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ABSTRACT

Over the past two decades, the global energy market has undergone structural transformations and
increased international interactions, rendering traditional supply and demand analyses insufficient to
fully explain the global oil and gas trade network. This study aims to analyze Iran’s position within the
global energy network and examine the dynamics of price and trade spillovers among regional clusters.
Data from 2000 to 2024 were analyzed using a combined approach of network analysis and the Time-
Varying Parameter Vector Autoregression (TVP—VAR) model to identify inter-country interactions,
centrality indices, and channels of trade and price spillovers. The results indicate that Iran, with high
degree and betweenness centrality, functions as a key intermediary in the global energy network, with
significant spillover effects particularly on Asian countries such as China, India, and Turkey. The
global energy network has evolved into a decentralized and flexible structure, with the Middle East as
the largest source of supply and price spillovers, Asia as the primary recipient, and Europe and the
United States playing intermediary roles. Shock simulations further reveal that price shocks are
asymmetrically distributed: energy-exporting countries benefit, whereas Asian importers bear greater
economic pressures. These findings highlight that Iran’s strategic significance extends beyond export
volume, emphasizing its intermediary role and connectivity through transit routes. Network analysis
combined with the TVP-VAR model provides an effective framework for understanding market
dynamics, anticipating geopolitical impacts, and guiding strategic energy policies.

1. Introduction

The global energy market, particularly oil and gas, has
undergone profound structural transformations over the
past two decades, driven by technological innovations,
geopolitical shifts, and evolving consumption patterns.

Traditional supply—demand analyses have increasingly
proven insufficient to capture the complexity of
international energy trade networks. In this context,
understanding the strategic positioning of key players
such as Iran requires a multidimensional approach that
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accounts for both network structure and dynamic
spillovers across regions. From 2000 to 2024, the world
witnessed substantial increases in energy trade volumes,
notably from approximately 35 billion barrels of oil
equivalent to over 54 billion barrels, alongside the
emergence of multi-polar trade networks. These
transformations were influenced by factors including
surging Asian demand, the U.S. emergence as a major
LNG exporter, the geopolitical repositioning of Russia
post-Ukraine crisis, and the expansion of global LNG
markets. Concurrently, repeated shocks such as the 2008
financial crisis, the 2014 oil price collapse, the COVID-19
pandemic, and sanctions against Iran have demonstrated
the market’s high sensitivity to sudden disruptions.
Against this backdrop, there is a pressing need for a
rigorous,  longitudinal, = network-based  analytical
framework capable of revealing not only bilateral trade
patterns but also the evolving centrality and intermediary
roles of countries within the global energy system.

2. Methods

This study employs a combined network analysis and
time-varying parameter vector autoregression (TVP—
VAR) framework to investigate Iran’s position in the
global energy network and the dynamics of inter-regional
price and trade spillovers. The research is based on
secondary data spanning 2000-2024 for 25 major
countries accounting for at least 1% of global energy
production or consumption, with direct or indirect trade
linkages to Iran. Countries are represented as nodes, while
bilateral trade volumes in oil and gas constitute weighted
edges. Network measures including degree centrality,
weighted degree, closeness centrality, betweenness
centrality, network density, and modularity were
computed to capture each country’s structural significance
and interaction intensity. Community detection was
applied to identify regional clusters and assess intra- and
inter-cluster trade flows. Complementing the network
approach, the TVP—VAR model was utilized to quantify
the magnitude, direction, and temporal evolution of trade
and price spillovers across regions. Data were sourced
from OPEC, the U.S. Energy Information Administration,
the International Energy Agency, UN trade databases, and
BP statistical reports, and were processed to ensure unit
consistency and reliability. Analytical tools included
Gephi, UCINET, Pajek, R, and relevant packages such as
igraph and sna. This methodological combination
provides a robust platform for understanding structural
changes, intermediary roles, and the propagation of
economic shocks in a complex, multi-regional energy
system.

3. Results

The network analysis reveals that the global oil and
gas market has evolved from a predominantly bipolar
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structure to a complex, multipolar network with
intertwined regional clusters. Iran emerges as a
strategically positioned intermediary node, linking the
Middle Eastern cluster with Asia. Indicators such as high
degree, betweenness, and closeness centrality confirm
Iran’s pivotal role in mediating energy flows, despite
geopolitical constraints and sanctions. The clustering
analysis identifies five principal regional groups in 2024:
The Middle East, Asia, Europe, the Americas, and
independent exporters. The Middle East serves as the
primary source of price and supply spillovers, while Asia
represents the main recipient. Europe and the Americas
function as secondary intermediaries, facilitating flow
redistribution. TVP-VAR estimations indicate
asymmetric responses to price shocks, with exporting
countries benefiting from positive spillovers and Asian
importers experiencing heightened economic pressure.
Notably, Iran’s influence on energy flows to China, India,
and Turkey is pronounced, whereas its impact on Europe
and the U.S. remains comparatively limited. Longitudinal
evaluation demonstrates that Iran’s centrality has
increased from 0.21 to 0.31 over two decades, while its
susceptibility to external shocks remains below the global
average. The removal of Iran from the network
significantly reduces overall connectivity and density,
underscoring its structural importance. These findings
highlight the resilience, flexibility, and multi-centrality of
the contemporary global energy network and emphasize
the critical function of intermediary countries in
maintaining network cohesion and facilitating cross-
regional energy exchanges.

