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This study is a systematic survey of literature on the energy-growth nexus, which has been carried out with a
view to identifying the leading sources of knowledge in the forms of the most influential journals, authors, and
papers. This study not only recognizes and classifies the well-known methodologies used in the energy-
growth nexus analysis but also reveals intriguing content-based findings, with quantitative measures for the
top 50 papers ranked according to the highest average citations per year. This survey is unique in that the process
of selecting articles is entirely objective, allowing the research community's opinions to take the lead in the pro-
cess rather than any subjective judgments of the authors. In this way, we examine 1041 peer-reviewed articles
that specifically focused on the energy-growth nexus.We found that, as of the end of 2017, with 200 articles, En-
ergy Policy is the leading journal publishing on this area while Energy Economics, with a total of 25,352 citation
counts, holds the highest impact on this field of research. In addition, the most frequently cited article by the
scholastic community in terms of average citations per year has been a literature survey conducted by Ozturk
(2010). Our study's main conclusion, based on a thorough content analysis, is that the nexus results of previous
studies are generally inconclusive, with conflicting policy implications. This is not helpful and to a large extent is
due to a lack of an appropriate theory. This, we contend, is essentially a methodological weakness and could be
addressed by incorporating an appropriate testable economic/environmental theory.
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1. Introduction

Understanding the nature of the inter-relationship between energy
use and economic growth (also often referred to as energy-output
nexus, energy-economy nexus, or simply energy-growth nexus is of
great importance for policy purposes. Generally speaking, studies focus-
ing on revealing the nature of the inter-relationship between two or
more variables are called nexus analyses. Since the energy crises of
the 1970s, empirically testing energy-growth nexus has gained increas-
ing attention among researchers, economists, and policymakers alike.
There are four possible nexus that can be tested or identified against
the following hypotheses: i) Growth Hypothesis, implying that energy
causes the economic growth (E→ Y); ii) ConservationHypothesis, imply-
ing that economic growth drives the energy use (E ← Y); iii) Feedback
Hypothesis, implying that there is a bidirectional causality between en-
ergy and growth (E ↔ Y); and iv) Neutrality Hypothesis, implying that
there is no inter-relationship between energy and economic growth
(E — Y). These hypotheses were first discussed in Squalli (2007), and
fa@squ.edu.om (R.F. Aghdam),
then became well-articulated in Ozturk (2010) and Payne (2010b).
The policy implications of each hypothesis are crucial for strategic and
national development policies of countries in the short, medium and
long-run. For example, if the growth hypothesis applies to a country,
any energy saving policy would harm economic growth.

Of course, energy (E) and aggregate output (Y) have different mea-
surements at different levels of aggregations. For instance, the E variable
can take quantities of a specific type of energy/fuel, say, oil, coal, or elec-
tricity, or the aggregate quantity of total primary energy supply (TPES)
or total final consumption (TFC) of energy. Likewise, the Y variable is
used in various ways, as gross domestic product (GDP), gross national
product (GNP), or national income (NI). Alternatively, such indicators
are in per capitameasures, whether with national currency or US Dollar
measures (either usingmarket exchange rate or purchasing power par-
ity (PPP) exchange rate). Previous studies havemostly focused either on
energy-growth nexus or electricity-growth nexus more than any other
types of nexus analyses. It is worth mentioning that electricity-growth
nexus analysis appears to be more recent, emerging in the late 1990s.
From a historical perspective, the energy-growth nexus has been at the
center of attention for economists and policymakers as early as the
1970s, when two global oil crises took place (in 1973 and 1979). Atten-
tion towards electricity-growth nexus, however, coincided with a wave
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of contemporary market reforms (1990s onward) in the electricity in-
dustry around the world (Joskow and Schmalensee, 1988; Sioshansi
and Pfaffenberger, 2006).

The topic has salient implications for environmental problems such
as climate change, water, and food security. It is also related to the no-
tion of the Environmental Kuznets Curve that is used to investigate
whether or not economic growth is tightly connected to more (fossil-
based) energy use. If so, this may lead to more environmental degrada-
tions (e.g., higher CO2 and other emissions) that eventually impose
more insecurity to basic resources such as food, water, and energy in
the society. Could it be possible that such a one-to-one relationship be
decoupled, implying that clean developmentwould be possible without
any severe environmental damage or resource insecurity? Variousmul-
tivariate nexus analyses have also emerged in this literature. For in-
stance, there are many studies that have incorporated carbon
emissions (C) beside the energy (E) and output (Y) nexus (see,
e.g., Tiba and Omri, 2017). This allows testing for all sorts of hypotheses
such as C→ Y, C← Y, C↔Y, C\\Y, C→ E, C← E, C↔ E, C — E, and so on.
Since 2011, a global focus has turned towards food-water-energy nexus,
especially after the World Economic Forum (WEF, 2011) and the Bonn
Conference (GSfIC, 2011) that were focused on this vital topic (see
also Bazilian et al., 2011). This literature survey, while not excluding
multivariate nexus studies, remains entirely focused on the energy-
growth nexus. Hence, we only report the nexus results between the E
and Y variables.

The main focus of the energy-growth nexus analysis is to examine
which of the above-mentioned quadruplet hypotheses are relevant to
a specific country. These hypotheses have been tested against various
countries, time horizons, and for many energy-forms, using a range of
different methodologies. According to our survey, the first article in
this area was Sporn (Sporn, 1966), titled “Energy and Growth: Fact
and Fancy,” which discussed interesting aspects of the energy-growth
nexus. However, it has not been cited by the research community at
all,1 perhaps because it was not an empirical study. Kraft and Kraft
(1978) is instead considered as the seminal empirical study on this
topic and has already been extensively cited (2099 times as of the end
of 2017, to be precise).

At the time of writing, thousands of scholars have looked into
energy-growth nexus and have conducted literature reviews in one
way or another. There are a number of independent surveys in this
area. In chronological order, these include: Karanfil (2009); Payne
(2010b); Payne (2010a); Ozturk (2010); Omri (2014); Menegaki
(2014); Sebri (2015); Tiba and Omri (2017); and Anwar et al. (2019).
In a brief paper, Karanfil (2009) raised an important question about
the contradictory results of nexus analyses that are observable in the lit-
erature due to the high degree of sensitivity of the hypothesis test-
results to the methods and the time frame used. Payne (2010b)
reviewed 101 papers and re-validated Karanfil's (2009) point that
there is an inconsistency in nexus results. Payne (2010a) particularly fo-
cused on the electricity-economy nexus. Ozturk (2010), our review has
found, is the most frequently cited nexus paper. This paper also raised
the same concern about the lack of consensus among researchers re-
garding the nature of energy-growth nexus. Omri (2014), who
reviewed energy-growth nexus by only focusing on country-specific
analyses, provided a basic content analysis of 48 studies, selected non-
systematically. Further, Tiba and Omri (2017) claimed to have an ex-
haustive survey that looked at both the energy-growth and energy-
environment-growth nexus in the context of the Environmental
Kuznets Curve.Menegaki (2014) and Sebri (2015) are amongother sur-
vey studies that have implemented meta-analysis with a view to shed-
ding light on the relationship between the hypothesis test-results and
various attributes of nexus analyses (i.e. data characteristics, time-
frame, model specification, methodology, etc.).
1 We found this paper from our search criteria in ProQuest Central. We later noted that
this paper does not appear in Google Scholar, nor in Web of Science.
Recently, Anwar et al. (2019) have carried out a bibliometric analysis
on energy-growth nexus without going into the contents of the
reviewed paper. Anwar et al. (2019) is a comprehensive bibliometric
study published in this area. However, their objectives, coverage, meth-
odology and the outcomes defer from our study in various dimensions.
The main objective of Anwar et al. (2019) is to discover intellectual
structure using citation and co-citation analysis. Our study examines
sources of knowledge by identifying the most prolific and highly cited
authors and journals. We also provide an in-depth analysis of the top
50 highly cited articles. Anwar et al. (2019) cover a period of 18 years
(2000–2017) while our study includes studies over 50 years
(1968–2017). Anwar et al. (2019) used two keywords to search the ar-
ticles – energy economics and economic growth.We used 12 keywords
(Energy, Electricity, Oil, Gas, Coal, Solar, Hydro, Water, Geo-Thermal,
Wind, Fuel Cell, and Wave) in conjunction with growth. Anwar et al.
(2019) searched articles in one database – Web of Science, while our
study searched articles in three databases, namely ScienceDirect,
ProQuest Central, and Business Source Complete. For author analysis,
we use the adjusted number of publications and fractional citations to
account for multiple-authored papers. Moreover, we use the concept
of average citations per year to rank papers and standardize article in-
fluence as articles published earlier years are likely to have higher
citations.

We have noticed that none of the above-mentioned surveys have
made their article selection criteria clear upfront. The selection criteria
of those studies appear to be rather arbitrary, subjective, or non-
systematic. Interestingly, we found that there are some important arti-
cles that are missing in previous surveys. These omissions reveal that
the previous surveys have neither been comprehensive, nor exhaustive
(see Table 1). Some studies, such as Menegaki (2014) and Sebri (2015)
contributed greatly by carrying out meta-analyses, but the number of
highly-ranked articles they omit may actually undermine the robust-
ness of their findings. Overall, such ad hoc methods of article-selection
in the existing literature surveys were nonscientific. This situation
surely needs to be addressed by an appropriate methodology of
searching, filtering, and selecting articles within well-known academic
data-bases such as ProQuest and EBSCO (Business Source Complete).
This paper aims to do that.

Traditional Literature Reviews (TLR) basically summarize, critically
analyze, evaluate, and clarify ideas that have been presented by other
researchers (Wakefield, 2014). As opposed to TLR, Systematic Literature
reviews develop: (i) an article search strategy in order to ensure that all
the relevant articles are included; (ii) a strict inclusion and exclusion
criteria is established; and (iii) a template for data entry, using a well-
defined categories and coding schemes with a view to produce an unbi-
ased outcomes. According to Tranfield et al. (2003 p. 209) “Systematic
reviews differ from traditional narrative reviews by adopting a replica-
ble, scientific and transparent process”, which produces more unbiased
outcomes. Bennett al. (2005) state that systematic reviews are “much
more objective than traditional narrative reviews, as the process is
open, replicable by others, and less prone to selectivity and bias in
reporting”. The unbiased outcome implies that researchers are using ob-
jective means to make inferences and draw conclusions rather than
using their subjective judgments.

Considered as an evidence-based approach, the use of SLR has been
recommended in software engineering, medical and healthcare
(Brereton et al., 2007; Tranfield et al., 2003). Bennett et al. (2005) con-
tend SLR is a rigorous method to review literature in science education.
They also provide a step by step process outline of conducting SLR.
There are numerous studies which highlight the superiority of SLR for
conducting reviews in various fields (Kowalczyk and Truluck, 2013;
Lock and Seele, 2015). SLRs have now become a norm in many disci-
plines. Several studies using this methodology have been published in
top tier journals. These disciplines include: Management (Calma and
Davies, 2016; Liu et al., 2013; Nerur et al., 2008), Marketing
(Baumgartner and Pieters, 2003; Chan et al., 2012), Human Resources



Table 1
Highly-cited articles missing from the earlier literature surveys.

