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Abstract: This study explores the international natural gas market integration using the
Engle–Granger cointegration and error correction model. Previous studies have suggested that
liquefied natural gas (LNG) and oil-linked pricing with a long-term contract have played key roles
in gas market integration, especially between European and Asian markets. There is, however,
little discussion of the role of the emergence of a swing supplier. A swing supplier, e.g., Qatar or
Russia, is flexible to unexpected changes in supply and demand in both European and Asian markets
and adapts the gas production/exports swiftly to meet the changes in the markets. Qatar has been
a swing supplier since 2005 in the global natural gas market. In 2009, Qatar’s global LNG export
share reached above 30% and has remained around 25% since then. Empirical results indirectly
support that the emergence of a swing supplier may tighten market integration between Europe and
Asia. The swing supplier may have accelerated the degree of market integration as well, particularly
after 2009.
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1. Introduction

Global natural gas markets have been believed to be regionally isolated as transporting natural
gas is more expensive over long distances than either oil or coal [1]. As a result, natural gas does not
have a global market [2,3]. The global natural gas market has been divided to three major trading
regions—Europe, North America and Asia. Major suppliers in European market are Algeria, Norway,
and Russia. The U.S. exports natural gas using pipeline a to neighboring countries in North America.
The Middle East, Indonesia, Malaysia and Australia are the primary natural gas exporters in Asian
markets. Reference [3] indicated that the gas market in Europe is oligopolistic, while the North
American market is relatively competitive, and the Asian market is evolving from monopsony
(Japan was a dominant importer) to more diverse market (Japan, Korea and China are major importers).
Naturally, natural gas prices, pricing mechanisms, and market features vary across the regions and
thus these markets are not fully integrated. Natural gas prices are determined regionally based on
regional supply-and-demand and they do not move together, e.g., [4–8]. Reference [9] examined
spillovers among the North American, European and Asia-Pacific natural gas markets and found no
progressing integration of the global natural gas markets, although there is the strong spillover effect
between European markets.
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In recent years, liquefied natural gas (LNG) has reduced transportation costs, and trading LNG
has increased substantially [10,11]. Research has demonstrated that international natural gas markets
are becoming increasingly integrated [11–13]. Studies [12,13] indicated LNG as a major contributor
to integrate international natural gas markets. Reference [11] also found evidence that global natural
gas markets have become more integrated due to LNG. Reference [14], however , insisted that oil
prices may intermediate the prices in different natural gas markets, while LNG plays a smaller role.
Reference [3] showed that natural gas markets has not fully integrated yet and provide evidence
of convergence between Japanese and UK prices; the gas price in North America moves without
being influenced by prices in other markets. They concluded that the integration between European
and Asian (Japan) markets is due to the underlying contractual mechanism, that is, the oil-linked
pricing mechanism. Likewise, reference [15] showed that the European and Japanese gas prices are
conitegrated with Brent crude oil price.

In spite of the important roles that LNG and oil-linked pricing mechanisms with a long-term
contract have played in the integration of the markets, there is little discussion of swing suppliers
and their role in the market integration. A swing supplier, by definition, is a supplier or oligopolistic
group of suppliers who is flexible to changes in gas market environments. The swing supplier is able
to adjust its gas production and exports to meet the demand fluctuations quickly [16]. Countries in
the Middle East—for example, the State of Qatar (Qatar hereafter)—and Russia have comparative
advantages in geographical locations with substantial gas reserves; the Middle East especially became
the ideal swing supplier with LNG intended to access either European or Asian markets. Qatar,
among others, emerged as a swing supplier in the natural gas market in 2005 and emerged as the
leading LNG exporter over the last decade with the world’s third largest gas reserve. Qatar’s LNG
exports in 2005 were 27 billion cubic meters (bcm), which was increased to 76 bcm in 2010. In 2013,
Qatar ranked third in gas production after the U.S. and Russia and second in exports [17]. In 2016,
Qatar’s global LNG market share was above 30% (103 bcm). Note that 22% of Qatar’s LNG exports
headed to the European market and 66% to Asian countries (mostly Japan, Korea and India) [18].
In 2019, Qatar was the top LNG exporter, even if its LNG export share decreased to 22% (107 bcm),
and 30% of exports headed to Europe and 70% to Asia.

