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Introductory comments

• Yes or No to the Winter Olympics in Oslo 2022?
– Our mission is not to present arguments against or in 

support of arranging the Winter Olympics in Oslo in 2022!

• Yes or No to analyzing climate change 
vulnerability?
– Our mission is to advocate the need for doing systematic 

climate change vulnerability analysis  in the case of major 
private or public investments, using the plans for arranging 
the Winter Olympics 2022 in Oslo as an illustrative case



Research background at Western 
Norway Research institute (WNRI)

• Research on climate change adaptation
– Several projects financed by NORKLIMA

• Research on climate change adaptation in winter tourism
– Aall, C., Høyer, K.G. (2005): Tourism and climate change adaptation - the Norwegian case. In 

Hall, C.M., Higham, J. 2005. Tourism, Recreation and Climate Change. London: Channelview 
Press: 209-223.

– Demiroglu, O. C., Dannevig, H., Aall, C. (2013): The multidisciplinary literature of ski tourism 
and climate change, In Nazmi K., Metin, K. (ed) (2013): Tourism Research: An Interdisciplinary 
Perspective. Newcastle upon Tyne : Cambridge Scholars Press, 2013. p. 223-237.

– A guest researcher scholarship at WNRI to Cenk Demiroglu in 2011 and 2012 resulting among 
other things in developing a method for calculating the past and future snowmaking capacities 
based on wet bulb temperatures.

• Research on the impacts of Olympic Games
– Teigland, J. (1996): Impacts on tourism from mega-events: The case of Winter Oplympic 

Games. VF-rapport 13/96. Sogndal: Vestlandsforsking
– Teigland, J. (2000): Impact Assessments as Policy and Learning Instrument. Why Effect 

Predictions Fail, and how Relevance and Reliability can be Improved. 
Doktorgradsavhandling ved Roskilde Universitet, Danmark. VF-rapport 13/00. Sogndal: 
Vestlandsforsking 



Recent study on winter reliability and 
Winter Olympics

Oslo in general is regarded as a high climate risk destination to host the olympics in 
the later period of 2050s, according to a recent studyby Scott et al (2014)



An emerging public debate on snow reliability and 
the Oslo 2020 Winter Olympic Games (WO22)

Eli Grimsby (director of WO22): 

«We have made a thorough analysis and projections 
of weather conditions for the relevant time period. 
This is part of the preliminary work we have done 
and we are committed towards IOC to investigate 
these matters”. 

Oskar Landgren (researcher at the Norwegian 
Meteorological Institute): 

“Climate data show that it can easily become 
problematic to carry out the Winter Olympics in Oslo 
in 2022…Although winters in Scandinavia are more 
robust than winters in southern Europe when it 
comes to climate change, I find it strange that snow 
reliability and climate change so far has not been 
part of the debate”.



..but…



And some follow-up comments in the 
media

Hans Olav Hygen (researcher at the 
Norwegian Meteorological Institute ) 
“Even if the chances of too little 
snow have increased, nothing 
indicates that the vicinities of Oslo 
will be without snow in the near 
future….Natural variation within the 
present climate is still much stronger 
than the possible effects of climate 
change”

Eystein Jansen (former director of 
Bjerknessenteret; lead author of the 
IPCCC): “It is a gamble to bet that 
there is enough snow at Winter 
Olympics in Oslo in 2022”.



Oslo 2022 – Oslo Venues



Oslo 2022 – Lillehammer Venues



Oslo region: winter temperature in 
past, present and future

= 1961-1980
= 1981-2010
= 2020-2050

http://cicero.uio.no/publications/detail.aspx?publication_id=9556&lang=no

High risk of a reduction in the 
number of days below zero during 
winter

Winter

Days below 0°C

Days below -10°C

Represented by Fredrikstad



Oslo region: winter precipitation in 
past, present and future

Hist = 1960-1990 MPIP2 = 1990-2010 MPIS2 = 2025-2050
http://cicero.uio.no/publications/detail.aspx?publication_id=9556&lang=no

More precipitation during winter, but high risk of an increased 
share of rainfall

Winter

Winter
Represented by Fredrikstad

= rain
= sleet
= snow



Oslo and Lillehammer region: climate 
in 2020-2050

Warming
+ 1.3o C to 3.5o C temperature increase from the 1961-1990 period

Winter
Less dry but more wet and slushy snow
Frequent freeze-thaw cycles

www.klimatilpassing.no



Oslo and Lillehammer region: snow
1961-1990

Average number of days with snow cover

Lillehammer 
(150 to 250)

Oslo
(20 to 100)

2071-2100
Loss in number of days with snow cover

Lillehammer 
(- 35 to - 20)

Oslo
(- 50 to -35)



Natural Snow Reliability Projections 
2022 (1)

The results here were obtained by 
running the regional climate 
model RegCM4.3.5 for the input 
from the RCP 8.5 emission 
scenario (pessimistic, IPCC 2013) 
of the MPI-ESM-MR global dataset 
at a spatial resolution of 50 km for 
the winter of 2021-2022 (DJF). 
Our preliminary projections based 
on model outputs, defined as 
Snow Water Equivalent (SWE) in 
kg/m2, indicate a very weak 
reliability for the venues of Alpine 
events in the vicinity of Oslo for 
the winter of 2021-2022. 