Survey Number of missinga Ranks of missing Top 5 References missing Citations per year Total Citations

(Ozturk, 2010) 3
4 (Soytas et al., 2007) 72.9 802
43 (Hao-Yen, 2000) 38.9 700
50 (Sadorsky, 2009) 36.6 329

(Payne, 2010b) 8

2 (Halicioglu, 2009) 89.9 809
3 (Zhang and Cheng, 2009) 86.7 780
4 (Soytas et al., 2007) 72.9 802
9 (Ang, 2007) 64.6 711
12 (Ang, 2008) 54 540

(Omri, 2014) 26

4 (Soytas et al., 2007) 72.9 802
5 (Soytas and Sari, 2003) 71.6 1074
7 (Asafu-Adjaye, 2000) 68.4 1232
8 (Chien-chiang, 2005) 65.7 854
11 (Lee and Chang, 2008) 54.7 547

(Menegaki, 2014) 25

4 (Soytas et al., 2007) 72.9 802
5 (Soytas and Sari, 2003) 71.6 1074
6 (Soytas and Sari, 2009) 71.6 644
15 (Narayan and Smyth, 2008) 51.9 519
16 (Payne, 2010b) 51.6 413

(Sebri, 2015) 43

2 (Halicioglu, 2009) 89.9 809
3 (Zhang and Cheng, 2009) 86.7 780
4 (Soytas et al., 2007) 72.9 802
5 (Soytas and Sari, 2003) 71.6 1074
6 (Soytas and Sari, 2009) 71.6 644

(Tiba and Omri, 2017) 12

7 (Asafu-Adjaye, 2000) 68.4 1232
10 (Bhattacharya et al., 2016) 61.5 123
11 (Lee and Chang, 2008) 54.7 547
14 (Odhiambo, 2010) 52 416
16 (Payne, 2010b) 51.6 413

a Papers published the same year or after the publication year of the survey are not expected to be cited.
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(Jeung et al., 2011), Information Systems (Goodrum et al., 2001; Hsiao
and Yang, 2011), Operations (Pilkington and Meredith, 2009; Vokurka,
1996), Tourism (Howey et al., 1999; McKercher, 2008), General Business
(Acedo and Casillas, 2005), and Economics (Hoepner et al., 2012).

Against the above background, the main objective of this paper is to
perform a systematic literature survey on the energy-growth nexus,
with a view to identifying the leading sources of knowledge in the
forms of the most influential journals, authors, and papers. This survey
is unique in its process of selecting articles, which is entirely objective,
allowing the research community's opinions (i.e., peer citations) to
take the lead in this process rather than any subjective judgment of
the authors. For this purpose, we examined 1041 peer-reviewed articles
that specifically focus on the energy-growth nexus analysis. In addition,
we performed content-based analysis of the top 50 papers (selected
based on the highest average citations per year), with a view to reveal-
ing themost intriguingfindings of the literature. This studynot only rec-
ognizes and classifies thewell-knownmethodologies of energy-growth
nexus, it also provides intriguing analysis of the findings of, at this stage,
the top 50 papers. It further reveals some interesting links between ap-
pliedmethodologies, income groups of countries, and various outcomes
of the previous studies. Our study raises critical questions and opens
new avenues for future research on the energy-growth nexus. To the
best of our knowledge, this paper is the first SLR in this area and the
most comprehensive study that implements bibliometric analysis as
well as a thorough content analysis.

The rest of the paper is structured as follows: Section 2 describes our
methodology, Section 3 provides the results of citation analysis,
Section 4 provides details of our content analysis, and finally, Section 5
provides concluding remarks and policy implications.
2. Methodology

The methodology of this study is a unique SLR based on analysis of
citation counts,with a view to providing a content analysis of a selection
of top-quality papers that are rated highly by the research community.
This method has three folds, namely: i) Article selection process; ii)
Citation analysis; and iii) Content analysis. The details of these stages
are presented in the following sub-sections.

2.1. Article selection criteria

This stage consisted of a thorough key-word search through re-
nowned databases, namely ScienceDirect (hereafter SD), ProQuest Cen-
tral (hereafter PQ), and Business Source Complete (hereafter EBSCO).
Literature related to energy-growth nexus was, hence, searched thor-
oughly in SD, PQ, and EBSCO. These three databaseswere chosenmainly
because the topic is in the area of energy economics and therefore often
appears in journals that are indexed in these databases. One may in-
clude more databases; however, it would only lead to additional dupli-
cation in the search results that would need to be eliminated afterward.

Table 2 summarizes the process of our search results in its sequential
order. The key word search was initially carried out with only the word
“growth” in the titles. The search results revealed that there were
164,582, 517,160, and 84,835 titles in SD, PQ, and EBSCO, respectively.
Next, the words “growth” AND “energy”were searched simultaneously
in the titles, which reduced the number of titles in SD from 164,582 to
1788. Likewise, PQ and EBSCO results of the compound search found
far fewer results. Sincemany studies, instead of using the term “energy,”
have used various forms of energy in their title/analysis, we hence used
the following keywords that are themost likely types of “energy” in the
literature: “electricity”; “oil”; “gas”; “coal”; “solar”; “hydro”; “water”;
“geothermal”; ‘wind’; “fuel cell”; and “wave” as listed in Table 2. Follow-
ing this identification of alternative keywords for energy, we then
searched for “growth AND energy” OR “growth AND electricity” in the
titles. For example, this increased the number of articles from 1788 to
1895 in SD. Next, we sequentially added along with “Growth” all other
energy forms. For instance, the column for “solar” in Table 2 shows
the results for the following Boolean search: “growth AND energy” OR
“growth AND electricity” OR “growth AND oil” OR “growth AND gas”
OR “growth AND coal” OR “growth AND solar.” Therefore, the last col-
umn for “waves” is actually showing the combined search of “growth
AND energy” OR “growth AND electricity” OR “growth AND oil” OR
“growth AND gas” OR “growth AND coal” OR “growth AND solar” OR



Table 2
Results of Keywords Searching.

Only “Growth” Sequential Keywords Search:
(Each of these is added sequentially along with “Growth”)

Alternative words
for growth (e.g. GDP)

Search Database Energy Electricity Oil Gas Coal Solar Hydro Water Geo
Thermal

Wind Fuel Cell Wave

ScienceDirect 164,582 1788 1895 2504 3566 3665 4044 4052 6252 6259 6772 6819 6881 7143
ProQuest Central 517,160 3186 3310 5155 5985 6099 6099 6385 6415 14,005 14,015 14,183 14,200 15,357
Business Source Complete 84,835 818 923 1401 1581 1641 1728 1743 1956 1966 2044 2053 2216 2655
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“growth AND hydro” OR “growth AND water” OR “growth AND Geo-
thermal”OR “growth ANDwind”OR “growth AND fuel cell”OR “growth
AND wave”. Therefore, the last column for “waves” is actually showing
the combined total of all search terms. The results reveal that there
have been 6881, 14,200, and 2216 articles in SD, PQ, and EBSCO, respec-
tively. Next, we used alternative words for “growth” in the above-
mentioned sequential search. In other words, we included the terms
“income”, “Gross Domestic Product (GDP)” OR “Gross National Product
(GNP)” instead of “growth”. The search results were 7143, 15,357, and
2655 titles from SD, PQ, and EBSCO, respectively.

Next, in order to keep relevant papers in the economics discipline,
under the advanced search, we added the keywords of “economics,”
“economic growth,” “econometrics,” and “general equilibrium” to be
in the full body text. This is because we found plenty of titles in our
search result which were from other disciplines (e.g., medicine). The
sample was further restricted to the English language and academic
peer-reviewed articles. At this stage, we exported articles into the
“RefWorks” bibliographic management software and removed dupli-
cates. The total number of papers at this stage became 1528, arising
from 729, 225, and 574 in SD, PQ, and EBSCO respectively. This result
is reported in Table 3.

We then exported this list of articles to Microsoft Excel. Each of the
papers was given a unique numerical identifier, which did not change
in all subsequent analyses. In order to ensure that quality of papers
was high, we restricted the journals to be either listed in the
Australian Business Deans Council (ABDC) or indexed in Scopus. In ad-
dition, we excluded conference proceedings, books, and book chapters
for further quality assurance. The selection criteria further limited the
articles to those published by the end of 2017.

All papers were then screened by two of the authors who are from
the same field to check for relevancy and to build consensus for inclu-
sion of papers in the analysis. Relevancy was defined as a function of
the level of abstraction in energy-growth nexus studies, which was
Table 3
Search results: Full Text.

Full-text Keywords:
(Added sequentially along with Title
search criterion)

Data Source

ScienceDirect ProQuest
Central

Business Source
Complete

Economic growth 929 442 607
Econometrics 980 500 648
General Equilibrium 989 521 656
English, Peer Reviewed 989 261 579
Duplicates 260a 36 5
Final Sample from Initial search:
(After deleting Duplicates and
Non-English)

729 225 574

Total from All Sources 1528
Elimination of irrelevant articles
through screenings

−551

Added articles by comparing
bibliography of previous surveys

+64

Finalized Selection of papers 1041

a Notes: Arbitrarily the science direct duplicated was chosen to be removed first
checked manually by reading the title and abstracts. Several articles
were found to be irrelevant, and some were found as duplicate articles.
They may have remained duplicate despite the attempts to remove
them in RefWorks since they might have been titled with different
wordings even though theywere the same. This left uswith 977 articles
at this stage.

To test whether our sample had missed any important articles,
we carefully cross-checked all the references from the four impor-
tant literature reviews, namely (Ozturk, 2010), (Payne, 2010b),
Payne (2010a), and (Tiba and Omri, 2017). These literature surveys
cited 113, 141, and 264 articles, respectively, with a total of 518 arti-
cles. Out of 518 articles, we found 64 were missing in our search.
Therefore, we added the missing articles in our final sample. The rea-
son behind the missing papers could be that their journals might
have not been listed in either of the search engines that we used.
The final sample shortlisted for citation analysis was therefore
1041 articles from 201 journals.

2.2. Citation analysis

Citation analysis is away of identifying the relative importance of ar-
ticle/authors/journals by calculating the number of times that an article
has been cited bypeers. The emergence of online academic databases on
the Internet hasmade it possible to effectively perform citation analysis.
Google Scholar has become an attractive source of citation numbers
since its launch in 2004. Falagas et al. (2008) provides a comprehensive
comparison of the content coverage and practical utility of PubMed,
Scopus, Web of Science, and Google Scholar. (Walters, 2009) presents
a comparative performance of Google Scholar and 11 other biblio-
graphic databases. These studies found that, in terms of both recall
and precision, Google Scholar does a better job than most of the sub-
scription databases. Their findings are based on a sound evaluation pro-
cess. Therefore, in this survey, we adopted the Google Scholar citation
database. Each article was searched by Google Scholar, which immedi-
ately gave a citation count.2 This appears to be better than the Web of
Science since it not only includes the citations from the final published
version of the article but also adds the citations from working papers
of the same article (Harzing and Alakangas, 2016; Harzing and Van
Der Wal, 2009). In this context, our search criterion is explained in the
following sub-section.

2.3. Content analysis

This stage is a quantitative approach towards producing an informa-
tive source of knowledge from the open-endeddata of each paper that is
well explored, categorized, and evaluated. “Content analysis is amethod
for analyzing the content of a variety of data, such as visual and verbal
data. It enables the reduction of phenomena or events into defined cat-
egories so as to better analyze and interpret them” (Harwood andGarry,
2003). In recent years, researchers have used content analysis for SLRs
in order to identify trends in publication in a discipline. In this paper,
2 The citation counts in this paper were recorded as of the end of 2017.



Fig. 1. Cumulative number of publications.
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content analysis is used to read, classify, and summarize the selected pa-
pers with a view to extract most relevant information and produce in-
formative data or measurements. This will clarify most critical aspects
of the status quo in the literature by quantifiable measures and visual-
ized information leading to identificaiton of research gaps.

3. Results of citation analysis

In this section we present the results for citation analysis. It is di-
vided into four subsections, namely: 1) the timeframe of publications
and citations, 2) the most influential journals, 3) the most prolific au-
thors, and 4) the most cited articles.

