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Welcome to the European State of the Climate (ESOTC) 2025. This annual flagship report is 
published by the Copernicus Climate Change Service (C3S) at the European Centre for 
Medium-Range Weather Forecasts (ECMWF) and the World Meteorological Organization 
(WMO). ECMWF is a research institute and 24/7 operational service producing global 
weather predictions, and implements C3S, which provides climate monitoring and 
forecasting for the globe, Europe and the Arctic, on behalf of the European Commission. The 
WMO is the UN authoritative organisation that collates, monitors and predicts weather, 
climate and water resources, and provides related services at national, regional and global 
scales through its 193 Members, the national meteorological and hydrological services. 
 
doi.org/10.24381/zy93-sb27 
 
The ESOTC provides descriptions and analyses of climate conditions in Europe in the 
previous year, covering variables from across the Earth system, key events and their 
impacts, and a discussion of climate policy and action with a focus on biodiversity. It also 
provides updates to the long-term evolution of key Climate Indicators. The report is the 
result of a collaborative effort involving around 100 scientists, and colleagues across Europe 
and the rest of the world. Together they analysed around 45 datasets, reported on about 45 
different climate variables or indices, and reviewed, designed and published the ESOTC 
2025. 
 
Globally, 2025 was the third-warmest year on record1. Each of the past 11 years has been 
among the 11 warmest on record, and the past three years were the three warmest. The 
current level of global warming is estimated to be around 1.4°C above the pre-industrial 
level. If warming continues at the current rate, the Paris Agreement’s limit of 1.5°C for long-
term global warming could be reached by the end of this decade, more than a decade 
sooner than predicted when the Agreement was signed. 
 
Atmospheric concentrations of the greenhouse gases carbon dioxide and methane 
continued to increase. 
 
Since the 1980s, Europe has been warming twice as fast as the global average, making it the 
fastest-warming continent on Earth. 
 
Heatwaves are becoming more frequent and severe. Glaciers in all European regions 
continue to melt. Changes in precipitation patterns, including an increase in the intensity of 
the most extreme events, have been observed. 
 
In 2025, annual temperatures were above average across almost the entire continent (at 
least 95%). Prolonged heatwaves were experienced from the Mediterranean to the Arctic 
Circle. Other aspects of the climate showed strong contrasts, for example, northwestern and 
central Europe were much sunnier than average for the year as a whole, while the Iberian 
Peninsula was cloudier and wetter than average. Sea surface temperatures for the European 

 
1 Based on ERA5 and six other datasets. A further two datasets indicate 2025 was the second-warmest year. 
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ocean region were the highest on record, with marine heatwaves across Europe’s seas, 
while snow cover was the third lowest on record. Explore the report to find out more. 
 
As well as this PDF version, the report is available online with interactive charts, a key events 
map, a summary, and a graphics gallery that includes a range of additional figures and data 
download options: climate.copernicus.eu/ESOTC/2025 
 
To cite this report: 
 
C3S/ECMWF and WMO, 2026: C3S-WMO European State of the Climate 2025, 
climate.copernicus.eu/ESOTC/2025, doi.org/10.24381/zy93-sb27 
 
 
 
 
Quotes 
 
“The European State of the Climate report shows, once again, that climate change is a 
reality for Europe, underlining the importance of an independent, world-class Earth 
observation system. Copernicus provides the information we need to guide the decisions 
that will shape a more resilient, more sustainable and stronger future for Europe.” 
Andrius Kubilius, Commissioner for Defence and Space, European Commission 
 
“Europe is warming twice as fast as the global average, with far-reaching repercussions on 
socioeconomic wellbeing and on ecosystems and biodiversity. The European State of the 
Climate report, produced jointly by WMO and Copernicus, provides reliable scientific 
insights to help European policymakers meet the growing challenges to both people and 
planet.” 
Celeste Saulo, Secretary-General, WMO 
 
“At ECMWF, we are proud to deliver the Copernicus Climate Change Service on behalf of the 
European Commission and, in partnership with WMO, publish the European State of the 
Climate. The 2025 report shows a continent warming rapidly and experiencing more 
frequent extremes. The evidence we provide helps decision-makers take action to protect 
lives, infrastructure and biodiversity.” 
Florian Pappenberger, Director-General, ECMWF 
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Key messages 
Europe in 2025 
 

• Almost the entire continent* saw above-average annual temperatures and several 
northern European countries recorded their warmest or second-warmest year. 

• The continent saw its second most severe heatwave on record, while sub-Arctic 
Fennoscandia experienced its longest heatwave on record. 

• Wildfire burnt area and fire emissions both reached record levels. 
 

• The annual sea surface temperature for the region was the highest on record. 

• A record 86% of the region** experienced at least ‘strong’ marine heatwave 
conditions. 

 

• Glaciers in all regions saw a net mass loss. 

• The Greenland Ice Sheet lost around 139 gigatonnes of ice. 

• End-of-season snow cover extent and mass were both the third lowest on record. 
 

• The year saw strong regional contrasts in hydrological conditions. 

• It was one of the three driest years for soil moisture since 1992. 

• Annual river flow was below average in 70% of rivers. 

• Storms and flooding affected some areas, but overall extreme precipitation and 
flooding were less widespread than in recent years. 

 

• Renewables supplied nearly half (46.4%) of the continent’s electricity, with solar 
power reaching a new contribution record of 12.5%. 

 
* 95–99.99% depending on the dataset and domain considered. 
** Excluding ice-covered areas. 
 
Climate policy and action: biodiversity 

• Biodiversity is vital for a sustainable future. Climate change is a major cause of its 
degradation. 

• Climate change and biodiversity are strongly connected within European policy and 
frameworks. 

• The European Biodiversity Strategy 2030 aims to protect and restore biodiversity. By 
the end of 2025, around half of the Strategy’s recommended actions were in place or 
completed, with many of the remainder underway. 
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About the data 
About us 
References 

 

The standard reference period for climatological averages used is 1991–2020, unless 
stated otherwise. 
 
Winter refers to December 2024 to February 2025. 

 

C3S supports the adaptation and mitigation policies of the European Union, while the 
WMO Regional Office for Europe serves its 50 Member States, covering Europe, 
Greenland, the South Caucasus and part of the Middle East. They therefore cover 
overlapping domains. As the size and climatic zones of the two domains differ, variations 
in statistics are expected. Some statistics are reported for both domains. Maps showing 
the domains are on page XX. 

 

This report contains information from the Intergovernmental Panel on Climate Change 
(IPCC) Sixth Assessment Report (AR6). Published in stages between 2021 and 2023 and 
compiled by scientists around the globe, AR6 looks at past, present and future climate 
change and its impacts based on data from more than 66,000 sources published before 
January 2021. 



 

 

 

1. Why is Europe warming so quickly? 
Key messages 

● Europe is the fastest-warming continent, warming more than twice as fast as the 
global average. 

● Europe has warmed by around 2.5°C compared to pre-industrial levels. 
● The rate of warming varies across Europe, with the fastest warming in eastern and 

parts of central Europe, and the European Arctic. 
● Changing weather patterns, increasing solar radiation, reduced air pollution, 

decreasing snow cover and geography are all factors contributing to this trend. 
 
The global average temperature continues to increase, but not all regions are warming at 
the same rate. Almost all land areas are experiencing temperature increases, though the 
rate varies. The fastest warming is observed in northern high latitudes, particularly the 
Arctic, as well as in central and eastern Europe and the Middle East. Land areas are warming 
faster than the ocean. 
 
Over the past thirty years, the global average temperature has increased by around 0.27°C 
per decade2. Europe is the fastest-warming continent, with temperatures rising by 
approximately 0.56°C per decade since the mid-1990s, more than double the global 
average. Other continents have been warming at rates between 0.23°C per decade 
(Australasia) and 0.46°C per decade (Asia). The fastest-warming region on Earth, however, is 
the Arctic, where temperatures are increasing by around 0.75°C per decade. 

 
2 The linear trends are calculated using ordinary least-square regression. This does not imply that the 
temperature changes are themselves linear. 



 

 

 
Figure 1.1. Anomalies in average temperature over the globe, each continent based on the 
IPCC regions, and the Arctic, shown as ten-year averages relative to the average for the 
1991–2020 reference period. Values are for land only, except for the global average. Linear 
trends are indicated for the last thirty years (1996–2025). Data: ERA5. Credit: C3S/ECMWF. 
 
Compared to pre-industrial levels (1850–1900), the global average temperature has 
increased by around 1.4°C, according to the Climate Indicator for temperature, which is 
based on the latest five-year averages. The exceptional temperatures of 2023–2025 meant 
that, based on ERA53, this was the first three-year period on record in which the global 
average temperature exceeded 1.5°C above the pre-industrial level. 
 
The Paris Agreement, adopted in 2015 by 196 parties, aims to hold the long-term increase in 
global average temperature to well below 2°C above pre-industrial levels and preferably 
below 1.5°C. Ten years after the signing of the Agreement, the Global Climate Highlights 
2025 report indicates that the last 11 years were the 11 warmest on record. If warming 

 
3 Other datasets may vary. See the WMO Global State of the Climate and C3S Global Climate Highlights for 
more information.  

https://climate.copernicus.eu/esotc/2024/trends-climate-indicators
https://climate.copernicus.eu/global-climate-highlights-2025
https://climate.copernicus.eu/global-climate-highlights-2025
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continues at the same rate as over the last 30 years, the globe could reach 1.5°C of long-
term warming by the end of this decade. In Europe, warming since pre-industrial levels is 
around 2.5°C and in the Arctic it is 3.2°C, based on the latest five-year averages. 
 
Why does the rate of warming vary? 
 
While the long-term rise in global average temperature is mainly caused by increasing 
greenhouse gas emissions, the uneven rate of warming around the globe is influenced by a 
combination of factors. Land warms faster than the ocean. This is because water can absorb 
more heat and can cool through evaporation, while land has limited moisture for this 
process. Air over the ocean typically contains more moisture, which affects how 
temperature changes with height and helps limit surface warming, whereas drier land 
warms more quickly. Changes in wind patterns and atmospheric circulation can also lead to 
regional differences. The amount of cloud-producing aerosols, and air quality, can also have 
an impact. For example, in more polluted areas, higher concentrations of atmospheric 
aerosols reduce the amount of solar radiation that reaches the surface. This can partially 
offset the warming caused by increased greenhouse gases. 
 
Why is Europe the fastest-warming continent? 
 
Since the 1980s, Europe has been the fastest-warming continent, at more than twice as fast 
as the global average. Several factors contribute to this trend: 

● Changing weather patterns: Shifts in atmospheric circulation have favoured more 
frequent and more intense summer heatwaves [R1.1]. This report highlights that the 
number of heat stress days is increasing, and 2025 saw extreme heatwaves from the 
Mediterranean to the Arctic Circle, including Europe’s second most severe heatwave 
on record. 

● Reduced air pollution: Aerosols can reduce the amount of solar radiation reaching 
the surface. Since the 1980s, stricter air quality regulations have reduced emissions, 
and therefore aerosol concentrations, across Europe. Cloud cover is also reduced as 
pollution decreases. 

● Decreasing snow cover: As temperatures increase, snow cover across Europe has 
been declining, reducing the albedo – the amount of solar radiation reflected back 
into space – and leading to more rapid warming. More information can be found in 
the ‘Snow’ section. 

● Geography: Parts of Europe extend into the Arctic, the fastest-warming region on 
Earth. 

 
 



 

 

How does the rate of warming vary across Europe? 

 
 

Figure 1.2. Trend in annual surface air temperature (°C/decade) for 1996–2025. Data: ERA5. 
Credit: C3S/ECMWF. 
 
The rate of warming varies by season. In Europe, spring has warmed more slowly than other 
seasons. Winter has warmed most rapidly across much of central and eastern Europe, while 
summer has warmed most rapidly across western Europe. 
 
Within Europe, the rate of temperature change also varies with some regions warming more 
rapidly than others. For example, eastern and southeastern Europe, and parts of central 
Europe including the Alps, are warming faster (0.5–1°C per decade over the last 30 years) 
than western and southwestern Europe and Fennoscandia (generally 0.2–0.5°C per decade). 
Iceland shows warming of up to 0.4°C per decade in the east and localised cooling of up to 
0.2°C per decade in the west over the last 30 years. This is linked to an area of cooling over 
the northern North Atlantic, sometimes referred to as the North Atlantic ‘warming hole’ or 

https://www.carbonbrief.org/scientists-shed-light-on-human-causes-of-north-atlantics-cold-blob


 

 

‘cold blob’. This area of cooling has mitigated warming in Iceland since around 2011 [R1.2]. 
In the 30 years before this, Iceland had seen warming of around 1.5°C per decade. Svalbard, 
in the European Arctic, is one of the fastest-warming places on Earth, warming at a rate of 
1.5–2°C per decade over the past 30 years.  
 

 
Data from Svalbard highlight the rapid warming 
in the European Arctic. Consecutive summers 
from 2022 to 2024 saw new record high 
temperatures, in 2024 reaching 2.6°C above 
average for Svalbard as a whole and 2.9°C above 
average at Svalbard Airport, a location where 
temperature measurements extend back to 
1899. 2025 saw the fourth warmest summer on 
record, just slightly cooler than that of 2022. 
 

 
Figure 1.3. Surface air temperature anomalies for summer at Svalbard Airport from 1899–
2025. All anomalies are relative to the average for the 1991–2020 reference period. Data: In 
situ observations at Svalbard Airport. Credit: Met Norway/C3S/ECMWF. 
 
 



 

 

 
Why is the Arctic warming so quickly? 
 
Since the 1990s, the Arctic has been warming at a rate far exceeding the global average, a 
phenomenon known as ‘Arctic amplification’. This is driven by several interconnected 
processes and feedback loops: 

● Albedo feedback: As the climate warms and snow and ice melt, they reveal darker 
surfaces underneath, such as the ocean or bare ground. Darker surfaces can absorb 
more heat in summer and release more heat back to the atmosphere in winter. This 
accelerates the warming and leads to further melting – a classic feedback loop. 

● Convection differences: In the tropics, strong convection, where warm air rises and 
mixes into the atmosphere, distributes heat vertically. In the Arctic, however, there 
is little convection as solar heating is weaker, so the heat remains trapped near the 
surface. 

● Lapse rate feedback: In cold regions like the Arctic, air near the ground warms much 
faster than air higher in the atmosphere, trapping heat near the surface and further 
accelerating the warming. 

● Water vapour transport: Atmospheric circulation patterns move warm, moist air 
from the tropics towards the poles. As a warmer atmosphere can hold more 
moisture, the amount of water vapour transported to the poles is expected to 
increase with climate change, further intensifying Arctic warming. 

 
Supplementary figures 
 

 

 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 
 
 
 
 
 
 
 



 

 

2. Key events 
Key messages 

● In 2025, storms and flooding in Europe caused at least 21 deaths and affected an 
estimated 14,500 people. Wildfires caused at least a further three deaths and 
affected around 500 people. 

● Heatwaves impacted Europe from the Mediterranean to the Arctic Circle, including 
Europe’s second most severe heatwave on record in July 

● Storms and flooding affected parts of Europe, but overall extreme precipitation and 
flooding were less widespread than in recent years. 

 
In Europe, 2025 was marked by a range of extreme and notable events, from widespread 
drought in spring and summer to heatwaves from the Mediterranean to the Arctic Circle, 
wildfires in southern Europe and storms across the continent. The interactive ‘Key events 
map’ provides information on selected extreme events across Europe during the year, 
largely drawn from national meteorological and hydrological service reports made to the 
World Meteorological Organization’s Regional Climate Centre, and highlights examples of 
biodiversity conservation initiatives. More information on how some of the key events may 
have impacted biodiversity can be found in the ‘Climate policy and action: biodiversity’ 
section. Below is a summary of some of the key events across Europe in 2025. 
 
 

 
Figure 2.1. Key events across Europe in 2025. For more information, visit the ESOTC 2025 
interactive ‘Key events map’, and the WMO extreme events dashboard for 2025. 
 



 

 

Heatwaves 
 
Summer temperatures were above average across much of the continent in 2025, with 
several heatwaves, two of which ranked among the 30 most severe on record for Europe. 
July saw Europe’s second most severe heatwave on record, lasting 25 days (7–31 July) and 
affecting a large part of the continent, while August saw the 22nd most severe. Much of 
western and southern Europe, and Fennoscandia, saw more days than average with heat 
stress. More information on heat stress can be found in the ‘Thermal stress’ section. 
 
In June, two significant heatwaves affected large parts of western and southern Europe. 
Across much of western Europe, including most of Spain, Portugal, France and southern 
parts of the United Kingdom, the average temperature between the start of the first 
heatwave and the end of the second heatwave (17 June–2 July) was the highest on record 
for the time of year. Exceptionally high sea surface temperatures in the western 
Mediterranean contributed to the intensity of the heatwaves. A detailed analysis of these 
heatwaves and the high sea surface temperatures is available in a C3S news article. 
Heatwave conditions also affected central and southeastern Europe in late June and early 
July in a swathe from northern Italy and Switzerland to Czechia and Slovenia. In Slovenia, a 
national June temperature record of 38.4°C was set. 
 
In July, sub-Arctic Fennoscandia experienced its most severe heatwave on record, lasting 21 
days and with temperatures reaching 30°C close to and within the Arctic Circle. In an 
average year, this region would see up to two days of ‘strong’ heat stress4, but parts of 
Fennoscandia saw almost two weeks of strong heat stress in July 2025. More information on 
this event can be found in the ‘Long heatwave in sub-Arctic Fennoscandia’ section. 
 
In July and early August, extreme heat also affected southeastern Europe. In Türkiye, 
temperatures reached 50°C for the first time, with 50.5°C recorded at Silopi on 25 July. In 
Cyprus, temperatures reached 44.7°C, a new record for July. In Greece, an estimated 85% of 
the population was affected by extreme temperatures close to or above 40°C, reaching a 
maximum of 44°C. 
 
August also saw western Europe’s third major heatwave of summer 2025. It began in late 
July in Portugal, spread to Spain on 3 August and reached France on 8 August, before ending 
on 18 August. During this period, maximum temperatures reached up to 45°C in Spain and 
42°C in France. In Spain, it was reported to be the most intense heatwave since at least 
1975, while in France it was the second-longest heatwave on record, after the major 
European heatwave of 2003. The C3S climate bulletin for August 2025 provides additional 
information about the heatwave in western Europe. 
 
 
 
 
 

 
4 A day with strong heat stress has a maximum feels-like temperature of 32°C or higher.  

https://climate.copernicus.eu/heatwaves-contribute-warmest-june-record-western-europe
https://climate.copernicus.eu/heatwaves-contribute-warmest-june-record-western-europe
https://climate.copernicus.eu/surface-air-temperature-august-2025
https://weather.metoffice.gov.uk/learn-about/weather/case-studies/heatwave
https://weather.metoffice.gov.uk/learn-about/weather/case-studies/heatwave
https://climate.copernicus.eu/surface-air-temperature-august-2025


 

 

Wildfires 
 
During the year, wildfires in Europe5 caused at least three deaths and affected around 500 
people. In southwestern Europe, large wildfires occurred in southern France, Spain and 
Portugal in August. Over one week, the fires in northwestern Spain and northern Portugal 
led to the highest annual total wildfire emissions for Europe in the 23-year record. The 
United Kingdom also saw its highest total wildfire emissions in the 23-year record, as well as 
the largest burnt area since monitoring began in 2012. Southeastern Europe experienced a 
particularly intense wildfire season. For example, Greece saw one of its most severe wildfire 
outbreaks in recent years, with at least 50 wildfires reported in just 24 hours, and Cyprus 
had its most destructive wildfire on record in July. More information on wildfires across 
Europe can be found in the ‘Wildfires’ section. 
 
Storms and flooding 
 
At least 21 lives were lost and an estimated 14,500 people were affected by storms and 
flooding across Europe5 in 2025. Overall, however, extreme precipitation affected a smaller 
area than in other recent years, such as 2021, 2023 and 2024, and flooding affected a much 
smaller share of Europe’s rivers. In January, Storm Éowyn impacted Ireland, the United 
Kingdom and Norway and was described by the Met Office as the United Kingdom’s most 
powerful windstorm in more than a decade. During summer and autumn, convective storms 
caused localised flooding in several locations, including Italy, Sweden and Bulgaria. In 
October, two low-pressure systems brought widespread flooding, including flash floods, to 
southeastern Spain. In November, Storm Claudia caused significant flooding in Portugal, 
Spain, Ireland and the United Kingdom, and tornadoes were reported in Portugal and 
France. More information on precipitation, and on river flow and flooding, can be found in 
the respective sections. 
 
Supplementary figures 
 

 

 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 

 
5 According to preliminary estimates for 2025 from the International Disaster Database. Media reports indicate 
that the impacts of wildfires are likely to be an underestimate. Information on impacts of heatwaves in 2025 is 
not yet available.  



 

 

3. Long heatwave in sub-Arctic Fennoscandia 
 
Key messages 

● In July 2025, sub-Arctic Fennoscandia experienced its most severe heatwave on 
record, with a record-long duration of 21 days and temperatures close to and within 
the Arctic Circle reaching or exceeding 30°C. The maximum temperature recorded 
was 34.9°C in Frosta, Norway. 

● Parts of sub-Arctic Fennoscandia, a region that typically experiences up to two 
‘strong’ heat stress days per year, saw almost two weeks at this level. 

● Dry conditions and high temperatures led to ‘moderate’ to ‘severe’ drought 
conditions during the heatwave, and up to two weeks of high levels of fire danger. 

 
For 2025 as a whole, much of Fennoscandia – the region encompassing Norway, Sweden 
and Finland – experienced record warmth. Norway had its warmest year on record, and 
Sweden and Finland their second warmest6. 
 

 
 
In July, sub-Arctic Fennoscandia7 was impacted by its most severe heatwave on record – 
where severity is a combination of the duration, intensity and area affected. While 
maximum temperatures in Fennoscandia did not reach the extreme levels seen in southern 
Europe during the summer, this heatwave saw temperatures reaching or exceeding 30°C 
close to and within the Arctic Circle, with several records broken for maximum 
temperatures and heatwave duration. Some locations in southern coastal areas of Norway, 
Sweden and Finland also experienced some tropical nights, where the temperature remains 
at least 20°C overnight. A new record of 10 consecutive tropical nights was set in Vestfold, 
Norway. 
 

 
6 More information on temperatures across Europe can be found in the ‘Temperature’ section and national 
annual temperature rankings can be found in the Graphics Gallery.  
7 Defined here as mainland Norway, Sweden and Finland north of 60°N. This region is used for the analysis in 
this section and reflects both the area affected by the heatwave and the distinct sub-Arctic climatic conditions 
north of 60°N compared with more temperate regions farther south. 

https://www.vg.no/nyheter/i/W0VoKQ/ti-tropenetter-paa-rad-ved-faerder-fyr-ny-nasjonal-rekord


 

 

Records indicate that previous heatwaves reached higher intensity, based on average 
temperature anomalies, but affected smaller areas and for much shorter durations. The July 
2025 heatwave is the longest duration heatwave on record for the region, at 21 days. This is 
significantly longer than the previous most severe heatwave, which lasted 11 days in June 
and July 1972, while in 2018, two heatwaves affected the region in quick succession, one 
lasting one week, followed by an 11-day heatwave just three days after the first. These are 
ranked third and fourth most severe, respectively. 
 
