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ABSTRACT: 
 
Safe operation of railways in Norway depend on up-to date reliable meteorological data, and warning systems for snow avalanches, 
landslides and floods. Detectors and measurements in known locations are used to determine levels of awareness and record events as 
they occur. Certain events may trigger signals to stop trains, other actions and communication aim to avoid accidents or reduce 
danger and impact. Accuracy of geographic location, distances and timestamps is crucial when planning, operating, closing and 
maintaining the lines as safely and effectively as possible.  
 
 

1.  CLIMATE FACTORS IN RAIL TRANSPORT 
 
The most important climate factor considering the effects on 
railway infrastructure and train operations are precipitation, type 
of precipitation, wind force, wind direction and temperature. 
Separately and in various combinations these climate factors 
may cause landslide, flood, substructure washout, snow 
avalanche, falling trees and track geometry distortions. 
 
A safety goal is that railway transport shall not cause loss of 
human lives or severe damage to people, environment or 
equipment. Changes in the climate lead us to reconside certain 
aspects of the technical infrastructure, rolling stock, 
maintenance plans, operational procedus and not to forget, the 
human knowledge of and response to the challenges.  Accuracy 
of predictions is needed to assure safe and effective transport 
solutions. 
 
 
1.1 Effects on operations and maintenance 
 
Global (IPCC) and regional (RegClim) climate studies indicate 
more intense precipitation in Norway the next 50 years. The 
highest increase in precipitation values in the scenario are in the 
northern and western part of the country, areas where the values 
already are high. Combined with a projected increase in 
temperature, more winter precipitation will come as rain, rather 
than snow. This perspective implies that more resources should 
be put into surveillance and maintenance of drainage systems 
along the railway.  Substructure washout should be avoided to 
maintain safety and regularity of train operations. Heavy rainfall 
also increases the risk of landslides, rockslides and floods that 
may damage the railway and interrupt train traffic.  
 
Flood risks must be considered for all railroad infrastructure 
components. Important factors are accumulated drained area, 
drainage capacity and location of measure instruments, basins, 
bridges, ditches and pipe in relation to streams, rivers and lakes. 
Recorded or live data from selected weather stations, wind 
direction and recorded statistics is necessary input when 
evaluating conditions and deciding possible actions. 
 
 
1.2 Procedure for deciding landslide alert levels  
 

Precipitation is monitored using a stepwise  procedure to decide 
among three levels of alert (green,yellow,red) with specified 
sources of input, inspection requirements and criteria for each 
level. Empirical research have shown that there is high 
probability of landslides when 
1) 

a) 1/12 of the annual normal rain, one months rain is 
received in 24 hours 

b) 1/20 or 5% of the annual normal rain is received in 12 
hours 

 
2) Damage to the track most likely occurs when rainfall is 50% 
or more of 1). 
 
The necessary amount of rain needed to cause a landslide is 
called threshold value T12h or T24h.  For example  
T24h for Narvik: 840 mm/ 12 = 70 mm 
T12h for Narvik: 840 mm · 5% = 42 mm 
 
The procedure for usage of the threshold values in relation to 
weather prognosis and measures is shown in Figure 1.  The 
experience so far is that the procedure is helpful  in detecting 
areas of risk and improving traffic safety. Attention has on 
many occasions of green and yellow alert been brought to 
components of the infrastructure in need of maintenance or 
upgrade. The red alert level and closure has proven to save 
lives, as warned landslides have occurred after closing the line, 
avoiding damage to train or people. Knowledge of local 
conditions is still very important, and the procedure calls for 
more inspections in periods of bad weather. In this context  
“good”  can be “bad”,  as when clear sunny days in early spring 
give more rapid melting of snow leading to destabilization of 
soil, flood and landslides. Snow melting is therefore added 
when evaluating precipitation according to the procedure.  



 

  
Figure 1.  Procedure for deciding landslide alert levels Green, Yellow and Red  
 
 
Green alert: A preparation phase, - assure the line is able to handle the coming weather. Decision is based on weather prognosis from 
text warnings, meteogram and weather maps showing accumulated precipitation, snow melting included. 
Yellow alert: Bad weather has arrived and lasted a few hours. Increase frequency of line inspections and eventual point inspections. 
Enforce speed reduction causing delays in traffic. Decision based on weather measurements including measured precipitation, wind, 
temperature etc. from weather stations, weather radar images and observed conditions. 
Red alert: Line closed for traffic, otherwise same as yellow alert. 
 
The green alert phase is bases on prognosis evaluation 
combined with accumulated  knowledge of local weather 
history and capability of infrastructure with regard to expected 
weather. The quality of the analysis and the precision of 
predictions depends on sufficient local background information 
and closeness of input with respect to time and distance from 
the exposed parts of the infrastructure.  When bad weather has 
actually arrived and lasted a few hours, weather radar images 
provide valuable representation of the actual precipitation 
intensity in near real time.  

 
Figure 2 . Weather radar image showing intensity of 
precipitation  (yr.no) 
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Images are published every 15 minutes, and can be combined 
into animations showing the movement, and variation in 
intensity over time. This is particularly useful when considering 
possible escalation of alert level from green to yellow. The 
Meteorological institute (met.no) in Oslo installed the first 
weather radar in Norway in 1977 and is now planning to build 
more to achieve complete national coverage in the  future with 
12 radar stations.  Currently there are seven of them in operation 
around the country. 
 
1.3 Location of  weather stations and relevance of  data. 
 
In November 2009 there are 250 regular weather stations in 
operation all around Norway collecting data such as surface 
temperature, precipitation volume, humidity, atmospheric 
pressure, wind direction, wind speed and  snow depth. 46 of 
these are selected because they are close to the railway, and in 
addition we collect weather data from our own 7 weather 
stations directly near the railway. 20 more of these are planned 
to significantly improve  our weather observation capabilities in 
the future. The geographical distance between the railway and 
the measuring instrument is important when considering the 
relevance of a particular meteorological image or set of data. 
The spatial resolution of  global models may be insufficient for 
analysis at the local or national level.  