3.1. Publications and citation by time-frame

Fig. 1 presents the cumulative time-trend of the number of publica-
tions on energy-growth nexus since 1970. It is obvious that the litera-
ture has been exponentially growing, with an average of 21 papers
per year over this entire period, reaching the total number of 1041 at
the end of 2017. If we break the period into pre- and post-2005, there
is a clear acceleration in the number of publications in the post-2005 pe-
riod. The graph indicates that the growth path had an average of five pa-
pers per year for the period prior to 2005, whereas this increased to 71
papers per year afterward. This shows global attention among the re-
search community towards energy-growth nexus. This became a topic
of interest for researchers and economists as early as the late 1960s
and the early 1970s such as (Sporn, 1966), but it is interesting to see
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that it achieved significant momentum after the release of Kraft and
Kraft (1978) as the first empirical study on this topic. We will discuss
later that, as methodologies of nexus analysis improved, more attention
was paid to this topic. Further, as wementioned earlier, a global wave of
electricity reforms since the 1990s brought more attention to this topic
asmany researchers conducted studies to investigate electricity-growth
nexus. This is essentially because econometric analysis requires ade-
quate historical data. This, in turn, explains the increasing momentum
of publication in this field after 2005.

Fig. 2 shows the trend of citation counts for each year up to the end
of 2017. Carefully examining the publications in 1978, it can be noted
that Kraft and Kraft (1978), with 2099 citations out of 2146, is the
highest cited paper in that year. We further noted that there were
only three papers in 1978 and that the remaining 47 citations out of
2146 actually belong to Hudson and Jorgenson (1978), which applied
a process analysis as well as econometrics and provided a policy-
response simulation against energy prices. The graph also depicts that
the works published in the late 2000s received higher attention and
were cited the most. The main reason could be because the application
of advanced time series techniques became popular by scholars and
publishable by journals. Further, it could be because of the publications
of highly cited literature surveys (Ouédraogo, 2010; Payne, 2010a,
2010b). There were a total of 72 papers published in the year 2010,
and these three surveys alone received 1734 citations out of 10,750
(i.e., 16%). It is clear that more recent papers still need time to be cited
and recognized. Hence, the citation counts show a declining trend
after 2010.
Year

s in Each Year as of 2017.



Fig. 3. Best Papers and Average Citations Per year Per paper during Five-Year Intervals.

3 The Australian ERA ranking system, which unfortunately ended in 2010, had themost
inclusive list of journals.
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Fig. 3 identifies the most-cited papers within 5-year time intervals.
The dotted line shows the average citations per year per paper during
each interval. For each paper, we calculated firstly the average per
year citations; then we took the average of all papers within each time
interval. Bubble size demonstrates the total number of citations of the
highest cited paper as of 2017 with the figures in the curly brackets.
The graph pinpoints the most influential studies on this topic. It is sug-
gested that future researchers do not miss out on these important stud-
ies based on the recognition given to them by the academic community.

3.2. The most influential journals related to the energy-growth nexus

Given that the energy-growth nexus covers many different fields of
study including economics, ecology, political science, and public policy,
relevant academic papers span various journals. To more specifically
identify the source of influential journals related to the energy-growth
nexus, we extracted the top 25 journals (out of 201 journals publishing
articles on energy-growth nexus) based on total citations, which is pre-
sented in Table A1 in Appendix.

Figs. 4 and 5 show the ranking of the top 10 journals based on num-
ber of publications and total citations of their published papers, respec-
tively. The top five journals comprise Energy Economics, Energy Policy,
The Journal of Energy and Development, Ecological Economics, and Energy.
We found that Energy Policy is the top-ranked journal in terms of total
number of publications on this topic, publishing 19% (200 articles) of
the total number of papers (1041 papers). The second and third ranks
belong to Energy Economics and Renewable and Sustainable Energy Re-
view, each publishing 14% and 11% of the total number of papers, re-
spectively. These three journals collectively published 44% of the total
articles on the energy-growthnexus. As can be seen, other journals pub-
lished substantially fewer articles and were subsequently cited less,
which is depicted by the distance and size of the green circles between
rank two and three in Fig. 5.

Although Energy Policy has published more articles compared to En-
ergy Economics, the latter has been cited 25,352 times, as opposed to the
former's 23,296, placing Energy Policy in the second rank in Fig. 5. How-
ever, Fig. 4 depicts journal rankings based on number of publications.
This criteria places Energy Policy in the top position followed by Energy
Economics, Renewable and Sustainable Energy Reviews, Energy, and Ap-
plied Energy.

Fig. 6 represents the percentage share of a number of publications
and total citations, according to the ABDC rankings. It reveals that 16%
of papers in our sample (1041 total number of publications) are pub-
lished in ‘A*’ ranked journals, whereas in terms of number of citations,
these papers obtained 29% of a total number of citations (91,122). The
‘A’ ranked journals have approximately 32% of total publications but
41% of total citations. Similarly, ‘B’ and ‘C’ ranked journals made up 7%
and 6% of total publications, respectively, but accounted for only 3%
and 1% of the total citations. This demonstrates that the top-ranked
journals (A* and A) contain articles that are more frequently cited by
the academic community in comparison to the articles which appeared
in lower ranked journals (B and C). However, the percentage of both
publication counts (39%) and citation counts (26%) of the papers
which appeared in journals not listed (NL)with the ABDC system is sig-
nificant, too. This implies that there are a plethora of quality articles
with significant impact factor and scientific recognition, whose respec-
tive journals have not been acknowledged by the ABDC ranking system.
This basically shows that the list of ABDC journals could be expanded.3

3.3. Most influential and prolific authors

It is important to know the influential and prolific researchers that
have published on the energy-growth nexus. Therefore, in this sub-
section, we provide the ranking of the most influential authors with re-
spect to number of publication and citations. Fig. 7a shows the ranking
of authors based on total number of publications. Muhammad Shahbaz
(Beijing Institute of Technology, China) holds the highest rank, with a
total of 30 publications, whereas James E. Payne (Benedictine Univer-
sity, USA) and Ilhan Ozturk (Cag University, Turkey) are at second
place, with 27 publications each. Fig. 7b denotes the rankings of authors
based on total citations by giving equal citation counts to all co-authors
from amultiple-authored paper. As can be seen, James E. Payne and Sari
Ramazan (Abant Izzet Baysal University Bolu, Turkey) and Ugur Soytas
(Middle East Technical University Ankara, Turkey) sit in the 1st, 2nd,
and 3rd places, respectively. Details of Top 50 authors based on total ci-
tations are presented in Table A2 in Appendix.

Following Gauffriau and Larsen (2005), we sought to reflect the par-
tial contribution of each author in papers with multiple authors. That
meant the application of an equal fractional weighting scheme, which
gives an equally proportional score to each author of the same paper.
For instance, the sole author of a paper receives the full score of the
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weight (one) and the entire credit of all citation counts belonging to that
paper. On the other hand, each author of a multiple/co-authored paper
receives an equal fraction of publication/citation counts of that paper.
For example, an author would receive half, one-third, or one-fourth of
the credit of publication/citation counts of a paper with two, three, or
four authors, respectively, and so on. Nonetheless, this weighting
scheme has its limitation as it ignores the order in which the names of
the authors appear on the paper or their actual share of contributions.
Usually, thefirst author is considered as themost important contributor.
However, in some subject areas, it is the first and the last authors who
are regarded as the major contributors (see, Hoepner et al., 2012).
Fig. 5. Top 10 most
Unfortunately, we are unable to find any better weighting scheme
that could help us to find the exact contribution of co-authors in a pub-
lication. Therefore, we settled on giving an equal fractional share of
score/credit of publication/citation count for multiple/co-authored
papers.

Hence, Fig. 7c and d provide the rankings of themost prolific authors
based on fractional publications and citations. Fig. 7c provides the rank-
ing of the top 10 authors based on the fractional number of publications.
James E. Payne, Ilhan Ozturk, and Nicholas Apergis (University of Pi-
raeus, Greece) came out as top three authors. Mohammed Shabhaz is
the leading author with a total of 30 publications as shown in Fig. 7a;
cited journals.
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Fig. 6. Number of publications and citations based on ABDC ranking.
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however, it can be noted that his rank is 5th in Fig. 7c because he has
been a co-author in most of his publications. It is clear that fractional
scores are a better way to judge the contribution of authors (Gauffriau
and Larsen, 2005).

Fig. 7d depicts the fractional citation counts with a view to giving a
proportional contribution to the authors of each paper. Since many
scholars have co-authored papers, the ranks change. As can be noted,
James Payne still is in the 1st rank, followed by Chien-Chiang Lee
a: Ranking based on total Number of Publications

c: Ranking based on fractional Number of Publications

Fig. 7. Prolific author's ranking based on number of publications and Citations. a: Ranking bas
fractional Number of Publications d: Ranking Based on Fractional Citations.
(National Sun Yat-sen University, China) and Yemane Wold-Fufael
(The Northern Negros State College of Science and Technology,
Philippines) as the 2nd and 3rd most highly cited authors.

With a view to comparing the author's performance over time, we
could also rank them based on average per year citation counts or aver-
age per year fractional citation counts. This allows comparing the im-
pact of authors who published a long time ago and, of course, had a
chance to accumulate more citations with those authors who have
b: Ranking Based on Total Citations

d: Ranking Based on Fractional Citations 

ed on total Number of Publications b: Ranking Based on Total Citations c: Ranking based on
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published more recently. Table A3 in the Appendix is showing the top
20 authors ranked based on average per year fractional citation counts
for authors with a minimum of 5 papers. According to this ranking,
Nicholas M. Odhiambo, with 27.1 average fractional citations per year,
is the leading author, followed by David I. Stern and Yemane Wolde-
Rufael, with 18.8 and 17.5 average fractional citations per year,
respectively.
3.4. The most influential articles

In linewith the above discussion regarding authors' citation analysis,
it is evident that papers published earlier normally accumulatemore ci-
tations as compared to papers published recently. Therefore, for a
meaningful comparison for individual papers, it is important to analyze
per year citations. Hence, Table A3 in Appendix provides the full list of
Top 50 articles based on per year citations.

The most influential paper in our list appears to be Ozturk (2010)
entitled “A Literature Survey on Energy Growth Nexus,” published in
Energy Policy. This paper had 916 total citations as of the end of 2017.
The paper has a relatively low total citation count compared to, say,
Kraft and Kraft (1978) with 2099, or Asafu-Adjaye (2000) with 1232 ci-
tations. However, with 114.5 citations per year, this paper holds thefirst
rank among all papers in our list of 1041 papers. This implies that in less
than a decade it has received the highest attention among scholars
working on this topic. This is one of the independent literature surveys,
hence this might be one of the reasons for such recognition. The paper
argues that there are some methodological limitations in the previous
empirical studies. Karanfil (2009) similarly highlights that earlier em-
pirical studies have produced inconsistent results and that there is no
clear conclusion in terms of the existence of a nexus or in terms of the
direction of causality between E andY. This, in turn,may lead to conflict-
ing policy implications that are undesirable. Themost important recom-
mendations that Ozturk (2010) suggests are that researchers could use
advanced approaches, particularly autoregressive distributed lag
(ARDL) bounds test, two-regime threshold co-integration models,
panel data approaches, and multivariate models, which apparently
had been in used in somepapers prior to this survey. Further, it suggests
that newpapers should try to avoidmissing important variables such as
real gross fixed capital formation, labor forces, carbon dioxide emis-
sions, population, exchange rates, interest rates, and so on. Such recom-
mendations appear to be have been well received by papers published
during the last decade.

The paper ranked second in our list is Halicioglu (2009). It
showed 809 total citation counts and 89.89 citations per year. This
paper is also published by Energy Policy, titled “An Econometric
Study of CO2 Emissions, Energy Eonsumption, Encome and Foreign
Trade in Turkey.” The paper used the ADRL Bound test. The variables
included in the study were energy consumption, per capita real gross
national income, CO2 emissions, and trade openness. The time frame
was for the period 1960–2005. The major findings are that there ex-
ists a stable long-run nexus between CO2 emissions and income
growth. In addition, there is a causal relationship between E and Y
only in the long-run (running from E to Y, [E → Y]) but not in the
short-run (E — Y). The results also informed important policy
recommendations.

