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Frameworks and methods 
for Climate Change Risks, 
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Climate change adaptation frameworks

• RIMAROCC – RIsk MAnagement for ROads in a Changing Climate

• An ERA-NET ROAD framework (2010) W
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Climate change adaptation frameworks

• ROADAPT 

• Roads for today, adapted for tomorrow

• CEDR (2015)

W
e
b
in

a
r 

1
: 
C

lim
a
te

 C
h
a
n
g
e
 I
m

p
a
c
ts

 a
n
d
 A

d
a
p
ta

ti
o
n
 f
o
r 

T
ra

n
s
p
o
rt

 N
e
tw

o
rk

s

5
 

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 



Climate change adaptation 
frameworks
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• Federal Highway Administration

• Vulnerability Assessment and 
Adaptation Framework 

• FHWA (2020)



Natural Hazard Resilience Assessments
From Theory to Practice

7

Risk Components 

(UNISDR 2016)

 

Hazard 
What can cause risk? 

Exposure 
What road infrastructure 

is in harm’s way? 

Vulnerability 
How much damage to 
the road will it cause? 

Cascading effects 
How much losses will 

society bear? 

Impact 

Hazard 
assessment

Exposure 
assessment

Vulnerability 
assessment

Impact 
assessment

Resilience 
evaluation

Action 
perspective
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Multimodal inland terminal

Factory

Distribution centre
Multimodal maritime port 

operations

Airport operations

Inland waterway with locks

Railway operations 

Roadtransport 

operations 

Tube systems
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Individual assets Connections Network level System of systems
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ROADAPT QuickScan approach

• QuickScan – what are the most important risks?

Only for the biggest risk

• Vulnerability assessment of the road

• Identification of measures

• Socio economic analyses

− do benefits outweigh the costs?

• Climate change adaptation strategy
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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 



Approach

• QuickScan – what are the most important risks?

•Only for the biggest risk

• Vulnerability assessment of the road

• Identification of measures

• Socio economic analyses

− do benefits outweigh the costs?

• Climate change adaptation strategy

 

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 
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QuickScan steps
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• Step 1 - Desktop 1 - prepare Quick scan 
− Step 1.1 - Scope definition/ Establish context

− Step 1.2 - Identify risk sources and possible relevant threats

− Step 1.3 - Determine importance of road sections in road network 

− Step 1.4 - Prepare  workshop 1

• Step 2 - Workshop 1 - consequences
− Step 2.1 Agree with participants on Quick scan approach

− Step 2.2 Establish consequence criteria

− Step 2.3 Estimate the consequences of the threats 

− Step 2.4 Evaluate the scoring of consequences

• Step 3 - Desktop 2 - prepare workshop 2 

• Step 4 - Workshop 2 - probabilities, risk and locations
− Step 4.1 Agree on study method and share status of research

− Step 4.2 Score the probabilities of the threats

− Step 4.3 Evaluate the scoring of probabilities

− Step 4.4 Evaluate and prioritize the risks

− Step 4.5 Identify location of threats 

• Step 5 - Desktop 3- provide a risk overview

• Step 6 - Workshop 3 – action plan
− Step 6.1 Wrap up of previous results

− Step 6.2 Determine unacceptable risk; which threats require action?

− Step 6.3 Determine action plan

− Step 6.4 Prioritize actions 

Only relevant threats

Only high risk

threats

Unacceptable 

threats only

Determine 

consequences

and 

probabilities

Determine 

locations 

and risk 

maps

Determine scope

Determine 

actions



Quick Scan results
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Quantitative resilience assessments

• Vulnerability functions

• Resilience functions

• Combining hazard maps with different return periods

• Prioritizing matrix
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1. Transportation

network

Vulnerability

curves 

Replacement

costs

Hazard maps (pref. 

with return period)

2. Network 

Exposure

3. Direct 

damages ($$$)

4. Network 

criticality

(Redundancy)

Traffic Data

Value of Time

Duration of failure

Social Inclusiveness

5. Societal costs

($$$)

6. Annual

expected

Damages and 

Losses

7. Prioritization

Provided

by user

(shapefile)

Open Street 

Map

(anywhere in 

the world)

Multi-link

disruption

Single-

link 

disruption

8. 

