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This report contains a collection of case studies related to climate change, other hazards and
resilience of road networks. It comprises an introduction, outlining the work program for Technical
Committee (TC) 1.4 Climate Change and Resilience of Road Networks, and objectives of two
Working Groups within the Technical Committee. These are Working Group 1, which aims to
identify uniform and methodological approaches to increasing resilience of roads. It covers hazards
and environmental threats within the context of road infrastructure resilience as well as assessing
methodologies and approaches to increase resilience. Working Group 2 involves an update of the
PIARC International Climate Change Adaptation Framework for Road Infrastructure (PIARC 2020 ;
PIARC 2012).

In order to support the development of these PIARC products, a survey to collect international case
studies was conducted. This report has been divided into two parts:

e Part 1 - Overview of Case Study Collection Process and Results

e Part 2 — Assembly of Case Studies

Part 1 provides an overview of the case study collection process, the methodological background,
and statistical results of the survey which included 71 studies from 24 countries and 6 continents
around the world. It also includes a summary of identified definitions of resilience to contribute to
the development of the TC Working Group reports.

Part 2 includes a summary of key case studies collected and summarised according to a consistent
template. These have been categorised according to their systematic focus, i.e. which spatial
perspective of climate change adaptation and resilience of road infrastructure is addressed by
them. Overall, it was found that the majority of case study templates can be assigned to the
category ‘whole network’, followed by the category ‘assets/site specific’ and ‘regional’.

The full reports from Working Group 1 and 2 will refer to these case studies.
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The World Road Association (PIARC) considers the following four Strategic Themes within the
Strategic Plan 2020-2023: “Road Administration”, “Mobility“, “Safety and Sustainability” and
“Resilient Infrastructure” (World Road Association, 2020). This report, in the context of Strategic
Theme 1 “Road Administration”, represents an output of Technical Committee (TC) 1.4 “Climate
Change and Resilience of Road Networks”.

TC 1.4 consists of two Working Groups and an internal Case Study Task Force. Working Group 1
aims to identify uniform and methodological approaches to increasing resilience of roads. It covers
hazards and environmental threats within the context of road infrastructure resilience as well as
assessing methodologies and approaches to increase resilience —taking into account the economic,
environmental and social aspects of resilience management. Additionally, Working Group 2
involves an update of the PIARC International Climate Change Adaptation Framework for Road
Infrastructure (PIARC 2020 ; PIARC 2012). The overall goal of the Case Study Task Force is to collect
international case studies and to review these in order to provide structured information in a
consistent form to both Working Groups.

The collection of case studies was finalised in 2021 to provide a good basis for the work in the 2020-
2023 cycle and the related reports. However, the collection of further case studies has continued
and expanded in the light of the topics identified for the 2020-2023 cycle. This includes the
(re)evaluation of already collected case studies from the previous cycle, entailing identification of
case studies especially with regard to holistic methodologies on the topic of resilience, resilience
measures and to approaches to financial aspects of resilience management. Additionally, the
coordination and collection of case studies with the relevant TCs, in particular with those of
Strategic Theme 4 “Resilient Infrastructure” as well as the compilation, categorization and pre-
evaluation of suitable case studies, framework approaches etc. with regard to the tasks within this
TCs are regarded as necessary assignments (PIARC 2020).

In this context, the Task Force collected case studies by conducting a survey involving the TC 1.4
member countries. For the purpose of reviewing case studies in detail, the Task Force provides both
Working Groups direct access to a case study database. This enables the rapid identification of
relevant studies and their contents to prepare the Working Group reports.

This report presents the purpose and the approach of the case study collection process. It provides
a brief description of the survey and the questions used to categorize case studies. Based on the
methodological background, the results of the survey are presented in detail. In that context, first
an overview of all case studies received from across the world is provided. This is followed by a
categorization of case studies based on a series of questions. This statistical analysis of all received
case studies is visualized in various diagrams and can be found in the appendix of this report. Finally,
the report summarizes the previous work and briefly addresses the next steps until the end of the
2020-2023 cycle. It should be noted that only case studies submitted by 31 March 2022 are
presented in this report. If case studies were submitted beyond this date, they were still added to
the case study database.
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PIARC Technical Committee (TC) 1.4 Climate Change and Resilience of Road Networks observes that
road and transport owners and operators are required to manage a broad spectrum of threats in
the future and these alone and in combination can have a significant impact on the availability of
road networks. In order to address climate and other hazards risks to networks (including aging
infrastructure, natural disasters, man-made disasters), TC 1.4 aims to update the PIARC
International Climate Change Adaptation Framework for Road Infrastructure (developed in
previous PIARC cycles) and seeks to identify uniform and holistic methodological approaches to
climate change and other hazards resilience. TC 1.4 assesses and identifies the best practice of
adaptation and resilience activities for low and middle income countries (LMICs) and plays a
fundamental role in providing access to information about resilience measures and its
dissemination among low and middle income (LMICs).

The work of Technical Committee TC 1.4 is carried out around the following topics:
e 1.4.1 Uniform and holistic methodological approaches to climate change and other
hazards resilience
e 1.4.2 Update of the PIARC Climate Change Adaptation Framework for Road Infrastructure

Issue 1.4.1 aims to cover “Uniform and holistic methodological approaches to climate change and
other hazards”. This includes the concepts of all hazards and threats and a holistic approach to
resilience where wider impacts beyond assets across the whole network are considered for all-
hazards as well as climate change. Within this issue, there is consideration of resilient approaches
such as risk management approaches, decision-making and uncertainties/deep uncertainties, as
well as economic, social and environmental aspects of resilience management. These include the
identification of socio-economic impacts of hazards on roads, identification of decision areas that
need enhanced socio-economic information, identification of key users of such information, and
identification of economic and other evaluation measures to increase resilience. Consideration will
also be given to the implementation of resilience into asset management practices. The aim of this
task is to explore the effectiveness of a possible PIARC all-hazard framework for resilient road
networks. It is intended that the work of this Working Group will pave the way towards establishing
an all-hazard resilient Framework in the future.

Issue 1.4.2 covers an update of the PIARC International Framework for the Adaptation of Road
Infrastructure to Climate Change (detailed below).

An Internal Case Study Task Force has the role of assisting the Working Groups in identifying all
relevant literature sources from countries worldwide, and to support the development of the
Reports for each issue.

International Climate Change Adaptation Framework for Road Infrastructure

In 2015 PIARC developed an International climate change adaptation framework for road

infrastructure (the Framework). The Framework aims to guide road authorities through the
process of increasing the resilience of their networks and assets and is designed to be applicable at
any scale such as national, regional, local or asset specific, and was designed to be of practical use


https://www.piarc.org/en/order-library/23517-en-International%20climate%20change%20adaptation%20framework%20for%20road%20infrastructure
https://www.piarc.org/en/order-library/23517-en-International%20climate%20change%20adaptation%20framework%20for%20road%20infrastructure
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for road owners and managers in high and low-middle income countries. The Framework comprised
four main elements, supported by a series of international case studies.

Following this first version of the Framework, PIARC saw a need to identify how this further captures
current experience. This was the motivation for extending work on this Framework into other PIARC
cycles (2016-2019) where two additional Final Reports have been developed and are available on
the PIARC website. These include:
e Adaptation Methodologies And Strategies To Increase The Resilience Of Roads To
Climate Change — Case Study Approach
e Refinements Of PIARC’s International Climate Change Adaptation Framework For Road
Infrastructure.

In this current cycle (2020-2023), Technical Committee 1.4 Climate Change and Resilience of Road
Networks will provide an Update of the PIARC Climate Change Adaptation Framework. This will
involve, taking on board the suggested refinements from the previous cycle, as well as the inclusion
of new case studies and approaches and proposing a framework with a new structure and revised
contents. New elements will also be provided within this updated version of the Framework, such
as aspects of criticality, adaptive capacity and consideration of adaptation pathway approaches. It
aims to be structured into separate parts, one containing processes and descriptions, the other
providing an overview of possible methodologies for performing an impact assessment,
vulnerability assessment, risk assessment and resilience assessments. Special attention will be
given to defining the starting point or the baseline for adaptation, in order to capture all the various
needs of road authorities.
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PART 1: OVERVIEW OF CASE STUDY COLLECTION PROCESS AND RESULTS

The goal of the Technical Committee 1.4 internal Case Study Task Force was to collect case studies
that provide insight into climate change and resilience of road networks. In order to provide an
overall picture on this subject as representative as possible, the case studies cover all continents
and come from high-income countries as well as middle- and low-income countries. The collection
of case studies was conducted by means of an online-survey with the purpose of providing case
studies and information to the two working groups for a technical review.

The survey was also disseminated to other PIARC Technical Committees such as TC 1.5 Disaster
Management, TC 4.1 Pavements, TC 4.2 Bridges, TC 4.3 Earthworks, and TC 4.4 Tunnels, including
REAAA.

