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AB STR AC T  

Background: Power distribution infrastructure in many developing nations faces significant reliability challenges 

due to ageing assets, environmental stressors, and limited maintenance data. Quantitative frameworks for prioritising 

risk mitigation investments in such data-scarce environments are critically needed. 

Purpose and objectives: This study presents a methodological evaluation of a novel Bayesian hierarchical model 

designed to quantify risk reduction for electrical distribution equipment. The objective is to provide a robust, 

probabilistic tool for infrastructure investment planning under uncertainty. 
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Article Highlights 

• Bayesian model integrates sparse failure data with expert 

elicitation for data-scarce contexts 
• Identifies high-risk equipment with posterior probability of 

0.87 for critical failure thresholds 
• Reduces credible interval width by 40% compared to non-

hierarchical approaches 
• Provides actionable probabilistic framework for 

infrastructure investment planning 

Core Model Structure 

λ_ij ∼ Gamma(α_i, β_i), where λ_ij represents failure rate 

for equipment type i in region j, with hyperparameters 

informed by regional operational conditions. 

This methodological evaluation demonstrates how Bayesian 

approaches can transform limited data into robust risk assessment 

tools. 
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📄 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 
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