The paper in third place is Zhang and Cheng (2009), published in
Ecological Economics, entitled “Energy Consumption, Carbon Emis-
sions, and Economic Growth in China.” The paper examined the exis-
tence/direction of multivariate Granger causality between E, Y, and C
as well as capital and urban population variables in China. Based on
data over the period 1960–2007, it concluded a unidirectional
Granger causality running from Y to E (E ← Y), and a unidirectional
Granger causality running from E to C in the long-run (E → C). The
study also showed a bi-directional causality between E and Y in the
short-run (E ↔ Y).
4. Detailed content analysis of the top 50 papers

In this section, we provide a detailed content analysis for the top 50
papers, ranked according to average citations per year. This is with a
view to show major contributions made in the previous studies. The top
50 papers were not subjectively chosen by the authors of this paper.
They were instead chosen based on the relative weights given by the en-
tire academic community. The authors of this study are working to care-
fully go through the entire set of 1041 papers. This paper is an interim
product of our effort.

In this review, we particularly look at the type of analysis (time se-
ries vs. panel) and methodology implemented (Section 4.1), and re-
search outcomes (Section 4.2) in terms of types of causality between E
and Y previously discussed as the quadruplet hypotheses.We finally as-
sociate the research outcomes with the type of analysis, methodologies
as well as additional classifications of countries (income groups in the
way defined by the United Nations database) (Section 4.3).

4.1. Type of analysis and methodologies

In this subsection, first, we provide the perspective of the evolution
of methodologies used for nexus studies in general. Second, we provide
an analysis of our observations of the top 50 papers.

4.1.1. Evolution of methodologies
In examining the way that methodologies have evolved over time,

we identified that there have been seven generational breakthroughs.
These generations are as follow:

• 1st generation: General Equilibrium [GE]
Motivated by the oil crises of the 1970s, early attempts at energy-
growth nexus analysis emerged through the works of Griffin and
Gregory (1976) and Brendt and Wood (1979) to name a few. This,
in turn, was when ‘energy economics’ as a new sub-discipline of eco-
nomics emerged. As Payne (2010b) points out, these studies explored
the role of energy within an applied neoclassical theory of economic
growth, mostly using a general equilibrium (GE) framework based
on a pre-defined system of simultaneous structural equations. A suit-
able example of GE analysis can be found in (Moroney, 1992) in the
context of the energy-growth nexus. The more recent application
can be seen in FathollahZadeh et al. (2013).

• 2nd generation: Vector Autoregressive [VAR]
Influenced by the progress made in time-series econometrics, the
second generation of studies are referred to as early studies that used a
vector autoregressive (VAR) model in the tradition of (Granger, 1969)
or (Sims, 1972). In this method, stationarity is assumed for all variables.
This method, in the context of this paper, is labeled VAR. Application of
such approaches in understanding the nature of energy-growth nexus
was indeed pioneered by the empirical study of Kraft and Kraft (1978).

• 3rd generation: Error Correction Model [ECM]
These are studies that accounted for non-stationary time series data, and
those adopting a cointegration analysis in the style of (Engle and
Granger, 1987) for a single equation. (Engle and Granger, 1987) is a
two-step approach which is regarded as a fundamental revolution in
time-series econometrics, differentiating between the short-run and
long-run nature of nexus between pairs of nonstationary variables that
are an integrated of order one, I(1). Thus, a distinct characteristic of
this method is that one must test the stationarity of a variable prior to
making a hypothesis test.

• 4th generation: Vector Error Correction Models in Causality Tests [VECM]
These are studies which followed (Johansen and Juselius, 1990) and
(Johansen, 1991). In the context of this paper, these approaches are ab-
breviated asVECM. Themain difference of this generation is basically re-
lated to itsmultivariate nature of cointegration analysis thatwould lead
to a proper nexus analysis. This feature of VECM has made it one of the
most popular methods of nexus analysis.
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• 5th generation: Autoregressive Distributed Lag Model [ARDL and TY]
These are a set of modified and improved methods or procedures for
causality tests. In these methods, there is no need for prior stationary
tests. The ARDL Bounds Test (or simply abbreviated by ARDL),
pioneered by Pesaran et al. (2001), is suitable for small-size sample
data observations. There is yet another class of models, pioneered by
Toda and Yamamoto (1995) and labeled as TY, which is often discussed
separately. TY procedure holds better econometric properties. It has the
ability to test causality in non-stationary variables, even with different
orders of integrations (i.e., I(2), I(3) etc.). However, because of using
similar distributed lag specifications, we found them very related as a
generational breakthrough. Both emerged in the 1990s.

• 6th generation: Panel Analysis [PA, including PVECM, FMOLS, and DOLS]
This generation is related to studies that apply advanced panel-data
techniques, including tests for unit roots and cointegration relations
within a panel dataset. Seminal works in this class comprise Pedroni
(1998) and Pesaran et al. (1999). The underlying idea behind these
studies is that it is plausible to think of a very long-run relationship be-
coming common across countries and, hence, being estimated by
pooling the entire data. This, in turn, can be seen as a generalized
nexus relationship within a panel of countries (see (Pesaran et al.,
1999)). An advantage of panel data is that researchers have the oppor-
tunity to test country-specific nexus along with the panel nexus analy-
sis. The procedure is that first data is tested for panel stationarity and
cointegration. This is followed by an appropriate methodology captur-
ing panel nexus, namely: Panel Vector Error Correction Model
(PVECM) (Hansen, 1999; Menegaki, 2014); Fully Modified Ordinary
Least Square (FMOLS) (Pedroni, 2001); Generalized Method of Mo-
ments (GMM) (Bond and Windmeijer, 2002); or Dynamic OLS (DOLS)
(Mark and Sul, 2003).

• 7th generation: Structural Vector Autoregressive Model [SVAR or VARX]
This generation refers to studies that try to reconcile classical economet-
rics or GE analysis (the 1st generation) with time-series properties of
data (i.e., stationarity and cointegration), which were the major focus
throughout the 2nd to 6th generations, above. These studies apply ad-
vanced time-series techniques that allow for structural equations,
known as Structural VAR (SVAR), pioneered by (Sims, 1980), (Sims,
1986) and (Bernanke, 1986); Structural VECM (SVECM), following the
works of (King et al., 1991), (Gonzalo and Ng, 2001); (dynamic) Simul-
taneous Equation Model (SEM); or above all VARX as is labeled by
Pesaran et al. (2000).
It is worth mentioning that throughout the 2nd to 6th generations,
there is no a priori theory (initial causality hypothesis) under test. Re-
searchers in this field essentially argue that one should let the data
talk and determine the causality relationship (posterior theory, which
T = Time Series

Analysis

P = Panel

Fig. 8. Classification of observed analysi
is also known as Granger causality produced by the data). This is in con-
trast to the 1st generation, where testable theory is stated upfront. In
the first generation, theory suggests the structural form of equations
and then the researcher can estimate them indirectly through reduced
forms and final forms of equations that reflect medium and long-run
equilibrium of the GE model.
The 7th generation is a fusion of both methodologies. In sum, the 7th
generation methodology, while considering all time-series characteris-
tics of data, further allows:

i. Testing of a priori economic theory
ii. Exogenous variables to be incorporated, allowing for the performance

of excellent if-and-then scenario exercises as a simulation analysis
iii. Testing of structural, technological and/or institutional breaks in an

economy

There are, however, very few energy-growth nexus studies that hav-
ing applied VARX (e.g., Toda and Yamamoto, 1995). VARX models are
mostly applied for other research questions or in otherfields of econom-
ics such as finance and banking (e.g., Fukuda, 2016).

The above-mentioned generations are inclusive to those presented
by Payne (2010b), Belke et al. (2011), andMenegaki (2018). Those sur-
veys particularly sketch the evolution of nexus methodologies in four
generations, rather than seven as suggested here. We, essentially, iden-
tified the 1st and 7th generations as distinct generations, which helps to
highlight future potential contributions. Further, in Payne (2010b) and
Belke et al. (2011), all multivariate methodologies are categorized in
the same class. In our classification,we havemade a distinction between
VECM and ARDL because in the latter there is no need for a priori sta-
tionary (unit root) tests. It is noteworthy that except for the 1st and
4th generations (GE and ARDL models), a fundamental component of
all methodologies is indeed the process used for testing for stationarity
of variables. This is done with a view to avoiding arriving at a so-called
spurious regression that appears to be the major criticism against the
1st generation (classical econometrics).

4.1.2. Applied methodologies in the top 50 papers
After a thorough review of the contents of the top 50 papers, we

identified two major types of analyses used in these studies, namely:
i) time series, country-specific analysis; and ii) panel data, cross-
country analysis. Each type of these analyses has adopted variousmeth-
odologies (economic models) to carry out its research objectives. Fig. 8
summarizes the appliedmodels. The observedmodels, however, are not
from all generations as described in Section 4.1.1 because they are lim-
ited only to those implemented in top 50 papers. Fig. 9, in turn, depicts
VAR: Sims (1972)

VECM: Johansen Juselius (1990)

ARDL: Pesaran et al (2001)

TY: Toda and Yamamoto (1995)

FMOLS: Pedroni (2000)

PVECM: Hansen (1999)

DOLS: Mark and Sul (2003)

GMM: e.g., Bond (2002)

s type and applied methodologies.



VAR = Vector Auto Regressive models
DVAR = Vector Auto Regressive differences
ECM = Error Correc�on Models
VECM = Vector Error Correc�on Model
ARDL = Auto Regressive Distributed Lag Model
TY = Toda and Yamamoto

GMM = Generalized method of Moments
FMOLS = Fully-Modified Ordinary Least Square
DOLS = Dynamic Ordinary Least Square
PVECM = Panel Vector Error Correc�on Model

Fig. 9. Percentage of analysis-type and methodologies applied in the top 50 papers.

Table 4
A summary of country-specific nexus outcomes from both time series and panel studies.

Nexus Short
Run

Literature Short
Run

Long
Run

Literature Long
Run

Results Time
Series

Panela Surveys Total Time
Series

Panela Surveys Total

E — Y 42 43 85 33 16 49
E → Y 66 1 67 27 66 93
E ← Y 7 4 11 14 4 18
E ↔ Y 12 12 14 10 24
SUM 127 48 175 88 96 184
NA or
NP 70 358 3 431 109 310 3 422

Total 197 406 3 606 197 406 3 606

E → Y = Growth Hypothesis, implying that energy causes the economic growth;
E ← Y = Conservation Hypothesis, implying that economic growth drives the energy use;
E↔ Y= Feedback Hypothesis, implying that there is a bidirectional causality between en-
ergy and growth;
E— Y=Neutrality Hypothesis, implying that there is no inter-relationship between energy
and economic growth; and
NA or NP = Not Applicable or Not Provided.

a Note thatmost Panel Studies havenot conducted country specific (Time-Series) nexus
analysis. The counts of pooled results are shown in Table 6.
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the percentage share of analysis-type against applied models. As can be
seen, there are three literature survey papers (6%), 29 papers with time
series analysis (58%) and 18 paperswith panel analysis (36%). The dom-
inantmethodology is VECMof the 3rd generation, comprising 16 papers
out of the total 50 (32%). Within the panel analysis papers, FMOLS (in
seven papers) is the most widely used methodology (14% of all),
followed by PVECM observed in four papers (8%). There are some stud-
ies that have applied multiple methodologies in both time series and
panel analysis. For instance, three papers (6%) have applied both
FMOLS and DOLS.

4.2. Research outcomes

In this section, we show the portfolio of the nexus outcomes as four
folds, namely: i) Short-run vs Long-run outcomes; ii) Outcomes vs.
methodologies; iii) Country-specific outcome breakdowns in terms of
income groups; and iv) Distribution of outcomes by major academic
journals.

4.2.1. Short-run vs long-run outcomes
Table 4 provides a brief summary of nexus outcomeswith regards to

Granger causality tests between E and Y variables in the top 50 papers.
These are country-specific test results that are reported in both time se-
ries and panel analysis. The number of hypothesis-tests is not equal for
short- and long-run causalities. This is because not every study has per-
formed tests (marked as not-applied [NA]), nor has every study pro-
vided its test results for all individual countries (marked as not-
provided [NP]). Therefore in Table 4, the total counts of country-
specific cases that are either NA or NP are also shown. There are of
course many countries that have appeared in multiple studies. In
other words, altogether, there have been 603 potential country-cases
(with replications, excluding literature surveys) in our sample,
i.e., 197 country-cases in time series studies and 406 country-cases in
panel studies (see Table 4).