In order to collect case studies relevant to both working groups, the Technical Committee 1.4 Case
Study Task Force conducted a survey across TC 1.4 member countries. To promote the
representation of low and middle-income countries (LMICs) and accomodate the idea of a platform
for mutual knowledge exchange, care was taken to ensure that case studies from these same
countries were considered adequately in the report. To maximize the number of case studies, a
survey form was created on the online survey and questionnaire provider LamaPoll while TC 1.4
members were encouraged to participate via email. The survey form required participants to
provide preliminary information such as main characteristics or topic of the case studies. Further
information has been requested at a later stage after the initial review of the case studies had been
completed. Overall, the survey includes 18 questions which are divided into four different sections:

e Section 1: General Information

e Section 2: Audience and Administration

e Section 3: Scope of the Case Study

e Section 4: Steps and details of the methodologies

In order to establish a common understanding of central concepts of TC 1.4 and completion of the
survey, a glossary with term definitions for e.g. adaptation, resilience, sensitivity etc. was provided
before proceeding with a series of questions. Section 1 included information about the title and
author of the case study as well as information about the submitting person/agency, the related
country and the confidentiality of the study (see Figure 1). Section 2 comprised the main audience,
related administrative processes and the type of the case study (see Figure 2 for an excerpt). In
section 3, participants were requested information about the objective of the case study,
considered threats, whether it proposes a definition of resilience and if so, which aspect of
resilience the study addresses and which changes towards the future are considered (see Figure 3
for an excerpt). The last section asked participants about the step of the reslience process the study
focuses on, which type of method is used, what the scope of the impact analysis is and which type
of approach is used to identify, analyse and prioritize interventions (see Figure 4). Additionally, an
abstract of the case study and a website containing more detailed information of the case study
was requested.
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The information was collected using the online survey form and this information was stored in a
case study database. The purpose of this database was to support both Working Groups in
organising the case studies in a practical way and enabled information to be filed across an entire
set of case studies according to different attributes. This function is useful for selecting a specific
subset of case studies to facilitate the review.

3% (37)

Audience and Administration

4. Who is the main audience for the case study?

|:| Road owner
PIARC TC1.4 - New Case Study Survey
[JRoad operator
General Information [[]RoadiPlanning agency
[ Government
1. General Information |:| Road user

Title | | [Research institution

|:| Not applicable
o ]

5. Which administrative processes is the case study related to?

Author | ‘

Submiced by (Name, Agency) ‘ ‘

and/or Download
led infarmation

Link o a Wel
containing mor:

‘ [ Planning {including financing)

2. Country
DOpers: jons (including risk management)

Click here to select v

[[JRenovation and Maintenance (asset management)

3. Is this study confidential?
D-Sc«errarce issues

[vor spplicable
[ cone | =3 O ]

Oves Ono

Figure 1: Questions of Section 1 Figure 2: Questions of Section 2 (excerpt)

Steps and details of the methodologies implemented in the case studies
to improve resiliency

Scope of the Case Study

7. What was the objective of this case study?
13. Which step does the study focus on?

Why was it carried out?

D Address regular problems on the network D dentlfying Scape, Variables, Risks and Data
D Prepare the future of its netwark D Assessing and priaritizing Risks

D Nat applicable D demifying and selecting responses and strategies

UL ]

8. Which threats are considered in the case study?

D ntegrating findings into decision-making processes

D Not applicable
=

14. Which type of method is used in this case study?

D Climate change and extreme weather rel

andslides, sea level

ted natural hazards (eg. storms, floods,

rise, temperature extremes, drought)

D Other natural hazards (eg. earthquakes)

D Aging infrastructure, state of good maintenance and repair
D Man-made disasters

D Cyber and cyber-physical threats

D Biological (Virus pandemic)

D Not applicable

= I

D Exposure Assessment
D‘.’.\\rerfmh(y Assessment
D Risk Assessment

D Resilience Assessmeant

D Not applicable

o]

Figure 3: Questions of Section 3 (excerpt)

Figure 4: Questions of Section 4 (excerpt)
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Until 31 March 2022 the Case Study Task Force received a total of 71 case studies from 24 countries
and six continents. This totalled to 40 from 11 different countries, the majority of received case
studies are from Europe. While four of these case studies have a continent-wide context, the most
European case studies are from France (9), followed by Germany (7), Norway (6), Italy (4), Portugal
(4), Denmark (1), Georgia (1), Greece (1), the Netherlands (1), Slovenia (1) and Spain (1). Fourteen
case studies have been contributed by North American countries: eight from the United States of
America and three from each Canada (Quebec) and Mexico. This is followed by 10 case studies from
Australia/Oceania, seven being from Australia and three being from New Zealand. The remaining
case studies were received from India, Indonesia, the Philippines and South Korea in Asia (each 1),
from the African countries Mozambique and Morocco (each 1) and one case study from Chile in
South America (see Table 1 and Figure 5).
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Table 1: Number and origin of Case Studies

Continent Number of Country Number of
case studies case studies

Europe 40 France

North America 14 United States

Australia/Oceania 10 Australia

Asia 4 Germany

Africa 2 Norway

South America 1 Portugal

Italy

not specified

New Zealand

Canada (Quebec)

Mexico

Chile, Denmark, Georgia

Greek, India, Indonesia,

Morocco, Mozambique,

Netherlands, Philippines,

Slovenia, South Korea,

Spain

WWwWwwhsr b pPhpo NN OO

one each

Number of CSs
9

Unterstitzt von Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom, Wikipedia

Figure 5: Number of received case studies per country represented in the survey

Please note: Some questions could not be answered for all case studies. In this case, the answer option "not
applicable" was selected. The answer options «Other » were specified in free text boxes. The contents are
shown below the figures.

It should be noted that these numbers represent neither the continental proportion nor the total
numbers of case studies available globally. Therefore, the results have to be treated carefully,
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bearing in mind that they are based on the case studies collected by this survey. Approximately
16 per cent of case studies included confidential information and are therefore only accessible to a
limited extent. However, the majority of case studies are publicly available and are written in, or
translated into, English. Only few case studies are in other languages, such as Spanish.

It was determined through the case study analysis that the main audiences for the case studies are
road owners (60%), road operators (54%), road/planning agencies (53%) or governments (51%).
About a quarter of the case studies address research institutions and 9 per cent have road users as
a target group. Further potential audiences include road administrations, communities or
consultancies in the field of climate change risks and transport infrastructures (Figure 6). Most of
the case studies are related to the administrative processes of operations including risk
management (61%), planning including finances (60%), renovation and maintenance (46%) as well
as project design (46%). About 23 per cent are related to project construction or governance issues
(Figure 7).

Who is the main audience for the case study?

100%
80%
60,00%
60% 54,29% 52,86% 51,43%
40%
24,29%
20,00%
20%
8,57%
1,43%
0% ]
Road owner Road operator Road/Planning Government Road user Research Not applicable Other

agency institution

Figure 6: Percentage distribution of case studies related to main audience

Other : Community; consultancies in the field of climate change risks; transport infrastructures; general public; industry;
Infraestruturas de portugal, sa (ip, sa) is the public company that manages road and rail infrastructures, in accordance
with a joint, integrated and complementary strategy. the sole shareholder of ip, sa is the portuguese state. ip, sa is subject
to the supervision of the ministries of infrastructure and housing and finance. ip, sa - national road administration; Lisbon
metropolitan area; municipality, owners and operators of transport infrastructure (road, rail, waterway); users of
transport infrastructure (manufacturing, transport and logistics companies, etc.); port managers; port operators; railway
operators; World bank
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Which administrative processes is the case study related to?
100%
80%
60,00% 61,43%
60%
45,71% 45,71%
40%
22,86% 22,86%
20%
1,43% 4.29%
0%
Planning Project design  Project Operations Renovation Governance Not applicable Other
(including construction (including risk and issues
financing) management) Maintenance
(asset
management)

Figure 7: Percentage distribution of case studies related to administrative processes

Other : Planning; design & financing; Policy statement; Standards

Six different types of case studies were submitted via the survey. It was identified that the majority
of case studies include topics concerning research and development (37%), strategy and policy
guidance (35%), pilot studies (32%) and the implementation in daily practices (30%). 20 per cent of
the submitted case studies are technical guidelines or white papers, while only 7 per cent are
standards or regulations (Figure 8). Almost all of the case studies (86%) have the objective to
prepare the future of its network, while 44 per cent also address the regular problems of the
network. Another common objective is developing concepts for a resilience management using for
example damage assessment or scenario-based stress tests (Figure 9).

Type of case study
100%

80%
60%

40% 35,21% 36,62%

0
32,39% 29,58%
19,72%
20%
0,
7,04% 0.00% 4,23%
, (!
0% i
Strategy and Research and Standards and Technical Pilot study /  Implementation Not applicable Other
policy guidance development regulation  guideline / white  case study in daily
paper practices

Figure 8: Percentage distribution of case studies related to case study type

Other : Project rating system guidance; Risk prioritisation database.



CLIMATE CHANGE, OTHER HAZARDS AND RESILIENCE OF ROAD NETWOR

CASE STUDIES

What was the objective of this case study?
100%
85,92%
80%
60%
43,66%
40%
20%
9,86%
4,23%
0% I
Address regular problems  Prepare the future of its Not applicable Other
on the network network

Figure 9: Percentage distribution of case studies related to the objective

Other : Damage assessment after a flood; developed with the support of 100 resilient cities — pioneered by the rockefeller

foundation (100rc); development of a concept for resilience management; framework for assessing sustainability and

resilience in new infrastructure; railway; rsearch/increase knowledge; scenario-based stress test for an important

transport corridor (road, rail, waterway)

The hazards considered include mostly climate change and extreme weather related natural
hazards (90%) or other natural hazards (27%). Another main topic is aging infrastructure,
maintenance and repair (38%) or man-made disasters (14%). Cyber or cyber-physical threats were
considered in 8 per cent of the case studies and 7 per cent deal with biological hazards such as the
virus pandemic covid-19 (Figure 10). Several changes towards the future are considered in the case
studies, dominated mostly by climate change issues (86%). Other future changes that have been
examined are socio-economic (23%) and environmental developments (21%) as well as the aging
(21%) or future changes of infrastructure (Figure 13).

