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Review 
Methodology

Define research question:
How can transportation resilience be integrated into transportation asset management?

St
ag

e
1:

 
Re

se
ar

ch
De

fin
iti

on

St
ag

e
2:

 
Sc

re
en

in
g

St
ag

e
3:

 
Se

le
ct

io
n

St
ag

e
4:

 
Fi

na
l R

ev
ie

w
an

d 
An

al
ys

is
Define search words:

Risk, resilience and Transportation
Asset Management

Define database:
WoS, Scopus, IEEE 

Xplore, Science direct & 
Google Scholar

Define Search Filters:
English

Scan titles of 
identified papers

(604) Initial list of
papers
(161)

Suitable for
inclusion?

Read abstracts

Suitable for
inclusion?

Exclude
paper

Scan citations (Forward 
Snowballing) and reference list

of each paper (Backward
Snowballing) (16 new papers)

Read full text
(69)

No

Yes

Yes

Suitable for
inclusion?

Final list of papers
(57)

Review and analyze
final list

No

Yes

Exclude paperNo

Second list of
papers (53)

Exclude
paper

> Minimum
threshold?

Yes No

Allen et al., 2023



Some Statistical Analyses
Publication Distribution per Year

In 2012 and 2013, FHWA published a 
series of reports entitled “Risk-based
transportation asset management” 

International collaborations

Allen et al., 2023
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How to integrate risk and resilience into 
transportation asset management?



Integration 
requirements and 
policy guidelines
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Integration 
requirements and 
policy guidelines



The Need for Integration

9

Moving ahead for progress in 21st century (MAP-21) 
requires states to develop a risk-based asset 

management (NHS) to improve or preserve the 
condition of the assets and the performance of the 

system (Liu and McNeil, 2020)

In New Zealand, transportation agencies are 
mandated by law to implement and report on risks 
and management of risk to assets (Varma and Proctor, 2012)

Transport Scotland (TS)’s Road Asset Management Plan (RAMP) includes a chapter on risk 
management, illustrating the common use of risk management (Saadatmand, Gaj and Proctor, 2012) 

The guidance document from the English Highway 
Agency explains the importance of risk management, 

explains roles and responsibilities and provides policies 
of risk management (Saadatmand, Gaj and Proctor, 2012) 

The Australia Transport agency has introduced and 
implemented the ISO 31000 framework as part of its 

asset management program (Way, 2010) 



Policy Guidelines/Manuals
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Policy Guidelines/Manuals

• Develop a risk assessment of state’s transportation
infrastructure

• Strengthen existing transportation networks

• Define risk management leadership (Curtis et al, 2012)

• Strategically expand transportation networks in order to
create redundancies (Curtis et al, 2012)

• A disaster data revolution is needed that involves systematic
collection on disaster risk (Henning et al., 2017)

• Mitigate the risks asset may present to the management
of transportation networks

• Identifying most fragile assets (Yang et al., 2019)

• Assessment of the greatest hazards based on a probability
and impact assessment (Saadatmand et al., 2012)

• Avoid “managing by crisis” and promotes proactive
management strategies (Proctor et al., 2013)

Recommendations Benefits
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Policy Guidelines/Manuals

Allen et al., 2023



Risk and Resilience 
modeling for 

integrated 
Transportation 

Asset Management



Risk Modeling

𝑅𝑃𝑁 = 𝑂𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 𝑥 𝑠𝑒𝑣𝑒𝑣𝑒𝑟𝑖𝑡𝑦 𝑥 𝑆𝑡𝑟𝑎𝑡𝑒𝑔𝑦

Risk Priority Number Strategic importance of each asset

Chang et al, 2020

𝑂𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒 =	

𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =

Probability of an asset experiencing at least one extreme climate
event during its service life

Probability of an asset experiencing failure or damage at the time of 
occurrence of the extreme climate event

Alberti and Fiori, 2019

Risk matrices consider the consequences to the infrastructure
and the probability level (associated to the Hazard likelihood) 

Spatially Distributed Network Risk
Assessment

HazardFragility

Jayaram and Baker, 2010

dv: Decision Variable
IM: Intensity Measure
ν : Hazard annual rate (selected set of
events)
λDV : Annual rate of exceedance of
decision variable  dv

Deterministic Approach Probabilistic Approach

Major and O’Grady, 2010
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How to define and calculate resilience?

Resilience Loss=∫!.
!/ 100%− 𝑄 𝑡 𝑑𝑡

Functionality infrastructure/systems

Do & Jung, 2018; 
Izzaddoost et al., 2021

𝑅𝑒𝑠𝑖𝑙𝑖𝑒𝑛𝑐𝑒 =
𝐴𝐴𝐷𝑇 ∗ 365	 − 𝐴𝑁𝐴𝐹

𝐴𝐴𝐷𝑇 ∗ 365 ∗ 𝑉 ∗ 𝑇
Herrera et al, 2017

Annual number of vehicles affected

Vulnerability to identified consequences

Hazard 
likelihood

𝔑! 𝑡" 𝑒# =
[𝜑 𝑡" 𝑒# − 𝜑 𝑡$ 𝑒# ]
[𝜑(𝑡%) − 𝜑 𝑡$ 𝑒# ]

	 ∀𝑒#

Zhou, 2019

𝑒! ∶ 𝑑𝑖𝑠𝑟𝑢𝑝𝑡𝑖𝑣𝑒	𝑒𝑣𝑒𝑛𝑡	
𝜑 𝑡" ∶ 𝑆𝑦𝑠𝑡𝑒𝑚	𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒	𝑎𝑡	𝑡" 	
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Mean Recovery 
TimeLoss 

Uncertainty

Reconstruction 
Planning 

Uncertainty

Post-disaster functionality 
Uncertainty

Recovery time 
Uncertainty

Allen et al., 2023

Performance-based Approach

These metrics consider the effect of natural hazards on 
infrastructure over time and allow decision makers to 

use a variety of different performance indicators 
15



How to define and calculate resilience?

