
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tcpo20

Climate Policy

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tcpo20

The land sector in the low carbon emission
strategies in the European Union: role and future
expectations

Giulio Di Lallo, Maria Vincenza Chiriacò, Ekaterina Tarasova, Michael Köhl &
Lucia Perugini

To cite this article: Giulio Di Lallo, Maria Vincenza Chiriacò, Ekaterina Tarasova, Michael
Köhl & Lucia Perugini (2024) The land sector in the low carbon emission strategies in
the European Union: role and future expectations, Climate Policy, 24:5, 586-600, DOI:
10.1080/14693062.2023.2273948

To link to this article:  https://doi.org/10.1080/14693062.2023.2273948

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material 

Published online: 01 Nov 2023.

Submit your article to this journal 

Article views: 1032

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tcpo20
https://www.tandfonline.com/journals/tcpo20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14693062.2023.2273948
https://doi.org/10.1080/14693062.2023.2273948
https://www.tandfonline.com/doi/suppl/10.1080/14693062.2023.2273948
https://www.tandfonline.com/doi/suppl/10.1080/14693062.2023.2273948
https://www.tandfonline.com/action/authorSubmission?journalCode=tcpo20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tcpo20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14693062.2023.2273948?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14693062.2023.2273948?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14693062.2023.2273948&domain=pdf&date_stamp=01 Nov 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/14693062.2023.2273948&domain=pdf&date_stamp=01 Nov 2023


RESEARCH ARTICLE

The land sector in the low carbon emission strategies in the European
Union: role and future expectations
Giulio Di Lalloa, Maria Vincenza Chiriacòa, Ekaterina Tarasova a, Michael Köhlb and Lucia Peruginia

aFoundation Euro-Mediterranean Center on Climate Change (CMCC), Division on Climate Change Impacts on Agriculture,
Forests and Ecosystem Services (IAFES), Viterbo, Italy; bInstitute of Wood Science-World Forestry & Center for Earth System
Research & Sustainability (CEN), University of Hamburg, Hamburg, Germany

ABSTRACT
The Land-Use, Land-Use Change and Forestry sector (LULUCF) role is of critical
importance in contributing to the ambitious targets set by the European Union
(EU) to reduce by 55% net greenhouse gas (GHG) emissions by 2030, compared to
1990 levels, and to become carbon neutral by 2050. The EU LULUCF regulation,
approved in 2023, sets out binding targets for each individual Member State to be
achieved by 2030, totaling 310 MtCO2e of net removals for the whole EU.
However, it remains poorly understood to what extent the EU LULUCF climate
target matches with the Member States’ strategies. The alignment between the EU
governance and its Member States’ visions for the long-term will determine the
achievement of the climate targets. The objective of this study is to understand
the LULUCF expected contribution to the EU’s 2030 and 2050 climate goals. In
doing so, we explored the European and country-level visions of LULUCF with
respect to climate change mitigation and adaptation, as expressed in their Long-
Term Strategies (LTSs) and national projections; we evaluated whether national
level projections for LULUCF are aligned with the EU short and long term targets.
We found that most countries’ LTSs envisage policies and measures in the LULUCF
sector, however they are, often general and not comprehensive. Furthermore, the
majority of countries’ quantitative future projections of GHG emissions and
removals from LULUCF differ from the pathway set in EU targets; thus, countries
may need to either update existing policies or conceive and plan new policies and
actions.

Key policy insights
. European Union (EU) Member States are required to design and carefully

implement LULUCF policies to comply with the ambitious EU targets.
. EU countries describe in their Long-Term Strategies LULUCF policies and measures

that are potentially effective, but not comprehensive, transparent and accurate.
. Ideally Long-Term Strategies for LULUCF are aligned with other policy instruments,

e.g. Nationally Determined Contributions and National Energy and Climate Plans.
. Many EU countries may grapple with the adoption and fulfilment of the currently

proposed European Union targets on LULUCF.

ARTICLE HISTORY
Received 18 November 2022
Accepted 17 October 2023

KEYWORDS
Paris Agreement; European
Union; land use; forestry;
agriculture; cluster analysis

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and
is not altered, transformed, or built upon in any way. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repo-
sitory by the author(s) or with their consent.

CONTACT Giulio Di Lallo giulio.dilallo@gmail.com Foundation Euro-Mediterranean Center on Climate Change (CMCC), Division on
Climate Change Impacts on Agriculture, Forests and Ecosystem Services (IAFES), Via Garbini n. 51, 01100 Viterbo, Italy

Supplemental data for this article can be accessed online at https://doi.org/10.1080/14693062.2023.2273948.
This article has been corrected with minor changes. These changes do not impact the academic content of the article.

CLIMATE POLICY
2024, VOL. 24, NO. 5, 586–600
https://doi.org/10.1080/14693062.2023.2273948

http://crossmark.crossref.org/dialog/?doi=10.1080/14693062.2023.2273948&domain=pdf&date_stamp=2024-03-29
http://orcid.org/0000-0002-9717-7624
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:giulio.dilallo@gmail.com
https://doi.org/10.1080/14693062.2023.2273948
http://www.tandfonline.com


Introduction

In climate policy, Land-Use, Land-Use Change and Forestry (LULUCF) is a composite sector, constituted by
different sub-sectors. Each of these sub-sectors is regulated by different governance mechanisms and
policy patterns, encompassing emissions and removals mainly from forests, but also from cropland, grass-
lands, wetlands and settlements. This complex land policy environment involves diverse national actors
and policy priorities linked to national circumstances that include institutional structures, socio-cultural
characteristics and environmental priorities (Brodny & Tutak, 2021; Ronchi et al., 2019). The land sector is
placed at the center of many important European Union (EU) policies, such as the EU Green Deal (European
Commission, 2019) and its interlinked policy instruments, e.g. the Adaptation Strategy (European Commis-
sion, 2021b), the Farm to Fork Strategy (European Commission, 2020a) and the Biodiversity Strategy (Euro-
pean Commission, 2020c).

The European pathway toward the mid-century goal of climate neutrality entails interim targets. Notably,
the ‘Fit for 55’ legislative proposals follow the updated target of −55% net greenhouse gas emissions reduction
by 2030 compared to 1990 levels (European Commission, 2021a). The ‘Fit for 55’ package includes a number of
multi-sectoral, inter-connected, and challenging proposals, including the proposal for a revision of the 841/
2018 EU regulation on greenhouse gas (GHG) emissions and removals from LULUCF, then approved in 2023
as Regulation EU/2023/839 (hereafter called revised LULUCF reg.). The revised LULUCF reg. introduces some
modifications to the existing LULUCF regulatory framework sector, previously adopted in 2018 (European
Union, 2018a), by setting out binding targets for each individual Member State (MS) to be achieved by
2030; in aggregate, these MS targets total 310 MtCO2e of net removals for the whole EU. While the previous
version of the regulation required the sector to be ‘emission’ neutral (the so called no-debit-rule), the
revised regulation requires MS to provide an additional annual removal of 42 MtCO2e in relation to the
2016–2028 sector’s average (−256MtCO2) at the EU level (European Union, 2023).

Aiming to equitably distribute the 310 MtCO2e target among the 27 MSs, the Commission established an
emission allocation method considering two aspects: the average emission/removal for the years 2016–2018
and the area of managed land for each MS. The first aspect ‘ensures that the target reflects the current mitiga-
tion performance of the LULUCF sector in each MS, which include the recent impacts of natural disturbances’.
The second aspect ‘reflects the capacity of a MS to improve its LULUCF performance, as it strongly correlates
with the area available for action, either via positive land use change or by improved land management prac-
tices’ (European Union, 2023).