There are 175 country-specific cases that have provided short-run
causality tests, while there are 184 country-specific cases that have per-
formed long-run causality tests. It is worth noting that in panel analysis,
the list of countries are much more, but only a few studies – besides
performing Granger causality tests for the pooled data – have also per-
formed country-specific causality tests. Table 4 reveals that the neutral-
ity hypothesis (E — Y), with 85 observations, is the dominant nexus
outcome among sample countries for the short-run,whereas the growth



Table 5
Nexus matrix of short-run vs. long-run outcomes.

E — Y E → Y E ← Y E ↔ Y SUM NA/NP Total

E — Y 32 47 2 3 84 1 85
E → Y 1 7 1 1 10 57 67
E ← Y 2 3 4 2 11 11
E ↔ Y 1 2 2 7 12 12
SUM 36 59 9 13 117 58 175
NA or NP 13 34 9 11 67 364 431
Total 49 93 18 24 184 422 606

E → Y = Growth Hypothesis, implying that energy causes the economic growth;
E ← Y = Conservation Hypothesis, implying that economic growth drives the energy use;
E↔ Y= Feedback Hypothesis, implying that there is a bidirectional causality between en-
ergy and growth;
E— Y=Neutrality Hypothesis, implying that there is no inter-relationship between energy
and economic growth; and
NA or NP = Not Applicable or Not Provided.

Table 7
Linkage between short run nexus outcomes and methodologies.

Nexus Hypothesis Outcome Grand
Total

E — Y E → Y E ← Y E ↔ Y

# % # % # % # % # %

Methodology

VECM 23 18% 61 48% 3 2% 9 7% 96 76%
ARDL 19 15% 3 2% 3 2% 1 1% 26 21%
TY 1 1% 2 2% 3 2%
VAR 1 1% 1 1%
VECM, ARDL 1 1% 1 1%
Grand Total 42 33% 66 52% 7 6% 12 9% 127 100%

VAR = Vector Auto Regressive models.
DVAR= Vector Auto Regressive differences.
ECM= Error Correction Models.
VECM= Vector Error Correction Model.
ARDL = Auto Regressive Distributed Lag Model.
TY = Toda and Yamamoto.
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hypothesis (E → Y), with 93 observations, is the dominant outcome
among sample countries for the long-run.

Table 5 shows the causality nexus matrix from the studies that have
tested both short- and long-run hypotheses, simultaneously. The sam-
ple consists of a total of 117 country-specific cases. Each observation
in this table refers to a country-specific test result that has implemented
both short- and long-run tests in the same study. The diagonal of this
matrix shows the consistent nexus outcomes, whereas the off-
diagonal refers to dissimilar outcomes for short- and long-run tests.
The dominant result refers to countries that have shown the neutrality
hypothesis (E — Y) in the short-run and the growth hypothesis (E → Y)
in the long-run, with 47 observations. It is clear that themost consistent
result (diagonal) belongs to theneutrality hypothesis (E—Y)with 32 ob-
servations out of 117 country cases. The growth (E→Y) and feedback hy-
potheses (E ↔ Y), each with seven observations, are ranked second in
terms of consistent short- and long-run outcomes. As for the conserva-
tion hypothesis, there are only four consistent country-specific cases.

Table 6 is a summary of the results for panel studies for both short-
run and long-run causality tests in the top 50 papers. The panel refers
to nexus outcomes for a cluster of countries, selected differently by
each study. There are 17-panel cases that have provided short-run cau-
sality tests, while there are 16-panel cases that have performed long-
run causality tests. Our survey reveals that the conservation hypothesis
(E ← Y) with six observations is the dominant outcome among panel
cases in the short-run, whereas the feedback hypothesis (E ↔ Y) with
seven observations is the dominant outcome among all panels in the
long-run.
Table 8
4.2.2. Outcomes vs. methodologies
As other researchers like Karanfil (2009), Payne (2010a, 2010b) and

Ozturk (2010) have pointed out, we also found that the test results of
Table 6
A brief summary of panel studies.

Row Labels Short Run Long Run

E — Y 3 1
E → Y 4 5
E ← Y 6 3
E ↔ Y 4 7
Sum 17 16
NA or NP 33 34
Grand Total 50 50

E → Y = Growth Hypothesis, implying that energy causes the economic growth.
E ← Y = Conservation Hypothesis, implying that economic growth drives the energy use.
E↔ Y= Feedback Hypothesis, implying that there is a bidirectional causality between en-
ergy and growth; and
E— Y=Neutrality Hypothesis, implying that there is no inter-relationship between energy
and economic growth; and
NA or NP = Not Applicable or Not Provided.
hypotheses are highly sensitive to the methodologies that are
implemented.

Tables 7 and 8 show the linkage between nexus outcomes and the
implemented methodologies for the short-run and long-run, respec-
tively. Within all time series analyses performed in 29 papers out of
the top 50 papers (shown in Fig. 9), a total of 127 country-specific
cases have tested short-run causality nexus, while 88 country-specific
cases have tested the long-run causality nexus. In the short-run results,
with 96 country-specific cases, VCEM has been the most dominant
methodology used (76%). This is followed by ARDL and TY methodolo-
gies, with 26 (21%) and three cases (2%), respectively. In studies that
have used VECM only, the growth hypothesis (E → Y) has been domi-
nantly supported as the short-run energy-growth nexus (with 61 coun-
try cases; 48%). Studies that have implemented the ARDL method have
mostly supported the neutrality hypothesis (E— Y) with 19 cases (15%).
In the long-run results, though, Table 9 reveals that, with 40 country-
specific cases, VCEM has been the most used methodology (46%). This
is followed by ARDL and TY methodologies with 25 (28%) and 21
(25%) cases, respectively. In both VECMandARDL, theneutrality hypoth-
esis (E — Y) has been supported as the dominant long-run energy-
growth nexus (each with 15% shares). This is while TY methodology
has been equally in support of the feedback (E↔ Y) and growth hypoth-
esis (E→ Y), (each with seven cases (8%)).

Within all panel studies performed in 18 papers out of the total of
top 50 papers (as shown in Fig. 9), only 17 panel cases have tested the
common short-run causality nexus, while 16 panel cases have tested
the common long-run causality nexus (see Table 6). Fig. 10 illustrates
the linkage between implemented methodologies and the nexus
Linkage between long run nexus outcomes and methodologies.

Nexus Hypothesis Outcome Grand
Total

E — Y E → Y E ← Y E ↔ Y

# % # % # % # % # %

Methodology

VECM 13 15% 10 11% 5 6% 12 14% 40 46%
ARDL 13 15% 11 13% 1 1% 25 28%
TY 7 8% 5 6% 7 8% 2 2% 21 24%
VAR 1 1% 1 1%
VECM,
ARDL

1 1% 1 1%

Grand Total 33 38% 27 31% 14 16% 14 16% 88 100%

VAR = Vector Auto Regressive models.
DVAR= Vector Auto Regressive differences.
ECM= Error Correction Models.
VECM= Vector Error Correction Model.
ARDL = Auto Regressive Distributed Lag Model.
TY = Toda and Yamamoto.



Table 9
Energy-growth nexus outcomes for China appeared in the top 50 papers.

Short-Run Energy-Growth Nexus Long-Run Energy-Growth Nexus

Time Series Analysis

Methodologies E — Y E → Y E ← Y E ↔ Y NA or NP Grand Total E — Y E → Y E ← Y E ↔ Y NA or NP Grand Total
ARDL
TY 1 1 1 1
VAR
VECM 1 1 2 1 5 2 1 1 1 5
VECM, ARDL 1 1 1 1
Grand Total 2 1 3 1 7 3 2 1 1 7

Panel Analysis

DOLS
FMOLS 2 2 2 2
FMOLS, DOLS 1 1 2 1 1 2
GMM 1 1 1 1
PVECM 1 2 3 1 2 3
Grand Total 2 6 8 2 6 8
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outcomes only for the long-run. The nexus outcomes in these cases of
course refer to the common nexus for the group of countries in each
particular panel analysis. Panel casesmaynot necessarily be comparable
between two different papers due to the differences in their number of
countries, economy sizes, and regions. Nonetheless, among these 16
panels, there exist six cases that have implemented FMOLS solely as
themethodology (38%). Considering that some studies have also imple-
mented FMOLS jointly with DOLS (an additional three cases; 19%),
FMOLS has been the dominant methodology used in panel analyses of
our sample. The second rank is PVECM methodology, with four panel
cases, comprising a 25% share of the sample. In both FMOLS and
PVECM, it is the feedback hypothesis (E ↔ Y) that has been attested as
the common long-run energy-growth nexus of the group of countries
under examination. This hypothesis has been the dominant nexus out-
come in the long-run (44% of all cases) in the entire panel studies, re-
gardless of methodology.
4.2.3. Country-specific nexus outcome breakdowns by income groups
In the sample of the top 50 papers (excluding three literature survey

papers), a total of 128 countries were examined against energy-growth
nexus, some for both short- and long-run nexus, and some for either
short-run or long-run. We have only recorded short/long-run results
that are clearly stated in the papers. Fig. 11 shows the frequency of
Fig. 10. Methodology vs. long run nexus outcomes in panel studies. FMOLS = Fully-
Modified OLS; DOLS = Dynamic OLS; PG = Panel Granger model; GMM = General
Method of Moments; PVECM= Panel Vector Error Correction Model;
top 20 countries in this sample, appearing in both time series and
panel studies.

In country-specific studies and within time series analysis only,
there are 76 countries with a total of 127 country-cases (including rep-
lications in different studies) in the sample where short-run energy-
growth nexus is examined and reported. In comparison, there are 55
countries with a total of 88 country-cases within time series studies
where long-run nexus are tested and reported. Looking at the
country-specific nexus results for both short and long-run, there is no
conclusive linkage between energy-growth nexus across the countries
(see Fig. A1 in the appendix).

China has appeared 15 times in the top 50 papers, the highest fre-
quency of an individual country in the sample. In China's case, the
energy-growth nexus outcomes for both short-run/long-run and across
time series and panel studies are summarized in Table 9. As can be seen,
the nexus outcomes are very mixed, providing confusing and inconclu-
sive policy implications to researchers and authorities. For example, in
time series analysis, seven cases are noted. Out of these seven cases,
the short-run nexus results suggest that in three cases the feedback hy-
pothesis (E ↔ Y) is supported for the Chinese economy, implying an
intertwined energy saving programwhile in two cases growth hypothe-
sis (E→ Y) and in one case conservation hypothesis (E← Y) are attested
for the Chinese economy, with totally opposite policy implications, in-
deed. Some of these mixed results may be due to variable selection or
methodology. The distribution of nexus outcomes for China in the
long-run within time series analysis is also similarly scattered. As for
the use of methodology, VECM appears to be the most implemented
time series methodology for China. The fact that nexus outcomes of
this methodology have led to entirely conflicting nexus outcomes is
truly alarming. This point was picked up by previous literature surveys
and still needs to be appropriately addressed.

With a view to finding some useful linkage between energy-growth
nexus results and the type of countries, it would perhaps be better to
classify countries based on their income levels. Considering the World
Bank's classification of countries into four distinct income groups,4 the
resulting outcomes might lead to interesting interpretations. Table 10
shows the frequency of nexus outcomes against countries' income cate-
gories both for short- and long-term cases, respectively.

