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Renewable energy is a vital tool for the energy transition and sustainable development goals. The global econ-
omy, however, remains heavily reliant on fossil fuels despite efforts to reduce global greenhouse gas emissions.
Demand for natural gas is rising as a bridge for moving towards a low-carbon economy, but whether natural gas
and renewable energy represent substitutes in the global energymix remains underexplored.We tackle this con-
cern by examining the impact of renewable policies on international trade in liquified natural gas (LNG) among
1359 trading partners during the period 1988–2017.Wemeasure renewable energy policies based on the ratio of
renewable energy to total energy usage in importing trading partners, which also corresponds to a proxy for en-
ergy transition policies. The analysis is conducted using a global panel dataset in a trade gravity framework by
applying various econometric methods and model specifications to measure LNG trade as a dependent variable.
The results show that the energy transition,measured by the share of renewable energy, has a negative impact on
LNG trade. This suggests that investing in cleaner energy technologies can reduce LNG trade globally, as a channel
towards reducing natural gas demand. The results are consistent with the narrative where natural gas and re-
newable energy represent partial substitutes at the global level. However, subgroup analysis suggests that less-
developed economies and the shale revolution period seem to impede progress towards the energy transition.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Renewable energy is a vital tool for the energy transition and sus-
tainable development goals (SDGs). The global economy, however, re-
mains heavily reliant on fossil fuels. Fossil fuels accounted for 84.7% of
primary energy consumption in 2018, of which 28.2% was for natural
gas (BP, 2019). Demand for natural gas has been accelerating with an
annual growth rate of 2.7% in the period 2007–2017 and 5.3% in 2018
(BP, 2019). Demand for natural gas is also rising as a bridge for moving
towards a low-carbon economy since it represents the least carbon-
intensive fossil-fuel resource. International trade in natural gas is grow-
ing in a world of unevenly distributed resources struggling to move to-
wards the energy transition. The share of the inter-regional pipeline
natural gas trade has been historically higher than liquified natural gas
(LNG) trade, but LNG is gaining grounds due to technological progress
and higher demand for clean air. For instance, LNG trade accounted for
28.6% of natural gas trade in 2000 but increased to 45.7% in 2018 (BP,
2019). LNG trade is expected to dominate future natural gas trade,
imatsu@nagasaki-u.ac.jp
especially to enable the shift from regional to global markets. It repre-
sents an efficient mode of transport to reach global consumers as the
costs of using inter-regional pipeline rapidly increase with distance
(Alrajhi and Abdullah, 2018). Thus, it is more economically viable to
trade LNG in large quantities and correspond to a broader range of
global consumers.

Natural gas, however, is slowly losing its appeal as a climate change
mitigation solution for at least two reasons. The first reason stems from
the fact that natural gas remains a type of fossil fuel, despite being less
carbon-intensive than oil and coal. Another concern is due to methane
leakage associatedwith bothnatural gas international trade anddomes-
tic usage. Based on a hybrid lifecycle energy strategy analysis, Gilbert
and Sovacool (2017) argue that global greenhouse gas (GHG) emissions
are expected to increase due to rising energy demand and methane
leakage. Excess dependence on natural gasmay delay the energy transi-
tion to a low-carbon economy. Natural gas no longer represents a cli-
mate change solution, but only a bridge to the energy transition. It is
essential, therefore, to examine how energy transition policies interact
with natural gas output changes, whether domestically or through in-
ternational trade. We contribute to this debate from the lens of LNG in-
ternational trade where the role of environmental aspects remains
underexplored in related literature, including Maxwell and Zhu
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1 A literature survey and policy responses to carbon leakage can be found in Zhang
(2012).
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(2011), Dehnavi and Yegorov (2012) and Oglend et al. (2016). What
incentivises LNGpatterns of trade over time? Towhat extentwould nat-
ural gas and renewable energy represent substitutes in LNG importing
countries?

This study investigates the impact of the rise in energy transition
policies, measured by the share of renewable energy to total energy
usage, on LNG international trade. We conduct the analysis using a
global panel dataset between 1988 and 2017 in a trade gravity frame-
work. This study provides crucial implications for the effectiveness of
renewable energy policies by exploring the extent to which counterin-
tuitive policy outcomes may occur. This tests the premise of whether
the rise of environmental initiatives stimulates excess emissions in ag-
gregate, as discussed in green paradox literature pioneered by Sinn
(2008, 2012). Hence, this study contributes to multiple research fields,
including LNG trade determinants, the green paradox and the rebound
effect nestedwithin.We aim to bridge between strands for a broader in-
terpretation of the relationship between LNG international trade and
the energy transition. This allows us to tackle the question of the extent
towhich natural gas and renewable energy correspond to complements
or substitutes.

Section 2 presents a background on the role of natural gas in the en-
ergy transition and the conceptual framework of our research question.
Section 3 presents an overview of related literature strands. Section 4
includes data description and econometric methods. Section 5 provides
estimation results and discussion. Section 6 concludes this study and
provides policy implications.

