Report of the prOJect results |
ArcResc Project
December 23, 2025

UF HHE [”:HGEHS Finjsid Affairs of Finland

o/

£ /\ THE FINNISH ASSOGIATION g{@ vinitry bt the interior=. N
¢



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 t@diin§ 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.

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

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

| am pleased to provide further information on this topic. :
Recommendation

Sincerely _ Watch the videos and search
?]OE‘| Kaupplnen _ for the original sources by
joel.kauppinen@sppl.fi clicking the links provided.




Where is Climate Change going now?

= @\Nclimate sSolutions Weather Published Mon February 10, 2025

Two new studies suggest Paris climate goal is
dead. One scientist is going even further

By Laura Paddison, CNN https://edition.cnn.com/2025/02/10/climate/parisclimate-agreementbreach/index.html

CARBON BUDGETS ’ 13 November 2025 © 0:01

Analysis: Fossil-fuel CO2
emissions to set new record in [T

2025, as land sink recovers’ according to the latest figures from the Global Carbon Project,

00000

However, falling land-use emissions means that global CO2 emissions in 2025 will remain

relatively unchanged compared to 2024 levels.

The 20th edition of the annual Global Carbon Budget report, published today, also finds that the

land carbon sink - the portion of human-caused CO2 emissions absorbed by plants and soils —

appears to have recovered to its pre-El Nino strength after two unusually weak years.

https://www.carbonbrief.org/analysigossitfuel-co2-emissiongto-set-new-record-in-2025asland-sinkrecovers/
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an Key temperature statistics for 2024

Anomaly Actual Rank
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Monthly global surface air temperature anomalies
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Credit: C3S/ECMWF

Data source: ERAS5 - Reference period: pre-industrial (1850-1900)
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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 COVIEL9 pandemic.

After these disruptions, fossil
based energy consumption often
rebounds and reaches new record
levels.
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Global warming reached an estimated 1.40°C in September 2025.

If the 30-year warming trend leading up to then continued,
global warming would reach 1.5°C by May 2029.

Extrapolate from: Sep 2025

The trend toward 1.3C is soe ot s o acis
becoming steeper, meaning we,_..
are approaching 1.5C
significantly earlier than
previously estimated and are s
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— Temperature trend —©— Observed temperature change since pre-industrial times IPCC likely estimate IPCC projections

https://apps.climate.copernicus.eu/globé#mperaturetrend-monitor/
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According to researchers, we Can N0 e sy vew

RCP Representativ&ConcentrationPathway
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RCP Representativ&ConcentrationPathway
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Chinagreenshift

| KAYIl Q& [/ hi SYAadaaAirzya FTNBY T2aaAadntersideSt a
cement production have begun to decline.

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

Fossic fuel & concrete CO2 emissions in China Energy price S/MWHr
12 500 — miljoonaa tonnia 100 -
maaliskuu 2024 —* ennuste
12 000 — 80—
........ @ Coal
11 500 _ 60 \ —YTTTLLL
rameeeseesenn, @ Hydropower
11 000 40 Windpower on sea
""""""""""""" ® Solar power
10 500 20- T, @ windpower on
land
10 000 - o N
202021 22 23 24 25 26 27 28 29 30
9500 | *LCOE on energia-alan standardimittari, jolla arvioidaan

2016 17 18 19 20 21 22 23 24 25 sdhkontuotannon kokonaiskustannuksia.

Lahde: Lauri Myllyvirran analyysi Carbon Briefille Léhde: Financial Times
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Operationenvironment2035, 2050, 2100

Extrem_e weather events are NEW ANALYSIS
becoming more frequent and severe SHOWS MAJOR DROP
(treacherously)———_ | INCLIMATE-CHANGE
A Temperaturerise COVERAGE AT TOP
A Quickchangeof temperatures GLOBAL NEWSPAPERS
A Precipitationamount T Ag ¢ori Al lohl g ] etate Ohingh
A Drought mbe -
A Changingvinters, snowamount, o

snowquality i}
A Sealevelrise
A Wind, storms thunder, hailX

https://www.instagram.com/p/DRBPLxbE8yn/
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|dentified risks from the perspective of rescue services

Floods all typed

|
: i\r/]gl\g Ir(])fhdégeavysnow Are vulnerable sites,
T e e people, infrastructure
i Storms fallingtrees(newin winter!) identified in time?
I Changingunpredictableice conditions
i Slipperyconditions Adaptation and
I Problemscausedoy heatwaves preparedness!
I Heatislandeffect, warmingof buildings
Wildfires

Ticks other insects
Green transition antiewtechnologies
Tighterregulations
(Climate refugees



Modelling scenariosextremeweatherevents

Hard, not visiblein modelling

Temperature Wind
Precipitation Drought

Heavyrain/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,dxteme weather events, which still
occur rarely, will become more extreme invisibly in the backgrouiicktreme 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 RCP4.5 2101