4. Discussion and Analysis

The combination of network analysis and TVP-VAR
modeling provides insights into the strategic
dynamics of global energy markets. Traditional models

new

relying solely on supply and demand fail to capture
intermediary roles, cluster dynamics, and asymmetric
spillover effects. The study confirms that Iran’s strategic
position is not merely a function of export volume but is
critically determined by its role as a connector between
regional clusters, enabling efficient transmission of energy
flows and price signals. The observed multi-centrality of
the network reduces dependence on a single dominant
player but increases sensitivity to geopolitical shocks.
Comparative analysis with prior studies underscores the
limitations of static or short-term models, highlighting the
need for longitudinal, network-based approaches to
comprehend structural evolution, resilience, and
vulnerability in global energy trade. The findings also
suggest policy implications, emphasizing the importance
of strengthening regional energy cooperation, expanding
transit infrastructure, and maintaining diversified export
portfolios to enhance influence in networked energy
markets.
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5. Conclusion

In conclusion, the global oil and gas market has
experienced profound structural reconfigurations over the
past two decades, transitioning to a flexible, multipolar,
and highly interconnected network. Iran has consolidated
its role as a key intermediary, bridging regional clusters
and facilitating spillover transmission, thereby enhancing
its strategic significance beyond mere production or
export volumes. The integration of network analysis with
TVP-VAR modeling proves effective in elucidating
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dynamic interdependencies, informing energy diplomacy,

and guiding policy strategies aimed at enhancing
resilience, market influence, and regional energy
cooperation.
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Table 1. Final research sample — selected countries in the global oil and gas network
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Table 2. Research variables and indicators
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Table 3. Average oil and gas trade volume between selected countries (million barrels/cubic meters per year)
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Chart 1. Trend of global oil and gas trade volume growth
(2000- 2024)

LAl Sl SYsle Saead lasy,  Jolod
il 4 wes e (las (O Jlaged) YoYF LYoo v laJlo
p> Bl ar el ed S e 1) (sl SYes 5
wiye Sl DBras oldlar o8 e x5 ol
Spe sloosls layeis Jlite (Siwly 5 LRk i
VL) 6550 Sledlbl olsl a3ly sla,lel 5 e ool
039 poals s Siwiin S5 5 5 5551 (Mallirm GuilsT conmis
Sl D)l e Wsd Sate il (oaBly slans,; B el
i Jolee aSlin o)Ll YO dgax 5l 0,90 cpl jo 58 4 e
Y-V Jlo jo aSiy o)ldee OF g 4 Yeor Jlo jo
oot 2o n VY Lawgie a¥ls b, b aS coul atdl igl5dl
5 ssebs laolamsl o Lol gl 5l o Gaes 5 ooy
4 gl loysaS ool (g5l il glacs oy anys
g wlandls 1) Lol ol 5l e (o yidion 35 9 e o9
S I o wilos S it 1) Ll @y alleo sl 5l 5550 by
Sb ol pBaiss ly plizren Lol 3,8 Jaio slo,sis
Lsleailo

o B g 50l 5o o 55 5 i 50l ape (g ]
woe gl (g sl Bl xS L YN
L S cwd Jlsle 5 51k Jobss g 00,8 Segite |; Sl
5 wolatl sbSes (lojen ol odls 3 36 cos
Olp! Glp,ps Yo AT b olee aibe cwlbew
D)5 w2 9 ) Sl (2I)Sgl iz 9 Uy )S el
Iy GaeolisS Sllwgs 4 5L Caslus g ools 1,8 50 co |
cailos S a5

