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Dear Reader

The ArcResc Climate project examined the impacts of climate change on the operating environment, 
particularly from the perspective of rescue services and rescue operations.

Measures to mitigate climate change have failed and are too slow. We will exceed the 1.5°C limit in the 
coming years. The better the societies adapt to climate change, the better rescue services will be able to 
cope with the tasks caused by extreme weather events, which will become more frequent and stronger 
in the future. 

This presentation reviews the current state of climate change, the impacts of climate change from the 
perspective of rescue services, encourages and provides tools for rescue service operators to participate 
in land planning and social debate, and provides tips for preparing rescue services for the changing 
operating environment caused by climate change.

I hope that the rescue services will play an active role in adapting to and preparing for climate change, as 
well as in combating it.

I want to thank everyone who participated in and supported this work. The project was funded by the 
Ministry for Foreign Affairs of Finland (IBA-funding). 

I am pleased to provide further information on this topic. 

Sincerely 
Joel Kauppinen
joel.kauppinen@sppl.fi

Recommendation

Watch the videos and search 
for the original sources by 
clicking the links provided.



Where is Climate Change going now? 

https://www.carbonbrief.org/analysis-fossil-fuel-co2-emissions-to-set-new-record-in-2025-as-land-sink-recovers/

https://edition.cnn.com/2025/02/10/climate/paris-climate-agreement-breach/index.html
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The Paris
Agreement

2016

Fossil fuels are still the major energy source

According to statistics, significant 
reductions in fossil fuel 
consumption have occurred only  
during major societal disruptions, 
such as: 

1) economic recessions 

2) the COVID-19 pandemic.

After these disruptions, fossil-
based energy consumption often 
rebounds and reaches new record 
levels.

1)

2)



https://apps.climate.copernicus.eu/global-temperature-trend-monitor/

The trend toward 1.5°C is 
becoming steeper, meaning we 
are approaching 1.5°C 
significantly earlier than 
previously estimated and are 
very likely to exceed the 1.5°C 
limit.
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RCP = RepresentativeConcentrationPathway

Coastalclimatechangeinfographicseries: www.coastadapt.com.au

According to researchers, we can no 
longer limit global warming to 1.5°C.
 
Current projections indicate we are 
on track for a scenario close to 
RCP4.5 or even higher.

In Arctic regions, the warming effect 
is estimated to be 2ς4 times greater 
than the global average, meaning 
these areas could experience a 
temperature increase of 4ς8 °C. 

This warming is particularly 
pronounced during the winter 
season.

http://www.coastadapt.com.au/


RCP = RepresentativeConcentrationPathway

James Overland, Edward Dunlea, Jason E. Box, Robert Corell, Martin Forsius, Vladimir Kattsov, Morten SkovgårdOlsen, Janet Pawlak, Lars-Otto 
Reiersen, Muyin Wang, The urgencyof Arctic change, www.sciencedirect.com/science/article/pii/S1873965218301543

Warming in the Arctic 
is 2ς4 times faster than 
the global average, 
with especially strong 
amplification during 
winter months. 

Under the 
intermediate-emissions 
RCP4.5 scenario, Arctic 
temperatures are 
projected to increase 
by 3ς5 °Cτor moreτ
by around 2050.

http://www.sciencedirect.com/science/article/pii/S1873965218301543


Climate Change Tipping Points

© ESA

Many climate tipping points 
are located in the Arctic and 
Antarctic regions. Crossing 
these tipping points not 
only has local impacts but 
also accelerates global 
climate change by reducing 
ǘƘŜ 9ŀǊǘƘΩǎ ŀƭōŜŘƻ ŀƴŘ 
releasing methane into the 
atmosphere.



China greenshift

/ƘƛƴŀΩǎ /hі ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭǎ όƛƴŎƭǳŘƛƴƎ ŎƻŀƭΣ ƻƛƭΣ ŀƴŘ Ǝŀǎύ ŀƴŘ ŎŀǊōƻƴ-intensive 
cement production have begun to decline. 

Renewable energy has become significantly cheaper than coal in China accelerating the 
shift to green energy. 



Operationenvironment2035, 2050, 2100

Extreme weather events are 
becoming more frequent and severe 
(treacherously).

