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Abstract:

The study aims to identify opportunities for achieving economic complexity in Irag’s petrochemical industry and to determine
effective strategies using Interpretive Structural Modeling (ISM). This applied research adopted a mixed quantitative—
qualitative approach. In the quantitative phase, big data from the exports of 235 countries in 2021 —including 218
petrochemical product codes based on the four-digit Harmonized System—were obtained from The Atlas of Economic
Complexity. Data were analyzed using Economic Complexity Theory and Product Space modeling to identify products with
revealed comparative advantage and to calculate activation probabilities for other products based on Alshamsi et al. (2018).
In the qualitative phase, semi-structured in-depth interviews were conducted with 12 experts in industrial policy and
petrochemical economics. Grounded Theory was used for coding and concept extraction, and Interpretive Structural
Modeling (ISM) was applied to determine the hierarchical relationships among identified strategies. Results revealed that
Irag holds a revealed comparative advantage in 17 of the 218 petrochemical products and has a non-zero activation
probability for 44 products, of which seven exhibit activation probabilities above 30% and higher complexity than Iraq’s
average export basket. The qualitative analysis identified eight strategic drivers of economic complexity: redefinition of
government’s role, benchmarking successful countries, developing an industrial strategy, foresight and future studies, spatial
planning, human capital management, creating a government—industry—university interaction network, and adopting a
systemic perspective. ISM analysis demonstrated that “industrial strategy development,” “government role redefinition,” and
“human capital management” form the foundational layer influencing all other strategies. Achieving economic complexity in
Irag’s petrochemical sector requires a coherent combination of institutional reform, human capital development, and
strategic industrial planning. Benchmarking advanced petrochemical economies and establishing interactive networks
between government, industry, and academia can promote export diversification and strengthen Iraq’s position within the
global product space.
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Extended Abstract

Introduction

Economic complexity has emerged as a powerful analytical framework for understanding the underlying productive
capabilities of nations and their trajectories toward sustainable development. The theory, pioneered by Hidalgo and
Hausmann, conceptualizes economic progress not merely as a function of capital or labor accumulation but as a reflection of
a country’s embedded knowledge and capability networks (Hidalgo & Hausmann, 2009). According to the product space
approach, each country’s export structure reveals the depth and diversity of its accumulated know-how, technological
advancement, and institutional maturity (Hidalgo et al., 2007). Nations that diversify their exports into more complex
products tend to experience sustained economic growth and greater resilience against external shocks (Bahar et al., 2014).

In today’s global economy, industrial competitiveness is closely tied to a country’s ability to produce and export
technologically advanced and knowledge-intensive goods (Fortunato et al., 2015). The economic complexity framework
therefore provides both a diagnostic and prescriptive tool for identifying potential pathways for export diversification.
Countries can use it to map existing industrial capabilities and discover adjacent opportunities within the product space
(Alshamsi et al., 2018). This shift from static comparative advantage toward dynamic capability-based advantage marks a
fundamental transformation in economic development paradigms (Hartmann et al., 2020).

For resource-rich economies such as Iraq, which remain heavily dependent on crude oil exports, the need to diversify
production and export structures is both urgent and strategic. Iraq’s export basket is dominated by raw materials, particularly
oil and natural gas, which collectively account for over 90% of export revenues (Mayer et al., 2023). Such dependency exposes
the country to commaodity price volatility and constrains its ability to foster long-term industrial resilience. By leveraging its
abundant natural gas and feedstock reserves, Iraq has the potential to establish a strong petrochemical industry that not only
enhances domestic value addition but also integrates the nation into global production networks (Khosravi et al., 2020).