@ pdyaes slaspl ady 5 g5l IS Sl ams o

slcsaw Gl Ol LSle oz g byl 50 ek

AR

g PSP S A N L E g WE S 1L O JP v )

 eman Sge slaygas ¥ Jouo laosls elel
odee HEAS ol 1,5 ganail Lol 0 )5 aw 4 (I3 o
b ol (285 L (slo,555 5 w555l hol Sty o535l
Obeaye olnl wile oleyelS (wdS 098 o Al
6,15 55 LISUE g 4205 g el Lol 5lad cainng; e g3ga
Crord g 42ye )0 (SlodtiS (rad A 0358 mlie 9 St
Slayly 9 VYO alole (Sl b olpl )l 65,50 Slex
AW S o) Gl eSSy aekes VY
Cud b g 05d o ALl 55 5 G odas 0aiiS jolo lgica
@Bl Caxdse 5 00 el wds YL
b baye slomSmaad 5o S50 S0k 4 1) ol wsals
G5 Gl e sl 03,8 B (6551 Sr B 5 as e
gy 9 Sl Ol oS p3lo (55 VIV (65l 515 L
S5 Sred g asse p gn SuPlLl B L gk
5,138 51

) ez wile aleyeiS (ol pEaSs)ly 098 5
boyl $la)siS (F g 9 oS (nly s (Vo Ve ke
gle @ $5pl Vb (Sowly b (Ll il ol
g Wyl L allug a4 cod gt Colus (>,
I3 Sl asye g cad Slpis 3l ot it by
VL asle alSgs b Jobite il b (gl,piS 00,8 oo
9 3l (@Vb Bran g oy plajen «Su3Se g Joj 0 s
G sl el &5 sl S8 L gl 5l 5l
w22 65 Sl Shl e eaSieelas 5 pdiSlas]
Ghibie GBaiS olo 5 Lol ol edle S o
5 slaihie 655 Gl Copse baile aile 5SS
oaislis (gilwep>d g Jlnl slesle ) Gl
s 5L LSl Jlite (Saly 5 (S

obzes 55l Gl Sl &5 aas e plis M Sl
OB S g el 55 5 el guw FaS jolo aalu cow
48,8 g Caoed Sllog 4 pale gyl g Ll )3 0309 40 ol
G 5P slacle g Joliie 15 L sle)gdS g s
Loyl ol ol 5o oS oo iyl (clailare o iy illal
aSh (S eanS oo S LS & 9> Sulul CuaBge
5 slibhie 655 Gl b Ol e s Rk
Selos jluae; ol ol 5 35doe oo Sk
Lol 553055k 5o ladlaiarn Slog e (o 5 laSd

YooouVeVF Slojojl jo OV¥olw M5 slansg, . Y-F
ool o i, Gudate) iegh  leosls  wluly

x> (Y-YY ‘ﬁ%,'j);;% s 2 AEARY ‘Li»J.J 63)5‘ SleMbs|
Jobee aSiy o)lde YO g0 5 (655 Sl Yol JS



V5 U FR clrio VF-0 Ll ) o )lod ¥ 50 0 Jlo g 8 celons 5 slazdl 4y 3

alols smo e i ol ol sl il il +1Y0 4 </VA
5 buly Glo)gis” A 5 adl fals oS Gl 6,05
ol opdle enl i i, olea walie gblie Ll
e BUAI AT TS g S Y
5 B ol linjgls ails qermais glailate glaaiss

el (29,5 05550 s Cusi g i)l
slaJlo ;o 55l Gl S gz ls gl a3 ls F Jsoxr

Table 4. Structural indicators of the global energy
network in selected years
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Table 5. Network indicators of selected countries in 2024
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Conceptual Map of Global Energy Network Clusters (2024)
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Chart 2. Conceptual map of global energy network
clusters in 2024
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Chart 3. Trend of Iran's centrality changes in the global
energy network (2000-2024)
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Table 6. Regional clusters of the global energy network

in 2024
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Table 7. Results of ADF test for model variables (2000-
2024)
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Table 8. Results of KPSS test for model variables
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Table 10. Results of LM Test for residual autocorrelation
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Table 9. Information criteria for lag length selection of
the TVP-VAR model
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Table 11. Estimated average coefficients in the TVP-VAR model for regional clusters (2000-2024)
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Table 12. Coefficients, standard deviations, t-statistics, and significance levels of the TVP-VAR model (2000-2024)
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Table 13. Goodness-of-fit indicators of the TVP-VAR model for regional clusters
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Table 14. Matrix of trade spillover effects among regions
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Chart 4. Trend of the effect of global oil price on Iran's
exports in the TVP-VAR model (2000-2024)
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Table 15. Comparison of network structural indicators
for major exporters (2024)
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Iran’s Betweenness Centrality (2000-2024)
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Chart 5. Trend of Iran's Betweenness centrality in the
global energy network (2000-2024)
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Table 16. Iran's energy trade relations with five main partners (2024)
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Table 17. Iran's trade spillover effect on different
countries
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Table 19. Short-term response of global energy network
indicators to an oil price shock (2022)
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Table 18. Effect of country removal on global energy
network density (2024)
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Table 20. Global energy network sustainability index
over time
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