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Net greenhouse gas (GHG) emissions in the European Union fell by 36% between 1990 and 2023, including international
transport as regulated by EU Climate law. Preliminary estimates indicate a year-on-year drop of 2.5% between 2023 and
2024. Projections based on current policies and measures reported by Member States suggest that a 47% reduction in net
emissions will be reached by 2030 compared to 1990 levels. Integrating countries' additionally planned policies and
measures closes most of the ambition gap - putting the EU at a projected 54% reduction by 2030 compared to 1990
levels.

Figure 1. Progress towards achieving climate targets in the EU-27
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The European Climate Law sets a binding target to achieve climate neutrality by 2050 and reduce net GHG emissions by at
least 55% in 2030, compared to 1990.

Between 1990 and 2023, EU net GHG emissions fell by 36%, while GDP grew by nearly 70% over the same period. This
achievement takes the carbon sink from the land use, land use change and forestry sector (LULUCF) into account and includes

emissions of international aviation and maritime, as regulated by EU law (EU target scope)[”.

Preliminary estimates indicate that net EU GHG emissions fell a further 2.5% below 2023 levels in 2024. This marks a
deceleration from the record year-on-year emission reduction of 8% in 2023, bringing estimated 2024 emissions to 37% below
1990 levels.

The observed reduction in GHG emissions has followed a gradual strengthening of climate mitigation policies over the past
two decades. The decrease can be largely attributed to shifts in energy production methods, notably a significant decline in
coal usage and growth in the adoption of renewable energy sources. There has also been a modest reduction in total energy


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32021R1119
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02018R0841-20230511
https://www.eea.europa.eu/en
https://www.eea.europa.eu/en

consumption, and substantial decreases in GHG emissions linked to specific industrial production processes[z].

In 2024 the energy supply sector recorded an estimated 9% reduction in GHG emissions versus 2023, while GHG emissions
from both the industrial and buildings sector remained at the same level as the previous year. The transport sector experienced
a limited increase in emissions of 0.7% compared to 2023, while agricultural sector emissions decreased by 1.2%. For the
second year, estimates indicate a modest increase in the GHG sink from LULUCF, suggesting the potential reversal of a
negative trend that saw LULUCF removals declining since 2013.

Current and planned policy measures across the EU are expected to contribute to sustaining emission reductions. Member
States’ latest projections show the policies and measures currently in place would achieve a reduction of 47% in net emission
levels by 2030 compared to 1990.

The projected reduction would reach 54% when planned additional measures are taken into account, leaving a one-percentage
point gap towards the 55% target. New EU-wide policy tools such as the emission trading system for buildings, road transport
and additional sectors will strenghten the economic case to reduce emissions.

The gap between the targets and projected impact of current and planned measures widens beyond 2030: accounting for
currently adopted and planned measures, net emissions are projected to reach a level of 69% below 1990 levels in 2040 and
78% in 2050. These projections fall behind the recommended 90% reduction target for 2040 and the legally binding climate
neutrality target for 2050. This indicates a need to continue developing ambitious policies to reduce emissions in all sectors in
the coming years and decades.

Figure 2. Effort Sharing, ETS, LULUCF trends and projections in the EU-27
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Three pivotal EU policies target GHG emissions and removals. Each is accompanied by clear binding goals for 2030:

+ The EU Emission Trading System (EU ETS) covers GHG emissions from stationary installations in the power sector and large
industrial plants. It also includes CO, emissions from aviation since 2012. Emissions from stationary installations have
decreased by 51% between 2005 and 2024, largely driven by the decarbonisation of the power sector. Stationary emissions


https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-under-the
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-under-the
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-under-the

showed a 6% decrease in 2024 compared to 2023, linked to emission reduction in the energy supply sector. At the same
time, aviation ETS emissions increased by more than 15%. Projections taking into account current and planned measures
indicate an expected 66% reduction by 2030, compared to 2005 levels for stationary installations.

The Effort Sharing Regulation (ESR) governs national GHG reduction targets, covering sectors such as transport, buildings
and agriculture. The reduction in these emissions has been less pronounced compared to those governed by the EU ETS,
showing a 20% decrease between 2005 and 2023, with estimates indicating almost no progress between 2023 and 2024.
Yet, projections including additional measures suggest that most of the gap towards the target for 2030 will be filled in
future years, with Effort Sharing emissions expected to reach a reduction of 38% compared with the target of 40%.

The Land Use, Land Use Change and Forestry (LULUCF) sector represented a net carbon sink of about 198MtCO5e in 2023,
corresponding to the absorption of 6% of the EU’s total GHG emissions. Although the initial estimates for 2024 show a two-
year reversal of this trend, the carbon sink has been shrinking continuously over the last decade. GHG projections as
submitted by Member States foresee a rather stable carbon sink, which would not permit achieving a target sink of
310MtCO,e by 2030.

v Supporting information

Definition

This indicator presents past and projected GHG emission trends in Europe and assesses the progress of the EU towards
its GHG targets, within the scope defined by the European Climate Law. The EU’s total GHG emissions include GHG
emissions from land use, land use change and forestry (LULUCF) and portions of emissions from international aviation
and maritime transport, as regulated by EU law.

In addition to the overall GHG emissions, this indicator presents disaggregated trends to illustrate the development of
emissions covered by the EU Emission Trading Scheme (ETS) and the Effort Sharing Legislation as well as from land use,
land use change and forestry (LULUCF) along an assessment of the EU's progress towards its 2030 and 2050 climate
ambitions.

The indicator covers all 27 Member States of the European Union.
Methodology
Methodology for indicator calculation

This indicator is based on the official GHG inventories submitted by the EEA countries to the EEA, as well as on the
projected GHG emissions submitted by the Member States under the Regulation (EU) 2018/1999 on the governance of the
energy union and climate action. The EU GHG inventory submitted by the EU to the UNFCCC is based on the same data
and is also used. The estimation of historical emissions from international aviation and maritime sectors for the total

greenhouse gas emissions (target scope) relies on data derived from the JRC Idees methodology Blas documented in the
JRC methodological paper (4]

The EU ETS emissions, as reported to the European Commission by operators of industrial installations and aircrafts, are
also used. When available, approximate estimates of the GHG emissions for the year (T-1) are also presented.

Greenhouse gases

In line with the UNFCCC reporting guidelines on annual inventories, the national inventories cover emissions and removals
of the following GHGs:

- carbon dioxide (CO,), including indirect CO».
- methane (CHy);

- nitrous oxide (N,0);


https://www.eea.europa.eu/en/analysis/indicators/progress-towards-national-greenhouse-gas
https://www.eea.europa.eu/en/analysis/indicators/progress-towards-national-greenhouse-gas
https://www.eea.europa.eu/en/analysis/indicators/progress-towards-national-greenhouse-gas
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-land
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-land
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-land

- hydrofluorocarbons (HFCs);

- perfluorocarbons (PFCs);

- suphur hexafluoride (SFg); and

- nitrogen trifluoride (NF3)

from six sectors (Energy, Industrial processes and product use, Agriculture, LULUCF, Waste and Other).

The gases do not include the GHG emissions that are also ozone-depleting substances, which are controlled by the
Montreal Protocol.

In order to be aggregated, non-CO, gases are weighted by their respective global warming potential (GWP) and presented
in CO,-equivalent units. Global warming potential (GWP) is a measure of how much a given mass of a GHG is estimated to
contribute to global warming on a 100-year horizon.