A further target is set by the revised LULUCF reg., at the single Member State level, annually for the period
from 2026 to 2029, with the commitment to achieve a sum of net GHG emissions and removals within a pre-
defined budget (so called budget for 2026–2029) based on a linear trajectory between 2030 and the average
value for its GHG inventory data for the years 2021, 2022 and 2023, as submitted in 2025. In other words, the
linear trajectory of a MS that defines the 2026–2029 budget target shall start in 2022 at the average value for
GHG inventory data for the years 2021, 2022 and 2023, and have as its end point target the linear projection for
2030. The compliance against these MSs’ targets is assessed in 2032, and if there is a gap between a MS’s
budget for 2026–2029 and the corresponding reported net removals, the gap will be multiplied by 108%
and it will be added to the figure reported for 2030 by that MS. In addition, any deficit accumulated by
2030 by each MS is expected to be taken into account when the Commission submits proposals concerning
the post-2030 period.

The revision of the LULUCF regulation poses additional burdens on the agriculture and forestry sub-sectors,
with stricter targets than previous regulations (Savaresi et al., 2020). These MS targets are well beyond the
aggregate 225 MtCO2e yr−1 that the European Climate Law (European Union, 2021) initially established as a
possible contribution from the LULUCF sector to the Union 2030s 55% target; therefore the sector de-facto con-
tributes to raising the ambition level of the EU’s 2030 GHG reduction target to 57% (European Parliament, 2022).
Interconnection and interoperability among national plans responding to the EU climate strategy is key for
achieving the climate policy objectives. Understanding how countries’ strategies cope with LULUCF can
provide insights not only on carbon dioxide dynamics, but also can help to frame the country-specific vision
on the LULUCF role in achieving the EU target of carbon neutrality trough different connected sectors.
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National governments are required to design policies andmeasures (PaMs) in line with the EU’s commitment
as defined in the EU’s Green Deal and related instruments (European Commission, 2019). In this, forestry policy
remains primarily a national competence and the EU does not have a common forestry policy; thus the achieve-
ment of the EU climate goals will depend on how countries will plan and implement measures to comply with
the European context generally, and on how these two levels of governance– national and European – are
aligned.

Analyzing national PaMs allows us to assess the sector (and sub-sector) contributions to established climate
targets and to each nation’s vision for developing and approaching land-use policies, with differentiated pro-
cesses of policy planning and evaluation (van Sluisveld et al., 2017). A useful source of information is the Long-
Term Strategies (LTSs) (sometimes called Long-Term Low GHG Emission Development Strategies or Mid-
Century Strategies) that all parties to the Paris Agreement are invited to communicate by 2020, in accordance
with Article 4, paragraph 19 of the Agreement (UNFCCC, 2015). With a perspective of at least 30 years, the LTSs
cover GHG emission reductions and enhancement of removals from all sectors, as well as the tradeoffs and lin-
kages among them. Many MSs have submitted their own LTSs describing the path toward climate neutrality,
although often not describing in detail the contribution of each sector (Buylova et al., 2021). Alongside their
LTSs, Member States report their national projections of GHG emissions up to 2035 as required through the
EU framework of the Regulation (EU) 2018/1999 (European Union, 2018b) which repeal and replace the
Climate Monitoring Mechanism Regulation (European Union, 2013) on mechanisms for monitoring and report-
ing GHG emissions and for reporting other information at national and EU level relevant to climate change.

Expectations for the contribution of the LULUCF sector under the Paris Agreement are high (Forsell et al.,
2016; Riahi et al., 2022), however, the European Commission and the MSs’ visions on its qualitative-quantitative
role may differ. The objective of this study is to understand the expected contribution of LULUCF to the EU’s
2030 goal of cutting emissions by 55% (or 57%) and to reach the mid-century climate neutrality. In doing
so, we explore European and country-level visions of LULUCF with respect to climate change mitigation and
adaptation as expressed through LTS and national projections; as part of this, we evaluate whether national
level projections are aligned with the EU short and long term targets.

Methodology and data collection

This analysis comprises three parts. First, we analyze countries’ projections for understanding the quantitative
intended contribution of each country toward the 2030 LULUCF emissions reduction goals at EU and at country
level and we performed a cluster analysis to explore similarities and differences among countries’ approach
towards the LULUCF role (section 2.1). Second, we analyze the LTSs reports of the EU Member States to under-
stand how LULUCF is treated and incorporated into their mid-century strategies and to evaluate approaches
and activities, at country, land category and practice levels; we also consider what vision of LULUCF countries
present in their official national climate policy documents (section 2.2). Third, we compare three data sources:
the countries’ projections, the country-level emission targets contained in the revised LULUCF reg., and the EU
Reference Scenario (European Commission, 2021d) (section 2.3). A table with the values of the three data
sources, covering all countries, is provided in the Supplementary Materials (SM, Annex 1). Given that the
assumptions, models and approaches used to define each of the three sources of estimates are different,
rather than making a straightforward comparison, the analysis aims to understand the general trends, quan-
tities, and coherence of each among the different data sources analyzed.

Countries’ projections and cluster analysis

Regulation (EU) 2018/1999 (European Union, 2018b) requires MSs to report every two years on national projec-
tions of anthropogenic GHG emissions by sources and removals by sinks for the years 2020, 2025, 2030 and
2035 (EEA, 2021). Two types of projections are required: projections taking into account current domestic
PaMs (called With Existing Measures, WEM) and projections taking also into account additional or planned dom-
estic PaMs (called With Additional Measures, WAM). The data reported by MSs are quality checked by the
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European Environmental Agency (EEA). In this study, we consider emission projections With Additional Measure
(WAM) in 2030.

A cluster analysis helps to group MSs that are similar in terms of land-based mitigation projections and total
emissions excluding LULUCF in 2030. A cluster analysis refers to a wide set of techniques for finding subgroups,
or clusters in a dataset according to measured or perceived intrinsic characteristics or similarity (Everitt et al.,
2011). The aim of a cluster analysis is to obtain subgroups containing observations quite similar to each
other, while the diversity among the different cluster groups is maximized. In this study, EU countries are
grouped on the basis of observations across two variables: (i) the projections of LULUCF net emissions With
Additional Measure (WAM) in 2030; (ii) the projections of total emission without LULUCF in 2030.

In this study, the cluster analysis provides insights into similarities and differences among different types
of countries, facilitating understanding of the role assigned to LULUCF and climate change mitigation by
each cluster. Among the different algorithms available for cluster analysis, we used K-means clustering,
one of the most popular and simple algorithms that creates K distinct, non-overlapping clusters of obser-
vations (Jain, 2010). Before running the algorithm, the user defines the number of clusters. Then, the K-
means clustering algorithm performs three steps: (1) it randomly assigns each observation to a cluster;
(2) it calculates the cluster’s centroid (the kth cluster centroid is the vector of the n variable mean for
the observations in the kth cluster); (3) it assigns each observation to the cluster whose centroid has the
lowest Euclidean distance (the length of a straight line segment between two points). Steps two and
three are reiterated until the cluster assignments stop changing. It is important to find the correct
number of clusters to ensure a successfully analysis; for this reason, we run the cluster analysis multiple
times, including each time the two above-mentioned variables and setting each time different number of
clusters. The algorithm provides for each run the within cluster sum of squares, which is a measure of
the variability of the observations within each cluster. Finally, we select the analysis with the number of clus-
ters that minimize the total within-cluster sum of squares.

