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MODELING WORLD NATURAL GAS
AND CRUDE OIL TRADE NETWORKS

World energy security is sensitive to stable energy environment and
geopolitics that depend on inter-regional energy trade strategies. However,
this study uses the network connectedness measures of Diebold-Yilmaz to
find the trade cooperation/competition preference for non-renewables’ secu-
rity development. To this end, the dynamic asymmetries of weighted spillo-
ver effects of natural gas and crude oil trade flow components are analyzed
throughout world trade networks before- and after the sharp fall in crude
oil prices. The results exhibit that natural gas and crude oil trade networks
experience asymmetric- and time-varying behavior in response to transitory-
vs. permanent components as well as positive- vs. negative shocks pre-and
post- sharp fall in crude oil prices. Specifically, the natural gas and crude oil
trade networks show a lesser degree of integration after 2014.

Moreover, the natural gas trade network represents more (less) weight-
ed sensitivity to short-term fluctuations (long-term trend) than the crude oil
trade network pre-and post- 2014. As the other comparative result, a higher
(lower) degree of integration is detected in the crude oil trade network in
response to the positive (negative) shocks compared to the natural gas trade
network pre-and post- 2014. Therefore, a lower level of cooperation prefer-
ence among regions is proposed in the natural gas and crude oil trade net-
works in response to a sharp fall in crude oil prices. Also, decisions about
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energy conservation, environmental protection, and protection of strategic
resources can affect a region’s natural gas and crude oil supply and demand
security.

Keywords: Energy Trade Strategy, Asymmetric Spillover Effects,
Dynamic Network Connectedness Measures

1. INTRODUCTION

Natural gas has become a vital energy resource in climate change and energy
supply security as a form of cleaner energy compared to coal and crude oil. Also,
as a non-renewable strategic resource, crude oil plays a critical role in enabling
basic human needs, including food, shelter, and transportation (Liu et al., 2020).

Based on the rule of comparative advantage and a high degree of specializa-
tion of the economies (Antweiler et al., 2001; Hummels et al., 2001), natural gas
and crude oil have become considerable energy resources with a significant im-
pact on international energy security and strategies (Ji et al., 2014) and economic
development, military and political strategies (Wu & Chen, 2019) with dynamic
relations of competition and substitution in various sectors (Renou-Maissant 1999;
Serletis et al. 2011).

Specifically, the primary gas markets, including North America, Europe, and
Asia, remain more regional than, for example, the oil market, and hence geopo-
litical considerations continue to play an important role. Thus, natural gas and
crude oil participants’ trading strategies are classified into cooperation and com-
petition preference (Persson & Wilhelmsson, 2016; Jensen & Shin, 2014; An &
Guan, 2017). Therefore, the world energy trade features are becoming increasingly
important to understand (Managi & Kitamura, 2017).

In most recent studies, the crude oil trade relations have been investigated
through complex network technic as a static approach. An et al. (2018) investigate
the dependency network of international oil trade by focusing on its changes after
the oil price drop and show that global oil trade relationships changed consider-
ably after 2014. Moreover, the trade preferences of cooperation partners in crude
oil, coal, natural gas, and international photovoltaic trade are explored by An and
Guan (2017). They conclude that international photovoltaic trade involves much
denser cooperation among countries than crude oil, coal, and natural gas. Managi
and Kitamura (2017) characterize the effects of geographical restrictions on crude
oil and petroleum trade partner selection. They reveal that restrictions on trade
partner selection due to geographical resistance forces neighboring oil-importing
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countries to choose similar oil-exporting countries, and diversification in petro-
leum exporting countries reduces supply disruption risk for importing countries.
Also, Dong et al. (2016) construct a complex network to explore the world crude
oil trade features and evolution. Results exhibit that most countries have few trad-
ing nations, while only a minority has many trading partners. Furthermore, they
show that few countries have the most trading partners, and simultaneously they
are seen as important transit hubs.

The other related research group studies the role of U.S. technology improve-
ments in energy markets. Fattouh et al. (2015) analyze the effect of the U.S. shale
gas revolution on Qatar’s position in the global natural gas market. They find that
North America can compete with Qatar as North America’s LNG export destina-
tions are not limited to Europe or Asia at the time of export. They also find that
large quantities of North American LNG exports would help to expand the spot
market for natural gas. Moryadee et al. (2014) study the impact of U.S.” LNG ex-
ports on North American and global natural gas markets. They indicate that U.S.
local natural gas prices increase, while European and Asian natural gas prices fall
due to large quantities of LNG exportation. Also, Gracceva and Zeniewski (2013)
analyze the impact of the U.S. shale gas revolution on the regional distribution of
natural gas- production, trade, demand, and prices by setting different scenarios
for U.S. shale gas development.

Regions' always need to observe the behavioral dynamics of world energy
trade to make timely adjustments in their trade networks in response to the mar-
ket fluctuations and uncertainties that can be fulfilled through spillover effects.
Moreover, as a consequence of successive episodes of the economic and financial
crisis, black swan events, geopolitical tensions, structural changes in the business
cycle, and heterogeneous regions (Jammazi et al., 2014), as well as skewed and
leptokurtic utilized variables (Bai & Lam, 2019), static models are not suitable for
modeling natural gas and crude oil trade networks.

To the best of our knowledge, a few studies consider the spillover effects in
energy trade analysis. Shirazi et al. (2020) analyze the crude oil trade network
of Eastern Europe and Eurasia and show that the crude oil trade flow of Eastern
Europe and Eurasia experiences net volatility transmission to Iran, Russia, and
the U.S., respectively. In contrast, it is a net volatility receiver from Saudi Arabia.
Moreover, risk spillover effects of the international commodities on maritime mar-
kets are determined by Li et al. (2020). They conclude that commodity markets
exert different spillover effects on global and Chinese domestic maritime mar-
kets. They also show that the oil market is more efficient than other commodities

' North & Latin America, Asia Pacific, Eastern Europe & Eurasia, Western Europe, Africa
and Middle East
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without substitutes through the global dry cargo freight and tanker markets. Chen
et al. (2020) study fluctuation characteristics and impact of critical events in crude
oil maritime transportation systems and find that transportation lines possess long-
term memory. Furthermore, the role of country, transportation risks, and crude oil
prices are analyzed by Wallace et al. (2020) to handle financial risks in crude oil
imports. They propose two-stage stochastic programming models and show that
real financial risk is much higher than the importer might believe if physical risks
are not considered.