The heatwave was caused by an ‘omega blocking pattern’ over northern Europe – a large-
scale weather pattern where a persistent high-pressure system becomes ‘stuck’ between 
two low-pressure systems. The region of high pressure became anchored over the 
Norwegian Sea and Fennoscandia, bringing prolonged sunshine which, at a time of nearly 
continuous daylight at these latitudes, sustained unusually high temperatures. Before 
impacting Fennoscandia, the same weather system also brought high temperatures to 
Iceland for two days in mid-July, with several locations seeing new temperature records, 
reaching a maximum of 29.5°C. The event also coincided with a marine heatwave in the 
Norwegian Sea, parts of the North Sea and the Baltic Sea. More information on marine 
heatwaves can be found in the ‘Ocean’ section. 

 
Figure 3.1. Heatwaves in sub-Arctic Fennoscandia since 1950. The circle size is proportional 
to the area affected by the corresponding event. The 10 most severe heatwaves are 
indicated by darker colours and grey indicates those with a severity ranking below 10. Sub-
Arctic Fennoscandia is defined here as mainland Norway, Sweden and Finland north of 60°N 
(60°–72°N, 4°–32°E). Severity is based on a combination of the average temperature 

https://statics.teams.cdn.office.net/evergreen-assets/safelinks/2/atp-safelinks.html


 

 

anomaly relative to the 1961–1990 reference period, the duration and the area affected. 
Data: E-OBS, SYNOP. Credit: DWD/C3S/ECMWF. 
Record-breaking temperatures 
 
The July 2025 heatwave brought record-breaking temperatures and unusually long periods 
of extreme heat across sub-Arctic Fennoscandia. The highest temperature reached was 
34.9°C in Frosta, Norway on 17 July. 
 
One way to quantify heatwaves is to look at the number of days where the maximum 
temperature exceeded certain thresholds, such as 30°C or 25°C. Stations at Namsskogan and 
Gartland, in Norway, saw a new national record with 13 consecutive days of maximum 
temperatures at or above 30°C. In Finland, temperatures exceeded 30°C at one or more 
locations for 22 consecutive days (12 July–2 August), marking one of the longest such 
streaks on record. At Ylitornio, Meltosjärvi, close to the Arctic Circle in Finnish Lapland, 
there were 26 days with temperatures reaching at least 25°C. Sweden also experienced 
exceptional heat in the north – Jokkmokk recorded 15 consecutive days and Haparanda 14 
consecutive days with temperatures of at least 25°C, and several stations in Norrland 
registered 11 days at or above 30°C. At Kvikkjokk-Årrenjarka, which lies just north of the 
Arctic Circle, there were 10 days with temperatures exceeding 30°C, up to a maximum of 
32.4°C. Notably, these prolonged high temperatures extended to areas near and north of 
the Arctic Circle, with local reports indicating the event stands apart from previous 
heatwaves in the region due to the long duration so far north. For July as a whole, a cooler-
than-average start to the month meant that the average maximum temperature over sub-
Arctic Fennoscandia was 28.7°C, making it the joint third warmest July on record, together 
with 2014, after 2018 (29.7°C) and 2019 (28.9°C). 

 



 

 

Figure 3.2. Average maximum temperature (°C) for sub-Arctic Fennoscandia, for each July 
from 1961 to 2025. Sub-Arctic Fennoscandia is defined here as mainland Norway, Sweden 
and Finland north of 60°N. Data: NGCD. Credit: Met Norway/C3S/ECMWF. 

 
Figure 3.3. (Top left) Maximum feels-like temperature in July 2025, (top right) number of 
days with ‘strong’ heat stress in 2025, (bottom left) the average number of days per year 
with ‘strong’ heat stress for 1991–2020 and (bottom right) associated anomalies, relative to 
the average for the 1991–2020 reference period. A day with at least ‘strong’ heat stress has 
a maximum feels-like temperature, based on the Universal Thermal Climate Index (UTCI), of 
32°C or higher. Data: ERA5-HEAT. Credit: C3S/ECMWF. 



 

 

 
 
 
 
 
 
Heat stress 
 
The heatwave also brought record levels of heat stress to the region. Typically, most of sub-
Arctic Fennoscandia sees up to two days of strong heat stress, where the feels-like 
temperature reaches 32°C or more, per year. But in July 2025, a large area, mostly around 
the Gulf of Bothnia, saw feels-like temperatures of 33–34°C, reaching up to 36°C8 in some 
locations, and up to 12 days of strong heat stress. Averaged over sub-Arctic Fennoscandia, 
this is the highest number of strong heat stress days on record by a large margin – almost 
double that of the previous record set in 2018. While parts of southern Europe saw up to 
100–150 days of this level of heat stress in 2025, around 10 to 30 days above average 
depending on the area, to see almost two consecutive weeks of strong heat stress in sub-
Arctic Fennoscandia highlights the impact of climate change and the potential for hazardous 
heat in regions where it has historically been rare or non-existent. 
 
Drought and wildfire risk 
 
Beyond high temperatures and the potential health impacts of heat stress, heatwaves can 
also influence drought and wildfire risk. In July 2025, ‘moderate’ drought conditions were 
reached across much of sub-Arctic Fennoscandia, with locally ‘severe’ or ‘extremely dry’ 
conditions. The onset of drought conditions was rapid and associated with the heatwave, as 
June had been generally near average, and moderately wet in some areas. Following the 
heatwave, recovery was also rapid, with conditions returning to average or moderately wet 
in August. More information on drought conditions across Europe can be found in the ‘Soil 
moisture’ section. 
 
Weather also plays an important role in wildfire risk. Although it does not account for 
ignition, fire danger can be estimated using the Fire Weather Index. Due to the combination 
of high temperatures and dry conditions, much of sub-Arctic Fennoscandia saw up to two 
weeks, and locally up to 20 days, where the Fire Weather Index was higher than 95% of 
historical values for the region. Data on burnt areas indicate a number of smaller fires (less 
than 100 hectares) across the region in 2025. While no large wildfires were recorded, 
monthly estimated totals indicate above-average9 wildfire emissions in Finland during July. 
More information on wildfires across Europe in 2025 can be found in the ‘Wildfires’ section.  
 

 
8 Feels-like temperatures and heat stress indices account for other environmental factors beyond temperature. 
In this case humidity, wind speed, radiation and the response of the human body to the environment are all 
considered. As a result, feels-like temperatures can differ substantially from recorded air temperatures. 
9 Relative to the 2003–2019 reference period.  

https://climate.copernicus.eu/heat-stress-what-it-and-how-it-measured


 

 

 
Figure 3.4. Drought conditions based on (left) the Standardised Precipitation-
Evapotranspiration Index (SPEI-1) in July 2025 and (right) number of days during which the 
Fire Weather Index (FWI) was above the 95th percentile in July 2025. Data: ERA5-Drought, 
FWI based on ERA5. Credit: CEMS/C3S/ECMWF. 
 
Impacts of heatwaves on biodiversity 
 
Much of sub-Arctic Fennoscandia is classified as boreal (forest) or alpine (tundra). In these 
biogeographical regions, extreme events such as heatwaves, and associated droughts and 
fires, can have significant impacts on biodiversity. For example, through habitat loss, 
facilitating the spread of invasive species and promoting pest outbreaks. Prolonged 
heatwaves may also accelerate glacier melt and alter hydrological regimes. Cold-adapted 
species shift their distributions northward or to higher elevations in response to warming, 
and extreme events can have detrimental effects on growth, reproduction and survival 
[R3.1]. 
 
2025 was characterised by above-average growing degree days, a measure of accumulated 
heat above a base temperature of 5°C, consistent with prolonged warm conditions that can 
increase ecosystem sensitivity to extreme events in boreal and alpine environments. The 
summer also saw above-average lake surface water temperatures in the region, in particular 
in Finland, with reports indicating a number of harmful algal blooms related to the 
heatwave. More information on lake temperatures across Europe can be found in the 
‘Lakes’ section. 
 
Research has also shown that in recent decades extreme weather events have become 
more frequent across the Arctic, and within Fennoscandia there is an increase in growing 
degree days and other bioclimatic indicators, such the heatwave magnitude index [R3.1]. 

https://www.vesi.fi/en/tilannekatsaus/sinilevatilanne-jatkuu-monin-paikoin-samankaltaisena-avomerialueilla-havainnot-ovat-lisaantyneet/


 

 

More information on biodiversity, and related climate policy and action topics, can be found 
in the ‘Climate policy and action: biodiversity’ section. 
 
Long-term trends 
 
Europe is warming twice as fast as the global average, making it the fastest‑warming 
continent, while the Arctic is the fastest-warming region on Earth, at a rate of 0.75°C per 
decade over the last thirty years. Within Europe, the rate varies and, over the last thirty 
years, Fennoscandia has seen a trend of 0.2–0.7°C per decade. More information on long-
term trends in temperature can be found in the ‘Why is Europe warming so quickly?’ 
section. 
 
The IPCC AR6 reports that, in Europe, there has been a significant increase in the frequency 
and intensity of hot extremes, and these are projected to continue increasing with climate 
change. Increases in heatwaves are projected to be greatest across the southern 
Mediterranean and Scandinavia. In a 1.3°C cooler climate, the temperatures seen during the 
July heatwave would have been extremely rare. In addition, a recent report from Met 
Norway concluded that the annual average temperatures seen in 2025 would have been 
virtually impossible in most of Norway in the climate of 1900. The area of Europe that sees 
temperatures below freezing is also shrinking over time. More information on these 
changes can be found in the ‘Temperature’ section. 
 
Averaged across Europe, there is an increasing trend in the number of all categories of heat 
stress days. While heat stress varies year-to-year in sub-Arctic Fennoscandia, here there is 
an increasing trend in the number of strong heat stress days. Thermal Trace, an interactive 
app for exploring heat and cold stress worldwide, indicates that sub-Arctic Fennoscandia has 
not yet experienced any days with very strong or extreme heat stress. While heat stress 
days here are increasing, there is no clear trend in the number of July days with a Fire 
Weather Index exceeding 95% of the historical values. However, 2025 was amongst the 
years with the highest number in a record starting in 1970. More information can be found 
in the ‘Thermal stress’ and ‘Wildfires’ sections of the report. 
 
Supplementary figures 
 

  
   

 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/
https://www.worldweatherattribution.org/intense-two-week-heatwave-in-fennoscandia-hotter-andmore-likely-due-to-climate-change/
https://www.met.no/nyhetsarkiv/2025-er-det-varmeste-aret-vi-har-malt/_/attachment/inline/24695108-be85-47f5-a377-7be5246d8ba0:af0eb37dd5eba440ca3f856973554ff04b033e45/Met-report-01-2026.pdf
https://www.met.no/nyhetsarkiv/2025-er-det-varmeste-aret-vi-har-malt/_/attachment/inline/24695108-be85-47f5-a377-7be5246d8ba0:af0eb37dd5eba440ca3f856973554ff04b033e45/Met-report-01-2026.pdf
https://thermaltrace.climate.copernicus.eu/


 

 

4. Temperature  
 
Key messages 
● Almost the entire European continent (at least 95%) saw above-average annual 

temperatures in 2025. 
● Several northern European countries saw the warmest or second warmest year on 

record. 
● The area of Europe experiencing winter days with freezing temperatures is shrinking and 

was substantially below average in 2025. 
● Five of Europe’s warmest years on record have occurred since 2019, and ten since 2014. 
 
Surface air temperature, measured at around 2 m above the surface and referred to in this 
section as ‘temperature’, has impacts on both human and natural systems. It affects health, 
agriculture and energy demand, for example, as well as biodiversity and natural 
environments. 
 
This section gives an overview of temperature anomalies and extremes in 2025 across the 
continent, explores variations throughout the year, and provides historical context for the 
findings alongside key information on long-term trends in temperature. 
 
Annual overview 
 
In 2025, annual temperatures were above average across almost the entire continent (at 
least 95%10). Some very small areas in Italy, Croatia and Poland saw close-to-average or 
slightly below-average temperatures (up to 0.2°C below average). 
 
Record annual temperatures were seen in several regions, including parts of northern 
Europe such as western Scandinavia, parts of Greenland, Iceland, the United Kingdom and 
western Russia. Several countries11 in northern Europe reported their warmest (United 
Kingdom, Norway and Iceland) or second warmest (Ireland, Sweden and Finland) year on 
record. 
 
Much of the rest of Europe saw much warmer-than-average annual temperatures. The 
largest anomalies were in western Russia, where temperatures reached up to 2.5°C and 
locally 3°C above average, and in Greenland, where they were up to 5°C above average. 
Central Europe also saw warmer-than-average temperatures, but with smaller anomalies, of 
up to +1°C. 
 

 
10 95% in the E-OBS dataset for the C3S domain and 99.99% in the ERA5 dataset for the larger WMO RA VI 
domain.  
11 A table with national temperature statistics reported by the national meteorological and hydrological 
services within WMO RA VI (Europe) is available in the Graphics Gallery.  



 

 

 
Figure 4.1a. Anomalies and extremes in annual surface air temperature in 2025. The 
extreme categories (‘coolest’ and ‘warmest’) are based on rankings for 1979–2025. The 
other categories describe how the temperatures compare to their distribution during the 
1991–2020 reference period. ‘Much cooler/warmer than average’ – cooler/warmer than 
90% of temperatures; ‘cooler/warmer than average’ – than 66% of temperatures; ‘near 
average’ – within the middle 33%. Data: ERA5. Credit: C3S/ECMWF. 
 

European temperature ranking for 2025 
 
C3S supports the adaptation and mitigation policies of the European Union, while the 
WMO Regional Office for Europe serves its 50 Member States across a broader region. The 
WMO European domain, known as Regional Association VI (RA VI), includes Greenland, 
the South Caucasus and part of the Middle East, which are not covered by the C3S 
European domain. Maps of the two domains are shown on page XX. As the two domains 
differ in size and climate, variations in statistics are expected. 
 
2025 was the warmest year on record for WMO RA VI (Europe). 
      
For the C3S European domain, 2025 ranked as the third-warmest year in the ERA5 dataset 
and the second-warmest year in the E-OBS dataset, which has a slightly more limited 
spatial coverage. 

 



 

 

Variations through the year 
 
The year was generally characterised by above-average temperatures. Over European land12 
as a whole (excluding Greenland), 27 days saw record-high daily temperatures, mainly in 
late January and spring. There were some periods, between 1 and 11 days long, and one in 
May reaching 20 days, of cooler-than-average daily temperatures during the year, between 
long periods of warmer- or much warmer-than-average temperatures. 
 
The year started with a contrast between northwestern Europe, which was cooler than 
average in January, and the rest of Europe, which was warmer than average. This pattern 
then shifted, with northwestern Europe generally seeing warmer-than-average 
temperatures from February to August and again from October to December. Parts of 
eastern Europe, however, saw average to cooler-than-average temperatures during 
February and from May to August. 
 
During winter, northeastern Europe saw particularly large temperature anomalies, with the 
seasonal average anomaly reaching a record high of 7°C for northwestern Russia. This 
contrasts with southern Greenland, which saw below-average temperatures for winter as a 
whole. 
 
In spring and summer, parts of western Europe saw their warmest seasonal temperatures 
on record, while eastern Europe saw near-average summer temperatures. This pattern 
aligns with heatwave conditions seen during the summer, affecting western and southern 
Europe. More can be read about these heatwaves in the ‘Key events’ section. 
 
Despite these variations, above-average temperatures persisted across most of Europe 
throughout the year, and all seasons were among the four warmest on record. When the 
region is extended to include Greenland, the Caucasus and parts of the Middle East, 
summer ranked sixth warmest, while autumn was the warmest on record. 
 

 
12 Daily statistics based on E-OBS.  



 

 

 
Figure 4.2a. Anomalies and extremes in monthly surface air temperature in 2025. The 
extreme categories (‘coolest’ and ‘warmest’) are based on rankings for 1979–2025. The 
other categories describe how the temperatures compare to their distribution during the 
1991–2020 reference period. ‘Much cooler/warmer than average’ – cooler/warmer than 
90% of temperatures; ‘cooler/warmer than average’ – than 66% of temperatures;. ‘near 
average’ – within the middle 33%. Data: ERA5. Credit: C3S/ECMWF. 
 
Extremes 
 
Both minimum and maximum temperatures were generally higher than average in 2025. 
 
Maximum temperatures were most above average in winter and spring in northern and 
eastern Europe, and in summer in western and central Europe. January and March saw 
maximum temperatures up to 6–8°C above average in eastern Europe, while in June 
maximum temperatures in southwestern Europe were 5–6°C above average. In July, 
maximum temperatures in Fennoscandia reached 6°C above average, linked to a heatwave 
in the second half of the month that led to record levels of heat stress in the region. This 
event is discussed in more detail in the ‘Long heatwave in sub-Arctic Fennoscandia’ spotlight 
section. 
 



 

 

Minimum temperatures were above average through most of the year, with some periods 
of below-average minimum temperatures in February, May and August in eastern parts of 
Europe. No land areas saw record-low seasonal- or monthly-average temperatures in 2025. 
 
Another way to look at cold extremes is by counting the number of days when the minimum 
temperature is 0°C or lower (‘frost days’) and the days when the maximum temperature is 
0°C or lower (‘ice days’), or by looking at the areas that see an average winter temperature 
of 0°C or lower. Climate change means that the area of Europe experiencing these types of 
days is decreasing. During winter, the area that saw two consecutive weeks of frost or ice 
days was smaller than average. Such periods of ice days are generally limited to 
northeastern Europe, Iceland and the Alps. In 2025, only small, localised parts of the Alps 
experienced two weeks of ice days and a smaller area than average in Fennoscandia saw 
these conditions. Over time, the area that usually experiences such conditions has also 
decreased, with the 1991–2020 average showing a substantially smaller extent than 1961–
1990. The area of Europe with an average winter temperature of 0°C or below is also 
shrinking and becoming restricted to higher altitudes in mountainous areas. 
 

 
Figure 4.3. The area of Europe that experienced at least 14 consecutive (left) ‘frost days’ and 
(right) ‘ice days’ in 2025 (dark blue) compared to the 1991–2020 average (medium blue) and 
the 1961–1990 average (light blue). A frost day is defined as a day with a minimum 
temperature of 0°C or lower, and an ice day is a day during which the maximum temperature 
remains at 0°C or lower. Data: E-OBS. Credit: KNMI/C3S/ECMWF. 
 
 
 
 
 



 

 

Long-term trends 
 

 
Figure 4.4a. Annual surface air temperature anomalies over European (as defined by the 
WMO Regional Association VI) land, from a range of datasets, for 1900–2025 (start year 
varies by dataset), relative to the average for the 1991–2020 reference period. Data: 
HadCRUT5, NOAAGlobalTemp, GISTEMP, Berkeley Earth, JRA-3Q, ERA5, CMST, CMA-GMST, 
DCENT-I. Credit: C3S/ECMWF/WMO. Data can be downloaded and information on the 
methodology can be found on the WMO Regional Dashboard for Europe. 
 
Global temperatures continue to rise and temperatures for Europe show long-term warming 
trends. The IPCC AR6 reports that temperatures will rise across Europe at a faster rate than 
the global average, and the frequency and intensity of hot extremes will increase, with 
potential impacts on a range of sectors including agriculture, health, water resources, 
ecosystems and biodiversity. 
 
Monitoring of long-term climate indicators confirms that Europe is the fastest-warming of 
all the WMO regions, at around twice the global average. The trends are not uniform over 
time – they show little change, or weak cooling, from the 1950s to the 1980s, with the 
1980s being slightly cooler than the 1930s. Most of the warming has happened since the 
1980s. Five of Europe’s warmest years on record have all occurred since 2019, and the ten 
warmest since 2014. Temperatures over the Arctic have risen more rapidly than those over 
most of the rest of the globe, with an estimated warming of around 3°C since the 1970s. 

https://www.jkclimate.fr/RegionalDashboard/dashboard.html
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/
https://climate.copernicus.eu/climate-indicators


 

 

 
More information on why Europe is warming faster than the global average and differences 
in the rate of warming across Europe can be found in the ‘Why is Europe warming so 
quickly?’ section. Information on changes in heat stress can be found in the ‘Thermal stress’ 
section, and the recent Global Climate Highlights 2025 report offers additional context. 
 
Compared to the pre-industrial level (1850–1900), there has been an increase in the five-
year average surface air temperature of around: 
Globe: +1.4°C 
WMO RA VI: +2.6°C 
Europe: +2.5°C 
Arctic: +3.2°C 
Latest five-year averages. Values for Europe, WMO RA VI and the Arctic are over land only. 
Data: ERA5. 
 
Supplementary figures 
 

 

     

   
  

 

 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://climate.copernicus.eu/global-climate-highlights-2025


 

 

5. Thermal stress 
Key messages 

● In 2025, there was a record low number of cold stress days in Europe. 
● Almost all of Europe (90%) saw fewer days than average with at least ‘strong’ cold 

stress. 
● Southern Europe saw more days than average with at least ‘strong’ heat stress. 

 
Temperatures above or below the optimal range, alongside other environmental factors, 
can impact human health. There were estimated to be around 62,800 heat-related deaths in 
Europe in 2024, 47,700 in 2023 and 61,700 in 2022. An estimate for 2025 is not yet 
available. 
 
Thermal comfort indices can be used to represent the effect of the environment on people. 
The Universal Thermal Climate Index (UTCI), used here, takes into account temperature, 
humidity, wind speed, sunshine and heat emitted by the surroundings, and how the body 
responds to different thermal environments. The UTCI has units of °C, representing a ‘feels 
like’ temperature, divided into ten heat and cold stress categories. 
 
High nighttime temperatures can also affect health, offering little respite from daytime heat 
stress. Tropical nights – those during which the temperature does not fall below 20°C – are 
an indicator of this. 
 
This section provides an overview of heat stress, tropical nights and cold stress across 
Europe in 2025. More information about regional heatwaves can be found in the ‘Key 
events’ and ‘Long heatwave in sub-Arctic Fennoscandia’ sections. Heat and cold stress data 
can also be explored interactively with the ‘Thermal Trace’ app. 
 
Heat stress 
 

https://www.nature.com/articles/s41591-025-03954-7#:~:text=We%20estimated%2062%2C775%20(95%25%20confidence,67%2C873%3B%2038%2C465%E2%80%9392%2C455).
https://www.nature.com/articles/s41591-024-03186-1
https://www.nature.com/articles/s41591-023-02419-z
http://thermaltrace.climate.copernicus.eu/


 

 

 
Figure 5.1. (Left) Number of days with at least ‘strong’ heat stress in 2025, and (right) 
associated anomalies, relative to the average for the 1991–2020 reference period. A day 
with at least strong heat stress has a maximum feels-like temperature, based on the 
Universal Thermal Climate Index (UTCI), of at least 32°C. Data: ERA5-HEAT. Credit: 
C3S/ECMWF. 
 