Consistent with the latest Decision on the UNFCCC Reporting Guidelines adopted at COP27 in Sharm-EI-Sheik, the GWP
values used in this indicator are the ones from IPCC ARS5:

Gas Global warming potential values from IPCC AR5
Carbon dioxide (CO5) 1

Methane (CHy) 28

Nitrous oxide (N,0) 265

Sulphur hexafluoride (SFe¢) 23,500

Nitrogen trifluoride (NF3) 16,100

HFCs and PFCs comprise a large number of different gases that have different GWPs. The full list of GWPs can be found in
Chapter 8 of the 5" Assessment Report.

Greenhouse gas inventories

For the preparation of their national inventories, countries use the methodologies of the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories.

Projected greenhouse gas emissions

For projected GHG emissions, information submitted by the EEA countries under the Governance Regulation is used, with
the latest submission in March 2025. The projected GHG emissions referred to in the indicator are those reported under
the 'with existing measures' scenario (WEM) and the 'with additional measures' scenario (WAM).

Emission trading system emissions

Emissions from the EU ETS are also presented in the indicator. The EU ETS runs over four trading periods: Phase | (2005-
2007), Phase Il (2008-2012), Phase Ill (2013-2020), and Phase IV (2021-2030).

In 2013, the scope of the EU ETS was expanded to include additional references to (a) the capture, transport and
geological storage of GHG emissions; (b) CO, emissions from petrochemical, ammonia and aluminium production; (c) N,O
emissions from the production of nitric, adipidic and glyoxylic acids; and (d) PFC emissions from aluminium

production. Since 1 January 2012, aviation has also been part of the EU ETS.

Since 2013, these emissions have been calculated by the plant operators that fall under the ETS


https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter08_FINAL.pd
https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter08_FINAL.pd

obligations in line with Regulation No 601/2012 5] whereas in Phase Il of the EU ETS (2008-2012), the monitoring and
reporting of the operators was based on Commission Decision 2004/156/EU. Croatia entered the EU ETS on 1 January
2013.

The ETS Directive for the fourth trading phase was first revised in 2018, in line with the EU’s 2030 climate and energy
framework, established in 2014. With the launch of the European Green Deal and more ambitious climate targets under the
European Climate Law, the Directive was revised further in 2023.

Key technical changes agreed in the 2023 revision of the ETS Directive:

« The cap has been tightened to bring emissions down by 62% by 2030, compared to 2005 levels. This covers emissions
from maritime transport, which have been included in the EU ETS from 2024.

» Free allocation of allowances to companies has been scaled down, in line with the tighter cap, and made conditional on
the companies’ decarbonisation efforts. For the aviation sector, free allocation will be removed as of 2026.

« The Market Stability Reserve has been revised to foster balance in the reformed EU carbon market.
Approximated greenhouse gas inventory

This indicator uses data and estimates from the ‘Approximated GHG inventory' for the year (T-1). These 'proxy' inventories
are reported by Member States to the EEA and to the Commission under the Governance Regulation by 31 July of each
year, T, and are calculated at an aggregated level on the basis of the national and international information available for the
year (T-1).

Methodology for gap filling
Greenhouse gas inventories (years 1990-(T-2)):

The historic emission data presented in the indicator are based on the information reported by Member States under the
Governance Regulation. However, should a Member State not submit the inventory data required to compile the EU
inventory, the Commission shall prepare estimates to complete the GHG inventories submitted by Member States in
consultation and close cooperation with the Member States concerned. In this case, the Member State shall use the gap-
filled inventory in its official submission to the UNFCCC. The basis for these gap-filling processes is described in the
Commission Delegated Regulation of 12.03.2014 (http://ec.europa.eu/clima/policies/g-
gas/monitoring/docs/c_2014_1539_en.pdf)

Projected greenhouse gas emissions (year T-2050):

In order to ensure the timeliness, completeness, consistency, comparability, accuracy and transparency of the reporting of
projections by the EU and its Member States, the quality of the reported projections is assessed by the ETC CM on behalf
of the EEA. As the Member States' reporting of projections is carried out every two years by countries, in certain cases,
projections are adjusted to ensure full consistency with historic GHG emission data from the latest GHG inventories.
Where a country has not made a submission, data are gap-filled by the ETC CM.

Approximated greenhouse gas inventory (year T-1):

Under the Governance Regulation, the Commission shall also estimate a Member State’s approximated GHG inventory if
the Member State does not provide it. These estimates are provided by the EEA and are country-specific. More information
on the methodology used for gap-filling is provided in the '‘Approximated GHG inventory report' of each year.

Methodology references

+ Annual European Union greenhouse gas inventory and inventory report. All the data used to prepare the indicator are
consistent with the latest EU GHG national inventory report (NIR). The main institutions involved in the compilation of
the EU GHG inventory are the Member States, the European Commission’s Directorates-General Climate Action (DG
CLIMA), Eurostat, the Joint Research Centre and the European Environment Agency (EEA) and its European Topic
Centre on Air Pollution and Climate Change Mitigation (ETC CM). This report is compiled on the basis of the inventories
of the EU Member States for the EU-27. The EU GHG inventory is the direct sum of the national inventories.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32004D0156
http://ec.europa.eu/clima/policies/g-gas/monitoring/docs/c_2014_1539_en.pdf
http://ec.europa.eu/clima/policies/g-gas/monitoring/docs/c_2014_1539_en.pdf
https://climate.ec.europa.eu/eu-action/transport-decarbonisation/reducing-emissions-shipping-sector_en
https://climate.ec.europa.eu/eu-action/transport-decarbonisation/reducing-emissions-aviation_en
https://climate.ec.europa.eu/eu-action/carbon-markets/eu-emissions-trading-system-eu-ets/market-stability-reserve_en
https://www.eea.europa.eu/publications/annual-european-union-greenhouse-gas-2/download

+ 2006 IPCC Guidelines for National Greenhouse Gas Inventories The 2006 IPCC Guidelines for National Greenhouse Gas
Inventories are the latest step in the IPCC development of inventory guidelines for national estimates of GHGs. These
2006 Guidelines build on the previous Revised 1996 IPCC Guidelines and the subsequent Good Practice reports. They
include new sources and gases as well as updates to the previously published methods whenever scientific and
technical knowledge have improved since the previous guidelines were issued. Since 2015, UNFCCC Parties are using
the 2006 IPCC Guidelines' methodologies and reporting formats when preparing their inventories, in line with the
UNFCCC reporting guidelines (Decision 24/CP.19).

* UNFCCC reporting guidelines on annual inventories This document contains the complete updated UNFCCC reporting
guidelines on annual inventories for all inventory sectors.

+ Commission Regulation (EU) No 601/2012 of 21 June 2012 on the monitoring and reporting of greenhouse gas
emissions pursuant to Directive 2003/87/EC of the European Parliament and of the Council. The regulation sets out the
rules for the monitoring and reporting of ETS emissions by plant operators, covering the scope of Phase Il of the ETS.

+ Commission Regulation (EU) No 2023/757 of 10 May 2023 on the inclusion of maritime transport activities in the EU
Emissions Trading System and for the monitoring, reporting and verification of emissions of additional greenhouse
gases and emissions from additional ship types

+ IPCC Fifth Assessment Report (AR5) At regular intervals, the (IPCC) prepares comprehensive Assessment Reports of
scientific, technical and socio-economic information relevant for the understanding of human induced climate change,
the potential impacts of climate change and options for mitigation and adaptation. Currently used GWP are based on
the ARS5.