We believe that the emergence of swing suppliers in the market, i.e., Qatar and Russia,
has accelerated integration of natural gas markets, especially between European and Asian markets;
this is because Qatar and Russia produce LNG and exports to both European and Asian markets
(LNG to Korea/Japan from Qatar and pipeline to China from Russia in recent years). We aimed to
examine whether the emergence of Qatar and Russia as swing suppliers actually augmented natural
gas market integration. A cointegration test and error correction model were utilized to monthly
natural gas spot prices from January 2000 to December 2016. We divided data into four sub-periods
following the expansion of Qatar’s LNG exports (explained in detail below) to test the hypothesis
that the swing supplier increases the market integration. Note that [19] investigated the impact of the
structural break in the natural gas market, the 2011 Great East Japan Earthquake. They found that
the Asian market was leading the natural gas market, but after 2011, the European market became
the leader.

The contributions of the paper are two fold. First, this paper attempts to investigate whether
the emergence of a swing supplier has augmented the natural gas market integration. Results show
that European and Asian markets have been integrated since 2009; the North American market is
not integrated with either European or Asian markets. We believe, as discussed in [3], that European
and Asian markets are integrated partly because of underlying contractual mechanisms, i.e., linking
natural gas prices to oil prices, rather than the result of market supply and demand. Second, we found
indirect evidence that the emergence of the swing supplier may accelerate the gas market’s integration,
especially between markets in Europe and Asia. It implies that international gas market will be
integrated more with the incoming swing suppliers such as Australia.
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2. Overview of Global Natural Gas Market

Note that this section is heavily dependent upon the second part of Section 2 in [19],
which discusses the structure of natural gas markets in Asia and Europe. In Asian market, Korea and
Japan have been the primary LNG importers. China has begun importing natural gas from Russia
by pipeline since 2009. Korea, Japan and China imported more than 70% of their natural gas from
Australia and Southeast Asia including Malaysia and Indonesia. Imports from North Africa and
the Middle East were about 25% of the total natural gas imports (panel A in Figure 1). Natural gas
imports from Middle Eastern to Asian markets increased after 2009 following the emergence of a
swing supplier, Qatar. Natural gas imports from the Middle East increased substantially in 2011 which
accounted for 35–40% of the total imports. China had begun importing natural gas from Russia by
pipeline since 2009, and its imports increased significantly in 2011 (see panel A, Figure 1). About 15%
of total natural gas imports in the Asian market came from Russia recently. Japan’s LNG imports
were more than 50% of total imports in Asian market until 2009. Recently, Japan imports made up
one third of natural gas imports in the market and China accounted for another one third. Korea was
the second largest natural gas importer and the Chinese gas imports surpassed Korean gas imports in
2013 (panel B, Figure 1).

Figure 1. Exports and imports (pipeline + LNG) in Asian and European Markets. Source: BP Statistical
Review of World Energy, Trade Movements, each year.

In the European natural gas market, UK, the Netherlands and Norway are primary exporters.
These countries supply more than 40% of the natural gas to the market. Russia accounts for another
40% of natural gas to the market. North African countries, such as Algeria, and the Middle East, export
about 20% of the natural gas to the European market. Their market shares have been relatively stable
since 2013 (panel C in Figure 1). Panel C in Figure 1 also shows that North African countries shared
about 20% of the market in the early 2000s; the market share has dropped to around 10–13% since
2013. Note that market share for the Middle East was around 1–3% of the market in the early 2000s.
The market share for the Middle East increased to 7–8% after 2010. Major natural gas importers are
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Germany, Italy, France, UK, Spain and Turkey. Their import shares have been fairly stable (panel D,
Figure 1).