2. Background

This section sets a background from an environmental perspective
on how the prospect of the natural gas industry is becoming question-
able for tackling climate change and the global SDGs. The climate
change community no longer views natural gas as a climate change so-
lution (Kah, 2019, 2020). The changing dynamics in the role of natural
gas is central to explain the future energy mix. The contribution of nat-
ural gas declines when predicting the future of energymix based on the
sustainable development scenario, which is a contrast to stated policy
scenarios (IEA, 2019). In contrast to earlier predictions as it gained pop-
ularity in previous years, the central role of natural gas in the energy
transition continues to decay among developed economies. More regu-
lations in the European Union and the United States (US) call for reduc-
ing dependence on natural gas due to methane flaring and leakage
(Kah, 2020).

However, players in the natural gas industry do not necessarily fall
within the climate change community. The natural gas landscape is
more politically driven than oil markets. Suppliers vary dramatically in
their location, regulations and economic structure (Griffin, 2017). The
diverse nature of natural gas players has two implications. Despite
that this diversity fosters energy security in times of shortage, scattered
distribution in natural gas resources represent a challenge for interna-
tional trade – the trade to production ratio in natural gas is far less
than it is for oil (Alrajhi and Abdullah, 2018). This makes it less feasible
to sustain anti-competitive practices among natural gas producers in
the long run, in comparison to more homogenous oil producers
(Alrajhi and Abdullah, 2018). Additionally, this diversity may impede
progress made to reduce emissions from fossil fuels. It adds a growing
pressure to meet carbon-reduction targets in countries abiding by cli-
mate change policies. Thus, it remains crucial to examine how the rise
of renewable energy interacts with natural gas usage, whether domes-
tically or globally.

The conceptual framework of this study is to examine the interaction
between the energy transition, measured by the share of renewable en-
ergy to total energy usage, and fossil fuels measured by LNG interna-
tional trade. Sinn (2008, 2012) argue that climate change demand-
driven policies generate unintended consequences by increasing global
emissions from fossil fuels. The rebound effect is concernedwith sector-
2

specific analysis to examine whether green initiatives stimulate more
energy usage. An overarching link, therein, boils down to a similar con-
cern: whether green initiatives generate counterintuitive outcomes by
increasing emissions from fossil fuels.
3. Literature review

LNG trade dynamics remain underexplored in the academic litera-
ture, compared to oil trade-related studies (Maxwell and Zhu, 2011), es-
pecially in the energy transition debate. A prime literature gap is where
studies neglect the impact of green policies on LNG trade patterns, but
this ultimately concerns environmental economics, the green paradox
and the rebound effect literature. That is to tackle the concern of
whether environmental initiatives are counterintuitive by stimulating
higher emissions. The answer to this concern conceptually links to the
rebound effect from a micro viewpoint and more broadly to the green
paradox. The rebound effect is where efficiency gains and the rise of
cleaner energy stimulate using more fossil fuels (Berkhout et al., 2000;
Marques and Fuinhas, 2012; Marques et al., 2018).

Marques et al. (2018) use an autoregressive distributed lag model to
examine whether alternative energy substitutes fossil fuels in power
generation during the period 1990–2014. The study finds that unlike
solar and hydro energy, wind energy fails to substitute fossil-fuel
power generation in various European countries. This suggests that
moving towards a low-carbon economy is less straightforward than ini-
tial expectations when designing green energy policies. Quantitative
analysis on the magnitude of the rebound is difficult to obtain, given
the complexity of different drivers it involves, whether behavioural or
economic factors (Ramos-Martin 2003). Thus, though the empirical
support could be weak in micro-analysis (Berkhout et al., 2000,
Greening et al., 2000), it remains conceptually essential to examine
the rebound effect on various scales given counterintuitive policy out-
comes it may generate. Ongoing analysis of the interaction between re-
newable energy policies and different types of fossil fuels represents an
important step in that direction.

The green paradox, pioneered by Sinn (2008), explains imperfect cli-
mate policy designwhen limited to demand-sidemeasureswithout due
consideration to the supply side of fossil fuels. Despite empirical chal-
lenges to test the green paradox phenomena (Jensen et al., 2015),
some studies explored the impact of increasing support of renewable
energy on fossil-fuel production, such as Grafton et al. (2014), Di
Maria et al., 2014, Lemoine (2017), Zhang et al. (2017), and Najm
(2019). Other strands in the green paradox literature primarily consist
of theoretical studies, including Gerlagh (2011), Hoel (2011),
Smulders et al. (2012), Van der Ploeg and Withagen, 2012, and Rezai
and van der Ploeg (2017). Despite the literature of inconclusive out-
comes, the green paradox school of thought remains with a prime con-
cern to examine what impedes reducing global emissions by focusing
on fossil fuel industries.