Policy/environmental relevance

This indicator is a headline indicator for monitoring progress towards the 8th Environment Action Programme (8th EAP). It
contributes mainly to monitoring aspects of the 8th EAP priority objective Article 2a. that shall be met by 2030: ‘swift and
predictable reduction of greenhouse gas emissions and, at the same time, enhancement of removals by natural sinks in
the Union to attain the 2030 greenhouse gas emission reduction target as laid down in Regulation (EU) 2021/1119[6, in
line with the Union'’s climate and environment objectives, whilst ensuring a just transition that leaves no one behind;”. For
the purposes of the 8th EAP monitoring framework, this indicator assesses specifically whether the EU will ‘reduce net
GHG emissions by at least 55% by 2030 from 1990 levels’ 71, This year's projections may not fully reflect the current efforts
by Member States to meet some of the measures under the Fit for 55 package that were adopted in the course of 2023 (8],
The modelling results presented by the European Commission in its impact assessments for the Fit for 55 package of
legislative proposals indicate an expected full achievement of the 2030 target if strengthened policies are implemented
across the sectors.

The UNFCCC sets an ultimate objective of stabilising GHG concentrations 'at a level that would prevent dangerous
anthropogenic (human induced) interference with the climate system.' The 2015 Paris agreement clarifies that the
overarching goal is to hold “the increase in the global average temperature to well below 2°C above pre-industrial levels”
and pursue efforts “to limit the temperature increase to 1.5°C above pre-industrial levels.” The European Union, as a party
to the UNFCCC and the Paris Agreement, reports annually on the GHG emissions within the area covered by its Member
States. The Annual European Union greenhouse gas inventory and inventory report, officially submitted to the UNFCCC
Secretariat, is prepared on behalf of the European Commission (DG CLIMA) by the EEA and its European Topic Centre for
Climate Change Mitigation (ETC CM), supported by the Joint Research Centre and Eurostat.

The EU is committed to reduce its GHG emissions and has taken several steps over the past decades:

In 2007, EU leaders set the target of a 20% reduction of EU GHG emissions by 2020 compared with the emissions in 1990.
To attain this goal, a comprehensive legislative package known as the EU 2020 Climate and Energy Package was
introduced. This package encompassed not only climate objectives but also a commitment to substantially expand
renewable energy sources and enhance energy efficiency. To fulfill the climate objectives, a twofold legal framework was
put in place:

+ The implementation of a cap-and-trade system with the EU Emissions Trading Scheme (EU ETS) for regulating
emissions from energy-intensive industries and the power sector. In this framework, the emission cap for 2020 was set
at a 21% reduction compared to 2005 levels.


http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
http://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1400599097227&uri=CELEX:32012R0601
https://eur-lex.europa.eu/eli/reg/2023/957
https://www.ipcc.ch/assessment-report/ar5/
https://environment.ec.europa.eu/strategy/environment-action-programme-2030_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-energy-framework_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-energy-framework_en
https://unfccc.int/

+ An effort to reduce emissions not covered by the EU ETS by about 10% compared with 2005 levels, shared between the
EU Member States through differentiated annual national GHG targets under the ESD.

The European Climate Law, published in 2021, sets the trajectory towards 2050 and beyond, with the target to reduce GHG
emissions in the EU by at least 55% by 2030, and to achieve climate neutrality at the latest by 2050, with the aim of to
achieve negative emissions thereafter. Contrary to the 2020 target, both targets also account for emissions and removals
of the land use, land use change and forestry sector and are therefore net targets. In line with the European Climate Law,
the European Commission will make a legislative proposal, as appropriate, for a Union-wide 2040 climate target within 6
months of the global stocktake under the Paris Agreement in November 2023.

Towards 2030, the ‘Fit for 55’ legislative” package, a key element of the European Green Deal, sets the EU on a path to
reach its climate targets in a fair, cost-effective, and competitive way. It builds on the previous 2020 energy and climate
framework, but also includes many new policy instruments and targets that incentivize climate action across all sectors of
society. In the area of climate mitigation, the key targets of the package are:

« The revised EU ETS Directive increases the ambition of the existing ETS to 62% emissions reductions by 2030,
compared to 2005 levels, and will also apply to international maritime transport.

« For the sectors not covered by this ETS system, namely road and domestic maritime transport, buildings, agriculture,
waste and small industries, a global reduction target of 40% compared with 2005 levels is set through the amended
Effort Sharing Regulation (ESR). This target is shared between the EU Member States through differentiated annual
national GHG targets, ranging from -10% to — 50%.

» The LULUCF regulation sets an overall EU-level objective of 310 Mt CO, equivalent of net removals, with national targets
for each Member State

In addition to these key policies, a new emissions trading system (ETS2) will be introduced from 2027 onwards. ETS2 will
cover emissions from fuel combustion in road transport, buildings, and other sectors, contributing to a 42% reduction in
emissions compared to 2005 levels within these sectors. These emissions will also be subject to the Effort Sharing
Regulation.

Related policy documents
State of the Energy union Report 2024

Report from the Commission to the European Parliament, the Council and the European Economic and Social
Committee and the Committee of the Regions. State of the Energy Union Report 2024 (pursuant to Regulation
(EU)2018/1999 on the Governance of the Energy Union and Climate Action)

EU Climate Action Progress Report 2024

Report from the Commission to the European Parliament and the Council

» Regulation (EU) 2021/1119( ‘European Climate Law’)

Regulation of the European Parliament and of the Council of 30 June 2021 establishing the framework for achieving
climate neutrality

+ Consolidated text of the Regulation (EU) 2018/1999 (Governance Regulation)

Regulation of the European Parliament and of the Council of 11 December 2018 on the Governance of the Energy Union
and Climate Action

+ Consolidated text of Regulation 2018/842, as amended by Regulation (EU) 2023/857 (Effort Sharing Regulation)

Regulation on binding annual greenhouse gas emission reductions by Member States from 2021 to 2030 contributing to
climate action to meet commitments under the Paris Agreement

+ Consolidated text of Directive 2003/87/EC as last amended by Directive 2023/959 (ETS Directive)


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2024%3A404%3AFIN
http://ec.europa.eu/clima/policies/effort/index_en.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32021R1119
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02018R1999-20230516
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02003L0087-20230605

Directive of the European Parliament and of the Council establishing a system for greenhouse gas emission allowance
trading within the Union,

+ Consolidated text of Regulation (EU) 2018/841, as last amended by Regulation 2023/839 (LULUCF Regulation)

Regulation of the European Parliament and of the Council of 30 May 2018 on the inclusion of greenhouse gas emissions
and removals from land use, land use change and forestry in the 2030 climate and energy framework

+ Consolidated text of Commission Implementing Decision (EU) 2020/2126, as last amended by Commission
Implementing Decision (EU) 2023/1319

Decision on setting out the annual emission allocations of the Member States for the period from 2021 to 2030 pursuant
to Regulation (EU) 2018/842 of the European Parliament and of the Council

+ Kyoto Protocol to the UN Framework Convention on Climate Change

Kyoto Protocol to the United Nations Framework Convention on Climate Change; adopted at COP3 in Kyoto, Japan, on 11
December 1997

+ Paris Agreement

The Paris Agreement. Report of the Conference of the Parties on its twenty-first session, held in Paris from 30 November
to 11 December 2015.

« European Green Deal

+ UNFCCC

UNFCCC reporting guidelines on annual inventories
Accuracy and uncertainties

Methodology uncertainty

Greenhouse gas inventories

(a) Difference in methodologies between countries

Since Member States use different national methodologies, national activity data or country-specific emission factors in
accordance with IPCC and UNFCCC guidelines, these different methodologies are reflected in the EU GHG inventory data.
The EU believes that it is consistent with the UNFCCC reporting guidelines and the 2006 IPCCC guidelines to use different
methodologies for one source category across the EU territory, especially if this helps to reduce the uncertainty and
improve the consistency of the emission data, provided that each methodology is consistent with the 2006 IPCC
guidelines. At the same time, the EU is making an effort to promote and support the use of higher tier methodologies
across Member States. At the EU level, and for most of the key categories of the EU inventory, more than 75% of the EU
emissions are calculated using higher tier methodologies, resulting in lower uncertainty rates.

