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Objective: This study aimed to analyze the role of the network economy in optimizing the oil
industry supply chain and to examine its implications for business performance by integrating panel
statistical analyses with data mining methods.

Methodology: This applied, quantitative, ex post facto study used firm-year data from 20 publicly
listed U.S. oil and gas companies over 2020-2024, yielding an initial panel of 100 firm-year
observations. Network economy was measured by the unique number of named partnerships, joint
ventures, and disclosed corporate investment relationships. The operating expense-to-revenue ratio
represented supply chain cost optimization, while return on assets and net profit margin represented
business performance. Data were analyzed using hierarchical regression, generalized linear models
with firm-clustered robust standard errors, Mundlak decomposition, and data mining algorithms
including linear regression, regression trees, random forests, neural networks, and automated
numerical modeling.

Findings: Network economy was negatively associated with operating cost burden (B = -0.0064,
p <0.05) and positively associated with return on assets (B = 0.0042, p < 0.05) and net profit margin
(B = 0.0061, p < 0.05). Operating cost burden was negatively related to return on assets (B = -
0.278, p < 0.001) and net profit margin (B = -0.624, p < 0.001). Final R2 values were 0.401 for
operating cost burden, 0.526 for return on assets, and 0.603 for net profit margin. Mundlak
decomposition showed that between-firm network effects were generally significant. Automated
numerical modeling provided the best predictive performance for operating cost burden (R2 =
0.618) and return on assets (R2 = 0.557).

Conclusion: The findings indicate that broader network relationships in oil companies are
associated with lower operating cost burden and stronger financial performance, and that
combining explanatory and predictive approaches provides a useful framework for evaluating the
role of the network economy in supply chain optimization.

Keywords: Network Economy, Supply Chain, Qil Industry, Business Performance, Data Mining,
Return on Assets, Net Profit Margin.
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EXTENDED ABSTRACT
Introduction

The oil and gas industry operates through a highly complex supply chain in which upstream,
midstream, downstream, refining, service, equipment, financial, logistics, and infrastructure actors are
interconnected through multiple operational and investment relationships. The performance of firms in
this industry therefore depends not only on internal resources and capabilities but also on the structure and
effectiveness of their relationships with external actors. Under such conditions, the network economy
provides an appropriate framework for understanding how interorganizational relationships, partnerships,
information exchange, investment ties, and resource complementarities may contribute to supply chain
optimization and business performance. In a network economy, value is increasingly created through
interactions among interconnected actors rather than exclusively within organizational boundaries, and
relational assets can become an important source of competitive advantage (Avetisyan, 2024; Sawhney &
Zabin, 2002). The growing importance of network-based structures has also changed organizational
capabilities, emphasizing the ability to manage relationships, knowledge flows, and external resources as
strategic competencies (Kucharska, 2019).

Digital transformation has further intensified the networked nature of contemporary supply chains.
Digitalized supply chains enable firms to improve information visibility, accelerate coordination, support
real-time decision-making, and respond more effectively to changes in demand, operational conditions,
and market uncertainty. Recent evidence indicates that supply chain digitalization can enhance agility and
that its performance effects depend partly on firms’ innovation capabilities (Wang et al., 2025). Similarly,
digital transformation has been associated with improved supply chain performance through greater
integration, transparency, flexibility, and coordination (Rana et al., 2025). These developments are
particularly relevant to the oil and gas industry, where enterprise resource planning systems, real-time
analytics, and digitally integrated processes can improve the coordination of procurement, inventory,
production, maintenance, and logistics activities (Pentyala, 2022; Tulli, 2024). Evidence from the oil and
gas sector also indicates that digital supply chain capabilities are associated with improved business
performance (Jusoh, 2024).

Supply chain optimization in the oil industry cannot, however, be reduced to technological
adoption. Operational efficiency, cost control, resilience, sustainability, financial flexibility, and
interorganizational coordination must be considered simultaneously. Lean supply chain approaches
emphasize eliminating non-value-adding activities and improving process efficiency (Etemadi & Kasraei,
2024), while research on offshore oil supply chains demonstrates the importance of integrating resilience,
sustainability, process constraints, and operational priorities (Karimi et al., 2024). More broadly, sustainable
supply chain management increasingly depends on collaboration across organizational boundaries (Singh
et al., 2025), while successful implementation of green supply chain practices requires coordinated
managerial, technological, and interorganizational capabilities (Zarei et al., 2025). These perspectives
suggest that network relationships may influence performance partly by facilitating resource sharing,
information integration, risk distribution, and operational coordination.