Also known as carbon leakage, another aspect of the green paradox
literature is with a spatial perspective as climate change policies are
only binding in a sub-group of countries. The argument holds where
implementing emission reduction plans stimulates freeriding outcomes
from non-abating countries through international trade (Van der Werf
and DiMaria, 2012; Hagem and Storrøsten, 2019).1Most related studies
here commonly use general equilibrium models with variations of the
Hotelling Rule (Hotelling 1931; He and Fu, 2011; Sinn, 2012; Van der
Werf and Di Maria, 2012; Hagem and Storrøsten, 2019). For instance,
Hagem and Storrøsten (2019) distinguish between spatial and
intertemporal leakage in a dynamic theoretical model, where they sug-
gest that targeting supply-side environmental policies generates wel-
fare gains in the long run.



2 The data is available at https://data.worldbank.org/indicator/eg.fec.rnew.zs.
3 The data is available at https://comtrade.un.org/. We used the commodity code of

271,111.
4 The data is available at http://datatopics.worldbank.org/world-development-

indicators/.
5 The data is available at https://climateknowledgeportal.worldbank.org/.
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Some studies explore the role of different economic costs in natural
gas trade, including Maxwell and Zhu (2011), Dehnavi and Yegorov
(2012) and Oglend et al. (2016). Maxwell and Zhu (2011) investigate
the relationship among natural gas prices, imports and LNG transport
costs using US monthly data over the period 1997–2007 in a vector
autoregression framework, while Zhang et al. (2018) use both global
and Asian datasets in a trade gravity framework to investigate LNG
trade determinants over the period 2004–2015. However, the impact
of energy transition tools on trade in natural gas across countries
remains underexplored in the literature. For instance, Voudouris
et al. (2011, 2014) evaluated the future scenarios for natural gas pro-
duction focusing on the energy transition using the agent-based
model, but without due consideration to the drivers of international
trade in natural gas.

Another related strand explores the role of LNG trade in the climate
change context, such as Gilbert and Sovacool (2017), but without
analysing its link to the energy transition debate. Gilbert and Sovacool
(2017) indicate that US LNG exports entail different climate damages
to four Asian trading partners – China, India, Japan, and South Korea.
The study finds that LNG trade between the US and China creates posi-
tive and negative effects onGHGemissions. Gilbert and Sovacool (2017)
argue that global emissions are expected to increase due to rising en-
ergy demand and methane leakage.

The discussion above indicates a lack of thorough analysis in the lit-
erature on the interaction between environmental policies and LNG in-
ternational trade at the global level. Climate policy is contestable where
energy transition policies paradoxically generate incentives to increase
emissions. The paradoxical outcome may occur whether domestically
or through international trade. We contribute to this debate by
analysing whether energy transition policies paradoxically amplify
global emissions through the channel of LNG international trade.We ac-
count for both economic and institutional variables in the model speci-
fication. The following section provides an overview on data and
methods used in this study.

4. Data and methods

This section describes the dataset, data sources, definitions of vari-
ables, and econometric methods. This study uses an unbalanced panel
dataset during the annual period from 1988 to 2017, where the cross-
section dimension represents pairs of countries based on the LNG
trade data. The number of cross-sectional observations is 1359 global
trading partners. We also use subsamples of the global dataset based
on country groups and different time periods for an extended interpre-
tation of results.

4.1. Variables and data sources

The main dependent variable we use is the bilateral trade value of
LNG (Trade_value), but we also use the trade volume (Trade_volume),
and the trade value and trade volume per GDP (Trade_value_GDP and
Trade_volume_GDP). Using different trade specification variables allows
us to account for further robustness checks of results.

The independent variables we use are as follows. We define the
green energy index (Green) as “the ratio of renewable energy con-
sumption to the total energy consumption” in the LNG importing
country. The green energy index is a proxy for environmental incen-
tives to trade between countries, which represents the main inde-
pendent variable of interest in this study. This is to test the impact
of the energy transition policies on LNG international trade. We ex-
pect the green energy index to capture a positive-sign relationship
if LNG and renewable energy represent complements, but a negative
sign if being substitutes over time. A positive-sign relationship is also
in favour of the green paradox and the rebound effect, suggesting
that green policies are counterintuitive by stimulating more global
emissions. From an environmental perspective, the negative
3

relationship is preferable since LNG remains a fossil-fuel source
emitting GHGs, with methane leakage and gas flaring concerns.

The World Trade Organization (WTO) index (WTO) aims to capture
institutional incentives to trade between countries. The index repre-
sents a dummy variable taking the value of one if both trading partners
hold a WTO membership, and zero otherwise. We expect this index to
have a positive outcome if reduced trade barriers by participating in
the WTO generate greater incentives to trade. Nevertheless, this also
suggests that freer trade is environmentally problematic by promoting
trade in fossil fuels and stimulating higher global emissions. The LNG
price (Price), also used as an independent variable, was calculated as
“trade value of LNG / trade volume of LNG.” Theory suggests that prices
would have a negative effect on LNG trade as a price increase is expected
to reduce the demand for imports. In other words, the price variable
embodies a cost for LNG importing countries, despite representing eco-
nomic incentives for exporting countries to gain revenues.We therefore
expect this variable to be with a negative-sign coefficient when using
LNG trade as dependent variables.

