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Abstract

This study investigates the dynamics of globalization, economic complexity, and carbon
dioxide emissions in OPEC member countries using network analysis during critical
periods, including the global financial crisis, the China crisis, the COVID-19 pandemic,
the Russia-Ukraine war, and the Silicon Valley Bank crisis. Employing the quantile
vector autoregressive (QVAR) panel method and a network connectedness approach,
the roles of carbon dioxide emissions, globalization index, economic complexity index,
and composite economic index in transmitting and receiving fluctuations were
examined. The findings reveal that in OPEC countries, carbon dioxide emissions,
economic complexity, and the composite economic index act as primary transmitters of
fluctuations, while the globalization index consistently serves as a key receiver,
indicating the high vulnerability of these economies to global shocks. The interaction
between the globalization index and economic complexity forms the strongest link in
the volatility network, and a U-shaped pattern in variable connectedness confirms
increased interactions during crisis conditions. These results highlight the importance of
economic and environmental interactions in oil-rich economies and can assist OPEC
policymakers in designing sustainable strategies.
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Extended abstract

1.Introduction

In the era of globalization, economies worldwide face the dual challenge
of fostering economic growth while addressing environmental
degradation, particularly carbon dioxide (CO2) emissions. This issue is
amplified in oil-rich nations, where reliance on fossil fuels exacerbates
environmental vulnerabilities amid recurring global crises. The
Organization of the Petroleum Exporting Countries (OPEC) members, as
major energy exporters, play a pivotal role in global energy dynamics and
climate change mitigation efforts, such as achieving net-zero emissions
by 2050. However, the interplay between globalization, economic
complexity, and CO2 emissions in these economies remains
underexplored, especially during crisis periods that heighten economic
interdependencies and environmental risks. This study addresses a critical
research gap by examining the dynamic interactions among globalization
(measured by the KOF index), economic complexity (ECI), CO2
emissions, and a composite economic indicator (CEI) in selected OPEC
countries—Iran, Libya, Saudi Arabia, United Arab Emirates, Algeria,
Gabon, and Guinea—over the period 2006-2023. Existing literature often
focuses on linear relationships between economic growth (e.g., GDP) and
emissions, overlooking qualitative aspects like economic complexity and
globalization's multifaceted effects (scale, technique, and composition).
Studies such as Hidalgo and Hausmann (2009) highlight economic
complexity as a predictor of productive capabilities and emissions, while
Nan et al. (2022) discuss spatial spillovers of CO2 due to global
interconnections. Yet, few analyses employ network approaches to
capture volatility transmissions in OPEC during specific crises: the global
financial crisis (2008-2010), China crisis (2014-2017), COVID-19
pandemic (2019-2022), Russia-Ukraine war (2021-2023), and Silicon
Valley Bank crisis (2022-2023). Motivated by the need to inform
sustainable policies in oil-dependent economies, this research investigates
how these variables transmit and receive fluctuations, revealing
vulnerabilities to global shocks. By integrating ecological unequal
exchange theory (Hornborg, 1998) and pollution haven hypothesis
(Leonard and Christen, 1992), it provides a unified framework for
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understanding economic-environmental interactions, emphasizing the U-
shaped pattern of connectedness in crises and the potential for green
diversification.