Absorptive capacity: ability of the system to absorb shocks and 
stresses and maintain normal functioning

Restorative capacity: ability of the system to recover quickly following 
a shock or stress and return to normal functioning

Equitable access: ability of the system to provide opportunity for 
access across the entire community during a shock or stress and during 
undisrupted times 

Adaptive capacity: ability of the system to change in response to 
shocks and stresses to maintain normal functioning 

Weilant & Strong, 2019

Potential to respond: being able to react correctly to any threats and 
hazards 

Potential to monitor: monitor all signals from internal and external 
environment that may affect an organization’s performance

Potential to learn: being able to draw conclusions from experience

Potential to anticipate: being able to predict future developments 
and in particular potential disruptions 

Hollnaget et al., 2018

Resilience could also be measured in road agencies in terms of potentials (Hollnagel et al., 2018)

Attribute-based Approach

These metrics evaluate the level of resilience pre-event 
and are useful to diagnose various aspects of a road 

network or agency organization
16



How to define and calculate resilience?

Topology-based Approach

These metrics represent the structure of a network in a graph-
based environment. That allows decision makers to evaluate a 

transportation asset’s topological structural importance within the 
whole road network before and after disruptions

EB(𝑒) = ∑"0#$∑"1#$
%2021(4)
%2021

“Edge betweenness centrality is defined as the number of the 
shortest paths that go through an edge in a graph network” (Girvan 

and Newman, 2002)

Combination of all pair
of nodes that belongs to

V

Number of shortest
between node vi and

node vj 

Number of shortest paths
between node vi and node

vj which go through e

“Node Closeness Centrality is the reciprocal of the average 
shorthest path distance to node n over all other reachable nodes”

C(𝑛) = &'(
∑26/78/ *(",&)

Distance from n to every
other node

Shortest path distance
between v and n

𝑅𝑒𝑠𝑖𝑙𝑖𝑒𝑛𝑐𝑒 =	 Comparison of two topological metrics at two
different times (pre- and post-events)

Examples of topological metrics: network maximum eccentricity 
(Schintler et al., 2007), average shortest path (Berche et al., 2009), 
average node degree (Zhang et al., 2015), network size (Aydin et 

al., 2018)
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Risk and Resilience 
modeling for 

integrated 
Transportation 

Asset Management

Integration 
Methods



Frameworks

Yang et al., 2019

• Input Data

• Processes

• Results & output 
data

Red dashed lines indicate areas where risk management
should be integrated into the framework

(Meyer et al., 2012)

AASHTO, 2011
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Integration at the decision-making process

Risk and 
Resilience 

index/matrix
Cost benefit 

Expected 
consequences 

modeling

Multi-criteria 
analysis



Risk and Resilience Indices/matrices

𝑅𝑃𝑁 = 𝑂𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒 𝑥 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 𝑥 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒

Risk Priority Number
Strategic importance
of each asset

Chang et al, 2020

Echaveguren and 
Sanhueza, 2011

Ranking of different 
road segments 

according to risk index 
for further 

prioritization
Gangwal et al, 2022

Decision making is based on the prioritization of risk 
indices or matrices only. Decisions are made based on 

each asset’s score

21



Cost Benefit analysis

𝑇𝑅= = $
>?@

A

𝑆>= ×$
B?@

C

(
1 − 𝐷𝐴= BD@×𝐷𝐴=

1 + 𝜏 BD@ )

Countermeasure cost in the current
deterioration state (USD) 

Congestion/detour cost (USD) incurred during
countermeasure construction in the current
deteriorated state

(BENEFITS)

(COST)

Social Impacts: 
1) Highway accidents
2) Emergency Access route
3) Tourism and indistry
4) Isolated locations
5) Traffic restrictions
6) Complaints
7) Post measure construction activities
8) Congestion/detour due to post-

measure work

Alshboul et al, 2021

Alshboul et al, 2021

Highway users’ expected costs caused by highway facilities’ 
malfunction in service for pavements, bridges, and 

dangerous slopes are defined as risk

This method involves the combination of a 
risk/resilience index change (benefit) and the cost of 

each intervention

𝐶𝑇= = 𝜃𝐶𝑇= + 𝛾𝐶𝑇=
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Expected consequence modeling to decision making

This method is based on a stochastic analysis of 
consequences. Decisions are made based on the 

expected benefits they may produce

Salem et al., 2020

Levenberg et al., 2016

• Probabilistic hazard analysis
• Resilience assessment considers the effect of normal stressors such as normal weather and vehicles load
• Performance models are evaluated in a long-term period of analysis and consider annual

deterioration/occurrence models

Izzaddoost et al., 2021

Uncertainty modeling Pre-event conditions Coupled effect (hazard + stressors)
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Multi-criteria Analysis

This method considers a set of different dimensions for 
the decision-making process and they are integrated in 
a multi dimensional index for subsequent prioritization

Boadi, 2015

Overall score of each segment i 

Relevance of each criterion j

Normalized rating of the
segment i for criterion j

• The Delphi Method
• Expert Opinion
• Statistical Analysis
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Lack of comprehensive guidelines

Limited indirect loss models

Lack of standardised resilience and risk 
modelling approaches

Integration of asset pre-existing conditions 
into resilience or risk assessments

Impact of climate change on natural hazard 
event frequency

Limitations of the current 
state of Art and Practice
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