3. Methodology and Analyses

3.1. Data

Monthly natural gas spot prices are compiled from S&P Global Inc. (https://www.spglobal.
com/en/). The sample period is from January 2000 to December 2019. US gas prices are set through
gas-on-gas competition in the Henry Hub, whereas European gas prices are mixed-hub prices from
the UK’s National Balancing Point and the Dutch Title Transfer Facility as well as indexation to oil
prices. Natural gas prices in Asia are usually indexed to the Japanese Customs-Cleared (JCC) oil
price, the Brent oil price or the official Indonesian Crude Price. Thus, for the North American market,
Henry Hub natural gas price (HHB) is compiled, which is the price of the natural gas future contracts
traded in the New York Mercantile Exchange (NYMEX); the Henry Hub is the distribution hub on the
natural gas pipeline system in Louisiana, U.S. (S&P Global Inc.). We chose the National Balancing
Point natural gas price (NBP) for the European market. S&P Global Inc., NBP is a trading location for
U.K. natural gas in the ICE Futures Europe. NBP has been widely used to represent the European
wholesale gas market (S&P Global Inc.). For the Asian market, the Japan Korea Marker (JKM) LNG
price was selected, which is the LNG benchmark assessment for physical cargoes delivered into Japan,
Korea, China and Taiwan (S&P Global Inc.). JKM would be a reference price in the market since Korea
and Japan are the major LNG importers in the region. Prior to 2009, S&P Global Inc. provided monthly
data only for JKM (bi-weekly afterwards) and thus we utilized monthly data. Figure 2 contains the
movements of prices and Table 1 presents basic statistics over the sample period. Note that in Figure 2,
dotted vertical lines indicate the potential structural break points and a solid vertical line represents
the end of sample period analyzed which is discussed in the following section.

Figure 2. Plot of JKM (Asia), HHB (North America) and NBP (Europe) natural gas prices. Note: HHB
= Henry Hub natural gas price (North America), NBP = National Balancing Point natural gas price
(Europe) and JKM = Japan Korea Marker (Asian). Dotted vertical lines indicate the potential structural
break points and a solid vertical line indicates the end of sample period analyzed.

As shown in Figure 2 and Table 1, the mean of gas price in Asian market (JKM) is $8.46/mmbtu
with the standard deviation of $4.07/mmbtu, which is much larger than other prices in European and

https://www.spglobal.com/en/
https://www.spglobal.com/en/
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North American markets. In 2011, LNG imports to Japan increased substantially due to the disruption
in nuclear-power generation following the 2011 Great East Japan Earthquake [20]. Natural gas price in
the Asian market (JKM) began soaring above $15/mmbtu. Henry Hub price (HHB) has the lowest mean
of $4.59/mmbtu with the standard deviation of $2.16/mmbtu during a sample period. Henry Hub
price has been stable and remained low since 2008 as the U.S. began producing shale gas, and it seems
to be moving away from both JKM and NBP since then. The mean of gas price in European market
(NBP) is $6.49/mmbtu. JKM and NBP began rising early 2010 together but deviated from each other
after early 2011. JKM and NBP moved closely from late 2017 again. As seen in Figure 2, there might
be at least three structural changes in the global natural gas market indicated by dotted vertical lines,
such as somewhere in 2005 (first peak in Figure 2), 2008 and 2011 (JKM rose rapidly and HHB moved
away), and after 2016 (JKM and NBP converged). Note that, for the analysis, level price data were
used without any transformation.

Table 1. Basic statistics (monthly between January 2000 and December 2019 in $/mmbtu).

Price Obs Mean Std. Dev. Min Max

JKM 240 8.46 4.08 3.95 19.22
HHB 240 4.59 2.16 1.81 13.42
NBP 240 6.49 2.90 1.75 15.98

Note: HHB = Henry Hub natural gas price (North America), NBP = National Balancing Point natural gas
price (Europe) and JKM = Japan Korea Marker (Asian).

3.2. Dividing Sample Period

Sample period (January 2000–December 2019) is divided into five sub-periods primarily based
on Qatar and Russia’s natural gas exports and their production capacities to see if there exist any
systematic changes in the market with the emergence of the swing suppliers:

• Period 1: The period between January 2000 and August 2005 which represents the classic natural
gas market; i.e., there is no swing supplier in the market. Qatar’s global market share is around
10–14%.

• Period 2: The period between September 2005 and December 2008; Qatar’s global LNG market
share increased by close to 20% and begun exporting LNG to both European and Asian markets.
Qatar is considered as a swing supplier in this period.

• Period 3: The period between January 2009 and March 2011; Qatargas (world’s largest LNG
company in Qatar) and RasGas (second-largest LNG producer in Qatar, which merged with
Qatargas in 2018) inaugurated two mega LNG trains; Qatar’s global share increased to above
30%. In addition, China began importing natural gas from Russia by pipeline (6 bcm in 2009
which increased to 17 bcm in 2010 and 29 bcm in 2011, respectively) (BP Statistical Review of
World Energy).