2035 | 2050 2100 2100RCP8,E %

Tromsa

Luled/Oulu ~2 HXn nXxc ~6
Rovaniemi 2,3 3,1 ~5 >6,5
Kajaani MZp XHXnN oXn dp Xc

A Examplegrowingseasorextendsl1-2 monthsRCP 4.5.
i Vegetationtrees 0
->more fuel, more intensivewildfires



an Record amount of water vapour in the atmosphere in 2024 = . |
Annual global mean total column water vapour anomalies for 60°S-60°N M " [
Data: ERA5 + Reference period: 1992-2020 « Credit: C3S/ECMWF = .
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https://doi.org/10.35614/isbn.9789523362055
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Precipitation North Ostrobothnia
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Sealevelrise, storm surge(stormflo)

https://science.nasa.gov/earth/climatehange/evidencef-sealevekingerprints,

TROM® LULEA/OULU
2035 +5 cm Nosignificant change due  *
2050 +10 cm to land rise. >
2100 +15 cmauthoritiessafetymargin55 cmrise)
Stormsurgel/1000y 2050 237cm, 1/200y 221ch

o -120° -60
Sedevelfingerprintkeepsriselower comparedcloserto equator 25720715 710705 0005 10 15 20 23

mm/yr

0° 60° 120°

> o Io Io I»

Table 1. Mean relative sea level projections for the period from 1986-2005 to 2100 (cm) for three different climate scenarios. The
model ensemble 5% to 95% spread in parenthesis.

Location RCP2.6 RCP4.5 RCP8.5
Oslo -8 (-36 to 19) 0 (-29 to 28) 23 (-11 to 56)
Stavanger 30 (4 to 54) 38 (12to 63) 59 (28 to 90)
Bergen 23 (2to 45) 33 (11 to 55) 53 (26 to 80)
Heimsjo 7 (-14 to 28) 17 (-6 to 40) 36 (8 to 65)
Tromso 8 (-11to 27) 15 (-5 to 35) 32 (3to 63)

Honningsvag 20 (-8 to 48) 29 (2to 59) 48 (11 to 86)
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Whenfloodingis dangerou®

A Water level + flow, pressure of flowing water.
A Wells, road collapses, cannot see under water.
A Combined sewer system = risk of disease spread.

Vehicles

——— Draft guidelines - small cars
Draft guidelines - large cars

Draft guidelines - large 4WD

Extreme hazard for non-specialty vehicles
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—
.
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——
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in good
conditions

Low hazard for vehicles
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Figure 5-2: Thresholds for vehicles stability in floods (After: Shand et al., 2011)
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Figure 5-1: Thresholds for people stability in floods (After Cox et al., 2010)
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“ Les habitants de.Cabiaté, dansla province de C6me,

Watchthe video: https://www.lefigaro.fr/flash-actu/voituresengloutiesmaisonssubmergeesrbresa-terre-lesimagesdesinondationsdansle-nord-de-l-italie-20250924
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Whenfloodingis dangerou®

A Itis dangerous to be in a floating vehicle.
A Only 15 cm ofast flowingwater is enough for floating small vehicles.
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https://www.instagram.com/p/DQykaPFk88D/
https://youtu.be/t4ilUbMXZAQ
https://youtu.be/t4ilUbMXZAQ
https://youtu.be/t4ilUbMXZAQ
https://youtu.be/t4ilUbMXZAQ

Floodmaps

Mapsexistsfor seaflooding, storm water flooding, river/lake
flooding ->hardto find scenariodor water flow routesin the
built areas

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

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

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 ugio-date information on flooding and
traffic conditions.
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https://syke.maps.arcgis.com/apps/webappviewer/index.htn



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

Slippery road and incident area conditions: https:/lyle fila/74-20128572
i Can we reach the destination? _ Normaalit liukkaudentorjuntakeinot
i Are chains needed for at least one unit? eivit nyt tepsi — Lapin teilld
i Installing chains proactively when slippery conditions ar¢ poikkeusolot 12/2024
eXpeCted Hiekoitushiekka ei pysy peilijdan pinnalla, silla vesisade huuhtelee

i Skill in installing chains? Skill in driving with chains? sen jaiselta tieltd pientareelle.
i Spikes for boots> personal safety T

Freezing rain
Stormwater dralnage may be covered by snow anc @&
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Lapin ely-keskuksen teiden kunnossapitovastaava Kari Parikka kertoo, miten Lapissa on yritetty
huoltaa tappoliukkaita teita. Video: Juuso Stoor / Yle, Antti Ullakko / Yle

"Auto pysdhtyy kuitenkin ojan pohjalle”

Mékeldn mukaan pditeilld ja asfaltoidulla teilld pystyy ajamaan varoen,
mutta sivuteille ei ole nyt asiaa ollenkaan. Siella tarvitsisi autonrenkaiden
padlle ketjut ja silloinkin enimmillddn 30 kilometrin tuntivauhdin.

https://www.instagram.com/p/B8UD2G7BK *7:



https://yle.fi/a/74-20128572
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Sallassa satoi uusi lumiennatys:
vuorokaudessa 45 senttiad lunta

S n OW S n OWI O ad Itd-Lapissa, Varrion tutkimusaseman pihassa satoi yhden

vuorokauden aikana 45 senttid lunta, joka on alueen

kertymaennatys. Kuusamossakin saatiin 25 sentin lumikerros.