Analysis of the long-term strategy reports

Besides the national projections, we review the LTS reports for all EU countries, and collect the land-based PaMs
for climate change mitigation and adaptation that included an explanation on either how they could be
implemented or their potential expected benefit through specific actions or objectives. In the identification
of PaMs we followed the definition given in the Regulation (EU) No 525/2013 (European Union, 2013), that
describes PaMs as: ‘all instruments which aim to implement commitments under Article 4(2)(a) and (b) of
the UNFCCC, which may include those that do not have the limitation and reduction of greenhouse gas emis-
sions as a primary objective’.

The LTS reports have neither a standard format nor a common way to refer to the land management
approaches. We therefore categorize the PaMs following the activity grouping of the IPCC (Smith et al.,
2019) and identify the following land-based response options: land management in forests; land management
in agriculture; land management of soils; land management of all/other ecosystems; land management specifi-
cally targeted at carbon dioxide removal (CDR) and demandmanagement. This categorization of PaMs serves as
an instrument to explore the planned mitigation and adaptation activities in a more standardized and sound
way, allowing for comparability among member states and helping us to evaluate how LULUCF is treated and
incorporated into the LTS.

The EU reference scenario

The EU Reference Scenario provides emission projections at intervals of five years, up to 2050, considering the
current policy context, based on certain framework conditions, assumptions, and historical trends, notably in
the light of the most recent statistical data on energy system, transport and GHG emissions (e.g. GHG inven-
tories and national projections). Reference Scenarios are built on latest EU and Member State policies for the
next years and present a projection of the evolution of EU LULUCF. The national policies taken into account
in the Reference Scenario include the main ones laid out in the National Energy and Climate Plans (NECPs)
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as well as in other national plans (e.g. the Long-Term Renovation Strategies). The Reference Scenario assumes
achievement of the national contributions towards the EU 2030 energy targets on energy efficiency and renew-
ables (respectively 32.5% and 32%). It thus projects slight overshooting of the current EU 2030 renewables
target and an ambition gap towards the current EU 2030 energy efficiency target.

For each EU MS we collect reference scenarios issued by the European Commission (European Commission,
2021d), which express national GHG net emissions/removals in CO2e; we then compare the emission/removal
values for the 2030 projections and the revised LULUCF targets in the fit for 55 proposal.

Results and discussion

The LULUCF sector contribution to the EU low carbon emission strategy

The cluster analysis categorize the 27 Member States (MSs) in four clusters (Figure 1). The largest EU emitter
countries in 2030 belong to cluster 4, which includes France, Italy, Poland and Spain; at the same time,
these countries project a LULUCF sector as a net sink, accounting for about half of the EU sink by 2030.
However, there is a substantial gap between the countries’ projections and the target proposed by the
LULUCF reg., which requires them to provide a larger amount of removals from LULUCF (as shown in Figure
3). The second largest 2030 EU sink is represented by cluster 1, which includes Romania, Sweden and
Finland. Thus, about the 80% of the 2030 EU LULUCF carbon sink is located in only seven countries, i.e.
those belonging to cluster 1 and 4. It is worth noting that countries’ projections were submitted before the

Figure 1. Distribution of EU-27 countries based on the two variables used in the cluster analysis: total projected emission without LULUCF in
2030 and the projections of LULUCF net emissions in 2030 (EEA, 2021). The figure shows how many countries’ projections envisage the LULUCF
as a net source of emissions (above the zero on the vertical axis) and as a net sink (below the zero on the vertical axis). Cluster 2 is split into two
sub-clusters to highlight an important difference: both sub-clusters include countries with relatively low total emissions without LULUCF, but,
while for cluster 2b LULUCF is always a net sink, cluster 2a includes countries with positive net emissions from LULUCF.
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new target was proposed in July 2021, so projections were not prepared with an awareness of the new targets.
Nevertheless, this analysis shows that most countries still need to grapple with how to align action to meet the
challenging new targets.

Germany, alone, constitutes a cluster, its emission values are largely different from any other MS. In particu-
lar, the forest carbon sink decreases from 67 to 15 MtCO2e from 2018 to 2030, making the LULUCF a net source
with over 22 MtCO2e emissions. This scenario differs greatly from the German LTS, where it is stated that
additional measures will be taken to safeguard the LULUCF sink. It has to be highlighted that the 2030
German projections’ are preliminary and are a result of gap-filling methods applied by the European Environ-
mental Agency (EEA) in case of missing data (European Environment Agency, 2021; Schmid et al., 2021).

Land-based policies and measures across the European Union

Reviewing all the 21 Long-Term Strategies (LTS) reports available in September 2022, we find that all of them
consider the LULUCF sector as part of the decarbonization path to 2050, although not all countries have
specified how LULUCF will be treated nor have they detailed activities and measures to mitigate and adapt
to climate change.

The LTS is developed in accordance with Article 4, paragraph 19, of the Paris Agreement, which does not
specify particular requirements to be satisfied or common format to follow. Consequently, the reports provided
by parties differ quite a lot in terms of structure and data contained, making it complex to compare them. We
gather the Policies and Measures (PaMs) with the same core objective and calculate the number of countries
that reported them (see Table 1). The LTSs are not legal acts, rather they outline objectives that have to be
reached through national PaMs; the LTSs do not provide information on the state of legislative processes,
and it is possible that these MSs have yet to translate their LTSs into policies (Gopinathan et al., 2019). Excluding
Greece, all the LTS reports include a dedicated section for LULUCF with qualitative information; about 40% of
the LTS reports lack quantitative information on LULUCF mitigation.

Over one third of the PaMs (15 out of 21) contained in the analyzed LTSs concern ‘land management in
forests’, confirming the key role played by active forest management as a mitigation action (Verkerk et al.,
2022). We found that the LTSs do not provide information on plans and strategies that address specific
forest management mitigation actions, either at local scale or across the country. It is thus not easy to under-
stand which strategies MSs intend to adopt with respect to forest management, or whether they intend to
incentivize mainly short- or long-term mitigation options (Soimakallio et al., 2021).

The national-scale mitigation contribution of forests and the forest sector needs to be carefully planned to
achieve the greatest mitigation impact, considering the trade-off between short- and long-term mitigation
goals (Kalliokoski et al., 2020). A unique challenge in LTS reporting, regarding forest-based mitigation activities,
is the long time frame needed to observe the beneficial effect of such activities. According to the currently avail-
able estimates, it will be challenging to achieve the 2030 EU climate targets through forest-based mitigation
activities alone in the medium-term, achieving such targets will require the contribution of non-forest land cat-
egories (i.e. cropland, grassland, wetland) that have higher potentials to provide short-term mitigation benefits
(Verkerk et al., 2022).

The option for ‘Conservation and sustainable management of forests’ is included in fifteen of the analyzed
LTS reports: excluding Greece and Denmark (since they lack information on LULUCF), we find that only Italy,
Finland, Malta and Netherlands do not specify this as a PaM. Other forest-related options such as ‘Reforestation
and forest restoration’ as well as ‘Afforestation’ are included in 12 and 15 LTSs, respectively. Afforestation and
reforestation are reported to have the maximum mitigation potential and cost-effectiveness of land-based
PaMs and, if properly implemented, to have benefits similar to forest management for carbon stock enhance-
ment (e.g. use native species, improve connectivity between patches of intact forests) (Griscom et al., 2017;
Stanturf et al., 2015). The most relevant policy objective related to afforestation and reforestation is set out
in the new EU Forest Strategy, which sets a target of planting 3 billion additional trees by 2030 (European Com-
mission, 2021c).