The network economy may also influence firms through financial and strategic channels. Supply
chain finance platforms can strengthen competitive advantage by facilitating coordination among



participants and improving access to financial resources (Wang, 2025). Supply chain finance may
additionally generate knowledge spillovers and support innovation through interactions between core
firms and supply chain partners (Huang et al., 2026). Changes in network-based financial arrangements,
including decentralized financial structures, further demonstrate how network architecture can reshape
market power, pricing, and user participation (Webb, 2024). At the same time, network relationships can
support competitive advantage through relational and intangible resources (Agaba & Kalu, 2019), while the
development of multiple channels and interconnected supply structures can create both value opportunities
and additional coordination complexity (Putri & Pulansari, 2025). Technology-driven integration,
flexibility, and organizational ambidexterity have likewise been identified as important determinants of
supply chain integration and performance under uncertainty (Rahman et al., 2025).

Despite the growing literature on digital supply chains, smart supply chain management,
sustainability, and interorganizational integration, relatively limited attention has been paid to the
observable network structure of oil companies and its relationship with operational cost burden and
financial performance using longitudinal corporate data. Moreover, many studies emphasize explanatory
relationships without examining whether the same variables also possess predictive value in more recent
periods. Big-data-driven approaches demonstrate the capacity of data analytics to identify complex and
potentially nonlinear relationships in networked economic environments (Zhou & Zhou, 2022), while smart
supply chain research highlights the managerial opportunities created by predictive and data-driven
decision-making (Kumar, 2023). Accordingly, the present study examined whether the extent of disclosed
corporate partnerships and investments was associated with supply chain cost efficiency and business
performance and whether these relationships could also support out-of-sample prediction.

Methods and Materials

This applied quantitative study employed a descriptive-analytical, ex post facto design using
longitudinal firm-year data. The research population consisted of publicly traded companies operating in
the upstream, midstream, downstream and refining, oilfield services, equipment, and energy infrastructure
segments. The final sample included 20 United States-listed oil and gas companies observed over the
2020-2024 fiscal years, producing an initial balanced structure of 100 firm-year observations. Companies
were included when audited annual reports, identifiable fiscal periods, traceable corporate identifiers,
consistent currency information, and reconstructable financial items were available.

Financial data were extracted from audited annual reports and official corporate disclosure records.
Oil-price information was obtained from official energy data, while economic growth and inflation
indicators were obtained from World Bank data. Network economy was operationalized as the unique
number of named partnerships, joint ventures, equity-method investments, and other identifiable corporate
investment relationships disclosed for each firm-year. Operational cost burden was measured as operating
expenses divided by revenue. Business performance was measured using return on assets, calculated as
net income divided by average total assets, and net profit margin, calculated as net income divided by
revenue. Firm size was measured as the natural logarithm of total assets, and leverage was calculated as
total liabilities divided by total assets. Industry segment and year were controlled using dummy variables.

Data quality was assessed through structural validation, reconstruction of financial ratios, source
tracing, and repeated coding of a fixed subsample of records. Outliers were identified using the
interquartile range rule but retained in the baseline analyses, with their influence assessed through
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sensitivity analyses. Missing values were retained as null observations, and each model was estimated
using complete cases for the variables included in that specification.

Statistical analysis was conducted using IBM SPSS Statistics. Descriptive statistics, Pearson and
Spearman correlations, hierarchical regression, generalized linear models with firm-clustered robust
standard errors, multicollinearity diagnostics, residual diagnostics, and Mundlak decomposition were
applied. The Mundlak approach separated within-firm annual variation from between-firm structural
differences. Predictive modeling was conducted in IBM SPSS Modeler. Data from 2020-2022 were used
as the training period and observations from 2023-2024 as the test period. Linear regression, regression
trees, random forests, neural networks, and automated numerical modeling were compared using mean
absolute error, root mean squared error, and test-set coefficient of determination.

Findings

The initial dataset contained 100 firm-year observations from 20 companies. Six companies were
classified as upstream firms, four as midstream firms, five as downstream and refining firms, and five as
oilfield services and equipment firms. Each fiscal year contributed 20 observations. After applying model-
specific complete-case requirements, the operating-cost and net-profit-margin models were estimated
using 62 observations from 14 companies, whereas the return-on-assets model used 51 observations from
14 companies.

