
Welcome and introduction

14.15 – 15.45 hybrid presentation session

afterwards in person training sessions

Agenda



To connect to the WiFi

• Go to eduroam.deltares.nl

• Register

• Receive an sms

• Use received log-in information to connect to 

the eduroam WiFi

In case of questions

• For people online: use the chat

• For people in Delft: raise your hand

When joining the teams session from Delft, 

please make sure

• Mute yourself

• Sound off

Practicalities



Thomas Bles, Deltares

Improving the uptake of Climate Change 
Adaptation in the Decision-Making processes of 
Road Authorities; output of the ICARUS project



Implementation is lacking

• Existence of tactical gap; no line of 
sight

• Unclear level of acceptable risk
• Insufficient connection to decision 

making
• Economic appraisal of adaptation 

options is uncommon
• Insufficient inclusion of relevant NRA 

stakeholders 

Enhancing resilience via adaptation

Plenty of research on resilience

• Risk and resilience frameworks
• Resilience assessment tools
• Adaptation frameworks



CEDR: RIMAROCC and ROADAPT

Resilience and climate change adaptation frameworks exist

Source: CEDR 2011 and 2015  

Overview of adaptation 
measures and guideline 

on choosing a strategy 
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Resilience and climate change adaptation frameworks exist

Source: PIARC 2023



PCRAM and CEN workshop agreement

Resilience and climate change adaptation frameworks exist

Source: CCRI 2022

Source: CEN 2021



• CEDR call 2021: Climate Change Resilience

• June 2022 – May 2024

• Partners

• Deltares (coordinator, The Netherlands)
• Tecnalia (Spain)
• Ramboll (Finland, Denmark)
• Research Driven Solutions (Ireland)
• Maple Consulting (UK)

The ICARUS project



To provide guidance and guidelines on how to build and implement 
the business case for resilience via adaptation, by balancing the service 
levels that the road network needs to achieve with the costs and 
benefits for enhancing resilience

To ensure that existing research and new ICARUS research can be 
implemented in practice by NRAs as well as by their supply chain 
stakeholders

Main ICARUS objectives



One ICARUS framework

• ICARUS provides targeted research to enhance the use of the framework
• In this presentation: the core research results



Individual assets Connections Network level

Scales



Existence of a tactical gap

network connection object

Service requirements by road 

owner or policy makers

Service requirements per 

connection
Service requirements per object

Strategic programme schemes Conservation plans
Design guidelines

Maintenance regimes

decomposition decomposition

programmingprogramming

Tactical gap: quantitatively unknown how requirements on the object level change the performance on the network level (and vice 
versa)



Existence of a tactical gap



Existence of a tactical gap

                 
            

                   
                             

              
              

                
                     

    

                     



D E C I S I O N  
M A K I N G  AT  
NRA’S Service driven

Ensuring a minimum service 
level

Budget driven
Maximum service with given 
budget

Optimum service
Strive for service levels 
where costs and benefits are 
balanced

Policy driven

Biodiversity
Carbon
Climate change adaptation
Environmental partnerships
Equity and inclusion 

NRA decision criteria



D E C I S I O N  
M A K I N G  AT  
NRA’S

Output and input based steering mechanisms

KPI’s (output)

Availability
Safety
Environmental effects
Road user needs
Resilience

Other policies
Biodiversity
Carbon
Climate change adaptation
Environment
Inclusion

Source: Bles et al. (2019)



Output and input based steering mechanisms

Guidelines (input)

Design & construction
Operation
Maintenance
Rehabilitation

Benefits and co-benefits

Availability
Safety
Durability
Health
Job creation
Ecosystem services
Water quality
Climate

KPI’s (output)

Availability
Safety
Environmental effects
Road user needs
Resilience

Other policies
Biodiversity
Carbon
Climate change adaptation
Environment
Inclusion



Building the case for adaptation: 3 approaches



Advantages:
• To underpin need for adaptation
• To understand relation between 

climate and performance
• To understand dose-effect and 

effectiveness of measures

Disadvantages
• Only provides arguments
• Only for frequent events
• Necessary to have proper monitoring

Approach 1



Advantages:
• Straightforward
• No change in performance
• Adaptation of guidelines will lead to 