In 2025, 41% of Europe saw more days than average with at least ‘strong’ heat stress, where 
the feels-like temperature is 32°C or higher. In contrast, just 19% of Europe, mostly in 
southern Scandinavia and northeastern Europe, saw fewer days than average with this level 
of heat stress. In southern and eastern Spain, there were up to 50 more days than average 
with at least strong heat stress. Parts of southern Europe, in particular the Iberian Peninsula, 
southern Spain, and parts of southeastern Europe, also saw more days than average with at 
least ‘very strong’ heat stress, where the feels-like temperature is 38°C or higher. 
 
In central Fennoscandia, prolonged heatwave conditions in July led to the region, which 
typically sees up to two days of strong heat stress per year13, experiencing as many as 12 
days at that level – a record number. This is discussed in more detail in the ‘Long heatwave 
in sub-Arctic Fennoscandia’ spotlight section. 
 
While much of Europe does not typically see ‘extreme’ heat stress, where feels-like 
temperatures reach 46°C or higher, there was a mixed picture in those regions that do. Parts 
of southern Spain and Portugal, for example, saw up to six more extreme heat stress days 

 
13 Based on the 1991–2020 reference period.  



 

 

than average, while other areas in Spain, Portugal, Italy, and elsewhere in southern Europe, 
saw average levels of extreme heat stress. 
 
Tropical nights 
 

 
Figure 5.2. (Left) Number of tropical nights in 2025 and (right) associated anomalies relative 
to the average for the 1991–2020 reference period. Tropical nights are those during which 
the temperature does not fall below 20°C. Data: ERA5-HEAT. Credit: C3S/ECMWF. 
 
In 2025, most of Europe saw a near-average number of tropical nights. Parts of southern 
Europe, however, in particular the Iberian Peninsula and coastal areas around the 
Mediterranean Sea, saw up to 30 more tropical nights than average, with up to 40 more in 
some localised areas. 
 
Cold stress 
 
For Europe as a whole, 2025 saw a record low number of cold stress days14 across all 
categories at or above ‘strong’ cold stress. 90% of Europe saw fewer days than average with 
at least strong cold stress. The only regions to see average or slightly above-average 
numbers of days with at least strong cold stress were Greenland and parts of northeastern 
Europe. Positive anomalies here, however, generally did not exceed seven days, and these 
regions saw fewer days than average with feels-like temperatures reaching ‘very strong’ or 
‘extreme’ cold stress. Notably, a large region north of the Caspian Sea saw as many as 58 
fewer days than average with at least strong cold stress, southern Scandinavia as many as 
50 fewer, and Iceland as many as 30–40 fewer. 

 
14 Statistics are based on the daily (24-hour) minimum UTCI values, so a cold stress ‘day’ may see its coldest 
feels-like temperatures during the nighttime. 



 

 

 

 
Figure 5.3. (Left) Number of days with at least ‘strong’ cold stress in 2025 and (right) 
associated anomalies relative to the average for the 1991–2020 reference period. A day with 
at least strong cold stress has a minimum feels-like temperature, based on the Universal 
Thermal Climate Index (UTCI) of -13°C or lower. Data: ERA5-HEAT. Credit: C3S/ECMWF. 
 
Long-term trends 
 
For Europe as a whole, the numbers of days with strong, very strong or extreme heat stress, 
and the number of tropical nights, have all been increasing since the 1980s, while the 
number of cold stress days is decreasing. In recent decades, heat has been the leading cause 
of reported deaths due to extreme weather in Europe. In the World Health Organization 
European Region, heat-related mortality has increased by around 20% in the past 20 years. 

https://climate.copernicus.eu/esotc/2023/extreme-weather-and-human-health


 

 

 
Figure 5.4. Annual average number of days with at least ‘strong’, ‘very strong’ or ‘extreme’ 
heat stress, annual average number of tropical nights, and annual average number of days 
with at least ‘strong’, ‘very strong’ or ‘extreme’ cold stress for WMO RA VI (Europe), from 
1980–2025. The thresholds for ‘strong’, ‘very strong’ and ‘extreme’ heat stress are 32°C, 
38°C and 46°C, respectively, and for ‘strong’, ‘very strong’ and ‘extreme’ cold stress are -
13°C, -27°C and -40°C, based on the Universal Thermal Climate Index (UTCI). Tropical nights 
are those during which the temperature does not fall below 20°C. Data: ERA5-HEAT. Credit: 
C3S/ECMWF. 
 
The IPCC AR6 states that although ‘evidence of higher heat tolerance is also emerging’, for 
Europe as a whole, a ‘global warming level of 1.5°C could result in 30,000 annual deaths due 
to extreme heat’, with up to three times this at 3°C of global warming [R5.1]. The number of 
heat-related deaths is projected to be highest and to increase most rapidly in southeastern 
Europe, but other regions will also experience accelerating consequences beyond 1.5°C of 
global warming. The discomfort and mortality risks of heat stress also depend on the level of 
socioeconomic development. While cold spells are projected to decrease across Europe, 
particularly in southern Europe, this decrease does not compensate for the additional heat-
related deaths [R5.1]. 
 
Supplementary figures 
 

    
 

 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  

https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter13.pdf


 

 

6. Wildfires 
Key messages 

● Emissions from fires in Europe reached a record high in 2025, with Spain contributing 
around half of the total. Spain, Cyprus, the United Kingdom, the Netherlands and 
Germany all saw record annual high emissions. 

● Burnt area in Europe also reached a record level in 2025, at around 1,034,552 
hectares. The largest contributions came from fires across the Iberian Peninsula in 
August. By the end of the month, Spain and Portugal had seen record cumulative 
burnt areas. 

● Fire danger was above average across most of Europe during the summer, with the 
highest anomalies observed in July and August, mainly influenced by conditions in 
southern Europe. 

 
Wildfires, or wildland fires, are fuelled by combustible vegetation and triggered by ignition 
sources such as lightning or human activity. They are influenced by a range of factors, both 
natural and anthropogenic, including vegetation type and structure, moisture, topography 
and wind. The increased frequency and intensity of extreme wildfires may result in habitat 
destruction and air quality deterioration. 
 
This section focuses on wildfires across Europe15 in 2025. Here, the fire season, defined as 
the period when at least 80% of the total annual burnt area occurs, generally runs from June 
to September. Wildfire potential is analysed based on the prevailing climate conditions and 
is expressed here as fire danger. The section also covers the burnt areas from wildfires, 
estimated from satellite observations, and emissions of carbon and pyrogenic pollutants, 
estimated using fire radiative power. 
 
Fire danger 
 
Where fuel is available, weather plays a pivotal role in determining the risk of fires. Fire 
danger is estimated using the Fire Weather Index (FWI) to understand how weather 
conditions influence flammability and to evaluate potential spread and intensity. While the 
FWI does not account for ignition, it generally correlates well with actual fire activity in 
terms of burnt area [R6.1]. 
 
In 2025, fire danger levels were above average for Europe as a whole from March to April 
and from June to September, and were slightly above average in November. The largest 
anomalies were seen from mid-June to mid-August and were predominantly driven by warm 
and dry conditions in southern Europe. Southeastern areas saw above-average fire danger 
from June to September, and generally higher values and anomalies than in the rest of 
Europe, while the highest positive anomalies in southwestern areas were seen towards the 
end of September. These variations in conditions are reflected in the above-average number 
of days during the year with ‘extreme’ fire danger (FWI of 50 or above, when ‘critical’ fires, 
those above 10,000 ha, can develop). While most of Türkiye saw 25 to 30 such days, much 

 
15 The definition may differ depending on the variable being discussed, but when not specified, follows the C3S 
definition. 



 

 

of the Iberian Peninsula saw 5 to 15 days, with only a small region of southern Spain 
reaching up to around 30 days. 

 
 
Figure 6.1. Anomalies in the number of days with a Fire Weather Index of 50 or above 
(indicating ‘extreme’ fire danger) in Europe in 2025, relative to the average for the 1991–
2020 reference period. These conditions are when ‘critical’ fires, those above 10,000 ha, can 
develop. Data: FWI based on ERA5. Credit: CEMS/C3S/ECMWF. 
 



 

 

Burnt areas 

 
Figure 6.2. Distribution and extent of burnt areas across Europe and the Mediterranean16 in 
2025. Data: European Forest Fire Information System (EFFIS). Credit: 
EFFIS/CEMS/C3S/ECMWF. 
 
Europe17 as a whole saw a new record for burnt areas in 202518, at 1,034,552 hectares19, 
surpassing the previous record of around 988,524 hectares set in 2017[R6.2]. 
 
The fire season began exceptionally early. Parts of western Europe, including the United 
Kingdom and Ireland, saw significant wildfire activity and associated burnt areas in February, 
and parts of western, central and eastern Europe in March and April. Warm and dry 
conditions may have contributed to the spread and intensification of these early fires. In 
summer, several severe heatwaves, including two in June and early July, affected large parts 
of western and southern Europe, creating ideal conditions for large wildfires. In early 
August, a third heatwave impacted the Iberian Peninsula. There, a shift from wet to dry 
conditions had provided abundant dried-out vegetation to fuel several large wildfires in 
Spain and Portugal, which contributed to a larger-than-average burnt area for Europe. In 

 
16 This domain encompasses the EU27 countries and Albania, Bosnia and Herzegovina, Kosovo under UNSCR 
1244, Montenegro, North Macedonia, Norway, Serbia, Switzerland, Türkiye, the United Kingdom and Ukraine; 
and Algeria, Israel, Lebanon, Libya, Morocco, Palestinian Territory, Syria and Tunisia. 
17 The European Union (EU27): Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, 
Poland, Portugal, Romania, Sweden, Slovakia, Slovenia and Spain. 
18 All estimates in this subsection unless otherwise specified, have been provided by EFFIS, the European Forest 
Fire Information System.      
19 Based on fires larger than 30 hectares. 

https://climate.copernicus.eu/heatwaves-contribute-warmest-june-record-western-europe


 

 

Zamora, Spain, around 40,081 hectares were burnt – the largest fire in the country since 
records began in 1968. 
 
By the end of August, Spain and Portugal had seen record cumulative burnt areas of around 
380,877 hectares and 265,139 hectares respectively. These were 4.6 times the average for 
Spain and 3.7 times the average for Portugal for the same period between 2006 and 2024. 
 
While Portugal and Spain were the most affected countries, accounting for 65% of Europe’s 
total burnt area, other countries also experienced significantly larger than average burnt 
areas. This included France, where a fire in Ribaute (Aude department) burnt around 11,391 
hectares20, and Germany, Italy, Romania and Slovakia. 
 
Several European countries outside of the geographic domain used to calculate these 
annual totals, such as the United Kingdom, Montenegro, North Macedonia, Türkiye and 
Bosnia and Herzegovina, also recorded larger-than-average burnt areas. 
 
Wildfire emissions 
 
Wildfires release a complex mixture of gases and aerosols, including large amounts of 
carbon dioxide and ‘black carbon’. Monitoring these emissions is one way to assess the scale 
of fire activity in a region. In Europe, the resulting CO2 emissions are usually limited 
compared with total anthropogenic CO2 emissions, but the impact on air quality can be 
significant. 

 

 
20 While similar estimates are consistent with those published in reports by Météo France and the Office 
National des Forêts, different burnt area extents may have been reported elsewhere. 

https://meteofrance.fr/sites/meteofrance.fr/files/files/editorial/20251215_MeteoFrance_BilanClimat2025.pdf
https://www.onf.fr/espace-presse/%2B/2996::bilan-des-incendies-de-foret-en-2025.html
https://www.onf.fr/espace-presse/%2B/2996::bilan-des-incendies-de-foret-en-2025.html


 

 

 
Figure 6.3. Estimated total monthly wildfire carbon emissions for Europe in 2025 (red) 
compared to the monthly average emission for the 2003–2019 reference period (yellow). 
Data: CAMS GFASv1.2 wildfire data record. Credit: CAMS/C3S/ECMWF. 
 
Total annual emissions for 2025 were the highest in the Copernicus Atmosphere Monitoring 
Service (CAMS) record, which started in 2003, with higher-than-average contributions from 
both northern and southern Europe. Fire emissions for Europe21 as a whole were near 
average for every month except August. In southeastern Europe, Cyprus, Türkiye and some 
Balkan countries – notably Albania, Bulgaria, Kosovo, Montenegro, North Macedonia and 
Serbia – experienced above-average emissions for July and August, with Cyprus recording a 
record annual high. In southwestern Europe, the large-scale fires in northwestern Spain and 
northern Portugal in mid-August generated much above-average emissions, contributing 
approximately half of the European total estimated fire emissions for the year. Spain saw a 
new annual record. 
 
In northern Europe, the annual fire emissions for the United Kingdom, Netherlands and 
Germany were all the highest on record. 
 

 
21 Austria, Czechia, Denmark, Estonia, Finland, Germany, Hungary, Ireland, Latvia, Lithuania, the Netherlands, 
Poland, Sweden, Slovakia and the United Kingdom (northern Europe) as well as Bulgaria, Croatia, Cyprus, 
France, Greece, Italy, Portugal, Romania, Slovenia and Spain (southern Europe). Southwestern Europe 
comprises France, Italy, Portugal and Spain; southeastern Europe comprises Bulgaria, Croatia, Cyprus, Greece, 
Romania and Slovenia. 



 

 

Long-term trends 
 
In recent years, European summers have seen increased wildfire potential [R6.3; R6.4], with 
a growing number of larger fires and an extended fire season. 
 
The IPCC AR6 reports that wildfire risk could increase across all regions of Europe, 
particularly in southern Europe and the Mediterranean. Projections suggest that new 
wildfire-prone regions in western, central and northern Europe may emerge. 
 

 
Figure 6.4. Number of days with Fire Weather Index above the 95th percentile – or ‘extreme’ 
fire weather days – in August 2025 in an area in the northwestern Iberian Peninsula (map 
inset) and spatial averages for the same area for August from 1970 to 2025. The dashed 
horizontal line shows the August average for the 1991–2020 reference period. Data: FWI 
based on ERA5. Credit: CEMS/C3S/ECMWF. 
 
Analysing the trend of the FWI for a region of the northwestern Iberian Peninsula that 
experienced exceptionally severe fires in August shows that the number of days with 
‘extreme’ FWI22, or ‘extreme’ fire weather days, in 2025 was 18, around four times higher 
than the average for the month. There is a clear increasing trend in extreme fire weather 
conditions for this region, associated with an approximately 15% increase in the area 

 
22 Above the 95th percentile i.e. FWI higher than the highest 10% of values for the period and region in 
question during the reference period.  

https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-13/#13.3.1.3


 

 

affected by extreme summer drought [R6.5]. Where increasing fire weather extremes are 
observed, fire activity may also increase due to the presence of larger amounts of dried-out 
vegetation. This can happen when wetter-than-average conditions, favouring vegetation 
growth, are followed by hot and dry periods. 
 
Supplementary figures 
 

 
 

   
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 

7. Clouds and sunshine 
Key messages 

● In 2025, sunshine duration and surface solar radiation were much above average in 
northwestern, central and eastern Europe, as well as in parts of the Mediterranean, 
and below average across the Iberian Peninsula and northeastern Europe. 

● Cloud cover was below average over much of Europe. Above-average cover was seen 
over the Iberian Peninsula, northeastern Europe and the Aegean Sea. 

● The positive sunshine duration and surface solar radiation anomalies are in line with 
the trends observed during the last 40 years. 

 
Cloud cover and sunshine duration are relevant to many sectors of society, including 
renewable energy and tourism. Both variables have been observed since the late 19th 
century, initially by eye and by simple instruments on the ground. Since the early 1980s, 
satellite observations have been used to obtain estimates of cloud cover, surface solar 
radiation23 and sunshine duration24. 
 
This section provides an overview of anomalies in sunshine duration, solar radiation and 
cloud cover across Europe in 2025. 
 
 
 
 
 
 

 
 

 
23 A measure of how much solar energy within the 2.0-4.0 µm wavelength (or shortwave) region reaches 
Earth's surface per unit area. 
24  A measure of the total amount of time, usually in hours per day, month or year, in which direct normal 
(perpendicular to the surface) solar radiation exceeds a threshold intensity of 120 W/m2. 



 

 

Sunshine and solar radiation 
 

 
Figure 7.1. Sunshine duration anomalies (hours) over Europe for 2025, relative to the 
average for the 1991–2020 reference period. Grey hatching in the top right corner of the 
map indicates missing data. Data: CM SAF SARAH-3 CDR/ICDR. Credit: 
C3S/ECMWF/DWD/EUMETSAT. 
 
For Europe as a whole, sunshine duration in 2025 was around 5% higher than average. 
 
Above-average values were seen over much of the continent, with the largest positive 
anomalies observed in parts of northwestern, central and eastern Europe. Parts of northern 
France, Germany, Denmark, Ireland and the United Kingdom as well as Türkiye, experienced 
much above-average to record-high sunshine duration. In parts of the United Kingdom, the 
annual anomaly reached up to 300 hours, which is around 30% above average. For the 
United Kingdom as a whole, the Met Office reported a record high sunshine duration. The 
largest anomalies were seen in spring in central and northwestern Europe and in early 
summer in Türkiye and adjacent regions. 
 
In contrast, three main regions experienced below-average sunshine duration in 2025: a 
large area of northeastern Europe encompassing part of western Russia, northern Belarus 
and much of the Baltic states; parts of the western Mediterranean, including the Iberian 
Peninsula; and the North Atlantic Ocean west of Ireland. In all these areas, annual negative 
anomalies spanning 60 to 180 hours (-5% to -15%) were observed. The largest negative 

https://www.metoffice.gov.uk/about-us/news-and-media/media-centre/weather-and-climate-news/2025/2025-is-already-the-uks-sunniest-year-on-record


 

 

anomalies were seen in May to July for northeastern Europe, in March for the Iberian 
Peninsula and throughout summer as well as in October for the North Atlantic Ocean. 
In general, the spatial distribution of sunshine duration anomalies largely mirrors those of 
surface solar radiation anomalies. 
 
Cloud cover 

 
 

 
Figure 7.2. Average annual cloud cover fraction anomalies (%) over Europe for 2025, relative 
to the average for the 1991–2020 reference period. Data: CLARA-A3 CDR/ICDR. Credit: 
C3S/ECMWF/DWD/EUMETSAT. 
 
As cloud cover is the main moderator for solar radiation reaching the surface, positive 
anomalies in sunshine duration and surface solar radiation generally correspond to negative 
anomalies in cloud cover and vice versa. 
 
Much of Europe saw below-average cloud cover during 2025, with a negative anomaly of 
around 3% for the continent’s land areas as a whole. Following a similar pattern to that of 
sunshine duration, the largest negative anomalies, of -6 to -8%, were observed in parts of 
northwestern, central and eastern Europe as well as over the central and eastern 
Mediterranean. Conversely, the Iberian Peninsula and the Baltic states, as well as the 



 

 

Aegean Sea, saw large scale positive anomalies of around 5–8%. The largest anomalies were 
observed in February and March for the Iberian Peninsula, and in May to July for 
northeastern Europe. The most-above-average cloud cover anomalies for the Aegean Sea 
were in late summer. 
 
In general, the annual patterns observed for sunshine duration, cloud cover and solar 
radiation reflect the wet and dry patterns seen during 2025. Southwestern Europe was 
predominantly wet, while northwestern, central and eastern Europe were widely dry, as 
shown in multiple variables including precipitation, soil moisture and river flow. 
 
Long-term trends 
 

 
Figure 7.3. Annual sunshine duration anomalies (%) for Europe for 1983–2025, relative to 
the average for the 1991–2020 reference period. The anomalies are for land areas only and 
expressed as a percentage above or below average. Data: CM SAF SARAH-3 CDR/ICDR 
Credit: C3S/ECMWF/DWD/EUMETSAT. 
 



 

 

 
Figure 7.4. Annual cloud cover fraction anomalies (%) for Europe for 1983–2025, relative to 
the average for the 1991–2020 reference period. The anomalies are for land areas only and 
expressed as a percentage above or below average. Data: CLARA-A3 CDR/ICDR 
Credit:C3S/ECMWF/DWD/EUMETSAT. 
 
The past four decades have seen a trend towards higher values of sunshine duration and 
surface solar radiation. The above-average sunshine duration observed during 2025 
continues a series of positive anomalies seen since 2006, with the exception of 2010. 
 
For cloud cover, a decrease over time has been observed. 
According to the IPCC AR6, surface solar radiation in Europe has generally been rising over 
the past 40 years. There is also increasing sunshine duration and decreasing cloud cover. 
Higher greenhouse gas concentrations and lower aerosol levels are contributing to these 
changes. With fewer aerosols there are fewer cloud condensation nuclei, resulting in larger, 
less reflective water droplets and reduced cloud cover. Projections suggest surface solar 
radiation will rise further over southern Europe. By contrast, northern regions may see a 
decrease. These changes may be related to shifts in cloud properties, with fewer but larger 
ice crystals and more but smaller water droplets that may increase the reflection of solar 
radiation into space. 
 
Supplementary figures 
 

      
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-7/


 

 

8. Renewable energy resources 
Key messages 

● Renewables supplied nearly half (46.4%) of Europe’s electricity in 2025, almost 
matching the record level reached in 2024, with solar power setting a new 
contribution record, at 12.5%. 

● Onshore wind power potential was generally below average across much of Europe 
due to lower wind speeds. Despite this, the share of Europe’s actual electricity 
generation from wind was 18% and only slightly lower than in 2024 (by 0.4%), in part 
due to increased installed capacity. 

● Solar photovoltaic power potential reflected contrasting sunshine conditions, with 
above-average potential in northwestern and central Europe and below-average 
potential in the Iberian Peninsula and northeastern Europe. 

 
Renewable power generation is core to Europe’s transition to a decarbonised energy 
system. Ember reports that in 2025, 14 out of 27 EU countries generated more electricity 
from wind and solar than from fossil fuels. 
 
Renewable power generation and electricity demand are highly sensitive to environmental 
conditions, which are shaped by phenomena occurring across different timescales, from 
short-term weather events to long-term climate trends. As Europe increasingly relies on 
renewables, understanding their temporal and spatial variability in an evolving climate is 
vital. This includes assessing how these variations affect electricity demand and the 
potential for renewable power generation. 
 
This section reviews Europe’s actual electricity generation in 2025 and the influence of 
climate conditions on potential power generation from onshore wind and solar photovoltaic 
(PV), as well as on electricity demand. Non-climatic factors, such as technological efficiency 
improvements, are not considered. 
 
Europe’s electricity generation 
 

https://ember-energy.org/app/uploads/2026/01/EMBER-Report-European-Electricity-Review-2026.pdf


 

 

 
Figure 8.1. Percentage of the total actual annual electricity generation for Europe, from 
solar (yellow), wind (purple) and hydro (blue) power, alongside the total contribution from 
renewables (green) and from fossil fuels (brown), for 2016–2025. The remaining proportion 
in 2025 came from nuclear (22%) and bioenergy (4%) (not shown). The definition of Europe 
used here is the EU27 and Bosnia and Herzegovina, Kosovo, Moldova, Montenegro, North 
Macedonia, Norway, Serbia, Switzerland and the United Kingdom. Data: Ember. Credit: 
Rabobank/C3S/ECMWF. 
 