Which threats are considered in the case study?
100% | 90,149
80%
60%
20% 38,03%
(]
26,76%
20% 14,08%
8,45% 7,04% 8,45%
0,00%
0% ]
Climate change Other natural Aging Man-made Cyber and  Biological (Virus Not applicable Other
and extreme hazards infrastructure, disasters cyber-physical  pandemic)
weather related state of good threats
natural hazards maintenance
and repair

Figure 10: Percentage distribution of case studies related to considered threats
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Other: Climate change and water management; gravitational mass movement; high water; low water; extreme event; In
theory, all of the above could be addressed; the framework focused on urban transportation issues; link closure caused
by a traffic incident; not specific mentioned; There is a detailed analysis of the impacts of COVID-19

In general, the case studies mainly focus on assessing and prioritizing risks (68%) and on identifying
scope, variables, risks and data (68%). Additionally, various studies focused on the identification
and selection of responses and strategies (62%). With 37 per cent, slightly more than a third of the
case studies concentrate on integrating the findings into decision-making processes (Figure 14).
Various methods were used in the different case studies, including risk (62%), vulnerability (55%)
and exposure assessment (51%). In addition, methods for assessing resilience (35%), scenario-
based stress tests, traffic simulations and cost assessments were used (Figure 15).

The overall scope of the impact analyses focus on damages to the road (63%), road or system losses
for the users (55%), losses for society in general (37%) and safety (32%). Besides, issues of
environmental nature (17%), social equity and environmental justice (6%) or damages to
infrastructure and loss of function were considered in the impact analyses (Figure 16). Different
approaches to identify, analyze and prioritize interventions were applied. Most of the case studies
focus on qualitative approaches (35%), multi-criteria assessments (32%) or cost-benefit analyses
(16%). Financial aspects were also further considered in life-cycle costing (6%) and cost
effectiveness assessments (3%) (Figure 17). Almost two thirds of the submitted case studies
propose a definition of resilience, while most of them address the aspect of response (83%). Aspects
of preparedness and recovery are the second most frequently addressed with 78 per cent each.
The prevention phase is covered in 70 per cent of the case studies (Figure 11 and 12).

Does the case study propose a definition of “resilience”?
100%
80%
64,79%

60%

40% 33,80%
20%

1,41%
0%
Yes No Not applicable

Figure 11: Percentage distribution of case studies related to the proposal of a resilience definition
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If a definition of “resilience” is proposed, which aspect of resilience
does the case study address?
100%
82,61%
80% 78,26% 78,26%
69,57%
60%
40%
20%
8,70%
0,00%
0%
Prevention Preparedness Response Recovery Not applicable Other

Figure 12: Percentage distribution of case studies related to the addressed aspect of resilience

Other : Adaption; Method testing

Which changes towards the future are considered in the case
study?
100%
85,71%
80%
60%
40%
22,86% 21,43% 21,43%
20% .
7,14%
1,43% 2,86%
0% I
None Climate change Socio-economic Environmental Aging Not applicable Other
developments developments Infrastructure

Figure 13: Percentage distribution of case studies related to considered future changes

Other : General trends in all the mentioned issues are considered; not other specific mentioned; projections and forecasts
of future conditions (e.g., climate projections) or directly considered in the concept for resilience management so far; the
framework may in theory address any of the aforementioned changes; traffic and transport infrastructure in the year
2010 and 2030
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Which step does the study focus on?
100%
80%
67,61% 67,61%
61,97%
60%
40% 36,62%
20%
1,41% 2,82%
0%
Identifying Scope, Assessing and Identifying and Integrating Not applicable Other
Variables, Risks prioritizing Risks selecting findings into
and Data responses and  decision-making
strategies processes

Figure 14: Percentage distribution of case studies related to step in focus

Other : Does most of these steps; at the project level; policy statement

Which type of method is used in this case study?
100%
80%
61,97%
0 54,93%
60% 50,70% ’
40% 35,21%
0,
20% 11,27%
I
0%
Exposure Vulnerability Risk Assessment Resilience Not applicable Other
Assessment Assessment Assessment

Figure 15: Percentage distribution of case studies related to used type of method

Other : Organisational resilience approach; scenario-based stress test; traffic simulation; cost assessment
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What is the scope of the impact analysis in the case study?
100%
80%
63,38%
60% 54,93%
36,62%
40% ° 32,39%
20% 16,90% 15,49%
5,63% 5,63% . 8,45% l
0y |
Not considered Damages to the Losses for users  Losses for Social equity Safety Environmental  Not applicable Other
road of the road or society in and
system general environmental
justice

Figure 16: Percentage distribution of case studies related to scope of impact analysis

Other : Damages to the port infrastructures (including e.g natural areas); functions; economic impacts and more
generally, damages to the port environments; damages to the railway; impacts on the maintenance and operation of the
network; potential damages to road infrastructure; railway; resilience is considered by sector e.g. cities and the built
environment; road maintenance and operation

Which type of approach is used to identify, analyze and prioritize
interventions?
100%
80%
60%
40% 34,78% 31 88%
0 0 18,84%
20% 15,94% ) 15,94% _— 11,59%
J 2,009 :80% 2,000 7 l
0% | —
Not considered Qualitatively Multi-Criteria Cost Life-Cycle Cost Benefit Socio Real Options, Not applicable Other
Assessment effectiveness Costing Analysis  Economic Cost ~ Robust
Assessment  Assessment Benefit Decision
Assessment Making or
Adaptation
Pathways

Figure 17: Percentage distribution of case studies related to type of approach for identification,
analysis and prioritization of interventions

Other : Analytic hierarchy process; collecting all necessary expert opinion to formulate a broadly accepted set of service
and resilience targets; functional resonance analysis method; identification of the need for climate projections and
indicators to adapt standards; Indicator-based assessment approach; combination of indicators using matrices for the
assessment of impacts and consequences on the object and network level; nature-based features used to adapt projects
to be more resilient; road map of actions to follow this strategy
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Through the case study collection process, it was identified that there are a number of definitions
of resilience which have been developed . The various definitions from the different studies can be
found in Table 2.

Table 2: Definitions of resilience within the case studies

Definition Case Study Title

“The ability to prepare for changing conditions and withstand, Comparative evaluation of
respond to, and recover rapidly from disruptions” (FHWA, 2015). The | measures for urban

terms resilience and resiliency are used interchangeably by highway network resilience
researchers and practitioners. For consistency throughout this due to traffic incidents

article, the authors have adopted the term resilience to be in line with
FHWA'’s terminology.

"The capacity of social, economic, and environmental systems to Case Study:

cope with a hazardous event or trend or disturbance, responding or | Implementation of Climate
reorganizing in ways that maintain their essential function, identity, Adaptation measures on
and structure, while also maintaining the capacity for adaptation, pilot road in Mozambique
learning, and transformation.”
"The method is a simplified resilience assessment, where emphasis | The 3R method - a

is put of three parameters: robustness, redundancy, and recovery. simplified resilience
These parameters are scored based on their local, regional, or approach for assessing
national importance and the scores are combined in a total score for |road projects in Norway
the project — which is then a basis for comparison between project
solutions.*

"The ability to anticipate and resist the effects of a disruptive event, | National Disaster
minimise adverse impacts, respond effectively post-event, maintain | Resilience Strategy
or recover functionality, and adapt in a way that allows for learning
and thriving.”

"A system is resilient when it can adapt to internal and external Water management for
challenges by changing its method of operations while continuing to | road authorities in the face
function. While elements of the original system are present there is a | of climate change
fundamental shift in core activities that reflects adapting to the new
environment.' (Ciara Rooney - Source:
ww.activegarage.com/resilience-engineering-1-robust-resilient)*
"The study discusses different definitions of resilience, however the | RESilience management

methodological concept is based on the definition provided by guidelines and

Hollnagel (2011) : 'The intrinsic ability of a system to adjust its Operationalization appLied
functioning prior to, during or following changes and disturbances, so | to Urban Transport

that it can sustain required operations under both expected and Environment

unexpected conditions™

"Resilience is the ability of a system to be prepared for actual or Development of a concept
potential damaging incidents, to factor them in, to avoid them, to for resilience management
overcome them and to recover from them as quickly as possible. for federal highways in
Damaging incidents are unusual occurrences or processes of Germany

change caused by humans, technology or nature, having extreme or
disastrous consequences.“ (Deublein et al., 2020)

"The definition is based on the IPCC’s definition and adapted to Resilience of SANEF road
transport infrastructures: The capacity of interconnected social, network to climate change
economic and ecological systems to cope with a hazardous event,
trend or disturbance, responding or reorganising in ways that
maintain their essential function, identity and structure. Resilience is
a positive attribute when it maintains capacity for adaptation,
learning and/or transformation.”

"The ability of a social or ecological system to absorb Planning for adaptation to
disturbances while retaining the same basic structure and ways of climate change —
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functioning, the capacity for self-organization, and the capacity to
adapt to stress and change.“ (IPCC, 2007)

Guidelines for
Municipalities

"The resilience of critical infrastructure depends on the capacity of
owners and operators to effectively manage the risks to their
operations. This includes having in place mature risk management
procedures, based on best practice, to effectively prepare for,
prevent, respond to and recover from foreseeable risks and
developing capabilities that empower and enable organisations to
manage unforeseen risks.“

Critical Infrastructure
Resilience Strategy: Policy
Statement

"Resilience — the capacity of an infrastructure system or organisation
to cope with, and quickly recover from, an adverse climate change
impact. Resilience can be enhanced through changes in
management, procedure and awareness, as well as physical
measures.” (TRL, 2008 — Transport Research Laboratory, 2008,
Climate Change Resilience Indicators, report for South east England
Regional Assembly, CPR117, September)

Australian Green
Infrastructure Council
Guideline for Climate
Change Adaptation

"Resilience is defined by the Victorian Government as the capacity
of individuals, communities, institutions, business and systems to
survive, adapt and thrive no matter what kind of chronic stresses and
acute shocks they experience. The critical infrastructure framework
takes an ‘all hazards, all emergencies’ approach to building
resilience, which reflects the potential for both natural and human-
induced events that can disrupt or damage critical infrastructure.”