Å Temperaturerise

Å Quickchangeof temperatures

Å Precipitationamount

Å Drought

Å Changingwinters, snowamount, 
snowquality

Å Sea levelrise

Å Wind, storms, thunder, hailΧ

https://www.instagram.com/p/DRBPLxbE8yn/

https://www.instagram.com/p/DRBPLxbE8yn/


Identified risks from the perspective of rescue services

ï Floods, all types!
ï Snowload, heavy snow
ï Avalanches
ï Landslides
ï Storms, fallingtrees(newin winter!)
ï Changing, unpredictableice conditions
ï Slipperyconditions
ï Problemscausedby heatwaves

ï Heatislandeffect, warmingof buildings

ï Wildfires
ï Ticks, other insects
ï Green transition and newtechnologies
ï Tighterregulations
ï (Climate) refugees

Are vulnerable sites, 
people, infrastructure 

identified in time?

Adaptation and
preparedness!



Modelling, scenarios, extremeweatherevents

Easier, more precise Hard, not visiblein modelling

Temperature Wind

Precipitation Drought

Heavy rain/downpourevents

Extreme weather events are expected to become both more common and more 
intense as a result of climate change. Modeling them is difficult, but recognizing the 
change is particularly important from the perspective of rescue services.

The societies will adapt to everyday changes, but extreme weather events, which still 
occur rarely, will become more extreme invisibly in the background. Extreme weather 
events hit us by short notice, and if we are not prepared for them at reasonable level, 
there is a high risk that the very limited resources of rescue services will not be used 
effectively and targeted correctly.



TemperaturechangeRCP4.5

Å Example: growingseasonextends1-2 monthsRCP 4.5.
ï Vegetation, trees

-> more fuel, more intensivewildfires

Location 2035 2050 2100 2100RCP8,5

Tromsø 1,8 2,3 3,2 5,3

Luleå/Oulu ~2 нΧп пΧс ~6

Rovaniemi 2,3 3,1 ~5 >6,5

Kajaani мΣрΧонΧп оΧп ϤрΧс

RCP4.5 2100



www.is.fi/kotimaa/art -2000010673378.html

Air moisture+7 %/+1 C increase
-> Floodingrisk increases!

Mikkeli 9/2024

http://www.is.fi/kotimaa/art-2000010673378.html
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MeasuredprecipitationSuomussalmi (nearKajaani) from 1970

December-February March-May

June-August September-November

https://doi.org/10.35614/isbn.9789523362055

https://doi.org/10.35614/isbn.9789523362055


Precipitation

Å ~8 % more precipitationby 2050 RCP 4.5

Å ~10 % more by 2100 RCP 4.5

Å Floodingchangeincrease1/200y 11-20 
%/21-30 % 

Å More frequentand 50 % more intense
downpours

Å New placesin danger

Northern Norway
Blue RCP4.5
Red RCP8.5

Rovaniemi

North Ostrobothnia

North Ostrobothnia, 
the mostheavy 
rainfallwould intensify
and becomemore
common.

HCLIM-model
% changein rainyhours
https://doi.org/10.35614/isbn.9789523362055

https://www.rovaniemi.fi/loader.aspx?id=
995b793b-f567-4db6-9c1c-c42c60dbe008

https://www.miljodirektoratet.no/glob
alassets/publikasjoner/m406/m406.pdf

Tromsø
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Sea levelrise, stormsurge(stormflo)

TROMSØ LULEÅ/OULU

Å 2035 +5 cm

Å 2050 +10 cm

Å 2100 +15 cm (authoritiessafetymargin55 cm rise)

Å Storm surge1/1000y 2050 237cm, 1/200y 221cm
Å Sea levelfingerprintkeepsriselowercomparedcloserto equator.

https://science.nasa.gov/earth/climate-change/evidence-of-sea-level-fingerprints/

No significant change due 
to land rise.
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Whenfloodingis dangerous? 

Å Water level + flow, pressure of flowing water.

Å Wells, road collapses, cannot see under water.

Å Combined sewer system = risk of disease spread.

Vehicles Persons



Watchthe video:https://www.lefigaro.fr/flash-actu/voitures-englouties-maisons-submergees-arbres-a-terre-les-images-des-inondations-dans-le-nord-de-l-italie-20250924
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https://www.instagram.com/p/DQykaPFk88D/

Whenfloodingis dangerous? 