In 2025, almost half (46.4%) of the actual electricity generation in Europe came from 
renewables. This is nearly unchanged from 2024 (46.5%), which was a new record for the 
share of electricity generated from renewables and marked the first time that electricity 
generation from wind and solar exceeded that from fossil fuels. In 2025, wind and solar 
together supplied 30.5% of Europe’s electricity, compared with 27.5% from fossil fuels. 
Including hydropower, renewables have generated more electricity than fossil fuels every 
year since 2023, following a period from 2020 to 2022 when electricity generation from 
renewables and fossil fuels was similar. 
 

https://ember-energy.org/data/monthly-electricity-data/


 

 

Solar power reached a record-high contribution of 12.5% in 2025, up from 10.3% in 2024, 
while wind contributed 18% and hydro 15.9%. From 2016 to 2021, the contribution from 
solar grew from 3.4% to 5.3% and has since increased rapidly. According to Ember, the 
record contribution in 2025 is predominantly due to increasing solar capacity across Europe, 
with an additional 65 GW added to the EU fleet in 2025. Onshore and offshore wind capacity 
also increased, with 19 GW added, according to WindEurope. 
 
Solar and wind potential 
 
In 2025, there was a mixed picture for potential power generation from solar PV, with 
above-average potential in a swathe from northwestern to central and eastern Europe, and 
below-average potential in much of southern Europe and parts of northern Europe. This 
generally reflects the sunshine and solar radiation conditions25, with much above-average 
solar radiation across northwestern, central and eastern Europe, and below-average solar 
radiation across the Iberian Peninsula and northeastern Europe. Across the United Kingdom, 
which saw its sunniest year on record in 2025, and part of the Netherlands, the potential for 
power generation from solar PV was up to 10% higher than average. Across much of the rest 
of northwestern Europe, potential was up to 6–8% above average. More information on 
sunshine duration and solar radiation can be found in the ‘Clouds and sunshine’ section. 
 

 
Figure 8.2. (Left) Annual anomalies (%) in solar radiation and (right) potential power 
generation from solar photovoltaic (PV) in 2025, relative to the average for the 1991–2020 
reference period. Anomalies are expressed as a percentage above or below average. 
Potential for power generation is based on the capacity factor. Grey hatching indicates areas 
outside of the dataset domain. Data: Solar radiation from CM-SAF SARAH-3, Solar PV 

 
25 The calculation of solar PV power potential (capacity factor) depends on surface solar radiation, near-surface 
air temperature and solar panel characteristics. As panel efficiency decreases with temperature, and higher 
solar radiation is often associated with warmer conditions, anomalies in solar PV potential can differ from 
those in surface solar radiation. 

https://ember-energy.org/app/uploads/2026/01/EMBER-Report-European-Electricity-Review-2026.pdf
https://windeurope.org/data/products/latest-wind-energy-data-for-europe-autumn-2025/
https://windeurope.org/data/products/wind-energy-in-europe-2025-statistics-and-the-outlook-for-2026-2030/


 

 

potential from C3S Global climate and energy indicators derived from ERA5. Credit: 
DWD/EUMETSAT/C3S/ECMWF. 
 

 
Figure 8.3. Annual anomalies (%) in (left) 100 m wind speed and (right) potential power 
generation (capacity factor) from onshore wind in 2025, relative to the average for the 
1991–2020 reference period. Anomalies are expressed as a percentage above or below 
average. Data: C3S Global climate and energy indicators derived from ERA5. Credit: 
C3S/ECMWF.  
 
In contrast, potential power generation from onshore wind in Europe was generally below 
average, reflecting below-average wind conditions across the continent. This was 
particularly the case in much of central and southeastern Europe, such as around the Alps, 
southern Germany, western Czechia, Italy and Greece, where the potential power 
generation from wind was up to 25% lower than average. However, there were some 
exceptions, notably in Fennoscandia, Türkiye and parts of western Europe, including 
northwestern areas of the Iberian Peninsula and parts of western France. 
 
Despite below-average wind conditions, wind power contributed 18% of Europe’s total 
actual electricity generation, only slightly below the shares in 2024 (18.4%) and 2023 
(18.2%). This reflects the fact that weaker winds were at least partially offset by increased 
installed onshore wind capacity in Europe, with a total of 6 GW in the first half of 2025. 
Wind conditions can vary from year to year, within a year and with height. The existing fleet 
of wind turbines is diverse, with different turbines exhibiting different characteristics that 
help to smooth the effects of wind variability26. While low‑wind conditions can limit wind 

 
26 Here, potential wind power generation is modelled using a single turbine from the existing fleet (a GE Energy 
2.5–103 with a hub height of 100 m). The results could vary if a different turbine were used, as each turbine 
has specific cut-in and cut-off wind speeds and therefore reacts differently to wind speed. 



 

 

power generation, this effect may be partly mitigated by newer, taller turbine models 
designed to generate power more efficiently during low‑wind periods, or by a higher share 
of offshore wind energy. 
 
Seasonal and regional variation 
 

 
 
Figure 8.4. Monthly anomalies in the potential for power generation (capacity factor) from 
onshore wind, solar photovoltaic (PV) and run-of-river hydropower, averaged over (top) 
northwestern and central Europe (Ireland, the United Kingdom, France, Belgium, the 
Netherlands, Luxembourg, Germany and Denmark) and (bottom) the Iberian Peninsula 
(Spain and Portugal). The anomalies are expressed as percentages relative to the 1991–2020 
reference period. Grey shading indicates the 10–90th percentile range of the 1991–2020 
reference period, which represents the majority of historical values excluding the highest and 
lowest 10%. Data: C3S Global Energy Indicators. Credit: C3S/ECMWF. 
 
Comparing regional anomalies in potential power generation can highlight energy resources 
at a larger scale. Here, two regions are chosen with contrasting climatic conditions during 
2025, although countries within each region saw relatively similar conditions for the year as 
a whole. The two regions are northwestern and central Europe (NWC region), defined as 
Ireland, the United Kingdom, France, Belgium, the Netherlands, Luxembourg, Denmark and 
Germany, and the Iberian Peninsula (Spain and Portugal). 
 
In the NWC region, January to May saw below-average potential for wind power generation, 
reaching 32% below average in February. During the summer, anomalies varied and then 
remained above average from September to November. For the Iberian Peninsula, potential 
for wind power generation was more variable. Anomalies switched from above- to below-
average potential every one or two months, with the largest anomalies in the first half of 



 

 

the year, reaching 48% below average in February and 26% above average in March. These 
statistics are based on the wind power generation obtained with a specific 100 m high wind 
turbine. Other turbines, such as those with newer designs or different characteristics, can 
smooth the impact of low and variable wind conditions, resulting in smaller anomalies for 
potential wind power generation. 
 
The potential for solar PV shows substantial contrast between the two regions for much of 
the year. For the NWC region, solar PV potential was generally above average from February 
to September, consistent with the sunshine conditions. In contrast, for the Iberian 
Peninsula, potential for solar PV power generation was much below average (up to -21%) in 
March, before becoming close to average for much of the rest of the year, despite the 
below-average solar radiation and sunshine duration for the year as a whole. 
 
The potential for run-of-river hydropower also reflected contrasting climatic conditions 
between the two regions. In the NWC region, potential for run-of-river hydropower was 
above average at the start of the year before shifting to mostly below-average conditions 
from May to December, particularly in June and July. This largely reflected precipitation and 
river flow patterns across Europe. By contrast, the Iberian Peninsula saw much above-
average potential from February to September, reaching a peak of 45% above average in 
April. Increased potential from one renewable energy resource may offset lower potential 
from others. In this case, increased hydropower potential could help offset lower potential 
from wind and solar power. Spring, in particular, saw a strong contrast in precipitation 
between the two regions, while the year as a whole saw generally below-average river flow 
in the NWC region and above-average river flow across the Iberian Peninsula. More on 
precipitation and river flow can be found in their respective sections of the report. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

9. Precipitation 
Key messages 

● Drier-than-average conditions prevailed across a large area from northwestern to 
eastern Europe. 

● For northwestern and central Europe, 2025 was one of the 10 driest years since 
1979, contrasting with exceptionally wet conditions in 2023 and 2024. 

● Spring saw contrasts in precipitation across the continent, with much drier-than-
average conditions across northwestern and central Europe and much wetter-than-
average conditions in surrounding regions. 

● The share of Europe’s land area affected by extreme precipitation was below 
average and notably smaller than in some recent years, particularly for the most 
extreme events. 

 
Precipitation is a key component of the global water cycle. It is essential for freshwater 
resources, food production, ecosystem health and inland waterway transport. It reflects 
how moisture is redistributed from the atmosphere to the land and oceans, and naturally 
varies with changing weather patterns over daily, seasonal and annual timescales. 
Prolonged periods of above- or below-average precipitation can be precursors to floods or 
droughts. Short-lived intense rainfall can also trigger flooding and cause severe damage. In 
addition to natural fluctuations, climate change is altering precipitation patterns and 
increasing the likelihood of extremes in many regions. 
 
This section provides an overview of anomalies and extremes in annual and seasonal 
precipitation across Europe in 2025 based on three datasets27 (ERA5, E-OBS and GPCC). The 
section concludes with a summary of current knowledge on long-term precipitation changes 
in Europe. 
 
Annual overview 
 
In 2025, annual precipitation was below average across much of Europe, particularly across 
a large swathe stretching from the United Kingdom, northern France and the Benelux 
countries in the west to Ukraine, Türkiye and the Caucasus in the east. Across much of this 
region, annual precipitation totals were 10 to 40% below average. 
 
Much drier-than-average conditions, with precipitation deficits reaching 20 to 40%, were 
observed along the eastern coasts of Scotland and England, as well as in Belgium, the 
Netherlands, Germany, Hungary, Romania, Ukraine and Türkiye, and parts of southern 
Sweden. Some locations in Belgium, the Netherlands, Germany and around the Black Sea 
experienced their lowest annual precipitation totals since at least 1979. For Germany as a 
whole, 2025 ranked as the 15th driest year since measurements began in 1881. For Türkiye, 
2025 was the driest year since at least 1964. 
 

 
27 Some differences exist between the three datasets in the depiction of spatial anomalies, as well as in 
regional averages and rankings. The assessment presented here mainly focuses on areas of agreement 
between datasets. 

https://www.dwd.de/EN/climate_environment/climatemonitoring/germany/brdmap_ubr_text_aktl_jz.html
http://www.emcc.mgm.gov.tr/files/State_of_the_Climate_in_Turkey_in_2025.pdf


 

 

By contrast, wetter-than-average conditions prevailed in much of southwestern and 
northeastern Europe, with much wetter-than-average conditions in Portugal and 
southwestern Spain, northern Norway, the Kola Peninsula in Russia and across the Baltic 
countries. 
 
The widespread dry conditions were associated with below-average river flooding, above-
average sunshine hours and solar radiation, and reduced cloud cover. The contrast between 
the drier conditions in northwestern Europe and the wetter conditions in the Iberian 
Peninsula is further discussed in the ‘Renewable energy resources’ section. 
 

 
 
Figure 9.1a. Anomalies and extremes in annual precipitation in 2025. The extreme 
categories (‘wettest' and ‘driest') are based on rankings for 1979–2025. The other categories 
describe how precipitation compares to the distribution during the 1991–2020 reference 
period. ‘Much wetter/drier than average’ – wetter/drier than 90% of precipitation values; 
‘wetter/drier than average’ – than 66% of precipitation values; ‘near average’ – within the 
middle 33%. The dashed boxes outline the five European subregions discussed in the text. 
Data: ERA5. Credit: C3S/ECMWF. 



 

 

 
 
Regional averages 
 
Precipitation conditions in 2025 were also assessed using averages across five European 
subregions28 (Supplementary Figure S9.1.). In northwestern Europe, annual precipitation 
was 8% below average, placing 2025 among the 10 driest years since 1979. Central Europe 
saw a deficit of 11%, making it one of the eight driest years since 1979. 
 
In northwestern Europe and parts of central Europe, these dry conditions followed two 
exceptionally wet years, 2023 and 2024, when widespread flooding was linked to successive 
months with much wetter-than-average conditions and to extreme events, including Storm 
Boris in September 2024. In 2025, precipitation in eastern Europe was 3% below average, a 
smaller deficit than in 2024 (−11%). 
 
In contrast, precipitation was 4% above average for Scandinavia, consistent with the long-
term trend towards wetter conditions. The Mediterranean region as a whole saw near-
average precipitation (+1%), but with a pronounced contrast between wet conditions in the 
west and dry conditions in the east. 
 
Variations throughout the year 
 

 
28 The statistics reported are based on the average of the three datasets for the annual anomalies and on their 
range for annual rankings (i.e. minimum and maximum rankings). 



 

 

 
Figure 9.2a. Anomalies and extremes in seasonal precipitation in 2025. The extreme 
categories (‘wettest' and ‘driest') are based on rankings for 1979–2025. The other categories 
describe how precipitation compares to the distribution during the 1991–2020 reference 
period. ‘Much wetter/drier than average’ – wetter/drier than 90% of precipitation values; 
‘wetter/drier than average’ – than 66% of precipitation values; ‘near average’ – within the 
middle 33%. Data: ERA5. Credit: C3S/ECMWF. 
 
Winter 
 
Much drier-than-average conditions were seen across much of eastern Europe, as well as in 
eastern Spain, and were most pronounced and widespread in February. Wetter-than-
average conditions were observed in parts of northwestern and northeastern Europe. Three 
winter storms (Éowyn, Herminia and Ivo) brought heavy rainfall to northwestern France, 
causing severe flooding. 
 
Spring 
 
A sharp contrast in precipitation conditions across Europe was seen in spring, which is 
largely reflected in the conditions for the year as a whole. 
 
Much drier-than-average conditions prevailed across most of northwestern Europe. Some 
areas in the United Kingdom, Belgium, Germany, southern Sweden and Denmark registered 
their lowest spring precipitation totals since at least 1979. Both England and Belgium 
experienced their driest spring since 1893, while Germany recorded one of its three driest 

https://weather.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/weather/learn-about/uk-past-events/interesting/2025/2025_03_spring_2025_v2.pdf
https://www.meteo.be/resources/climatology/pdf/bilan_climatique_saisonnier_2025_S2.pdf
https://www.dwd.de/DE/presse/pressemitteilungen/DE/2025/20250530_pm_fruehjahr_news.html


 

 

springs since 1881. The lack of precipitation was linked to a persistent high-pressure area 
centred over the North Sea. 
 
In contrast, much wetter-than-average conditions prevailed to the south, east and north of 
this dry region, particularly in the Iberian Peninsula, northern Italy, the Baltic countries and 
along the western coast of Norway. Spain registered its fifth wettest spring since records 
began in 1961, alleviating drought conditions that had persisted since 2022 but also 
promoting vegetation growth that increased wildfire risk during the summer. Further north, 
the Greenland Ice Sheet experienced its wettest spring since at least 1979, according to 
ERA5. The unusually high precipitation amounts, mainly falling as snow, limited the ice 
sheet’s mass loss for the year as a whole. 
 
Summer 
 
Much drier-than-average conditions prevailed across southeastern Europe, Türkiye and the 
Caucasus during summer. Some areas around the Black Sea registered their lowest 
precipitation amounts for the season since at least 1979. The conditions were most 
pronounced in June, contributing to droughts. It was also much drier-than-average in parts 
of Portugal, northwestern Spain and southwestern France, contributing to an exceptional 
wildfire season. In contrast, much wetter-than-average conditions were observed in the 
Baltic countries and parts of western Russia. 
 
 
Autumn 
 
Precipitation patterns during autumn partly contrasted those seen in summer. Much 
wetter-than-average conditions occurred in the Balkans, with new seasonal precipitation 
records across much of the region. In October, Mediterranean cyclone Barbara brought 
heavy rainfall, causing severe flooding in Romania and Bulgaria. Wetter-than-average 
conditions were also observed in Ireland, the United Kingdom and parts of Fennoscandia. 
Drier-than-average conditions were mainly seen in southwestern and northeastern Europe. 
 
Extremes 
 

https://www.aemet.es/en/noticias/2025/06/resumen_primavera2025


 

 

 
Figure 9.3. (Left) Map showing the total number of days with extreme precipitation across 
Europe in 2025.  ‘Extreme precipitation’ refers to a day with total precipitation exceeding the 
average annual maximum daily precipitation during the 1991–2020 reference period. (Right) 
Annual time series showing the percentage of Europe’s land area (shown in the map) that 
experienced at least one day of extreme precipitation each year from 1979 to 2025. The time 
series show the area affected by daily precipitation exceeding one (top) and two (bottom) 
times the average annual maximum. Data: ERA5. Credit: C3S/ECMWF. 
 
Precipitation extremes can be characterised by different aspects, such as their intensity, 
duration or rarity. Here, extremes at each location are assessed by comparing daily 
precipitation totals with a historical benchmark, defined as the average of the highest daily 
total recorded each year during the 1991–2020 reference period. A day is classified as 
‘extreme’ if its precipitation total exceeds this value29. 
 
In 2025, many areas across Europe experienced at least one day of extreme precipitation. 
Such events are often highly localised. Broader areas can be impacted, however, reflecting 
the influence of larger weather systems. Three regions stand out due to the size of the area 
affected and because they experienced up to three extreme precipitation days: the Balkans, 
particularly Romania, linked to Mediterranean cyclone Barbara in October; the United 
Kingdom, with events in January, September and November; and Sweden, with events 
mainly in July and September. 
 
On average, about 26% of Europe’s land area experiences at least one day of extreme 
precipitation a year. In 2025, this proportion was slightly lower, at 25%. The affected area 
was also smaller than in each of the previous four years, particularly 2021 (34%), 2023 (31%) 
and 2024 (29%). For the most extreme events, defined as days when precipitation exceeded 
twice the average annual maximum, the affected area is much smaller, averaging only 0.4%. 

 
29 The analysis of extreme precipitation presented here is based on the Extreme Rain Multiplier (ERM) [R9.1]. 
More details can be found in ‘About the data’. 



 

 

Such events, however, are often associated with the most severe impacts. In 2025, the 
affected area was 0.3%, again lower than in 2021 (1.3%), 2023 (0.8%) and 2024 (1.1%). 
 
Long-term trends 
 
According to the IPCC AR6, precipitation trends in recent decades indicate wetter conditions 
in northern Europe and drier conditions in southern Europe, particularly in winter. These 
patterns are consistent with changes in atmospheric circulation and increased moisture 
availability in a warmer climate. 
 
Heavy precipitation has increased across most of Europe, including in regions where average 
precipitation has declined. Short-duration, extreme rainfall events have become more 
frequent and more intense, reflecting higher atmospheric water vapour content (a warmer 
atmosphere can hold more moisture), contributing to increased flood risk in many regions. 
 
Projections indicate these trends will continue and intensify, with average precipitation 
continuing to increase in northern Europe and decrease in southern Europe, particularly in 
summer. At the same time, heavy precipitation is projected to intensify across all European 
regions, including the Mediterranean, increasing the risks of flooding alongside growing 
pressures on water resources. 
 
Supplementary figures 
 

    

    
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 

10. Soil moisture 
Key messages 

● For Europe as a whole, 2025 saw the driest soil moisture conditions in the 33-year 
satellite record. 

● Drier-than-average soil moisture conditions persisted for much of the year and 
affected large parts of Europe. 

● In May, 35% of Europe saw ‘extreme’ agricultural drought. 
 
Soil moisture is a key component of Earth’s climate and hydrological systems. It plays a 
crucial role in the exchange of water and energy between the land surface and the 

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-12/#12.4.5.2


 

 

atmosphere, influencing weather patterns, temperature regulation and the water cycle. Soil 
moisture affects atmospheric processes and climate predictability. Saturated soils have 
limited capacity to absorb additional rainfall, increasing surface runoff and the risk of 
flooding. When soil moisture is low, reduced infiltration and weakened soil structure make 
the land prone to runoff, erosion and degradation. Prolonged soil moisture deficits can lead 
to drought conditions, reducing crop yields and increasing the risk of wildfires. 
 
In this section, the data represent conditions in the first few centimetres of the soil30, with 
root zone soil moisture conditions down to 1 m. 
 

 
Figure 10.1a. Annual surface soil moisture anomalies (%) in 2025, showing positive (green) 
and negative (brown) anomalies, expressed as a percentage of the annual average for the 
1991–2020 reference period. Surface soil moisture in ERA5-Land represents conditions in the 
upper 0–7cm of the soil. Data: ERA5-Land. Credit: C3S/ECMWF/TU Wien 
 
 
 
 
Annual overview 
 
Across Europe, a trend towards increasingly drier-than-average surface soil moisture 
conditions has been observed over the past two decades. The annual soil moisture anomaly 
indicates that this trend continued in 2025, which was one of the three driest years since 
1992.31 
 

 
30  ~0–5 cm for the satellite product and 0–7cm for ERA5-Land. 
31  2025 was the driest year in the satellite record and the third driest in ERA5-Land over the same period 
(since 1992).      



 

 

The drier-than-average conditions affected a large part of Europe, extending from western 
to eastern Europe, including the United Kingdom, the Netherlands, Ukraine and Türkiye, and 
persisted for much of the year. 
 
Variations throughout the year 
 
In February, drier-than-average root zone soil moisture anomalies became widespread, with 
nearly 50% of Europe classified as ‘dry’ to ‘very dry’ for that time of year, with northern 
France being an exception. The dry conditions intensified through the spring and summer 
and persisted until October. 
 
Extended soil moisture deficits are of particular concern as they can trigger drought 
conditions. For agricultural droughts, when soil water availability is insufficient to meet crop 
needs, soil moisture in the root zone is especially important. The most extensive agricultural 
drought conditions of 2025 were in May, when 35% of Europe could be classed as 
experiencing ‘extreme’ drought32, and a further 19% ‘moderate’ drought. In July, sub-Arctic 
Fennoscandia could also be classed as experiencing regional agricultural drought following 
its most severe heatwave on record. The drought conditions across Europe persisted 
through summer, lessening in severity and extent in early autumn. 
 
December was the month with the highest soil moisture conditions, when nearly 30% of 
Europe was classified as having ‘wet’ or ‘very wet’ soils, particularly in southern and eastern 
Europe. For the second year in a row, the Iberian Peninsula experienced wetter-than-
average soil moisture conditions, following drier-than-average conditions in 2022 and 2023. 
 

 
32 Drought conditions are classified as: extreme drought (very dry; Z-score ≤ -2), moderate drought (dry; Z-
score ≤ -1), average (Z-score between -1 and 1), wet (Z-score ≥ 1) or very wet (Z-score ≥ 2). Z-scores are how 
far a value is from the average, using standard deviation as units. 



 

 

 
Figure 10.2. Root zone soil moisture (0–100 cm) drought classifications for each month of 
2025. Anomalies are expressed as Z-scores, which indicate how far a value is from the 
average using standard deviation as units. The bars indicate the affected area for each 
drought category within the map area bounded by the dotted black line. Data: C3S SM 
v202505 RZSM. Credit: TU Wien/C3S/ECMWF. 
 