Adaptation

measures/

Cost

Benefit 

Ratios 

Measures

Overview of steps (RA2CE)



Hazard maps
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• Normally input from: 

− Meteorological institute (direct impacts like temperature)

− Relevant authority (e.g. for making hydrological assessment to generate flood maps)

• Ideally hazard maps for different return periods (example Netherlands: 30 – 300 – 3000 - > 10000 )



Hazard maps
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• Normally input from: 

− Meteorological institute (direct impacts like temperature)

− Relevant authority (e.g. for making hydrological assessment to generate flood maps)

• Ideally hazard maps for different return periods

• Determine exposure, vulnerability and losses for all return periods

• Calculate the yearly to be expected damages and losses

• Sometime no hazard maps are present

− Often the case for landslides: susceptibility maps



Quantitative Vulnerability and Resilience assessments
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Vulnerability = percentage of construction costs 

for a hazard intensity



Vulnerability functions
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Vulnerability functions
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Vulnerability functions
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Repair costs as a
percentage of
construction costs, per
hazard, per asset type

Culverts Bridges Provincial road

Small Large Small Large Paved Unpaved

(PHP/unit) (PHP/unit) (PHP/m) (PHP/m) (PHP/m) (PHP/m)

Flood 
hazard 

<0.5 49% 7% 2% 2% 122% 283%

0.5m-1.5m 44% 10% 2% 5% 122% 280%

>1.5m 66% 13% 5% 12% 122% 278%

Earthquake 
hazard 

0.2g-0.3g 10% 15% 8% 16% 15% 4%

0.3g-0.4g 15% 20% 16% 24% 25% 6%

0.4g-0.5g 20% 25% 24% 32% 35% 8%

0.5g-0.6g 25% 30% 32% 40% 45% 10%



Damage calculation



Resilience functions
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Estimated duration
Culverts Bridges Provincial road

Small Large Small Large Paved Unpaved

Flood 

hazard 

<0.5

< 2 hours X X X

2 hours – day X X

day – week

> week X

0.5m-1.5m

< 2 hours

2 hours – day X

day – week X

> week X X X X

>1.5m 

< 2 hours

2 hours – day X

day – week X

> week X X X X



Disruption of 

corridor

Alternative route to 

reach destination

Cost of increased 

travel time

Cost of increased 

travel distance

Traffic density

Destination

Origin

+

Losses

x

What defines criticality?

It is a measure of how essential to society each link in the network is

• Opportunities in future developments

• Potential losses

• Strategic function (evacuation, national corridor, international connection)

• New developments on incorporating inclusiveness

Use of resilience functions → criticality assessment



Example results of use of all steps to assess resilience
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  Expected Annual Costs - EAD 
and EAL 

  

  

Floods 
(MPesos) 

Earthquakes 
(KPesos) 

C
a
te

g
o
ry

 C1 < 1.70 < 23 

C2 1.70 to 4.50 23 to 40 

C3 4.50 to 6.50 40 to 60 

C4 6.50 to 8.40 60 to 85 

C5 > 8.40  > 85 

 

Prioritization of risk

EAD EAL Total 
(EAD+EAL)

(Million Pesos)