2.Method

This empirical study adopts a panel quantile vector autoregressive
(QVAR) approach combined with network connectedness analysis, based
on the Diebold-Yilmaz framework (2012, 2014), to examine volatility
spillovers among variables in varying market conditions (quantiles 0.25,
0.50, and 0.75). The sample comprises annual data from 2006 to 2023 for
seven OPEC countries selected for their economic diversity, data
availability, and comparability with prior studies (e.g., Adjei et al., 2022).
Data sources include the World Bank for CO2 emissions and GDP, the
KOF Swiss Economic Institute for globalization index, and the
Observatory of Economic Complexity for ECl. A composite economic
indicator (CEIl) is constructed as the average of standardized GDP and
electricity consumption to capture industrial and productive activities
while avoiding multicollinearity. Preprocessing involves first- and
second-order differencing for stationarity (confirmed via Augmented
Dickey-Fuller tests), standardization to eliminate scale effects, and
correlation checks. The QVAR model estimates conditional quantiles,
enabling analysis of asymmetric dependencies. Spillover indices (total,
directional, and net) are derived from generalized forecast error variance
decomposition (GFEVD). Network graphs visualize connections using
NetworkX, with rolling-window analysis (100-day window, 10-step
horizon) for dynamic insights. Robustness is tested with alternative
windows (150 days) and horizons (5 steps). This methodology is apt for
capturing non-linear crisis dynamics in interconnected economies,
ensuring replicability through standard econometric tools.

3.Results and Discussion

The empirical findings reveal that in OPEC countries, CO2 emissions,
ECI, and CEI act as primary transmitters of volatility, while the KOF
globalization index consistently serves as a receiver, underscoring these
economies' vulnerability to external shocks. Network analysis shows the
strongest linkage between KOF and ECI, with a U-shaped connectedness
pattern: higher interactions in extreme quantiles (0.25 and 0.75) during



crises, and lower in median (0.50) conditions. Total connectedness index
(TCI) peaks at 58.7 in low quantiles and 49.3 in high ones, confirming
amplified economic-environmental ties in turbulent periods. During
specific crises, patterns vary: in the global financial crisis, CO2 and ECI
transmit strongly; in the China crisis, ECI-KOF links dominate; COVID-
19 sees CO2 as a key transmitter amid reduced trade; the Russia-Ukraine
war highlights ECI's role; and the Silicon Valley Bank crisis emphasizes
ECI-CO2 connections. These results align with prior studies (e.g., Nan et
al., 2022) on spatial CO2 spillovers but extend them by quantifying
network dynamics in OPEC, contrasting with linear EKC-based analyses
(Pata, 2021). Novel contributions include the dual pathways of ECI
(positive via green tech, negative via carbon-intensive industries) and
globalization's pollution haven effects, explaining why oil-dependent
economies experience heightened emissions in crises. Broader
implications highlight the need for decoupling growth from emissions
through complexity-driven innovation, differing from findings in non-oil
economies (Taghvaee et al., 2022).

4. Conclusion

This study advances understanding of globalization, economic
complexity, and CO2 emissions in OPEC by demonstrating their
networked volatility transmissions, particularly in crises, with
implications for sustainable development. Key contributions include
validating a U-shaped connectedness pattern and identifying KOF as a
persistent receiver, informing theories like ecological modernization
(Wang et al., 2019). Policy-wise, OPEC nations should prioritize green
diversification, regional carbon standards, and resilience-building against
global shocks—e.g., investing in renewables to shift ECI toward low-
carbon paths. Limitations include reliance on annual data, potentially
missing short-term dynamics, and focus on select OPEC members. Future
research could incorporate higher-frequency data, extend to non-OPEC
oil economies, or integrate Al for predictive modeling. Ultimately, these
insights underscore the urgency of balancing economic complexity with
environmental goals for OPEC's long-term viability.
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Fig. 3: Dynamic Rolling-Window NET Connectedness for CO2
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Fig. Al: Robustness between Financial Stress Subindices, Banking, and Financial Institutional Sectors
for Volatility Spillovers to the Choice of Rolling Window and Forecast Herizon (a) 25th Quantile)
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Fig. Al: Robustness between Financial Stress Subindices, Banking, and Financial Institutional Sectors
for Volatility Spillovers to the Choice of Rolling Window and Forecast Horizon (b) 50th Quantile)
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Fig. Al: Robustness between Financial Stress Subindices, Banking, and Financial Institutional Sectors
for Volatility Spillovers to the Choice of Rolling Window and Forecast Horizon (c) 75th Quantile)
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Fig. A2: Total Spillover Index over Quantiles
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