Victoria’s Critical
Infrastructure All Sectors
Resilience Report 2020

"100RC defines urban resilience as the capacity of individuals,
institutions, businesses and systems within a city to adapt, survive
and thrive no matter what kind of chronic stresses and acute shocks
they experience.”

Resilient Melbourne
Strategy

"City resilience is the capacity of individuals, communities,
businesses and systems within a city to survive, adapt and thrive no
matter what kinds of chronic stresses and acute shocks they
experience.*

Resilient Sydney: A
strategy for city resilience
2018

"Resilience or resiliency is the ability to anticipate, prepare for, and
adapt to changing conditions and withstand, respond to, and
recover rapidly from disruptions.*

Vulnerability Assessment
and Adaptation
Framework, 3rd edition
(2020)
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The results of this survey have provided a useful input into the preparation of the reports of the
two Working Groups of Technical Committee (TC) 1.4. Besides the collection and classification of
relevant case studies, the work of the Task Force was focused on making the results easily accessible
via the TC 1.4. The case study database contains all the above-mentioned aspects for each
submitted case study and thus offers the possibility for the Working Groups to filter the case studies
in order to get a quick overview of the relevant case studies. Through this, it serves both Working
Groups as a source of information for the review of case studies and the preparation of the Working
Group reports. In addition, the database contains references where further information and
documentation on the case studies can be found.

The compilation of the Case Study Database required the provision of case studies by TC 1.4
members and other colleagues in their respective countries. Throughout the current PIARC cycle
the Task Force received great support which was necessary to compile the Case Study Database. All
the information collected by the Task Force could serve as a basis for the work in future PIARC
cycles. It should be noted that a relatively low response rate from LMICs may affect the applicability
of the findings from the case studies to those countries. The response rate of these countries could
be improved through different strategies initiated by PIARC. This could include leveraging resources
to holistically target LMICs from PIARC as umbrella organization that go beyond the efforts of
individual Technical Committees.
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PART 2: ASSEMBLY OF CASE STUDIES

Part 2 of the report of Technical Committee 1.4 represents an assembly of case study templates on
climate change adaptation and resilience of road infrastructure that were included in the individual
reports of Working Group 1 and Working Group 2.

All case studies have been collected by conducting a survey distributed across members of
Technical Committee 1.4. For this part of the report, they were categorized according to their
systematic focus, i.e. which spatial perspective of climate change adaptation and resilience of road
infrastructure is addressed by them. It was found that most case study templates can be assigned
to the category ‘whole network’, followed by the category ‘assets/site specific’ and ‘regional’.

The largest number of templates comes from Europe (22), followed by North America (8) and then
Australia/Oceania (4) and Asia (1).

The Case Study templates were categorized according to their focus on the whole network, regions
or specific assets and sites. This results in the following distribution for the categories: whole
network (20), regional (7) and assets/site specific (8).

8.1. WHOLE NETWORK

e Climate impact analysis of the federal transport system in the context of floods

e Climate impact analysis of the federal transport system in the context of storms

e Climate impact analysis of the federal transport system in the context of mass movements

e Methodological framework for adapting road infrastructure to climate change in Mexico

e Geospatial analysis of climate change in road infrastructure in Mexico

e Implementing the International Climate Change Adaptation Framework for Road
Infrastructure in Mexico

e xgeo.no — Expert tool for preparedness, monitoring and forecasting

e National landslide and avalanche warning system

e System for assessment and responding to geohazards

e National Resilience Programme Business Case

e Analysis of the risks incurred by extreme climate events on infrastructures, systems and
transport services

e Potential impacts of climate change on transportation infrastructures and systems, on their
design, maintenance and operation standards and the need for detailed climate projections

e Envision - Sustainable Infrastucture Framework

e ForeSEE Project - Assesment of existing climate databases

e Toward a Resilient Highway Network in the Netherlands

e C(riticality assessment in road projects in Mexico

e CEN WORKSHOP AGREEMENT - CWA 17819

e Mainstreaming Disaster Risk Management to Sustain Local Roads Infrastructure

e Methodology for Calculating a Vulnerability Score Used in Network Vulnerability
Assessments

e New Zealand Mandatory Climate-related Financial Disclosures
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006 climate impact analysis of the federal transport system in the context of floods

Purpose

Analysis and assessment of flood event impacts on road,
railway and waterway infrastructure caused by river floods,
coastalwater levels and heavy precipitation for the transport
network of Germany based on the studies of the BMVI-
Network of Experts

Qutput

+ Key statements on the future projection of precipitation
conditions, runoff of major rivers as well as sea level

+ Key statements, statistics and maps on the impact of these
changing conditions on Germany's transport system

Benefits

Assess the need for adaptation of federal fransport system to
climate change impacts — Roadzectin i foadams

= Fistiral Trisnk Roiasd

Support in the planning of new construction and maintenance 1 ket o ekt v v of ot fccl ot
measures edium (laf) of extrerme fdver Rood and storm surge scenaria (right) (highlighted in red)

e . : ) ) (PI;&RC
World Road Association » Assocation mondiale de |a Route « Asociacion Mundial de la Carelera « www plarc org

Further information:

https://www.bmvi-
expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT103.html|?nn=1371986

(German language)



https://www.bmvi-expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT103.html?nn=1371986
https://www.bmvi-expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT103.html?nn=1371986

CLIMATE CHANGE, OTHER HAZARDS AND RESILIENCE OF ROAD NETWORKS

CASE STUDIES

007 climate impact analysis of the federal transport system in the context of storms
I = ' >

"[ai

Purpose

This report summarizes the studies of the BMV|-Network of
Experts concerning storm hazards and provides some
indications of the type and scale of foreseeable risks of
storms to the federal transport system

Qutput

« Key statements on the future projection on extreme winds
and storms over land/sea and on potential storm surges

+ The exposure of transport infrastructure to storms is mainly
determined by the availability of vegetation

+ Exposure analysis for wind throw was carmed out

Benefits

Assess the need for adaptation of federal fransport system to
climate change impacts

i o o i b

Support in the planning of new construction and maintenance  Location of forested areas within a 100 m obssrvation arsa around the federal
main read network (&) and the denved exposure against wind throw at a
measures distance of 20 m (o)

N ) PIARC
World Road Association » Assocation mondiale de |a Route « Asociacion Mundial de la Carelera « www plarc org

Further information:

https://www.bmvi-
expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT104.html|?nn=1371986

(German language)



https://www.bmvi-expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT104.html?nn=1371986
https://www.bmvi-expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT104.html?nn=1371986
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008 climate impact analysis of the federal transport system in the context of gravitational
mass movements = B

Purpose

This report summarizes the studies of the BMVI-Network of
Experts concerning hazards due to gravitational mass
movements

Output
« Key statements on the future projection on triggering
climatic parameters for gravitational mass movements such

as permanent or heavy precipitation and freeze-thaw
changes

+ Key statements and statistics on the impact of gravitational
mass movements on Germany's transport systemin the
context of changing climatic conditions

Benefits

Assess the need for adaptation of federal transport system to
climate change impacts

Support in the planning of new construction and maintenance Potentlal hazard for gensral g mass (A). buftered hazard areas
of the hazard classes 210 (B) and the resulting affected line sections (C), expert
measures knowledge-based approach, section of the federal rail network PIARC
World Road Association «Association mondiale de la Route » Asotiacion Mundial de la Cametera « www piare.org K
Further information:

https://www.bmvi-
expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT105.html|?nn=1371986

(German language)



https://www.bmvi-expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT105.html?nn=1371986
https://www.bmvi-expertennetzwerk.de/DE/Publikationen/TFSPTBerichte/SPT105.html?nn=1371986
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033 Methodological framework for adapting road
infrastructure to climate change in Mexico

Purpose: The Framework has been developed to assist road
engineers who operate and maintain the national road

infrastructure, and has an engineering approach to face the | IMPLEMENTATION AND MONITORING |

challenge that has represented the climate change.

Qutput: 5 %

* The vision of the Framework is to be able to consolidate i
this tool as a manual for adaptation to climate change in EEE
any road organization in the country, since it is based on %%
international experience, but supported by local =
instruments.

Benefits:

The main advantage of using the Framework is its process,
which allows for the establishment of an integrated planned
phase, which ensures its implementation and the obtaining of
reliable results, as well as a systematic analysis for the
identification, assessment and prioritization of risks
associated with climate CI"IEI'IQE. aclon Mundial de la Carretera » www plarc.org gPIﬂRC

Further information:

https://imt.mx/archivos/Publicaciones/PublicacionTecnica/pt557.pdf

(Spanish language)



https://imt.mx/archivos/Publicaciones/PublicacionTecnica/pt557.pdf
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034: Geospatial analysis of climate change in road infrastructure in Mexico:
impacts, vulnerability, future climate and risks

Purpose: Identifying risk sites on the network by the help of - )
GIS - methodology and the examples. ~3 ,f‘

Qutput: -

* The case study is supported by maps of risk and climate &k
change made in Mexico, and that when maps overlay with '
the road network, the sections of the road network. Exposure map " Road network
exposed to different climatic threats can be identified.

+ Useful tool to identify which assets, sites or elements are \ T /
at risk/threatened/vulnerable. Potentially vulnerable sites

Benefits:

The use of tools such as GIS that allow geospatial analysis of
climate change, may increase the coverage of the
vulnerability analysis of the Mexican highway network.

