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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

Published: 06 May 2026 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-
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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

How to cite:

Moghaddam Rad, R,
Damankshideh, M., & Keyghobadi, A. (2026).
The Strategic Role of Iran in the Global Energy
Network and the Dynamics of Interregional

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
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KEY TAKEAWAY: Iran is a highly connected and central player i the global energy trade network, acting as a critical bridge that transmits.
price and trade spillovers from the Middle East to global markets—especially to Asia.

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
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
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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
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
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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 new insights into the strategic
dynamics of global energy markets. Traditional models
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.

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
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)
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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 10. Results of LM Test for residual autocorrelation
(r=2)
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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
(2024)
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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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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

el el
Overall sustainability

3 0 oeSlea b oS5 Ju

index Average centrality Network density Year
0.45 0.42 0.28 2000
0.51 0.46 0.31 2010
0.58 0.52 0.34 2020
0.61 0.55 0.36 2024

Sk parls wasee ol Yoo Joar a5 jsbiles
Sy adls Gl sy sy, xSl ans 9o (b aSd
ot el o0y YYE L jo +/8) a4 Yoo e Lo o +/F0
Soer 9 55 Sl ad JlSle Cusl Sile (om0 )
ol polas ol )5 S s s o sl colls
oo (g3latll g (pulow oS el £98y o8, e (o920 N,
ot olnl ade Mol slage 25 9 (nl)Ssl So alez)
il 5l 2V mhe 1 65Hl aSes a5 wes e
oy |y 095 aloeadl g Jlasl conl aiilys g canl jlo )95 5
Sllugs 9525 b 500 gl 4 05 Lis Sl b glie
Obe sladisn (Suheis slais g Loli g 4o, wad
slaihie slbades 5 owle b asis Lol slao S
Ol geme 53 oS Lais 1) 093 e o Shee Lo
Sleds 4y oSl Old bl sl (05 gileme Lid a3l
o (§y910l Gimin slp 05 s )lp! 4l il s
S pie Sl g 50 Wlgiee 5 Sl Sl 55
5 o bl glee »o65 @l 5 S
2 y5 5,8 eolitul 5 )90 4l (gLl (lais y ]

S5 Azl g Gy D

Joe g @Sl Jldow oS5 5l Jelb slaasil
Sk b as s o (Lis TVP-VAR by orvwolaiidl

1. Network Stability Index



Energy Information Administration (EIA). (2024).
International energy statistics. U.S. Department of
Energy.

Esfahani, E., Rahmati, P., Rezaei, B., & Gharibi, S.
(2013). Sanctions and their consequences on oil and
gas production and trade. International Conference
on Economics wunder Sanctions, Babolsar. [In
Persian]

European Commission. (2023). EU energy security and
diversification report. Publications Office of the
European Union.

GIIGNL. (2023). Annual LNG trade report. International
Group of Liquefied Natural Gas Importers.

Hamilton, J. D. (2009). Causes and consequences of the
oil shock of 2007-08. Brookings Papers on Economic
Activity, 40(1), 215-261.

Hamilton, J. D. (2020). Understanding crude oil prices.
The Energy Journal, 41(3), 55-78.

Henderson, J., & Mitrova, T. (2022). Impacts of the
Russia-Ukraine conflict on global gas markets.
Oxford Institute for Energy Studies.

Henderson, J., & Mitrova, T. (2022). The geopolitics of
energy in Eurasia: Competition, interdependence and
geopolitics. Energy Policy, 158, 112546.

IEA (International Energy Agency). (2023).
energy outlook 2023. OECD/IEA.

Jansen, M., & Seebregts, M. (2019). Energy demand and
developing economies: Asia’s growing role. Asian
Economic Review, 45(2), 123-146.

Karimpour, S., Ghasemi, A., & Mohammadi, T. (2020).
The impact of Iran’s economic sanctions on crude oil
trade between Iran and OPEC members: Application
of the generalized gravity model. lranian Energy
Economics Review, 9(34), 143-172. [In Persian]

Katzman, K. (2020). [ran sanctions. Congressional
Research Service.

Khaki, G. (2020). Research methods in social and
human sciences. Tehran: Daneshgahi Publications.
[In Persian]

Khatibi, M. (2020). Analysis of global oil market trends
and Iran’s position. Energy Research Center. [In
Persian]

Khatibi, M. (2020). Energy geopolitics and Iran’s role in
the global oil market. Tehran: Institute for
International Energy Studies. [In Persian]

Kilian, L., & Zhou, X. (2018). Modeling fluctuations in
the global demand for crude oil. Journal of
International Money and Finance, 88, 54-78.

Li, Y., Xu, X., & Sun, G. (2020). Global oil trade
network analysis based on complex network theory.
Energy, 197, 117246.

Li, Z., Wang, Y., & Chen, H. (2020). Regional clustering
and evolution in global energy trade networks.
Energy Policy, 138, 111235.