(b) Global warming potential

According to the IPCC, the GWP values used in the IPCC AR4 have an uncertainty of +35% for the 5-95% (90%) confidence
range.

Projected greenhouse gas emissions

The methodology proposed consists of simple additions of data reported by Member States. However, uncertainty arises
from the following:

+ projections can be subject to updates that might not be reflected in the assessment if these updates were recently
developed;

 the projections taken into account are fully consistent with Member State submissions under the Governance
Regulation. However, other sets of projections with different data might have been published by countries (e.g. national
allocation plans, national communications to the UNFCCC).


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02018R0841-20230511
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02020D2126-20230719&qid=1694071906618
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02020D2126-20230719&qid=1694071906618
http://unfccc.int/essential_background/kyoto_protocol/items/2830.php
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
http://unfccc.int/national_reports/annex_i_ghg_inventories/reporting_requirements/items/2759.php

Several countries carry out sensitivity analyses on their projections.
Approximated greenhouse gas inventory

The uncertainty ranges estimated in the approximated GHG inventories are derived by comparing the official national data
submitted to the UNFCCC in year X with the proxy estimates of the same year. The uncertainty for the approximated
emissions at the EU level is estimated as the weighted mean of the differences described: weighted again by the relative
contribution that each Member State makes to total EU-27 emissions. More details about these methodologies are
provided each year in the 'Approximated GHG inventory report'.

Data sets uncertainty

The 2006 IPCC Guidelines provide approaches on how Parties should estimate uncertainties, suggesting different values
for the uncertainty of activity data and emission factors for most of the emission source categories. On the basis of this
guidance, EU Member States and other EEA countries perform their own assessment of the uncertainty of reported data
and provide an uncertainty analysis in the National Inventory Report to account for uncertainty per source category, as well
as the total uncertainty of their national inventory.

Section (1.6) of the annual EU GHG inventory report considers the uncertainty evaluation, describing the methodology
used to estimate it. The results suggest that the uncertainty level in the EU is about 5% for total GHG emissions (including
LULUCF).

Total EU-27 GHG emission trends are likely to be more accurate than individual absolute annual emission estimates,
because the annual values are not independent of each other. The IPCC suggests that the uncertainty in total GHG
emission trends is approximately 4-5%. For the EU, the trend uncertainty is estimated to be close to 1%. Total GHG
emission estimates are quite reliable and the limited number of interpolations used to build the indicator do not introduce
much uncertainty at the EU level.

Uncertainties in the projections of GHG emissions can be significant but have not been assessed.
Data sources and providers

+ Approximated estimates for greenhouse gas emissions, European Environment Agency (EEA)

« National emissions reported to the UNFCCC and tunder the EU Governance Regulation, European Environment Agency
(EEA)

+ Member States' greenhouse gas (GHG) emission projections, European Environment Agency (EEA)
+ Greenhouse gas emissions under the Effort Sharing Legislation, European Environment Agency (EEA)

+ European Union Emissions Trading System (EU ETS) data from EUTL, European Environment Agency (EEA)

v Metadata

DPSIR

Pressure

Topics

# Climate change mitigation
Tags

# CLIMO50 #Climate # Progresstotarget #Energy # Greenhouse gases # climate change mitigation # Trends

# Projections  # Energy efficiency # Renewable energy # 8th EAP

Temporal coverage

1990-2050
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https://www.eea.europa.eu/en/datahub/datahubitem-view/4b8d94a4-aed7-4e67-a54c-0623a50f48e8?activeAccordion=1090805
https://www.eea.europa.eu/en/datahub/datahubitem-view/e9ce7eb8-8439-4f2f-96f8-279a36c5fa7a?activeAccordion=1094132
https://www.eea.europa.eu/en/datahub/datahubitem-view/98f04097-26de-4fca-86c4-63834818c0c0?activeAccordion=1096628
https://www.eea.europa.eu/en/advanced-search?filters[0][field]=topic&filters[0][values][0]=Climate%20change%20mitigation&filters[0][type]=any&filters[1][field]=language&filters[1][type]=any&filters[1][values][0]=en&filters[2][field]=issued.date&filters[2][values][0]=Last%205%20years&filters[2][type]=any&sort-field=issued.date&sort-direction=desc
https://www.eea.europa.eu/en/advanced-search?q=CLIM050
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https://www.eea.europa.eu/en/advanced-search?q=Progress%20to%20target
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https://www.eea.europa.eu/en/advanced-search?q=Trends
https://www.eea.europa.eu/en/advanced-search?q=Projections
https://www.eea.europa.eu/en/advanced-search?q=Energy%20efficiency
https://www.eea.europa.eu/en/advanced-search?q=Renewable%20energy
https://www.eea.europa.eu/en/advanced-search?q=8th%20EAP

Geographic coverage

Austria Belgium
Bulgaria Croatia
Cyprus Czechia
Denmark Estonia
Finland France
Germany Greece
Hungary Ireland

Italy Latvia
Lithuania Luxembourg
Malta Netherlands
Poland Portugal
Romania Slovakia
Slovenia Spain
Sweden

Typology

Performance indicator (Type B - Does it matter?)

UN SDGs

SDG13: Climate action

Unit of measure

This indicator expresses GHG emissions in 'million tonnes of CO, equivalent' (MtCO-e).
Frequency of dissemination

Every 2 years

v References and footnotes

1. In the previously published indicator, all net GHG emissions (including Land Use, Land Use Change, and Forestry) and
emissions from international aviation based on bunker fuels were accounted for. This year, the scope (EU target
scope) more closely aligns with that of the European Climate Law. In addition to net GHG emissions from within the

EU, it now includes portions of emissions from international aviation and maritime transport, as regulated by EU law.
d

2. EEA, 2020, Trends and drivers of EU greenhouse gas emissions, EEA Report, 3/2020, European Environment Agency.

d

3. JRC: Rézsai, M., Jaxa-Rozen, M., Salvucci, R., Sikora, P, Tattini, J. and Neuwahl, F., 2024, JRC-IDEES-2021: the
Integrated Database of the European Energy System — Data update and technical documentation, Joint Research

Centre, Luxembourg.
d

4. JRC, 2024, Aligning historical international aviation and maritime transport data to the scope of EU climate policies,

Joint Research Centre, Luxembourg.
d

5. EU, 2018, Commission Implementing Regulation (EU) 2018/2066 of 19 December 2018 on the monitoring and

reporting of greenhouse gas emissions pursuant to Directive 2003/87/EC of the European Parliament and of the
Council and amending Commission Regulation (EU) No 601/2012
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d

7. EC, 2022, COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE
EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS on the monitoring
framework for the 8th Environment Action Programme: Measuring progress towards the attainment of the
Programme’s 2030 and 2050 priority objectives
ab

8. EEA, 2023, Trends and Projections in Europe 2023, Publication, 07/2023,
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The land use, land use change and forestry (LULUCF) sector plays a key role in achieving the EU’s goal of net zero
emissions by 2050. LULUCF activities removed net 198 million tonnes of CO, equivalent (MtCO,e) from the atmosphere in
2023, equal to 6% of the EU’s annual greenhouse gas emissions. Removals are estimated to have increased to
212MtCO-e in 2024. The LULUCF Regulation set an EU-level net removal target of 310MtCO5e by 2030. Based on Member
States’ projections, the current implemented and planned measures will not suffice to meet the target, requiring renewed
efforts and further policies to enhance Europe’s carbon sink.