• Period 4: The period between April 2011 and December 2016; Qatar’s LNG exports to the Asian
market increased substantially following the 2011 Great East Japan earthquake; the price parity
between European and Asian markets started expanding (Figure 2) in this period. In period
4, Qatar increased short-term contracts up to 24% to satisfy LNG gas import by Japan [19].
Quart’s gas exports averaged around 96 bcm per year in this period. Russia exported more
than 40 bcm of natural gas per year during this period (BP Statistical Review of World Energy).
Qatar’s global share remained around 30%.

• Period 5: The period between January 2017 and December 2019; the global gas market was
stabilized during the period. Price parity between JKM and NBP was narrowed. Qatar’s LNG
exports to the Asian market decreased by 5% (91 bcm per year) compared to the period 4, but the
market share remained around 30%. Natural gas from Russia to the Asian market kept increasing
to more than 60 bcm in 2018 and 2019. In this period, U.S. shale gas production and exports



Energies 2020, 13, 4661 6 of 12

increased substantially. According to the U.S. Energy Information Administration (EIA), U.S.
LNG exports to the Asian market were expanded to 9 bcm in 2017, 15 bcm in 2018, and 18 bcm in
2019 from around 0.5 bcm during 2012–2015. Total U.S. exports were less than 1 bcm till 2015, but
they increased to 5 bcm in 2016, 20 bcm in 2017, 31 bcm in 2018 and 52 bcm in 2019. U.S. shale
gas production and exports in this period might change the fundamentals of the global natural
gas market.

This paper aims to investigate the market integration and the role of the emergence of swing
supplier. Note that, to answer the research question, we utilize the gas price data up to December 2016
(204 months) with four sub-periods of the sample. In other words, the period 5 listed above is not
included in the analysis because the market fundamentals might have changed due to the shale gas
production and export from the U.S. Investigating the role of the U.S. and the natural gas market
integration is the another avenue for further exploration.

3.3. Unit Root Test

We believe that there were structural breaks in the global natural gas market, as discussed
(see dividing sample). The conventional unit root tests such as augmented Dickey–Fuller (ADF) [21]
for non-stationarity and the KPSS test [22] for stationarity are not appropriate when the existence of
structural changes is apparent [23–25]. The unit root test of [25] is applied to consider the potential
structural breaks. The unit root test in [25] utilizes the algorithm discussed in [26] to identify structural
breaks with a quasi-GLS method. Similarly to the Bai-Perron [26,27], it minimizes the residual sum
of squares through a dynamic programming process. Let pt be a stochastic process (i.e., natural gas
price) generated according to pt = dt + ut where ut = αut−1 + vt for t = 0, 1, · · · , T. The deterministic
component, dt, is given by

dt = z′t(T
0
0 )ψ0 + z′t(T

0
1 )ψ1 + · · ·+ z′t(T

0
m)ψm (1)

where zt(λ0) = [z′t(T
0
0 ), · · · , z′t(T

0
m)]
′ and ψ = [ψ′0, · · · , ψ′m]

′ [25]. The residual sum of squares is,
thus, given by

S(ψ, ᾱ, λ0) =
T

∑
t=1

(
pᾱ

t − ψ′zᾱ
t (λ

0)
)2

(2)

Following [28], reference [25] use the M-class of tests analyzed in [29] allowing for multiple
structural breaks, defined by:

MZα(λ
0) =

(
T−1 p̃2

T − s(λ0)2
)(

2T−2
T

∑
t=1

p̃2
t−1

)−1

(3)

MSB(λ0) =

(
s(λ0)−2T−2

T

∑
t=1

p̃2
t−1

)1/2

(4)

MZt(λ
0) =

(
T−1 p̃2

T − s(λ0)2
)(

4s(λ0)2T−2
T

∑
t=1

p̃2
t−1

)−1/2

(5)

with p̃t = pt − ψ̂′zt(λ0), where ψ̂ minimizes Equation (2) and s(λ0)2 = s2
ek/(1 − ∑k

j=1 b̂j) where

s2
ek = (T − k)−1 ∑T

t=k+1 ê2
t,k and {b̂j, êt,k} obtained from the ordinary least squares regression

∆ p̃t = b0 p̃t−1 +
k

∑
j=1

bj∆ p̃t−j + et,k (6)
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The asymptotic critical values are generated using a bootstrapping and rejection of the null
hypothesis indicates that the series is stationary. Table 2 reports the test results for the variables
under consideration from January 2000 to December 2016. As shown in Table 2, JKM, HHB and NBP
are nonstationary.