Overall, forest related mitigation actions can be hampered by natural and human-induced disturbances (Pilli
et al., 2016) that may jeopardize policies for forest management and expansion aimed at fulfilling the objectives
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under the Paris Agreement. About 3% of the total forest area in twenty-two European countries is affected by
some type of damage (Forest Europe, 2020). From 1984 to 2016, canopy mortality in Europe increased by
+2.40% year–1, doubling the forest area affected by mortality (Senf et al., 2018). This threatens the key function
of forests to sequester and stock carbon (Forzieri et al., 2021); additionally, the effect of climate change (i.e.
increasing mean temperature, lower annual precipitation) is an important factor that increases forest mortality
(Senf et al., 2018). However, considering that data on disturbances are still scarce, the potential future effect of
the many natural disturbances needs to be better understood and remains an interesting topic for future
research (Hyyrynen et al., 2023). Despite the challenges faced by the forest-related PaMs, most EU countries
decided to include the expansion of forest resources in their LTSs; some countries also reported country-
specific targets for the next years (Forest Europe, 2020) driven by the demand for wood as biomass for
energy in the EU (Camia et al., 2021; Smith et al., 2021).

The second largest category in terms of numbers of PaMs reported by MSs is ‘land management in all/other
ecosystems’. Only Austria, Greece, Latvia and Netherlands do not have any PaM under this category. It indicates
a common awareness among countries of the importance to protect, restore and manage natural ecosystems
to enhance their health and vitality and increase resilience as well as to reduce hazards. We believe that this
category should be prioritized as presenting high co-benefits besides preservation of carbon sinks. Preventing
wildfires belongs in this category as well and is considered by ten countries, including all the Mediterranean
ones (except Greece), most of which have witnessed an increase in severe wildfires. Protecting peatlands is
another promising emission reduction activity: despite covering only 4% of the EU’s land surface, peatlands rep-
resent the largest terrestrial organic carbon stock and continue to act as a carbon sink in Europe. Peatlands pro-
tection is envisaged in eight LTSs (Belgium, Denmark, Estonia, Finland, France, Germany, Slovenia, Sweden) that
include the large parts of the European areas where peatlands are found. Recognition of this PaM activity is
missing in four countries where peatland is still significant: Netherlands, Hungary, Latvia and Lithuania.

Table 1. Land-based Policies and Measures (PaMs) for climate change mitigation and adaptation found in the Long-Term Strategies,
categorized following the activity grouping of the IPCC (legend below the table). Only PaMs reported at least by four countries are shown
here: the complete list with all PaMs for all countries is included in the supplementary materials (Annex 2).
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Over 50% of the LTSs (12 out of 21) include ‘biodiversity conservation’, which also constitutes a key element
of the European mission to protect nature and reverse the degradation of ecosystems, while contributing to
carbon sequestration (European Commission, 2020c). In fact, biodiversity protection is a necessary prerequisite
to ensure long-term resilience of land-based solutions (Girardin et al., 2021). Biodiversity-friendly measures in
forest management are sometimes considered in conflict with carbon sequestration (Schwaiger et al., 2019),
although they do not necessarily imply a decrease in biomass as long as decision-makers and managers
design and apply a thoughtful and strategic land planning to ensure both biodiversity and carbon benefits
(Biber et al., 2020). The goal should be to obtain an optimal balance between climate PaMs, ecological
values, economic opportunities and food and energy security; unfortunately, the LTSs remain rather vague
about this issue of balance and it was not possible from the information provided to assess this.

Promotion of wood as biomass for energy is included in 85% of the LTSs and is the most reported among
all the LULUCF PaMs. Almost all MSs, excluding Czech, Denmark and Malta, include it as a viable solution to
achieve the 2050 climate target. However, bioenergy delivers significant benefits when implemented follow-
ing certain sustainable principles, otherwise it may cause degradation and deforestation (outside of the EU),
net increases of CO2 in the atmosphere and competition for land and water with other uses (Lee et al., 2019).
In Europe, bioenergy production is derived from forests (over 60%), agriculture (27%) and waste (12%) (Camia
et al., 2021; Scarlat et al., 2019). The adverse effects linked to erroneous energy planning can be avoided and
eventually turned into a positive outcome, if each country performs an assessment that considers not only
the environmental consequences, but also supply chain, fuel substitution, and other indirect effects
(Birdsey et al., 2018). The LTS reports do not clarify these crucial aspects. A previous analysis of National
Energy and Climate Plans (NECPs) found that the EU MSs plan to further increase the use of biomass, with
bioenergy accounting for a share of 70% of sources for renewable heat in 2030 (Smith et al., 2021).
However, they also found that most MSs do not transparently indicate the likely adverse impact of increased
wood burning; they also fail to sufficiently provide information on potential adverse impacts on forest
carbon-sequestration.

In total, 14 MSs plan to promote wood as a substitute material (over 65% of them) over more carbon-inten-
sive materials. The use of harvested trees strongly determines the net carbon uptake of the whole forest system
(e.g. forest sinks decrease due to harvesting, carbon storage occurs in wood products, and carbon emissions are
reduced due to a substitution effect); a reduction of net carbon emissions occurs when the final products use
long-lived wood assortments (Biber et al., 2020); in this sense, half of those 14 MSs also commit to increase the
share of Harvested Wood Products (HWPs) with long lifetimes. A recent projection indicates that the GHG
balance of wood products in use in Europe may double between 2020 and 2030, representing an uptake of
from 25 to 50 MtCO2e year

−1, considering a scenarios where engineered wood products are actively promoted
against the business-as-usual (Brunet-Navarro et al., 2021). Considering that forestry resources are limited, com-
petition for their use exists, nevertheless, there are still areas suitable to be converted to forests in the EU. In fact,
among the 14 MSs that intend to promote wood as a substitute material, 9 countries (64%) also include
measures of afforestation and reforestation.

Five land-based measures fall within the category ‘land management in agriculture’ representing 23% of
the total measures reported in the LTSs. Many countries (14) include some activities aiming to decrease emis-
sions (tillage reduction, conservation of grassland, longer crop rotation) or to increase the sinks (increase soil
carbon content, restoration of grassland, use of agroforestry) in the cropland and grassland ecosystems. This is
relevant since agriculture is a major source of anthropogenic GHG emissions (Sanderman et al., 2017), and
croplands and grasslands represent a net source of emission in the EU mostly due to emissions occurring
in organic soils (EEA, 2022). Since the carbon sink and storage in living biomass is limited to perennial
crops (e.g. vineyards and orchards), the main carbon pool in croplands and grasslands is the soil organic
carbon. ‘Increase soil carbon content’ is a measure found in 11 LTSs: a low number considering that protecting
soil carbon is key not only for climate change, but also to improve soil health, which increases biodiversity, soil
fertility, and food production (UNCCD, 2022). The fact that most countries neglect soil PaMs does not necess-
arily mean that they lack domestic policies to improve the mitigation potential of soils: it may relate to the
choice to not go into the details of soil carbon in their LTSs for different reasons. For example, some
reasons for the lack of attention may include: accounting difficulties (e.g. lack of accurate, affordable data
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or a suitable measurement and reporting system); consideration of soil carbon protection or sequestration as a
co-benefit of other mitigation policies; or simply countries decide to not specify commitments under agricul-
ture or land subsectors (Wiese et al., 2021).

The ambitious emissions reduction targets that concern agriculture and LULUCF will likely require subsidies
to ensure that farmers and foresters to take action on the ground (Adenaeuer et al., 2023). The Common Agri-
cultural Policy (CAP) represents the main EU policy instrument for fostering farmers to implement sustainable
agriculture (Savaresi et al., 2020). Under the new CAP, expected for the period 2023–2027, each EU country will
be obliged to display higher ambition on environment and climate action compared to the previous program-
ming period, and subsidies for beneficiaries will be conditioned on the uptake of more strict mandatory require-
ments. Furthermore, the Circular Economy Action Plan (European Commission, 2020b) and the EU Farm to Fork
strategy (European Commission, 2020a), have mentioned Carbon Farming as a new business model and regu-
latory framework for certification of carbon removals, aimed at incentivising EU farmers to transform practices
through the availability of economic incentives provided by the CAP and other initiatives, including also volun-
tary carbon markets (European Commission, 2021e).