Extremes 
 
Large parts of Türkiye and Ukraine saw record-low soil moisture for March, and soil 
moisture remained below average throughout the rest of spring. This was followed by an 
exceptionally dry summer, during which Türkiye again experienced record-low soil moisture 
and faced one of its worst droughts in 50 years. The prolonged dry conditions in both 
Türkiye and Ukraine caused yield reductions in summer crops and contributed to an 
increase in the number of wildfires. 
 
In parts of the United Kingdom, the Netherlands, Belgium and northern Germany, 10 
months of the year saw drier-than-average conditions. These areas also experienced a 
record-dry May, with soil moisture 23% below average for the month. This coincided with 
below-average precipitation and, in the United Kingdom, much warmer-than-average 
temperatures. 



 

 

 
Soil moisture in central Scandinavia was more variable through the year. The region saw 
multiple wet records during the early months, particularly in January and March, but 
conditions fluctuated more during spring and summer. Notably, during a heatwave in July, 
soil moisture dropped to its lowest levels of the year, reaching record lows in some areas. 
Small parts of the region experienced both record wet and record dry monthly conditions in 
2025. 
 
Parts of western Russia and the Baltics also had a wet start to the year, with record-wet soil 
moisture in January. The region then saw further record-wet soil moisture conditions from 
May to July, owing to the much above-average precipitation in the region. In some areas the 
number of wet days33 in summer was up to 20 more than average. 
 
The Iberian Peninsula also experienced extreme wet conditions, with soils 31% wetter than 
average in March, and Spain and Portugal receiving 251% and 229% of their average amount 
of rainfall, respectively. These wet conditions continued until June when they gave way to 
drier-than-average conditions. Such a shift from wet to dry creates abundant dried-out 
vegetation that can fuel extensive wildfires, as seen in August when Spain recorded its 
highest fire-related emissions in more than two decades. 
 
More information on precipitation and wildfires can be found in their respective sections. 

 

 
33 A day where the 24-hour accumulated precipitation is at least 1 mm.  

https://www.aemet.es/documentos/es/serviciosclimaticos/vigilancia_clima/resumenes_climat/mensuales/2025/res_mens_clim_2025_03.pdf
https://www.ipma.pt/pt/media/noticias/news.detail.jsp?y=2025&f=boletim_climatologico_marco_2025.html


 

 

 



 

 

Figure 10.3. (Top) Areas of Europe with record wet (green) or dry (brown), or both (yellow) 
monthly conditions in 2025, compared to the same month from 1950 to 2024. (Bottom) Time 
series of 2025 monthly anomalies, showing positive (green) and negative (brown) anomalies, 
relative to the average for the 1991–2020 reference period. Data: ERA5‑Land. Credit: 
C3S/ECMWF/TU Wien. 
 
Supplementary figures 
 

     
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

11. River flow and flooding 
Key messages 

● River flow across Europe was below average for 11 months of the year and 70% of 
rivers saw below-average annual flow. 

● The flooded extent of Europe’s rivers was the second lowest on record since 1992, 
and much smaller than the widespread flooding in 2023 and 2024. 

● Despite the reduced overall flood extent, several significant flood events occurred, 
including in Ireland and the United Kingdom (January, October, November and 
December), Spain and Portugal (March and November), Italy (April) and Albania 
(November). 

 
River flow is the volume of water flowing through a river channel, as measured at a given 
point, in cubic metres per second. High river flow can lead to flooding, while low river flow 
can negatively impact species dependent on freshwater and riverside ecosystems. In 
extreme cases, low river flow can develop into a hydrological drought, affecting public water 
supply, hydroelectric power generation and commercial river transport, for example. 
 
This section gives an overview of anomalies and extremes in annual river flow across the 
continent in 2025, variations throughout the year, the percentage of the European river 
network flooded and provides historical context for the findings. 
 
Annual overview 
 
River flow for the European river network as a whole was below average for 11 months of 
the year, with only January showing slightly above-average conditions. In May and June, 
river flow reached its lowest levels since records began in 1992. 
 
Annual river flow was below average in 70% of European rivers, with particularly 
pronounced deficits in several central, southern and eastern regions. In contrast, near-
average or above-average annual flows were seen in western regions, especially the Iberian 
Peninsula, western France, Ireland, Italy, and parts of Norway and Sweden. 
 



 

 

 
Figure 11.1. Monthly average river flow (m3/s) for Europe, showing below-average (orange 
dots) and above-average (blue dots) river flow, compared to minimums and maximums for 
the 1992–2020 reference period (grey shading) and the average for the 1992–2020 
reference period (dashed grey line). Data: EFAS. Credit: CEMS/C3S/ECMWF. 
 



 

 

 
 
Figure 11.2. Anomalies and extremes in annual average river flow in 2025. The extreme 
categories ('highest’ and ‘lowest’) are based on rankings for 1992–2025. The other 
categories describe how river flow compares to the distribution during the 1992–2020 
reference period. ‘Much higher/lower than average’ – higher/lower than 90% of river flow 
values; ‘higher/lower than average’ – than 66% of river flow values; ‘near average’ – within 
the middle 33%. Only rivers with drainage areas greater than 1000 km2 are shown. Data: 
EFAS. Credit: CEMS/C3S/ECMWF. 
 
Variations throughout the year 
 
Monthly river flow patterns in 2025 reveal strong seasonal contrasts and regional variability. 
January was the only month with above-average river flow for Europe as a whole, with 
around 40% of rivers seeing higher-than-average flows, particularly across much of 
southwestern, central and northern Europe. From February onwards, below-average river 
flow dominated and this pattern persisted to the end of the year. 
 
In February, river flow began to decrease across large parts of central and eastern Europe, 
with below-average conditions in several major river basins, including parts of the Danube, 
Dnieper, Oder and Vistula. By March, lower-than-average river flow anomalies had 



 

 

extended into western Europe, including Ireland and the United Kingdom, and become 
more widespread across southeastern Europe. 
 
Much higher-than-average river flows were observed across large parts of the Iberian 
Peninsula during spring, with the highest monthly flows on record in the Tagus and 
Guadiana river basins, contrasting with the broader European pattern. These high flows 
were linked to persistent and intense rainfall, driven by the passage of several named 
storms that brought widespread flooding across Spain and Portugal. 
 
Lower-than-average river flow was most widespread in late spring and early summer. May 
and June had the highest proportion of rivers with below-average flows, at 69% and 66%, 
respectively. From September onwards, the area impacted by below-average river flow 
gradually reduced, reaching around 40% by the end of the year. This shift reflects a 
transition towards near-average or above-average river flow in some regions, particularly 
across parts of the Danube basin and northeastern Europe. The low flow conditions 
contributed to several drought warnings issued throughout the year by the Copernicus 
Emergency Management Service (CEMS) European Drought Observatory, particularly in 
eastern Europe. 
 

 
Figure 11.3. Anomalies and extremes in monthly average river flow in 2025. The extreme 
categories ('highest’ and ‘lowest’) are based on rankings for 1992–2025. The other 
categories describe how river flow compares to the distribution during the 1992–2020 
reference period. ‘Much higher/lower than average’ – higher/lower than 90% of river flow 
values; ‘higher/lower than average’ – than 66% of river flow values; ‘near average’ – within 

https://climate.copernicus.eu/precipitation-relative-humidity-and-soil-moisture-march-2025
https://joint-research-centre.ec.europa.eu/european-and-global-drought-observatories/current-drought-situation-europe_en
https://joint-research-centre.ec.europa.eu/european-and-global-drought-observatories/current-drought-situation-europe_en


 

 

the middle 33%. Only rivers with drainage areas greater than 1000 km2 are shown. Data: 
EFAS. Credit: CEMS/C3S/ECMWF. 
 
Flooding 
 
The extent of the European river network that experienced flooding during 2025 was the 
second lowest in the 33-year record. Around 12% of rivers exceeded the ‘high’ flood 
threshold at some point during the year, with around 5% reaching the ‘severe’ threshold. 
This contrasts with the past two years, when flooding was more widespread across Europe. 
 
Despite the low overall extent, notable flood events occurred at local and regional scales 
throughout the year. In January, Storm Éowyn brought exceptionally strong winds and 
heavy rainfall to parts of Ireland, the United Kingdom and Norway. While the storm was 
primarily characterised by its wind impacts, the associated rainfall and already saturated 
ground conditions led to localised flooding and increased river flow in some areas. 
 
In March, persistent and intense rainfall associated with a series of named storms led to 
flooding across central and southern parts of the Iberian Peninsula, including Spain and 
Portugal. These events were linked to exceptionally wet conditions in March, which 
contributed to damaging floods but increased reservoir storage in some drought-prone 
areas. In April, intense rainfall in northern and central Italy caused widespread flooding and 
landslides, prompting evacuations from floodplains. 
 
In mid-November, Storm Claudia brought significant flooding to Portugal, Spain, Ireland and 
the United Kingdom. Elsewhere, short-lived floods were reported in parts of western and 
northern Europe, typically associated with periods of intense rainfall and saturated 
catchments. Towards the end of November, heavy rainfall caused rivers to overflow in parts 
of Albania, leading to flooding, evacuations and damage to infrastructure. Overall, the 
pattern of flooding in 2025 was localised rather than widespread, reflecting strong regional 
contrasts in hydrological conditions across Europe. More information on precipitation and 
soil moisture conditions can be found in the respective sections. 
 
For more information on significant events across Europe in 2025, visit the interactive ‘Key 
events map’. 

https://european-flood.emergency.copernicus.eu/en/news/floods-spain-march-2025
https://climate.copernicus.eu/precipitation-relative-humidity-and-soil-moisture-march-2025
https://european-flood.emergency.copernicus.eu/en/news/flooding-and-landslides-italy-april-2025
https://european-flood.emergency.copernicus.eu/en/news/flooding-and-landslides-italy-april-2025
https://european-flood.emergency.copernicus.eu/en/news/storm-claudia-flooding-western-europe-november-2025
https://www.gdacs.org/report.aspx?eventtype=FL&eventid=1103616


 

 

 
Figure 11.4. Percentage of the European river network that exceeded the ‘high’ (five-year 
return period) (orange) and ‘severe’ (20-year return period) (purple) flood thresholds during 
1992–2025. The average annual percentage of the river network exceeding at least the 
‘high’ threshold (grey line) is around 20%. Data: EFAS. Credit: CEMS/C3S/ECMWF. 
 



 

 

 
 
Figure 11.5. Rivers with upstream areas larger than 1000 km2 (white), and those where the 
river flow exceeded the ‘high’ (five-year return period) (orange) and ‘severe’ (20-year return 
period) (purple) flood thresholds on any day across 2025. Data: EFAS. Credit: 
CEMS/C3S/ECMWF. 
 
Long-term trends 
 
The IPCC AR6 reports that, between 1960 and 2010, river flood hazard increased by 11% per 
decade in western and central Europe and the United Kingdom, and decreased by 23% per 
decade in eastern and southern Europe. Projections indicate that these trends will continue. 
Europe is one of the regions with the largest projected increase in flood risk, and the last 
three decades saw the highest number of floods of the past 500 years. 
 
 
 
 
 

https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-13/


 

 

12. Lakes 
Key messages 

● European lakes are warming faster than the global average, and in 2025 their 
temperatures were 0.32°C above average during the warm season. 

● During June to September, lake water level anomalies largely reflected those seen in 
precipitation and soil moisture. As in 2024, southern Europe showed a stark west-
east contrast with above‑average values in the west and below‑average values in the 
east, alongside slightly positive anomalies in the Baltic countries. 

 
Lakes act as both indicators and regulators of climate variability and change and, as such, 
are vulnerable to their impacts. For example, shorter periods of ice cover create a changing 
environment for species populating the lake and, in some cases, temperature shifts may 
impact survival thresholds34. Nutrient and oxygen distributions may also change, which 
could have consequences for the ecosystem. 
 
Lake levels directly respond to changes in climate variables such as precipitation, 
temperature and relative humidity. Anthropogenic activities, such as land use, can also 
influence them. 
 
As well as responding to climate change, lakes also influence the local weather and climate. 
This section focuses on lake surface water temperature (LSWT) and lake water levels (LWL) 
during the warm season (July to September and June to September, respectively) in Europe 
in 2025. LSWT is the temperature of the lake water at the surface while LWL is the water 
level above Earth’s surface. Both are estimated using satellite observations. 
 
Lake surface water temperatures 
 

 
34 More information on the impact of warming waters on lake ecosystems can be found in the review paper by 
Woolway et al. (2020), for example. 

https://doi.org/10.1038/s43017-020-0067-5


 

 

 
Figure 12.1. Warm season (July–September) LSWT anomalies, relative to the average for the 
1995–2020 reference period, for 265 lakes in Europe. Data: ESA CCI LAKES, C3S, EOCIS lake 
surface water temperature data record. Credit: C3S/ECMWF/EOCIS/University of Reading. 
 
The LSWT for the 2025 warm season of the 265 European lakes was 0.32°C above average, 
which is lower than the record value of 0.78°C seen in 2024. In total, 81% of lakes were 
warmer than average (overall 0.45°C), with the remaining lakes cooler than average (overall 
-0.25°C). The global anomaly, calculated across 1912 lakes, was also 0.32°C. 
 
Lake temperatures were most above average in northeastern Finland and adjacent areas of 
Russian Karelia, with positive anomalies throughout the warm season averaging 0.84°C. 
 
For Fennoscandia as a whole, however, conditions were more variable. In July, when sub-
Arctic Fennoscandia experienced its most severe heatwave on record, 80% of lakes in 
Norway and 88% in Sweden were warmer than average, and in Finland all lakes were 
warmer than average (0.80°C). In contrast, during August, 79% of lakes in Fennoscandia 
were cooler than average. Conditions reversed again in September, when all lakes across 
Norway, Sweden and Finland were warmer than average, with the exception of Stor-
Rensjön in western Sweden. 
 
In the United Kingdom and Ireland, lakes were warmer than average in July (up to 0.82°C) 
and August (up to 1.04°C), but cooler than average in September (down to -0.41°C). This 
change means that, for the warm season as a whole, LSWT in these countries was only 
slightly above average (0.26°C). Lakes across Spain and western France also exhibited a 



 

 

similar pattern of warming and cooling, while LSWT across the remainder of Europe was 
more variable. 
 
Lake water levels 
 

  
Figure 12.2. Lake water level (red and blue dots) anomalies (metres) in Europe for June–
September, relative to the average for the 2015–2022 reference period. Data: Hydroweb, 
C3S lake water level. Credit: C3S/ECMWF/CLS/LEGOS/CNES. 
 
The warm season showed notable regional contrasts in LWL anomalies, largely reflecting the 
predominant precipitation and soil moisture conditions. Similarly to 2024, southeastern 
Europe saw below-average LWLs, reflecting the lower-than-average precipitation and drier-
than-average soil moisture with persistent drought conditions. In contrast, after an 
exceptionally wet spring, many lakes across the Iberian Peninsula recorded positive LWL 
anomalies from June to September, with a greater number of lakes showing above-average 
levels than in 2024, despite Spain and Portugal both reporting the hottest summer on 
record with several heatwaves. 
 
The Baltic states also had slightly higher-than-average LWLs during the warm season. This 
was due to the much above-average precipitation and associated wetter-than-average soils. 
 
The natural Lake Prespa, located on the border of North Macedonia, Albania and Greece, 
continued its long-term declining trend that started in the 1960s, reflecting another dry year 
in southeastern Europe. Meanwhile, the artificial Guadalhorce reservoir in Spain – which has 
seen decreasing water levels since 2019 – showed recovery, reaching levels last seen in 
2021, likely due to the exceptionally wet spring. 
 

https://www.aemet.es/en/noticias/2025/09/resumen_verano_2025
https://www.ipma.pt/pt/media/noticias/documentos/2025/Resumo-Boletim_Clima_Verao2025.pdf


 

 

In addition to environmental conditions, human activities can also affect the water levels of 
both natural and artificial lakes. In some cases, water management, particularly associated 
with agricultural irrigation, plays a significant role in lowering LWLs, especially when 
conditions are drier than average. 
 
Long-term trends 
 
Over the last 30 years, the 1912 lakes globally have warmed by around 0.22°C per decade. In 
Europe, the rate of warming is faster, at around 0.33°C per decade. The IPCC AR6 reports 
that, globally, LSWTs warmed at 0.21°C–0.45°C per decade from 1970 to 2010. 
 
 

 
Figure 12.3. Lake surface water temperature anomalies (°C), relative to the average for the 
1995–2020 reference period, for 265 European lakes and 1912 lakes globally. Values are 
averages for the warm season (July–September). The dashed line indicates the estimated 
linear trend. Data: LSWT ESA CCI Lakes, C3S, EOCIS. Credit: C3S/ECMWF/EOCIS/University of 
Reading. 
 
 
Supplementary figures 
 

 
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 

https://www.ipcc.ch/report/ar6/wg2/figures/chapter-2/figure-2-002


 

 

13. Snow 
Key messages 

● Much of Europe experienced fewer snow days than average, except for parts of 
northern Europe during winter. 

● End-of-season snow cover extent and snow mass were 31% and 45% below average, 
respectively, making them both the third lowest in the 42-year record. The largest 
negative anomalies were observed in eastern Europe. 

● The long-term trend shows a reduction in Europe's snow cover over the last two 
decades. This has been particularly notable over the past 12 years. 

 
Snow plays a crucial role in weather and climate. Changes in snow cover influence 
temperatures, glacier mass balance, river flow, flooding and droughts. 
 
Its impact on surface reflectivity (‘albedo’), helps regulate surface temperature. The loss of 
snow cover thus further accelerates global warming. Snow also plays a vital role in storing 
fresh water, with changes in snow mass affecting soil moisture, river flow, flooding and 
glaciers. 
 
The high sensitivity of snow to temperature and precipitation makes it a fundamental 
indicator of climate change. Rising temperatures and lower precipitation are leading to a 
decline in snow days (when the depth is at least 1 cm), a reduction in snow covered area 
and a decrease in the amount of water stored in the snowpack. 
 
Snow days 
 
Most of Europe saw a below-average number of snow days in winter 2025. The largest 
anomalies were seen in eastern and southern parts of central Europe, with stations in 
Romania reporting up to 45 fewer snow days than average. Much of Fennoscandia saw up to 
10 more snow days than average in winter, except for the areas closer to the Atlantic and 
south Baltic coasts. Here, there were an average or below-average number of snow days. 
Southern parts of the Alpine region also saw up to 10 more snow days than average. 
 
For Europe as a whole, temperatures in winter were near average or slightly warmer than 
average. In Fennoscandia, however, precipitation ranged from average to wetter than 
average. The area with a below-average number of snow days coincides with the area where 
winter was warmer and considerably drier than average. 
 

https://docs.google.com/document/d/1_bderJquNFxMJPIeUKOEeC5DLDzeKbJXOV6lNZGdaaE/edit?tab=t.0
https://docs.google.com/document/d/1eL58jv66uIh2hFadsj6YLXuPisxQNV7BbRTjpIEOD8g/edit?tab=t.0#heading=h.gjdgxs


 

 

 
Figure 13.1. Anomalies in the number of snow days during winter 2025, relative to the 
average for the 1991–2020 reference period, showing more snow days than average (blue) 
and fewer snow days than average (orange). Winter covers the period from December 2024 
to February 2025. Data: ECA&D. Credit: KNMI/C3S/ECMWF. 
 
Snow cover 
 
In Europe, the 2025 hydrological year35 was characterised by a lower number of snow days, 
and below-average snow cover throughout the winter. 
 
Although not a winter month, March is considered the most representative for evaluating 
snow cover changes, as it signifies the peak of accumulated snow mass in the Northern 
Hemisphere. 
 
In March 2025, the snow-covered area in Europe was about 1.32 million km2 (31%) below 
average (4.24 million km2). This negative anomaly is approximately the area of France, Italy, 

 
35 1 October 2024–30 September 2025.  



 

 

Germany, Switzerland and Austria combined and marks Europe’s third lowest snow cover 
since 1983. The lowest value on record was 36% below average in 2020, and the second-
lowest value was 32% below average in 1990. The largest negative anomalies in 2025 were 
observed in eastern Europe and linked to above-average temperatures in this area. Slightly 
positive anomalies were observed in northern parts of Fennoscandia, the southern Alps, 
Türkiye, Greenland’s coastal areas and central Iceland. 
 
Snow mass shows a similar pattern. Snow mass is more sensitive to the amount of snow in a 
given area and is expressed in millimetres of water equivalent, the depth of liquid water 
that would result if a snowpack melted completely. At 154 Gt36, the March snow mass 
anomaly was 45% below the average of 344 Gt and the third lowest in Europe since 1979. 
The lowest value on record was 51% below average in 2020, and the second lowest value 
was 46% below average in 1990. The largest negative anomalies were observed in 
Fennoscandia and European Russia, indicating that these regions experienced significantly 
less snow than average during winter. 
 

Figure 13.2. (Left) March anomalies in snow area (%) and (Right) snow mass (Gt) in 2025, 
relative to the average for the 1991–2020 reference period. Water bodies, glaciers and ice 

 
36 Gt = gigatonnes = 1 billion tonnes.  

https://docs.google.com/document/d/1_bderJquNFxMJPIeUKOEeC5DLDzeKbJXOV6lNZGdaaE/edit?tab=t.0


 

 

sheets are masked and excluded from the calculations. The snow mass calculation excludes 
mountains. Data: C3S SCE and SWE v1.0. Credit: C3S/ECMWF/ENVEO/FMI. 
 
Long-term trends 
 
Long-term trends in snow area and mass indicate a reduction in snow cover across Europe 
over the past two decades, despite significant interannual variability. Positive anomalies in 
snow cover have become less frequent, while negative anomalies have become larger and 
more frequent, particularly over the past 12 years. From 1983, when records began, until 
2005, winters with large positive anomalies in snow cover and mass were more frequent. 
 
This ongoing trend in snow cover becomes more notable at Northern Hemisphere and 
global scales. Climate models indicate that it will continue to decline in Europe and globally 
due to rising temperatures. 
 



 

 

 
Figure 13.3. Monthly anomalies in (top) snow area (million km2) and (bottom) snow mass 
(Gt) for Europe, relative to the average for the 1991–2020 reference period. Positive 
anomalies (blue bars) indicate more snow, negative anomalies (red bars) indicate less snow 
than average. Data: C3S SCE and SWE v1.0. Credit: C3S/ECMWF/ENVEO/FMI. 
Supplementary figures 
 

   
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  



 

 

14. Glaciers 
Key messages 

● Glaciers in Europe saw a net mass loss in 2025, with Iceland recording its second-
largest glacier mass loss (1.55 m w.e.) since 1976. 

● Global glacier mass loss continued, with an annual net mass loss of about 410 Gt, 
equivalent to 1.1 mm of sea-level rise. 

● Since global records began in 1975, cumulative glacier mass loss is around 9580 Gt, 
equivalent to 26.4 mm of sea-level rise.  