Consequently, in light of the future of the natural gas and crude oil trade net-
work is uncertain due to their applications, policy regulations, and whether traders
in such energy markets are sensitive to their trade flow shocks and trends. There-
fore, as one of the main gaps among existing studies, the main research question is
to find the dynamic prioritization of cooperative behavior (e.g., avoiding regional
and international antagonism, diversification of trade uncertainties, economies of
scale, and a high degree of specialization) or competition preference (e.g., conser-
vation and uncertainty protection based on power concentration) for natural gas
and crude oil risk management in response to inter-regional trade flow shocks to
mitigate the vulnerability of regional- and world energy security.

Accordingly, and as the contributions of this paper, pre-and post-2014, when
crude oil prices fell sharply and based on OPEC regional grouping, e.g., North
and Latin America, Asia Pacific, Eastern Europe, and Eurasia, Western Europe,
Africa, and the Middle East, we use network connectedness measures of Diebold-
Yilmaz (2016) to analyze dynamic asymmetries in weighted spillover effects and
interdependence in natural gas and crude oil trade networks.

Specifically, as the empirical structure of this paper, first, the Hodrick-
Prescott (1997) filter is applied to extract the stationary cyclical movements (short-
term fluctuations) of natural gas, and crude oil trade flows as suggested by Ewing
and Thompson (2007). Then, we analyze the asymmetric behavior of natural gas
and crude oil trade networks pre-and post-2014 in response to transitory- vs. per-
manent shocks of the trade flows. Also, we explain the spillover effects through
the negative- vs. positive shocks of natural gas and crude oil trade flows. Finally,
we discuss the potential time-varying and asymmetric influence of natural gas and
crude oil trade behavior throughout the networks.

The main findings indicate that the natural gas trade network seems to be
more sensitive than the crude oil trade network before and after the sharp oil price
decline, which needs more focus on the cooperative behavior among regions to
lessen natural gas supply and demand insecurity. Moreover, a sharp drop in crude
oil prices may lead to a heterogeneous effect on natural gas and crude oil supply
and demand security in different regions, depending on their specific weighted
trade flows, energy reserves, production capacities, and geopolitics.
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2. TRANSMISSION MECHANISM OF SPILLOVER EFFECTS
ACROSS ENERGY TRADE NETWORK

Spillover effects across the natural gas and crude oil trade flows are trans-
mitted through two different channels (Adland & Cullinane, 2006; Alizadeh &
Nomikos, 2004; Glen & Martin, 2005; Poulakidas & Joutz, 2009), indicated by
the following flow chart.

Fig. 1:

TRANSMISSION MECHANISM OF SPILLOVER EFFECTS ACROSS
NATURAL GAS AND CRUDE OIL TRADE FLOWS

Trade Flow Shocks of Region i
Multipliers Change in Bunker Fuel’ Price in Response to
P ii Natural Gas and Crude Oil Prices
Change
GDP per capita of Region i, j & Network Transportation Cost
Gravity Theory: T;; = ay ki f;
Dij
Spillover Effect to Region i, j & Network Spillover Effect to Region i, j & Network

Note: 7} is the trade flow from region i to region j, ¥; & Y are region i’s GDP and region j’s GDP,
respectively, D, is their distance and ¢, is the constant®

The first channel is that shocks in natural gas and crude oil trade flows® (An
et al., 2018) have a direct impact on GDP per capita of region i, j and the whole
network, which leads to spillover effects across the natural gas and crude oil trade
flows, based on gravity theory. The second channel is that shocks in natural gas
and crude oil prices due to changes in their trade flow directly impact shipping
companies’ transportation costs and spillover effects through gravity theory.

2 See Tsurumi et al, (2015) for review
3 Trade flow is defined as sum of export and import
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Therefore, the natural gas and crude oil trade shocks and supply and demand
spillover effects are shifted between importing and exporting participants (Meng
et al., 2018). It is believed that increasing reliance on imports exacerbates a region’s
sensitivity to the effects of natural gas and crude oil shocks as risks occur in the
energy-importing process (Lacasse and Plourde, 1995; Biresselioglu et al., 2015;
Biresselioglu et al., 2012). Specifically, natural gas and crude oil importers men-
tion uncertainties regarding the secured supply process, whereas, for exporters, the
main concern is highly reliable energy exports or durable demand from buyers that
are needed for the domestic economic development.

3. MATERIALS AND METHODS

Network connectedness measures of Diebold-Yilmaz are the dynamic form
of the most well-known and fundamental description of overall network topology*
as a static approach commonly used in the previous energy trade network analysis
(Managi & Kitamura 2017; Ji et al., 2014; among others). Also, the Diebold-Yilmaz
(2016) methodology is based on a dynamic stationary VAR’ model, which is con-
sistent with the series of weighted trade flow components under consideration that
seems to be stationary, skewed, leptokurtic, and correlated variables. Accordingly,
we implement Diebold-Yilmaz’s (2016) methodology (Shirazi et al. 2020; Onur
Tas et al. 2018) using the logarithmic series of weighted® annual data of natural
gas and crude oil trade flow by each region data for the period 19802019 from the
OPEC database. Then, we calculate the weighted spillover effects by taking into
account changes in the quantity of natural gas and crude oil trade flow caused by
other regions to obtain natural gas and crude oil trade flow connectedness and co-
ordination measures’. Moreover, moving average coefficients are of utmost impor-
tance in understanding dynamic links between variables. These coefficients allow
dividing each variable’s H-step-ahead forecast error variances into parts attribut-
able to various system shocks. We follow Diebold-Yilmaz (2016) and implement
the generalized orthogonalization approach of Koop et al. (1996) and Pesaran and
Shin (1998) when estimating the parameters of the VAR and calculating variance

4 See Diebold & Yilmaz (2016) for more details

5 Vector Auto Regressive

® We weighted the natural gas and crude oil trade flow of all regions by dividing the total
world natural gas and crude oil trade flow, respectively

7 Alternatively, we do the estimations via absolute values of the trade flows, showing that
both methods provide similar outcomes
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decompositions. This approach is independent of the ordering of variables and ac-
counts for correlated shocks.