Recent studies have demonstrated that economic complexity is positively associated with human capital accumulation,
innovation capacity, and institutional development (Zobeiri & Ehsani, 2025). For instance, AlOtaibi and Sallam (2025) found
that in Saudi Arabia, the complexity index had a statistically significant positive effect on economic development in the long
run, particularly in sectors linked to petrochemicals and advanced manufacturing (AlOtaibi & Sallam, 2025). Similarly, Javaheri
et al. (2024) highlighted that higher economic complexity among OPEC member states contributed to more stable and
sustained economic growth, while environmental degradation (as measured by the ecological footprint) exhibited an inverse
relationship with economic expansion (Javaheri et al., 2024).

At the regional level, empirical analyses suggest that integrating complexity-based approaches into industrial policymaking
can strengthen strategic sectors. Sagheb et al. (2023) explored export opportunities for Iran in the Iraqi market and found
that both nations share industrial complementarities that could facilitate cross-border trade diversification (Sagheb et al,,
2023). In addition, Dadgar et al. (2024) observed that Iran’s complexity index has remained negative over several decades,
primarily due to the concentration of exports in low-technology commodities, but that knowledge-based exports and
research and development expenditures have a positive effect on complexity (Dadgar et al., 2024).

Globally, the relevance of complexity-based models has been extended to industrial policy design. Pinheiro (2025) argues
that while complexity indices offer valuable insights into structural transformation, they must be complemented by

considerations of global demand, environmental impact, and market dynamics (Pinheiro, 2025). Tran and Freytag (2025)
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further demonstrated that Vietnam’s diversification from low-value textile exports toward high-value machinery was driven
by its progressive expansion through the product space, highlighting the transformative potential of complexity-guided
strategies (Tran & Freytag, 2025).

From a methodological standpoint, Interpretive Structural Modeling (ISM) has proven to be an effective approach for
exploring multi-dimensional interrelationships among strategic and policy variables. Ahmad and Siddiqui (2016) used ISM to
identify interdependencies within small and medium-sized enterprise systems, emphasizing how hierarchical modeling helps
clarify complex causal networks (Ahmad & Siddiqui, 2016). Similarly, Gorane and Kant (2013) employed ISM-Fuzzy MICMAC
analysis to model systemic enablers in supply chain management, offering a structured perspective on layered
interconnections (Gorane & Kant, 2013). Combining the ISM method with economic complexity theory allows researchers to
capture both quantitative network dynamics and qualitative strategic interrelations within industrial systems.

Based on this theoretical foundation, the present study aims to identify strategic pathways for realizing economic
complexity in Iraq’s petrochemical industry. It integrates quantitative analysis of global trade data through the product space
and complexity models with qualitative insights from expert interviews, culminating in an interpretive structural model of
key strategies for industrial transformation. The overarching objective is to provide a comprehensive framework that
supports policy formulation for export diversification and sustainable economic development in Iraq.

Methods and Materials

This research adopted a mixed-method design comprising both quantitative and qualitative approaches. The quantitative
phase analyzed global trade data for 235 countries using four-digit Harmonized System (HS) codes, focusing on 218
petrochemical product categories for the year 2021. Data were extracted from the Atlas of Economic Complexity hosted by
Harvard University. The revealed comparative advantage (RCA) index was calculated based on Balassa’s (1964) formula to
identify Iraq’s competitive products.

Next, the product space model proposed by Hidalgo et al. (2007) was applied to map inter-product linkages and measure
product proximity. The activation probability of non-exported petrochemical products was computed using the model
developed by Alshamsi et al. (2018), identifying products with the highest likelihood of becoming competitive in Iraq.

In the qualitative phase, semi-structured interviews were conducted with 12 experts, including academics, policymakers,
and industry specialists. Data from the interviews were analyzed using the grounded theory method to identify key categories
and subcategories of strategic enablers for achieving economic complexity. The relationships among these strategies were
then structured hierarchically through Interpretive Structural Modeling (ISM), enabling a systemic understanding of
interdependencies and influence levels.

Findings

The analysis of global trade data revealed that Iraq holds a revealed comparative advantage in 17 out of 218 petrochemical
products. These include various categories of acids, polymers, surfactants, alkylbenzenes, and chemical intermediates.
Among these, alkylbenzene and alkyl naphthalene mixtures (HS code 3817) exhibited the highest RCA value, with exports
amounting to over USD 15.9 million. However, Irag’s petrochemical complexity index remained low, reflecting limited
diversity and technological sophistication in its current export basket.

