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(lCIimate change is already
affecting every region on Earth,
in multiple ways.

The changes we experience will
increase with further warming.
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[Credit: Peter John Maridable | Unsplash]

(lUnIess there are immediate,
rapid, and large-scale
reductions in greenhouse gas
emissions, limiting warming to
1.5°C will be beyond reach.



The weather of 2024 as seen from space




CAPTURING THE WEATHER

To predict the future, we observe the present. Every day, we absorb 800 million
observations to create a detailed snapshot of Earth’s weather.
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The Blue Marble, Apollo 17 Recreation from ECMWF IFS, A
NASA, 1972 initialized with ERA5

Image @NASA | Apollo
Image ECMWF @Philippe Lopez
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Earth observation component of the EU’s
Space programme to benefit all citizens

Implemented in partnership with Member
States, ESA, EUMETSAT, and entrusted
entities such as ECMWF

The Copernicus Climate Change Service
(C3S) is an operational climate service

implemented by ECMWF together with over
300 public and private entities from more A
than 40 countries in Europe and elsewhere

(W ) security

C3S provides reliable, open, and free
access to state of the art data on the past,
present, and potential evolution of climate
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C3S - provision of climate data and services to society

SIMPLIFICATION/STANDARDISATION BUSINESSES

CITIZENS

TRACEABILITY/TRANSPARENCY

PETABYTES

KILOBYTES

https://cds.climate.copernicus.eu 140 Datasets | 38 public applications
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Free data for smart decisions
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~1 In situ observations: foundations of the climate record
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“1°  Essential Climate Variables
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The Arctic is the fastest warming place on our planet

fffll\ Arctic seaice » September 1979

Data: ERA5 & 0S| SAF Sea Ice Index v2.2 + Credit C3S/ECMWF/EUMETSAT
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Sea ice concentration Total sea ice extent
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1% 100% i below 1991-2020 average
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— == 1991-2020 ice edge Data: 0S| SAF

PROGRAMME OF . AN, cimete 0= p y
THE EUROPEAN UNION G)\piemrm@!pgg @ Bt wemero QG ECIMWIF G OSISAF



(" From ERAS5 to ERAG6 - benefiting from 8 years of R&D

Enhanced products, in response to user demands

WO E

* Double the resolution from ERAS5, from 31 km to 14 km
* Additional parameters
+ Extended monthly and daily pre-calculated quantities

Advances in data assimilation and modelling

Improved atmospheric (4D-Var) data assimilation , ._
« Better ensemble that evolves the background error covariance matrix L//’>‘ = S &
* Weak constraint to handle systematic model error (biases) :

* Assimilation of near-surface air temperature observations in 4D-Var

Improved atmospheric model

* New ozone model and prognostic with radiation

Improved land data assimilation o _ - Revision of moist physics (clouds, precipitation, radiation)
* Reduced biases in snow and improve assimilation of snow observations .« Account for Snow on ice

* Inclusion of soil temperature data assimilation _
* Upgrade from CMIP5 forcings (ERA5) to CMIP6

) * More species of aerosols and greenhouse gases
Improved ocean wave physics

* Atsame resolution as the atmosphere Improved interfaces with the land component

Improved drag for extreme situations * Vegetation cover and type, leaf area index, lake cover and
properties, urban tile, potentially time-evolving in ERA6-Land
Improved observations
Improved interfaces with the ocean component

« Partial coupling with an ocean and ice model
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8 cronge serve Climate Intelligence
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Global Climate Highlights
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an Global surface air temperature increase above pre-industrial
Data: ERAS - Reference period: pre-industrial (1850-1900) - Credit: C3S/ECMWF
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N Global Climate Highlights media coverage

Mentions Countries

2023
2022

climate.copernicus.eu/global-climate-highlights
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2024 was the hottest year on record
and first year above 1.5°C

+1.0°C

+0.5°C

0°C
1950

1970 1990

PROGRAMME OF
THE EUROPEAN UNION

. Climat
( Opern|CUS @ Cr::‘nag: Service
Europe's eyes on Earth climate.copernicus.eu

2010

SSECMWEF

2024



7/

Record atmospheric water vapour in 2024

/"j\ Record amount of water vapour in the atmosphere in 2024 /irll\\ Anoma"es and extremes in tOta| co‘umn water Vapour in 2024
d <

Annual global mean total column water vapour anomalies for 60°S-60°N Data: ERA5 (1992-2024) « Reference period: 1992-2020 « Credit: C3S/ECMWF

Data: ERAS - Reference period: 1992-2020 - Credit: C3S/ECMWF
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The total amount of water vapour in the atmosphere reached a record value in 2024,
at about 5% above the 1991-2020 average



What role did El Nino play?

an Anomalies and extremes in sea surface temperature in 2024 G [seff“'fafete{""’f’f““'ef“°"‘a"°‘iP »
Data: ERAS (1979-2024) « Reference period: 1991-2020 « Credit: C3S/ECMWF Global (60°S-60°N)
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“The European State
of the Climate Report
of C3S is an invaluable
resource for policy
makers in Europe”.