 

Gt = gigatonnes = 1 billion tonnes 

 
Glaciers are bodies of perennial snow and ice that are shaped by local topography and flow 
slowly under their own weight. They differ from ice sheets, which are continental masses of 
snow and ice. Only two exist today – the Greenland Ice Sheet and the Antarctic Ice Sheet. In 
Europe, glaciers are found in mountainous areas such as the Alps, northern Scandinavia and 
Iceland, and around Greenland’s periphery. These glaciers accumulate snow during winter 
and spring, and occasional summer snowfalls can temporarily slow or stop melt. Mass loss 
can be higher than mass gain through a thinner-than-average snowpack at the end of 
winter, higher-than-average temperatures and solar radiation during summer. 
 
Long-term changes in glacier mass balance – the balance between accumulation of snow 
and melting of snow and ice – are directly linked to climate change and therefore important 
to monitor. Glacier changes also impact local geohazards, regional runoff and global sea-
level rise. Over the last few decades, glaciers around the globe have been experiencing 
increasing mass loss, and the European Alps is one of the regions where glaciers are 
shrinking the most. 
 
This section examines glacier mass changes across Europe in 2025 and provides long-term 
context, including comparisons with other glacier regions globally37. More information on 
the mass changes of the Greenland Ice Sheet can be found in the ‘Greenland Ice Sheet’ 
section. 
 
Glaciers in 2025 
 
European glaciers experienced a net mass loss in all regions during 2025, with exceptions in 
northern Scandinavia. 
 
The most negative mass balances were observed in Iceland, where glaciers lost an average 
of 1.55 metres of water equivalent (m w.e.). This is consistent with the region's record 
temperatures in late spring which reduced snow cover and left the glaciers more vulnerable 
to summer melt. Iceland's ice loss in 2025 was the second largest loss on record, just slightly 
more than in 2005 (1.52 m w.e.) and exceeded only by the loss in 2010 (2.56 m w.e.), which 
was exacerbated by reduced albedo — the amount of solar radiation reflected back into 
space — caused by ash from the eruption of Eyjafjallajökull. 

 
37 Glacier changes are measured in hydrological years. In Europe, the hydrological year begins on 1 October 
with the start of winter accumulation and finishes on 30 September of the following year with the end of the 
summer melt season.  

https://docs.google.com/document/d/1RGfRdDSWPuSxRvigS3uAjLUPbqRXSE-ol4jM4ia1kuY/edit?tab=t.0


 

 

 
Similarly affected by above-average temperatures, but also by drier-than-average 
conditions, central Europe saw an average glacier mass loss of 1.38 m w.e. Svalbard, one of 
the fastest warming places on Earth in recent decades, recorded an average loss of 1.21 m 
w.e. Other areas of Europe, including the Caucasus, Greenland Ice Sheet periphery and 
Scandinavia experienced more moderate losses (0.39 to 0.53 m w.e.). 
 
Multiplying the average mass change in each region by its area gives the total change in 
glacier mass for that region. In Europe, the largest glacier mass losses came from Svalbard (-
39 ± 11Gt), the Greenland periphery (-29 ± 16 Gt) and Iceland (-16 ± 2 Gt). 
 

 
 
Figure 14.1. Glacier mass changes across Europe in the 2025 hydrological year. Positive 
(blue) and negative (red) mass change is shown in metre water equivalent (m w.e.; 1 m w.e. 
= 1000 kg per square metre) averaged over the glacier area within 0.5°x0.5° grid cells. For 
Greenland, the mass change estimates include the peripheral glaciers but not the Greenland 
Ice Sheet. In Europe, the hydrological year runs from 1 October to 30 September. Data: 
WGMS. Credit: WGMS/C3S/ECMWF. 



 

 

 
Figure 14.2. Climate stripes (https://showyourstripes.info) of annual glacier mass changes 
for hydrological years from 1976 to 2025. The positive (blue) and negative (red) annual net 
mass changes in metre water equivalent are shown for the Greenland periphery, Iceland, 
Svalbard and Jan Mayen, Scandinavia, central Europe and Caucasus. Information for other 
areas is shown in the Glacier Indicator Section. Data: WGMS. Credit: C3S/ECMWF/WGMS. 
 
Long-term trends 
 
The 2025 hydrological year was the fourth in a row in which all 19 glacier regions worldwide 
experienced a net mass loss. In 2025, the total global glacier mass loss was about 410 Gt, 
equivalent to 1.1 mm of sea level rise. For regional timeseries, the 2025 net mass loss 
ranked second in southwestern Asia (since 1957), third in western Canada and the USA 
(since 1946) and in central Asia (since 1957), and fourth in Iceland (since 1949), Svalbard 
(since 1946) and the Russian Arctic (since 1946). 
 
The global cumulative mass loss since 1976 is around 9580 ± 620 Gt, equivalent to about 
26.4 ± 1.7 mm of sea-level rise. The largest contributions are from glaciers in Alaska (30%), 
the Canadian Arctic (19%), High Mountain Asia (13%), the southern Andes (10%) and at the 
Greenland Ice Sheet periphery (9%). 
 

https://docs.google.com/document/d/1qncefkuOS4OlkZ3FMBrkj7ze_Php5Rf2w5Pwb0FBQbk/edit?tab=t.0


 

 

Glaciers across Europe and globally are projected to continue to lose mass throughout the 
21st century, regardless of the emission scenario38. This glacier loss will impact roughly two 
billion people who depend on mountain waters, while also increasing hazards such as floods 
and landslides and contributing to sea level rise. 
 

 
Figure 14.3. Cumulative global glacier mass changes from 1976 to 2025. Data: WGMS. 
Credit: WGMS/C3S/ECMWF. 
 
Supplementary figures 
 

 

 

 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  

 
38 Plausible ‘what if’ narratives and numerical representations of future greenhouse gas emissions, based on 
assumptions about socio-economic development. 



 

 

15. Greenland Ice Sheet 
Key messages 

● The Greenland Ice Sheet lost around 139 Gt of ice in the 2025 hydrological year. This 
net mass loss is equivalent to about 1.5 times the amount of ice stored in all the 
glaciers in the European Alps and raised the global mean sea level by 0.4 mm. 

● The 2025 ice mass loss was 9% lower than the average of around 152 Gt per year, 
due to higher-than-average spring and summer precipitation, which buffered 
summer melt despite record spring and summer temperatures. 

● Since the 1970s, the Greenland and Antarctic Ice Sheets have lost over 10,000 Gt of 
ice, causing the sea level to rise by about 3 cm. Projections indicate that ice mass loss 
will continue and potentially accelerate in the future. 

 
Gt = gigatonnes = 1 billion tonnes 

 
The Greenland Ice Sheet (GrIS) covers roughly 80% of the island and is one of only two ice 
sheets39 on Earth. Although significantly smaller than its counterpart in Antarctica, the GrIS 
still contains enough fresh water to raise the global mean sea level by about seven meters. 
 
The GrIS was close to a state of balance in the 1970s but lost mass at an accelerating pace in 
the following decades. Ice losses from the GrIS contribute about 20% to global sea level rise 
[R15.1]. 
 
Ice sheet mass balance 
 
The GrIS mass balance results mainly from two distinct processes40. First, surface processes, 
dominated by snow accumulation and meltwater runoff, determine the surface mass 
balance (SMB). Second, ice flow moves ice under its own weight to the ocean, where it is 
lost through calving and underwater melting. While SMB generally has a positive 
contribution to ice sheet mass balance, ice discharge, by definition, has a negative impact. 
 
Ice sheet mass balance estimates are typically reported based on the hydrological year 
rather than the calendar year. This ensures that the full natural cycle of snow accumulation 
in winter and melting in summer is accounted for. For the GrIS, September to August is 
used. 
 
For the 2025 hydrological year, the GrIS lost 139 ± 79 Gt of mass, making it the 29th 
consecutive year of net mass loss. While the loss rate was 9% below the average of 152 ± 11 
Gt per year, it was still significant. It is equivalent to about 1.5 times the amount of ice 
stored in all the glaciers in the European Alps, and raised global mean sea level by 0.4 mm. 
The current rate of global sea level rise seen since 1993 is approximately 3.6 mm per year. 
The peripheral glaciers and ice caps not included in the GrIS mass balance lost around 30 Gt 
of ice in 2025. 
 

 
39 A perennial mass of ice resting on bedrock and covering an area greater than 50,000 km². 
40 Basal melting also has a small impact on total ice mass balance estimates. Around -23 Gt in 2025. 

https://docs.google.com/document/d/1kbCdl4Arx26PuZecvxEZXW-h2Gdj-yqC/edit


 

 

Surface processes 
 
The processes driving mass changes at the GrIS surface are dominated by solar radiation, air 
temperature and precipitation, which falls primarily as snow with some rain. The positive 
GrIS mass anomaly in 2025 was due to higher-than-average mass gains from precipitation 
and lower-than-average melt. The SMB was 405 Gt, 23% above average [R15.2]. 
 

 
Figure 15.1. (Top) Annual long term and (bottom) 2025 hydrological year monthly SMB 
anomalies (%) for the GrIS. SMB is mostly driven by meltwater runoff and snow 
accumulation. Data: PROMICE. Credit: C3S/ECMWF/GEUS. 
 
Precipitation was 14% lower than average from September to January, resulting in a below-
average SMB during that period. The negative anomaly was particularly apparent in the 
southeastern part of the ice sheet, which usually sees the most precipitation. In contrast, 
27% more precipitation than average was seen from February, at the end of the 
accumulation season, to August 2025, at the end of the melt season, bringing the total for 
the hydrological year close to average. The positive spring and summer precipitation 



 

 

anomaly was predominantly driven by snowfall at the western and northern coastal regions, 
where it reduced summer melting by increasing the surface reflectivity (‘albedo’) while 
adding a meltwater absorbing layer. 
 
The anomalies were driven by atmospheric circulation patterns that diverted warm air away 
from the ice sheet throughout much of the summer. The 2025 melt season also saw 
heatwaves in late May, and in June and July, with short-lived temperature and melt extent 
extremes. These heat anomalies predominantly affected the upper plateau and produced 
no additional meltwater runoff as temperatures remained below freezing. 
 

 
Figure 15.2. Anomalies and extremes in (top) surface air temperature and (bottom) 
precipitation for the 2025 hydrological year. Data: ERA5. Credit: C3S/ECMWF. 
 
These precipitation patterns and atmospheric circulation resulted in an above-average 
surface mass gain from February onwards and, consequently, slightly less-than-average ice 
mass loss for 2025 as a whole. These increases in precipitation and temperature are in line 
with predictions for a warming climate, as the atmosphere holds 7% more moisture for each 
additional degree of warming. 
 
Ice flow dynamics 
 
The GrIS is not a static block of ice but an interconnected system of glaciers through which 
ice constantly flows towards the margins, driven by its own weight. At the margins, the ice 
flow is channelled into fast-moving outlet glaciers, through which ice is discharged into the 



 

 

ocean by iceberg calving and submarine melting. Total ice mass changes therefore consider 
ice discharge at the ice-ocean interface as well as surface processes. 
 
In the 2025 hydrological year, the GrIS discharged 489 Gt of ice into the ocean [R15.3]. Ice 
discharge is mostly compensated for by precipitation and the resulting positive SMB. 
However, the rate of ice discharge has exceeded the SMB since the mid-1990s, with a sharp 
increase in the early-to-mid-2000s. The ice discharge anomaly of 7% above average for the 
2025 hydrological year continues a trend seen over the last two decades. 
 
Ice discharge is primarily through glaciers at the central-western and northwestern, as well 
as the central-eastern and southeastern margins of the GrIS. Ice discharge from the GrIS is 
dominated by a small number of large, fast-flowing glaciers. For 2025, the highest ice 
discharge was estimated at Sermeq Kujalleq (Jakobshavn Isbræ) (41 Gt; 8% higher than 
average), Helheim Gletsjer (27 Gt; 2% higher than average) and Kangerlussuaq Gletsjer (24 
Gt; 3% lower than average). These three glaciers account for 19% of the 2025 ice discharge. 
 
 

 
Figure 15.3. Ice flow velocity, ice discharge and relative ice discharge anomalies for the 2025 
hydrological year. Ice discharge is calculated on a regional scale using drainage basins  that 



 

 

define the calculation areas [R15.4]. Data: PROMICE, ENVEO. Credit: 
C3S/ECMWF/ENVEO/GEUS. 
 
Long-term trends 
 
Earth’s polar ice sheets cover most of Greenland and Antarctica, and store about 68% of the 
planet’s fresh water. If the ice sheets were to melt entirely, they would raise global mean 
sea level by around 7.4 m for the ice in Greenland and around 57.9 m for the ice in 
Antarctica [R15.5]. Since the 1970s, ice mass loss of these ice sheets has caused sea level to 
rise by around 3 cm. It is estimated that for every centimetre of sea level rise, around six 
million people across the planet are exposed to coastal flooding. The rate of ice loss has 
increased by around three times (Antarctica) to five times (Greenland) since the 1980s and 
is expected to continue increasing beyond the end of the century. 
 
Since the 1970s, there has been a loss of ice sheet of around: 
Greenland (1972–2025): -5,747 Gt 

Antarctica (1979–2024): -4,876 Gt 

Data for 1972–2025 for Greenland, and 1979–2024 for Antarctica. 
Data: IMBIE. 
 
Projections indicate that both the Greenland and Antarctic ice sheets will continue to lose 
mass throughout this century, regardless of the emission scenario41. In Greenland, as marine 
terminating glaciers are retreating, this projected ice loss is increasingly dominated by 
surface melt. Antarctica, however, is projected to experience increased ocean-driven 
dynamic ice mass losses that are likely to outpace increasing snowfall. 
 
Supplementary figures 
 

   
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 
 
 
 

 
41 Plausible ‘what if’ narratives and numerical representations of future greenhouse gas emissions, based on 
assumptions about socio-economic development. 



 

 

16. Sea ice 
 
Key messages 

● 2025 saw contrasting sea ice conditions across the European Arctic, particularly at 
the beginning and end of the year, with average or above-average ice cover in the 
Greenland Sea and much below-average ice cover in the Barents Sea. 

● From January to April, sea ice extent in the Barents Sea and Svalbard region showed 
large variability, linked to the passage of storms and associated ice drift.  

● Sea ice volume in the European Arctic was above average at the end of the growth 
season in April but much below average by the end of the year. 

● The annual average sea surface and sea ice temperature for the European Arctic was 
the second highest on record, behind 2016. 

 
The European Arctic sector of the Arctic Ocean has experienced some of the fastest warming 
on Earth in recent decades. This warming has been closely linked to sea ice retreat: less ice 
cover allows the ocean to absorb more heat in summer through reduced surface reflectivity 
(‘albedo’) and release more heat back to the atmosphere in autumn and winter, which 
further contributes to the warming and can delay or suppress winter sea ice formation. 
 
The European Arctic seas also play an important role in the climate system, as they are 
among the few regions contributing to deep-water formation, whereby surface waters cool, 
become dense and sink to depth. Sea ice formation contributes to this process by increasing 
the salinity and density of surrounding waters as salt is expelled during ice growth. Sinking 
water helps drive the large-scale ocean circulation that redistributes heat around the globe. 
 
This section examines the evolution of European Arctic sea ice cover, ocean surface 
temperatures over both sea ice and ice-free waters, as well as sea ice thickness and volume 
in 2025, and provides a summary of long-term sea ice trends. 
 
Sea ice cover 
 



 

 

 
Figure 16.1. Daily sea ice extent (million km2) for three ocean sectors within the European 
Arctic: (top left) the Greenland Sea, (top right) the Barents Sea and (bottom left) the 
Svalbard region. (Bottom right) The three sectors are outlined in a map. Data: OSI SAF Sea 
Ice Index v3.0. Credit: EUMETSAT/C3S/ECMWF. 
 
The assessment of sea ice extent in the European Arctic presented here focuses on the 
Greenland Sea, the Barents Sea and the Svalbard region in between. Although 
geographically connected, these areas can experience markedly different sea ice conditions 
due to variations in ocean circulation, ice transport and atmospheric influences. The 
Greenland Sea is strongly affected by sea ice drifting southwards from the central Arctic 
through the Fram Strait, while the Barents Sea is more heavily influenced by the inflow of 
relatively warm Atlantic water. 
 
These contrasting influences were evident in 2025, particularly at the beginning and end of 
the year. In the Greenland Sea, sea ice extent was generally close to average from January 
to March, before rising above average in April and May in part due to persistent strong 
southward drift through the Fram Strait. The May monthly extent was 10% above average, 
the second highest since 2002. The daily extent fell below average in June and remained 
well below average until mid-October. It recovered to near-average levels until the end of 
the year, except for a temporary drop in mid-December. 
 
In contrast, sea ice extent in the Barents Sea was well below average throughout the year, 
particularly from January to April and in November–December. In March, the monthly 



 

 

extent was the second lowest on record for the month, while October, November and 
December each recorded their lowest extent. 
 
The daily extent in the Barents Sea and the Svalbard region showed marked variability 
during the first four months of the year, linked to storms that led to strong ice drift either 
away from or towards these ocean sectors. In late January and early February, sea ice extent 
in both regions briefly fell to record lows for February before recovering rapidly within a few 
days. This period also coincided with a new record low in global sea ice extent, to which ice 
conditions in the Barents Sea contributed. 
 
Variability was much lower from October to December. The record-low extents observed 
during this period were likely linked to much warmer-than-average sea surface 
temperatures, which delayed freeze-up. 
 
Sea ice surface temperature 
 

 
Figure 16.2. (Left) Anomalies and extremes in annual sea surface temperature (SST) and sea 
ice surface temperature (IST) in 2025. The extreme categories (‘coolest’ and ‘warmest’) are 
based on rankings for 1982–2025. The other categories describe how the temperatures 
compare to their distribution during the 1991–2020 reference period. ‘Much cooler/warmer 
than average’ – cooler/warmer than 90% of temperatures; ‘cooler/warmer than average’ – 
than 66% of temperatures; ‘near average’ – within the middle 33%. (Right) Annual SST/IST 
anomalies for the WMO RA VI (Europe) ocean region north of the Arctic Circle from 1982 to 
2025, relative to the average for the 1991–2020 reference period. Data: C3S Global Sea and 
Sea Ice Surface Temperature v1.0. Credit: DMI/C3S/ECMWF. 
 
The temperature at the ocean’s surface plays an essential role in heat and moisture 
exchange with the atmosphere, as well as in sea ice processes. Where sea ice is present, the 
ice surface, rather than the water surface, interacts directly with the atmosphere. Sea 
surface temperature (SST) over ice-free water and sea ice surface temperature (IST) can 

https://climate.copernicus.eu/sea-ice-cover-february-2025


 

 

both be estimated from satellite observations42. Here, they are combined to characterise 
the temperature of the ocean surface in the European Arctic43. IST typically exhibits much 
larger fluctuations than SST, reflecting the differences in physical properties between 
seawater and the ice surface, which is more directly influenced by atmospheric conditions. 
 
In 2025, the annual average SST/IST for the European Arctic was −1.7°C (1.9°C above 
average). This was the second-highest value in the satellite data record, which begins in 
1982, after the record set in 2016 (2.2°C above average). The 2025 anomaly was also 
markedly higher than the anomalies of the previous eight years (2017–2024), exceeding 
them by 0.8–1.3°C. Annual temperatures were much above average across most of the 
region, reaching record highs in the northern Norwegian Sea (ice-free), northern Baffin Bay 
(partly ice-covered) and north of Greenland (ice-covered throughout the year)44. Over the 
central Arctic Ocean, annual temperatures were generally 3–5°C above average, and as 
much as 6°C above average north of Svalbard. 
 
During 2025, the monthly SST/IST for the region was above average in all months. The 
largest anomalies occurred in February–March and October–December, reaching up to 4.4°C 
in February and 3.8°C in December. Temperature anomalies are typically smaller during the 
melt season (April–August) because most of the additional energy goes into melting the ice 
rather than raising its surface temperature, keeping it close to the melting point. In addition, 
during this period, a larger share of the ocean surface is open water, and its temperature 
varies less than that of the sea ice surface. Temperatures reached record highs for the 
month in February, September, October and December; they were second highest in March, 
July and August, and third highest in November. 
 
Sea ice thickness and volume 
 

 
42 Sea surface temperature under sea ice cannot be measured from space. It is often assumed to be -1.8°C, the 
freezing point of seawater. 
43 The WMO RA VI (Europe) ocean region north of 66.6°N. 
44 The type of surface determines whether the temperature reflects mainly sea surface temperature or sea ice 
surface temperature. 



 

 

 
Figure 16.3. (Left) Sea ice thickness and (right) anomalies (both in metres) for (top) April and 
(bottom) October 2025. Anomalies are relative to the average for the 2011–2021 reference 
period for April and to the average for the 2010–2020 reference period for October. Data: 
ESA Level-4 CryoSat-2/Sentinel-3/SMOS Sea Ice Thickness v.1.1. Credit: AWI/C3S/ECMWF. 
 
Sea ice thickness varies across the Arctic Ocean. It is generally thickest north of Greenland 
and the Canadian Arctic Archipelago, where older, multi-year ice accumulates, and thinnest 
in peripheral seas such as the Barents and Kara seas, where ice is mostly seasonal. Thickness 
changes throughout the year as sea ice grows and thins with the seasons, while winds and 
ocean currents redistribute the ice and can export it out of the Arctic. Combined with sea ice 
extent, thickness can be used to infer sea ice volume, which represents the total amount of 
ice present in a given ocean sector. 
 
In April, at the end of the sea ice growth season, ice was thicker than average45 north of 
Greenland, in the Greenland Sea, and to a lesser extent in the northern Barents Sea. It was 
much thinner than average north of Svalbard. The corresponding total ice volume was 35% 
above average for the Greenland Sea and 12% above average for the Barents Sea. 
 

 
45 Anomalies are relative to a 2010/2011–2020/2021 winter average, reflecting the availability of satellite data 
(October–April only). Accordingly, the reference period is 2010–2020 for October and 2011–2021 for April. 



 

 

In October, at the start of the following growth season, ice was thinner than average across 
most of the ice-covered European Arctic, particularly north of Greenland and north of the 
Barents Sea. In the Barents Sea region, total ice volume was exceptionally low, at 98% below 
average in October, and was 75% below average in December, in line with the record-low 
ice extent for the time of year. In the Greenland Sea, total ice volume was 36% below 
average in October, recovering to 9% below average by December. 
 
Long-term trends 
 
Since the late 1970s, Arctic sea ice extent has declined in all months, with the largest 
reductions in late summer and early autumn, particularly around the annual minimum in 
September, with widespread retreat across the region. Over the same period, average Arctic 
sea ice thickness has also decreased due to the widespread loss of thick, multi-year ice, 
resulting in younger, thinner and more seasonal ice cover. Climate projections indicate 
continued declines in extent and thickness, with at least one nearly ice-free46 September 
likely before mid-century under all emission scenarios47. 
 