Therefore, the forecast error variance decomposition for H-step ahead or
variable j’s contribution to the H-period-ahead generalized error variance of the
variable i is as follows:

I HA, 2
dij (H) _ Oii L2uno (eiAh Zej) 1)

zth_Ol(éiAh zAhe_j)

where o is the standard deviation of errors (g;), X is the variance matrix of ;, and
e;, ¢ are the selection column vectors with ith element unity and zeros elsewhere.
d;;(H) is the fraction of the H-step-ahead error variance of i from shocks to j. In the
generalized variance decomposition matrix, diagonals and off-diagonals present
their own- (variable i to itself) and pairwise contributions (variable i to variable j),
respectively. However, row sums in generalized variance decomposition matrices
are not necessarily equal to 1, and thus each entry is normalized by the row sum
as follows:
T d; (H)

d; (H ) =—= (2)
| (1)

Diebold-Yilmaz (2016) define pairwise directional connectedness from j to i
using C;_; (H) =d;;(H). Accordingly, the total directional spillover effect is cal-

1

culated to determine the coordination measures across the suggested variables.
Hence, the net pairwise directional connectedness from j to i is:

di (H) =C,;(H)-Cjc; (H) 3)
Also, the directional spillover effect (connectedness measure) from others to
ody(H) Y ady(H)
_ _
Cu—o(H)—Tj(H)XIOO—TXIOO (@)
while the directional spillover effect from 1 to others is:
Shdy(H) Y hd ()

CoH(H)zLXIOO:’i’TXIOO Q)

N
Zi,jzldij (H)

118:

i,j=1
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Moreover, the net directional spillover effect is used to indicate whether one
variable is a net shock- receiver or transmitter throughout the network, which is
considered as:

C?et(H):Coei(H)_Ck—o (H) (6)

Finally, the spillover index (average total spillover), C (H), is calculated to
show the degree of integration of the network:

N N
Zi,{':.ldij(H) Zi,:j:‘ldij(H)
C(H)zm—X100=]¢’TXIOO (7)

> dy (1)

where, d;(H) is the uncertainty contribution of variable i to itself, d;,(H) is the
uncertainty contribution of variable- j to i. The spillover index shows the average
contribution of spillovers from shocks of all variables to the total forecast error
variance. In brief, the net pairwise spillover effect identifies the region that plays
a dominant role in shock transmission between two regions. The net total direc-
tional connectedness indicates the dominant region in shock transmission between
regions, and the spillover index measures the degree of integration among all mar-
kets under consideration. Consequently, we can imply the trade strategy prioritiza-
tion of the cooperation preference rather than competitive behavior as the network
experiences a higher degree of integration and vice versa.

In addition to symmetric connectedness, we investigate two types of asym-
metry in the natural gas and crude oil trade networks. Therefore, it is helpful to
compare the asymmetric weighted spillover effects across the natural gas, and
crude oil trade flows to undermine the negative impacts of unexpected events. For
simplicity and based on Lau et al. (2019), we build positive- and negative connect-
edness networks as the increasing and decreasing decompositions of trade flows,
respectively. The positive and negative series of natural gas and crude oil trade

flow (iv;.r,, iv ;) are measured as follows:
t t
. DAV i Aivy >0 | Y Aivy if Aivy, <0
Vi =14 s Vi =915 ®)
0 otherwise 0 otherwise

Then, the trade flow time series can be decomposed into permanent and tran-
sitory components. The permanent component is the long-term trend of the time
series, which is interpreted to be its fair value and can be regarded as a process
of a random walk with drift (Amihud & Mendelson, 1987). The transitory com-
ponent represents short-term fluctuations from the trend, which may be caused by
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variables that do not enter the theory and thus have to be fitted empirically. Also,
we use Hodrick—Prescott (1997) filter approach in this paper since our analysis is
purely historical. However, we provide the asymmetric behavior of natural gas and
crude oil trade flow networks in response to transitory- vs. permanent shocks of
trade flow through the Hodrick—Prescott (1997) filter approach.

4. RESULTS

4.1 Stylized Facts, Summary of Descriptive Statistics, Unit Root Tests and
Correlations

Fig. 2 shows that both decompositionsrelated to weighted natural gas and
crude oil trade flow for North and Latin America, Asia Pacific, Eastern Europe,
Eurasia, Western Europe, Africa, and the Middle East almost follow the same path
with different magnitudes over the time period. Specifically, both natural gas and
crude oil trade flows of all seven utilized regions indicate increasing long-term
trends over time, whereas a flat slope has been found in recent years except for the
Asia Pacific. Moreover, Western Europe and Latin America experience the highest
and lowest levels of long-term trends in natural gas trade flows, while the levels of
crude oil trends vary over the time period, respectively®. Also, the Asia Pacific and
Latin America (the Asia Pacific and Eastern Europe and Eurasia) show the highest
and lowest levels of decreasing component of natural gas (crude oil) trade flows in
most of the period, while the Middle East and Western Europe (Eastern Europe
and Eurasia and Western Europe) meet the most and least values of increasing
component of natural gas (crude oil) trade flows in recent years.

8 In 2017, nearly 50% of the global crude oil production was internationally traded (BP, 2018)
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Fig.2:

Trade Networks
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Moreover, the unit root tests based on automatic bandwidth selection of An-
drews (1991) and Newey & West (1994) support the conclusion that all suggested
series of weighted trade flows are stationary at the 1% significance level. Also,
overall, strong and moderate negative correlations exist among regional natural
gas and crude oil trade flows, respectively. Specifically, the overall negative cor-
relations are reasonable since the suggested variables are linked to their market
shares in the weighted form. Furthermore, the suggested variables are identified as
skewed and leptokurtic. Therefore, the Diebold-Yilmaz (2016) technic seems to be
applicable in justifying the behavioral characteristics of natural gas and crude oil
trade flow networks.

4.2 Asymmetric Spillover Effects in response to Transitory- vs. Permanent
Shocks of Natural Gas and Crude Oil Trade Flows

We conclude a unilateral shock transmission when the sign of net spillover
effect is positive and greater than one and, of course, the opposite around for uni-
lateral shock receipt. Moreover, there would be a bidirectional spillover effect with
the results lower than one in absolute values.

Based on table 1, the weighted spillover index (S.I) of transitory and perma-
nent components is 42.8% and 57.3%, respectively, indicating a sizeable degree of
integration across the natural gas trade flow network during the sample period.
Therefore, the comparison results of the spillover index exhibit the strategy prior-
itization of cooperative behavior for the natural gas trade flow network in response
to short-term fluctuations and permanent shocks across the regions under consid-
eration due to high levels of network sensitivity.