Belgian Minister for Climate,
Zakia Khattabi

EUROPEAN
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How are heatwaves changing?

* Human induced climate change warming the background (average) temperature
above pre-industrial conditions
 only need a small increase in mean temperature to see large changes in extremes.

NEW
CLIMATE

Previous record New racord

Steffen et al., 2014
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Warmer or than normal?

JULY 1976 JULY 2024
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Warmer or than normal?

JULY 1976 JULY 2024




Warmer or than normal?

JULY 1976 JULY 2024
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ﬁch July 2022 - 40°C heatwave & London wildfire

- Temperatures would have peaked ~ 36°C without human influence
" - 6x more likely to see very high risk fire weather now
- 2800 excess deaths that summer
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Extreme heat occurs more often in warmer climates

Before the
iIndustrial
revolution

Once in
50 years

Present-day

climate - P0ssible future climates
1°C warmer 1.5°Cwarmer 2°C warmer 4°C warmer
L@ ® 066 o o GLPeERSe
& . ] DS
& 0 ©
@ e BOOHHD
@ & &D®
& L@ & ] SRDHS®
o0® O L8PS
@ LG
@ & 000 000 00
About once in About once in About once in About 4 times
a decade, 6 years, 4 years, In 5 years,

Credit: J Gregory



23 of the 30 most severe heatwaves
have occurred since 2000,
and five in the last three years

Top 30 severe heatwaves in Europe (1950-2023) /

The size of a circle is proportional to the area affected by the corresponding heatwave.
Select one to find out more information. A logarithmic scale is used on both axes.
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Average
temperature
anomaly (°C)

Ranking of severity
ltol 900000
Below 10

Jul-Aug 2010

Jul-Aug 2003 33 days, 10.5°C

Jun 2021 . .

Aug 2023

.Jul 2001

Duration (days)

5 10 15 20 25 30 35 40

Heatwaves are defined as periods when the maximum temperature exceeded the 98th

percentile of the 1961-1990 reference period, and exceeded 28°C, for a period of three or
more days.



Trends in heat related mortality in Europe, for the general population
annual death per million per decade 2000-2020)
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Credit: The 2022 Europe report of the Lancet Countdown on health and climate change
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Summer heatwaves
across Europe

.

Heatwaves

15 days
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Europe’s contrasting
summer
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5000 kmz ; Greece, Jul-Aug 2023
the same size as N SR -
London, Paris and R 960 kmz
Berlin combined, = o : twice the size of Athens
burnt during the 2023 :

wildfire season affected by the

Europe’s contrasting L Pu®. argest wildfie ever

recorded in Europe

summer

Southern
Europe

affected
by ‘strong’,
‘very strong’
or ‘extreme’
heat stress
in July 2023

@ Emergency Burnt area Heatwaves - June to September 2023
Management
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4190 of southern Europe
affected by
‘strong’, ‘very strong’ or ‘extreme’
heat stress
on 23 July 2023

40%

2023
30
20
10 U
0 a®
Jun Jul Aug Sep Oct

Area of southern Europe impacted by at least ‘strong heat stress’



Record annual temperatures in central and eastern Europe

7/

Averaged over Europe:
45% of days were much warmer than average
12% of days were the warmest on record

Anomalies and extremes in surface air temperature in 2024
Data: ERA5 (1979-2024) - Reference period: 1991-2020 + Credit: C3S/ECMWF

Average daily surface air temperature for Europe

20°C 1‘ L\fﬁlltime maximum
/
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2024
Data: E-OBS + Credit: KNMI/C3S/ECMWF
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Data: DWD, ERAS-HEAT UTCI, E-OBS temperature - Reference period: 1991-2020 - Credit: C35/ECMWF DWD/KNMI



& Record-warm sea surface temperatures

Anomalies and extremes in SST in 2024

T

SST anomalies for the whole Mediterranean Sea
1.5
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Widespread flooding in 2024 RBEIS

According to the Intergovernmental Panel on Climate Change, Y LY e SN ;
Europe is one of the regions with the largest projected increase in flood risk. RN \'3 x
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“T° 2025 June heatwaves in Europe

Anomalies and extremes in surface ail' temperature: Daily surface air temperature in western Europe

from 17 June to 2 July 2025

Data: E * Reference period: 1991-2020 « Credit: C3S/ECMWEF AR Y //—\\\
Peak on 30 June and 1 July, at 24.9°C / N
/ s \
| ° o o)
2500 l 1‘. . St o
\
\\ M
First heatwave SR AV
17-22 June \
\
\
20 ﬂ
Higher daily temperatures were recorded in
2003, 2018, 2019, 2022 and 2023,
but never before mid July
15
10

