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The Challenge

Municipal governments, especially smaller and medium 

size communities, are struggling with aging infrastructure 

and rising infrastructure deficits. There is a constant need 

to DO MORE WITH LESS!



The Fund Allocation Problem

which municipal assets to fix? 

with what treatment?

at what time?

to

Maximize Performance

Minimize Cost

while satisfying 

Budgetary limits

Serviceability objective

Socio-economic considerations

Operational requirements

and etc.

Timing

Asset

Treatment
Project-Level

Network-Level



Decision-Making Methods

❑ Priority Ranking 

❑ Multi-Criteria Analysis (MCA)

❑ Cost-Benefit Analysis (CBA)

❑ Optimization 

Considering the levels of investments in asset 

preservation projects, even small improvements in the 

quality of the solution can be translated into millions of 

dollars in cost savings.



Sample Road Network Data

3-Year Planning Horizon

$50,000 Annual Budget



Priority Ranking

Priority ranking has been 

suggested and used in 

many pavement 

management applications 

(Zimmerman et al. 2011; 

Wolters et al. 2011);



Results using Priority Ranking 



Pros and Cons: Priority Ranking

• Simple and easy to understand 

• The resulting “worst roads first” approach. Under this strategy, the most 
deteriorated roads, which require major rehabilitation treatments, are a huge 
sink into which the largest proportion of municipal road budgets is poured. 

• The large percentage of roads in fair condition by the end of the plan is 
an indication of this phenomenon. These sections will deteriorate further into 
poor condition at a higher rate (assuming that deterioration rates increase as 
condition decays) and will become future backlog. 

• Omits the time dimension of the analysis and does not have the capability 
to analyze the impact of time delays on the overall allocation of budget and 
network performance. Road network models need to be dynamic with the 
status being upgraded continually as maintenance work is performed.

• Another key limitation of priority ranking is its inability to incorporate 
multiple constraints into the analysis, when in reality agencies have to deal 
with a multitude of constraints.



MULTI-CRITERIA ANALYSIS (MCA)

A wide range of MCA methods were developed in 80s and 90s and 
since 2000 have become more widely considered in various domains. 
MCA techniques are diverse in both the kinds of problem they address 
and in the techniques they employ. 

Examples of some of the more widely used MCA methods include:

• Analytical Hierarchy Process (AHP) (Saaty 1990; Saaty 2008),

• Fuzzy AHP (van Laarhoven and Pedrycz 1983), 

• Multi-Attribute Utility Theory (Keeney and Raiffa 1993),

• Technique for Order Performance by Similarity to Ideal Solution 
(TOPSIS) (Lai et al. 1994).

MCA methods can be used to complement monetary evaluation 
methods such as cost-benefit analysis.



Analytical Hierarchy Process (AHP)

Analytical Hierarchy Process (AHP) is perhaps one of the most 

widely used MCA techniques for converting subjective 

assessments of the relative importance of a set of criteria into a set 

of numeric weights, by focusing decision maker attention on 

developing a formal structure to the decision-making problem. 

AHP is easy to implement and requires answers to a series of 

simple questions regarding the importance of various criteria relative 

to each other. 



AHP Structure

A hierarchical structure is developed to capture key criteria and their 

hierarchical relations to arrive at the desired outcome.



AHP Calculations

Relative Importance 

of different criteria

Consistency Ratio: 

A 10% tolerance is 

used for human 

judgment errors

Pairwise 

Comparison 

Matrix



Results using AHP



Pros and Cons: Multi-Criteria Analysis

• MCA can help to better capture the variations in priority programing 
and results in more application of cost-effective preventive 
maintenance strategies. 

• The 1-9 scale has the potential to be internally inconsistent. As an 
example, if the section A preference index as compared to section B 
is 2, and B as compared to C is 5, then to be numerically consistent, 
section A must have a preference index of 10 over C, which is not 
possible using the 1-9 scale of AHP. 

• Lack of a measurement scale for criteria can also contribute to 
vagueness when performing cross comparisons. 

• Although MCA is a better approach as compared to priority ranking 
and is a beneficial method in terms of focusing decision maker 
attention on developing a formal structure to the decision-making 
problem, it cannot guarantee that the best possible solutions are 
achieved.



Cost-Benefit Analysis (CBA)

• CBA is a methodology to explicitly determine benefits and costs 

associated with a project in money terms (Thoft-Christensen 

2012; Fraser and Jewkes 2013).

• An agency can prioritize projects based on the cost-

effectiveness or the ratio of benefit over cost (B/C ratio) of a 

project. 

• In general, an investment alternative is considered desirable 

when resulting benefit over cost ratio is greater than one, or in 

other words, the expected benefits exceed the expected costs. 

• When a set of mutually exclusive alternatives exists, they can be 

raked based on their B/C ratio and a similar process to priority 

ranking can be employed to arrive at the final solution.



CBA for Pavement Preservation Programing

Cost

Benefit



Results using CBA



Pros and Cons: Cost-Benefit Analysis

• CBA is an effective method to determine monetary implications of project 
alternatives in terms of costs and benefits.

• Lacks the capability to analyze the impact of time delays or accelerations

• Inability to incorporate multiple constraints into the analysis:
▪ fluctuating annual budgets

▪ Shifting strategic objectives

▪ minimum levels of service objectives

▪ safety considerations

▪ input from the public

▪ requirements for alignment with other projects 

▪ and many other practical and operational constraints. 

• Financial return on investment is only one component of the analytical 
process. 

• Although CBA methods can get the decision-makers closer to a better 
solution, they cannot guarantee that the ideal or best possible solutions in 
achieved.



Optimization

• Optimization is branch of science in Operations Research (OR). 

“Optimization provides a scientific approach to decision making 

that seeks to optimize the performance of a system, usually under 

conditions requiring the allocation of scarce resources.”

• Originated during World War II when the British government 

recruited scientists from different disciplines to solve the operational 

problems of the war.

• The focus of optimization is, therefore, to understand the complex 

operations of any system so as to predict its behavior over time 

and to identify the best course of action that leads to an ideal 

level of performance, or in other words, an ‘optimal’ solution.



Challenges with Performing True Optimization 

• Pavement preservation programs represent a complex problem

• Complexity and processing time grows exponentially as the size 

of the problem increases

• Practical applications require advanced and powerful 

optimization technologies 

• The inherent complexity of formulating and developing 

mathematical optimization models makes it somewhat unfamiliar 

and complicated for most mainstream applications in the 

municipal domain



DOT (Decision Optimization Technology)™



Results using Optimization



Optimization vs. Other Methods

Optimization results in 27.6%, 25.3%, and 19.9% higher performance gains as compared 
to MCA, ranking, and CBA, respectively.
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Real-Life Examples and Case Studies



Real-Life Examples and Case Studies

A summary of 56 optimization comparison tests for various real-life 

municipal cases with different network sizes, populations, and a wide 

range of annual budget levels.



You are invited to join our upcoming webinar to see these theories in practice 
as we outline how municipalities across Canada are using industry leading 
technology to apply these concepts in their approach to planning for 
sustainable service delivery. 

To inquire and register please contact 

Dallas Watson at dallas@infrasol.ca or 587-832-5992

Questions?

Join our upcoming webinars

mailto:dallas@infrasol.ca

