






Who is here today?



Margreet van Marle, Deltares

Introducing the ICARUS adaptation implementation 
process
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Building the case for adaptation: 3 approaches
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NRA decision making

Source: Ramboll Denmark
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Environmental partnerships
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NRA decision making



• 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











a) Decision context – Resilience 
assessment – Awareness – Adaptation 
plan – Implementation

b) Awareness – Decision 
context – Resilience assessment – 
Adaptation plan – Implementation

c) Awareness – Resilience 
assessment – Decision context – 
Adaptation plan – Implementation

d) Resilience assessment – 
Awareness – Decision context – 
Adaptation plan – Implementation

What is the recommended order for implementing 

climate change adaptation?



a) Decision context – Resilience 
assessment – Awareness – Adaptation 
plan – Implementation

b) Awareness – Decision 
context – Resilience assessment – 
Adaptation plan – Implementation

c) Awareness – Resilience 
assessment – Decision context – 
Adaptation plan – Implementation

d) Resilience assessment – 
Awareness – Decision context – 
Adaptation plan – Implementation

What is the recommended order for implementing 

climate change adaptation?





a) Service-driven

b) Budget-driven

c) Optimum-service

d) Policy-driven

What steering mechanism at an NRA strives for service 

levels where costs and benefits are balanced?



a) Service-driven

b) Budget-driven

c) Optimum-service

d) Policy-driven

What steering mechanism at an NRA strives for service 

levels where costs and benefits are balanced?



a) This is needed to indicate the benefits of adaptation

b) Otherwise, the KPIs cannot be determined

c) This is needed to establish thresholds for KPIs

d) You need this to understand potential co-benefits

Why is it crucial to understand how climate events affect 

the KPIs of the NRA? 

There are multiple correct answers. 
Benefits are rewarded when both are 

correct!
1 correct means +25%

All correct means +100%



a) This is needed to indicate the benefits of adaptation

b) Otherwise, the KPIs cannot be determined

c) This is needed to establish thresholds for KPIs

d) You need this to understand potential co-benefits

Why is it crucial to understand how climate events affect 

the KPIs of the NRA? 



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

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

KPI’s (output)

Availability
Safety
Environmental effects
Road user needs
Resilience

Other policies
Biodiversity
Carbon
Climate change adaptation
Environment
Inclusion



a)          Organise a workshop with experts from different disciplines

b)          Analyse past climatic events to identify relations between climate effects on performance of 
road in terms of KPIs

c)          Perform a resilience assessment

d) Link the resilience assessment to co-benefits

What options do you have to determine the thresholds 

for KPIs

There are multiple correct answers. 
Benefits are rewarded when both are 

correct!
1 correct means +50%

All correct means +100%



a)          Organise a workshop with experts from different disciplines

b)          Analyse past climatic events to identify relations

c)          Perform a resilience assessment

d) Link the resilience assessment to co-benefits

What options do you have to determine the thresholds 

for KPIs





 

Overview of adaptation 
measures and guideline 

on choosing a strategy 

 

Guideline on 
performing a 

socio economic 

impact analysis 

Guideline on 
performing a 

GIS-aided 
vulnerability 

assessment 

Guideline on the 
use of data for 
the current and 

future climate 

Cause Effect Consequence 

Risk mitigation 

Risk 
Evaluation 

Guideline on 
performing a 
quickscan 
(preliminary 
climate change 
risk assessment) 

Integrated with 
RIMAROCC 

framework 

ROADAPT 
Roads for today, adapted for tomorrow 

PIARC, 2023

ROADAPT, CEDR, 2015 

PCRAM, CCRI, 2021 CEN, 2021

FHWA, 2020 

Climate change adaptation frameworks



In this example: is the resilience acceptable ?

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events result in 8500 

Vehicle Loss Hours per years.

a)  Yes

b)          No

c)          You don’t know



In this example: is the resilience acceptable ?

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events result in 8500 

Vehicle Loss Hours per years.

a)  Yes

b)          No

c)          You don’t know

KPI: Availability > 95%
Resilience assessment: 

expressed in Vehicle Loss
Hours



In the same example: What should the NRA do next?

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events result in 8500 

Vehicle Loss Hours per years.

a)   Determine the steering mechanism of the NRA

b)   Redo the resilience assessment with metrics that 
can be compared to the KPIs

c)   Match the vehicle loss hours to a percentage of 
availability

d)  Identify adaptation options

There are multiple correct answers. Full 
benefits are rewarded when both are 

correct!
1 correct means +25%

All correct means +100%



In the same example: What should the NRA do next?
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where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
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VLH corresponds to an availability 

of 92%
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In this example: is the resilience acceptable?