Findings also reveal that North America, Africa, the Middle East, Latin
America, and the Asia Pacific experience (-12.6), (-8), (-7.5), (-6.6), and (-5.1) percent
of net total spillover in the natural gas trade network, respectively, showing they
are net shock receivers from short-term fluctuations of natural gas trade flows. In
contrast, Eastern Europe and Eurasia, and Western Europe face net shock transmis-
sion to the network with (38.2) and (1.7) percent, respectively. As an asymmetric
behavior, Eastern Europe and Eurasia are just net shock transmitters to North and
Latin America and the Asia Pacific in response to permanent shocks. Furthermore,
there is a unilateral spillover effect from Western Europe to all areas except Africa
and North America just to the Middle East. Findings also express that Asia Pacific,
Africa, and North America encounter net shock receivers from permanent natural
gas trade flows shocks, whereas Western Europe, Eastern Europe, Eurasia, and the
Middle East experience net shock transmission to the network, respectively.
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In the following, Table 2 presents the matrix of transitory- vs. permanent
components of spillover effect among crude oil trade flows. Following the results,
the weighted spillover index (S.I) of short-term fluctuations of crude oil trade flows
is 30.7%, indicating the relative importance of concentration for reasoning shock
transmission outside the network. Also, the degree of integration for the long-term
component of crude oil trade flows is 74.7% over the time period, attracting more
focus on internal affecting factors to understand shock transmission channels
throughout the network better.

Hence, the comparison results of the spillover index exhibit the prioritization
of cooperation (competition) based trade strategies in the behavior of crude oil
trade network in response to the permanent (transitory) component of trade flows
that take place across the regions. Therefore, more focus on crude oil reserves,
production capacities, and geopolitics as the external affecting factors may lead to
lower short-term fluctuations of crude oil trade flows and less economic vulner-
ability across the regions under consideration.

The long-term component network of crude oil trade flow indicates net shock
receipt from all areas except for North- and Latin America. Findings also reveal
that Western Europe, Latin America, Asia Pacific, Africa, Eastern Europe, and
Eurasia are net shock receivers from short-term fluctuations of crude oil trade
flows, whereas the Middle East and North America are net shock transmitters to
the network. Moreover, Latin America, North America, and the Asia Pacific are
net shock receivers from the long-term component of crude oil trade flows, while
Eastern Europe and Eurasia, Western Europe, Africa, and the Middle East experi-
ence net shock transmission to the network, respectively. Hence, the results expose
asymmetric behavior of natural gas, and crude oil trade flows in response to transi-
tory- vs. permanent shocks with evidence of a higher degree of integration among
long-term components, which may need more concentration on cooperation trade
strategies due to greater trade sensitivity across the regions.



Table 1:

ASYMMETRIC BEHAVIOUR OF NATURAL GAS TRADE NETWORK IN RESPONSE TO TRANSITORY-
VS. PERMANENT SHOCKS OF TRADE FLOWS

Weighted Spillover Effects of Natural Gas Trade Flow Network in response to Transitory Shocks of Trade Flows (No. Obs: 40)

Region North America | Latin America | Eastern Europe’ | Western Europe | Middle East | Africa | Asia Pacific | from Others
North America 58.2 2.5 26.3 5.7 0.1 3.0 4.2 41.8
Latin America 2.2 50.2 16.5 13.3 1.6 0.6 15.7 49.8
Eastern Europe 14.8 10.7 32.8 224 1.8 3.0 14.4 67.2
Western Europe 4.2 11.2 29.1 42.5 24 1.3 9.3 57.5
Middle East 0.2 2.7 4.7 4.8 85.2 0.1 2.2 14.8
Africa 44 1.0 7.7 2.5 0.1 83.3 1.1 16.7
Asia Pacific 3.5 15.0 21.2 10.4 1.3 0.6 48.0 52.0
Contribution to Others 29.2 432 1054 59.2 7.3 8.7 46.9 299.8
Net Total Spillover -12.6 -6.6 38.2 1.7 -1.5 -8 -5.1 S.I: 42.8%

Weighted Spillover Effects of Na

tural Gas Trade Flow Network in response to Perma

nent Shocks of Trade Flows (No. Obs: 40)

Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | from Others
North America 417 9.0 8.8 22.4 16.6 0.2 1.4 58.3
Latin America 7.6 354 18.1 27.1 2.3 2.0 7.5 64.6
Eastern Europe 6.9 16.7 32.7 23.7 0.9 0.1 19.0 67.3
Western Europe 15.5 22.1 209 28.9 7.0 0.0 5.5 71.1
Middle East 18.2 29 1.2 11.0 45.6 20.8 0.3 544
Africa 0.3 3.7 0.2 0.0 29.8 65.4 0.5 34.6
Asia Pacific 1.6 104 28.6 9.4 0.3 04 49.3 50.7
Contribution to Others 50.1 64.9 77.8 93.5 57.0 23.5 34.1 400.9
Net Total Spillover -8.2 0.3 10.5 22.4 2.6 -11.1 |-16.6 S.1: 57.3%

Source: Authors’ Calculations

° Eastern Europe and Eurasia
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Table 2:

ASYMMETRIC BEHAVIOUR OF CRUDE OIL TRADE NETWORK IN RESPONSE TO TRANSITORY-
VS. PERMANENT SHOCKS OF TRADE FLOWS

Weighted Spillover Effects of Crude Oil Trade Flow Network in response to Transitory Shocks of Trade Flows (No. Obs: 40)

Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | From Others
North America 60.0 10.7 10.4 0.2 6.5 04 11.7 40.0
Latin America 12.7 71.3 3.8 0.1 11.3 0.2 0.7 28.7
Eastern Europe 11.0 34 63.4 0.7 174 2.7 1.3 36.6
Western Europe 0.3 0.1 0.9 78.6 19.8 0.2 0.2 214
Middle East 54 79 13.8 12.6 50.1 6.3 39 499
Africa 0.6 0.2 3.6 0.2 10.6 84.7 0.0 15.3
Asia Pacific 15.0 0.7 1.6 0.2 59 0.0 76.6 234
Contribution to others 45.0 23.1 34.1 14.1 714 9.8 17.8 215.2
Net Total Spillover 5 -5.6 -2.5 -1.3 21.5 -5.5 -5.6 S.1:30.7%
Weighted Spillover Effects of Crude Oil Trade Flow Network in response to Permanent Shocks of Trade Flows (No. Obs: 40)
Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | From Others

North America 26.6 2.1 18.0 10.0 214 18.6 33 734
Latin America 34 43.2 144 13.1 4.1 6.0 15.9 56.8
Eastern Europe 12.9 6.3 18.9 16.6 159 17.0 12.4 81.1
Western Europe 7.8 6.3 18.1 20.7 12.8 159 18.3 79.3
Middle East 17.3 2.0 18.0 133 21.5 20.6 7.3 78.5
Africa 14.1 2.8 18.0 154 19.3 20.2 10.1 79.8
Asia Pacific 32 9.5 16.9 22.8 8.8 13.0 25.8 74.2
Contribution to others 58.7 29.0 103.6 91.2 82.3 91.0 67.3 523.0
Net Total Spillover -14.7 -27.8 22.5 11.9 3.8 11.2 -6.9 S.I:74.7%

Source: Authors’ Calculat

ions
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4.3 Asymmetric Spillover Effects in response to Positive- vs. Negative
Shocks in Natural Gas and Crude Oil Trade Flows

Based on table 3, the weighted spillover index (S.I) of positive and negative
shocks related to natural gas trade flows is 13.1% and 44.8%, respectively. As a
result, and based on the sensitivity levels of the networks, the competitive (coop-
erative) behavior of the natural gas trade flow network is preferred in response to
positive (negative) shocks of trade flows across the utilized regions.