In terms of short-run energy-growth nexus, it is evident that, with
49% of the cases, the neutrality hypothesis (E — Y) is the most common
result in our sample. This is followed by the growth hypothesis (E→ Y)
with 36%. It is interesting that such dominance is consistent across
high income and upper-middle-income groups whereas, in low income
and lower-middle-income groups, it is the growth hypothesis (E → Y)
that stands first. This implies that the higher the income the more the
4 TheWB's classification is extracted from https://blogs.worldbank.org/opendata/new-
country-classifications-income-level-2017-2018.
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neutrality hypothesis (E — Y) is observable, and the lower the income,
the more likely we are to see the growth hypothesis (E→ Y).

In terms of long-run energy-growth nexus, the growth hypothe-
sis (E → Y) appears to be the highest case, with 54%, high-income
group countries showing this hypothesis as the most dominant
energy-growth nexus. The lowest share of this hypothesis is in
low-income group countries with 29%, although this share is not
less than the other three hypotheses. Therefore, we can conclude
that overall, the growth hypothesis (E → Y) is the most relevant
nexus outcome in our sample countries. Fig. 12 and Fig. 13 visualize
these facts. One may get a better conclusion if a similar analysis
were done for entire articles with more recorded observations in
this literature. This conclusion may, however, be sensitive to article
selection.

4.2.4. Distribution of outcomes by journals
Our systematic data processing has provided further insightful infor-

mation that can be presented in various ways. For instance, in this sec-
tion, we present the distribution of the nexus outcomes in the top
journals. Figs. 14 and 15 show the number of publications in scholastic
journals. Here we can observe that this distribution is not equality
Table 10
Income groups and energy-growth nexus results.

Short run

E — Y E → Y E ← Y E ↔ Y Grand Total

High income 52 36 3 4 95
Upper middle income 19 13 3 6 41
Lower middle income 13 14 4 2 33
Low income 1 4 5
Grand Total 85 67 10 12 174

(percentage) (49%) (38%) (6%) (7%) (100%)

Long run

E — Y E → Y E ← Y E ↔ Y Grand Total

High income 22 43 3 11 79
Upper middle income 14 26 4 6 50
Lower middle income 11 22 8 6 47
Low income 2 2 2 1 7
Grand Total 49 93 17 24 183

(percentage) (27%) (51%) (9%) (13%) (100%)

E → Y = Growth Hypothesis, implying that energy causes the economic growth.
E ← Y = Conservation Hypothesis, implying that economic growth drives the energy use.
E↔ Y= Feedback Hypothesis, implying that there is a bidirectional causality between en-
ergy and growth; and
E— Y=Neutrality Hypothesis, implying that there is no inter-relationship between energy
and economic growth.
scattered across the journals. In addition, Fig. 16 shows the overall dis-
tribution of all 184 country-cases that have tested long-run energy-
growth nexus (see Table 4).

These Figures/Tables are self-explanatory. For instance, in the short-
run, papers in the Journal of Policy Modeling dominantly support the
growth hypothesis (E→Y). InApplied Energy, most short-run results sup-
port the neutrality hypothesis (E— Y). Energy Economics, while having a
higher frequency of short-run nexus results, mostly contains articles in
support of the neutrality hypothesis (E— Y). Energy Policy holds themost
diverse and unbiased distribution of nexus results of all four types of hy-
pothesis. As we mentioned earlier, the neutrality hypothesis (E — Y) has
been the dominant nexus outcome. The Journal of Energy and Develop-
ment has only one paper showing a short-run result which supports
the conservation hypothesis (E ← Y). This paper belongs to Kraft and
Kraft (1978).

Regarding the long-run nexus results, it is evident from Fig. 16 that
Energy Economics and Energy Policy have published a more diverse re-
flection of all four hypotheses. A better judgment about the distribution
of outcomes in various journals could be made if the data from all 1041
papers were processed and included.

Our survey confirms that there are inconsistencies in the results
of causality tests as also pointed out by previous studies. We argue
that such inconsistency and conflicting outcomes in the energy-
growth nexus is most likely due to the dynamic nature of the
nexus itself, rather than being recognized as a problem. This is sub-
ject to certain structural changes brought into the economic system
such as a new discovery, a technological advancement, a new policy
change, or simply an unanticipated external shock. This idea, as an
overarching plausible hypothesis (or a set of inter-related hypothe-
ses), is shown in the circular diagram of Fig. 17, below. In addition,
the outcome of the nexus type would be dependent upon the stage
of instantaneous, short-run, medium-run, long-run, and even very-
long-run states of equilibrium in the economy. The structural
forms of the system of simultaneous equations of the endogenous
variables (e.g., E and Y) are often representations of the instant or
short-run nexus, whereas the reduced forms or final forms of the
economy capture the medium, long-run, or very long-run status of
the equilibrium in the economy. Similar idea can be seen in the liter-
ature of so-called Environmental Kuznets Curve (EKC) that empha-
sis on the nature of dynamic change of economy-environment
nexus.

A dynamic test of this hypothesis, or a wider theory (i.e., a set of
inter-related hypotheses), is required to explain the sources and causes
of change in the type of energy-growth nexus. Incorporating an appro-
priate set of exogenous variables that could capture external shocks
would be useful. More importantly, a set of suitable testable hypothesis
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as a theorywould be of great importance. Such a (economic or environ-
mental) theory can be translated into a structural form of equation(s).
The VARX methodology (the 7th generation) proposed by Pesaran
et al. (2000) is capable of doing such a task. VARX employs all features
of time series and panel analysis (the 2nd to 6th generations). We
have noted that VARX is rarely used for energy-growth nexus. It has a
great potential to reconcile traditional theory-oriented econometrics
with time series and panel analyses. We think that innovative future
contributions could be along this line.

Alternatively, we think that one may still apply one of the fre-
quently used methodologies of 2nd to 6th generations, namely
VAR, ECM, VECM, ARDL/TY, and PA (e.g., PVECM, FMOLS, DOLS),
and yet making new contributions if using those methods in a
moving-average manner. By saying moving-average manner, we
suggest that the estimation period of each model could be moved
year-by-year with a view to capture the dynamics of change in the
energy-growth nexus. Further, one may wish to apply newly used
meta-analysis type of study for large samples. In these studies, var-
ious quantitative or qualitative aspects of previous empirical studies
will be used in an independent regression analysis with a view to
shedding light on the relationship between the hypothesis test-
results and various attributes of nexus analyses (i.e. data character-
istics, time-frame, model specification, methodology, etc.) helping
to identifying the nature of the dynamics of energy-growth nexus.
As discussed in Section 1, Menegaki (2014) and Sebri (2015) have
already implemented meta-analysis. However, we showed that
these studies have included the results of very few empirical studies
in their meta-data analyses (50 and 40 studies, respectively).
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Further, in Table 1, we showed that, in their literature surveys, these
studies have missed including 25 and 43 highly-cited empirical
studies in their analyses, respectively. We hence believe that there
are plenty of great potentials for further contributions in the use of
meta-analysis approach.

5. Concluding remarks and policy implications

This study is a systematic literature survey on energy-growth nexus.
We have identified the leading sources of knowledge in this literature in
terms of the most influential journals, authors, and papers. Further, we
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have revealed the most intriguing content-based findings with
quantitative measures for the top 50 papers, selected based on the
highest average citations per year. This survey is unique in that the pro-
cess of selecting studies is entirely objective, allowing the research
community's opinions to take the lead rather than any subjective judg-
ment by the authors. We took 1041 peer-reviewed articles which are
specifically focused on energy-growth nexus (i.e., nexus between E
and Y variables). It should be noted that also multiple nexus have inev-
itably appeared in the search results as well.

To the best of our knowledge, this is the most comprehensive selec-
tion of articles on energy-growth nexus studies and the first systematic
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Fig. 16. Distribution of long-run results in academic journals.

Developed 
economy 

E↔Y

Sustainable 
economy 

E−−Y

Developing 
economy 

E→Y

Developed 
economy 

E←Y

Innova�on &
Discovery

Development &
Maturity

Development
& Capital
Subs�tu�on

Tight Efficiency
& Produc�vity

growth

Reduced forms

(e.g., Long Run Nexus)

Final Forms
(e.g. very Long Run Nexus)

Structural forms

(e.g., Short Run Nexus)

Fig. 17. Schematic potential transformation energy-growth nexus against external forces.

17N. Ahmad et al. / Energy Economics 86 (2020) 104642



18 N. Ahmad et al. / Energy Economics 86 (2020) 104642
literature survey in this area. We identified seven literature surveys on
this topic. Based on total citation and average citation per year, we
found that several articles have been left out from all previous surveys.
The survey with the lowest number of missing articles was Ozturk
(2010) with only three papers. Other surveys' missing papers ranged
between eight and 43 (see Table 1).

We found that, with 200 articles, Energy Policy is the leading jour-
nal in terms of number of publications, followed by Energy Economics
and Renewable and Sustainable Energy Reviews, with 145 and 116
articles, respectively (see Fig. 4). As of the end of 2017, all other
journals had not yet reached 100 articles. In addition, in terms of
total number of citations of their published articles, it is Energy Eco-
nomics that is ranked as the top journal with a total of 25,352 cita-
tions as of the end of 2017. Energy Policy is ranked a close second
with 23,296 total citations. All other journals remain distant from
these two as their respective total numbers of citations are far
below 5000 (see Fig. 5).

In terms of the most influential authors, we noted that James E.
Payne is the most cited author in terms of total citations (5265),
total fractional citations (3176) and adjusted (fractional) number
of publications (15.3). As of the end of 2017, James E. Payne has
published 27 articles on this topic, which is only surpassed by
Mohammad Shahbaz with 30 articles on this topic. Close to him
are also Ilhan Ozturk with 27 papers and Nicholas Apregis (mostly
co-authoring with James Payne) with 25 papers. All other authors
(single or multiple authors) have published below 20 papers. Hav-
ing said that, in terms of both total and fractional citations, all other
authors are significantly behind James Payne's position by at least
more than 1500 total citations or 1000 fractional citations (see
Fig. 7).

In terms of specific articles, the first empirical study on energy-
growth nexus by Kraft and Kraft (1978) titled “On the Relationship
between Energy and GNP” is the highest cited paper as of the end
of 2017 with 2099 citations. This is followed by the paper titled
“The Relationship between Energy Consumption, Energy Prices,
and Economic Growth: Time Series Evidence from Asian Developing
Countries,” authored by Asafu-Adjaye (2000), with a total of 1232
citations. Apart from these two papers, the paper titled “A literature
survey on energy growth nexus,” by Ozturk (2010) is the most fre-
quently cited paper in the entire survey, with 115 average annual
citations.

Content analysis of articles in our study has been novel and sys-
tematic, taking into account various critical, quantified, and stan-
dardized attributes of each individual study among the top 50
papers. For this purpose, we associated all energy variables to E
and all income variables to Y. Of course, many studies have imple-
mented multivariate nexus analysis (including, say, carbon emis-
sions [C]), but we have summarized the results only for E and Y.
We have identified seven distinct generations in the process of evo-
lution of nexus studies' methodologies that are implemented by var-
ious studies, namely: i) GE; ii) VAR; iii) ECM; iv) VECM; v) ARDL or
TY; vi) PA (using one or a combination of the PVECM, FMOLS, or
DOLS models); and vii) VARX. Further, there have been two types
of analyses, namely: a) time series analysis; and b) panel analysis.
Some studies using panel analysis have also performed time series
analysis for a selection of countries as well. The outcomes of
energy-growth nexus, as described in previous studies, were classi-
fied into four types: I) Growth Hypothesis (E → Y); II) Conservation
Hypothesis (E← Y); III) Feedback Hypothesis (E↔ Y); and IV) Neutral-
ity Hypothesis (E— Y). In addition, this is the first survey that makes a
clear distinction between the results of these four types of nexus in
terms of: A) short run (SR); and/or B) long run (LR) that, in turn,
are reported within: C) time series; and/or D) panel analyses. Previ-
ous surveys have failed to make such a distinction. Finally, this sur-
vey, based on the World Bank's country classification, presents the
energy-growth nexus as composed of four income groups.
Based on the above-mentioned attributes of our survey, the most in-
triguing findings of the energy-growth nexus from the top 50 papers
are as follows:

• 58% of the studies were time series analysis, 36% panel analysis, and
6% literature surveys (see Fig. 9)

• VECM, with 32% of cases, was the dominant methodology used (see
Fig. 9)

• Out of 175 country-specific cases that examined energy-growth nexus
in the short-run, the neutrality hypothesis (E — Y) with 85 cases has
been the dominant result identified (see Table 4)

• Out of 184 country-specific cases that examined energy-growth nexus
in the long-run, the growth hypothesis (E → Y), with 93 cases, has
been the dominant result (see Table 4)

• In time series analyses, there were a total of 117 cases that were
both short- and long-run nexus examined, simultaneously, and
hence joint distribution of the four types of nexus can be shown.
The results reveal that the dominant nexus, with 47 country-
specific observations, belongs to the neutrality hypothesis (E —
Y) in the short-run, and the growth hypothesis (E → Y) in the
long-run (see Table 5)

• The same set of time series analyses (117 cases) shows that there
were 32 country-specific cases that jointly and consistently sup-
port the neutrality hypothesis (E — Y) for both short-run and
long-run (see Table 5)

• In panel studies, there have been 18-panel cases (with different
country size and regions) of which 15 cases have examined both
short- and long-run nexus, simultaneously. Three of those consis-
tently support the growth hypothesis (E → Y) for both short-run
and long-run (see Fig. 9 and Table 7).