The activation probability model indicated that Iraq has a non-zero probability of developing competitiveness in 44

petrochemical products, while 157 products have zero activation likelihood under current conditions. Of the 44 products with
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positive activation potential, seven products demonstrated both higher-than-average complexity and activation probabilities
above 30%. These included cyclic hydrocarbons (HS 2903), glass putties and sealants (HS 3214), perfumes and toilet waters
(HS 3303), artificial waxes (HS 3404), finishing agents used in textile and leather industries (HS 3809), plastic sheets and films
(HS 3920), and pneumatic tires (HS 4011).

Cyclic hydrocarbons (HS 2903) ranked as the top opportunity with an activation probability of 82%, followed by industrial
sealants (67%), perfumes (58%), and other specialized chemical products ranging between 35% and 50%. These products
collectively represent Iraq’s most promising areas for diversification, combining moderate technological intensity with
feasible capability acquisition.

The qualitative analysis identified eight strategic drivers essential for realizing economic complexity within Iraq’s
petrochemical sector:

1. Redefining the role of government;
Benchmarking successful petrochemical economies;
Developing a comprehensive industrial strategy;
Conducting foresight and long-term planning;
Implementing spatial planning based on national resource mapping;
Managing and developing specialized human capital;

Building interactive networks between government, industry, and academia;

© N o v kA w N

Adopting a systemic policy perspective.

Using ISM, these strategies were structured into three hierarchical levels. The foundational layer comprised industrial
strategy development, government role reform, and human capital management—identified as the most influential enablers.
The intermediate layer included benchmarking, foresight, and spatial planning, representing strategic alignment mechanisms.
Finally, the top layer encompassed network building and systemic perspective, reflecting integrative governance outcomes
that reinforce the lower levels.

Discussion and Conclusion

The findings highlight Iraq’s considerable yet underutilized potential for expanding its petrochemical exports beyond low-
complexity products. Although the country currently maintains comparative advantages in only 17 petrochemical products,
its activation potential for 44 additional products indicates a latent capacity for industrial diversification. This confirms that
Iraq’s productive structure, while currently narrow, can evolve toward greater sophistication if appropriate institutional and
strategic interventions are implemented.

The results emphasize that economic complexity does not emerge spontaneously; it requires deliberate and coordinated
actions across multiple levels of governance. Developing a comprehensive industrial strategy, reforming the role of
government from direct control to regulatory facilitation, and investing in human capital development are pivotal steps in
this process. These foundational elements enable the creation of knowledge networks, innovation ecosystems, and cross-
sectoral linkages necessary for technological upgrading.

Benchmarking successful countries such as Japan, South Korea, and Saudi Arabia provides valuable insights into how

petrochemical industries can evolve through strategic integration of technology, market intelligence, and education systems.




ABDULLATIF ET AL.

For Iraq, leveraging its natural resource endowment alongside institutional reform can create the conditions for competitive
specialization.

The ISM-based framework underscores the interconnectedness of strategic enablers. The systemic view revealed that no
single policy instrument is sufficient; rather, industrial transformation depends on synergistic interactions among governance,
foresight, and capacity-building mechanisms. Spatial planning, when aligned with environmental and infrastructural
considerations, further ensures sustainable industrial clustering and regional balance.

Ultimately, this study provides a policy-oriented roadmap for Iraq to transition from a resource-dependent economy to
one driven by knowledge, innovation, and industrial diversity. The integrated model combining economic complexity analysis
with interpretive structural modeling offers both diagnostic precision and strategic depth, making it applicable to other
developing economies facing similar structural constraints. Through sustained investment in human capital, institutional
capacity, and technology-oriented industrial policy, Irag can move toward a more resilient and complex economic future.
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