Antarctic sea ice extent has exhibited large year-to-year variability and contrasting regional 
changes, but with little overall change until the mid-2010s. Around 2016–2017, Antarctic 
sea ice shifted to predominantly below-average levels, with successive record lows at its 
annual minimum in February in 2022 and 2023, and near-record lows in 2024 and 2025. 
Confidence in projections of future Antarctic sea ice change remains low, because models 
do not currently agree well with observations and show a wide range of results. 
 
Sea ice loss since the 1980s: 
Arctic (September): -2.6 million km2 (-33%) 
Antarctic (February): -0.6 million km2 (-20%) 
Last five years, relative to the 1980s. 
Data: EUMETSAT OSI SAF. 
 
Supplementary figures 
 

 

<coming soon> 

  
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  
 
 

 
46 Conventionally defined as having less than 1 million km² of sea ice extent in September. Some sea ice is 
expected to remain in coastal and sheltered areas even under strong warming. 
47 Plausible ‘what if’ narratives and numerical representations of future greenhouse gas emissions, based on 
assumptions about socio-economic development. 



 

 

17. Ocean 
Key messages 

● The annual average sea surface temperature (SST) for the European region was the 
highest on record for the fourth consecutive year. For the Mediterranean Sea, the 
annual SST was the second highest, behind 2024. 

● During 2025, a record 86% of the European ocean region (excluding ice-covered 
areas) experienced at least one day with ‘strong’ marine heatwave conditions. For 
‘severe’ or ‘extreme’ conditions alone, the proportion was 36%, also a record high. 

● In each of the last three years, all areas within the Mediterranean Sea experienced at 
least one day with ‘strong’ marine heatwave conditions. 

● From mid-July to early August, ‘severe’ marine heatwave conditions occurred in the 
Norwegian Sea, coinciding with a heatwave over Fennoscandia, during which the 
daily SST over the area reached a record high. 

 
The ocean regions surrounding Europe play a crucial role in shaping the continent’s weather 
and climate. The North Atlantic exerts a strong influence, as the prevailing westerly winds 
carry air from the basin towards Europe. Variations in sea surface temperature (SST) 
influence storm tracks and precipitation patterns, while warmer waters increase 
evaporation and can supply additional moisture and energy for heavy rainfall events. 
 
As the temperature of the global ocean increases, periods of exceptionally warm conditions, 
known as marine heatwaves, are becoming more frequent, intense and widespread. These 
events disrupt marine ecosystems and fisheries, affect coastal economies and can intensify 
heatwaves over nearby land. Several European seas, including the Mediterranean and 
Barents Seas, have warmed faster than the global ocean average, contributing to warming 
over adjacent land areas. Beyond regional impacts, the European Arctic seas contribute to 
global ocean circulation through deep-water formation48, while the subpolar North Atlantic 
is an important sink for atmospheric carbon dioxide. 
 
This section provides an overview of annual SST anomalies and marine heatwave conditions 
across the European region in 2025, including a notable event in the Norwegian Sea in 
summer, as well as anomalies in chlorophyll a concentrations, an indicator of ocean primary 
productivity. It concludes with an overview of long-term trends in key ocean climate 
indicators. 
 
Annual overview 
 

 
48 The process by which surface waters cool, become denser and sink to depth, forming a key component of 
global ocean circulation. 



 

 

 
Figure 17.1. (Left) Annual average sea surface temperature (SST) anomalies (°C) for 1982–
2025, relative to the average for the 1991–2020 reference period, for (top) the WMO RA VI 
(Europe) region and (bottom) the whole Mediterranean Sea. (Right) Anomalies and extremes 
in annual SST in 2025. The extreme categories (‘coolest’ and ‘warmest’) are based on 
rankings for 1982–2025. The other categories describe how the temperatures compare to 
their distribution during the 1991–2020 reference period. ‘Much cooler/warmer than 
average’ – cooler/warmer than 90% of temperatures; ‘cooler/warmer than average’ – than 
66% of temperatures; ‘near average’ – within the middle 33%. Data: C3S Global Sea and Sea 
Ice Surface Temperature v1.0. Credit: DMI/C3S/ECMWF. 
 
In 2025, the annual SST averaged across the European ocean region49 reached a record high 
for the fourth consecutive year, at 10.94°C. This is 0.65°C above average and 0.07°C higher 
than the previous record set in 2024 (10.88°C). The 2025 record extends the marked 
increase in the annual SST observed since 2021. For the Mediterranean Sea, the annual SST 
in 2025 was the second highest on record, at 21.35°C, 1.03°C above average, behind the 
record value from 2024 (21.50°C). 
 
Annual SSTs were much above average across two thirds (65%) of the region, including 98% 
of the Mediterranean Sea. The main exceptions were in the central and western North 
Atlantic, where annual SSTs were near or below average. Record highs occurred over 23% of 
the region, including large parts of the northeastern North Atlantic, the North Sea, the 
Norwegian Sea and the western Mediterranean Sea. These areas of record warmth differed 
from those in 2024, when records were mainly seen in the subtropical North Atlantic and 
the eastern Mediterranean Sea. 

 
49 The SST values are calculated for the entire European ocean region, including areas covered by sea ice for 
part or all of the year. This differs from the approach used in the ESOTC 2024 report, where areas covered with 
any sea ice during the 1982–2024 period were excluded. 

https://climate.copernicus.eu/esotc/2024/european-ocean


 

 

 
From January to May, SSTs were much above average across most of the European region, 
except in an area east of Iceland, where they were below average. During this period, 
monthly SSTs reached record highs for the time of year over much of the northeastern 
North Atlantic, including just over half (55%) of the Mediterranean Sea in March. In the 
second half of the year, conditions in the North Atlantic were less extreme, with cooler-
than-average SSTs spreading across the central and western parts of the basin. Meanwhile, 
record-high SSTs became more widespread further north in the European Arctic seas, 
including the Norwegian, Greenland and Barents Seas. 
 
Marine heatwaves 
 

 
Figure 17.2. (Left) Percentage of the area of the WMO RA VI (Europe) ocean region 
experiencing marine heatwave conditions each year from 1982 to 2025, shown for four 
intensity categories: ‘moderate’ (yellow), ‘strong’ (light orange), ‘severe’ (dark orange) and 
‘extreme’ (brown). For each year, the percentage is based on the highest intensity reached at 
each location within the region. (Right) Map showing the highest marine heatwave category 
experienced at each location during 2025. Marine heatwaves are defined relative to the 
1991–2020 reference period. Data: C3S Global Sea and Sea Ice Surface Temperature v1.0. 
Credit: DMI/C3S/ECMWF. 
 
Marine heatwaves are prolonged periods of unusually warm ocean temperatures. Their 
intensity is classified into four categories: ‘moderate’, ‘strong’, ‘severe’ and ‘extreme’. This 
classification is based on how unusually warm the sea surface is for a given location and 
time of year rather than fixed temperature thresholds50. 

 
50 This distinguishes the classification of marine heatwaves from the approach used to define heat stress 
categories. The latter are based on predefined ‘feels-like’ temperature thresholds that reflect levels of thermal 
stress on the human body. 



 

 

 
The proportion of ocean affected by marine heatwaves each year can be assessed by 
recording the highest heatwave category reached at each location and calculating the total 
area for each category. This analysis was carried out for the whole European region, 
excluding areas covered by sea ice51. The proportion of the region experiencing marine 
heatwaves of any intensity has increased markedly over recent decades, from an average of 
40% in the 1980s to 98% from 2023 to 2025. 
 
The last three years stand out not only for the marked increase in the total area affected (up 
from an average of 79% in the 2010s), but also for the sharp rise in the two highest intensity 
categories, severe and extreme. In 2025, 86% of the region experienced at least strong 
marine heatwave conditions at some point during the year, the highest value on record and 
on par with 2023. For severe or extreme conditions alone, the proportion was 36%, also a 
record high and on par with 2024. 
 
In 2025, the proportion of the region experiencing marine heatwave conditions of any 
intensity on a given day ranged from 52% in January to 19% in October. For strong or more 
intense conditions alone, it reached 23% in May. Areas experiencing extreme conditions 
were mainly located in the northeastern North Atlantic, west of Ireland and south of 
Iceland, and were associated with a marine heatwave event in the second half of May. More 
scattered areas of extreme conditions were found across the Mediterranean Sea, the largest 
between southeastern Spain and Algeria, associated with an event in late June and early 
July. 
 
For the Mediterranean Sea alone, the proportion experiencing marine heatwaves of any 
intensity in a given year has been 98% or higher since 2014, reaching 100% each year since 
2022. Notably, in each of the last three years, the entire sea experienced at least strong 
marine heatwave conditions. In 2025, just over half (51%) of the sea experienced severe or 
extreme conditions, the third-highest value after 2024 (65%) and 2023 (53%). During 2025, 
the proportion of the sea experiencing marine heatwave conditions of any intensity on a 
given day ranged from 85–90%, mainly between January and March, and 6–10% in May, 
August and September. For at least strong heatwave conditions, the proportion reached up 
to 51% in March and 39% in July. 
 
Marine heatwave in the Norwegian Sea 
 

 
51 The presence of sea ice affects the temperature distribution used to define marine heatwave categories. For 
this reason, areas with any sea ice during the 1982–2025 period are excluded from the analysis. 



 

 

 
Figure 17.3. (Left) Daily sea surface temperatures (°C, top) and corresponding daily 
anomalies (°C, bottom) averaged over the Norwegian Sea for 2003 (orange), 2014 (yellow), 
2025 (dark red), and all previous years since 1982 (grey). (Right) Daily sea surface 
temperature anomalies (°C) on 24 July 2025, the day of the highest SST across the 
Norwegian Sea. All anomalies are relative to the average for the 1991–2020 reference 
period. Data: C3S Global Sea and Sea Ice Surface Temperature v1.0. Credit: 
DMI/C3S/ECMWF. 
 
During summer 2025, Fennoscandia experienced an exceptional heatwave from mid-July to 
early August. For more details, see the ‘Spotlight’ section. The event coincided with a 
marine heatwave in the Norwegian Sea, parts of the North Sea and the northern Baltic Sea 
that lasted around three to four weeks, depending on the area. 
 
On 24–25 July, the daily SST averaged over the Norwegian Sea sector reached a record high 
of 15.5°C, slightly exceeding the previous record of 15.4°C from August 2003. This was 3°C 
above average, the largest daily anomaly recorded for this ocean sector in any month. At 
the peak of the event, SSTs were 3–5°C above average across much of the Norwegian Sea, 
and up to 5°C above average along the Norwegian coast, where water temperatures 
reached around 19°C. Marine heatwave conditions were classified as strong or severe across 
much of the region. 
 
July SST anomalies exceeding 2°C in this sector were last observed in 2003 and 2014, both 
linked to strong marine heatwave conditions. The 2003 event, while less intense than 2025, 
was notable for its duration, lasting more than six weeks. The 2025 marine heatwave likely 
helped reinforce the unusual warmth over adjacent land, particularly along Norway’s 
western coast. 
 



 

 

Ocean primary productivity 
 
Ocean primary productivity is the process by which phytoplankton use sunlight, carbon 
dioxide and nutrients to produce organic matter through photosynthesis, forming the base 
of the marine food web. It can be monitored from space using satellite measurements of 
ocean colour, from which chlorophyll a (Chl a), a photosynthetic pigment found in 
phytoplankton, is estimated. Chl a concentration can reflect ocean health and its response 
to climate change, but is influenced by multiple factors, including nutrient and light 
availability, ocean circulation, vertical mixing and water temperature, making interpretation 
complex. Higher Chl a concentrations can indicate increased productivity, but may also 
reflect ecosystem imbalances or environmental stress. 
 
In the North Atlantic and most European seas, primary productivity typically peaks between 
April and June during the spring phytoplankton bloom, extending into July in northern seas, 
which is why the analysis focuses on these four months. In 2025, April and May saw above-
average Chl a concentrations across the eastern North Atlantic, contrasting with below-
average conditions in 2024. In May, concentrations were much above average west of 
Ireland and south of Iceland. These areas experienced severe marine heatwave conditions 
during the second half of the month, and abundant sunlight and reduced vertical mixing 
may have contributed to phytoplankton growth. Much above-average concentrations were 
also observed further north along the sea ice edge in the Greenland Sea. In June, the largest 
positive anomalies were across the Greenland, Norwegian and Barents Seas, while in July 
they were east and south of Iceland and in the Norwegian Sea. In the Mediterranean, Chl a 
concentrations were mostly below average, similar to 2024 and unlike the widespread 
positive anomalies of 2022 and 2023. 
 

Long-term trends 
 
Sea surface temperature 
 
The average SST over the global ocean has increased markedly since the 1970s, reflecting 
the rise in ocean heat content driven by greenhouse gas emissions. Superimposed on this 
long-term warming are year-to-year variations associated with internal climate variability, 
particularly the El Niño Southern Oscillation (ENSO), with El Niño and La Niña events having 
temporary warming and cooling effects, respectively. 
 
Within the European region, the Arctic seas, particularly the Barents Sea, as well as the 
Baltic, Black and Mediterranean Seas, have warmed most rapidly. In contrast, parts of the 
North Atlantic south of Greenland and Iceland show cooling trends. Since around 2021, 
annual SST across the region has increased sharply, leading to successive records in 2022 to 
2025. 
 
Since the 1980s, there has been an increase in SST of around: 
Global (non-polar ocean, 60°S–60°N): +0.6°C 
WMO Regional Association VI (Europe): +1.1°C 
Mediterranean Sea: +1.4°C 
Latest five-year averages. 



 

 

Data: HadSST4.2.0.0, COBE2, ERSSTv5, ERA5, C3S Global Sea and Sea Ice Surface 
Temperature v1.0. 
 
Ocean heat content 
 
Ocean heat content refers to the total amount of heat stored in the ocean. The global ocean 
has absorbed about 90% of the excess heat caused by human-induced greenhouse gas 
emissions. Long-term trends show that most of this additional heat has accumulated in the 
upper 700 m, with some gradually spreading into the deeper layers. Even small temperature 
increases represent large energy gains because of the ocean’s vast volume. In 2025, global 
ocean heat content reached a new record high, surpassing the previous record set in 2024. 
 
Since 1993, there has been an increase52 of: 
Global: +0.16°C 
Northeastern Atlantic: +0.05°C 
In the upper 2000 m.  
Data: ORAS5. 
 
Sea level 
 
Since 1999, global mean sea level has risen by around 9.4 cm. The rise has accelerated from 
about 2.9 mm per year during 1999–2009 to about 3.8 mm per year during 2015–2025. 
Around 30% of the rise is due to ocean warming, which causes seawater to expand, and 
about 60% is due to melting glaciers and the Greenland and Antarctic ice sheets. The 
remaining 10% comes from changes in land water storage, such as soil moisture, surface 
water and groundwater. At a regional scale, sea level rise can differ substantially from the 
global average due to ocean currents and uneven heat distribution. 
 
Since 1999, there has been an average annual sea level rise of around: 
Global: +3.6 mm 
European: 2–4 mm 
February 1999 to August 2025.  
Data: CMEMS monitoring indicator and C3S sea level product. 
 
Supplementary figures 
 

     
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  

 
52 Ocean heat content is traditionally expressed in joules, as it represents the total energy stored in the ocean. 
However, to provide a more intuitive understanding of temperature-related changes, this report presents 
these statistics in °C. The conversion from joules to °C accounts for the specific heat capacity of seawater – 
approximately 4,000 joules per kilogram per degree Celsius – and the vast mass of the ocean. 



 

 

18. Greenhouse gases driving climate change 
Key messages 

● The atmospheric concentrations of carbon dioxide and methane continue to 
increase. 

● Carbon dioxide is increasing in concentration by around 2.6 ppm per year and 
methane by around 11.6 ppb per year, since 2020. 

● Net emissions of the greenhouse gases carbon dioxide and methane have been 
increasing over recent decades, with some year-to-year variation. 

 
Greenhouse gases (GHGs) in the atmosphere trap heat close to Earth’s surface. 
As concentrations increase, the near-surface temperature also rises, with significant 
impacts. Human activities lead to the emission of GHGs in various ways, including the 
combustion of fossil fuels for energy, deforestation, the use of fertilisers in agriculture, 
livestock farming and the decomposition of organic material in landfills. Of all the long-lived 
GHGs that are emitted by human activities, carbon dioxide (CO2), methane (CH4) and nitrous 
oxide (N2O) have the largest impact on the climate. For information on how these gases are 
measured, what the main sources and sinks are as well as the processes driving their 
variability, and how emissions and uptake are estimated, see the ‘Greenhouse gas’ 
explainer. The ‘Greenhouse gas concentration’ and ‘Greenhouse gas fluxes Indicator’ pages 
describe their long-term evolution. 
 
Greenhouse gas concentrations 
 
The concentration of a gas, the amount present in a given volume of air, can be estimated 
indirectly by satellites measuring solar radiation that is reflected (or ‘back scattered’), by 
Earth's surface and the lower atmosphere, and on its way through the atmosphere 
absorbed by the gas. This provides the average amount of gas in a vertical air column above 
a specific location53. 
 
Based on such satellite estimates, global average atmospheric concentrations of CO2 and 
CH4, continued to increase in 2025. Preliminary analyses54 show that the 2025 annual 
average was the highest in the satellite record for both gases. Confirmed by additional data 
sources, the CO2 concentrations were higher in 2025 than at any time in at least two million 
years and CH4 concentrations were higher in 2025 than at any time in at least 800,000 years. 
Since 2020, the global average CO2 concentration has seen an average annual increase of 
2.6 ppm. Over the same period, the increase rate of CH4 concentrations was 11.6 ppb/year. 
 

 
53 Column-averaged dry-air mole fractions of gas in the atmosphere, excluding any water vapour present. The 
quantities observed are denoted XCO2 and XCH4. 
54 The reported increases for 2025 are preliminary due to the nature of the near real-time data used. These 
estimates, released in April 2026, are based on XCO2/XCH4 (see Footnote 53) retrieved from GOSAT-1 (figures 
released for ESOTC 2024 were based on GOSAT-2). 

https://climate.copernicus.eu/climate-indicators/greenhouse-gases
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf


 

 

 
 

Figure 18.1. Global concentration of atmospheric column-averaged carbon dioxide (ppm) 
and methane (ppb) as measured by satellites for 2003–2025, with (dotted line) or without 
the seasonal cycle (solid line). Data: C3S/Obs4MIPs (v5.1) consolidated (2003–2024), CAMS 
preliminary near real-time data (2025) from GOSAT-1 records. Spatial range: 60°S–60°N over 
land. Credit: CAMS/C3S/ECMWF/University of Bremen/SRON. 
 
Greenhouse gas fluxes 
 
The difference between the amount of a gas added to the atmosphere by emissions from 
‘sources’ and the amount taken up by ‘sinks’ is known as ‘net flux’. An approach called 
atmospheric inversion is used by the Copernicus Atmosphere Monitoring Service (CAMS) to 
estimate the net surface fluxes of CO2, CH4 and N2O. This combines observations of these 
greenhouse gases from near the ground or from satellites with models of atmospheric 
transport and chemistry. Although there is some year-to-year variation, the concentrations 
of CO2, CH4 and N2O in the atmosphere have been increasing over recent decades, while the 
estimated net fluxes are increasing (CO2, CH4) or stable (N2O). Around half of anthropogenic 
emissions of CO2 has been absorbed by land vegetation and the ocean and around half 
remains in the atmosphere. Europe as a whole currently captures the equivalent of about 
15% of the global net emission of atmospheric CO2. 
 
Over the last decade, average annual net fluxes of greenhouse gases at Earth’s surface were 
around +5000 TgC for CO2, +420 TgC for CH4 and +16 TgN for N2O. 
 
Supplementary figures 
 

 
 
Head to the ESOTC ‘Graphics gallery’ online to view all the figures and download the associated 
data.  



 

 

19. Climate policy and action: Biodiversity 
Key messages 

● Climate change is a major cause of degradation in biodiversity. 
● Climate and biodiversity are strongly connected within European policy and 

frameworks. 
● Actions are delivering results, but progress is slow. 

 
Biodiversity – the variety of life on Earth – is vital for a sustainable future. It underpins the 
health, resilience and functioning of ecosystems essential to life. Diverse species and 
habitats help maintain clean air and water, fertile soils and pollination. As such, biodiversity 
supports food security, livelihoods and human health [R19.1]. A diverse ecosystem also aids 
climate regulation and offers natural protection against extreme events such as storms, 
floods and droughts [R19.2]. As climate change intensifies, increasing pressure impacts the 
ability of these carefully balanced ecosystems to adapt to environmental change [R19.3]. 
 
Europe saw a range of extreme events throughout 2025, impacting and stressing the 
biodiversity of both marine and terrestrial ecosystems. Biodiversity and climate change are 
closely connected and influence each other. Climate change drives biodiversity decline, 
which in turn accelerates climate change. Concurrently, biodiversity resilience aids the 
adaptive capacity of ecosystems to withstand the impacts of climate change [R19.4]. 
 
Increasing temperatures, changing precipitation patterns and warming and acidifying 
oceans directly affect species and ecosystems through stresses such as shrinking and moving 
of habitats, and disruption of seasonal timing. This results in reduced species richness, 
degraded ecosystems, habitat loss and higher extinction risks [R19.5]. 
 
Healthy ecosystems help regulate the climate, in part by acting as carbon sinks. As 
biodiversity declines, so does this essential function. The capacity of ecosystems to store 
carbon is reduced and their capacity to buffer climate impacts is compromised. In some 
cases, ecosystems can reverse their role from absorbing carbon to releasing it, which 
undermines climate objectives and increases vulnerability to climate change. Healthy 
ecosystems therefore offer the advantages of both helping to slow climate change 
(mitigation) and strengthening the capacity to withstand its effects (adaptation) [R19.4, 
R19.6]. 
 
Environmental governance has increasingly aligned biodiversity conservation and climate 
policy under a unified ‘nature-climate’ model, which treats biodiversity and climate as 
interconnected systems requiring coordinated action. Climate resilience and biodiversity 
protection are widely recognised as interdependent, making integrated policy essential. In 
Europe, current policy and legislation embed biodiversity resilience, protection and 
restoration within climate frameworks [R19.4, R19.6, R19.7], ensuring that climate 
mitigation and adaptation are treated as integral to biodiversity preservation rather than as 
secondary considerations. 
 



 

 

 
Figure 19.1. The interconnectedness between climate change, biodiversity and other key 
systems such as food, health and economy. Adapted from the European Climate Risk 
Assessment [R19.6]. 
 
Policy overview: an integrated framework for Europe 
 
The European Green Deal [R19.8] sets out the basis for treating climate change and 
biodiversity as interconnected systems, while the EU Climate Law [R19.9] provides a binding 
framework for achieving climate neutrality and ensuring policy coherence across related 
sectors. The EU Biodiversity Strategy for 2030 sits at the centre of this approach, framing 



 

 

climate change both as a driver of biodiversity loss and as a key rationale for large scale 
nature restoration. 
 