Findings also reveal that the Middle East and the Asia Pacific are net shock
receivers and transmitters in response to the positive shocks of natural gas trade
flow, respectively, and neither dominant nor recessive role for the rest of the areas.

Moreover, the Middle East, Africa, Eastern Europe, and Eurasia, North- and
Latin America are net shock receivers from the negative component of natural gas
trade flows. In contrast, the Asia Pacific and Western Europe are net shock trans-
mitters to the network, respectively.



Table 3:

ASYMMETRIC BEHAVIOUR OF NATURAL GAS TRADE NETWORK IN RESPONSE TO INCREASING-

VS. DECREASING COMPONENTS OF TRADE FLOWS

Weighted Spillover Effects of Natural Gas Trade Flow Network in response to Positive Shocks of Trade Flows (No. Obs: 39)

Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | From Others
North America 90.1 0.1 8.6 0.7 0.1 0.2 0.2 9.9
Latin America 0.1 88.5 2.8 0.7 0.6 7.3 0.1 11.5
Eastern Europe 8.3 2.7 87.0 0.8 0.1 0.7 04 13.0
Western Europe 0.7 0.7 0.8 94.1 0.0 0.2 34 59
Middle East 0.1 0.6 0.1 0.0 89.6 1.7 8.0 104
Africa 0.2 6.6 0.7 0.2 1.5 79.9 11.0 20.1
Asia Pacific 0.2 0.1 0.4 2.8 7.0 10.8 78.7 21.3
Contribution to others 9.5 10.8 134 5.1 9.3 21.0 23.0 92.0
Net Total Spillover -0.4 -0.7 0.4 0.8 -1.1 0.9 1.7 S.I: 13.1%
Weighted Spillover Effects of Natural Gas Trade Flow Network in response to Negative Shocks of Trade Flows (No. Obs: 39)
Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | From Others

North America 53.6 8.3 0.8 7.0 2.5 9.8 18.0 46.4
Latin America 79 51.3 49 8.9 5.2 2.1 19.6 48.7
Eastern Europe 1.2 7.6 79.1 3.0 7.0 0.4 1.7 209
Western Europe 5.5 7.3 1.6 41.9 4.2 15.5 24.0 58.1
Middle East 33 7.0 6.1 6.9 69.1 37 39 309
Africa 9.6 2.2 0.3 19.6 2.8 53.0 12.5 47.0
Asia Pacific 12.9 14.7 0.8 22.0 2.2 9.1 384 61.6
Contribution to others 40.5 47.0 14.5 674 239 40.5 79.8 313.6
Net Total Spillover -5.9 -1.7 -6.4 9.3 -7 -6.5 18.2 S.I: 44.8%

Source: Authors’ Calculations
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Following table 4, the weighted degree of integration (S.I) related to positive-
and negative shocks of crude oil trade flows gets to 19.1% and 18.9%, respectively.
Therefore, the comparison results of the weighted spillover index show the prioriti-
zation of competitive behavior of crude oil trade flow network in response to both
positive- and negative shocks occur across the regions under consideration since
the networks experience low levels of weighted sensitivity.

Also, North America, Western Europe, and Africa are net shock receivers
from the positive component of crude oil trade flows, whereas Eastern Europe,
Eurasia, and the Middle East show net shock transmission to the network and pas-
sive for the rest of the regions.

Moreover, Eastern Europe and Eurasia, North America, and Western Europe
are net shock receivers from negative components related to crude oil trade flows,
whereas the Middle East acts as a net shock transmitter to the network and neither
dominant nor recessive role for the rest of areas under consideration.



Table 4:

ASYMMETRIC BEHAVIOUR OF CRUDE OIL TRADE NETWORK IN RESPONSE TO INCREASING- VS.
DECREASING COMPONENTS OF TRADE FLOWS

Weighted Spillover Effects of Crude Oil Trade Flow Network in response to Positive Shocks of Trade Flows (No. Obs: 39)

Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | From Others
North America 86.2 3.0 0.0 0.1 6.7 0.7 34 13.8
Latin America 2.6 76.2 0.3 0.6 11.0 0.6 8.7 23.8
Eastern Europe 0.0 0.3 75.5 11.2 74 1.0 47 24.5
Western Europe 0.1 0.6 12.5 84.5 0.2 1.2 0.8 15.5
Middle East 5.8 10.9 74 0.2 754 0.0 0.2 24.6
Africa 0.7 0.7 1.2 1.3 0.0 90.6 5.5 9.4
Asia Pacific 3.0 8.9 4.8 0.8 0.2 47 77.6 22.4
Contribution to others 12.3 244 26.2 14.1 25.6 8.2 23.3 134.0
Net Total Spillover -1.5 0.6 1.7 -1.4 1 -1.2 0.9 S.I: 19.1%
Weighted Spillover Effects of Crude Oil Trade Flow Network in response to Negative Shocks of Trade Flows (No. Obs: 39)
Region North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific | From Others

North America 88.6 5.1 0.5 0.2 5.5 0.0 0.0 114
Latin America 4.8 83.2 0.0 2.0 2.2 09 6.9 16.8
Eastern Europe 0.5 0.0 81.2 0.3 14.9 24 0.6 18.8
Western Europe 0.2 2.1 0.3 86.2 4.0 4.2 3.1 13.8
Middle East 4.3 19 12.7 32 69.4 33 5.1 30.6
Africa 0.0 0.9 24 4.0 39 81.5 7.3 18.5
Asia Pacific 0.0 6.4 0.6 2.8 57 6.9 77.6 22.4
Contribution to others 9.8 16.3 16.6 12.4 36.3 17.8 23.0 132.2
Net Total Spillover -1.6 -0.5 2.2 -14 5.7 -0.7 0.6 S.I: 18.9%

Source: Authors’ Calculations
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4.4 Time-Varying Behaviour of Natural Gas & Crude Oil Trade Network
in response to Components of Trade Flows

Based on table 5, the natural gas trade network seems to be more sensitive
than the crude oil trade network before and after a sharp oil price decline, which
needs more focus on the cooperative behavior among regions to lessen natural gas
supply and demand insecurity.