Other independent variables are as follows. GDP of exporters and
importers (GDP_exp and GDP_imp) are used as independent variables
in the traditional trade gravity model to account for economic scale.
Both GDP of exporters and importers are expected to have a positive im-
pact on trade. The distance between two trade partners (Distance) is
also used as an independent variable following the traditional trade
gravity model. In addition, degree days, including heating/cooling de-
gree days, of importing countries (Degree_days) are expected to affect
LNG trade, as energy demand for heating/cooling is likely to increase
in colder/hotter days.

Data for the green energy index were collected from the World
Bank.2 Trade-related datawas taken from theUnited Nations' Comtrade
Database.3 GDP series were obtained from the World Development In-
dicators of the World Bank.4 The distance data between two trading
partners was obtained from Mayer and Zignago (2011). The degree
days data series were calculated by the annual average temperature ob-
tained from the Climate Change Knowledge Portal of the World Bank.5

Table 1 shows the descriptive statistics of the dependent and indepen-
dent variables used in this study.

4.2. Empirical framework

The empirical framework of this study is based on the trade gravity
model pioneered by Poyhonen (1963) and Tinbergen (1962). Kabir
et al. (2017) provide a literature survey on both empirical and theoret-
ical trade gravity studies. Trade gravitymodels are used to predict trade
flows with the premise that larger economies trade more and farther
countries trade less – Eq. (1).

Tradeij ¼ α1
GDPα2

i GDPα3
j

Distanceα4
ij

 !
, ð1Þ

where: Tradeij is bilateral trade flow between trading partners i and j,
GDPi and GDPj are GDP of the two trading countries i and j, Distanceij is
the geographical distance between trading partners i and j, and α1, α2,
α3, and α4 are coefficients.

By taking the logarithm, Eq. (1) can be rewritten as a linearmodel as
Eq. (2).

ln Tradeij
� �¼ Cþα2 ln GDPið Þþα3 ln GDPj

� �þα4 ln Distanceij
� �þ uij ð2Þ

where: C is constant and uij is an error term.

https://data.worldbank.org/indicator/eg.fec.rnew.zs
https://comtrade.un.org/
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Table 1
Descriptive statistics.

Variables Mean Std. Dev. Min. Max. Observations

Trade_value (USD) 2.32 × 108 1.12 × 109 1 2.66 × 1010 5134
Trade_volume (kg) 4.56 × 109 8.54 × 1010 1 3.11 × 1012 5020
Trade_value_per_GDP (USD/USD) 0.00028 0.0019 1.99 × 10−13 0.066 5134
Trade_volume_per_GDP (kg/USD) 0.0052 0.12 5.99 × 10−14 7.36 5020
GDP_exp (thousand USD) 1.86 × 109 3.98 × 109 30,332.20 1.73 × 1010 5134
GDP_imp (thousand USD) 1.72 × 109 3.18 × 109 31,703.09 1.73 × 1010 5134
Distance (km) 4509.49 4050.97 92.27 19,551.95 5134
Price (USD/kg) 84.18 3300.56 0.000012 228,245.60 5034
Degree_days (°C) 7.16 3.95 0.0084 33.18 5134
WTO 0.81 0.39 0 1 5134
Green (%) 16.75 24.28 0 96.84 5134

Note: The number of observations is different by variable because of data availability.

Table 2
Effects of green energy index on the value of LNG trade.

Model 1 Model 2 Model 3 Model 4

ln(GDP_exp) – 0.560 −0.704 0.00110
(0.472) (0.866) (0.874)

ln(GDP_imp) – 0.794 0.703 0.484
(0.517) (0.565) (0.588)

ln(Green×1000) −0.436* – −0.534* −0.485*
(0.198) (0.222) (0.223)

ln(Price) – – – −0.0293
(0.0517)

ln(Degree_days) – – – 0.167
(0.395)

WTO – – – 0.681
(0.513)

Constant 16.409** −11.593 17.414 6.895
(1.777) (12.910) (18.562) (19.004)

Observations 4168 5134 4168 4076
R-squared 0.036 0.068 0.038 0.042
Number of cross sections 1184 1359 1184 1165

Note: Clustered robust standard errors in parentheses; ** p < 0.01, * p < 0.05.
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We aim to examine the effect of the energy transition on LNG trade
using a trade gravity modelling framework (Eq. (2)). The econometric
specification includes fixed effects to account for unobserved heteroge-
neity between trading partners given the diversity between them. Thus,
we develop the fixed-effects model with the following specification –
Eq. (3).

ln yktð Þ ¼ C þ β1 ln GDP_ exp ktð Þ þ β2 ln GDP_impktð Þ
þ β3 ln Distancektð Þ þ β4 ln Greenktð Þ þ β5X

−1
kt þ θk þ ζ t

þ εkt ð3Þ

where: ykt is LNG trade between trading-partner pairs k in year t, Xkt is a
vector of the control variables (i.e., Price, Degree_days, andWTO), θk is a
country pair fixed effect, ξt is a year fixed effect, εkt is an error term, and
β1, β2, β3, β4 and β5 are coefficients.