Member states’ visions and EU Commission proposals

Table 2 reports the clusters’ description and a summary of key information around each of these. In addition, it
compares the three different sources of 2030 LULUCF emission/removal data: (i) the national projections With
Additional Measures (WAM) countries’ projections (EEA, 2021) provided through the Regulation (EU) 2018/1999
on the Governance of the Energy Union and Climate Action, (ii) the revised LULUCF regulation (European Union,
2023) and (iii) the EU Reference Scenario 2020 (European Commission, 2021d).

Some differences emerge from the comparison across these clusters with data from the three sources.
Overall the LULUCF sink envisaged by the revised LULUCF reg. is far larger than any of the projections indicate
to 2030 (Figure 2). About half of the gap between the target set in the LULUCF reg. and the WAM projections is
due to Germany (see section 3.1 for additional information), while the remaining half is almost attributable to
the four countries in Cluster 4 (France, Italy, Poland, Spain). These 4 countries project rather large removals, but
not enough to meet the LULUCF reg. targets; to meet these targets, they would then need to add more mitiga-
tion measures, likely focusing on LULUCF subsectors with larger mitigation potential, such as reforestation,
cropland management and, when present, organic soil management. This holds especially true for Poland
and Spain, which shows a gap between national projections and LULUCF reg. targets of 16 and 10 MtCO2e,
respectively, while for Italy and France is 2 and 8 MtCO2e, respectively.

Future estimates differ based on underlying assumptions used in the analysis, the methods and the data.
These differences across the data sources hinder a thorough comparison. It was also not possible to
compare directly the PaMs from LTSs with the projections and targets for LULUCF, because the information con-
tained in many LTSs does not allow a quantitative assessment of the LULUCF contribution. Furthermore, a direct
comparison is not feasible because the data sources have different time horizons (2030/2035 for national pro-
jections, Reference Scenario and LULUCF target, and 2050 for LTS); on the other hand, they do allow us to assess

Table 2. Characteristics of each cluster and the respective net GHG emissions (+) and removals (−).

CLUSTER CLUSTERS’ EMISSION PROFILES 2030 LULUCF (MtCO2e)

LULUCF Total GHG excl. LULUCF Reference scenario1 National projections, WAM2 Target LULUCF reg.3

C-1 Large net sink Low emission −66 −82 −91
C-2 C-2A Low net emission Low emission −32 −53 −50

C-2B Net sink Low emission 11 19 13
C-3 Net emission Large emission −35 22 −31
C-4 Large net sink Large emission −136 −116 −151
FIXE −258 −210 −310
1The EU Reference Scenario 2020 (European Commission, 2021d). 2 The national projections With Additional Measures (WAM) (EEA, 2021). 3The
revised regulation for the LULUCF sector (European Union, 2023). Countries belonging to each cluster as shown in Figure 1 are: Finland,
Sweden and Romania (C-1); Austria, Belgium, Bulgaria, Cyprus, Croatia, Czech, Estonia, Greece, Hungary, Lithuania, Luxembourg, Malta, Por-
tugal, Slovakia, Slovenia (C-2); Denmark, Ireland, Latvia, Netherlands (C-3); Germany (C-4); France, Italy, Poland, Spain (C-5).
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whether the short- and medium-term pathways, in the aggregate, are aligned with the EU long-term objectives
(Figure 2).

It is also possible to assess projections against the LULUCF reg. targets. We found that 15 out of 27 MSs’ 2030
GHG emission projections differ from the targets in the LULUCF reg. (Figure 3). Therefore, it is likely that the
climate change mitigation options planned by those 15 countries are not sufficient, and that they may need
to either update existing policies or conceive, plan and implement new policies and actions to align with
the required target. In fact, as the targets are included in an EU Regulation, they are legally binding and
thus directly applicable in all MSs.

Worth noticing is that some countries, notably the Netherlands (NL), Denmark (DK), Ireland (IE) and Malta
(ML), have a LULUCF target with a positive emission in 2030 (i.e. emissions may exceed their removals in
LULUCF). Denmark, Ireland, and Malta plus Latvia, (all belonging to Cluster 2b) also project net emissions in
2030, so there is broad agreement between countries’ projections and the LULUCF reg. target.

We found that 45% of the EU countries plan larger removals than what is required by the revised LULUCF
reg. This amount also relates to the emission allocation criteria established by the European Commission. In
fact, the EU target of achieving net removals of −310 MtCO2e in 2030 is distributed among the Member
States in a way that reflects the ‘mitigation performance of the LULUCF sector in each Member State from
2016 to 2018’. One controversial feature of this allocation criterion is that some countries witnessed extraordi-
nary disturbances in the years from 2016 to 2018 (used as reference years) and this in turn substantially affected
the emission reduction target. For example, Portugal experienced severe wildfires in 2017 that led to about 539
921 ha of burnt area, which represents 498% of the average of the previous decennium (San-Miguel-Ayanz
et al., 2018). The calculation of the target could be substantially different if a longer or a different range of
years is considered, since wildfires present strong inter-annual variability (Molina-Terrén et al., 2019).

Figure 2. Distribution of the EU-27 net LULUCF CO2e removal pathways according to different sources. The revised LULUF reg. target and the
countries’ projections present the largest and the lowest removal value, respectively, in 2030 and the Reference Scenario is placed in between
them.
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Establishing country-level targets is challenging and has been widely discussed in all sectors. The ‘correct’
allocation framework does not exist, but rather adopting a set of transparent, scientific basis is needed (Richards
et al., 2018; Vizzarri et al., 2021). The revised LULUCF reg. has the advantage of accounting for interannual varia-
bility of events that influence emissions (such as wildfires and other disturbances), even if the small-time inter-
val considered (three years) may emphasize the effect of extraordinary events. The method applied in the
revised LULUCF reg. has once important strength: simplicity, which comes at the cost of comprehensiveness.

The Impact Assessment of the 2030 Climate Target Plan of the European Commission informed and sup-
ported the preparation of the ‘Fit for 55’ package and the revised LULUCF reg. It proposed a more stringent
contribution from the LULUCF sector to the achievement of carbon neutrality by 2050, plus it outlined the
needed policy actions (European Commission, 2020d). This Impact Assessment includes two high-sink scen-
arios, called ‘LULUCF+’ and ‘MIX’, which simulate respectively about ¬340 MtCO2e and –295 MtCO2e by
2030. Both scenarios entail many mitigation actions up to 2030 that are also reported by MSs in their LTSs.
For example, some of the relevant actions discussed include optimization of forest management, afforestation
projects, changes in harvest intensity, optimization of thinning, increases in bioenergy production and improve-
ments in soil management (e.g. through rewetting and restoration). The management actions proposed by the
European Commission accord with the PaMs envisaged by MSs in their LTSs. Nevertheless, from a quantitative
point of view, MSs projections differ from the current Commission’s targets for MS and the ambition embedded
in these.