Majlis Research Center of the Islamic Republic of Iran.
(2019). Assessment of Iran’s energy security
scenarios. Energy Studies Office. [In Persian]

Majlis Research Center of the Islamic Republic of Iran.
(2019). Developments in the global gas market and
opportunities for Iran. Energy Office. [In Persian]

Majlis Research Center of the Islamic Republic of Iran.
(2021). Consequences of oil sanctions on Iran’s
energy trade. Infrastructure Studies Office. [In
Persian]

World

74

v Sl a0 ol ol s ¢ e g ol pade

slag,or Cosii lpl gl w3k (Sidng) Glased
2 kedan S g ol GbeSle ) dney sladlaie
sl Sz ad o)) Ol iy wlgie bl ol

el axlge slacosgame b yol> yiagh b cul b
Sty ade do)glS 5l ogaome glacseme p 35 505 alox
JU Bl pac 5 535l @l Cmln (&S ol n (oS
L asilys oo oansl lagieghy 5l (st lacs sl Yo
29 g S 9 o5 by, Gl e yeaS anels LS
Sz b sl 5l s She wiljlid slag b o,
IRCES BTSN

e p3lans oo (b 55 5 ek Sl L sangen 5o
Sz D 4y el LSl Geee LI
ol 00 o Seisnsy B Ssd 4 ol Lol Cilaxio
g5 ol TVP-VAR oo b olyan glaSeds Juloo
hoolpl wsle olajeass a5 g oIl JEl sla e
(Sl Gl oot laoly g 03,8 KT gy
)08 ol e 4 (6551 (labns 5 (55l ke s

8L olay

olai 0g ( ogla )| jo pid BB cole, es Baigs
5l oo oDl | adlio

&b

Barabasi, A. L. (2016). Network science. Cambridge,
United Kingdom: Cambridge University Press.

Baumeister, C., & Hamilton, J. D. (2019). Structural
interpretation of vector autoregressions with
incomplete identification: Revisiting the role of oil
supply and demand shocks. American Economic
Review, 109(5), 1873-1910.

Borgatti, S. P., & Halgin, D. S. (2011). Analyzing social
networks. Thousand Oaks, CA: Sage Publications.
BP (British Petroleum). (2022). BP statistical review of

world energy 2022. BP plc.

British Petroleum. (2023). Statistical review of world
energy 2023. BP.

Dashtban Farooji, S., & Dargahi, H. (2021). Iran’s
position in the international natural gas trade
network: Application of graph theory. [ranian Energy
Journal, 24(1), 7-42. [In Persian]

Dejpasand, F., Yazdani, M., Taghavi, A., & Moridi
Farimani, F. (2025). Effects of economic sanctions
on Iran’s oil and gas industry. Strategic Studies in Oil
and Energy Industry, 17(65), 139-166. [In Persian]

EIA (U.S. Energy Information Administration). (2023).
International energy outlook 2023. U.S. Department
of Energy.

EIA. (2020). Annual energy outlook 2020. U.S. Energy
Information Administration.



VOB FR oo VF-0 Jler o) o)led ¥ 058 ¢ Mo (6 il g olaatl ol a8

Stern, J. (2019). Narratives for natural gas in
decarbonising European energy markets. Oxford
Institute for Energy Studies.

Stern, J. (2019). Narratives for the future of gas: The
uncertain transition to low-carbon heat. Oxford
Institute for Energy Studies.

Stern, J. (2020). The future of gas in decarbonizing
European energy markets. Cambridge University
Press.

Stern, J. (2020). The impact of COVID-19 on global
energy markets. Oxford Energy Comment.

Tagliapietra, S. (2017). Energy relations in the Euro-
Mediterranean: A political economy perspective.
Palgrave Macmillan.

Wasserman, S., & Faust, K. (1994). Social network
analysis: Methods and applications. Cambridge
University Press.

Xu, C., Zeng, W., & Zhang, T. (2019). Dynamic
characteristics of the global LNG trade network.
Energy Economics, 80, 128-140.

Xu, X., Li, Y., & Chen, S. (2019). Complex network
analysis of global energy trade flows. Applied
Energy, 233-234, 548-559.

Yergin, D. (2020). The new map: Energy, climate, and
the clash of nations. Penguin Press.

Zeinati, A., & Maleki, A. (2024). Global LNG market
analysis and policy recommendations for Iran's
future. Strategic Studies in Oil and Energy Industry,
15(60), 111-130. [In Persian]

Zhang, C., & Chen, Z. (2021). Global oil trade network:
Structure, evolution, and influencing factors. Energy
Economics, 95, 105132.

75

Majlis Research Center of the Islamic Republic of Iran.
(2021). The consequences of U.S. sanctions on the
global energy market. [In Persian]

Masouri, A. (2025). Geopolitical analysis of energy and
Iran’s role in gas and oil transit in Central Asia. 21/st
International  Conference on Management and
Humanities Research in Iran, Tehran. [In Persian]

Maugeri, L. (2013). The shale oil boom: A U.S.

phenomenon. Belfer Center for Science and
International Affairs.
Newman, 1. (2014). Social research methods:

Qualitative and quantitative approaches. Boston,
MA: Pearson.

Samadi, A. H., & Zahedi, S. (2018). Application of
complex network theory in analyzing the stability of
the global natural gas trade network. Energy Policy
and Planning Research Quarterly, 4(4), 7-40. [In
Persian]

Scott, J. (2017). Social Network Analysis (4th ed.).
London: Sage Publications.

Shahnazi, R., & Sajedian Fard, N. (2023). Analysis of
global oil trade network patterns: A complex network
approach. Econometric Modeling, 8(2), 121-162. [In
Persian]

Song, Y., Zhang, L., & Xu, M. (2018). Network structure
and evolution of global crude oil trade. Energy, 165,
1030-1042.

Song, Y., Zheng, H., & Zhang, Y. (2018). Evolution of
the global natural gas trade network. Energy, 159,
227-239.

Sovacool, B. K. (2016). The political economy of energy
transitions. Nature Energy, 1(4), 1-7.



