood asthma.
(Neidell, 2004)

1 Air pollution infant health; early-life e Healthy, wealthy, and wise: e Chay KY
exposure; Socioeconomic status, poor health in e Currie J
educational childhood, and human capital e Zivin JG
outcome; power development. (Currie, 2009) e Greenstone M
plant; health e The impact of pollution on worker
externalities; productivity. (Graff Zivin &

Neidell, 2012)
2 Air environmental benefit; e The impact of pollution on worker e POPE CA
pollution damage electricity productivity. (Graff Zivin & Neidell, e Muller NZ
generation; power 2012) e Bell ML
plant; social cost; e Environmental accounting for pollution e BURTRAW D
public health in the United States economy. (Muller
et al.,, 2011)
3 Environmental case study; e Confronting the environmental Kuznets e Zhang X
Kuznets Curve environmental curve. (Dasgupta et al., 2002) o GROSSMAN GM
justice; OECD o The effect of driving restrictions on air e Kunzli N e Dasgupta S
countries; health quality in Mexico City. (Davis, 2008)
effect; economic
development
4 Household technology adoption; e Benefits of shift from car to active e Smith KR
air pollution cooking stove; transport. (Rabl & De Nazelle, 2012) e Lim SS
developing countries; e Health and climate benefits of e Ezzati M
cookstove strategies;  cookstove replacement options. e Duflo E
household air (Grieshop et al., 2011)
pollution mitigation

5 Life satisfaction causal effect; South East e Valuing public goods using happiness e Luechinger S
Queensland; valuing data: The case of air quality. (Levinson, e Levinson A
air quality; subjective  2012) e Kahneman D
well-being; e Happiness in the air: How does a dirty e Deaton A
monetary value sky affect mental health and subjective

well-being?. (Zhang et al., 2017)
6 Economic progressive o The effect of pollution on labor supply: e Evans MF
development environmental tax; Evidence from a natural experiment in e Acemoglu D
regressive pollution Mexico City. (Hanna & Oliva, 2015) e Pautrel X
taxe; OLG model; o Life expectancy and the environment. e Bovenberg AL
environmental (Mariani et al., 2010)
quality;
economic growth
7 Intertemporal environmental o Information, avoidance behavior, and e Bresnahan BW
avoidance regulation; economic  health the effect of ozone on asthma e Mullahy J
behavior growth; finishing hospitalizations. (Neidell, 2009) e Sneeringer S
industry; case study; e Days of haze: Environmental information e Roe B
information disclosure and intertemporal avoidance
disclosure behavior. (Zivin & Neidell, 2009)
8 Integrated double dividend e Does air quality matter? Evidence from e Dockery DW
approach debate; tax- the housing market. (Chay & e Lave LB
interaction effect; Greenstone, 2005) e Moulton BR e Lee H

nonseparable utility; e Measuring the damages of air pollution
electric power sector;  in the United States (Muller &
external health cost Mendelsohn, 2007)

Notes: This table presents the detail information of the top nine clusters obtained by author co-citation network shown
in Figure 11. The first two columns indicate the cluster ID numbers and the corresponding label names. The third column
displays the top five terms related to each cluster. The fourth column shows the two key citing papers that cover most
of the related cited authors in each cluster. The fifth column lists four of the most cited authors in each topic.

Source: Authors.
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(b) Environmental Science

Notes: The upper panel shows the topic dendrogram of air pollution-health literature in economics. The
lower panel demonstrates the topic dendrogram in environmental science, based on the bibliographic
data collected using the identical search query as we set for economics.

Figure 12. Author cooperation network.

Notes: The upper panel shows the topic dendrogram of air pollution-health literature in economics. The lower panel
demonstrates the topic dendrogram in environmental science, based on the bibliographic data collected using the
identical search query as we set for economics.

Source: Authors.

8. Document co-citations are clustered at the following terms, including infant
health, agriculture fire, cooking stove, CGE analysis, electricity policy, emissions
reduction, integrated model, and life satisfaction.
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9. Compared to the economic field, environmental science has investigated a wider cover-
age of air pollutants, including ultra-fine particles, polycyclic aromatic hydrocarbon,
PM10, chemical composition, heavy metals, aerosol, and volatile organic compounds,
and has also studied broader health effects, like lung cancer and daily mortality.

Provided that the analysis is largely affected by the choice of keywords searched in
WOS, our work could have two limitations. Firstly, keywords should be more com-
prehensive, and it is expected to include more related keywords and study the litera-
ture network over a larger time period. Secondly, “air pollution” and “health” should
be further refined to the types of pollutants and diseases. It is worth conducting a
more detail analysis, quantitatively summarizing and comparing the effects of various
air pollutants on various diseases.

Notes

1. Introduction to WOS core collection: https://clarivate.com/webofsciencegroup/solutions/
web-of-science-core-collection/

2. Keywords are directed provided by the authors, and keywords plus are culled from the
titles of the article’s references using automatic algorithm (Zhang et al., 2016).

3. The wildcard symbol * after “pollut” helps to search for the related keywords phrased
differently, such as pollution, polluting, pollutant, and pollutants. The “NEAR/5” operator
means the space between those two words is no more than 5 words.

4. Full counting method is different from fractional counting, which means that the weight
of the link is factionalized among all the participating institutions.

5. Of the 1701 authors, 237 meet the threshold.
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