Greenkt (the ratio of renewable energy in the importer side of
trading-partner pairs k in year t) represents the main independent var-
iable as a tool for the energy transition. The country pair fixed effect cap-
tures unobserved factors, such as the relationships between the two
countries. In contrast, the year fixed effect captures the factors that af-
fect trade equally across the pairs in each year, such as global economic
conditions.

We use four specifications for the trade variable y: trade values,
trade amount, trade values per GDP of importing countries, and trade
amount per GDP of importing countries. This is expected to provide a
more robust interpretation of the overall analysis.We use the logarithm
of the values for all variables except for WTO.

5. Results and discussion

This section includes estimation results and discussion.We start by a
discussion of fixed-effects ordinary least squares (OLS) estimation re-
sults with various model specifications, followed by the generalised
least square (GLS) estimation results for further robustness checks in
section 5.1. In addition, we conducted fixed-effects OLS estimations by
dividing the dataset into subsamples based on country groups and
timeperiods for further interpretation of the impact of energy transition
policies on LNG international trade – section 5.2.

5.1. Main estimation results: global dataset

5.1.1. Fixed-effects OLS estimations
Table 2 shows the results of the panel data regression models. The

dependent variable represents the value of LNG trade – themain depen-
dent variable. Note that all models include two fixed effects (i.e., cross-
section and time). Model 1 only uses the green energy index (a proxy
for the energy transition) as an independent variable, whereas Model
3 uses the GDP variables for a trade gravity specification. Model 4 uses
6 See Table A1 in the appendix for the general trade gravity estimations.
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all the independent variables. Model 2 shows the trade gravity specifi-
cation without the green energy index.6

Model 1 shows that the green energy index is negative and statisti-
cally significant to the value of LNG trade at the 5% level, meaning that
the energy transition or the percentage of renewable energy in LNG
importing countries reduces the value of LNG trade. The coefficient out-
come remains negative and statistically significant across the rest of
specifications, although with a variant size of magnitude: −0.436
(Model 1),−0.534 (Model 3) and − 0.485 (Model 4).

We also use the volume of LNG trade as a dependent variable consis-
tent with model specifications in Table 2. Table 3 depicts the results.
Model 5 in Table 3 shows that the green energy index is negative and
statistically significant at the 1% level. By including GDP of exporters
and importers (Model 7), and other independent variables (Model 8),
together with the green energy index, the green energy index remains
negative and statistically significant at the 5% level. The coefficient of
the green energy index was slightly lower for the trade volume com-
pared to the trade value model when including all independent
variables.

The results suggest that energy transition tools, by increasing the
share of renewable energy, reduce the volume of LNG trade. This pro-
vides two implications at least. Renewable energy and natural gas rep-
resent partial substitutes based on the results of this study. This is
reasonable as renewable energy can substitute natural gas for electricity
usage, butwithout being perfect substitutes given the size of themagni-
tudes being less than one inmost cases. The results are partly consistent
with Marques et al. (2018) finding that solar and hydro energy substi-
tute fossil fuels in power generation during the period 1990–2014.



Table 5
Effects of green energy index on the volume of LNG trade per GDP.

Model 13 Model 14 Model 15 Model 16

ln(GDP_exp) – 1.763** 2.273* 0.0205
(0.587) (1.138) (0.874)

ln(GDP_imp) – −0.231 −0.760 −0.494
(0.762) (0.888) (0.588)

ln(Green×1000) −0.916** – −0.624* −0.489*
(0.290) (0.314) (0.223)

ln(Price) – – – −1.039**
(0.0518)

ln(Degree_days) – – – 0.166
(0.394)

WTO – – – 0.678
(0.513)

Constant −3.032 −37.430* −34.501 −0.728
(2.615) (18.248) (26.297) (18.958)

Observations 4071 5020 4071 4071
R-squared 0.095 0.099 0.098 0.447
Number of cross sections 1165 1341 1165 1165

Note: Clustered robust standard errors in parentheses; ** p < 0.01, * p < 0.05.

Table 3
Effects of green energy index on the volume of LNG trade.

Model 5 Model 6 Model 7 Model 8

ln(GDP_exp) – 2.747** 3.943** 0.157
(0.703) (1.295) (0.876)

ln(GDP_imp) – 1.058 0.448 0.261
(0.778) (0.862) (0.613)

ln(Green×1000) −1.259** – −0.751* −0.466*
(0.309) (0.326) (0.223)

ln(Price) – – – −1.029**
(0.0517)

ln(Degree_days) – – – 0.162
(0.396)

WTO – – – 0.723
(0.512)

Constant 24.610** −56.988** −63.579* 8.023
(2.825) (20.714) (29.081) (19.085)

Observations 4168 5134 4168 4076
R-squared 0.041 0.055 0.051 0.429
Number of cross sections 1184 1359 1184 1165

Note: Clustered robust standard errors in parentheses; ** p < 0.01, * p < 0.05.
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The outcome is also consistent with partial evidence against a paradox-
ical impact of green energy since it has a negative effect on LNG as a type
of fossil fuel.