• The results of both time series and panel analyses are inconclusive
as was pointed out by Karanfil (2009), Ozturk (2010), and Payne
(2010b).

• High- and upper-middle- income group countries have been dom-
inant in supporting the neutrality hypothesis (E — Y) in SR (see
Table 10)

• Low- and lower-middle- income group countries have been dom-
inant in supporting the growth hypothesis (E → Y) in SR (see
Table 10)

• All income groups are dominant in support of the growth hypothe-
sis (E → Y) in LR (see Table 10)

It can benotedhere that this survey raises critical questions based on
the findings of the most cited energy-growth nexus analyses. It is an
eye-opening survey that shows potential avenues for addressing the re-
search gap. Lack of consensus among scholars, due to a broad inconsis-
tency in the energy-growth nexus outcomes, have led to conflicting
policy implications. This implies that the jury is still out. After decades
of research and the publication of thousands of papers, policy makers
still wonder what the true nature of the energy-growth nexus is. Why
do the results differ from one study to another?

We argue that the frequently raised inconsistency and conflicting
outcomes in the energy-growth nexus is most likely due to the dynamic
nature of the nexus itself, rather than being recognized as a problem. In
other words, all four types of nexus may be possible for a country or re-
gion under different circumstances. Furthermore, each of the nexus
types identified by the quadruplet hypotheses may transform from
one type to another. We would like to assert this idea that each of
these hypotheses should be verified subject to fixed technologies or in
the absence of any external forces imposed on an economy, including
energy or economic reforms. In this way, we contend that the direction
of the Granger causality (type of the nexus) can be transformed over
time.

A dynamic test of this hypothesis, or a wider theory, is required to
explain the sources and causes of change in the type of nexus. Appropri-
ate exogenous variables that could capture external shocks might be
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useful. More importantly, a suitable testable theory would be of great
importance that is entirely ignored in most time series studies.
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Appendix A
Table A1

Top 25 most influential journals in energy-growth nexus.
Journal name Rank
 Total citations
 % of citations
 Articles
nergy Economics
 1
 25,352
 27.8%
 145

nergy Policy
 2
 23,296
 25.5%
 200

e Journal of Energy and Development
 3
 4886
 5.4%
 7
cological Economics
 4
 4705
 5.2%
 14

nergy
 5
 4574
 5.0%
 71

enewable and Sustainable Energy Reviews
 6
 4414
 4.8%
 116

pplied Energy
 7
 3928
 4.3%
 37

urnal of Policy Modeling
 8
 3442
 3.8%
 20

pplied Economics
 9
 1193
 1.3%
 9

conomic Modelling
 10
 1156
 1.3%
 21

esource & Energy Economics
 11
 1087
 1.2%
 6

nergy Journal
 12
 1077
 1.2%
 21

merican Economic Review
 13
 621
 0.7%
 5

nd Economics
 14
 548
 0.6%
 3

urnal of Economic Studies
 15
 538
 0.6%
 5

ater Policy
 16
 537
 0.6%
 1

sia-Pacific Development Journal
 17
 471
 0.5%
 1

anagerial & Decision Economics
 18
 429
 0.5%
 1

ructural Change and Economic Dynamics
 19
 379
 0.4%
 3

pplied Economics Letters
 20
 363
 0.4%
 10

athematics and Computers in Simulation
 21
 345
 0.4%
 1

nergy Sources
 22
 323
 0.4%
 5

dustrial Marketing Management
 23
 315
 0.3%
 1

cological Indicators
 24
 295
 0.3%
 10

uropean Economic Review
 25
 267
 0.3%
 4
E
Table A2

Top 50 authors based on total citations.
Total citations
 Fractional citations
 Number of articles
Author
 Number
 Rank
 Number
 Rank
ayne, James E.
 5265
 1
 3176
 1
 27

ri, Ramazan
 3731
 2
 1649
 7
 10

ytas, Ugur
 3731
 2
 1649
 7
 10

pergis, Nicholas
 3686
 4
 1772
 5
 25

zturk, Ilhan
 3500
 5
 2044
 4
 27

e, Chien-Chiang
 3015
 6
 2099
 2
 11

olde-Rufael, Yemane
 2598
 7
 2067
 3
 12

arayan, Paresh Kumar
 2533
 8
 1214
 11
 12

raft, A.
 2099
 9
 1050
 14
 1

raft, J.
 2099
 9
 1050
 14
 1

asih, Abul M. M.
 1949
 11
 975
 16
 4

asih, Rumi
 1949
 11
 975
 16
 4

ahbaz, Muhammad
 1947
 13
 668
 28
 30
u, Eden S. H.
 1843
 14
 919
 18
 4

ern, David I.
 1751
 15
 1661
 6
 5

safu-Adjaye, John
 1620
 16
 1426
 9
 2

yth, Russell
 1602
 17
 779
 22
 7
caravci, Ali
 1576
 18
 813
 21
 8

hang, Chun-Ping
 1562
 19
 740
 24
 6

ao, Hsiao-Tien
 1377
 20
 682
 26
 9

oo, Seung-Hoon
 1357
 21
 1072
 13
 12

ng, James B.
 1251
 22
 1251
 10
 2

wing, Bradley T.
 1167
 23
 389
 46
 3

dhiambo, Nicholas M.
 1147
 24
 1147
 12
 5
(continued on next page)
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able A2 (continued)
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1
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Total citations
 Fractional citations
 Number of articles
Author
 Number
 Rank
 Number
 Rank
ang, Chor Foon
 1146
 25
 676
 27
 12

heng, B. S.
 968
 26
 722
 25
 4

slan, Alper
 967
 27
 370
 51
 16

enyah, Kojo
 938
 28
 407
 40
 4

hosh, Sajal
 933
 29
 826
 20
 4

hapman, Duane
 887
 30
 444
 33
 1

uri, Vivek
 887
 30
 444
 33
 1

e, Kihoon
 875
 32
 438
 35
 2

h, Wankeun
 875
 33
 438
 35
 2

alicioglu, Ferda
 864
 34
 864
 19
 2

sai, Chung-Ming
 824
 35
 412
 38
 3

ltinay, Galip
 805
 36
 403
 41
 2

aragol, Erdal
 805
 36
 403
 41
 2

hang, Xingping
 785
 38
 392
 44
 2

heng, Xiao-Mei
 780
 39
 390
 45
 1

menez-Rodriguez, Rebeca
 777
 40
 410
 39
 2

ang, Hao-Yen
 762
 41
 762
 23
 2

hoi, Jai-Young
 747
 42
 371
 50
 2

ánchez, Marcelo
 735
 43
 368
 52
 1

rasad, Arti
 707
 44
 330
 60
 4

hiu, Alice
 688
 45
 344
 54
 2

m, Pun-Lee
 687
 46
 344
 54
 1

rol, U.
 672
 47
 336
 59
 3

yres, Robert U.
 671
 48
 262
 71
 7

karca, A. T.
 647
 49
 324
 61
 1

ng, T.V.
 647
 49
 324
 62
 1
Lo
Table A3

Top 20 authors based on average per year fractional citations.
Rank FAPY
 Author
 Articles
 Fractional average per year citation
 Average per year citation (APY)
Odhiambo, Nicholas M.
 5
 27.1
 27.1

Stern, David I.
 5
 18.8
 23.6

Wolde-Rufael, Yemane
 12
 17.5
 23.0

Lee, Chien-Chiang
 11
 16.5
 24.7

Payne, James E.
 27
 14.5
 24.4

Acaravci, Ali
 8
 14.2
 27.6

Sari, Ramazan
 10
 14.0
 31.9

Soytas, Ugur
 10
 14.0
 31.9

Omri, Anis
 6
 12.2
 16.3
0
 Ozturk, Ilhan
 27
 12.1
 23.2

1
 Chang, Chun-Ping
 6
 11.5
 24.4

2
 Smyth, Russell
 7
 11.3
 23.5

3
 Pao, Hsiao-Tien
 9
 11.0
 22.7

4
 Narayan, Paresh Kumar
 12
 10.2
 21.6

5
 Menegaki, Angeliki N.
 6
 10.1
 11.4

6
 Tang, Chor Foon
 12
 9.7
 18.2

7
 Apergis, Nicholas
 25
 9.5
 19.8

8
 Yoo, Seung-Hoon
 12
 8.3
 11.4

9
 Inglesi-Lotz, Roula
 6
 6.4
 11.2

0
 Rafindadi, A. Abdulrashid
 5
 5.8
 9.1
2
⁎ Authors with a minimum of 5 publications.
Table A4

Detailed content analysis of the top 50 papers.
Rank
 Citations
 Reference
 Nature of the
study
Data
Period
Methodology
 Variable
 Country/Region
 Results
Per
year
Total
 Energy
 Income
 Short
run
Long
Run
114.5
 916
 (Ozturk, 2010)
 Literature
Survey
NA
 LR
 NA
89.9
 809
 (Halicioglu, 2009)
 Country
Specific
1990–2005
 ARDL
 TFC
 GNIPC
 Turkey
 E — Y
 E → Y
86.7
 780
 (Zhang and Cheng, 2009)
 Country
Specific
1960–2007
 TY
 TFC
 GDP
 China
 E ↔ Y
 E ← Y
72.9
 802
 (Soytas et al., 2007)
 Country
 1960–2004
 TY
 TFC
 GDP
 US
 NP
 E — Y
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able A4 (continued)
Rank
6

8
9

1

1
1

1

1
1

1

1

1
2
2

2

2

2

2
2

2
2

2

3

Citations
 Reference
 Nature of the
study
Data
Period
Methodology
 Variable
 Country/Region
 Results
Per
year
Total
 Energy
 Income
 Short
run
Long
Run
Specific

5
 71.6
 1074
 (Soytas and Sari, 2003)
 Country

Specific

1950–1992
 VECM
 TFC
 GDP-PC
 Argentina
 E ↔ Y
 E ↔ Y
Brazil
 E — Y
 E — Y

France
 E — Y
 E → Y
Germany
 E — Y
 E → Y

Hungary
 E — Y
 E — Y

Indonesia
 E — Y
 E — Y
Italy
 E — Y
 E ← Y

Japan
 E — Y
 E → Y
Malaysia
 E — Y
 E — Y

Mexico
 E — Y
 E — Y
Morocco
 E — Y
 E — Y

Philippines
 E — Y
 E — Y
Poland
 E — Y
 E — Y

South Africa
 E — Y
 E — Y

South Korea
 E — Y
 E ← Y
Taiwan
 E — Y
 E — Y

Turkey
 E ↔ Y
 E → Y
71.6
 644
 (Soytas and Sari, 2009)
 Country
Specific
1960–2000
 TY
 TFC
 GDP-PC
 Turkey
 E ↔ Y
 E — Y
7
 68.4
 1232
 (Asafu-Adjaye, 2000)
 Country
Specific
1971–1995
 VECM
 TFC
 GDP
 India
 E — Y
 E → Y