The mean number of disclosed network relationships was 6.84, with a standard deviation of 4.19
and a range from 1 to 19. Mean operating cost ratio was 0.716, mean return on assets was 0.068, and mean
net profit margin was 0.091. The mean leverage ratio was 0.582. Bivariate analysis showed that the
network economy indicator was negatively correlated with the operating cost ratio (r = -0.342, p < 0.01)
and positively correlated with return on assets (r = 0.308, p < 0.05) and net profit margin (r = 0.289, p <
0.05). Operating cost burden was negatively related to return on assets (r = -0.526, p < 0.001) and net
profit margin (r = -0.614, p < 0.001).

Multivariate results confirmed these patterns. After controlling for firm size, leverage, industry
segment, and year, network economy had a negative association with operating cost burden (B = -0.0064,
p < 0.05). Adding the network variable increased explained variance by 0.068, and the final model
explained 40.1% of the variation in operating cost burden. In the return-on-assets model, network
economy had a positive coefficient (B = 0.0042, p < 0.05), while operating cost burden had a negative
coefficient (B = -0.278, p < 0.001). The final model explained 52.6% of the variance in return on assets.
In the net-profit-margin model, network economy was positively associated with profitability (B =0.0061,
p < 0.05), whereas operating cost burden showed a strong negative association (B = -0.624, p < 0.001).
The final model explained 60.3% of net profit margin variance. Leverage was positively associated with
operating cost burden and negatively associated with both performance measures.

Mundlak decomposition indicated that between-firm differences accounted for an important part
of the observed relationships. The between-firm effect of network economy on operating cost burden was
negative and significant (B = -0.0087, p < 0.05), while its between-firm effects on return on assets (B =
0.0068, p < 0.05) and net profit margin (B = 0.0094, p < 0.01) were positive. The within-firm network
effect was significant for return on assets (B = 0.0031, p < 0.05), suggesting that annual increases in
network relationships within the same firm were also associated with improved asset profitability.



Predictive analysis showed that automated numerical modeling and random forests outperformed
the simpler benchmark models. For operating cost burden, automated modeling achieved MAE = 0.088,
RMSE = 0.117, and test R? = 0.618. Random forests achieved test R? = 0.593. For return on assets,
automated modeling produced MAE = 0.036, RMSE = 0.048, and test Rz = 0.557, followed by random
forests with test R? = 0.508. Network economy was the most important normalized predictor of operating
cost burden, whereas operating cost burden ranked first and network economy second in predicting return
on assets.

Discussion and Conclusion

The findings indicate that a broader network of disclosed corporate partnerships and investments
is associated with lower operational cost burden and stronger financial performance in the oil industry.
This pattern suggests that network structures may create economic value by improving access to
complementary resources, supporting information exchange, distributing operational responsibilities, and
reducing coordination inefficiencies. The negative relationship between network economy and operating
cost burden is particularly important because it links an externally oriented organizational characteristic
to an observable measure of supply chain efficiency.

The results further indicate that cost efficiency represents a central pathway through which supply
chain conditions are associated with business performance. Operating cost burden showed stronger
relationships with return on assets and net profit margin than most other predictors, and its contribution to
the explanatory power of the performance models was substantial. Thus, supply chain optimization
appears to have direct financial relevance rather than representing merely an operational objective.

The Mundlak results add an important distinction. A considerable portion of the network-
performance relationship reflected persistent differences between firms, indicating that companies with
structurally broader networks may also possess more developed managerial, informational, or strategic
capabilities. Nevertheless, the significant within-firm association with return on assets suggests that
changes in network relationships over time can also be accompanied by changes in performance. The
observed relationships therefore cannot be attributed exclusively to stable firm characteristics.

The predictive findings reinforce the explanatory results while also revealing that the underlying
relationships are not entirely linear. Ensemble and automated algorithms produced lower prediction errors
and higher test-set explanatory power than linear regression and single regression trees. This suggests that
interactions and nonlinear patterns may exist among network structure, cost burden, leverage, firm size,
industry characteristics, and performance. Combining traditional statistical analysis with data mining
therefore provides a more comprehensive understanding of both association and prediction.

Overall, the study concludes that the network economy is meaningfully associated with supply
chain optimization and business performance in the oil industry. Firms with broader observable networks
tended to exhibit lower operating cost burdens and stronger profitability and asset returns, while operating
cost efficiency emerged as a particularly important determinant of performance. The convergence of
regression, panel decomposition, and predictive modeling results indicates that network relationships
should be considered an economically relevant component of supply chain strategy rather than merely a
descriptive feature of corporate structure.
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