Also, the weighted connectedness behavior of natural gas trade flows indi-
cates less vulnerability for North- and Latin America, Western Europe, Middle
East, and Africa after 2014, when crude oil prices fell sharply. Moreover, Eastern
Europe and Eurasia meet no change in the position, whereas the Asia Pacific be-
comes passive after 2014.

On the other hand, the crude oil trade network shows that the Middle East
acts more effectively over the network after 2014 and opposite Eastern Europe
and Eurasia. Moreover, North America, Africa, and the Asia Pacific exhibit less
vulnerability, whereas Latin America and Western Europe experience more vul-
nerability after the sharp drop in crude oil prices.

It is also worth noting that the economy of these parts of the world is hetero-
geneous through levels of vulnerability and effectiveness following the suggested
types of natural gas and crude oil trade flow shocks and trends throughout the
world trade network. Consequently, a sharp drop in crude oil prices may lead to
a heterogeneous effect on natural gas and crude oil supply and demand security
in different regions, depending on their specific weighted trade flows, energy re-
serves, production capacities, and geopolitics. For instance, Eastern Europe and
Eurasia, and Western Europe play as affecting regions in response to transitory-
and permanent shocks of natural gas trade flows across world network before and
after 2014, whereas they are affected regions in reaction to short-term fluctuations
of crude oil trade flow and dominant during permanent shocks of trade flows.

Furthermore, North America and Africa are net shock receivers in response
to transitory- and permanent shocks of natural gas trade flows pre-and post- 2014.
Also, Asia Pacific shows asymmetric behavior in reaction to transitory and per-
manent shocks of natural gas and crude oil trade flows. The Middle East plays a
dominant role in response to transitory- and permanent shocks of crude oil trade
flows before and after the sharp fall in prices, whereas North America is dominant
and recessive in the short- and long-term, respectively.

Findings also indicate asymmetric behavior in natural gas and crude oil trade
flow networks when positive and negative shocks are considered. Besides, there
is no evidence of a recessive position for Asia pacific when positive and negative



M. SHIRAZI, J. SIMURINA: Modeling World Natural Gas and Crude Oil Trade Networks 1 51
EKONOMSKI PREGLED, 74 (1) 132-157 (2023)

shocks happen in natural gas and crude oil trade flows before- and after 2014 and
the opposite results for North America with more levels of net total spillover effect
in response to negative shocks of natural gas are detected. Furthermore, Eastern
Europe and Eurasia indicate a recessive role when negative shocks occur in natural
gas and crude oil trade flows pre-and post- 2014. In addition, Middle East acts as a
dominant role in response to both decreasing and increasing components of crude
oil trade flows, while heterogeneous behavior is determined for the rest of the re-
gions throughout the crude oil trade networks.

Additionally, the higher (lower) level of spillover index in the natural gas trade
network in comparison with crude oil trade network in response to the transitory
(permanent) component represents more (less) weighted sensitivity to short-term
fluctuations (long-term trend) pre-and post- 2014. More specifically, the weighted
spillover index of natural gas and crude oil trade networks shows a lesser degree
of integration after 2014, indicating a lower level of cooperation preference among
regions due to the sharp fall in crude oil prices. As the other comparative result,
the higher (lower) degree of integration in the crude oil trade network than the
natural gas trade network is detected in response to the positive (negative) shocks
pre-and post- 2014.

Consequently, decisions about energy conservation, environmental protec-
tion, and protection of strategic resources can also affect a region’s natural gas and
crude oil supply and demand security.



Table 5:

COMPARISON RESULTS OF TIME-VARYING ASYMMETRIC NATURAL GAS & CRUDE OIL TRADE
NETWORKS

Asymmetric Behaviour of Trade Flow Network in Response to Overall Trade Flow Shocks

Net Total Spillover | North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific S.I

Natural Gas

(1980-2019) -11.5 -19 38.8 -6.5 3.1 -9.1 -0.7 40.0%

Natural Gas

(1980-2013) -12.2 -9.7 38.5 -7 2.3 -10.8 35 42.3%

Crude Oil

(1980-2019) 0.3 -5.8 43 -5.8 14.3 -2.6 -4.6 31.5%

Crude Oil

(1980-2013) 3 -3.7 14.1 -4.3 7 -4.3 5.8 30.9%
Asymmetric Behaviour of Natural Gas Trade Flow Network in response to Transitory- vs. Permanent Shocks of Trade Flows

Net Total Spillover | North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa | Asia Pacific S.1

Cycle (1980-2019) -12.6 -6.6 38.2 1.7 1.5 -8 -5.1 42 .8%

Cycle (1980-2013) -12 -11.5 374 6.9 -8.1 -11 -1.8 46.8%

Trend (1980-2019) -8.2 0.3 10.5 22.4 2.6 -11.1 -16.6 57.3%

Trend (1980-2013) -11 -7.6 12.7 11.1 -4.9 -14.3 14.1 69%

Asymmetric Behaviour of Crude Oil Trade Flow Network in response to Transitory- vs. Permanent Shocks of Trade Flows

Net Total Spillover | North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa Asia Pacific S.I

Cycle (1980-2019) 5 -5.6 -2.5 -1.3 21.5 5.5 -5.6 30.7%

Cycle (1980-2013) 8.9 1.5 -3.8 -6.6 20.3 5.2 -6.1 31%

Trend (1980-2019) -14.7 -27.8 22.5 119 3.8 11.2 -6.9 74.7%

Trend (1980-2013) -4.2 -24.6 10.2 4.8 4.5 49 44 82%
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Asymmetric Behaviour of Natural Gas Trade Flow Network in response to Positive- vs. Negative Shocks of Trade Flows

Net Total Spillover | North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa Asia Pacific S.I

Positive Shocks

(1980-2019) -04 -0.7 04 0.8 -1.1 09 1.7 13.1%

Positive Shocks

(1980-2013) -0.5 -0.2 04 -0.7 -0.9 0.5 1.4 14.6%

Negative Shocks

(1980-2019) -5.9 -1.7 -6.4 9.3 -7 -6.5 18.2 44.8%

Negative Shocks

(1980-2013) 54 2.5 -9 8.7 -8.1 -4.3 15.6 51.6%
Asymmetric Behaviour of Crude Oil Trade Flow Network in response to Positive- vs. Negative Shocks of Trade Flows