Å It is dangerous to be in a floating vehicle.

Å Only 15 cm of fast flowing water is enough for floating small vehicles.

https://www.instagram.com/p/DQykaPFk88D/
https://youtu.be/t4ilUbMXZAQ
https://youtu.be/t4ilUbMXZAQ
https://youtu.be/t4ilUbMXZAQ
https://youtu.be/t4ilUbMXZAQ


https://syke.maps.arcgis.com/apps/webappviewer/index.html

https://tromso.maps.arcgis.com/apps/webappviewer/
index.html?id=60eebf71405f4ae89d57284509bc0f23

Floodmaps

Å Mapsexistsfor seaflooding, stormwater flooding, river/lake 
flooding -> hardto find scenariosfor water flow routesin the
built areas.

Å It is important to clarify which models are used for flood maps 
and whether they account climate change.

Å Flood maps are a valuable tool for adaptation planning and 
implementation and preparedness.

Å During extreme rainfall events, it is crucial to know which 
routes to avoid to prevent getting stuck on flooded roads or 
behind vehicles trapped in deep water. Traffic jam is likely 
under such conditions. This requires careful preplanning, 
smart routing, and up-to-date information on flooding and 
traffic conditions.

https://syke.maps.arcgis.com/apps/webappviewer/index.html
https://tromso.maps.arcgis.com/apps/webappviewer/index.html?id=60eebf71405f4ae89d57284509bc0f23
https://tromso.maps.arcgis.com/apps/webappviewer/index.html?id=60eebf71405f4ae89d57284509bc0f23


More winter rain

Å Slippery road and incident area conditions:
ï Can we reach the destination? 
ï Are chains needed for at least one unit?
ï Installing chains proactively when slippery conditions are 

expected
ï Skill in installing chains? Skill in driving with chains?
ï Spikes for boots -> personal safety

Å Freezing rain
Å Stormwater drainage may be covered by snow and 
ƛŎŜ Ҧ Ǌƛǎƪ ƻŦ ǎǘƻǊƳǿŀǘŜǊ ŦƭƻƻŘƛƴƎ

https://yle.fi/a/74-20128572

https://www.instagram.com/p/B8UD2G7BKSH/

12/2024

https://yle.fi/a/74-20128572
https://yle.fi/a/74-20128572
https://yle.fi/a/74-20128572
https://www.instagram.com/p/B8UD2G7BKSH/


Snow, snowload

https://yle.fi/a/74-20159829YLE 5.5.2025

https://www.lapinkansa.fi/lumi-romahdutti-vanhan-jaahallin-katon-sodankylass/616587 Lapin Kansa 10.2.2020

Å Large amounts of snow at once/in a short 
period of time.

Å Structures may not withstand the weight of 
snow+rain.

Å Usually, the responsibility of building owners 
Ҧ ŘƻŜǎ ǘƘŜ ƻǿƴŜǊ ƪƴƻǿ όŜΦƎΦΣ ƛǎ ǘƘŜ 
international real estate owner aware/
is the maintenance company up to date?).

Å How is it ensured/who ensures that buildings 
and structures at risk of collapse do not have 
people inside before the snow load is removed 
from the roof? Temporary prohibition of use?
Rescue department role?

https://yle.fi/a/74-20159829
https://yle.fi/a/74-20159829
https://yle.fi/a/74-20159829
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Crownsnow

https://www.sahkoviesti.fi/juttuja/tykkylumi-nayttava-tihulainen.html

Crown snow accumulates on trees and 
structures, creating risks such as:

Å Heavy snow load and trees 
potentially falling on people
ï 9ƴǎǳǊŜ ǊŜǎŎǳŜǊǎΩ ǎŀŦŜǘȅ ǳƴŘŜǊ ŎǊƻǿƴ 

snow conditions

Å Power outages/problems for the 
electrical network

Å Property damage, tree damage

https://www.sahkoviesti.fi/juttuja/tykkylumi-nayttava-tihulainen.html
https://www.sahkoviesti.fi/juttuja/tykkylumi-nayttava-tihulainen.html
https://www.sahkoviesti.fi/juttuja/tykkylumi-nayttava-tihulainen.html
https://www.sahkoviesti.fi/juttuja/tykkylumi-nayttava-tihulainen.html
https://www.sahkoviesti.fi/juttuja/tykkylumi-nayttava-tihulainen.html


Avalanches

Å Avalanche season shortens due to 
shortening winters.