The LNG price variable has a negative and statistically significant co-
efficient at the 1% level for the model with the volume of LNG trade as
the dependent variable (Model 8 in Table 3). At the same time, it
shows insignificant in the model with the value of the trade as the de-
pendent variable (Model 4 in Table 2). It is expected that the trade vol-
ume is negatively affected by the increase in price. The trade value can
be decomposed as “price × trade volume.” Although the trade volume
is negatively affected by price, the price increases simultaneously,
which justifies the insignificant coefficient of the LNG price for the
model with the value of LNG trade.

The results also indicate that the GDP coefficients of exporting and
importing countries were mostly insignificant, particularly with the
model that includes all the variables. The counterintuitive insignificant
relationship may stem from three reasons. Firstly, the result can be
due to the nature of long-term LNG trade contracts where trade may
be persistent in responding to short-run economic conditions. Secondly,
the outcome can be explained by the low elasticity of demand in the
short run. Thirdly, econometric misspecification is another possible rea-
son for the insignificant outcome. Thiswill be tackled for in section 5.1.2
by using a GLS estimator.
Table 4
Effects of green energy index on the value of LNG trade per GDP.

Model 9 Model 10 Model 11 Model 12

ln(GDP_exp) – 0.560 −0.704 0.00110
(0.472) (0.866) (0.874)

ln(GDP_imp) – −0.206 −0.297 −0.516
(0.517) (0.565) (0.588)

ln(Green×1000) −0.445* – −0.534* −0.485*
(0.197) (0.222) (0.223)

ln(Price) – – – −0.0293
(0.0517)

ln(Degree_days) – – – 0.167
(0.395)

WTO – – – 0.681
(0.513)

Constant −9.320** −18.500 10.506 −0.0127
(1.761) (12.910) (18.56)2 (19.003)

Observations 4168 5134 4168 4076
R-squared 0.027 0.047 0.028 0.029
Number of cross sections 1184 1359 1184 1165

Note: Clustered robust standard errors in parentheses; ** p < 0.01, * p < 0.05.
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The results are also robust when re-specifying the model. Tables 4
and 5 show the regression results with the value of LNG trade per
GDP and the volume of LNG trade per GDP, respectively, as a dependent
variable. The independent variables remain consistent with the previ-
ous specifications. Overall, the results are similar to the previous results
shown in Tables 2 and 3. The green energy index has a negative and sta-
tistically significant effect on both the value and volume of LNG trade
per GDP (at the 1–5% levels).

The results of the remaining independent variables are consistent
with the previous estimation outcome. For example, the LNG price neg-
atively affects the trade volume per GDP but does not affect the trade
value per GDP. The results suggest that the effect of the energy transi-
tion on LNG trade is robust. We conduct further robustness checks by
applying a GLS estimation in the next section.
5.1.2. Fixed-effects GLS estimations
We re-estimate the four models used in the previous section by ap-

plying a GLS estimation to tackle heteroscedasticity and serial correla-
tion concerns. This provides additional robustness checks for the
estimation results. Table 6 shows the GLS estimation results with all
Table 6
Fixed-effects GLS estimation results.

Trade
value

Trade
volume

Trade value
per
GDP

Trade
volume
per GDP

ln(GDP_exp) 0.166 0.279* 0.166 0.209
(0.129) (0.134) (0.129) (0.132)

ln(GDP_imp) 0.480** 0.432** −0.520** −0.497**
(0.107) (0.114) (0.107) (0.108)

ln(Green×1000) −0.443** −0.451** −0.443** −0.446**
(0.0405) (0.0426) (0.0405) (0.0425)

ln(Price) −0.0246** −1.027** −0.0246** −1.036**
(0.00700) (0.00772) (0.00700) (0.00495)

ln(Distance) −1.000 −0.211 −0.828 −0.969
(2363.939) (0.673) (0.668) (0.674)

ln(Degree_days) 0.132** 0.138** 0.132** 0.126**
(0.0472) (0.0469) (0.0472) (0.0478)

WTO 0.775** 0.810** 0.775** 0.788**
(0.110) (0.117) (0.110) (0.115)

Observations 3585 3585 3585 3580
Number of cross
sections

674 674 674 674

Note: Standard errors in parentheses; ** p < 0.01, * p < 0.05.



Table 7
Fixed-effects estimation results by country group (OECD and non-OECD).

OECD Non-OECD

Trade value ln(Green×1000) −0.616* 0.0510
(0.289) (0.349)

Observations 1965 2111
R-squared 0.059 0.047
Number of cross-sections 475 703

Trade volume ln(Green×1000) −0.619* 0.125
(0.287) (0.357)

Observations 1965 2111
R-squared 0.42 0.46
Number of cross-sections 475 703

Trade value per GDP ln(Green×1000) −0.616* 0.0510
(0.289) (0.349)

Observations 1965 2111
R-squared 0.053 0.029
Number of cross-sections 475 703

Trade volume per GDP ln(Green×1000) −0.619* 0.0511
(0.287) (0.349)

Observations 1965 2106
R-squared 0.43 0.49
Number of cross-sections 475 703

Note: Clustered robust standard errors in parentheses; ** p< 0.01, * p < 0.05; all indepen-
dent variables are included in the estimations.