Net Total Spillover | North America | Latin America | Eastern Europe | Western Europe | Middle East | Africa Asia Pacific S.I

Positive Shocks

(1980-2019) -1.5 0.6 1.7 -14 1 -1.2 09 19.1%

Positive Shocks

(1980-2013) -19 1 09 0.2 0.2 2 1.8 24.7%

Negative Shocks

(1980-2019) -1.6 -0.5 2.2 -14 57 -0.7 0.6 18.9%

Negative Shocks -1 -1.8 -2.6 -0.7 57 2.2 2.6 18.6%

(1980-2013)

Source: Authors’ Calculations
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5. CONCLUSION AND POLICY IMPLICATION

While the energy market directly affects the economy, natural gas and crude
oil trade strategies can influence geopolitics and can be utilized as tools to influ-
ence other regions. Accordingly, the main research contribution is to determine the
dynamic prioritization of cooperative behavior or competition preference for natu-
ral gas and crude oil in response to the inter-regional trade flow shocks pre-and
post- sharp fall in crude oil prices to mitigate the vulnerability of regional energy
security. In light of cooperative/competitive behavior in world energy trade and
based on OPEC regional grouping during 1980-2019, this paper provides new evi-
dence of dynamic and asymmetric weighted spillover effects across the regional
natural gas, and crude oil trade flows using the network connectedness measures
of Diebold-Yilmaz (2016). The empirical results indicate that both networks indi-
cate a sizeable degree of integration following the permanent shocks compared to
short-term fluctuations of the trade flows. Also, the natural gas and crude oil trade
networks show a lesser degree of integration after 2014. Moreover, the natural gas
trade network represents more (less) sensitivity to short-term fluctuations (long-
term trend) than the crude oil trade network before pre-and post- 2014. Therefore,
the most important policy implications are as follows:

* Trade cooperation preference in natural gas trade network in response to
both transitory- and permanent trade flow shocks

e Priority of competitive behavior (cooperation preference) in crude oil
trade network in reaction to transitory (permanent) trade flow shocks

* The preference ordering of cooperation (competition) based trade strate-
gies in natural gas trade network in response to negative (positive) shocks
of natural gas trade flows

* The preference ordering of competition-based trade strategies in crude oil
trade network in reaction to the positive and negative trade flow shocks

* The lower level of cooperation preference among regions in the natural gas
and crude oil trade networks in response to a sharp fall in crude oil prices

REFERENCES

1. Adland, R., Cullinane, K., 2006. The Non-Linear Dynamics of Spot Freight
Rates in Tanker Markets. Transportation Research Part E: Logistics and
Transportation Review. 42 (3), 211-224.



M. SHIRAZI, J. SIMURINA: Modeling World Natural Gas and Crude Oil Trade Networks 1 55
EKONOMSKI PREGLED, 74 (1) 132-157 (2023)

10.

11.

12.

13.

14.

15.

16.

Alizadeh, A. H., Nomikos, N. K., 2004. Cost of Carry, Causality and Arbi-
trage between Oil Futures and Tanker Freight Markets’, Transportation Re-

search Part E: Logistics and Transportation Review. 40 (4), 297-316.

Amihud, Y., Mendelson, H. 1987. Trading Mechanisms and Stock Returns:
An Empirical Investigation. Journal of Finance, 4, 533—-553.

An, H. Z., Guan, Q., 2017. The Exploration on the Trade Preferences of Co-
operation Partners in Four Energy Commodities’ International Trade: Crude
Oil, Coal, Natural Gas and Photovoltaic. Applied Energy. 203, 154—-163.

An, Q., Wang, L., Qu, D., Zhang, H., 2018. Dependency Network of Interna-
tional Oil Trade before and after Oil Price Drop. Energy. 165, 1021-1033.
Antweiler, W., Brian, R., C., Taylor, M.S., 2001. Is Free Trade Good for the
Environment. Am. Econ. Rev. 91, 877-908.

Bai, X.,Lam,J. S. L., 2019. A Copula-GARCH Approach for Analyzing Dy-
namic Conditional Dependency Structure between Liquefied Petroleum Gas
Freight Rate, Product Price Arbitrage and Crude Oil Price. Energy Econom-
ics. 78, 412-427.

Biresselioglu, M. E., Demir, M. H., Kandemir, C., 2012. Modeling Turkey’s
Future LNG Supply Security Strategy. Energy Policy. 46, 144e52.
Biresselioglu, M. E., Yelkenci, T., Oz, 1. O., 2014. Investigating the Natural
Gas Supply Security: A New Perspective. Energy. 80, 168-176.

Chen, J., Fei, Y., Wana, Z., Shu, Y., Xu, L., Li, H., Bai, Y., Zheng, T., 2020.
Crude Oil Maritime Transportation: Market Fluctuation Characteristics and
the Impact of Critical Events. Energy Reports. 6, 518—-529.

Diebold, F.X., Yilmaz, K., 2016. Trans-Atlantic Equity Volatility Connected-
ness: U.S. and European Financial Institutions, 2004—2014. Journal of Finan-
cial Econometrics, 14 (1), 81-127.

Dong, G., Du, R., Tian, L., Wang, Y., Liu, Y., Wang, M., Fang, G., 2016. A
Complex Network Perspective on Features and Evolution of World Crude Oil
Trade. Energy Procedia. 104, 22-226.

Ewing, B.T., Thompson, M.A., 2007. Dynamic cyclical comovements of oil
prices with industrial production, consumer prices, unemployment and stock
prices. Energy Policy 35, 5535-5540.

Fattouh, B., Rogers, HV., Stewart, P., 2015. The U.S. Shale Gas Revolution
and its Impact on Qatar’s Position in Gas Markets. Work Pap.

Glen, D. R., Martin, B. T., 2005. A Survey of the Modeling of Dry Bulk and
Tanker Markets. Research in Transportation Economics. 12 (1), 19-64.
Gracceva, F., Zeniewski. P., 2013. A Systemic Approach to Assessing Energy
Security in a Low-Carbon EU Energy System. Applied Energy. 123, 335-348.



156

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

M. SHIRAZI, J. SIMURINA: Modeling World Natural Gas and Crude Oil Trade Networks
EKONOMSKI PREGLED, 74 (1) 132-157 (2023)

Hodrick, J. R., Prescott, E. C., 1997. Postwar U.S. Business Cycles: an Em-
pirical Investigation. J. Money Credit Bank. 29, 1-16.

Hummels, D., Ishii, J., Yi, K. M., 2001. The Nature and Growth of Vertical
Specialization in World Trade. J. Int. Econ. 54, 75-96.