Figure 1. EU emissions and removals of the LULUCF sector by main land use category
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The European Union aims to be climate neutral by 2050, as set out in the European Climate Law. Achieving this depends both
on reducing greenhouse gas emissions and increasing CO, removals from the atmosphere. The land use, land use change and
forestry (LULUCF) sector has the potential to contribute by removing CO, from the atmosphere.

The LULUCF Regulation [ sets an EU-level net removal target of 310MtCO5e by 2030, calculated as a reduction of 42MtCO,e
compared to the 2016-2018 EU average, with national targets for each Member State. In 2023, the EU’'s LULUCF sector
accounted for the net removal of 198MtCO-e, equal to 6% of the EU’s total greenhouse gas emissions and is estimated to have
accounted for -212MtCO4e in 2024. Overall, removals have decreased in the past 10 years, mainly as a result of climate change
and natural disturbances impacts on forests, increased harvest of wood as well as lower sequestration of carbon by ageing
forests.

Natural disturbances (e.g. wind throws, forest fires, droughts) cause inter-annual variations, and their increasing frequency
negatively affects long-term trends. A slower rate of net forest area gain has also contributed to the reduction in removals.
Cropland, grassland, wetland and settlements are sources of LULUCF emissions at EU level. Soils containing large proportions
of organic matter (mainly peat) account for a significant share of these emissions, although such “organic soils” are only found
in wetter and colder parts of Europe.

The most recent Member State projections suggest that net removals will decline at EU level from an average of 307MtCO,e
per year in 1990-2022 to a level between 160 and 201MtCO,e in 2023-2050, depending on the scenario. The projections show
that for 2030, current policies and measures would deliver net removals of 183MtC0O5e. A removal level of 233MtCO,e by 2030
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appears within reach if all Member States' planned additional measures are swiftly implemented. This means at present, the EU
2030 target of 310MtCOe is not on track. The target will be difficult to achieve without significantly more ambitious removals
measures in the coming years, the effects of which will become more evident in the long term.

Figure 2. Comparison of cumulative historical and projected LULUCF emissions and removals per
Member State
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Among the EU Member States, Austria, Estonia, Finland, Germany, Ireland, Latvia, Malta and Netherlands experienced positive
emissions from LULUCF in 2023. This accounts for 25% of all the EU LULUCF emissions in that year. The remaining Member
States contributed with net removals, contributing to approximately 75% of the EU’s LULUCF sink.

Looking towards 2050, seven Member States (Estonia, Finland, Germany, Ireland, Latvia, Malta and Netherlands) expect to have
positive LULUCF emissions (20% of EU LULUCF). The remaining Member States all foresee contributing to the carbon sink
(80% of EU LULUCF).

Across Europe, Member States are currently applying the LULUCF regulation’s requirements to progressively increase the
accuracy of LULUCF inventories. Such efforts, while beneficial, may introduce variability in historical data for the Member
States.

v Supporting information

Definition
Land use categories:

« Forest land: land areas covered by forests and woody vegetation as defined by the national forest definition. Forest land
areas can be temporarily without trees if harvest or storms occurred and if trees will re-grow on this land area.

https://lwww.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-land 2/5


https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emissions-from-land#figure-2-comparison-of-cumulative-historical-and-projected-lulucf-emissions-and-removals-per-member-state

11/18/25, 11:26 AM Greenhouse gas emissions from land use, land use change and forestry in Europe | Indicators | European Environment Age...

« Cropland: cropped land including orchards, vineyards or agro-forestry systems if the woody vegetation falls below the
thresholds of the national forest definition.

« Grassland: rangelands, pastures or grassland. Woody vegetation on grassland is included if the woody vegetation falls
below the thresholds of the national forest definition.

+ Wetlands: areas covered or saturated by water for all or part of the year such as peatlands or water reservoirs.
« Settlements: areas with human settlements or infrastructure.

+ Other lands: bare soil, rock, ice and land that does not fall in the other categories above.

CO, equivalent:

There are three greenhouse gases relevant for the LULUCF sector: carbon dioxide (CO5), methane (CHy), and nitrous oxide
(N20). CO, equivalent is a common unit that allows these different gases to be added up based on their warming potential.
Following the IPCC 5 Assessment report and as agreed for the Paris Agreement, 1 tonne CHy = 28 tonne CO, equivalent,
1 tonne N,O = 265 tonne CO, equivalent and 1 tonne CO, = 1 tonne CO, equivalent.

Organic soils and mineral soils:

Organic soils are soils with a high carbon content while the rest is mineral soils. In the EU only 8% of the soils are organic
soils according to the GHG inventories. Due to the higher carbon content, organic soils have generally higher emissions
than mineral soils.

Methodology

Methodology for indicator calculation
Historical and projected emissions estimates from all 27 EU Member States and aggregated for the EU-27 were obtained

from the publicly available databases published by the EEA based on official submissions by the Member States.

For individual Member State emissions and removals, the cumulative 10-year LULUCF total for 2013-2022 and the
projected 10-year LULUCF total for 2023-2032 for the ‘with existing measures’ scenario are shown.

The latest available version of the historical inventory and projected emissions were used to compile the indicator, but it
should be noted that this may introduce slight inconsistencies between the historical and projected emissions, if
projections for some Member States are not based on the latest inventory data submitted and recalculations have been
made.

Methodology for gap filling
No methodology for gap filling has been specified.

Policy/environmental relevance

This indicator is a headline indicator for monitoring progress towards the 8t Environment Action Programme (8t EAP). It
contributes mainly to monitoring aspects of the 8" EAP priority objective Article 2a. that shall be met by 2030: ‘swift and
predictable reduction of greenhouse gas emissions and, at the same time, enhancement of removals by natural sinks in
the Union to attain the 2030 greenhouse gas emission reduction target as laid down in Regulation (EU) 2021/111 9l in
line with the Union’s climate and environment objectives, whilst ensuring a just transition that leaves no one behind;" (EU,
2022). For the purposes of the 81" EAP monitoring framework, this indicator assesses specifically whether the EU will
‘increase net GHG removals by carbon sinks from the LULUCF sector to -310 million tonnes CO, equivalent by 2030’ (EC,
2022).

Accuracy and uncertainties
No uncertainties have been specified.
Data sources and providers

+ Total GHG emissions and removals in the EU, European Environment Agency (EEA)

+ Greenhouse gas inventory and GHG projections, European Environment Agency (EEA)
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v Metadata

DPSIR

State

Topics

# Climate change mitigation # Land use # Forests and forestry

Tags

#CLIM057 #8thEAP #Landuse #LULUCF #Landusechange # Trends and projections

Temporal coverage
1990-2050

Geographic coverage

Austria Belgium
Bulgaria Croatia
Cyprus Czechia
Denmark Estonia
Finland France
Germany Greece
Hungary Ireland

Italy Latvia
Lithuania Luxembourg
Malta Netherlands
Poland Portugal
Romania Slovakia
Slovenia Spain
Sweden

Typology

Policy-effectiveness indicator (Type D)
UN SDGs

SDG13: Climate action

Unit of measure

Million tonnes of CO, equivalent (MtCO4e)
Frequency of dissemination

Once a year
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wv References and footnotes

1. EU, 2023, Regulation (EU) 2023/839 of the European Parliament and of the Council of 19 April 2023 amending
Regulation (EU) 2018/841 as regards the scope, simplifying the reporting and compliance rules, and setting out the
targets of the Member States for 2030, and Regulation (EU) 2018/1999 as regards improvement in monitoring,
reporting, tracking of progress and review
d

2. EU, 2021, Regulation (EU) 2021/1119 of the European Parliament and of the Council of 30 June 2021 establishing
the framework for achieving climate neutrality and amending Regulations (EC) No 401/2009 and (EU) 2018/1999
(‘European Climate Law’), OJ L 243, 9.7.2021, p. 1-17., Regulation (EU) 2021/1119
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Weather- and climate-related extremes caused economic losses of assets estimated at EUR 822 billion during 1980 -
2024 in the European Union, with over EUR 208 billion (25%) between 2021 and 2024. Analysing trends in economic
losses is challenging, primarily due to large annual variability. Statistical analyses revealed that economic losses increase
over time and the last four years are all in the top five years of the highest annual economic losses since 1980. As severe
weather- and climate-related extreme events are expected to intensify further, associated economic losses will likely
continue to increase.

