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AB STR AC T  

The reliability of municipal infrastructure asset systems in many developing nations is poorly quantified, 

hindering effective maintenance planning and investment. Existing assessment methods often lack the temporal 

forecasting capability needed for proactive asset management. This study aimed to develop and validate a time-

series forecasting model to assess the reliability of integrated municipal infrastructure systems, specifically 

targeting water supply, road networks, and drainage assets. A methodological framework was constructed 

using historical performance data. The core forecasting model employs an autoregressive integrated moving 

average (ARIMA) formulation, expressed as 𝜑(𝐵)(1 − 𝐵)^𝑑 𝑅𝑡 =  𝜃(𝐵) 𝑒𝑝𝑠𝑖𝑙𝑜𝑛𝑡, where 𝑅𝑡  is the 

composite reliability index at time 𝑡 . Model parameters were estimated using maximum likelihood, and 

forecasts were generated with 95% confidence intervals to quantify uncertainty. The model forecasts a 

statistically significant decline in the composite system reliability index, projecting a decrease of 

approximately 22% over the forecast horizon. Uncertainty analysis indicated that the confidence intervals for 

the road network subsystem were widest, reflecting greater volatility in its performance data. The developed 

model provides a robust, quantitative tool for forecasting infrastructure system reliability, revealing a 

concerning downward trajectory that necessitates urgent intervention. Municipal engineers and planners should 

adopt similar predictive modelling for capital works programming. National policy should mandate the routine 

collection and analysis of standardised asset performance data to feed such models. asset management, 

infrastructure reliability, forecasting, ARIMA, municipal engineering, developing countries This paper presents 

a novel application of a composite ARIMA model for forecasting the reliability of integrated municipal 

infrastructure systems, validated with a unique longitudinal dataset. 
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Article Highlights 

• ARIMA model forecasts a 22% decline in municipal 

infrastructure reliability by 2026. 
• Road network subsystem forecasts exhibit the widest 

confidence intervals. 
• Provides a quantitative tool for proactive capital works 

programming. 
• Validated using a longitudinal dataset from Ugandan 

municipal assets. 

Methodological Note 

Core model employs an ARIMA formulation: ϕ(B)(1-B)ᵈRₜ 

= θ(B)εₜ, where Rₜ is the composite reliability index at time t. 

Parameters estimated via maximum likelihood. 

This study provides a validated forecasting tool for infrastructure 

asset management in developing contexts. 

 

mailto:jokello@gmail.com
https://doi.org/10.5281/zenodo.18966803


 

  



Julius Okello et al.  1(1): 9-23 (2020) 

 

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/

