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Question
• Why (and how) should we apply vulnerability (and 

reliability) in cost-benefit evaluations or project evaluations 
in general?

• This is particularly an issue in sparse non-urban transport 
networks, where the presence of vulnerability is more an 
problem than reliability (because the transport network is so 
essential for access to community services for the local 
population and access to markets for the local businesses)

• By adding vulnerability (and reliability) to the traditional 
equations of costs and benefits, transport planners and 
decision-makers may consider not only economical 
arguments (costs versus benefits).



Contentions

• Reliability (of a transport network) 
– The probability that one or more of its links functions, or 

rather: does not fail to function. 

• Vulnerability
– The network’s susceptibility to failure.

• Additional costs incur when persons, travellers or goods do 
not reach their destination in space or time as intended.
– Delays
– Diversions
– Late delivery or non-delivery 
– Just-in-time 
– Perishable goods

• Reliability…………Benefit            Vulnerability……...Cost



Rationale

• This is particularly an issue in sparse non-urban transport 
networks, where the presence of vulnerability is more an 
problem than reliability (because the transport network is so 
essential for access to community services for the local 
population and access to markets for the local businesses)

• By adding vulnerability (and reliability) to the traditional 
equations of costs and benefits, transport planners and 
decision-makers may consider not only economical 
arguments (costs versus benefits).



Vulnerability and Risk

• R = C x P
– R = Risk 
– C = Consequence
– P = Probability

• R = V(ec) x P(ec)
– V = Vulnerability to the 

occurrence of an external 
circumstance (ec)
or threat

– P = Probability of an 
external circumstance 
occurring

Risk matrix. 

The threshold indicates the 
risk acceptance level

� � � � � � � � 	 � 	 
 �

� � 
 � � � 	 � 	 
 �



Vulnerability vs. Reliability

• A reliable network:
– Exhibits a high degree of operability 

(serviceability, accessibility, non-variability)
under any circumstance
(redundancy, robustness, resilience)

• A vulnerable network:
– Exhibits a low degree of operability under 

certain circumstances

• Vulnerability = Non-Reliability
(under said circumstances)



Attributes of vulnerability

Road networks are vulnerable to 3 influences: 
structure-related, nature-related and traffic-related. 

It is the collective sum of and interactions between these vulnerabilities 
that needs to be addressed. 

Intentional

(terrorist)

attack



Vulnerability and cost-benefit

• The probability of various external circumstances occurring 
• The probability of failure due the various external 

circumstances
• The probability that the system will continue to function even 

if a threat eventuates at a vulnerable point (robustness)
• The time and cost of repair in case of failure (resilience)
• The costs to the general economy of a certain failure 

(disruption costs)

The contribution of a given project to improving the reliability
or lessening the vulnerability of the system 



The cost of vulnerability

The societal costs of vulnerability versus reliability. A - current state, B – high investment 
(new road), C – low investment (upgrading existing road), D - optimum



Conclusion

• Reliability and vulnerability should be part of the project 
evaluation in road development projects, and reliability and 
vulnerability should be accounted for in cost-benefit 
analyses of said projects. 

• The reason is to evaluate the cost of remaining vulnerable or 
non-reliable against the assumed benefit of becoming less 
vulnerable or more reliable with the proposed project. 

• These arguments should come in addition to the quantifiable 
costs and benefits of a project as prescribed by current 
evaluation methods - they may, however, be in opposition to 
the decision supported by traditional cost-benefit analysis.



Future research

• Establish a practice-oriented methodology for aggregating a 
vulnerability index for a road network, pertaining to attributes
of structure, nature and traffic. 

• Integrate vulnerability into the quantitative and qualitative 
framework of cost-benefit analyses used in the transport 
sector.

• Apply vulnerability as a decision variable in the evaluation 
process for new road developments.



The service area of the hospitals in Molde and Kristiansund, on 
the north-western coast of Norway, is marked by a number of 
potential vulnerabilities: F=Ferry, CW=Causeway, ST= Subsea
Tunnel, T=Tunnel, M=Mountain Pass, B=Bridge



Questions ?

Thank you!