Figure 1. Annual economic losses caused by weather-and climate-related extreme events in the
EU Member States
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Climate-related hazards, such as temperature extremes, heavy precipitation and droughts, pose risks to human health M and
ecosystems and can lead to substantial economic losses!?. These losses equally create pressures on public finances®.

The 2021 EU Adaptation Strategy[‘” aims to build resilience and ensure that the EU is well prepared to manage climate risks.
The EU intends to ultimately reduce the overall monetary losses from weather- and climate-related events!®.

The first European Climate Risk Assessment (EUCRA) concluded that climate risks are accelerating and that cascading climate
risks can lead to system-wide challenges affecting whole societies. Climate-related extreme events are expected to intensify
further and the adaptation pace is not following the same speed. However, It seems unlikely, although uncertain, that the EU
will be able to sufficiently mitigate the impact of these events by building resilience. Associated economic losses will likely
continue to increase.

The future cost of climate-related hazards depends on the frequency and severity of events and several other factors, such as
the value of the assets exposed[e] and the effectiveness of the implemented climate adaptation measures. Studies show

the benefits of adaptation measures, including nature-based solutions, to mitigate the impacts of weather- and climate-related
extremes in Europe[7][8]. A comprehensive, integrated approach is required to adapt to and manage the risks, and develop
strategies that deal with the remaining and residual risks not mitigated by adaptation measures.

Between 1980 and 2024, economic losses due to weather- and climate-related extremes amounted to an estimated EUR 822
billion (2024 prices) in the EU. Hydrological hazards (floods) account for 47% and meteorological hazards (storms, including
lightning and hail) for around 27% of the total. For the climatological hazards, heat waves caused almost 18% of the total
losses. The remaining 8% were caused by droughts, wildfires, cold spells and frost.
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Relatively few events were responsible for most of the economic losses: 5% of climate-related events with the biggest losses
were responsible for 59% of losses, and 1% of the events caused 37% of losses. On the other hand, 66% of events, that reflect

events with the smallest losses, recorded a total of only 5% of the losses [P10IT112],

The average annual (constant 2024 EUR prices) economic losses were around EUR 8.6 billion in 1980-1989, 14.9 billion in
1990-1999, 16.5 billion in 2000-2009, 19.7 billion in 2010-2019 and 44.9 billion for the period 2020-2024. A statistical analysis
of a 30-year moving average reveals that economic losses increased over time. A linear trendline through these 30-year
averages represent a 54% increase from 2009 to 2024, or 3.4% per year[13].

The five years with highest annual values are:

1999 (EUR 38.2 billion);
2021 (EUR 65.2 billion);
2022 (EUR 57.7 billion);
2023 (EUR 45.1 billion);
2024 (EUR 40.4 billion).

Figure 2. Economic losses and fatalities caused by weather - and climate - related extreme events
(1980-2024) - per country

Country Total losses Loss per km?2 Loss per capita Insured losses Insured losses Fatalities
million EUR EUR EUR million EUR %
Austria 19,757 235,538 2,417 3,669 19 2,426
Belgium 18,404 600,130 1,742 7,610 41 14,827
Bulgaria 6,292 56,684 801 99 2 3,190
Croatia 4,742 83,796 1,083 110 2 2,146
Cyprus 459 49,607 635 8 2 253
Czechia 21,711 275,270 2,086 2,885 13 1,382
Denmark 9,347 217,750 1,724 5,690 61 1,036
Estonia 352 7,766 250 54 15 547
Finland 2,422 7,159 465 74 3 1,873
France 138,104 216,302 2,218 48,009 35 69,059
Germany 186,908 522,718 2,304 57,663 31 107,508
Greece 18,311 139,046 1,734 912 5 14,096
Hungary 12,813 137,755 1,261 617 5 8,453
Ireland 4,833 69,095 1,169 813 17 295
Italy 145,226 480,766 2,503 6,373 4 56,855
Latvia 1,302 20,153 570 90 7 251
Lithuania 2,968 45,467 899 70 2 731
Luxembourg 1,409 543,089 2,980 685 49 218
Malta 83 261,285 204 2 2 170
Netherlands 13,241 354,112 828 6,255 47 5,450
Poland 27,885 89,395 738 1,611 6 6,773
Portugal 17,653 191,412 1,721 617 3 20,339
Romania 23,964 100,521 1,121 334 1 6,495
Slovakia 2,549 51,989 478 106 4 1,281
Slovenia 18,480 911,559 9,176 642 3 861
Spain 119,577 236,326 2,804 14,415 12 113,627
Sweden 3,831 8,563 419 990 26 927
Total EU-27 822,624 160,403 441,069
Iceland 27 267 93 0 0 3
Liechtenstein 22 139,338 674 11 48 1
Norway 4,462 11,604 956 3,079 69 77
Switzerland 22,749 550,999 3,056 7,978 35 19,408
Turkiye 7,978 10,225 120 535 7 3,222
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The economic impact of climate-related extremes varies across the EU. In absolute terms, the highest economic losses during
the period 1980-2024 were recorded in Germany, ltaly, France and Spain. Highest losses per capita were calculated in Slovenia,
Switzerland, Luxembourg and Spain. The highest losses per area (in km2) were found in Slovenia, Belgium, Switzerland,
Luxembourg and Germany.

According to estimates for 1980-2024, less than 20% of total losses were privately insured. This varied among countries, from
less than 3% in Bulgaria, Croatia, Cyprus, Lithuania, Malta, Romania and Iceland to over 35% in Belgium, Denmark, France,
Luxembourg, Netherlands, Liechtenstein, Norway and Switzerland. There were significant differences between event types. For
meteorological events, over 35% of the economic losses were insured. It was around 15% for hydrological events and slightly
over 10% for all climatological events, including heatwaves, wildfires, droughts, cold spells and frost.

The EU adaptation strategy[4] aims to promote action at national level. All countries have a national adaptation policy““]

o 5]adop’[ed using different instruments such as strategies and national, regional and sectoral plans, also laws with adaptation
relevance reflecting differences in governance in between countries!'®. The Climate-ADAPT platform — developed by the
European Commission and the EEA — supports action by sharing knowledge on climate change and its impacts, adaptation
strategies and plans, and case studies.

v Supporting information

Definition

This indicator considers estimated values for the number of fatalities, the overall and insured economic losses from
weather- and climate-related events in the European Environment Agency (EEA) member countries, i.e., in the 27 EU
Member States, Iceland, Liechtenstein, Norway, Switzerland and Tiirkiye. Focus of the indicator is on total economic losses
for the EU-27. Further details are provided on the Climate-ADAPT dashboard presenting information on total economic
losses, insured economic losses and fatalities for the EU-27 and EEA member countries; per country, per year and per
hazard type. Hazards considered are those classified as meteorological hazards, hydrological hazards and climatological

hazards, based on the classification by the International Council for Science (ICSU)[”’].
Methodology

Data have been adjusted to account for inflation. They are presented in 2024 prices (Euro). The implicit GDP deflator is
used as an economic metric that measures the price level changes of all new, final goods and services produced in an
economy over a specific period, relative to the base year, including those that are not included in the consumer price index
(CPI), such as investment goods and exports. As the CPI only reflects the price changes of a specific basket of goods and
services that consumers purchase, the implicit GDP deflator is a more comprehensive measure of price changes than the
CPI.