 
Figure 3. Europe, according to IPPC global climate model 
 

 
Figure 4. Norway represented with 55 km grid in RegClim   
 
The grid cell size of model defines the spatial accuracy and the 
55km grid on the RecClim model supports local analysis, while 
the 150 km  IPPC is more for large scale global analysis. We 
want to investigate more precision the local effects of global 
heating with respect to different railway lines and components 
of the infrastructure. Combining global climate model results 
with statistical methods applied to local climate data and 
regional and national climate models give better local 
predictions.  In northern Norway wind forces have a strong 
impact on soil stability, whereas rain is the most critical factor 
in the mountains of western Norway.  Snow melting in the 
mountains and hills may lead to flooding further down on the 
plains in the south and east.  Weather data from far away may 
therefore also be important, as streams, sunshine and winds can 
bring along consequences.  
 
 



 

 
Figure 5.  Meteorological stations along the railway.  
 
Increasingly important is the time factor,  that is the frequency 
and timeliness of reporting .  There is data indicating a trend for 
certain exposed areas to receive increasingly more intense 
rainfall. This has caused various flooding problems and a need 
to monitor and  increase drainage capacity. There are currently 
15876  registered drain pipes crossing the under the Norwegian 
railway, (BaneData, 2009) and it is not a  trivial task to decide 
where along the 40114 km railway (JBV Statistics, 2007) there 
is a most urgent need for more drainage capacity. All drain 
pipes have a registered km (BaneData), and with a GIS 
(Geographical Informations System) this can be used to put 
them on a map along the linearly measured railway.  Looking at 
the nearby terrain contours it is then possible to get an overview 
of where and how the water streams are to in relation to the 
drain pipes. 

 
Figure 6.  Streams and drainage system locations along track.  
 
For capacity analysis more data is needed. Relevant parameters 
include the diameter, cross section shape and angle of the pipes 
and ditches along the track. 3D modelling of the terrain can be 
used to calculate the drained area of individual drain pipe inlet 
points. A triangular irregular network (TIN) is constructed from 
the map height points and contour lines, providing  a theoretical 
3D surface for stream analysis. The accuracy of  the model 
depends on factors like map scale and contour line distance, 
slope variation, and edge representations of physical structures.   
Adding factors like soil saturation level, vegetation, surface 
roughness, erosion  from debris and fluid flow dynamics,  
absorption capacity and liquidification of soils and marine 
deposits, can increase realism. However, the complexity of the 
model and calculations  can sometimes  obscure the clarity  of 
the results.   

 
Figure 7. Calculated drained area for pipes using 3D analysis.   
 



 

 
2. TRENDS AND SCENARIOS FOR THE FUTURE 

 
2.1 Historical events and data  
 
Points where flooding have occurred previously are often 
vulnerable to repeated floods. Therefore the recorded historical 
events is crucial in providing data for further investigations and 
deciding where to look further. 3D computer models combined 
with weather data and analysis are powerful tools when we need 
to make better decisions for the future, based on scientific 
methods. 

 
Figure 8, Number of landslides and avalanches along 
Norwegian railway lines 1996 -2008. 
 
 
 

 

 
Figure 9.  The annual number of landslides per route-km 
recorded over the period 1999-2008. 
 
 

 
Figure 10. Flooding and substructure washout occurring 
because drainage capacity is insufficient to handle more intense 
rain 
 

Landslides and avalances recorded in 
BaneData 1996 - 

2008 

0 
20 
40 
60 
80 
100 

120 

2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 
Rock/soil/ice  Sno

w  Linear (Rock/soil/ice) 



 

2.2 Predictions and scenarios for the future 
 
More extreme weather causes more floods and landslides and 
more often closing of the line.  For the future, a more robust 
infrastructure with respect to the forces of nature and climate 
changes will need updated guidelines to improve drainage and 
reduce the chances of floods, landslides and avalances. The 
stability of  landfills and hills must be secured by protecting 
against erosion and changes in groundwater level.   More 
frequent freeze/thaw cycles during the winter raises the need for 
frequent inspections, and research and application of  more 
robust materials and methods in track construction and 
protection  
 
With knowledge of geographical areas of risk, it is possible to 
more successfully select where to make the infrastructure more 
robust or install warning systems.  On the 100 year old Bergen 
line we have installed landslide warning systems in the 
mountainous western part to prevent trains from running into 
landslides. Detection quality can be improved by more precisely 
locating the risks as it is costly and impractical to cover every 
possibility by evenly distribute detectors.  
  

 
Figure 11. Derailed train after avalanche on the Bergen line 21 
of February, 2007. No avalanche had previously been recorded 
at this particular location. 
 
The climate scenario and recent experience tells us to continue 
to look for ways to apply technology and methods to promote 
safety in planning, construction, operation and maintenance.  
Identifying vulnerable locations and cost-effective methods is 
cruical. For new investments, perhaps with stronger 
requirements for dimensioning with respect to climate exposure, 
further analysis is needed to see how individual projects can be 
combined into an overall better planned collection of projects in 
the National Transport Plan. A line with a history and risk of 
landslides can sometimes be replaced by a tunnel, effectively 
both reducing travel time and improving safety.  

 

 
Figure 12. Planned railway tunnel near airport to replace old 
line historically exposed to landslides. (Handlingsprogram 
2010-2019) 
 
Planning with a longterm perspective and looking at the 
overall road, air and sea transportation in combination we 
aim for sustainable solutions that may safely and 
effectively work together in the years ahead.    
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