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events result in 8500 

Vehicle Loss Hours per years. 8500 
VLH corresponds to an availability 

of 92%

a)  Yes

b)          No

c)          You don’t know



What to do when the resilience is not acceptable

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events result in 8500 

Vehicle Loss Hours per years. 8500 
VLH corresponds to an availability 

of 92%

a) Accept to do nothing or reconsider the decision context

b) Accept to do nothing or start working on adaptation

c) Start working on adaptation or reconsider the decision 
context



What to do when the resilience is not acceptable

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events result in 8500 

Vehicle Loss Hours per years. 8500 
VLH corresponds to an availability 

of 92%

a) Accept to do nothing or reconsider the decision context

b) Accept to do nothing or start working on adaptation

c) Start working on adaptation or reconsider the decision 
context





If a NRA has tries to achieve optimum service. Which 

option would they most likely choose?
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If a NRA has tries to achieve optimum service. Which 

option would they most likely choose?

0

2,5

3

-1

0,5

-1

1

2

4

4

9,5

11

5

9

12

-2 0 2 4 6 8 10 12 14

Adaptation option 1

Adaptation option 2

Adaptation option 3

Results of a cost-benefit assessment (in milion €)

cost benefits co-benefits gain without co-benefits gain including co-benefits

a)  Adpatation option 3

b)  Adaptation option 2

c)  Adaptation option 1

d)  None of the options

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



If a NRA would have only 8 M$ to spend
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If a NRA has tries to achieve optimum service. Which 
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Likewise for a NRA with a more policy-driven approach
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If a NRA has tries to achieve optimum service. Which 

option would they most likely choose?
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What can the NRA do?

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events will result in 

8500 Vehicle Loss Hours per years. 
8500 VLH corresponds to an

availability of 92%

When adaptation options are 
identified it seems that the benefits 

don’t outweigh the costs of the
adaptation option.

a) Ensure to understand the decision context, and identify 
and appraise co-benefits, to check whether the total 
sum of benefits and co-benefits may be higher than the 
cost

b) Decide to do nothing and accept that the desired level 
of resilience can not be achieved

c) Still implement the adaptation option (although benefits 
are lower than cost), as it is a requirement to achieve 
the required resilience level

d) Make sure that awareness and engagement related to 
climate change adaptation is high enough

There are multiple correct answers. Full 
benefits are rewarded when both are 

correct!
1 correct means +25%



What can the NRA do?

An NRA has a decision criterium 
where the availability of the road

should > 95% in any circumstance. 
The resilience assessment shows 
that climate events will result in 

8500 Vehicle Loss Hours per years. 
8500 VLH corresponds to an

availability of 92%

When adaptation options are 
identified it seems that the benefits 

don’t outweigh the costs of the
adaptation option.

a) Ensure to understand the decision context, and identify 
and appraise co-benefits, to check whether the total sum 
of benefits and co-benefits may be higher than the cost

b) Decide to do nothing and accept that the desired level 
of resilience can not be achieved

c) Still implement the adaptation option (although benefits 
are lower than cost), as it is a requirement to achieve the 
required resilience level

d) Make sure that awareness and engagement related to 
climate change adaptation is high enough



What could be a possible barrier for implementing CCA?

a) No understanding of the correlation between climate events and 
performance of the road network in terms of KPIs

b) No clear lead of the entire climate change adaptation 
implementation process

c) No involvement of all levels of the organization: strategic, tactical 
and operational

d) No resources for analyzing and updating the asset management 
process

e) Improper adaptation of the procurement of projects

There are multiple correct answers. 
Full benefits are rewarded when

both are correct!
1 correct means +25%

All correct means +100%



What could be a possible barrier for implementing CCA?

a) No understanding of the correlation between climate events and 
performance of the road network in terms of KPIs

b) No clear lead of the entire climate change adaptation implementation 
process

c) No involvement of all levels of the organization: strategic, tactical and 
operational

d) No resources for analyzing and updating the asset management 
process

e) Improper adaptation of the procurement of projects





• Make smaller subgroups (3-4 people per group)

• Think for your situation about a concrete question/case ~ 1 min. 

• The case study can be something you are currently working on and cover any part of the 
implementation process:
• A specific project to implement climate change adaptation

• At asset, connection or network scale
• A stresstest for the highway network
• A process to start implementing CCA in guidelines
• Understanding of how your KPIs can be translated to criteria used in the resilience assessment.

• Discuss on whether to work on specific projects or guidelines and how this would work for your 
organisation

• Share in two sentences with the group. Decide together which one to discuss for ~20 min

Working with the implementation process



Reflection
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