Good basis for prioritizing adaptation action when road -
networks are very large. scitn Mundial de a Carretera « Wi piaro or ';slllmet_

Further information:

https://imt.mx/archivos/Publicaciones/PublicacionTecnica/pt523.pdf

(Spanish language)



https://imt.mx/archivos/Publicaciones/PublicacionTecnica/pt523.pdf
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039 Implementing the International Climate Change Adaptation
Framework for Road Infrastructure in Mexico

Purpose: Implement the PIARC Adaptation Framework and
identify opportunities for improvement.

Qutput:

* The CS illustrates how to apply the Framework in all its
stages and steps, making use of information from Mexico.

* The CS adapted various evaluation matrices for the case
of Mexico, since the Framework needs to be adapted to
the context of each country.

Benefits:

Evaluate the applicability of the Framework, the information
needs for using it in the different countries and the
opportunities for improvement.

R . : ) ) (PIL‘&RC
fd Road Assocation »Assocation mondiale de |a Route « Asociacion Mundial de |a Camelara « wiviv plarc.org

Further information:

https://routesroadsmag.piarc.org/en/Routes-Roads-Magazine-Numero-378-Roads-
Tunnels/5353,Routes-Roads-Mag-378-Update-International-Climate-Change-Adaptation-
Framework-Road-Infrastructure-The-case-of-Mexico#clal6ba0y34

(English language)



https://routesroadsmag.piarc.org/en/Routes-Roads-Magazine-Numero-378-Roads-Tunnels/5353,Routes-Roads-Mag-378-Update-International-Climate-Change-Adaptation-Framework-Road-Infrastructure-The-case-of-Mexico#c1a16ba0y34
https://routesroadsmag.piarc.org/en/Routes-Roads-Magazine-Numero-378-Roads-Tunnels/5353,Routes-Roads-Mag-378-Update-International-Climate-Change-Adaptation-Framework-Road-Infrastructure-The-case-of-Mexico#c1a16ba0y34
https://routesroadsmag.piarc.org/en/Routes-Roads-Magazine-Numero-378-Roads-Tunnels/5353,Routes-Roads-Mag-378-Update-International-Climate-Change-Adaptation-Framework-Road-Infrastructure-The-case-of-Mexico#c1a16ba0y34
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150 xgeo.no- Expert tool for preparedness, monitoring and forecasting

+ Weather data
Road data
Data on earlier events

Threshold values
Emergency levels =
responsibility and action

Recognizing situations requiring a higher
emergency level.

Topics to include?

Making use of available data, data-sharing,
combining weather, terrain conditions and
previous weather-related events.

Jorld Boad Association » Association mondiale de |a Route

[ T e —

EElEsEL=]=] o
|CT— e —— e —]

. ) (PIL‘&RC
= Asociacion Mundial de la Carelera « wiww plarc.org

Further information:

WWW.Xg€e0.no
(English language)



http://www.xgeo.no/
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152 National landslide and avalanche warning system

Avalanche warrungs, flood warnings, landslide warnings, lake 108 warnings and
weather wamings

p———— Varsom.no - Norwegian avalanche, flood
4 and landslide hazard warnings
et Bors MVE L ) ‘-\,
= EEE i Collaboration between
ki = ,;' . stakeholders, suppliers of data
- s 51 i
= ——— 7 and expertise.
S D N y
s S o
s o Sl
i mom [ NPRA contributes with field
el ——— observers and experts issuing

warnings.

: PIARC
- caation « Assocation mondiale de la Route » Asociacion Mundial de la Cametera « www piarc.org )

Further information:

https://www.varsom.no/en

(English language)



https://www.varsom.no/en
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REGOBS

Avalanche Atlas

. Nﬂd Observations
Text box /fact sheet:

the whole cycle of preparing, monitoring, analyzing data, issuing warnings,
managing and learning from experience.

Warnings and Alarms

AW
Data Presentation
VARSOM
B =

Further information:

https://www.veqvesen.no/fag/teknologi/geofaq/skred/beredskap https://www.varsom.no/en

(Norwegian language)



https://www.vegvesen.no/fag/teknologi/geofag/skred/beredskap
https://www.varsom.no/en
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157 National Resilience Programme Business Case

The purpose of this project was to provide an
evidence base of the nationally important risks
posed to the New Zealand land transport system
from natural hazards; and identify initiatives to
address the systemic resilience risks, issues,
deficiencies and opportunities

The main outputs from the work were the project
report, and spreadsheet and geospatial files of
the databases of risks and assessments.

An example of how to undertake a pragmatic risk assessment of a significant length of network, using the consistent data sets
available at such a scale.

Road Ass mondlal 3 Route + A n Mundial de la q . v Dar

Qy"IAR(_

Further information:

Homepage: https://www.nzta.qovt.nz/roads-and-rail/highways-information-portal/technical-

disciplines/resilience/national-resilience-programme-business-case/

Executive summary: https.//www.nzta.qovt.nz/assets/Highways-Information-Portal/Technical-

disciplines/Resilience/nrpbc/National-Resilience-PBC-Executive-Summary.pdf

https://www.varsom.no/en

(English language)


https://www.nzta.govt.nz/roads-and-rail/highways-information-portal/technical-disciplines/resilience/national-resilience-programme-business-case/
https://www.nzta.govt.nz/roads-and-rail/highways-information-portal/technical-disciplines/resilience/national-resilience-programme-business-case/
https://www.nzta.govt.nz/assets/Highways-Information-Portal/Technical-disciplines/Resilience/nrpbc/National-Resilience-PBC-Executive-Summary.pdf
https://www.nzta.govt.nz/assets/Highways-Information-Portal/Technical-disciplines/Resilience/nrpbc/National-Resilience-PBC-Executive-Summary.pdf
https://www.varsom.no/en
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166 Analysis of the risks incurred by extreme climate events on infrastructures, systems
and fransport services - Collection of concepts

[ ] 7 el I o 10 steps
o e T e _y o Preparation of
et . Vs raciores da mommprt ok 0 Gl the risk
= T = = w assessment
. . g o Risk
s S . ot g b ol ) (e assessment
'.- Bi= e o Strategy of
s = ce—— R resilience
Nl = =S e o Useful for road
T T — Ta] == networks, and also
=== - railways, ports, etc.
= G

o Implemented many
times in various
contexts

mE -~ o

Example of a methodology to improve road (and other types of networks)
resilience to climate change

Further information:

https://www.cerema.fr/fr/actualites/assessing-risks-incurred-extreme-climate-events-
transport

(English language)

https://www.cerema.fr/fr/centre-ressources/boutique/vulnerabilites-risques-infrastructures-

transport-face-au

(French language)


https://www.cerema.fr/fr/actualites/assessing-risks-incurred-extreme-climate-events-transport
https://www.cerema.fr/fr/actualites/assessing-risks-incurred-extreme-climate-events-transport
https://www.cerema.fr/fr/centre-ressources/boutique/vulnerabilites-risques-infrastructures-transport-face-au
https://www.cerema.fr/fr/centre-ressources/boutique/vulnerabilites-risques-infrastructures-transport-face-au
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170 Potential impacts of climate change on transportation infrastructures and systems, on their
design, maintenance and operation standards, and the need for detailed climate projections

MNumber of documents

. categorised
. Identification of climate changes | e
C—— . [
| Analysis of curent and future Impacts on infrastructeres | &
R
Listing ef technical and regulatery documents and standards that will be impacted | u
——
Identification of climate-relafed data i it ; !
—— - | a
Roads Urbanroads  Raoadenginesring sractunes
Adaptation of the doc and standards |
W Category 3 documant: documnant farwhichitis @ Category 2 documant: tachalcal documant
sssantial to obtain climatic detads in arder ta impacted by climats changa and requiring an
rmake a dezisan sdaptation [regulatory admentment,

standardization actions, &t<.)

m Categary 1 decumant: technical decumant net
impacted by climate change, but addressing
climate cancepts

Good example of adaptation measure —
Sustainable development award, PIARC World Road Congress Abu Dhabi 2019
Can also be used to identify the sensitivity of infrastructures to climate hazard

A S o : . . : PIARC
World Road Association » Association mondiake de la Route » Asocciacion Mundial de la Camelera » www.plarc ofg

Further information:

https://www.cerema.fr/fr/actualites/adapting-technical-documents-and-standards-take-
account

(English language)



https://www.cerema.fr/fr/actualites/adapting-technical-documents-and-standards-take-account
https://www.cerema.fr/fr/actualites/adapting-technical-documents-and-standards-take-account
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182 Envision - Sustainable Infrastucture Framework @ @ @
Purpose Mo e

Envision is a framework that provides the guidance needed to
plan, design and delivery sustainable and resilient infrastructure.

Envision provides industry-wide sustainability metrics for all types g_'e' ’s'i'fi'gﬁ :'e""
and sizes of infrastructure to help users assess and measure the 16 Credits
extent to which their project contributes to conditions of

sustainability across the full range of social, economic, and EMISSIONS
environmental indicators. Envision helps users aptimize project 1.1 Hedsoe Nt Embodied Carbon

B2 Radule Gresnhpuss G EMEsions
1.3 Reduie Ar Follutant Emissions

resilience for both short-term and long-term impacts, The
Framework helps owner and project team to design and delivery a
sustainable infrastructure certified by 151 (Institute for Sustainable RESILIENCE
Infrastructure. OR2.4 Awokdl Unsuliable Dewelopment

2.2 Asueis Cimate Chasge il nesability
B2} Evaluane Rsh b Resiiene
Benefits On2.4 Eslahish Besdience Goals and Shalegies
. A aE 2.5 Mazimize Resiience
Following the Credits of the gud-Category Rt_a_s.lllenc_e, P
understanding the types of risks and probability of risks allows the
project team to deliver an informed project design that anticipates CRALA Mnoezi o Exceed (1l Requramens
and withstands these nsks, minimizing its overall vulnerability. Em':‘;&;mm éﬁ ‘M':faf i -'"‘.“ﬂ f—mﬂnﬂwaﬂﬂ a"“am
Maximizing resilience ensures a longer useful life and primes the hittps:/sustainatieinfrastructure ong! : )

project to mare fully meet the future needs of the community.

