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AB STR AC T  

Manufacturing systems in developing economies face unique operational and infrastructural challenges that 

elevate systemic risk. Current risk assessment methodologies often lack the hierarchical structure to account for 

both plant-level and subsystem-level variability, leading to imprecise mitigation strategies. This Data 

Descriptor presents a novel, hierarchically structured dataset and methodological framework for evaluating 

systemic risk in industrial plants. The primary objective is to provide a robust empirical foundation for 

quantifying risk reduction through multilevel modelling. Data were collected via structured audits across 

multiple manufacturing subsystems (electrical, mechanical, process control). The core analytical method is a 

three-level random intercepts model, specified as 𝑦{𝑖𝑗𝑘}  =  𝑏𝑒𝑡𝑎0 +  𝑏𝑒𝑡𝑎1 𝑥{1𝑖𝑗𝑘}  +  𝑢{𝑘}  +

 𝑣{𝑗𝑘}  +  𝑒{𝑖𝑗𝑘}, where 𝑢{𝑘} and 𝑣𝑗𝑘  are random effects for plant and subsystem, respectively. Inference 

is based on robust standard errors. The analysis indicates that interventions targeting process control 

subsystems yield the most significant risk reduction, with a modelled decrease in incident likelihood of 

approximately 22% (95% CI: 18 to 26) per unit improvement in audit score. Plant-level infrastructural factors 

accounted for a substantial portion of the residual variance. The multilevel regression approach provides a 

superior fit for the nested structure of manufacturing system data, enabling more accurate identification of risk 

factors operating at different scales within a plant. Future risk assessments in similar contexts should adopt a 

hierarchical data collection and modelling strategy. Investment in process control system resilience is 

prioritised based on the empirical findings. systemic risk, multilevel modelling, manufacturing resilience, 

industrial safety, hierarchical data This work provides the first open-access, plant-level dataset structured for 

multilevel analysis of manufacturing risks in its context and demonstrates a novel application of hierarchical 

regression for engineering system evaluation. 
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Article Highlights 

• A three-level random intercepts model quantifies risk across 

plants, subsystems, and units. 
• Process control system improvements show the most 

significant modelled risk reduction. 
• Plant-level infrastructural factors account for substantial 

residual variance in risk. 
• Hierarchical data structure is critical for accurate risk factor 

identification. 

Core Analytical Method 

Three-level random intercepts model: y_ijk = β₀ + β₁x₁_ijk + 

u_k + v_jk + e_ijk, with inference based on robust standard 

errors. 

This study provides a novel hierarchical dataset and modelling 

framework for manufacturing risk in developing economies. 

 

mailto:mabebe@gmail.com
https://doi.org/10.5281/zenodo.18969632


 

  



Meklit Abebe  1(1): 8-22 (2016) 

 

3 

📄 ABSTRACT-ONLY 

PUBLICATION 

This is an abstract-only publication. The 

complete research paper with full 

methodology, results, discussion, and 

references is available upon request. 

✉️ REQUEST FULL PAPER 

📧 Email: info@parj.africa 

Request your copy of the full paper today! 

🚀 SUBMIT YOUR RESEARCH 

Are you a researcher in Africa? We 

welcome your submissions! 

Join our community of African scholars and share 

your groundbreaking work. 

🌐 Submit at: app.parj.africa 

 

Scan to visit app.parj.africa 

Open Access Scholarship from PARJ 

Empowering African Research | Advancing Global 

Knowledge 

mailto:info@parj.africa
https://app.parj.africa/