Jammazi, R, Lahiani, A., Nguyen, D., 2015. A Wavelet-Based Nonlinear
ARDL Model for Assessing the Exchange Rate Pass-Through to Crude Oil

Prices. Journal of International Financial Markets, Institutions and Money.
34(C), 173-187.

Jensen N. M., Shin M. J., 2014. Globalization and Domestic Trade Policy
Preferences: Foreign Frames and mass Support for Agriculture Subsidies. Int
Interact. 40, 305-24.

Ji, Q.,Zhang, H.Y., Fan., Y., 2014. Identification of Global Oil Trade Patterns:
an Empirical Research based on Complex Network Theory. Energy Convers
Manage. 85, 856—65.

Lacasse, C., Plourde, A., 1995. On the Renewal of Concern for the Security of
Oil Supply. Energy J. 16(2):1e23.

Lau, C. K. M., Jia. Q., Bouric, E., Roubaude, D., 2019. Dynamic Connect-
edness and Integration in Cryptocurrency Markets. International Review of
Financial Analysis. 63, 257-272.

Li, J., Suna, X., Liua, C., Wanga, J., 2020. Assessing the Extreme Risk Spillo-
vers of International Commodities on Maritime Markets: A GARCH-Copu-
la-CoVaR Approach. International Review of Financial Analysis. 68, 101453.
Liu, L., Cao, Z., Liu, X., Shi, L., Cheng, Sh., Liu, G., 2020. Oil Security Revisit-
ed: An Assessment based on Complex Network Analysis. Energy. 194, 116793.
Managi, Sh., Kitamura, T., 2017. Diving Force and Resistance: Network Fea-
ture in Oil Trade. Applied Energy. 208, 361-375.

Meng, J., Mi, Z., Guan, D., Li, J., Tao, S., Li, Y., Feng, K., Liu, J., Liu, Z.,
Wang, X., Zhang, Q., Davis, S. J., 2018. The Rise of South-South Trade and
its Effect on Global CO2 Emissions. Nat. Commun. 9, 1871.

Moryadee, S., Gabriel, S., Avetisyan, H. G., 2014. Investigating the Potential
Effects of U.S. LNG Exports on Global Natural Gas Markets. Energy Strat-
egy Reviews. 2(3), DOI: 10.1016/j.esr.2013.12.004.

Onur, Tas, B. K., Sbia, R., Rousan, S. A., 2018. A Dynamic Network Analysis
of the World Oil Market: Analysis of OPEC and non-OPEC Members. En-
ergy Economics. 75, 28-41.

Persson, M., Wilhelmsson, F., 2016. E.U. Trade Preferences and Export Di-
versification. World Econ. 39, 16-53.

Pesaran, H. H., Shin, Y., 1998. Generalized Impulse Response Analysis in
Linear Multivariate Models. Ecol. Lett. 58, 17-29.



M. SHIRAZI, J. SIMURINA: Modeling World Natural Gas and Crude Oil Trade Networks 1 57
EKONOMSKI PREGLED, 74 (1) 132-157 (2023)

32. Poulakidas, A., Joutz, F., 2009. Exploring the Link between Oil Prices and
Tanker Rates, Maritime Policy & Management. 36 (3), 215-233.

33. Renou-Maissant, P., 1999. Interfuel Competition in the Industrial Sector of
Seven OECD Countries. Energy Policy. 27 (2), 99-110.

34. Serletis, A., Timilsina, G. R., Vasetsky, O., 2011. International Evidence on
Aggregate Short-Run and Long-Run Interfuel Substitution. Energy Econom-
ics. 33(2), 209-216.

35. Shirazi, M., Ghasemi, A., Mohammadi, T., Simurina, J., Faridzad, A., Taklif,
A., 2020. A Dynamic Network Comparison Analysis of Crude Oil Trade:

Evidence from Eastern Europe and Eurasia. Zagreb International Review of
Economics & Business. 23 (1), 95-119.

36. Wallace, S. W., Wanga, S., Lua, J., Gub, Y., 2020. Handling Financial Risks in
Crude Oil Imports: Taking into Account Crude Oil Prices as well as Country
and Transportation Risks. Transportation Research Part E. 133, 101824.

37. Wu, X.F., Chen,G.Q.,2019. Global Overview of Crude Oil Use: from Source
to Sink through Inter-Regional Trade. Energy Policy. 128, 476—486.

MODELIRANJE TRGOVINSKIH MREZE PRIRODNOG PLINA I SIROVE NAFTE
Sazetak

Energetska sigurnost osjetljiva je na stabilnost okruzenja i geopolitiku koja ovisi o medu regi-
onalnim energetskim trgovinskim strategijama. U ovom radu koristimo Diebold-Yilmaz mjeru po-
vezanosti mreza kako bi utvrdili postojanje preferencije cooperacije/konkurencije za neobnovljive
resurse. U ovu svrhu analiziramo dinamicku asimetri¢nost vaganog efekt prelijevanja komponenti
trgovinskih tokova prirodnog plina i sirove nafte kroz svjetske trgovinske tokove prije i poslije
oStrih padova cijene sirove nafte. Rezultati pokazuju da trgovinske mreze za prirodni plin i sirovu
naftu odlikuje asimetri¢an i vremenski varirajue ponasanje kao odgovor na transitorne u odnosu
na permanentne komponente, kao i pozitivne u odnosu na negativne Sokove prije i poslije ostrih
padova cijene sirove nafte. Takoder, trgovinske mreZze prirodnog plina i sirove nafte odrazavaju
niZu razinu integracije nakon 2014.

Trgovinske mreze prirodnog plina predstavljaju viSu (nizu) vaganu osjetljivost na kratkoroc-
ne fluktuacije (dugoro¢ni trend) od trgovinskih mreZa sirove nafte prije i nakon 2014. Visi (niZi)
stupanj integracije detektiran je za trgovinske mreze sirove nafte kao odgovor na pozitivne (nega-
tivne) Sokove u odnosu na trgovinske mreze za prirodni plin prije i nakon 2014. Prema tome, niza
preferencija kooperacije medu regijama sugerira se za trgovinske mreZe prirodnog plina i sirove
nafte kao odgovor na oStar pad cijene sirove nafte. Takoder, odluke o smanjenju energentske inten-
zivnosti, ocuvanju okoliSa i zastiti strateSkih resursa mogu utjecati na sigurnost ponude i potraznje
za prirodnim plinom i sirovom naftoma.

Kljucne rijeci: Strategija trgovanja energijom, asimetri¢ni efekti prelijevanja, dinamicka po-
vezanost mreza