R . : ) ) (PI,&RC
Road Assocation = Assocation mondiale de la Route « Asocacion Mundial de la Camrelera = www plarc.org

Further information:

https://sustainableinfrastructure.org

(English language)



https://sustainableinfrastructure.org/
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189 ForeSEE Project FORE

Assesment of existing climate databases SEE
Purpose

This document describes an extensive review of climatic databases, prioritizing European ones that could be used to
analyze the effects of extreme weather events on transport infrastructures. The databases presented provide high
frequency information as well as an adequate spatial resolution. Three different types of databases will be included in
the analysis:

* Instrumental: Pluviometric and meteorological station information, which constitutes the best representation of
perceived weather. This will be the primary source of information for any analysis

« Satellite: Satellite information presents biases that need to be accounted for, but it provides areal coverage that
serves to properly include the spatial structure of the hydrometeorological variables

« Numerical models: Mumencal models do not normally capture the small-scale dynamics of climate, but they constitute
an essential tool to study climate variability in decennial time scales,

R . : ) ) (PIARC
rid Road Assocation - Assocation mondiale de |a Route « Asociacion Mundial da la Camretara « plarc.org

Further information:

https://foreseeproject.eu/

(English language)



https://foreseeproject.eu/
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197 - Toward a Resilient Highway Network in the Netherlands

Case comprises two steps:

1. Study to gain insight in the current and future
resilience of the highway network.

2. Provide an overview of measures,
conducting cost benefit assessments and
developing an adaptation strategy with the
goal to have a resilient road network in 2050

How can the CS be used in the best possible way?

It’s an example for all stages. It includes assessment of climate change, exposure, vulnerability, criticality and resilience

It includes identification of measures, assessment of measures in a multl criteria assessment, conducting a cost benefit
assessment of promising measures, linking to governance structure of Rifkswaterstaat {maintenance, rehabilitation, design
and construction) and writing of an adaptation strategy.

Maybe the framework lacks a chapter on evaluation of level of risk/resilience = decision making process whether
adaptation action is needed!

‘ofld Road Association « Assocation mondiale de la Route » Asocacion Mundial de la Caretara » www plarc.org %

Further information:

https://qeostenen.grid.rws.nl/portal/apps/Cascade/index.html?appid=d6cade4dddf5743d7b201
a70cd4f1c422

(Dutch language)



https://geostenen.grid.rws.nl/portal/apps/Cascade/index.html?appid=d6ca4e4ddf5743d7b201a70cd4f1c422
https://geostenen.grid.rws.nl/portal/apps/Cascade/index.html?appid=d6ca4e4ddf5743d7b201a70cd4f1c422
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232 Criticality assessment in road projects in Mexico

Purpose: The project called “"Establishment of criteria that allow
determining the criticality of public investment projects for
network infrastructure” establish criteria to determine the
criticality of public investment projects for highways in Mexico.

Output: ]

« The project seeks to increase the resilience in roads i - Sy e
investment projects (new and existing). The process is 3
established in two stages, the first one performs a criticality e oot
assessment to identify relevant projects of the road network, i R Tt 1
and the second stages consists of a disaster risk assessment.

Benefits:

Road organizations have limited resources, so they need to - * -
prioritize road assets that need to be evaluated against any
hazard/threat.

Therefore, during the planning stage (prior to a vulnerability, risk,
disaster risk or resilience assessment) the scope of the study
must be established, determining the assets of the road network

that will be analyzed. o '{PI.&RC
unalal de g Lamsigra - e ..'._.'

Further information:
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CEN WORKSHOP AGREEMENT - CWA 17819
Guidelines for the assessment of resilience of transport infrastructure to potentially disruptive
events

Purpose

This document is a result of the studies and activities performed under FORESEE project, funded under European Union's
Haorizon 2020 Research and Innovation Framework under grant agreement No 769373,

This document is focused on the resilience of transport systems to specified events. It can be used by any organization that
is interested in measuring resilience regardless of size or extent of infrastructure. As transport can occur on infrastructure of
multiple types, the measures of service and resilience are also suitable for infrastructure enabling multi-modal transport.

 rducrion in servioe (o the sbaors phase 8 Redsthan in service i the reaery plase 8 Provided s
i

Considering the context of potentially disruptive events, this
document is to be used to determine;
— how to measure the service provided by, and the resilience of,

= Fapemediraece| Emse e R e
Euring the recavery phuoe

transport infrastructure; || i Eanmere o
— how to set service and resilience targets of transport
infrastructure, 4

This document includes:

— the concepts of how service and resilience can be measured; i i Eaoad s e
— the concepts of how service and resilience targets can be set; :
— the steps to determine how to measure service and resilience; H iy e e
— the steps to set service and resilience targets. ST s
T
Figare 1 — i of tramsport nfr: re pesilience wsing the “travel time " measure of

wervice

Further information:

https://foreseeproject.eu/

(English language)



https://foreseeproject.eu/
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161 - Mainstreaming Disaster Risk Management to Sustain
Local Roads Infrastructure

Damages (PHP millions)

Case comprises two steps: 1200
1.  Study to gain insight in the current and future 1000
resilience of the highway network. 800
2. Development of an adaptation strategy, while 800
providing a methodology to conduct a DMDU 400
approach (Decision Making under Deep 200
Uncertainty) on a basic level while a
acknowledging all uncertainties in climate F'°°"g‘gJ‘LC’W F'°°d'gg;“'GH Earhquake
change and socio economic developments =Current ~ 2050 w2100

How can the CS be used in the best possible way?

Step 1 of the case study can be used as an example of conducting a resilience assessment in a data poor environment while stilf
considering all relevant factors for such an assessment

Step 2 provides a state of the art example of application of DMDU on road networks, adapled to the capacifies of the provincial
road authorities that were the target audience. The developed DMDU approach considers all basic elements of DMDU and
adaptation planning but has brought this down to the essential steps and the level of expertise at the road authorty. This could be
included in the framework as an example, but could also be included as a methodology description.

Further information:

https://documentsl.worldbank.org/curated/en/386291571312802654/pdf/Mainstreaming-
Disaster-Risk-Management-to-Sustain-Local-Roads-Infrastructure-Risk-Assessment.pdf
https://documentsl.worldbank.org/curated/en/904061571298136932/pdf/Main-Report.pdf
https://documentsl.worldbank.org/curated/en/325421571301691313/pdf/Summary-

Report.pdf
(English language)



https://documents1.worldbank.org/curated/en/386291571312802654/pdf/Mainstreaming-Disaster-Risk-Management-to-Sustain-Local-Roads-Infrastructure-Risk-Assessment.pdf
https://documents1.worldbank.org/curated/en/386291571312802654/pdf/Mainstreaming-Disaster-Risk-Management-to-Sustain-Local-Roads-Infrastructure-Risk-Assessment.pdf
https://documents1.worldbank.org/curated/en/904061571298136932/pdf/Main-Report.pdf
https://documents1.worldbank.org/curated/en/325421571301691313/pdf/Summary-Report.pdf
https://documents1.worldbank.org/curated/en/325421571301691313/pdf/Summary-Report.pdf
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Methodology for Calculating a
Vulnerability Score Used in
Network Vulnerability Assessments

Purpose

Using a combined stakeholder and data input approach to
determining vulnerability scores as part of a vulnerability
assessment on the Western Australian State road network.

Qutput

= Vulnerability Assessment which utilizes
data sources such as climate hazard
projections, asset data and network
use and supplemented by stakeholder
input to produce vulnerability scores.

» The vulnerability score is a
combination of Potential Impact
(Exposure and Sensitivity), Criticality
and Adaptative Capability

Vulnerability Score

(VS)

VS=C*Pi- PinAC*AC

Benefits
Assessment is cost effective, repeatable and objective.

Used in investment decision making and asset management

Potential Impact

Pr=wE*Etws™s

Criticality (C)
C=in*win

38

Exposure (E)
..... |

Indicator Categories (IC):
Marine Waters,
Temperature, Rainfall, Wind,
Bushfire

Sensitivity (5)
S=in*win

[

Indicators (I): Asset Age,
Dominant Material Type,
Current Condition, Terrain/
surrounding environment,
Other asset specific factors

Indicators (I): Asset function,
Level of Use (AADT), Heavy
Vehicle (%HV),
Redundancy, Connections
(communities, industry)

v

Indicators (1): Feasibility of
available Resilience Options,
Funding availability for Resilience
Options, Effectiveness of
Resilience Options

World Road Association » Association mondiale de la Route « Asociacion Mundial de la Carretera « www.piarc.org

PIARC

Further information:

2022R33EN
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Case study: New Zealand Mandatory Climate-related Financial Disclosures

The NZ Government passed legislation making climate-related

disclosures mandatory for some organisations. The requirement will

apply to large publicly listed companies, insurers, banks, non-bank

deposit takers and investment managers.

The goal of mandatory climate-related disclosures is to:

= ensure that the effects of climate change are routinely considered
in business, investment, lending and insurance underwriting
decisions

* help climate reporting entities better demonstrate responsibility
and foresight in their consideration of climate issues

= lead to more efficient allocation of capital, and help smooth the
transition to a more sustainable, low emissions economy.

Mandatory climate-related disclosures will help New Zealand meet its

international obligations and achieve its target of net zero carbon by

2050.