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

Structures may not withstand the weight of e R e e
snow-+rain &

Usually, the responsibility of building owners o
rb RESa LS 20 )/ S 1‘ y 2o YL(E%S)@%Z httés'//véléfi/a/74l.:]201f5<98289
international real estate owner aware/ e
IS the maintenance company up to date?).

How is it ensured/who ensures that buildings
and structures at risk of collapse do not have 3§
people inside before the snow load is removed = §
from the roof? Temporary prohibition of use?
Rescue department role?

Varrion tutkimusaseman mittauspisteelld lunta on ennétyksellisen paljon. Kuva: Tapani

Tuohimaa
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Crownsnow

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

A Heavy snow load and trees
potentially falling on people
i 9yadaNB NBaOdzSNBEQ &l
snow conditions
A Power outages/problems for the
electrical network

A Property damage, tree damage
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https://www.sahkoviesti.fi/juttuja/tykkyluminayttavatihulainen.htmi
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Avalanches

Avalanche season shortens due to
shortening winters.

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

New locations in risk due to
changing weather patterns.

Need increased caution.

https://www.nrk.no/tromsogfinnmark/to-personerskat

vaeredode-etter-skredpa-reinoyai-troms-1.16360739

NRK 31.3.202%

Ordfareren sier vaerforholdene har vaert ekstreme.

- Dette ekstremvaeret har vaert absurd. | dag har det vaert

kolonnekjering, det kan jeg ikke minnes at det har vaert fer. |
tillegg har det gatt flere skred i kommunen. Det er en ekstrem
vinter, sier Benjaminsen.

Karlsey kommune har satt krisestab i Finnkroken pa Reineya, og
psykososialt kriseteam er i beredskap.

Skredfaren pa eya er ekstremt stor, ifelge politiet. De har derfor
evakuert innbyggere i samme omrade som skredet gikk, pa
strekninga fra Skarelva til Gretneselv.

Huset, fijgs og naust har havnet pa havet etter sneskredet.
FOTO: REDNINGSSK@YTA BERGESEN D.Y.
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Landslidescollapsingembankmentsdam safety

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

A Are we familiar about the (location ofulnerableinfrastructures?
A Monitoring quick clay?
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Wind, storms hall
Forabsolutemaximavalues there are increases
for all seasons of up to Z& for somanodels

Thunderandlightingincrease isseenhigher
north ->riskfor wildfiresincreases

Hail causes expensive damage.



Drought wildfires

A Eventhought precipitationgrows longer more droughtslikely

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

5-10% @ 10-15% @ 15-20% ® 20-25% ] 25-50%
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SihamElGarroussiFrancesca Di Giuseppe, ChristopBamard& FredrikwWetterhall
Europe faces up to tenfold increase in extreme fires in a warming climate



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

Drought, heat and wildfires 2024

Koivut eivat ole saaneet tarpeeksi vettd, joten ne ovat alkaneet
Kuva: Kirsi Ukkonen

o Saariselka

yle.fi/a/74-20107333
Kartta palopaikoista Inarissa tand kesand. Yhdella kartan sijainnilla on kirjattu kaksi erillista
3 4\ paloa. Kuva: Risto Laine

e
Marka mutainen rimpisuo kuivahti "kumiseksi” halkeilevaksi pohjaksi. Kuva: Petteri Nissinen
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Picture: Laura Tuomola / Yleww.yle.fi/a/74-20029966/643-242908



http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20029966/64-3-242908
http://www.yle.fi/a/74-20105293
http://www.yle.fi/a/74-20105293
http://www.yle.fi/a/74-20105293

Drought, heatwaves, and the urban heat island effect
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heatwaves, rescuers are already physically strained

A Wildfire risk increases

A wSaOdzSNEQ |oAfAGe G2 022t R2¢6y RdAzNAY.
structural fires and other physically demanding tasks

Urban Heat Island Effect

https://sustecsol.com/services/heaslandeffect/
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https://climate.metoffice.cloud/amoc.html

Whatif AMOCturns off?

https://amocscenarios.orqg/
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December/January/February temperature

Average temperature for
December/January/February

Annual average temperature

Average temperature for the whole year

Exampleat Oulu

-1.7°C -16.4°C

%

Preindustrial g
>
time, AMOC on —

Climate+2c,
AMOCoff

Annual average temperature

Average temperature for the whole year
8.3°C
-17%
in pre-industrial climate (AMOC on)

65N, 25.5E

“ou

+ in additiondroughtproblemsand summersmayturn hotter


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