Floods 534 110.6 644.6

Earthquakes 5.8 1.0 6.8 C1 C2 C3 C4 C5

C1 1 1 2 2 3

C2 2 2 3 3 4

C3 3 3 3 4 4

C4 3 4 4 5 5

C5 4 4 5 5 5

Damage Category

L
o
s
s
e
s
 C

a
te

g
o
ry



EAD

Floods     EAD

C1 C2 C3 C4 C5

C1 1 1 2 2 3

C2 2 2 3 3 4

C3 3 3 3 4 4

C4 3 4 4 5 5

C5 4 4 5 5 5

Damage Category

L
o
s
s
e
s
 C

a
te

g
o
ry



EAD + EAL

Floods     EAL

C1 C2 C3 C4 C5

C1 1 1 2 2 3

C2 2 2 3 3 4

C3 3 3 3 4 4

C4 3 4 4 5 5

C5 4 4 5 5 5

Damage Category

L
o
s
s
e
s
 C

a
te

g
o
ry



EAD + EAL → prioritization

floods earthquakes

C1 C2 C3 C4 C5

C1 1 1 2 2 3

C2 2 2 3 3 4

C3 3 3 3 4 4

C4 3 4 4 5 5

C5 4 4 5 5 5

Damage Category

L
o
s
s
e
s
 C

a
te

g
o
ry
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Pyramid

W
e
b
in

a
r 

1
: 
C

lim
a
te

 C
h
a
n
g
e
 I
m

p
a
c
ts

 a
n
d
 A

d
a
p
ta

ti
o
n
 f
o
r 

T
ra

n
s
p
o
rt

 N
e
tw

o
rk

s

35



Thomas Bles

Dealing with uncertainties

N
a
a
m 
A

importance of integrating climate risk 
assessment into infrastructure design 
process
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Status quo and looking towards an uncertain future



What is climate change?
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Change in the statistics

- Averages

- Extremes

- Or both



Uncertainty in climate change adaptation
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Use of climate models
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Different types of uncertainties!

Do not trust in the results of only one climate projection

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMLu9sOC6scCFcfXGgodD6IMVw&url=http://straatkaart.nl/9261VJ-E-M-Beimastrjitte/media_fotos/open-brug-lits-oostermeer-tXI/&psig=AFQjCNFFres500RYsJRCtpvt9KMw5hjYNQ&ust=1441890301764670


How to include climate change in resilience assessment

• Change hazard maps

− Provides the best results

− Time consuming

− Data often unavailable

• Change likelihood / return period

− And keep impact the same

− Keep the available hazard maps and change the return period
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Considering climate change
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Considering climate change
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hoeveelheden 2014

2014/2050-

lower low centr upp low centr upp low centr upp low centr upp

2050-

lower

2050-

upper

0,5 15 15 15 15 14 15 15 15 16 16 14 15 16 14 16

1 19 19 20 20 19 19 20 19 20 22 18 20 21 18 22

2 24 24 24 25 23 24 25 24 26 27 23 25 27 23 27

5 30 30 31 32 30 31 32 30 33 35 30 32 35 30 35

10 36 35 37 38 35 36 38 35 39 42 35 38 42 35 42

20 41 41 43 44 40 42 45 41 45 48 41 45 49 40 49

25 43 43 45 46 42 44 47 43 47 51 43 47 51 42 51

50 49 49 51 53 48 51 53 49 54 58 49 54 59 48 59

100 56 56 58 60 54 57 61 56 61 66 55 61 67 54 67

200 63 62 65 68 61 65 68 62 69 74 62 69 75 61 75

500 73 72 76 79 71 75 79 72 79 86 72 80 88 71 88

1000 81 80 84 87 78 83 88 80 88 96 80 89 98 78 98

GL GH WL WH

2050

KNMI Statistics – 2 hour shower

5

probability of extreme weather:

• Current 1:10 years

Select proper precipitation regime

• Future 1:5 years

‘probability’ increases by factor: 2
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Climate change → risk changes
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Current risk for road

likelihood

c
o
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Future risk for road

likelihood

c
o
n
s
e
q
u

e
n
c
e



Decision making under (deep) uncertainty

46

Adaptation pathways 
illustrate different 
possible sequences 
of investment 
decisions. 

MCA scorecard can be 
used to evaluate the 
pathways and potential 
decisions.

Haasnoot et al. (2012). Clim. Change.; Haasnoot et al. (2013) Glob. Env. Change. 

10.1016/j.gloenvcha.2012.12.006

* single action or portfolio of actions

Multiple time-axes display 
uncertainty in moment of ATP

Time horizon 20 years

1
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Time horizon 50 years

Current 
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Example river crossings
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