Underpinning the strategy, the EU Nature Restoration Law [R19.7] introduces legally binding 
targets to restore at least 20% of the EU’s land and sea areas by 2030, and all degraded 
ecosystems by 2050. These targets cover a wide range of habitats, including wetlands, 
forests, grasslands, rivers, lakes and marine areas, supporting both Europe’s biodiversity 
recovery and climate adaptation. Other initiatives, such as Fit for 55 [R19.10], Horizon 
Europe [R19.11] and the European Climate Risk Assessment (EUCRA) [R19.6], reinforce the 
EU’s commitment to maintaining and restoring biodiversity in a climate-smart way. EUCRA, 
for example, identifies major climate risks to biodiversity, helping policymakers refine and 
prioritise biodiversity protection and restoration actions under the 2030 Biodiversity 
Strategy, according to where risks are most severe. 
 



 

 

 
Figure 19.2. Climate and biodiversity policy, legislation and initiatives adopted in Europe 
since 2019.  
 



 

 

 
Figure 19.3. Climate risks for key biodiversity systems, including urgency to act, projected 
severity in the current, mid‑ and late‑century, and related policy characteristics. 
 
Climate extremes impacting biodiversity in 2025 
 
Europe can be divided into biogeographical regions, which reflect shared ecological 
characteristics. Climate-change driven temperature increases, intense and prolonged 
precipitation, heatwaves, droughts, floods, wildfires and storms have had wide-ranging 
negative impacts on species and habitats across these regions, reducing ecosystem 
resilience and altering species distributions. 
 
In 2025, these regions faced many climate-related challenges, including from a range of 
extreme events throughout the year, amplifying pressures on biodiversity and ecosystems. 
Across Europe, freshwater ecosystems showed greater stress from altered water availability 
and quality resulting from drought and floods [R19.11], while forests and grasslands faced 
increased fire risk and drought pressure. Aquatic ecosystems were affected by warming 
waters and marine heatwaves, and acidification that disrupted key ecological processes. 
More information on key events, including likely impacts on biodiversity, alongside 
examples of biodiversity initiatives, can be found on the interactive ‘Key events map’. 



 

 

 
Figure 19.4. Key events across Europe in 2025 and their likely impacts on biodiversity in the 
relevant biogeographical region. Further information on these events can be found in the 
interactive ‘Key events map’. 
 



 

 

 

 
Figure 19.5. Map of biogeographical regions of Europe, highlighting their primary ecological 
characteristics and the main climate hazards that have impacted each region in recent years. 
 
 
 



 

 

Progress 
 
2025 marks the halfway point of the European Biodiversity Strategy 2030. The strategy aims 
to protect and restore biodiversity and put it on a path to recovery by 2030, linking this to 
climate resilience and the provision of ecosystem services. Targets are set out around nine 
themes: protected areas, ecosystem restoration, pollinators, forests, agriculture, marine 
and coastal ecosystems, urban ecosystems, invasive alien species, and financing and 
governance. Many of these address a range of biodiversity pressures, including challenges 
relating to climate resilience and ecosystem functioning. 
 
By the end of 2025, around half of the Biodiversity Strategy’s recommended actions were in 
place or completed, with many of the remainder underway. Key legislation has been 
established and adopted, including the 2024 Nature Restoration Law. Action tracking and 
indicator dashboards have expanded to include climate indicators, and steps have been 
taken to improve access to funding across the whole region. However, overall progress is 
lagging, and by the end of 2025, Europe was not on track to meet many of its 2030 targets 
[R19.25]. Protected area coverage is increasing but remains below the 20% land and sea 
targets for 2030. Indicator species, including pollinators and common birds, continue to 
decline and data gaps mean many sub-targets cannot yet be fully evaluated [R19.26]. 
 
Outside the EU, the Convention on Biological Diversity [R19.27] and Kunming-Montreal 
Global Biodiversity Framework (GBF) [R19.28] provide a legally binding international treaty 
and implementation plan, respectively, that set the global agenda for nature conservation. 
The supporting core United Nations Development Programme programmes [R19.29] that 
assist countries worldwide in assessing, protecting and restoring biodiversity in a climate-
smart and sustainable way, include: The Nature Pledge, a commitment supporting over 140 
countries to put GBF targets into action; the Biodiversity Finance Initiative, which supports 
countries in closing the biodiversity financing gap; GBF Early Action Support, a joint project 
with the United Nations Environment Programme to fast track GBF implementation in 138 
countries; and the Biodiversity and Ecosystem Services Network, which enhances science-
policy-practice interaction for biodiversity. Other global initiatives include the International 
Union for Conservation of Nature Global Biodiversity Programme [R19.30], which focuses on 
providing scientific data, global standards and practical tools for governments and 
organisations to meet international biodiversity targets and the United Nations Framework 
Convention on Climate Change-linked Nature and Climate initiatives [R19.31] 
 
Despite slow overall progress, there are many examples of action across the WMO Regional 
Association VI (Europe) region, spanning EU and non-EU countries. These efforts aim to 
protect and restore biodiversity in a climate-smart way, drawing on interconnected policies 
and initiatives, and making use of available funding. 
 



 

 

 
Figure 19.6. Examples of biodiversity policy in action to strengthen climate resilience and 
adaptation across Europe. More information on the highlighted case studies can be found in 
the interactive ‘Key events map’. 
 

20. Marine heatwaves impacting Mediterranean biodiversity 
Key messages 

● Posidonia oceanica is the most ecologically important Mediterranean seagrass 
species, forming extensive meadows that cover around 19,000 km2 along Europe’s 
coasts, providing ecological and economic benefits. 

● Climate change is driving major changes in biodiversity and ecosystems in the 
Mediterranean Sea, with marine heatwaves acting as one of the most destructive 
forces. 

● Over the past decade, conservation of Posidonia oceanica meadows in the 
Mediterranean has delivered measurable benefits for biodiversity and climate 
resilience. Sustaining and scaling up these measures is essential. 

 
Climate change is a major source of pressure on marine and coastal biodiversity. Sustained 
above-average sea surface temperatures can harm the health, resilience and functioning of 
marine ecosystems. Marine heatwaves are increasingly linked to mass mortality events, 
shifts in species distributions and seasonal timing, and disruption to ecosystem functioning, 
including food web dynamics, productivity and biogeochemical cycles. 



 

 

 
Posidonia oceanica, the dominant seagrass species in the Mediterranean, and protected 
under the EU Habitats Directive, forms extensive meadows covering about 19,000 km² along 
Europe’s coasts [R20.1]. These meadows are highly productive, surpassing even tropical 
rainforests and storing carbon up to thirty times faster [R20.2]. They also serve as 
biodiversity hotspots, housing up to 40,000 fish per acre [R20.3] and providing critical 
nursery habitat for 20% of the world’s largest fisheries [R20.4]. They act as a natural barrier, 
stabilising the seafloor and buffering coastlines against erosion and storm surges [R20.5]. 
The meadows also improve water quality by trapping sediments and filtering out bacterial 
pathogens by over 50% [R20.6]. As habitats that extend across national waters underpin 
marine food webs and strengthen ecosystem resilience, their coordinated conservation has 
become a central focus within EU biodiversity and climate policy frameworks. Alongside 
climate change, other anthropogenic impacts also pose a threat to these vital marine 
meadows, and so most conservation measures take this into account. For example, mooring 
in seagrass, dredging, coastal development and pollution are themes associated with several 
initiatives across the Mediterranean. 
 
 

 
Figure 20.1. A map showing the highest marine heatwave category experienced across the 
Mediterranean Sea during 2025 and locations of Posidonia oceanica meadows. Marine 
heatwaves are defined relative to the 1991–2020 reference period. Data: UNEP-WCMC, C3S 
Sea and Sea Ice Surface Temperature v1.0. Credit: C3S/ECMWF/WMO/DMI 
 



 

 

Vulnerability to marine heatwaves 
 
Temperatures in the Mediterranean Sea are rising faster than the global average, increasing 
the vulnerability of an already fragile ecosystem. Over the past decade, marine heatwaves 
have shifted from occasional events to recurring annual episodes affecting the entire basin. 
In 2025, the Mediterranean Sea saw its warmest year on record, with an average sea 
surface temperature of 21.5°C. This was 1.2°C higher than average and 0.3°C higher than the 
previous record set in 2023. In each of the past three years (2023–2025), the whole 
Mediterranean Sea experienced at least ‘strong’ marine heatwave conditions and at least 
half the basin experienced ‘severe’ or ‘extreme’ conditions. Both the severity of marine 
heatwaves and the area affected have increased. More information about sea surface 
temperatures and marine heatwaves in the European region can be found in the ‘Ocean’ 
section. 
 
Impacts on biodiversity and ecosystem services 
 
Climate change is driving major changes in Mediterranean biodiversity and ecosystem 
dynamics, with marine heatwaves one of the most destructive pressures [R20.7]. These 
persistent, widespread sea surface temperature anomalies have increased in frequency, 
intensity and geographic extent. They have also been linked to recurrent mass mortality 
events in coastal ecosystems across the basin, including impacts on key marine vegetation 
such as P. oceanica. Meadows of this seagrass are particularly sensitive to high sea surface 
temperatures and sustained temperature anomalies, which have been associated with 
thermal stress, increased mortality rates and decreasing growth and productivity [R20.8]. 
 
Recent marine heatwaves in the Mediterranean Sea have caused severe physiological stress 
to marine life. Foundational species, which are key to the structure of a community, such as 
P. oceanica, have been heavily affected across thousands of kilometres of coastline. 
 
Basin-wide studies indicate that P. oceanica meadows have declined by up to 34% over the 
past 50 years due to climate change and anthropogenic impacts [R20.2]. Studies suggest 
that under a high greenhouse gas emissions scenario55, associated with high levels of 
warming, up to 75% of suitable habitat could be lost by 2050, placing the species at risk of 
extinction by the end of the century, while under a low greenhouse gas emissions scenario 
(RCP2.6) the species will remain highly vulnerable [R20.8]. These trends indicate a rapid 
transformation of the Mediterranean Sea’s core marine ecosystems. 
 
This widespread decline of P. oceanica is associated with a rapid restructuring of marine 
habitats in the Mediterranean Sea. As a foundation habitat, P. oceanica supports a wide 
range of marine life. Research shows that its decline is associated with biodiversity loss and 
habitat fragmentation, leading to reduced species richness and abundance, as well as a 
lower ecosystem resilience [R20.2]. Protecting and restoring these meadows is therefore 
important not only for individual species, but for maintaining the structure, function and 
long-term stability of Mediterranean marine ecosystems. 
 

 
55 RCP8.5 (Representative Concentration Pathway 8.5) assumes continued increases in fossil fuel use and 
limited climate policy, leading to relatively high levels of warming by 2100. 



 

 

Policy and management responses 
 
Under the European Green Deal and the EU Climate Law, EU biodiversity and marine 
policies are increasingly aligned with European climate objectives. For example, P. oceanica 
meadows are recognised for their long-term carbon storage, supporting both mitigation and 
conservation goals. Restoration is framed as a nature-based solution that can strengthen 
coastal resilience to climate impacts, and protecting P. oceanica is linked to climate 
adaptation, aligning with EU priorities on ecosystem-based adaptation. This policy alignment 
has helped embed P. oceanica conservation within broader EU sustainability and climate 
frameworks and initiatives. 
 
The EU Biodiversity Strategy for 2030 commits Member States to restoring marine habitats. 
The strategy supports P. oceanica conservation by highlighting its meadows as priority 
ecosystems for restoration because of their biodiversity and climate mitigation value. It 
supports restoration projects across the Mediterranean and encourages Member States to 
integrate P. oceanica restoration into national biodiversity strategies and marine spatial 
planning. The subsequent EU Nature Restoration Law strengthens this approach by 
introducing legally binding targets for marine ecosystem restoration. This policy coherence 
builds on earlier frameworks, including the EU Habitats Directive (1992), Natura 2000 and 
the Marine Strategy Framework Directive (2008). 
 
As a result of such policy coherence, European funding mechanisms have been established 
to support marine biodiversity resilience and have become important enablers of P. 
oceanica conservation. Programmes such as L’Instrument Financier pour l’Environnement , 
the European Maritime, Fisheries and Aquaculture Fund and Horizon Europe have facilitated 
local and regional climate-smart conservation projects. Regional frameworks, such as the 
Mediterranean Action Plan56, have also supported transboundary cooperation between 
countries. 
 

 
56 Established in 1975 as a multilateral environmental agreement under the United Nations Environment 
Programme Regional Seas Programme. Mediterranean countries and the European Community approved MAP 
as a framework for cooperation to address common challenges related to marine environmental degradation. 



 

 

 
Interactive version: https://www.datawrapper.de/_/f215s/  
Figure 20.2. Examples of Posidonia oceanica conservation initiatives across the 
Mediterranean region, funded or supported by European policy and frameworks. 
 
Conclusion 
 
Over the past decade, conservation of P. oceanica meadows in the Mediterranean Sea has 
delivered measurable benefits for both biodiversity and climate resilience. Measures such as 
marine protected areas and restoration initiatives have helped stabilise or restore 
meadows, supporting increased species richness, more complex seabed communities and 
nursery habitats for fish [R20.9; R20.10]. Conserved meadows also act as important carbon 
sinks and provide natural coastal protection by reducing erosion and strengthening 
ecosystem resilience to marine heatwaves and storms [R20.11; R20.12]. 
 
These outcomes demonstrate that P. oceanica conservation can serve as an effective 
nature-based solution, supporting biodiversity and contributing to climate mitigation and 
adaptation. Continued implementation and scaling of these measures are essential to 
maintaining the integrity of Mediterranean ecosystems and for achieving EU biodiversity 
and climate objectives [R20.13; R20.14]. 

https://www.datawrapper.de/_/f215s/


 

 

21. Peatland wildfires impacting biodiversity 
Key messages 

● Peatlands are essential ecosystems that provide unique habitats and store large 
amounts of carbon, playing a key role in addressing the crises of climate change and 
biodiversity loss. 

● Europe has experienced the greatest proportional peatland loss globally, largely due 
to high population density and the conversion of land for agriculture. 

● Peatland wildfires can smoulder for months, with severe impacts on biodiversity and 
ecosystem services, including reduced capacity for carbon storage. 

● Nature-based solutions can provide multifunctional approaches to reducing fire risk 
while maintaining ecological integrity. Coordinated landscape-scale planning and 
adaptive forestry are essential to strengthen wildfire resilience. 

 
Peatlands are important ecosystems that provide unique habitats and store large amounts 
of carbon, making them central to addressing the crises of climate change and biodiversity 
loss. However, degradation through fire, drainage, or other human pressures can shift them 
from carbon sinks to major sources of greenhouse gas emissions. Fire is a particularly severe 
disturbance: carbon emissions from peat fires are estimated to be 500–800 times higher 
than typical carbon losses from intact peatlands [R21.1]. 
 
Europe has experienced the greatest proportional peatland loss globally [R21.2], largely due 
to high population density and conversion of land for agriculture. The remaining peatlands 
are therefore of high conservation importance. Among them are Deurnsche Peel and 
Mariapeel in the Netherlands, ecologically rich remnants of a once extensive high peatland57 
landscape, covering around 2,700 hectares. Formed under high groundwater conditions, 
these areas contain peat layers up to 6–8 metres thick. They are now designated as Natura 
2000 sites, a status that supports the protection of active raised bog58 habitats within the 
two sites [R21.3]. 
 
Together with other peatlands across Europe, these sites play an important role in climate 
mitigation as major terrestrial carbon stores [R21.4; R21.5]. Climatic pressures, alongside 
drainage and cultivation, are predicted to substantially reduce peat accumulation and the 
associated carbon sink capacity [R21.6]. 
 
Vulnerability to fire hazard 
 
The Deurnsche Peel and Mariapeel are vulnerable to climate-driven wildfire risk because of 
their peat soils, hydrology and surrounding land use. During prolonged dry periods, falling 
groundwater levels allow peat to dry out, transforming normally wet landscapes into highly 
flammable systems. Once ignited, fires can spread rapidly and smoulder underground for 
months, making them difficult to extinguish. 
 
This vulnerability was demonstrated in April 2020, when a 710-hectare fire burned in the 
Deurnsche Peel for four days and continued to smoulder in the peat for nearly two months, 

 
57 Peatlands with thick (6–8 m) peat layers.  
58 Active raised bogs are a specific type of habitat that exist within high peatlands. 



 

 

making it one of the most destructive peat fires in Europe in recent years [R21.7]. At the 
same time, a 200-hectare cross-border fire occurred in the nearby Meinweg area, 
illustrating the regional susceptibility of peatlands to large fires during prolonged drought. A 
wildfire affecting 41.5 hectares in the Mariapeel in August 2022 caused additional damage 
[R21.7]. Together, these events highlight the persistent fire hazard facing European 
peatlands under dry conditions. More information on wildfires across Europe in 2025 can be 
found in the ‘Wildfires’ section. 
 
Impacts on biodiversity and ecosystem services 
 
Periods when heat and drought occur together are among the main climatic drivers of 
extreme peatland fires, with cascading effects that amplify carbon losses [R21.8]. Wildfires 
can reduce carbon uptake in northern peatlands by up to 35% [R21.9] while shifting them 
from carbon sinks to net sources of greenhouse gas emissions [R21.10]. Anthropogenic 
pressures, particularly peatland drainage and land-use change, further exacerbate this trend 
[R21.11]. Fire also increases future vulnerability. Degraded, drier peat becomes more prone 
to ignition [R21.12], while peat combustion can cause volume loss, compaction, soil 
subsidence and risks to infrastructure. Damage to peat structure may also impair water 
regulation and local hydrology [R21.10]. 
 
Peatland fires have wide-ranging impacts on biodiversity. For example, they can cause high 
mortality among less mobile species, including amphibians, reptiles, small mammals, 
invertebrates and ground-nesting birds [R21.13]. Smouldering fires can destroy Sphagnum 
mosses, disrupting peat formation, vegetation composition and habitat structure. The loss 
of Sphagnum can shift vegetation toward grasses, shrubs or birch, altering species 
composition and ecological interactions [R21.12]. This may reduce habitat suitability for 
bog-specialist plants, insects and birds, while favouring more generalist species. Reduced 
biodiversity can also increase vulnerability to climate-related disturbances, such as droughts 
and insect outbreaks, creating feedback that accelerates carbon loss. Integrated peatland 
restoration and management can enhance resilience by restoring ecosystem functions while 
supporting climate mitigation [R21.14]. 
 



 

 

 
Figure 21.1. Impact chain of biodiversity and ecosystems to which farmed and protected 
peatlands are exposed in Europe. Adapted from EEA, 2023 [R21.8]. 
 
Policy and management responses 
 
Wildfire risk in the Deurnsche Peel and Mariapeel peatland areas is being mitigated through 
a range of integrated nature-based solutions and forestry strategies [R21.15]. Green 
infrastructure, including green firebreaks, ecological corridors and buffer zones, can provide 
landscape-scale barriers that slow fire spread while maintaining habitat connectivity. Green 
corridors planted with deciduous or broadleaved species can help retain moisture and 
create natural fire-resistant zones. Reforestation and afforestation using native, diverse 
species can further reduce vulnerability, especially in areas affected by pests or previous 
disturbance. 
 
Close-to-nature and adaptive forestry practices can support long-term ecosystem health by 
promoting natural regeneration, maintaining soil moisture and reducing reliance on 
monocultures that are more prone to pests and fire. Buffer zones and green corridors can 

https://www.eea.europa.eu/publications/annual-european-union-greenhouse-gas-2


 

 

also support biodiversity and ecosystem services such as carbon storage, water regulation 
and habitat for wildlife. Together these measures aim to reduce fire risk while maintaining 
ecological integrity. 
 
Lessons learned and scaling opportunities 
 
Scaling wildfire risk reduction measures in the Deurnsche Peel and Mariapeel depends on a 
combination of biophysical, socioeconomic and governance conditions [R21.15]. The region 
is characterised by dry, sandy, nutrient-poor soils that support pine, fir, Douglas fir, larch 
and diverse broadleaved deciduous species. These conditions favour the development of 
mixed forests and green infrastructure, such as buffer zones and ecological corridors, which 
can help slow fire spread. 
 
Socioeconomic conditions also play an important role. Forests are managed both as 
investment assets and as recreational areas, creating incentives for owners to maintain 
forest health and resilience. NGOs actively support sustainable forest management, while 
legal obligations and public subsidies encourage reforestation following pest outbreaks. 
 
Governance structures include a mix of small-scale private owners and owner consortia. 
This enables local engagement but can limit the implementation of measures at larger 
scales. Although nature-based solutions offer clear environmental and biodiversity benefits, 
wider uptake is constrained by strict conservation regulations, the need for owner consent 
and limited funding. Addressing these barriers is essential for scaling implementation in 
other regions. 
 
Conclusion 
 
The Deurnsche Peel and Mariapeel peatlands highlight the high wildfire risk associated with 
drained peatlands, which are a priority for integrated climate and biodiversity strategies in 
Europe. Peat fires can smoulder for months, causing severe damage to biodiversity and 
ecosystem services, including reduced carbon storage capacity. Nature-based solutions, 
such as green firebreaks, buffer zones, ecological corridors and mixed-species reforestation, 
can reduce fire risk while maintaining ecological integrity. Scaling up these measures 
depends on suitable ecological conditions, engaged forest owners, NGO support and public 
funding, but can be constrained by strict conservation rules, ownership requirements and 
limited funding. Coordinated landscape-scale planning and adaptive forestry are therefore 
essential for strengthening wildfire resilience. 
 

 
 
 
 
 
 
 



 

 

About the data 
 
The data behind ESOTC 2025 
 
The ESOTC 2025 relies extensively on datasets provided operationally and in near real-time 
by the Copernicus Services. The operational data are freely accessible via data catalogues 
such as the C3S Climate Data Store (CDS). Explore the full ESOTC online to download data 
and explore other resources. 
 
The ‘About the data’ section online describes the datasets and methods used in the ESOTC 
2025, with links to download the original data and documentation for each dataset. 
 

Averages 
Throughout the report, use of the word 'average' refers to the mean, unless stated 
otherwise.  

Reference periods 
By comparing 2025 against the average for a reference period, we can see how the year 
fits within a longer-term context. Generally, the reference period used is 1991–2020, but 
where less extensive data records are available, other periods may be used, and this will 
be stated in the associated figures. Some variables are compared to the pre-industrial 
level, for which the reference period used is 1850–1900.  

 

 
 
ESOTC 2025 is jointly produced by C3S, implemented by ECMWF, and the WMO. C3S 
supports the adaptation and mitigation policies of the European Union, by providing 
consistent and authoritative information about climate change, while the WMO Regional 
Office for Europe serves its 50 Member States, covering Europe, Greenland, the South 
Caucasus and part of the Middle East. They therefore cover overlapping geographical 
domains, indicated on the maps above. The size and climatic zones of each domain differ, so 
variations in the statistics are expected. The ESOTC makes use of a wide range of datasets, 
for which geographical coverage varies. Several sections of the report provide information 
for both the C3S and WMO RA VI domains, where possible based on the geographical 
coverage of the data. 
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As weather, climate and the water cycle know no national boundaries, international 
cooperation at a global scale is essential for the development of meteorology and 
operational hydrology as well as to reap the benefits from their application. 
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