‘automatic’ adaptation in practice

Disadvantages
• No optimized performance
• No insight in additional benefits (no 

additional budgets)
• No expansion of knowledge base

Approach 2a



Advantages:
• Optimum/efficient use of public 

money
• Adaptation of guidelines will lead to 

‘automatic’ adaptation in practice
• Expansion knowledge base

Disadvantages
• Case based research requests higher 

need for resources
• Elaborate approach
• Data availability
• Possible extensive discussions to adapt 

guidelines

Approach 2b



Advantages:
• Optimum/efficient use of public 

money
• Especially worth considering for 

bigger projects
• Gradual increase of knowledge base 

and ability to later link approach 2b

Disadvantages
• Not efficient to do such analyses for 

all projects
• Resources not sufficiently available at 

operational level

Approach 3



• All management levels should be 
engaged
• Continuous shifts
• One person in charge 

recommended
• Link with the decision context is key

• Resilience and adaptation 
assessments should be tailored

• Understand how climate change 
affects performance

• Implementation via two routes
• Adapting asset management
• Individual project level

Adaptation Implementation Process

Implementation in asset 
management

Operational

Awareness

Implementation 
in projects

Adaptation plan

Tactical & 
Operational

Resilience 
assessment

Decision 
context

Strategic & Tactical



• All management levels should be 
engaged
• Continuous shifts
• One person in charge 

recommended
• Link with the decision context is key

• Resilience and adaptation 
assessments should be tailored

• Understand how climate change 
affects performance

• Implementation via two routes
• Adapting asset management
• Individual project level

Adaptation Implementation Process



One ICARUS framework



Three baseline reports



ICARUS results

1. Enhancing understanding of 
resilience and adaptation

2. Enhancing implementation at road 
authorities

3. Nature Based Solutions
4. Dissemination of results



Enhancing understanding of resilience and adaptation

1. Impact chains 

• A tool to enhance understanding of the way Climate Impact Drivers will impact the road network 
• Hazard
• Exposure
• Vulnerability
• Impact

• To inform the climate change resilience assessment and Adaptation Strategies



Enhancing understanding of resilience and adaptation

1. Impact chains



Enhancing understanding of resilience and adaptation

1. Impact chains



Enhancing understanding of resilience and adaptation

1. Impact chains
2. Resilience impact score

• Classification of hazards based on 
impact on resilience
• Identify high impact events
• Compare different events
• Aids to further focus of assessment



Enhancing understanding of resilience and adaptation

1. Impact chains
2. Resilience impact score

   
Time Factors affecting Service 

Resilience 
Impact 
Score Type of Asset 

Event / Climatic 
Impact-Driver (CID)  Event Type 

Event / CID 
Duration ( t1-t0) 

Recovery time  
(t2-t1) 

Impact on Service due 
to Damage, Qd 

Scale of Impact, I 

0: Instant 
1: < 6 hours 

2: <1 day  
3: > 1 day 

0: No disruption 
1: <1 day disruption  

2: < 1 week disruption 
3: < 1 month 
4: > 1 month 

0: No Impact 
1: Small Impact 

2: Medium Impact 
3: Large Impact 

1: Object 
2: Connection 

3: Network 

Example 1: Road Network 
Heat and Cold - Cold 

spell  
Extreme Event 3 2 1 3 7.5 

Example 1: Road Network 
Wet and dry  - River 

flood  
Extreme Event 1 3 3 2 12 

Example 1: Road Network 
Wet and dry  - 

Landslide  
Extreme Event 1 4 3 3 22.5 

 

• Classification of hazards based on 
impact on resilience
• Identify high impact events
• Compare different events
• Aids to further focus of assessment



Enhancing understanding of resilience and adaptation

1. Impact chains
2. Resilience impact score
3. Adaptation options database

• > 500 adaptation options

• Classified:
• Asset scale
• Life cycle
• DRM cycle
• NbS and ET
• Stakeholders
• (Co-)Benefits
• Feasibility criteria



Enhancing understanding of resilience and adaptation

1. Impact chains
2. Resilience impact score
3. Adaptation options database
4. Assessment opportunities of adaptation options

• Proposed assessment structure
• Climate Impact Driver
• Critical contextual information
• Effectiveness of adaptation option
• Involved NRA process and typical NRA guidelines
• Best practices
• Lifetime of adaptation option
• Dependencies with other developments
• Valuation (cost, benefits, co-benefits)
• Relevant data and sources



Enhancing implementation at road authorities

1. Connect to the context for decision making
2. Three approaches to facilitate decision making
3. ICARUS adaptation implementation process
4. Defining optimum service levels
5. Solutions to overcome implementation barriers
6. Dedicated communication of results
7. Training package