Reporting will be against a standard, structured around four thematic

areas that represent core elements of how organisations operate:

= governance

* strategy

* risk management

* metrics and targets

In 2021 for the first time, Waka Kotahi NZ Transport Agency

voluntarily reported against the Climate Related Financial Disclosures

standard in its annual report

This case study could be used as an
example of new approaches to
monitoring and reporting on climate
change performance of private or
public organisation.

Purongo a-tau a
Waka Kotahi
ort Ag

See https://environment.govt.nz/what- annual re

government-is-doing/areas-of-
work/climate-change/mandatory-
climate-related-financial-disclosures/

and

https://www.nzta.govt.nz/assets/resou
rces/annual-report-nzta/2020-21/nzta-
annual-report-2021-section-g_pdf

: — — ‘ o . PIARC
World Road Association » Association mondiale de la Route + Asociacién Mundial de la Carretera « www.piarc.org )

Further information:

https://environment.qovt.nz/what-government-is-doing/areas-of-work/climate-

change/mandatory-climate-related-financial-disclosures/

https://www.nzta.qgovt.nz/assets/resources/annual-report-nzta/2020-21/nzta-annual-report-

2021-section-g.pdf

(English language)



https://environment.govt.nz/what-government-is-doing/areas-of-work/climate-change/mandatory-climate-related-financial-disclosures/
https://environment.govt.nz/what-government-is-doing/areas-of-work/climate-change/mandatory-climate-related-financial-disclosures/
https://www.nzta.govt.nz/assets/resources/annual-report-nzta/2020-21/nzta-annual-report-2021-section-g.pdf
https://www.nzta.govt.nz/assets/resources/annual-report-nzta/2020-21/nzta-annual-report-2021-section-g.pdf
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8.2.

REGIONAL

Wellington Regional Land Transport Resilience Programme Business Case

Action plan for infrastructure management in the context of climate change — coastal zones
Increasing resilience of earth structures on roads in northern Spain

Towards a more resilient spanish road network

Natural Hazard Plans for Operation Contracts

Risk Assessment to Climate Change — DIR Med case study

Resilience of SANEF road network to climate change
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158 Wellington Regional Land Transport Resilience
Programme Business Case

The Wellington Region is vulnerable to a range of
natural hazards, including earthquakes, tsunami,
major storms, floods and landslips.

Waka Kotahi, in collaboration with local councils
and KiwiRail, identified the most-at-risk locations
in the land transport system, and recommended
a programme of interventions to address the risks
at these locations.

The CS could be used as a text box, and inform sections 1.7, 2.3, 3.2 or 5.1.

An example of MCA and Cost-Benefit Analysis approaches and was used as input to WEL“NW
a wider integrated multi-sector plan. However, its primary focus and maximum =¥
credible event used for planning was not climate change related! :

‘ ‘ CPIARe

Further information:
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Action plan for infrastructure management in the context of climate change - coastal zones [Plan d'action
sur la gestion des infrastructures dans un contexte de changments climatiques (PAGI3C) - zones cétiéres]

To integrate erosion and submersion into a coastal risk
analysis to enhance risk and asset management in
coastal areas, the Ministére des transports du Québec
has adopted an Action plan for infrastructure
management in the context of climate change
(PAGI3C) in order to strengthen the resilience of
transportation networks in coastal zones. Based on
four main objectives, structuring actions are initiated :
for an approach from reaction to prevention. UOAR's Marifime Cuéhee Monterig Netwark

Haute-Gaspésie. 2016

Toward an integrated and concerted management of coastal areas

Against the backdrop of the coastal zone as a coherent territory for reflection and action, the long-term
objective is to move toward principles of integrated management of coastal territories aimed at
sustainable development and rallying coastal communities around common issues.

= Maobilze and inclede stakehoklers lo ensure a shared viskon and the integrated management of the coastal 2one

= Interdepartmental cooperation committes implemented

+  Colective approach to implement solutions and carry aul projects

= Soclal acceptabiity of project / stakeholders, local and regional population

s am
et v
e
i
-

Road Assocation «Assocation mondiale de la Route + Asocacion Mundial de la Cametera « wiviv,pis

QPIM{C

Action plan for infrastructure management in the context of climate change - coastal zones [Plan d'action
sur la gestion des infrastructures dans un contexte de changments climatiques (PAGI3C) - zones cétiéres]

Structuring actions — From reaction to prevention
+  Research partnerships: creation of a research chair in coastal engineering

Characterize the evolution and dynamics of coastal systems

Assess the vulnerability of transportation networks and risks in coastal zones
Develop coastal intervention prioritization indices (IPIC)

Create decision support tools and implement appropriate solutions for the

sustainable development of the maritime environment

= s o @

+  Implement an asset management system to ensure the sustainability of coastal P —
protectionworks and a coastal bank monitoring system e e

+  Develop a regional intervention plan based on integrated asset management vt
principles in risk areas s

+  Conductan environmental impact study for each region rather than for each
project, including an extensive coastal community consultation program

The importance of knowledge (development and sharing), working with the available resources in a continuous and iterative process.
An action plan base on 4 main objectives:

1. Improve governance and infrastructure management practices in a context of climate change

2. Develop expertise and improve knowledge transfer

3. Understand natural hazards, measure the vulnerability of transportation nefworks and assess the risk

4. Implement adaptation solutions to improve the resilience of the network and develop an intervention and investment strategy

. X X i N . . FIAnC
World Road Associalion +Association mondiale de la Route » Asociaciaon Mundial de la Carrelera » www.plarc.org %

Further information:
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INCREASING RESILIENCE OF EARTH STRUCTURES ON ROADS IN
NORTHERN SPAIN. LESSONS LEARNED IN THE PERIOD 2011-2018

N-621 and A-67 Motorway

This case study is an analysis of several
experiences in slope and foundation
drainage, and runoff water management
to improve resilience in roadway
infrastructures. The actions resulted from
temporary rain and adverse weather
conditions between 2010 and 2018,
which caused singular damage to several
road slopes in Northern Spain. The
objective of the repair was to restore road
safety and road stability. With regard to
the drainage of earthworks, the action
carried out on the slope of the A-8
highway includes its stabilization by

Biological Engineering. PIARC

Further information:

https://www.piarc.org/en/activities/PIARC-Directory-Technical-Reports
(PIARC Ref.: RR392-035)

(English, French and Spanish language)



https://www.piarc.org/en/activities/PIARC-Directory-Technical-Reports
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TOWARDS A MORE RESILIENT SPANISH ROAD NETWORK

This case study is focused on the N-621 Exposure assessment
methodology that is being proposed in
order to help increasing resiliency in the
Spanish network.

The main output are the preliminary
results obtained in the pilot case in
Cantabria referred to the hazard and
exposure assessment, following the
proposed theoretical approach. This
proposal aims at the inclusion of climate
change and resiliency considerations in
the road transport system (both
infrastructure and safety and security
issues) management.

v (PIAR(L
ondiale 3 Route » Asotiacion Mundial de la Cametera « www piare.ong )

Further information:

https://www.piarc.org/en/activities/PIARC-Directory-Technical-Reports
(PIARC Ref.: RR393-017)

(English, French and Spanish language)



https://www.piarc.org/en/activities/PIARC-Directory-Technical-Reports
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Natural hazard plans for operation contracts

2012: pilot project

2019: introduced in 50% of all
operation contracts on
national and provincial roads
2022: all contracts on
national roads have natural
hazard plans

Drke T =
NORANGSFIORDE!

Smart-phone solutions for data collection B
World Road Association « Association mondiale de la Route » Asotiacion Mundial de la Cametera « www piarc.org K C

RESPONS
( Web portal that presents information from
all available natural hazard plans. Contains
. dynamic weather data, landslide hazard
and information about events.

rianC
World Road Association +Association mondiale de la Route » Asociacion Mundial de la Cametera « www piarc.org \

Further information:

https://www.veqvesen.no/fag/teknologi/geofaq/skred/beredskap

(Norwegian language)



https://www.vegvesen.no/fag/teknologi/geofag/skred/beredskap
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171 Risk assessment to climate change - DIR Med case study

Beneficiary

Objectives

Assess exposure and current and future vulnerabilities in a context
of climate change

~  Assessment of current and future exposure For:
. Identification of climate projection data: sources, models, o Allinfrastructures of this network

PIn: IIrl0res, sroRs 80km national concessionary road network
o Assessment of future climate exposure: temperatures, "
precipitations, flooding, etc. 12 climate hazards

~  Sensitivity and vulnerability assessment
5 Assets categorisation and identification of functionnalities
o Assessment of the current sensitivity
 Assessment of the future sensitivity
> And vuinerability assessment

Good example to illustrate stage 2.1 vulnerability assessment amongst others,
and more generally, good example for stages 1 and 2.

Examples of adaptation measures following this vulnerability assessment are

available. Q"ARC

Further information:
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184 Resilience of SANEF road network to climate change

Beneficiary Objectives
e e Define objectives, scopes and governance

~  ldentification of objectives of the vulnerability assessment

Identification of the scope of study '"';:’"mm‘
Assistance in preparing a note to solicit financial partners g
(the French State) Rawtement de chaussée .t ! °
m - Quvages hydrauliques ©» * =
$ : : Equipemants OVmges diart w : ® &
= S [Lz==]] 4 workshops: S s S s B ® *
[e— far Iﬂ\‘ e +  Provide definitions of ST Baimnnte ' exploif !.m__.‘.......‘...._....A._.._%_A.._‘g::.:..._.._
- RS resilience R e i oo a2 - ®
4 QO 'l 1 Prospectives scenarios e dnegia Alre: sannave RE880U fibea W ® L
T = 1" & | to define obectives and Aire - restaurant Réscoudeaupobic B i "
B i e most important assets R SRR AN .
NI astyn s e s isem « Prioritise objectives &

Example of the stage of definition of the objectives and scopes

: ‘PIARC
World Road Association * Association moadia’e de la Roule « Ascciacion Mundial de |a Casretera » www.piarc.org

Further information:
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8.3.

