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Introduction

Adapting to changing climate in the transport 
sectors

• How does the transport sector adapt to a 
changing climate?

• About the NIFS project

• Experiences, challenges and needs in the 
future
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Higher risk of flood and erosion, insufficient drainage capacity
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Flood damage in Flåm, 2014
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Wave erosion, flooding from 
sea, storm surge –
- important for coastal roads 
and elevation of
sub-sea tunnels.
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Higher risk of landslides and avalanches, occurring new places and more frequently. 
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Debris flows & 
slush avalanches
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28.10.2015.
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Operation problems 
due to heavy snowfall. 



Actions and framework for 
adaptation

Climate change



NPRA addressing climate change

R&D program «Climate and Transport»

28.10.2015.

Aim: investigate all effects of climate 
change on roads & propose remedial 
measures. 

Budget € 2,2 mill over four years



Collaboration between: 

● NPRA
● Norwegian National Rail 

Administration
● Norwegian Water Resources and 

Energy Directorate

R&D program «Natural Hazards –
- Infrastructure, Floods and Slides»

Budget € 4.5 mill over four years

NPRA addressing climate change



Climate projections

National framework for adaptation 

28.10.2015.

Update following IPCC’s AR5   

The basis for calculations: 
• climate developments in 

Norway so far 

• assumptions about future 
greenhouse gas emissions.



Climate projections
National framework for adaptation 

28.10.2015.

6 temperature regions

13 precipitation regions 

>> annual and seasonal 
projections 

Interactive maps

https://klimaservicesenter.no/faces/desktop/scenarios.xhtml


Norwegian Centre for Climate Services 

National framework for adaptation 

28.10.2015.

eklima.met.no
Free access to weather- and climate 
data: historical, real time, forecast

www.senorge.no
Daily updated maps of snow, weather 
and water conditions 
and climate.

Sea level change for Norway

Flood charts and flood projections 

Short term precipitation 

http://sharki.oslo.dnmi.no/portal/page?_pageid=73,39035,73_39049&_dad=portal&_schema=PORTAL
http://www.senorge.no/
http://www.miljodirektoratet.no/no/Publikasjoner/2015/September-2015/Havnivaendring-i-Norge/
http://www.nve.no/en/Floods-and-landslides/Flood-inundation-maps/
https://klimaservicesenter.no/faces/desktop/article.xhtml?uri=klimaservicesenteret/dimensjonerende-nedbor/kortidsnedbor-og-IVF-verdier


Introduction to NIFS

Norway is a mountainous country with peculiar 
ground conditions

– soft clay slopes and very steep mountains.

• exposed to various types of natural hazards
– landslides, debris- and mudflows, rock falls, snow 

avalanches and flooding

• constitute a major threat to human life, 
surrounding manmade facilities, infrastructure 
and natural environments

• The accumulated cost of damage
– 1 billion Euro (1980-2000)
– 100 million Euro (in 2014)



Recent experiences 

Impact of extreme weather event triggered natural hazards on Norwegian 
transportation infrastructure (Source: NNRA and NPRA).



Recent experiences and studies 
with Extreme Weather Events (EWEs)

• an increase in the frequency and/or intensity 
of EWEs including unusual, severe or 
unseasonal rainfall, temperature fluctuations 
and strong winds

• the size and frequency of natural hazards such 
as flooding, debris- and mudflow (DMF) types 
have also increased

• in areas that we have not experienced in the 
past 



Natural hazard challenges in Norway

(a) Natural hazard challenges in Norway, based on www.skrednett.no. 
(b) DMF’s susceptibility map of Norway illustrated using a recent study carried out by NIFS 
(c) Change in landslide frequencies due to climate change triggered EWEs as suggested by NVE



Natural hazards, infrastructure, floods and slides 
(2012-2015)

A partnership between

• Norwegian National Rail Administration

• Norwegian Water Resources and Energy Directorate

• Norwegian Public Roads Administation

Budget = 42 MNOK 
Quick clay = 10 MNOK

www.naturfare.no



How to live with the risks
– about floods and slides  
white paper no. 15/2012





Notodden 23. July 2011
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Theory Practise

• Develope robust  infrastructure

• Handling of floods and slides

• Collaboration within f.ex. geografical area, in a 
defined rain field



Slope stability and landslides related 
challenges in Quick clay

• Definition and delineation of overall stability

• Source data for risk assessment

• Shoreline slides

• Site investigation for surveying quick clay

• Numerical models

• Safety policies and regulations

• Landslide retrogression and run-out

• Stabilisation of quick clay



Quick clay

Left: Norwegian sensitive clay at the intact state,
Right: Remoulded due to the loading.