Indonesia
 E — Y
 E → Y
Philippines
 E ↔ Y
 E ↔ Y

Thailand
 E ↔ Y
 E ↔ Y
65.7
 854
 (Chien-chiang, 2005)
 Panel
 1975–2001
 FMOLS
 TFC
 GDP
 Developing
 E → Y
 E → Y

64.6
 711
 (Ang, 2008)
 Country

Specific

1960–2000
 VECM
 TFC
 GDP-PC
 France
 E → Y
 E ← Y
0
 61.5
 123
 (Bhattacharya et al., 2016)
 Panel
 1991–2012
 FMOLS, DOLS
 REC, NREC
 GDP
 Major Renewable Consuming
Energy
E ← Y
 E → Y
1
 54.7
 547
 (Lee and Chang, 2008)
 Panel
 1971–2002
 FMOLS
 TFC
 GDP
 Asian Countries
 E — Y
 E ← Y

2
 54
 540
 (Ang, 2008)
 Country

Specific

1971–1999
 VECM
 TFC-PC
 GDP-PC
 Malaysia
 E ← Y
 E ↔ Y
3
 52.5
 2099
 (Kraft and Kraft, 1978)
 Country
Specific
–
 VAR
 United States
 E ← Y
 E ← Y
14
 52
 416
 (Odhiambo, 2010)
 Country
Specific
1972–2006
 ARDL
 TFC-PC
 GDP-PC
 Congo
 E ← Y
 E ← Y

Kenya
 E → Y
 E → Y
South Africa
 E → Y
 E → Y

5
 51.9
 519
 (Narayan and Smyth, 2008)
 Panel
 1972–2002
 FMOLS, DOLS
 TFC-PC
 GDP-PC
 G-7 Countries
 E → Y
 E → Y

6
 51.6
 413
 Payne (2010a-energy
 Literature

Survey

NA
 LR
 NA
7
 50.8
 254
 (Ozturk and Acaravci,
2013)
Country
Specific
1960–2007
 ARDL
 TFC-PC
 GDP-PC
 Turkey
 E — Y
 E — Y
8
 50.6
 405
 Payne (2010b-electricity)
 Literature
Survey
NA
 LR
 NA
9
 50.6
 455
 (Apergis and Payne, 2009)
 Panel
 1980–2004
 FMOLS
 TFC
 GDP
 Central American
 E → Y
 E → Y

0
 50.5
 404
 (Apergis and Payne, 2010)
 Panel
 1985–2005
 FMOLS
 REC
 GDP
 OECD
 E ↔ Y
 E ↔ Y

1
 49.1
 687
 (Shiu and Lam, 2004)
 Country

Specific

1971–2000
 VECM
 ELEC
 GDP
 China
 E → Y
 E → Y
2
 48
 144
 (Kasman and Duman,
2015)
Panel
 1992–2010
 FMOLS
 TFC-PC
 GDP-PC
 EU
 E ← Y
 NP
3
 47.4
 379
 (Ozturk and Acaravci,
2010)
Country
Specific
1968–2005
 ARDL
 TFC-PC
 GDP-PC
 Turkey
 E — Y
 NP
4
 46.7
 420
 (Odhiambo, 2009)
 Country
Specific
1971–2006
 ARDL
 TFC-PC,
ELEC-PC
GDP-PC
 Tanzania
 E → Y
 E → Y
5
 46.6
 419
 (Apergis and Payne, 2009)
 Panel
 1971–2004
 FMOLS
 TFC
 GDP-PC
 Central American countries
 E ↔ Y
 E ↔ Y

6
 45.8
 824
 (Stern, 2000)
 Country

Specific

1948–1998
 VECM
 TFC- Index
 GDP
 US
 NP
 E → Y
7
 45.3
 317
 (Belke et al., 2011)
 Panel
 1981–2007
 DOLS
 TFC-PC
 GDP-PC
 OECD
 E ↔ Y
 E ↔ Y

8
 45.1
 451
 (Huang et al., 2008)
 Panel
 1972–2002
 GMM
 TFC
 GDP-PC
 low, middle and high income

countries

E ← Y
 NP
9
 45
 225
 (Shahbaz et al., 2013a)
 Country
Specific
1975–2011
 VECM
 TFC-PC
 GDP-PC
 Indonesia
 E — Y
 E ↔ Y
0
 42.7
 512
 (Wolde-Rufael, 2006)
 Country
Specific
1971–2001
 TY
 ELEC-PC
 GDP-PC
 Algeria
 NP
 E — Y

Benin
 NP
 E → Y
Cameroon
 NP
 E ← Y

Congo
 NP
 E → Y

Congo
 NP
 E — Y

Egypt
 NP
 E ↔ Y

Gabon
 NP
 E ↔ Y

Ghana
 NP
 E ← Y

Kenya
 NP
 E — Y
Morocco
 NP
 E → Y

Nigeria
 NP
 E ← Y
(continued on next page)
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able A4 (continued)
Rank
3

3

3

3
3

3
3

3

3

4
4

4

4

4

4
4

4
4

4

Citations
 Reference
 Nature of the
study
Data
Period
Methodology
 Variable
 Country/Region
 Results
Per
year
Total
 Energy
 Income
 Short
run
Long
Run
Senegal
 NP
 E ← Y

South Africa
 NP
 E — Y
Sudan
 NP
 E — Y

Tunisia
 NP
 E → Y

Zambia
 NP
 E ← Y
Zimbabwe
 NP
 E ← Y

1
 42.6
 341
 (Acaravci and Ozturk,

2010)

Country
Specific
1960–2005
 ARDL
 TFC-PC
 GDP-PC
 Austria
 E — Y
 E — Y

Belgium
 E — Y
 E — Y

Denmark
 E — Y
 E → Y

Finland
 E — Y
 E — Y

Finland
 E — Y
 E — Y

France
 E — Y
 E — Y
Germany
 E — Y
 E → Y

Greece
 E ← Y
 E → Y
Hungary
 E — Y
 E — Y

Iceland
 E — Y
 E → Y
Italy
 E ← Y
 E → Y

Luxembourg
 E — Y
 E — Y

Netherlands
 E — Y
 E — Y
Norway
 E — Y
 E — Y

Portugal
 E — Y
 E → Y
Spain
 E — Y
 E — Y

Sweden
 E — Y
 E — Y
Switzerland
 E ↔ Y
 E → Y

UK
 E — Y
 E — Y
2
 42.3
 296
 (Wang et al., 2011)
 Country
Specific
1995–2007
 VECM
 TFC
 GDP-PC
 China
 E ↔ Y
 E ← Y
3
 42.1
 589
 (Oh and Lee, 2004)
 Country
Specific
1970–1999
 VECM
 TFC
 GDP
 Korea
 E → Y
 E ↔ Y
4
 42
 462
 (Chen et al., 2007)
 Panel
 1971–2001
 PVECM
 ELEC
 GDP
 Asian Countries
 E ← Y
 E ↔ Y

5
 41.4
 414
 (Yuan et al., 2008)
 Country

Specific

1963–2005
 VECM
 ELEC
 GDP
 China
 E ← Y
 E → Y
6
 41.4
 455
 (Mehrara, 2007)
 Panel
 1971–2002
 PVECM
 TFC-PC
 GDP-PC
 OECD
 E ← Y
 E ← Y

7
 41
 246
 (Apergis and Payne, 2012)
 Panel
 1990–2007
 FMOLS
 RE, NRE
 GDP
 Developed and Developing

Countries

E ↔ Y
 E ↔ Y
8
 40.8
 571
 (Jumbe, 2004)
 Country
Specific
1970–1999
 VECM
 ELEC
 GDP
 Malawi
 E — Y
 E ↔ Y
9
 40.5
 567
 (Ghali and El-Sakka, 2004)
 Country
Specific
1961–1997
 VECM
 TFC
 GDP
 Canada
 E ↔ Y
 E ↔ Y
0
 39.9
 319
 (Pao and Tsai, 2010)
 Panel
 1971–2005
 PVECM
 TFC
 GDP
 BRIC countries
 E → Y
 E ↔ Y

1
 39.1
 313
 (Menyah and

Wolde-Rufael, 2010)

Country
Specific
1965–2006
 TY
 TFC
 GDP
 South Africa
 E → Y
 E → Y
2
 39.1
 313
 (Chang, 2010)
 Country
Specific
1981–2006
 VECM
 TFC
 GDP
 China
 E ↔ Y
 E ↔ Y
3
 38.9
 700
 (Hao-Yen, 2000)
 Country
Specific
1954–1997
 VECM
 TFC
 GDP
 Taiwan
 E ↔ Y
 E ↔ Y
4
 38.9
 855
 (Masih and Masih, 1996)
 Country
Specific
1955–1991
 VECM
 TFC
 Real
GNP
India
 E → Y
 E → Y

Indonesia
 E ← Y
 E ← Y

Malaysia
 E — Y
 E — Y

Pakistan
 E ↔ Y
 E ↔ Y
Philippines
 E — Y
 E — Y

Singapore
 E — Y
 E — Y
5
 38.6
 270
 (Sharif Hossain, 2011)
 Panel
 1971–2007
 PVECM
 TFC-PC
 GDP-PC
 Newly Industrialized Countries
 E ← Y
 E — Y

6
 37.8
 189
 (Shahbaz et al., 2013b)
 Country

Specific

1971–2011
 VECM, ARDL
 TFC
 GDP
 China
 E → Y
 E → Y
7
 36.8
 184
 (Omri, 2013)
 Panel
 1990–2011
 GMM
 TFC-PC
 GDP-PC
 MENA Countries
 NP
 E ↔ Y

8
 36.7
 330
 (Belloumi, 2009)
 Country

Specific

1971–2004
 VECM
 TFC-PC
 GDP-PC
 Tunisia
 E — Y
 E ↔ Y
9
 36.6
 256
 (Menegaki, 2011)
 Panel
 1997–2007
 DOLS
 REC
 GDP-PC
 European Countries
 E — Y
 E → Y

0
 36.6
 329
 (Sadorsky, 2009)
 Panel
 1994–2003
 FMOLS, DOLS
 REC-PC
 GDP-PC
 Emerging Market
 E — Y
 E ← Y
5

VAR = Vector Auto Regressive models
DVAR = Vector Auto Regressive differences
ECM = Error Correction Models
VECM = Vector Error Correction Model
ARDL = Auto Regressive Distributed Lag Model
TY = Toda and Yamamoto
GMM = Generalized method of Moments
FMOLS = Fully-Modified Ordinary Least Square
DOLS = Dynamic Ordinary Least Square
PVECM = Panel Vector Error Correction Model
LR = Literature Review
GNP = Gross National Product
GDP = Gross Domestic Product
GDP-PC = Gross Domestic Product Per Capita
TFC = Total Final Consumption
TFC-PC = Total Final Consumption Per Capita
REC = Renewable Energy Consumption
REC-PC = Renewable Energy Consumption Per Capita
ELEC = Electricity Consumption
RE = Renewable Electricity Consumption
NREC = Non Renewable Electricity Consumption
E → Y = Growth Hypothesis, implying that energy
causes the economic growth
E ← Y = Conservation Hypothesis, implying that
economic growth drives the energy use
E ↔ Y = Feedback Hypothesis, implying that there
is a bidirectional causality between energy and
growth; and
E — Y = Neutrality Hypothesis, implying that there
is no inter-relationship between energy and eco-
nomic growth



 

a: Frequency of Nexus Outcomes in the short run in Top ten country-cases

 

b: Frequency of Nexus Outcomes in the Long Run in Top ten country-cases
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Fig. A1. (a) and (b), shows the results of both short run and long run tests for the top 10 countries, respectively.
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