AFRICAN STRUCTURAL ENGINEERING

ORIGINAL RESEARCH

A Bayesian Hierarchical Model for Risk Reduction in

Senegal’'s Power Distribution Network
A Methodological Evaluation, 2000-2026

Aminata Ndiaye: Mamadou Diop>

1 Department of Civil Engineering, African Institute for Mathematical Sciences (AIMS) Senegal
2 Université Gaston Berger (UGB), Saint-Louis

Correspondence: andiave@hotmail.com

Received: 13 February 2015 | Accepted: 05 June 2015 |

Published: 28 June 2015 | DOI:

10.5281/zen0d0.18972051

ABSTRACT

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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Avrticle 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
e Provides actionable probabilistic
infrastructure investment planning

framework  for

Core Model Structure

A _ij ~ Gamma(a_i, B i), where A _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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