Table 2. Unit root test using [25] from January 2000 to December 2016.

MZα MSB MZt t stat

JKM −11.360 0.202 −2.298 −2.174
(−24.079) (0.142) (−3.440) (−3.147)

[NS] a [NS] [NS] [NS]

HHB −26.523 0.136 −3.618 −3.729
(−28.793) (0.132) (−3.792) (−4.074)

[NS] [NS] [NS] [NS]

NBP −24.314 0.142 −3.452 −3.005
(−25.486) (0.139) (−3.515) (−3.362)

[NS] [NS] [NS] [NS]

Note: JKM = Japan Korea Marker (Asian), HHB = Henry Hub natural gas price (North America) and
NBP = National Balancing Point natural gas price (Europe); numbers in parentheses are critical values at 5%
derived from the bootstrapping; a decision, NS = nonstationary, S = stationary at 5%.

3.4. Cointegration Test

Two (regionally isolated) markets are integrated when two prices follow similar patterns over
a long period (long-run equilibrium) where two markets trade similar or inter-related commodities.
When price series p1 and p2 are both nonstationary and have a long-running relationship, there must
be some force which pulls the equilibrium error back to zero, which means that the linear combination
of two series is stationary. Reference [30] formulated the first test of cointegration. The long-run
equilibrium between two I(1) prices can be written as follows:

p1,t = φ0 + φ1 p2,t + ut (7)

where φ1 is the co-integrating parameter. The term φ0 explains differences in two markets and
the term ut is the long-run error. It equals zero in equilibrium. The residuals from Equation (7),
ût = p1,t − φ0 − φ1 p2,t, are a measure of disequilibrium, and thus a test of cointegration is a test of
whether ût is stationary. The regression of ∆ût on ût−1 was estimated and we compared the t-statistics
on the desired critical values.

Note that the Johansen test is another test of cointegration [31]. The Johansen test is superior
and has been adopted numerous empirical analyses for more than two decades. Several studies,
however, point out that the Johansen test should be used with caution when finite (limited) samples
with non-normal distributions are used [32–34], which is our concern. We have a small sample size
with a few dozen observations for each sub-sample period; we used the Engle–Granger approach
for the analysis. We did so because the Engle–Granger approach uses the residuals from a single
equation so that the degrees of freedom are more than those of the Johansen trace test which uses
ML test with a system of equations. Note that the Johansen trace test was performed for the data of
entire period for the reference. The pair of JKM-NBP was cointegrated but pairs of NBP-HHB and
JKM-HHB are not cointegrated at 5% significance level. Note that NBP-HHB pair was cointegrated
at 10% significance level (p-value = 8%). As we supposed there were structural breaks, there was a
need to test cointegration with considering the breaks. Reference [35] test was used which has the
null hypothesis of no cointegration against the alternative of cointegration with a single shift at an
unknown point in time.

Table 3 presents the cointegration tests results for the pair of gas prices over sub-sample periods
and the entire sample period (E-G column in Table 3) and [35] test results (G-H column in Table 3).
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It confirms that cointegration exists between the European market (NBP) and the Asian market (JKM).
Interestingly, there was no cointegrating relationship in periods 1 and 2 between these two markets,
which implies that the emergence of the swing supplier may have played a role in integrating both
markets on top of the contractual mechanisms (oil-linked pricing). Note that the principle model
for long-term LNG contracts in European and Asian markets is oil-linked pricing, but not in the
North American market. It suggests further that JKM and NBP may have a cointegrating relationship
with crude oil prices such as Dubai and Brent crude oil prices. To see this, cointegration tests for
natural gas prices and crude oil prices were conducted using the Engle–Granger cointegration test.
As expected, Dubai and Brent crude oil prices have cointegrating relationships with JKM and NBP,
but not with HHB.

Table 3. Engle–Granger cointegration tests.