Conclusions

Even though LTSs should represent the most comprehensive source of comparable information on the climate
policy landscape across countries (Buylova et al., 2021), we found that overall, LTSs lack comprehensiveness for
LULUCF. They do not transparently and accurately describe how to achieve the emissions reductions needed to
meet national commitments under the Paris Agreement and the EU objectives. Most LTSs present general

Figure 3. Comparison between the 2030 LULUCF emission/removal projections ‘With Additional Measures’ (submitted by EU countries under
the Regulation (EU) 2018/1999), and the 2030 target calculated in the revised EU LULUCF reg. 2018/841; 15 out of 27 projections will not meet
the European Commission target.
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intentions, measures and objectives; 40% of them lack quantitative data on future LULUCF emission and
removals. It is thus difficult to perform an ex-ante assessment of their expected performance. Expressing a
quantified LULUCF target in the LTS would increase transparency and completeness, and it would facilitate
their use and comparability across them. Furthermore, quantifying LULUCF long term targets in LTSs and iden-
tifying specific actions and monitoring their progress towards these would also enable coherent PaMs design
under different policy frameworks (e.g. Nationally Determined Contributions, NDCs). Also in Glasgow, at COP26,
Parties recognized the importance of aligning NDCs with Long-Term Low Emission Development Strategies.
Furthermore, the land sector is affected by many important EU policies (e.g. the EU Forest Strategy, the Circular
Economy Action Plan, the EU Adaptation Strategy), in this context, the LTSs could potentially look across these
strategies from different sectors and policy perspectives, providing a synthesis and a comprehensive strategic
framework of national climate policies for LULUCF, helping to achieve policy coherence.

From a qualitative point of view, national PaMs are coherent with the European Commission’s vision for a
climate-neutral EU (European Commission, 2018) and with the building blocks that constitute the EU’s commit-
ment to global climate action. What is not in line with the emission reduction targets adopted by the European
Commission in the revision of the LULUCF reg., are the projections submitted by most countries. The majority of
the MSs’ 2030 GHG emission projections differ widely from the targets proposed in the LULUCF reg. Therefore, it
is likely that the climate change mitigation options planned by those countries are not yet sufficient; countries
either need to update existing policies or conceive, plan and implement new policies and actions. Ideally these
will focusing on those LULUCF subsectors with large mitigation potential and with large benefits in the short
term National governments need to be more ambitious in selecting their mitigation targets, and to commit to
fully integrate international and EU pledges into national laws. They also need to plan and implement a national
governance approach, to achieve ambitious climate change mitigation and adaptation in a way that fully
includes the land sector.

Acknowledgements

This work was supported by the Horizon 2020 European Commission project "RethinkAction", under Grant Agreement No
101037104. It was also supported by the “PARIS REINFORCE” Project (Grant Agreement 820846) and by the Cooperation agreement
between the Italian Ministry of Ecological Transition and CMCC (2022-2024). The sole responsibility for the content of this paper lies
with the authors; the paper does not necessarily reflect the opinions of the European Commission or the Italian Government.We
thank Giacomo Grassi for the helpful comments on the manuscript. We also thank anonymous reviewers whose comments
helped to improve this article.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the European Union’s Horizon 2020 research and innovation programme.

Declaration of interest statement

The authors report there are no competing interests to declare.

ORCID

Ekaterina Tarasova http://orcid.org/0000-0002-9717-7624

CLIMATE POLICY 597

http://orcid.org/0000-0002-9717-7624


References

Adenaeuer, L., Breen, J., Witzke, P., Kesting, M., Hayden, A., & Donnellan, T. (2023). The potential impacts of an EU-wide agricultural
mitigation target on the Irish agriculture sector. Climate Policy, 495–508. https://doi.org/10.1080/14693062.2022.2105791

Biber, P., Felton, A., Nieuwenhuis, M., Lindbladh, M., Black, K., Bahýl’, J., Bingöl, Ö., Borges, J. G., Botequim, B., Brukas, V., Bugalho, M. N.,
Corradini, G., Eriksson, L. O., Forsell, N., Hengeveld, G. M., Hoogstra-Klein, M. A., Kadıogulları, A. İ., Karahalil, U., Lodin, I.,… Tuček, J.
(2020). Forest biodiversity, carbon sequestration, and wood production: Modeling synergies and trade-offs for Ten forest land-
scapes across Europe. Frontiers in Ecology and Evolution, 8, 547696. https://doi.org/10.3389/fevo.2020.547696

Birdsey, R., Duffy, P., Smyth, C., Kurz, W. A., Dugan, A. J., & Houghton, R. (2018). Climate, economic, and environmental impacts of
producing wood for bioenergy. Environmental Research Letters, 13(5), 0050201. https://doi.org/10.1088/1748-9326/aab9d5

Brodny, J., & Tutak, M. (2021). The analysis of similarities between the European Union countries in terms of the level and structure of
the emissions of selected gases and air pollutants into the atmosphere. Journal of Cleaner Production, 279, 123641. https://doi.org/
10.1016/j.jclepro.2020.123641

Brunet-Navarro, P., Jochheim, H., Cardellini, G., Richter, K., & Muys, B. (2021). Climate mitigation by energy and material substitution
of wood products has an expiry date. Journal of Cleaner Production, 303, 127026. https://doi.org/10.1016/j.jclepro.2021.127026

Buylova, A., Fridahl, M., Nasiritousi, N., & Reischl, G. (2021). Cancel (Out) emissions? The envisaged role of carbon dioxide removal
technologies in long-term national climate strategies. Frontiers in Climate, 3, 675499. https://doi.org/10.3389/fclim.2021.675499

Camia, A., Giuntoli, J., Jonsson, R., Robert, N., Cazzaniga, N., Jasinevicius, G., Avitabile, V., Grassi, G., Barredo Cano, J., & Mubareka, S.
(2021). The use of woody biomass for energy production in the EU. https://doi.org/10.2760/831621

EEA. (2021). National projections of anthropogenic greenhouse gas emissions under the Governance Regulation (EU) 2018/1999.
European Environmental Agency. https://www.eea.europa.eu/data-and-maps/data/greenhouse-gas-emission-projections-for-8.

EEA. (2022). National emissions reported to the UNFCCC and to the EU Greenhouse Gas Monitoring Mechanism. European
Environmental Agency. https://www.eea.europa.eu/data-and-maps/data/national-emissions-reported-to-the-unfccc-and-to-the-
eu-greenhouse-gas-monitoring-mechanism-18.

European Commission. (2018). A Clean Planet for all. A European long-term strategic vision for a prosperous, modern, competitive and
climate neutral economy. European Commission Communication COM(2018)773.

European Commission. (2019). The European Green Deal, Communication from the commission to the European Parliament, the
European Council, the Council, the European Economic and Social Committee and the Committee of the Regions. COM(2019) 640
final.

European Commission. (2020a). A Farm to Fork Strategy for a fair, healthy and environmentally-friendly food system. COM(2020) 381
Final. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381.

European Commission. (2020b). A new Circular Economy Action Plan For a cleaner and more competitive Europe. COM(2020) 98 final.
European Commission. (2020c). EU Biodiversity Strategy for 2030 Bringing nature back into our live. COM(2020) 380 final.
European Commission. (2020d). Stepping up Europe’s 2030 climate ambition—Investing in a climate-neutral future for the benefit of our

people—Impact Assessment.
European Commission. (2021a). Communication from the Commission to the European Parliament, the Council, the European Economic

and Social Committee and the Committee of the Regions “Fit for 55”: Delivering the EU’s 2030 Climate Target on the way to climate
neutrality. COM(2021) 550 final. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0550.

European Commission. (2021b). Communication from the Commission to the European Parliament, the Council, the European Economic
and Social Committee and the Committee of the Regions Forging a climate-resilient Europe—The new EU Strategy on Adaptation to
Climate Change, COM/2021/82 final. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2021:82:FIN.

European Commission. (2021c). Communication from the Commission to the European Parliament, the Council, the European Economic
and Social Committee and the Committee of the Regions on the New EU Forest Strategy for 2030. https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=COM%3A2021%3A572%3AFIN.

European Commission. (2021d). EU reference scenario 2020: Energy, transport and GHG emissions : trends to 2050. Publications Office of
the European Union. https://data.europa.eu/doi/10.283335750.