Table 8
Fixed-effects estimation results by time period.

1988–1997 1998–2007 2008–2017

Trade value ln(Green×1000) −1.038 −2.615** 0.466
(1.039) (0.903) (0.285)
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independent variables. In these estimations, both country pair and year
fixed effects are included aswith the previous estimates. Themain inde-
pendent variable of the green energy index remains negative and statis-
tically significant at the 1% level for all the specifications. This provides
further robust interpretation for the impact of the energy transition on
LNG trade.

In line with theory and the above fixed-effects OLS estimations
(Tables 2–5), the LNG price coefficient shows negative and statistically
significant for the trade volume. However, unlike the previous out-
comes, it has a negative and statistically significant impact on the
trade value, although the magnitudes are much smaller in absolute
term than the volume-related variables.

The variable of GDP of importers has a positive and statistically sig-
nificant outcome for the models with the trade value and trade volume
as dependent variables. This is consistentwith the theoretical prediction
of trade gravity models, despite deviating from the OLS estimation re-
sults. This is partly because the GLS is more robust than the OLS estima-
tor to tackle misspecifications, even if clustered robust standard errors
were used. However, the GDP of exporters is only positive and statisti-
cally significant for the model with the trade volume as a dependent
variable. LNG trade depends on the economic situation of the importing
country,where greater economic activity stimulatesmore energy usage.
The growth process increases energy demand, especially for
industrialisation purposes and a higher standard of living. In contrast,
from the exporters' perspective, LNG exports depend on the availability
of resources and foreign demand, rather than the economic situation in
the exporting country.

The dummy variable for theWTO has a positive and statistically sig-
nificant outcome in all models. This result provides crucial implications
for the climate change community to analyse the role of trade institu-
tions in amplifying global emissions through the channel of LNG trade.
Thus, imposing carbon border tariffs is vital to tackle this concern.
Observations 480 1446 2150
R-squared 0.076 0.062 0.044
Number of
cross-sections

235 624 808

Trade volume ln(Green×1000) −1.039 −2.605** 0.495
(1.039) (0.901) (0.288)

Observations 480 1446 2150
R-squared 0.53 0.45 0.18
Number of
cross-sections

235 624 808

Trade value per
GDP

ln(Green×1000) −1.038 −2.615** 0.466

(1.039) (0.903) (0.285)
Observations 480 1446 2150
R-squared 0.070 0.052 0.039
Number of
cross-sections

235 624 808

Trade volume per
GDP

ln(Green×1000) −1.039 −2.605** 0.473

(1.039) (0.901) (0.285)
Observations 480 1446 2145
R-squared 0.54 0.46 0.19
Number of
cross-sections

235 624 808

Note: Clustered robust standard errors in parentheses; ** p < 0.01, * p < 0.05; all indepen-
dent variables are included in the estimations.
5.2. Subsample estimation results

We extend the discussion by subdividing the dataset into two
dimensions. The first subsample classifies country groups based on
the level of economic development by distinguishing between the
Organization for Economic Co-operation and Development (OECD)
and non-OECD importers. The second division is for time periods
based on different decades within the sample: 1988–1997, 1998–2007
and 2008–2017. Extending the analysis into this direction provides crit-
ical insights into the geographical spread and time series of energy tran-
sition paths. This is to test the extent to which different subsample
results are consistent with the substitution effect that we found at the
global level.

Tables 7 and 8 show the results for different country groups and dif-
ferent time periods, respectively. Note that the estimations are based on
the four LNG trade specifications and all the independent variables. The
estimation results focus on the green energy index output given the
scope of our discussion, but full estimation results are available upon
request.

The country-group results (Table 7) show that the green energy
index is negative and statistically significant in all specifications of
LNG trade at the 5% level for the OECD-importer group, while insignifi-
cant for the non-OECD-importer group. The coefficients for the OECD-
importer group are larger in magnitude compared to full sample out-
comes, which shows a high substitution effect between renewable
energy and LNG trade in the OECD economies. The results provide two
implications. First, the results indicate higher environmental awareness
and greater climate changemitigation efforts in OECD economies, given
the large magnitude of the coefficients. Environmental initiatives entail
decarbonisation progress and stricter regulations, as the energy struc-
ture seems to be in favour of renewable energy over fossil fuels here,
compared to non-OECD countries. This explains the dramatic decrease
6

in LNG trade in response to a higher share of renewable energy
among the OECD importing countries based on the results of this study.