Price Pairs
Period 1 Period 2 Period 3 Period 4 Entire Period

2000 M1 2005 M9 2009 M1 2011 M4 2000 M1–2016 M12
–2005 M8 –2008 M12 –2011 M3 –2016 M12 E–G G–H

JKM-NBP −2.298 −0.248 −3.903 ∗∗∗ −4.824 ∗∗∗ −5.020 ∗∗∗ −6.57 ∗∗∗

JKM-HHB −2.625 0.421 −0.907 −1.864 −2.429 −3.58
NBP-HHB −2.803 −3.769 ∗∗ −2.554 −2.414 −2.546 −4.51

Note: HHB = Henry Hub natural gas price (North America), NBP = National Balancing Point natural gas price
(Europe) and JKM = Japan Korea Marker (Asian); ADF with one lag for the Engle–Granger test was performed
and the asymptotic critical values were taken from [36] Table 18.4, which were −3.90 (1%), −3.34 (5%)
and −3.04 (10%), respectively; ** and *** indicate the significance at 10%, 5% and 1%, respectively. Asymptotic
critical values for the Gregory–Hansen test were −5.47 (1%), −4.95 (5%) and −4.68 (10%), respectively.

The European market and the North American market were integrated in the second period but
the convergence disappeared in the later periods when Qatar expanded its global market share up to
30%. We believe that liberalization of the market and the shale gas boom in the U.S. might have an
impact on this relationship. As shown in Figure 1, the natural gas price in the North American market
(HHB) started deviating from both JKM and NBP since 2009. All told, we conclude that (1) European
and Asian markets are cointegrated; (2) the emergence of the swing supplier, Qatar, has accelerated
gas market integration between those two; and (3) the North American market was integrated with the
European market in the early 2000s but it has disappeared with the shale gas boom in the U.S. since
2009, which may prevent market integration. In addition, because the pipeline system remains as the
primary natural gas trade within the North American market, the swing supplier may not enter the
North American market.

3.5. Error Correction Model

If cointegration holds, the Engle–Granger error correction model can be constructed following [2],
an energy market integration study;

∆p1,t = θ∆p2,t + λ(p1,t−1 − φ0 − φ1 p2,t−1) + εt (8)

where p1,t−1−φ0−φ1 p2,t−1 is the error-correction term in Equation (7) and λ is the speed of adjustment
parameter. Note that the parameter θ measures the contemporaneous adjustment between two prices,
i.e., Stigler-Sherwin simple correlation [37]; a value of θ being close to one indicates very rapid
adjustment [2] between gas prices. As said, the mean of the error-correction term, p1,t−1−φ0−φ1 p2,t−1,
is zero in the long run; however, if p1 and/or p2 deviate from the long run equilibrium, i.e., ut is
nonzero, and each price adjusts to restore the equilibrium relation at the speed of λ, then the value of
λ should be negative. Reference [2] points out that a value of λ ≈ 0 implies a very slow adjustment
back to the long run equilibrium with severe market frictions.

The parameter φ1 in Equation (8) is the co-integrating parameter. It indicates that the long-run effect of
a $1/mmbtu increase in p2 is an increase of φ1 in p1. Thus, the fraction of θ (contemporaneous adjustment)
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to φ1 (long-run adjustment) is the way to measure the degree of market integration, the so-called
instant %, as defined in [2];

Instant % =
θ

φ1
× 100 (9)

The European market (NBP) and Asian market (JKM) are cointegrated in the later periods with
the emergence of the swing supplier (see Table 3, cointegration test), and thus an error correction
model in Equation (8) between JKM and NBP was constructed. A total of five error correction models
were estimated for four sub-periods and for the entire sample period to see if there exist any systematic
changes in model parameters. Table 4 presents the estimation results. Note that first two models for
periods 1 and 2 in Table 4 should not be interpreted because there is no cointegrating relationship
between the European and Asian markets (see Table 3, cointegration tests).

Table 4. Engle–Granger error correction models for ∆pJKM and ∆pNBP.