Enhancing implementation at road authorities

1. Connect to the context for decision making
2. Three approaches to facilitate decision making
3. ICARUS adaptation implementation process
4. Defining optimum service levels
5. Solutions to overcome implementation barriers
6. Dedicated communication of results
7. Training package

• KPI requirements
• Include extreme events
• Have appropriate spatial scale
• Consider seasonal KPIs

• Influencing decision making
• Understand NRA steering 

mechanisms
• Understand the line of sight
• Understand dose-effect relation 

for adaptation options
• Communicate with all relevant 

managerial levels
• Identify (co-)benefits  based on 

decision context



Enhancing implementation at road authorities

1. Connect to the context for decision making
2. Three approaches to facilitate decision making
3. ICARUS adaptation implementation process
4. Defining optimum service levels
5. Solutions to overcome implementation barriers
6. Dedicated communication of results
7. Training package
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Enhancing implementation at road authorities

1. Connect to the context for decision making
2. Three approaches to facilitate decision making
3. ICARUS adaptation implementation process
4. Defining optimum service levels
5. Solutions to overcome implementation barriers
6. Dedicated communication of results
7. Training package

• Barriers to adaptation
• Lack of information

• Knowledge on climate change
• Asset information
• Network performance
• KPI information

• Lack of resources
• Skilled personnel
• Funding

• Organisational barriers
• Lack of engagement
• Lack of planning
• Lack of buy-in from others
• Procurement challenges



Enhancing implementation at road authorities

1. Connect to the context for decision making
2. Three approaches to facilitate decision making
3. ICARUS adaptation implementation process
4. Defining optimum service levels
5. Solutions to overcome implementation barriers
6. Dedicated communication of results
7. Training package

• Dedicated communication
• Strategic
• Tactical
• Operational

• Depending on NRA maturity level
• Getting started - awareness
• Embedding process - building business cases
• Processes embedded - good practices

• Several examples of communication; to be 
connected to objectives
• Maps
• Storylines
• Flow charts, graphs
• Factual tables
• Etc.



Enhancing implementation at road authorities

1. Connect to the context for decision making
2. Three approaches to facilitate decision making
3. ICARUS adaptation implementation process
4. Defining optimum service levels
5. Solutions to overcome implementation barriers
6. Dedicated communication of results
7. Training package

• Presentations to different audiences
• Strategic and tactical level - short
• Tactical and operational level – detailed

• Recorded as webinars
• Frequently Asked Questions
• Icarus Quiz



Nature Based Solutions

• Drivers and barriers for NbS 
implementation

• Implementation guidelines

• Evidence base for effectiveness of NbS

• Making the case for NbS



Nature Based Solutions

Defining Nature Based Solutions
• Is the measure inspired and supported by 

nature?
• Is the measure cost effective?
• Does the measure simultaneously 

provide environmental, social and 
economic benefits?

• Does the measure help build resilience?



Nature Based Solutions

Defining Nature Based Solutions
• Is the measure inspired and supported by 

nature?
• Is the measure cost effective?
• Does the measure simultaneously 

provide environmental, social and 
economic benefits?

• Does the measure help build resilience?

Why Nature Based Solutions
• Natural resilience
• Cost effectiveness
• Multiple benefits
• Adaptability
• Reduced environmental impact
• Enhanced social equity
• Community engagement
• Enhanced reputation



Nature Based Solutions

Drivers
• Answers societal challenges
• Carbon storage
• Mitigating greenhouse gas emissions
• Biodiversity
• Ecosystem services

Barriers
• Lack of resources
• Uncertainty
• Organisational engagement, both internally 

and externally
• Integration in standards and specifications
• Maintenance



Dissemination of results

1. Website and case study portal
2. Presentations and workshops
3. Social media



Dissemination of results

1. Website and case study portal
2. Presentations and workshops
3. Social media

Outreach of ICARUS developments
• PIARC World Road Congress Prague
• TRB transport resilience conference
• UNECE group of experts on climate change adaptation
• Decision Making under Deep Uncertainty conference
• TRA Dublin
• Civil Engineering Research of Ireland conference



Dissemination of results

1. Website and case study portal
2. Presentations and workshops
3. Social media



Key findings

1. Good resilience frameworks exist already!

2. Connect resilience and adaptation to decision 
context

3. Make sure to engage strategic, tactical and 
operational level

4. Understand and close the tactical gap

5. Consider nature based solutions



Looking forward to 

another great training!



Looking forward to 

another great training!
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