In contrast to OECD trading partners, less-developed economies
seem to lack a structural relationship between renewable energy poli-
cies and LNG trade based on the insignificant outcome of results. This
feeds into the discussion of section 2, where we mentioned the diverse
nature of players in the natural gas market which creates coordination
issues. This makes it more challenging to implement sustainable energy
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policies and carbon-reduction targets globally. In addition, this is consis-
tent with the narrative that increasing LNG trade is not necessarily
viewed as a bridge towards the energy transition in non-OECD
importing countries. Instead, it seems to stem from increasing energy
demand for meeting development plans in emerging markets, such as
China. Thus, it comes as no surprise that the results lack evidence for a
substitution effect between renewable energy and LNG trade in non-
OECD economies.

The subsample results by time period (Table 8) show that the green
energy index is negative and statistically significant during the period
1998–2007, while insignificant during 1988–1997 and 2008–2017.
This suggests that the substitution relationship is mainly observed in
the 2000s, following rising environmental concerns in many developed
economies and the increasing debates of climate change policies, in-
cluding the Kyoto Protocol adopted in 1997. This is also coupled with
the economic incentive to switch from fossil-fuel resources to renew-
able energy and reduce dependence on volatile oil markets. However,
the rising political will supporting fossil-fuel industries may have
slowed the progress of decarbonisation policies. For instance, the third
subsample period coincides with the shale revolution in2008 and
commercialising non-conventional fossil-fuel resources led by the US
(US Department of Energy, 2017). This seems to have influenced
decarbonisation progress and the substitution effect witnessed in the
previous period.

6. Conclusion and policy implications

The share of natural gas is rapidly increasing in the total energy mix
as the least emission-intensive fossil-fuel resource. Nevertheless, this is
associated with growing environmental threats due to gas flaring and
methane leakage. Thus, it remains essential to explore the interaction
between the energy transition and LNG trade, given the various types
of natural gas producers of different climate policy strictness. This
study examined the effect of the energy transition, measured by the
share of renewable energy, on LNG international trade. The analysis
used trade gravity panel models from 1988 to 2017 by applying fixed-
effectsmethods to account for unobserved heterogeneity between trad-
ing partners.We also used various forms of dependent and independent
variables, different estimation methods, and subsamples (country
groups and periods) to ensure better interpretation of results.

The results indicate that the green energy index reduces the LNG
trade – this finding is robust across various specifications. We conclude
that renewable energy and LNG trade represent partial substitutes
when we examine the relationship at the global level. We obtained ad-
ditional insights across different country groups and time periods based
on subsample estimations. The rise of energy transition policies appears
to dramatically reduce LNG trade in OECD economies, in contrast to an
insignificant outcome for non-OECD importers. Thus, policymakers
should consider the nature of economic structure among trading part-
ners when designing energy regulations and carbon-reduction targets,
as less-developed economies fall behind in the energy transition. The re-
sults also imply that the rising political will supporting shale resources
seem to impede decarbonisation progress achieved in previous decades.
Policymakers need to ensure coordination between conventional and
non-conventional fossil-fuel industries when analysing carbon-
reduction targets.

This study suggests that supporting renewable energy contributes to
reducing the share of natural gas in LNG importing countries, providing
partial evidence against carbon leakage and the green paradox phenom-
ena. However, other trade incentives, including WTO membership,
seem to increase LNG trade between countries. This is a critical finding
for climate change policymakers, as it may delay the process of the en-
ergy transition. Further coordination between trade agreements and en-
vironmental initiatives is required to avoid amplified global emissions,
such as increasing carbon border tariffs. Future work is encouraged to
dig deeper to examine the impact of other trade aspects and regional
7

agreements on LNG trade. It also remains important to analyse the im-
pact of the energy transition on trade in other types of fossil fuels and
across different economic sectors.
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Appendix A. Appendix

Table A1 shows the general trade gravity model for LNG trade. The
dependent variable is the trade value. Model A1 is pooled OLS estima-
tion,whileModels A2 andA3 are single and double fixed-effects estima-
tions, respectively. With the pooled OLS estimation, the distance
variable was positive and statistically significant, which is counterintu-
itive for trade gravity models. However, this is expected in the case of
LNG trade, since it involves high fixed costs and lower variable costs,
providing greater incentive to trademorewith distance.With the single
fixed-effects model, both GDP of exporters and importers are positive
and statistically significant. However, the variables are insignificant in
the double fixed-effects model. Thus, the effect of GDP on the trade
value may be related to the year fixed effect.

Table A1
General trade gravity model for LNG trade.
Model A1
 Model A2
 Model A3
(GDP_exp)
 0.0102
 0.952*
 0.560

(0.0650)
 (0.409)
 (0.472)
(GDP_imp)
 0.451**
 1.135**
 0.794

(0.0579)
 (0.439)
 (0.517)
(Distance)
 0.699**
 –
 –

(0.112)
onstant
 −2.765
 −27.956**
 −11.592

(1.552)
 (7.379)
 (12.910)
ixed effect
 –
 Cross-section
 Cross-section and year

bservations
 5134
 5134
 5134

-squared
 0.033
 0.068

umber of cross-sections
 1359
 1359
 1359
N
Note: Robust standard errors in parentheses; ** p < 0.01, * p < 0.05.

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.eneco.2020.104964.
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