Parameters

Period 1 Period 2 Period 3 Period 4 Entire Period

2000 M1 2005 M9 2009 M1 2011 M4 2000 M1
–2005 M8 –2008 M12 –2011 M3 –2016 M12 –2016 M12

θ 0.0315 0.0321 0.4330 ∗∗∗ 0.6898 ∗∗∗ 0.1735 ∗∗∗

(0.037) (0.049) (0.142) (0.170) (0.065)
λ 0.0749 0.0014 −0.4068 ∗∗∗ −0.2558 ∗∗ −0.0868 ∗∗∗

(0.051) (0.040) (0.139) (0.186) (0.029)

φ0 3.6644 ∗∗∗ 6.0252 ∗∗∗ 0.8293 −3.9877 ∗∗∗ 1.2143 ∗∗

(0.141) (1.144) (0.588) (0.648) (0.482)
φ1 0.3658 ∗∗∗ 0.4054 ∗∗∗ 1.0011 ∗∗∗ 1.9680 ∗∗∗ 1.1316 ∗∗∗

(0.036) (0.122) (0.094) (0.082) (0.092)

Instant % 8.6% 7.9% 43.3% ∗∗∗ 35.1% ∗∗∗ 15.3% ∗∗∗

(10.0%) (12.9%) (11.7%) (8.9%) (5.4%)

Adj R2 0.03 −0.04 0.34 0.37 0.09
F-stat 2.15 0.22 7.67 21.22 11.06

Note: standard errors are reported in parentheses; **, *** indicate the significance at 10%, 5% and 1%,
respectively; NBP = National Balancing Point natural gas price (European market) and JKM = Japan Korea
Marker (Asian market).

As shown in Table 4, both European and Asian markets were integrated when the swing supplier
expanded its global market share in 2009 (models 3 and 4). Instant % indicates that the degree of
market integration increased substantially along with expansion of LNG exports from the swing
supplier (from statistically insignificant instant % to above 35%). Instant % values for the first two
periods are not statistically significant, as expected, which again confirms that both markets are not
integrated. The value of φ1, the long-run effect, increases along with the sub-sample periods as well.
It increases substantially between model 3 and model 4 (from 1.00 to 1.97). Model 4 is the period
between April 2011 and December 2016 when Qatar’s LNG exports to the Asian market increased
significantly following the 2011 Tohoku earthquake in Japan, which destroyed Japan’s nuclear power
plants; Japan had to import more natural gas [20]; gas price parity between European and Asian
markets started increasing in this period ($15/mmbtu in Asian market vs. $10/mmbtu in Europe).
Note that Qatar increased spot basis short-term contracts in this period up to 24% to meet the increased
LNG imports by Japan [19].

4. Conclusions and Implications

This study explores the natural gas market integration after 2000 using the Engle–Granger
cointegration and error correction model. Global natural gas markets have been believed to be
regionally isolated with three major trading regions; Europe, North America and Asia partly due to
the high transportation cost. Previous literature have suggested that the development of the LNG
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technology and the pricing mechanism (oil-linked pricing) of long-term LNG contracts have played
important roles in market integration, especially between the European and Asian markets. This study
confirms that as well.

In spite of the key roles of LNG and the pricing mechanism with a long-term contract, there has
been little discussion of the impact of the emergence of the swing supplier on the market integration.
A swing supplier is a supplier who is flexible to the changes in market environments and adjusts
natural gas production and exports to meet fluctuations in market demand quickly. Qatar emerged
as the swing supplier in 2005 with a global LNG market share above 30% since 2009. We found that
(1) European and Asian markets are integrated; (2) econometric results indirectly support that the
emergence of the swing supplier, Qatar, may accelerate gas market integration between these two
(note that econometric results do not show a direct causal relationship); and (3) the North American
market was integrated with the European market in the early 2000s, but it has disappeared. In addition,
because the pipeline system remains the primary means of natural gas trading within the North
American market, a swing supplier may not enter the North American market.

Implications of the study are straightforward. The emergence of the swing supplier in addition to
the oil-linked pricing contracts has increased global natural gas market integration, especially between
the European and Asian markets. The integration between these two markets will be accelerated
with the incoming or potential swing suppliers in the near future, such as Australia and Russia.
Competition with Qatar and the new swing suppliers may increases the degree of market integration.
Australia has developed large-scale LNG projects and its export capacity will be tripled [17]. By 2020,
Australia is expected to account for 17% of the global LNG capacity, ahead of Qatar’s projected 15% [17].
Russia also has a plan to double its LNG market share by 2020 (around 4.5% in 2015) [17]. It is quite
plausible that the North American market might be integrated if the U.S. increases its LNG exports
to the global market. According to [38], estimates of the U.S. LNG export capacity vary considerably,
but the U.S. might be the largest LNG producer after Australia and Qatar.
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