ASSET OR SITE SPECIFIC

Climate change risk assessment report. A2 Motorway from Guadalajara to Alcolea del Pinar
Water-related damage to E6 Birri-Otta

3R-method - Simplified resilience approach

Analysis of the dynamics of erosion focus on the North Coast (Québec) [...} adaptations along Route 138
Submersible pavement design

ForeSEE Project (Future proofing strategies FOr RESilient transport networks against Extreme Events
Mondego Mobility System — Climate Assessment

A9 highway, section Orange-Lunel — Resilience assessment to climate change
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143 - Climate change risk assessment report. A2 Motorway

from Guadalajara to Alcolea del Pinar
A2 Motorway

The report is focused on the assessment
performed in a 77 km section of the
Spanish motorway A2 from Guadalajara
to Alcolea del Pinar, according to the
methodology proposed in the CLARITY
project (H2020)

The main output is the identification of
the elements with a high risk, mainly
related to intense rainfall episodes.

Further information:

https://clarity-h2020.eu/

(English language)



https://clarity-h2020.eu/
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146 Water-related damage to E6 Birri-Otta  suesmtis sas sson 205 2000

= *- -,
" "-; =
: S, .
i
4

Figur 7: Snpsmeiting siste degn, 22 05 2013 (www xgeo.no).

This case study can be used as an illustration of
erosion damage, and the use of meteorological
maps to explain the reasons for the damage.

" (F’IARC
la Route » Asotiacion Mundial de la Cametera « www piarc.org J

Further information:

https://veqvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2659280

(Norwegian language)



https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2659280
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155 3R-method - Simplified resilience approach

Robustness: | | Robustness
standard of the existing road? Standard -
of the new frenewed road? Tt
Redundancy — in the existing and the ! e

future project? v
Adequacy of alternative routes as

compared to the real needs.

Recovery — how quickly can we restore Restitution

the situation? v

Short term? Long term?

Scoring, algorithm for final score
Inclusion in guidelines

Topics to include?
How to include issues concerning the performance of the road already in the planning phase. Traditionally,
robustness and redundancy have not been assessed together and by the same team.

Further information:

https://proceedings-calgary2022.piarc.org/en/search.php ?g=simplified+resilience+approach

(English language)

https://www.regjeringen.no/contentassets/13a80858d58a47el1a23e944b7144ee9b/tilleggsopp
drag-9-samfunnssikkerhet.pdf

(Norwegian language)



https://proceedings-calgary2022.piarc.org/en/search.php?q=simplified+resilience+approach
https://www.regjeringen.no/contentassets/13a80858d58a47e1a23e944b7144ee9b/tilleggsoppdrag-9-samfunnssikkerhet.pdf
https://www.regjeringen.no/contentassets/13a80858d58a47e1a23e944b7144ee9b/tilleggsoppdrag-9-samfunnssikkerhet.pdf
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195 Analysis of the dynamics of erosion focus on the North Coast (Québec) in order to
identify adaptation solutions along Route 138

Measurements taken on the coast of the Cote-
Nord indicate the presence of coastal segments
where the rate of retreat is clearly greater than
the adjacent segments. These type of erosion
can form rapidly and cause a decline of 50 m
from the coast in less than a decade
(Bernatchez and Fraser, 2012; Bernatchez et
al., 2008).

Understanding their origin and location are
crucial in determining the road segments at risk
since the development of these centers can
have an impact on the management of road
infrastructure.

Further information:

http://www.bv.transports.qouv.gc.ca/mono/1235270.pdf

(French language)



http://www.bv.transports.gouv.qc.ca/mono/1235270.pdf
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196 Submersible pavement design [Conception de chaussées submersibles]

+ Describe various methods, among those
available worldwide, for the design and
construction of submersible or flood-resistant
pavements.

« l|dentify the parameters necessary to identify
areas at risk of flooding as well as the most ] Py —
important design parameters.

3
+ Propose a design method including typical ‘H‘mm | aﬂ
sections recommended for Quebec. e ) f’ e

T i extirienr

JE.

A solution adapted to the Quebec context is proposed, based on the literature
review, and a theoretical example is presented. The design criteria are divided in
two broad areas: geotechnical and hydraulic.

. _ . ) €PIARC
fd Road Association - Assocation mondiale de la Route « Asocaaciorn indial da la Carelara « plars.ong

Further information:

www. bv.transports.gouv.gc.ca/mono/1240598.pdf
http://www.bv.transports.qouv.qgc.ca/mono/1235270.pdf

(French language)



http://www.bv.transports.gouv.qc.ca/mono/1240598.pdf
http://www.bv.transports.gouv.qc.ca/mono/1235270.pdf
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|
ForeSEE Project (Future proofing strategies FOr
RESilient transport networks against Extreme Events F. RE

SEE

PROJECT
Purpose

FORESEE is an EU collaborative research project funded by Horizon 2020 which will develop a toolkit to improve road and
rail asset management schemes for authorities and infrastructure operators with the following goals:

-Establish preventive maintenance and upgrading strategies able to improve resilience of transport infrastructures towards
human {accidents) and natural hazards (extreme weather events, landslides and earthquakes)

-Predict and alert of potential risk scenarios at different time scales considering age, conditions and residual life of
engineering components

-Reduce the social and economic impact on critical transport assets (bridges, tunnels, pavement, slopes, terminals) when
those disruptive events happen

-Facilitate the deployment of mobility contingency protocols for citizens and freight in such critical situations to ensure safe
and efficient evacuation including emergency operations and contingency plans

-Demonstrate positive costs and benefits balance associated to resilience investments during the full lifecycle of the

infrastructure
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ForeSEE Project FORE

Case Study and Tool Fact Sheets SEE

Background document for the Stakeholders’

Reference Group (SRG) Final Event in January 2022
Purpose Result

This document will present the fact sheets for the case studies and
associated main results that have been validated as part of the
Future proofing strategies For RESilient transport networks against
Extreme Events (FORESEE) project.

Traffic Module Tool

Fragilty Functions, Vulnerability Functions and
Decision Support Interpreter Module Tool
Virtual Modelling Platform Tool

Alerting SAS platform Tool

Governance Module

Risk Mapping Tool

O CASE STUDY #1 - CARSOLI-TORANO (ITALY): A24
HIGHWAY

| I I S I Iy Oy Wy )

O CASE STUDY #2 - NAPLES TO BARI (ITALY) - A16 HIGHWAY Bridge Flooding Model Tool
0O CASE STUDY #3 — MONTABLIZ VIADUCT & a-67 (SPAIN) Command and Control Center
0O CASE STUDY #4 — RAILWAY TRACK 6185 (OEBISFELDE- 3 ';“r'g gr;msgm‘n"T“gaffgﬂc:jggls'“‘:n‘:“‘-"w
BERLIN SPANDAU) Prognosis Tool 0
0O CASE STUDY #5 - M30 MADRID (SPAIN) Cyber-atiack assesment
0 CASE STUDY #6 - 25TH APRIL SUSPENDED BRIDGE -
LISBON (PORTUGAL)
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Further information:

https://foreseeproject.eu/

(English language)



https://foreseeproject.eu/

CLIMATE CHANGE, OTHER HAZARDS AND RESILIENCE OF ROAD NETWORKS

CASE STUDIES

Mondego Mobility System - Climate Assessment

Purpose
The objective of the study was to assess the main climatic events or hazards

associated to the Mondego Mobility System - Bus Rapid Transit (BRT) located in
Coimbra, Portugal, to evaluate the climatic resilience of the infrastructure and to

determine its contribution to the reduction of greenhouse gas emissions, over its
lifetime

Outputs

= Assessment of the resilience of the project to climate change and identification
of the main adaptation measures to be adopted;

= Quantification of greenhouse gas emissions (GHG) avoided by the exploration
phase of the BRT System.

Benefits

The study addressess measures to deal with rain and river floods, landslides,
extreme temperatures and wildfires (in the suburban line of the project), It also
quantifies the GHG emissions avoided in the exploration phase of the project.

Further information:

https://www.infraestruturasdeportugal.pt/pt-pt/infraestruturas/investimentos/principais-
investimentos-em-curso

(Portuguese language)



https://www.infraestruturasdeportugal.pt/pt-pt/infraestruturas/investimentos/principais-investimentos-em-curso
https://www.infraestruturasdeportugal.pt/pt-pt/infraestruturas/investimentos/principais-investimentos-em-curso

CLIMATE CHANGE, OTHER HAZARDS AND RESILIENCE OF ROAD NETWORKS

CASE STUDIES

183 A9 highway, section Orange-Lunel - Resilience assessment to climate change

Beneficiary Objectives [ ,_ i

AS s Assess exposure and current and future vulnerabilities of transport
l infrastructures to climate change and identify adaptation solutions

~  Assessment of current and future vulnerabilities
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» Assessment of current and future climate exposure: AN e o g
temperatures, precipitations, flooding, etc. @_9"'“"‘ e
o Assessment of the current and future sensitivity of 7 @M-M“W
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~ Identification of adaptation measures related to =
o Knowledge of the network (K Gsmrent e oo
Infrastructures conception: curative, preventive adaptation . .@ Sécheresse
for the existing and preventive for the new

Knowledge of hazards incl. Risk management
Maintenance and exploitation @, foucxde forst
o Governance and communication
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Example of a vulnerability assessment with identification of adaptation measures
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183 A9 highway, section Orange-Lunel - Resilience assessment to climate change
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AS m=== || Assess exposure and current and future vulnerabilities of transport
f infrastructures to climate change and identify adaptation solutions
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Example of a vulnerability assessment with identification of adaptation measures
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