OSLO

Lillehammer

Wyller

Grefsen-
kollen

Hafjell

Kvitfjell



Natural Snow Reliability Projections 
2022 (2)

As the snowpack is subject to a 
snow density of  102 to 408 
kg/m3,  depending on the period 
(with the later season generally 
containing a higher value), the 
expected Snow Depth values are: 

Grefsenkollen: 0 cm
Wyller: 7-29 cm
Hafjell: 22-88/29-118 cm
Kvitfell: 44-177/52-205 cm

The lower values are more 
probable since the Games are 
planned to be scheduled for late 
February-March.

OSLO

Lillehammer

Wyller

Grefsen-
kollen

Hafjell

Kvitfjell



Why snowmaking?



Who needs snowmaking and/or snow 
transportation? (1)



Who needs snowmaking and/or snow 
transportation? (2)



Methods



Who has data (T & RH) on eKlima? (1)
Tryvanns

høgda



Who has data (T & RH) on eKlima? (2)

Kvitfjell



Wyller: Future Snowmaking

520 m

400 m

160 m

Days of good quality 
snowmaking at 514 m
1961-1970: 54 (D:12 J:22 F:10 M:1)
2004-2012: 4 (F)
2020-2050: 0*

* Data from 1976-1990 are missing for the control period.

Brukernavn
Presentasjonsnotater
1975-1990



Conclusion & Recommendations (1)

Wyller: 
Historically, Wyller had a strong snowmaking capacity, especially during the 
cold decade of 1961-1970, with the coldest days mostly falling into the winter 
months and peaking in January. However, this characteristic has recently been 
lost to warming with only 4 February days left on average for snowmaking 
during 2004-2012 and no more capacity projected* for the future period of 
2020-2050, given the specifications of the commonly available technology at 
use. 

* The projections are made by adding the temperature increase predictions specified in Klima 2100 with respect to the control period of 1960-1990. However, we 
have taken the period of 1960-1975 as the normal reference, since the data for the rest of the period were missing on eKlima. Nonetheless, this weakness would not 
imply much change on the results since both the 15-year halves of the 1960-1990 period are quite identical (see Fig. above). 



Conclusion & Recommendations (2)

Wyller: 
It is advised that the events at this venue be scheduled for February, but not 
later in March. The newly planned slopestyle run, as well as the existing cross 
and slalom (snowboard) runs and the halfpipes, could be supported by dry 
material on the base, such as Snowflex®, if the FIS permits. Moreover, the 
organisers could consider making use of the state-of-the-art VIM technology, 
which claims to allow snowmaking at any ambient temperature , yet with a 
likely considerable requirement for financial and environmental resources. 

Hybrid (Dry + Natural) Ski Slope in Poznan

http://www.ide-thermalenergystorage.com/?page_id=232


Kvitfjell: Past Snowmaking Analogue for 2022

• Tryvann
• Kvitfell

November 2003 Temperature data are missing on eKlima.



Conclusion & Recommendations (3)

Kvitfjell:
The resort has had a strong snowmaking capacity, especially on the upper 
runs during the 2004-2012 period. The period, mostly falling into the warmest 
decade recorded (2001-2010) is to some extent analogously indicative of the 
conditions for 2022.
The current Olympic Alpine run (1a+1b) is located on the southeast facet of 
the mountain. In order to take preventive measures, it is advised that the 
newly planned slope be located on the northern faucets to improve 
snowmaking capacity, at the expense of losing some of the sunshine. 
Moreover, the immediate west  of the venue would be a potential area to 
provide additional snow for transferring, if needed.



Credits
«Why Snowmaking?» in Steiger, R. and M. Mayer (2008). Snowmaking and climate change: future options for 
snow production in Tyrolean ski resorts. Mountain Research and Development, 28(3/4): 292-298. 
Venue maps and info @ http://www.ol22.no/en/venues-and-facilities/ 
Climate change maps @ http://www.regjeringen.no/nb/dep/kld/kampanjer/klimatilpasning-norge-
2/temperatur--og-nedborendringer-2050-og-2.html?id=609105 
Meteorological stations @ http://eklima.met.no/Help/Stations/toDay/all/en_Stations.html 
Lapse rates in Linacre, E. (2003). Climate Data and Resources: A Reference and Guide. Routledge. 
Wet bulb temperature formula in Stull, R. (2011). Wet-bulb temperature from relative humidity and air 
temperature. Journal of Applied Meteorology & Climatology, 50: 2267-2269.
Wet bulb temperature chart @ http://www.snowathome.com/snowmaking_weather_tools.php 
Kvitfell map @ http://www.skiinfo.no/ostlandet/kvitfjell/skikart.html 
Oslo Vinterpark map @ http://www.skiinfo.no/ostlandet/tryvann-vinterpark/skikart.html 
Oslo average temperature chart @ 
http://wgbis.ces.iisc.ernet.in/energy/HC270799/SOE/nor/soeno97/climate/oslotemp.jpg
Olympic locations’ climate risk @ 
https://uwaterloo.ca/news/sites/ca.news/files/uploads/files/oly_winter_games_warmer_world_2014.pdf 
IDE All-weather snowmaker @ http://www.youtube.com/watch?v=IynipZwLjPY 
Dry ski slope @ http://media-cdn.tripadvisor.com/media/photo-s/03/62/c1/c5/malta-ski.jpg  
SkiKlima: A Geo-Bibliography of Climate Change and Ski Tourism Research, @http://www.skiklima.com/
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