Definition of a loss event: the event can occur in several countries; events are counted by country and by year and type of
natural hazard'”). The 30-year moving averages are based on the value of the year and the 29 preceding years. The
estimated annual increase over the period from 2009 to 2024 is based on a linear trendline determined with the least

squares method!"8l.

Loss per capita is defined as the cumulative losses over the period 1980-2024 divided by the average population over the
1980-2024 time period.

There are more than 190,000 more fatalities reported in the 1980-2024 dataset compared to the previous 1980-2023
dataset for the same period. This is due to a large addition of heatwave events. They adhere to the methodology used by
the data provider RiskLayer. These additional events are included when peer-reviewed and trusted datasets publish them.
Total and insured economic losses also changed between the 1980-2024 dataset and the 1980-2023 dataset for the 1980-
2023 period. This is due to Eurostat changes in price index and exchange rates that change every year and retroactively, as
well as the changes in values of the losses for the events already registered in the dataset, on top of the addition of new
events.

The European Commission is working with Member States, the ISDR and other international organisations to improve data
on disaster losses. The JRC, with the disaster risk management knowledge centre and the risk data hub, has prepared
guidance for recording and sharing disaster damage and loss data, status and best practices for disaster loss data

https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
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recording in EU Member States and recommendations for a European approach for recording disaster losses!'?. Once
comparable national databases on disaster losses are available for all EU Member States and EEA member countries and
these data are reported, this EEA indicator can build on such data.

Data sources & providers

This assessment is based on the estimates provided by the RiskLayer CATDAT dataset (dataset url is not available) and
the Eurostat collection of economic indicators, whereas data from earlier years not covered by Eurostat have been
completed using data from the Annual Macro-Economic Database of the European Commission (AMECO), the
International Monetary Fund's (IMF) World Economic Outlook (WEO), the Total Economy Database (TED) and the World
Bank database. More information on the data quality and aggregation process is provided in the 2025 report on economic
losses and fatalities(2.

Data are received from the RiskLayer CATDAT under institutional agreement.

Methodology for gap filling

Data gap filling is not necessary.
Policy/environmental relevance

In February 2021, the European Commission presented the new EU Strategy on adaptation to climate change. One of the
objectives is 'smarter adaptation', within which a key action is 'more and better climate-related risk and losses data', as
currently, no coherent mechanism is in place for countries to report losses to the European Commission or the EEA. This is
further developed in the Staff Working Document, Closing the climate protection gap[?" [22- scoping policy and data gaps
and in the activities of the Climate Resilience Dialogue, that published its final report in July 20241231 1n 2024, the European
Commission presented the Communication on Managing Climate Risks-Protecting People and Prosperity which sets out
how the EU can effectively get ahead of the growing climate-related risks and build greater resilience to the impacts of
climate change including to address economic losses. It responded to the first ever European Climate Risk Assessment
Report.

Article 6 of the European Union Civil Protection Mechanism (2013) (EUCPM) obliges the EU Member States to develop risk
assessments at national or appropriate sub-national levels and to make a summary of the relevant elements thereof(24],
The amendment of the EUCPM of March 2019 introduced joint reporting on national risk assessments, risk management
capability assessments and information on the priority prevention and preparedness measures. This with a focus on key
risks with cross-border impacts, and, where appropriate, low probability risks with a high impact.

The Sendai Framework for Disaster Risk Reduction (2015-2030), including ‘Understanding disaster risk’, requires that the
signatory countries systematically evaluate, record, share and publicly account for disaster losses and understand the
economic impacts at national and sub-national levels.

This is an EEA indicator for EUROSTAT monitoring of the UN Sustainable Development Goals (SDGs, for SDG13 Climate)

and a headline indicator for monitoring progress towards the 8th Environment Action Programmelzs][sl. It contributes to
monitoring aspects of the 8t EAP priority objective Article 2.2. b that shall be met by 2030: ‘continuous progress in
enhancing and mainstreaming adaptive capacity, including on the basis of ecosystem approaches, strengthening
resilience and adaptation and reducing the vulnerability of the environment, society and all sectors of the economy to

climate change, while improving prevention of, and preparedness for, weather- and climate-related disasters’ 25 The
European Commission Communication on the 8th EAP monitoring framework specifies that this indicator should be used

to monitor whether the EU is reducing the overall monetary losses from weather- and climate-related events!®.
Targets

No targets have been identified for this indicator.

Accuracy and uncertainties

No uncertainties have been specified.

Data sources and providers

« CATDAT (link not available), RiskLayer GmbH
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v Metadata

DPSIR

Impact

Topics

# Climate change adaptation

Tags

#CLIM039 # 8th EAP # Climate losses insurance # Economic losses # Disasters

Temporal coverage
1980-2024

Geographic coverage

Austria Belgium
Bulgaria Croatia
Cyprus Czechia
Denmark Estonia
Finland France
Germany Greece
Hungary Iceland
Ireland Italy

Latvia Liechtenstein
Lithuania Luxembourg
Malta Netherlands
Norway Poland
Portugal Romania
Slovakia Slovenia
Spain Sweden
Switzerland Tirkiye
Typology

Descriptive indicator (Type A - What is happening to the environment and to humans?)
UN SDGs

SDG13: Climate action, SDG1: No poverty

Unit of measure

Losses in Euros, million and billion Euros, 2024 prices, fatalities as absolute numbers.
Frequency of dissemination

Once a year
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Europe is facing more and stronger climate hazards, including heatwaves and prolonged droughts.

Drought conditions were drier-than-average in eastern/south-eastern Europe during 2024. Around 600,000 km? of the
European Union was exposed to below 2000-2020 average soil moisture levels. In response, vegetation productivity did
not recover to the 2000-2020 baseline condition in almost 160,000km? of south-eastern Europe and Mediterranean
regions. Without effective implementation of global climate mitigation as well as EU and

national climate adaptation strategies and plans, the impacts of prolonged drought are likely to further increase.

Figure 1. Area of drought impact on vegetation productivity in the EU-27
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Droughts hinder carbon sequestration by natural ecosystems, which leads to undermining the EU’s climate mitigation goals
(Climate Impact and Preparedness Portal). It compromises ecosystems' ability to reduce the impact of heat waves and
increases the risk of wildfires. They also impact food production, resource management, and territorial development—core
aims of the EU Common Agriculture Policy.

As set out in the European Water Resilience Strategy, droughts and water scarcity are increasingly challenging the EU, for both
environment and society. Strengthening ecosystem resilience and reducing drought impacts require

urgent climate adaptation action by the EU and Member States, alongside stronger global climate mitigation, to meet Paris
Agreement targets (IPCC AR6, 2023).

In 2024, severe droughts exposed 601,193 km? across Europe, with vegetation productivity failing to recover to the baseline
level of 156,703 km? — indicating adaptation stress (Figure 1). Since 2017, vegetation impact has consistently exceeded the
2000-2020 baseline level (approx. 152,000km?), except in 2021.