European Commission. (2021e). Sustainable Carbon Cycle, COM(2021) 800 final.
European Environment Agency. (2021). Trends and projections in Europe 2021. Publications Office of the European Union. https://

data.europa.eu/doi/10.280080374
European Parliament. (2022). Fit for 55: Deal on carbon sinks goal will increase EU 2030 climate target. Press Releases. https://www.

europarl.europa.eu/news/en/press-room/20221107IPR49206/fit-for-55-deal-on-carbon-sinks-goal-will-increase-eu-2030-climate-
target.

European Union. (2013). Regulation (EU) No 525/2013 of the European Parliament and of the Council on a mechanism for monitoring
and reporting greenhouse gas emissions and for reporting other information at national and Union level relevant to climate change
and repealing Decision No 280/2004/EC. Official Journal of the European Union. https://eur-lex.europa.eu/legal-content/EN/TXT/?
uri=celex%3A32013R0525.

European Union. (2018a). Regulation (EU) 2018/841 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 frame-
work, and Amending Regulation (EU) No 525/2013 and Decision No 529/2013/EU.

598 G. DI LALLO ET AL.

https://doi.org/10.1080/14693062.2022.2105791
https://doi.org/10.3389/fevo.2020.547696
https://doi.org/10.1088/1748-9326/aab9d5
https://doi.org/10.1016/j.jclepro.2020.123641
https://doi.org/10.1016/j.jclepro.2020.123641
https://doi.org/10.1016/j.jclepro.2021.127026
https://doi.org/10.3389/fclim.2021.675499
https://doi.org/10.2760/831621
https://www.eea.europa.eu/data-and-maps/data/greenhouse-gas-emission-projections-for-8
https://www.eea.europa.eu/data-and-maps/data/national-emissions-reported-to-the-unfccc-and-to-the-eu-greenhouse-gas-monitoring-mechanism-18
https://www.eea.europa.eu/data-and-maps/data/national-emissions-reported-to-the-unfccc-and-to-the-eu-greenhouse-gas-monitoring-mechanism-18
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0550
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2021:82:FIN
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=COM%3A2021%3A572%3AFIN
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=COM%3A2021%3A572%3AFIN
https://data.europa.eu/doi/10.2833/35750
https://data.europa.eu/doi/10.2800/80374
https://data.europa.eu/doi/10.2800/80374
https://www.europarl.europa.eu/news/en/press-room/20221107IPR49206/fit-for-55-deal-on-carbon-sinks-goal-will-increase-eu-2030-climate-target
https://www.europarl.europa.eu/news/en/press-room/20221107IPR49206/fit-for-55-deal-on-carbon-sinks-goal-will-increase-eu-2030-climate-target
https://www.europarl.europa.eu/news/en/press-room/20221107IPR49206/fit-for-55-deal-on-carbon-sinks-goal-will-increase-eu-2030-climate-target
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32013R0525
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32013R0525


European Union. (2018b). Regulation (EU) 2018/1999 of the European parliament and of the council of 11 December 2018 on the gov-
ernance of the energy union and climate action. Official Journal of the European Union. https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG.

European Union. (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’). http://data.europa.eu/eli/reg/2021/1119/oj.

European Union. (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 pro-
gress and review. 21.4.2023. Official Journal of the European Union.

Everitt, B. S., Landau, S., Leese, M., & Stahl, D. (2011). Cluster analysis (1st ed.). Wiley. https://doi.org/10.1002/9780470977811
Forest Europe. (2020). State of Europe’s Forests 2020.
Forsell, N., Turkovska, O., Gusti, M., Obersteiner, M., den Elzen, M., & Havlik, P. (2016). Assessing the INDCs’ land use, land use change,

and forest emission projections. Carbon Balance and Management, 11(1), 26. https://doi.org/10.1186/s13021-016-0068-3
Forzieri, G., Girardello, M., Ceccherini, G., Spinoni, J., Feyen, L., Hartmann, H., Beck, P. S. A., Camps-Valls, G., Chirici, G., Mauri, A., &

Cescatti, A. (2021). Emergent vulnerability to climate-driven disturbances in European forests. Nature Communications, 12(1),
1081. https://doi.org/10.1038/s41467-021-21399-7

Girardin, C. A. J., Jenkins, S., Seddon, N., Allen, M., Lewis, S. L., Wheeler, C. E., Griscom, B. W., & Malhi, Y. (2021). Nature-based solutions
can help cool the planet — if we act now. Nature, 593(7858), 191–194. https://doi.org/10.1038/d41586-021-01241-2

Gopinathan, N., Subramanian, N. S., & Urpelainen, J. (2019). Mid-century strategies: Pathways to a low-carbon future? Climate Policy,
19(9), 1088–1101. https://doi.org/10.1080/14693062.2019.1627178

Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., Schlesinger, W. H., Shoch, D., Siikamäki, J. V., & Smith, P.
(2017). Natural climate solutions. Proceedings of the National Academy of Sciences, 114(44), 11645–11650. https://doi.org/10.1073/
pnas.1710465114

Hyyrynen, M., Ollikainen, M., & Seppälä, J. (2023). European forest sinks and climate targets: Past trends, main drivers, and future
forecasts. European Journal of Forest Research, 142(5), 1207–1224. https://doi.org/10.1007/s10342-023-01587-4

Jain, A. K. (2010). Data clustering: 50 years beyond K-means. Pattern Recognition Letters, 31(8), 651–666. https://doi.org/10.1016/j.
patrec.2009.09.011

Lee, H., Brown, C., Seo, B., Holman, I., Audsley, E., Cojocaru, G., & Rounsevell, M. (2019). Implementing land-based mitigation to
achieve the Paris Agreement in Europe requires food system transformation. Environmental Research Letters, 14(10), 104009.
https://doi.org/10.1088/1748-9326/ab3744

Molina-Terrén, D. M., Xanthopoulos, G., Diakakis, M., Ribeiro, L., Caballero, D., Delogu, G. M., Viegas, D. X., Silva, C. A., & Cardil, A.
(2019). Analysis of forest fire fatalities in Southern Europe: Spain, Portugal, Greece and sardinia (Italy). International Journal of
Wildland Fire, 28(2), 85–98. https://doi.org/10.1071/WF18004

Pilli, R., Grassi, G., Kurz, W. A., Moris, J. V., & Viñas, R. A. (2016). Modelling forest carbon stock changes as affected by harvest and
natural disturbances. II. EU-level analysis. Carbon Balance and Management, 11(1), 20. https://doi.org/10.1186/s13021-016-
0059-4

Riahi, K. R., Schaeffer, J., Arango, K., Calvin, C., Guivarch, T., Hasegawa, K., Jiang, E., Kriegler, R., Matthews, G. P., Peters, A., Rao, S.,
Robertson, A. M., Sebbit, J., Steinberger, M., Tavoni, D. P., & van Vuuren, D. (2022). Mitigation pathways compatible with long-
term goals. In P. R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R.
Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, & J. Malley (Eds.), Climate Change 2022: Mitigation of Climate Change.
Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press. doi: 10.1017/9781009157926.009

Richards, M. B., Wollenberg, E., & van Vuuren, D. (2018). National contributions to climate change mitigation from agriculture:
Allocating a global target. Climate Policy, 18(10), 1271–1285. https://doi.org/10.1080/14693062.2018.1430018

Ronchi, S., Salata, S., Arcidiacono, A., Piroli, E., & Montanarella, L. (2019). Policy instruments for soil protection among the EU member
states: A comparative analysis. Land Use Policy, 82, 763–780. https://doi.org/10.1016/j.landusepol.2019.01.017

Sanderman, J., Hengl, T., & Fiske, G. J. (2017). Soil carbon debt of 12,000 years of human land use. Proceedings of the National Academy
of Sciences, 114(36), 9575–9580. https://doi.org/10.1073/pnas.1706103114

San-Miguel-Ayanz, J., Durrant, T., Boca, R., Libertà, G., Branco, A., de Rigo, D., Ferrari, D., et al. (2018). Forest fires in Europe, Middle East
and North Africa 2017. European Union. https://data.europa.eu/doi/10.2760663443.