Landslide in highly sensitive clays (quick clays)

Illustration of a landslide in highly sensitive clays (quick clays) 
(Source: Thakur et al. 2013).



Avalanche, landslide and flood 
protection

• Slide processes and protective measures (why 
things go wrong).

• Guidelines/handbooks/checklists (how to 
prevent things from going wrong).

• Flood, avalanche and landslide acceptance 
(when it is okay that things go wrong).



Avalanche, landslide and flood 
protection

Left: Geohazards monitoring using radar and UAV. 
Right: shows the movements registred in a rock slope in Norway



Mapping, data coordination and risk 
and vulnerability assessment

• Mapping floods, avalanches and landslides

• Data coordination

• Risk and Vulnerability Assessment (RVA) plan

• Flood and landslide events



Monitoring and forecasting



Emergency preparedness and crisis 
management 

• Role and responsibilities

• Planning for emergencies

• Crisis management

• Drills and training across agencies 

• Information flow

• Recommendations



Implemented measures & 
unsovled challenges

State of work



Revised manuals of design and 
practice

State of the work

28.10.2015.

● NPRA manuals: based on standards, with additional 
requirements, guidelines for roads and road assets.

● Amendments to incorporate climate change

44



Revised manuals of design and practice
State of the work

28.10.2015.

Examples

● climate conditions included in the premises for planning

● 200-year flood level 
is the  basis for 
design of road elevation 
+ 
hydrological expertise 



Revised manuals of design and practice
State of the work

28.10.2015.

Examples

● drainage capacity: requires the latest data and the use of an additional 
robustness factor

● plan for water 
management
required

● comprehensive 
drainage plans

Photo: Norfilm 



Revised manuals of design and practice
State of the work

28.10.2015.

Examples

● mainstreaming adaptation: a part of all work processes and  schedules 
maintenance. 

● new template for preparedness plans for natural hazards: better data, 
maps etc.. 



Web portal xgeo.no
State of the work

28.10.2015.

http://www.xgeo.no/


Concept for vulnerability surveys

• NPRA carries out a large scale surveys from the aspect of redundancy

• Climate change is introduced in the survey

State of the work

28.10.2015.

More detailed 
analyses of assets 
and surrounding 
conditions



Inventory of vulnerable assets 
State of the work

28.10.2015.

However…  

A lot of valuable work in 
developing preparedness plans
for natural hazards.

An important part of the work is analysing 
vulnerability. 



Assessing vulnerabilities in 
contingency plans

Current tasks

28.10.2015.



Mapped information
Assessing vulnerability in contingency plans

28.10.2015.



The document template

• Scope
• Description of area: 

topography, climate, geology, hydrology, main 
road sections and road structures, etc.

• Describing vulnerabilities
• Landslides and avalanches
• Flood risk sections
• Vulnerable constructions
• Unfavourable weather conditions

• Threshold values
e.g. snowfall in 3-hr period, 24-hr period

• Ongoing improvement: Broader perspective 
of possible natural hazards

Assessing vulnerability in contingency plans

28.10.2015.



Registration of natural hazards
Assessing vulnerability in contingency plans

28.10.2015.

natural hazarddriving conditions

crew list

operation area

area evaluated

evaluated by

snow avalanche hazard

landslide hazard

other natural hazards

concern for roads

Web and 
smartphone 
application



White paper no. 15 «How to live with
the risks»

>>> Holistic approach

… in areas where the risk of flooding and / or 
landslides is particularly high, the relationships can 
be complex ….. 

… may be relevant in a more coordinated planning. 
Such plans may be developed in cooperation 
between NVE as a technical agency, municipalities, 
counties and other concerned agencies. 



National strategy - floods and slides

• NVE and other governmental agencies shall together develope a national
strategy for cooperation and coordination

• NVE will take initiativ and have the responibility of continuous monitoring. 
The objective should be to achieve better coordination and cooperation 
on dealing with flood and landslide risk. The strategy will concretize 
cooperation areas and identify measures to improve the interaction 
between the actors.

NIFS provides contribution to this strategy:
- input for better management, communication, education etc
- coordination measures: common databases for avalanche data, soil 

investigation data etc. 
- data development (common tools), for example. Map sites and warning 

system



Closing remarks & video

• The use of drone at Skjeggestad, Norway

This is not the end. 
It is not even the beginning of the end. 
But it is, perhaps, the end of the 
beginning
(Churchill, 1942)
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