During 2024, 87,567 km? of EU-27 cropland productivity was below the 2000-2020 baseline. Heathlands and shrubs were
affected across 9,866 km?, while forest productivity was impacted over 33,518 km?. This is below the 2000-2020 baseline, yet
still a concern for carbon sequestration and the EU’s 2050 climate goals. Grasslands and heathlands, among the EU’'s most
biodiverse and carbon-rich ecosystems, were impacted on 24,056 km? in 2024—larger than the size of Slovenia. Only 222 km? of
wetlands were affected in 2024, reflecting drought concentration in Southeast Europe where wetlands are rare.
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By mid-century, heatwaves and droughts are expected to increase in frequency and in intensity across most of Europe,
outpacing the global average (IPCC AR6). Between 2000 and 2024, 12 years saw drought-affected areas above the median,
with eight occurring after 2010. Given the rising frequency and severity of droughts, impacted areas are unlikely to decline by
2030. Land and water management must become more sustainable which includes drought-tolerant crops, cover crops, and
crop residues and the effective implementation of EU and national climate adaptation strategies are essential (Climate-
ADAPT).

Figure 2. Drought impact area during 2024 in comparison to the 2000-2020 average for the EEA-
38 regions
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Strong regional differences can be seen in the 2024 drought impact on Figure 2. The impacted area was much higher than the
2000-2020 average area for six EU Member States (eight in EEA member countries). In Malta, over 57% of the country's
vegetation productivity could not recover to the 2000-2020 level. The same drought caused lower

than baseline vegetation productivity in 20% of Bulgaria’s and 17% of Romania’s territory. Vegetation in Cyprus, Greece and
Italy failed to recover in more than 10% of each country. In absolute terms, Romania suffered largest vegetation productivity
impact from the drought (41,370km?), followed by Italy (31,856km?) and Spain (29,304km?).

For the non-EU region, drought impact in Macedonia was most concerning, where vegetation failed to recover across 13% of
the country, 9.4 percentage points above the 2000-2020 baseline. The largest area affected by drought was seen in Tiirkiye
(20,549km?).

v Supporting information

Definition

The indicator only addresses droughts, hence the annual deficit in soil moisture due precipitation shortages. The indicator
does not address hydrological droughts which occur when low water levels become evident in hydrological systems,
especially in streams, reservoirs, and groundwater, usually after many months of meteorological drought. The indicator
monitors anomalies and long-term trends in vegetation productivity based on remote sensing observed time series data of
vegetation indices in areas that are under pressure from soil moisture deficit.

Drought pressure is computed as soil moisture deficit within the growing season, using the Soil Moisture Index (SMI)10
time series of the Copernicus EMS European Drought Observatory of the European Commission Joint Research Centre
(EDO, 2019).

Drought impact during the growing season is indicated as a severe negative annual productivity anomaly in drought-
pressured areas, i.e. areas with negative annual soil moisture anomalies. Detailed indicator specifications are described
under ‘Methodology’.

Methodology
Soil moisture deficit is calculated at the pixel level by deriving z-score anomalies from the Soil Moisture Index, such as:
SMA = SMI-SMIMN (2001-2020)/SMISD (2001-2020), (Equation 1)

Where SMA is Soil Moisture Anomaly, MN is the 2001-2020 average SMA and SD is the 2001-2020 standard deviation of
the SMI. The calculated SMA values are then averaged within the growing season to derive the SMA(gs) time series.

The aggregation is performed by averaging the monthly SMA values extracted from the EDO within the vegetation growing
season. The vegetation growing season was defined by using the start and the end date of the growing period (SOS or
Start of Season and EOS or End Of Season, respectively) extracted from the Medium Resolution Vegetation Phenology and
Productivity product of the Copernicus Land Monitoring Service. The SOS and EOS datasets can be explored and
downloaded from EEA's data repository under sdi.eea.europa.eu. Direct links to the datasets:

SOS:
https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/a7b2369b-dd62-4d02-99e2-e5d74a8ec83a
EOS:
https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/a3cfb2c4-156a-413c-a73b-15ebbb016557
Annual drought pressure is derived at the pixel level and is simply defined as:

SMA(gs) < -1, (Equation 2) .
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Negative soil moisture anomalies indicate that the annual average availability of soil moisture for plants is lower than the
long-term normal condition and drops to such a level that it might impact vegetation productivity.

To indicate drought pressure area, strong negative soil moisture anomalies are selected by setting a maximum value at -1
standard deviation (std). The drought pressure area is the sum of those grid cells within each analytical unit (see later),
where the growing season aggregated SMA values are < -1. This threshold was selected to allow the monitoring of
vegetation responses to only considerable soil moisture deficits. Choosing the threshold of -1 std follows the
recommendations of the European Drought Observatory (EDO11) of the European Commission’s Joint Research Centre.
This approach is also followed in the EEA indicator addressing soil moisture deficit. By applying this threshold, drought
impacts can better be distinguished from response in vegetation anomalies due to other environmental pressures such as
e.g. wildfires, storms or insects infestations. As vegetation productivity decline may be also caused by anthropogenic
impacts, pixels with land use change were excluded from the statistical population based on the Copernicus Corine Land
Cover 2000-2018 accounting layers datasets.

The drought pressure intensity is defined as the annual, growing season aggregated SMA values where SMA < -1, where
aggregation is performed by temporal and spatial averaging within analytical units (see later).

Annual drought impact is quantified as:
SMA(gs)<0 and LINTa<-0.5, (Equation 2),

where LINTa (ILarge Integral anomaly) refers to the 2000-2022 annual anomalies in growing season productivity derived
from remote-sensing data and approximated using vegetation indices (see more explanation below).

The LINT anomalies were calculated as standard deviations from the long-term mean:
LINTa(year xi-n)=(LINT(xi)-LINT(LTA))/LINT(std)), (Equation 3).

Where xi-n indexes the time series (from i=2000 till n=2021), LINT(LTA) is the long term (using the background of 2000-
2020) average of the LINT values and LINT(std) is the long term (using the background) standard deviation of the LINT
values for the same period.

The threshold of a -0.5 standard deviation for the vegetation anomalies was selected to indicate small deviations from the
long-term mean and to allow for moderate productivity levels under drought impact to be accounted for. In a Europe-wide
study, this is a pragmatic solution that provides a wide overview of drought impact situations in Europe. However, local
studies might consider setting a lower or higher threshold to reflect local conditions.

The drought impact area is the sum of those grid cells within each analytical unit (see below) where the growing season
aggregated SMA values are < -1 and the LINT anomalies are < -0.5. The drought impact intensity is defined as the annual
aggregated LINT anomalies where SMA < -1 and LINTa < -0.5. Aggregation is performed by temporal and spatial averaging
within analytical units.

For the analytical units of this indicator the following datasets were combined:

« Administrative boundaries, aligned with the Corine Land Cover:
https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/08c0e074-4a98-4545-bd85-f58fe3f74d82;

« Environmental Zones: https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/6ef007ab-1fcd-4c4f-
bc96-14e8afbch688;

« Corine Land Cover accounting layers 2000 and
2018: https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/fa9bd2f5-8006-42e7-8090-
7b9f9b09bf29 and https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/5a5f43ca-1447-4ed0-
b0a6-4bd2e17e4f4d.

« MAES ecosystem types derived from the Corine Land Cover as Look Up Tables (can be distributed upon request).

+ Land cover flows: https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/835d25e0-b9dc-4fb9-a8hb6-
f9e5336fa357.
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