Savaresi, A., Perugini, L., & Chiriacò, M. V. (2020). Making sense of the LULUCF Regulation: Much ado about nothing? Review of
European, Comparative & International Environmental Law, 29(2), 212–220. https://doi.org/10.1111/reel.12332

Scarlat, N., Dallemand, J.-F., Taylor, N., & Banja, M. (2019). Brief on biomass for energy in the European Union. Publications Office of the
European Union. https://publications.jrc.ec.europa.eu/repository/handle/JRC109354.

Schmid, C., Wartecker, G., Dauwe, T., van Maris, K., Brook, R., Bouman, E., Jóźwicka-Olsen, M., & Esparrago, J. (2021). Quality assurance
and quality control procedure for national and Union GHG projections 2021 (DRAFT). European Topic Centre on Climate Change
Mitigation and Energy.

Schwaiger, F., Poschenrieder, W., Biber, P., & Pretzsch, H. (2019). Ecosystem service trade-offs for adaptive forest management.
Ecosystem Services, 39, 100993. https://doi.org/10.1016/j.ecoser.2019.100993

CLIMATE POLICY 599

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0001.01.ENG
http://data.europa.eu/eli/reg/2021/1119/oj
https://doi.org/10.1002/9780470977811
https://doi.org/10.1186/s13021-016-0068-3
https://doi.org/10.1038/s41467-021-21399-7
https://doi.org/10.1038/d41586-021-01241-2
https://doi.org/10.1080/14693062.2019.1627178
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1007/s10342-023-01587-4
https://doi.org/10.1016/j.patrec.2009.09.011
https://doi.org/10.1016/j.patrec.2009.09.011
https://doi.org/10.1088/1748-9326/ab3744
https://doi.org/10.1071/WF18004
https://doi.org/10.1186/s13021-016-0059-4
https://doi.org/10.1186/s13021-016-0059-4
https://doi.org/10.1017/9781009157926.009
https://doi.org/10.1080/14693062.2018.1430018
https://doi.org/10.1016/j.landusepol.2019.01.017
https://doi.org/10.1073/pnas.1706103114
https://data.europa.eu/doi/10.2760/663443
https://doi.org/10.1111/reel.12332
https://publications.jrc.ec.europa.eu/repository/handle/JRC109354
https://doi.org/10.1016/j.ecoser.2019.100993


Senf, C., Pflugmacher, D., Zhiqiang, Y., Sebald, J., Knorn, J., Neumann, M., Hostert, P., & Seidl, R. (2018). Canopy mortality has doubled
in Europe’s temperate forests over the last three decades. Nature Communications, 9(1), 4978. https://doi.org/10.1038/s41467-
018-07539-6

Smith, M., Kralli, A., & Lemoine, P. (2021). Analysis on biomass in National Energy and Climate Plans. Trinomics. https://www.fern.org/
publications-insight/analysis-on-biomass-in-national-energy-and-climate-plans-2326/.

Smith, P., Campbell, D., Cherubini, F., Grassi, G., Lwasa, S., McElwee, P., Saigusa, N., Soussana, J.-F., Nkem, J., Calvin, K., Korotkov, V.,
Hoang, A. L., Nkonya, E., & Taboada, M. A. (2019). Interlinkages between desertification, land degradation, food security and green-
house gas fluxes: Synergies, trade-offs and integrated response options. In Climate Change and Land: An IPCC special report on
climate change, desertification, land degradation, sustainable land management, food security, and greenhouse gas fluxes in terres-
trial ecosystems (pp. 122). IPCC.

Soimakallio, S., Kalliokoski, T., Lehtonen, A., & Salminen, O. (2021). On the trade-offs and synergies between forest carbon seques-
tration and substitution. Mitigation and Adaptation Strategies for Global Change, 26(1), 4. https://doi.org/10.1007/s11027-021-
09942-9

Stanturf, J. A., Kant, P., Barnekow Lillesø, J.-P., Mansourian, S., Kleine, M., Graudal, L., & Madsen, P. (2015). Forest landscape restoration
as a key component of climate change mitigation and adaptation. IUFRO.

UNCCD. (2022). The global land outlook (2nd ed.)
UNFCCC. (2015). Adoption of the Paris agreement. Conference of the Parties Twenty-First Session Paris, 30 November to 11 December

2015. UNFCCC, United Nations Framework Convention on Climate Change.
van Sluisveld, M. A. E., Hof, A. F., van Vuuren, D. P., Boot, P., Criqui, P., Matthes, F. C., Notenboom, J., Pedersen, S. L., Pfluger, B., &

Watson, J. (2017). Low-carbon strategies towards 2050: Comparing ex-ante policy evaluation studies and national planning pro-
cesses in Europe. Environmental Science & Policy, 78, 89–96. https://doi.org/10.1016/j.envsci.2017.08.022

Verkerk, P. J., Delacote, P., Hurmekoski, E., Kunttu, J., Matthews, R., Mäkipää, R., Mosley, F., Perugini, L., Reyer, C. P. O., Roe, S., &
Trømborg, E., European Forest Institute, & Colling, R. (2022). Forest-based climate change mitigation and adaptation in Europe
(From Science to Policy) [From Science to Policy] (Vol. 14). European Forest Institute. https://doi.org/10.36333/fs14.

Vizzarri, M., Pilli, R., Korosuo, A., Blujdea, V. N. B., Rossi, S., Fiorese, G., Abad-Viñas, R., Colditz, R. R., & Grassi, G. (2021). Setting the forest
reference levels in the European Union: Overview and challenges. Carbon Balance and Management, 16(1), 23. https://doi.org/10.
1186/s13021-021-00185-4

Wiese, L., Wollenberg, E., Alcántara-Shivapatham, V., Richards, M., Shelton, S., Hönle, S. E., Heidecke, C., Madari, B. E., & Chenu, C.
(2021). Countries’ commitments to soil organic carbon in nationally determined contributions. Climate Policy, 21(8), 1005–
1019. https://doi.org/10.1080/14693062.2021.1969883

600 G. DI LALLO ET AL.

https://doi.org/10.1038/s41467-018-07539-6
https://doi.org/10.1038/s41467-018-07539-6
https://www.fern.org/publications-insight/analysis-on-biomass-in-national-energy-and-climate-plans-2326/
https://www.fern.org/publications-insight/analysis-on-biomass-in-national-energy-and-climate-plans-2326/
https://doi.org/10.1007/s11027-021-09942-9
https://doi.org/10.1007/s11027-021-09942-9
https://doi.org/10.1016/j.envsci.2017.08.022
https://doi.org/10.36333/fs14
https://doi.org/10.1186/s13021-021-00185-4
https://doi.org/10.1186/s13021-021-00185-4
https://doi.org/10.1080/14693062.2021.1969883

	Abstract
	Introduction
	Methodology and data collection
	Countries’ projections and cluster analysis
	Analysis of the long-term strategy reports
	The EU reference scenario

	Results and discussion
	The LULUCF sector contribution to the EU low carbon emission strategy
	Land-based policies and measures across the European Union
	Member states’ visions and EU Commission proposals

	Conclusions
	Acknowledgements
	Disclosure statement
	Declaration of interest statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