May Jun Jul Aug Sep

Western European domain is defined as 11W-15E, 37-55N, values over land only

Data: ERAS + Credit: C3S/ECMWF
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Coolest Much cooler Cooler Near average Warmer Much warmer ~ Warmest
than average than average than average than average
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Maximum heat stress category experienced in June 2025
Data: ERAS-HEAT Universal Thermal Climate Index (UTCI) « Credit: C3S/ECMWF
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Resilience of the built environment to climate extremes

ESOTC 2024 | Climate Policy and Action
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an . . .
@ Extreme weather events present increasing risks
to Europe’s built environment and infrastructure

Climate risks for ‘Infrastructure’ cluster Urgency to act Risk severity
Current Mid-century Late cer.ltury (low/ .h:gh
warming scenario)
Pluvial and fluvial flooding Urgent action needed Critical *-- Critical/Catastrophic -
Coastal flooding More action needed Critical *- Catastrophic -
Damage to infrastructure and buildings* More action needed Substantial/Critical «-
Energy disruption due to heat and drought (hotspot More action needed Critical «- Critical ««

region: southern Europe)

Data: EUCRA
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& What are cities already doing?

Cities play an essential role in implementing adaptation measures

Knowledge and behavioural change B Economic and finance [l Physical and technological [l NBS and
ecosystem-based [ Governance and institutional

Overall 14% 35% 27% 21%
Southern 15% 32% 29% 21%
Western 20% 6% 33% 26% 16%
Central/Eastern  18% 7% 46% 25%

Northern 7% 45% 21% 25%

Data: EEA Urban adaptation report « Credit: EEA/C3S/ECWMF

IMPLEMENTED BY
PROGRAMME OF THE C . o\
—3 1 an
mossere (opemics SSECMWF (7



2018

But continued efforts will further
Enhance their capacity to address @

Countries with
adaptation plans

European cities have become
more resilient

European cities with

climate challenges more effectively dedicated adaptation plans

4519
1659 Covenant of Mayors
I signatories on adaptation
2018 2023

roecremeoon™  (opemics  ESECMWF (==



(/@\\ ]
Heat related mortality

Estimated 62,775 heat-related deaths in 2024, exceeding 2023 (50,798), but less than 2022 (67,873)

/

d Heat-related mortality rate, summer 2022 e Heat-related mortality rate, summer 2023 f Heat-related mortality rate, summer 2024
Azores | Azores Azores
(Portugal) (Portugal) (Portugal)
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Climate applications

Accessible climate intelligence to
inform policy

Explore near real time updates of
the global ocean

Compare past trends and future
changes with different scenarios

PROGRAMME OF

THE EUROPEAN UNION

Climate Pulse &

Climate Pulse visualises near-real-time updates of
global average air- and sea-surface temperatures from
ECMWF's flagship ERAS reanalysis

ERA Explorer &

Use the ERA Explorer to discover historical climate
data from anywhere on earth, powered by the ERA5
reanalysis dataset.

Copernicun Inter active Chmate Atlas M Vg share | CMIPS Changes - Warmeng 3°C - At - s04 Vo SH0 190K

DEEDODEoan

Copernicus Interactive Climate Atlas @

The Copernicus Interactive Climate Atlas provides
graphical information about recent past trends and
future changes (for different scenarios and global

warming levels)

Global temperature trend monitor &

The global temperature trend monitor keeps track of
the rate at which we approach 1.5°C of global warming

- alimit agreed under the Paris Climate Agreement.



Thermal Trace

What are you interested in?

o - "
Refine your {é} Lvg @ Visualise your
selection selection
— M -
L 4
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s : -
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»
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Thermal stress = health impacts of exposure to extreme
thermal conditions (heatwaves, cold spells)

Use Thermal Trace to monitor heat & cold stress globally
(five days behind real time) & explore changes over time
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@ Economic costs of the climate crisis in the EU A

38% of Europeans report feeling 2R et
exposed to climate risks (2025) > 5
Extreme events from 1980-2023 in EU- —
27 have resulted in: f ; AN

>240,000 fatalities
€ 738 billion in economic losses

Slovenia has the highest losses per
capita, amounting to € 8,733 followed
by Luxembourg (€ 2,694), Switzerland
(€ 2,685), Italy (€ 2,330) and Spain (€ =
2,279) TR

o 0 R —————————————————
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& The Future ...

* Climate Services such as C3S play a critical role;
informing society, the EU, the IPCC and UN institutions.

 Developing an operational climate attribution service
with applications, case studies and new counterfactuals

* Evolving our climate monitoring, with new applications

« Exciting developments with Al/ML and next generation
global reanalysis

« However, we are currently failing to adapt to extreme
weather as fast as risk levels have increased
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/«.\\ Climate
[ll Change Service
climate.copernicus.eu

Thank you

climate.copernicus.eu/
pulse.climate.copernicus.eu/
cds.climate.copernicus.eu/
atlas.climate.copernicus.eu/
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