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Goal Regional Strategy

• Provide guidance on how to increase resilience of the road network in the Western Balkan

• Per country:

− Provide an overview of potential natural hazards that impact each countries infrastructure

− Identify which hazards are influenced by climate change

− What is current climate variability

− What is the future climate variability and how do these translate to changes in Natural Hazards

− How is the road transportation is affected

• Ultimately to get guidance on how the engineering should be adapted to cope these events 
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Natural Hazard Resilience Assessments
From Theory to Practice
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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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Quantitative and qualitative, desk and collaborative
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Qualitative approach: 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 
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Quick Scan results
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Current risk for road

likelihood
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Quantitative resilience assessments

• Hazard maps

• Vulnerability functions and damage calculation

• Resilience functions and losses evaluation

• Prioritizing hot spots
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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)

C
L
IM

A
P

R
O

O
F

 -
N

a
ti
o
n
a
l 
C

o
n
s
u
lt
a
ti
o
n
 m

e
e
ti
n
g



General outline regional strategy

• Introduction

• Climate change projections

• Road infrastructure vulnerability

• Resilience planning

• Risk assessment and management

• Roadmap for adaptation planning
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1. Introduction

• Overview of what natural hazards the region is prone to.

• Split per country with

− an overview and description of the region.

− The risk level of each country to natural hazards and what the road infrastructure is exposed to

− The importance of the road infrastructure per country including the main transport corridors.

− The key economic regions and where they are located in each country (e.g. fishery, (air)ports, 
tourism, agriculture, industry etc.)
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2. Climate change projections in the region

• First describe the current climatic behaviour.

− Seasonality (wet and dry months). Number of mm per year.

− Potentially Intensity-Duration-Frequency curves

− regional differences

− variability in temperature throughout the year

12

C
L
IM

A
P

R
O

O
F

 -
N

a
ti
o
n
a
l 
C

o
n
s
u
lt
a
ti
o
n
 m

e
e
ti
n
g



2. Climate Change projections in the region and per 
country

• Then describe the changes. 

• Based on the bias-corrected climate scenarios (climaproof.net) 

• Describe general trends in changes in precipitation and temperature

• Also describe the uncertainty in these results.
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Effects of climate change on infrastructure design

• In general we know whether precipitation or temperature influences the engineering design.

− For example: More intense rainfall may result in overloading of the hydraulic system (e.g. 
culverts)
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Effects of climate change on infrastructure design

• In general we know whether precipitation or temperature influences the engineering design.

− For example: More intense rainfall may result in overloading of the hydraulic system (e.g. 
culverts)

• However, the reality is more complex. Often multiple causes may influence the failure of 
infrastructure.

• For example: 
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How to use climate change data in engineering

• Also climate change data often is not available at the level that is needed for engineering purposes

• Climate models are global models which identify mostly general changes in precipitation and not
necessarily the details of extreme events at a local scale (e.g. at bridge level)

• Internationally hardly any guidelines exist on how to use climate change data in engineering. 

• For operation and maintance:

− We can rely on experience gained during past events

• For design and construction:

− We need to rely on experiences from the past, but also need to know what will happen in the
future.
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What is climate change?
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Change in the statistics

- Averages

- Extremes

- Or both
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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
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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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3. Road infrastructure vulnerability

• We need to understand what part of the road is 
affected by each hazard.

• Therefore is needed per country:

− Overview of natural hazard

− How each hazard is affected by potential
climate variables

− Historic records of road damages due to
climate related hazards. 

− This includes: Time, and location, the
hazard intensity, assets involved, asset 
characteristics, duration of the disruption, 
what the economic losses were and
potentially the number of people affected.
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4. Resilience planning in Road Infrastructure 
Development

• Builds upon the during ClimProof developed reports: national policy gaps and legal
barriers that needs to overcome to implement climate change in decision-making

• Provide an overview of the institutional framework. What is the legal context, which
governmental bodies are involved and how national institutional frameworks relate to this.

• Provide recommendations how to overcome these gaps.

• Also, create an overview of financing organisations, how they work and what is needed to
be compliant to their requests.
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5. Risk assessment and management

• All previous chapters are needed to be able to perform a resilience assessment.

• Gather information on

− Hazard

− Exposure -> road network, assets, type of pavement, type of road and where to gather
this information

− How to determine the vulnerability functions

− Data to determine the socio-economic effects
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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 
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Hazard maps

26

• 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

• Sometimes no hazard maps are present

− Often the case for landslides: susceptibility maps
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Quantitative Vulnerability and Resilience assessments
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Vulnerability = percentage of construction costs 

for a hazard intensity
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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%
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Damage calculation
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Resilience functions

33

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
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Destination

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
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Disruption of 

corridor

Alternative route to 

reach destination

Cost of increased 

travel time

Cost of increased 

travel distance

Traffic density

Destination

Origin

+

Losses

x

Use of resilience functions  criticality assessment
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6. Roadmap for adaptation planning

• The roadmap is needed to identify with the stakeholders involved in the institutional
framework what would be the ambitions level for users, operators, governments

• Also propose an action plan on what would be a desired ambition. 

− For example, should the road always be available. What is the maximum amount of people that
potentially is affected? What are we willing to invest yearly in damages to the road due to natural
hazards.

• This is used when identifying adaptation measures to improve resilience of the network.

• Based on ROADAPT identify a longlist of potential solutions to take, including green 
solutions. Take into account what the characteristics should be to evaluate these 
measures

− For example, the lifetime of a meausre, the costs involved, the effectiveness, implementation
time.

• Finally this should be translated to policy and regulations.
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