Å Wet snow avalanches, different 
accumulating areas, can go further.

Å New locations in risk due to 
changing weather patterns.

Å Need increased caution.

https://www.nrk.no/tromsogfinnmark/to-personer-skal-
vaere-dode-etter-skred-pa-reinoya-i-troms-1.16360739

NRK 31.3.2023
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Landslides, collapsingembankments, damsafety

Å More precipitation, mild winters -> risk rises for 
Å Landslides/Mudslides in steep terrain
Å Embankment collapse
Å Quick clay slide, because precipitation flushes salt away 

Å Are we familiar about the (location of) vulnerable infrastructures?
Å Monitoring quick clay? 
Å !ŦǘŜǊ ŀƴ ŜȄǘǊŜƳŜ ŜǾŜƴǘ Ҧ ƛǘΩǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ƪƴƻǿ ǿƘŜǘƘŜǊ ǘƘŜǊŜ ƛǎ ŘŀƳŀƎŜ ƛƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 
Ҧ άŘƻƴΩǘ ŘǊƛǾŜ ŀ ǘǊŀƛƴ ōƭƛƴŘƭȅ ƻǾŜǊ ƛǘέΦ

Vimpelinvaara, 
Kainuu

KvikkleirekartleggingςTromsø (omland, 
Risiko for kvikkleireskred, 16.11.2012, NGI



Wind, storms, hail

Å For absolutemaximavalues there are increases 
for all seasons of up to 20 % for some models.

Å Thunderand lightingincrease, is seenhigher
north -> riskfor wildfiresincreases.

Å Hail causes expensive damage.



Drought, wildfires

Å Even thoughtprecipitationgrows, longer/moredroughtslikely

SihamElGarroussi, Francesca Di Giuseppe, Christopher Barnard& Fredrik Wetterhall
Europe faces up to tenfold increase in extreme fires in a warming climate

Probability of extreme wildfires (exceedance of a 20y return period event)

Short term 2036-2065
Tromsø ~5-10 %

Long term 2070-2099
Tromsø ~10-15 %

https://www.nature.com/articles/s41612-024-00575-8


Drought, heat and wildfires 2024

Picture: Laura Tuomola / Yle, www.yle.fi/a/74-20029966/64-3-242908

www.yle.fi/a/74-20105293

yle.fi/a/74-20107333

yle.fi/a/74-20112304
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Drought, heatwaves, and the urban heat island effect

Å [ƻƴƎ Řŀȅǎ ƛƴ ǘƘŜ ƴƻǊǘƘΣ ǘǊƻǇƛŎŀƭ ƴƛƎƘǘǎ Ҧ ƴƛƎƘǘǎ ƴƻ ƭƻƴƎŜǊ Ŏƻƻƭ Řƻǿƴ 
Ҧ ōǳƛƭŘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎ ǊƛǎŜ Ҧ ƘŜŀƭǘƘ ǇǊƻōƭŜƳǎ

Å !ǘǘŜƴǘƛƻƴ Ƴǳǎǘ ŀƭǎƻ ōŜ ǇŀƛŘ ǘƻ ŦƛǊŜ ǎǘŀǘƛƻƴ ōǳƛƭŘƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎ Ҧ ŘǳǊƛƴƎ 
heatwaves, rescuers are already physically strained

Å Wildfire risk increases

Å wŜǎŎǳŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ Ŏƻƻƭ Řƻǿƴ ŘǳǊƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ŘŜŎǊŜŀǎŜǎΣ ŀŦŦŜŎǘƛƴƎ ǿƛƭŘŦƛǊŜǎΣ 
structural fires and other physically demanding tasks

https://sustecsol.com/services/heat-island-effect/

https://sustecsol.com/services/heat-island-effect/
https://sustecsol.com/services/heat-island-effect/
https://sustecsol.com/services/heat-island-effect/
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What if AMOC turns off?

https://climate.metoffice.cloud/amoc.html

https://amocscenarios.org/

+ in addition droughtproblemsand summersmayturn hotter

Preindustrial
time, AMOC on

Climate+2c, 
AMOC off

Exampleat Oulu

https://climate.metoffice.cloud/amoc.html
https://amocscenarios.org/

