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Abstract — In pursuit of climate neutrality, EU nations must collectively address the problem
of greenhouse gas (GHG) emissions and air pollutants, which necessitates equitable economic
strategies. However, the heterogeneous economic, social, and geographical profiles present
hurdles in enacting a cohesive policy framework and realizing shared goals. Land use, land
use change and forestry (LULUCF) sector play a crucial role in achieving the EU 2050 climate
neutrality goal, as LULUCF is both a source and a sink for GHG emissions, it provides
products like wood and biomass that help to reduce emissions in other sectors. This paper
aims to compare GHG emissions of different EU countries by using targeted indicators
related to per capita and to GDP per capita to enhance the analysis. The results reveal
substantial differences in emissions in relation to population and GDP per capita between
selected EU countries, even among countries with similar profiles, such as Estonia, Latvia,
Lithuania. Notably, countries with lower GDP per capita and smaller population tend to have
higher emission values, suggesting less efficiency in managing land use and forestry. The
study highlights the need for multi-year data analysis to identify trends in emissions and
removals within the LULUCF sector, considering the impacts of natural disasters and
economic activities such as bark beetle outbreak or wood harvesting.

Keywords — Air pollutants; GHG; land use; land-use change and forestry; national inventory
reports.

1. INTRODUCTION

In November 2018, the European Commission unveiled an ambitious long-term strategy
aimed at mitigating GHG emissions, by investing in viable technological solutions and by
synchronizing efforts in essential areas such as industrial policy, finance, and research to lead
as the first climate-neutral continent by 2050 [1]. Achieving this goal requires significant
reductions in emissions across all EU countries, coupled with enhanced efforts to capture
GHG from the atmosphere [2]. In comparison to the National Determined Contribution goal
established in 1990, which aimed for a 40 % reduction in emissions by 2030, the EU raised
its target to 55 % in 2023. This adjustment reflects the recognition that EU policy frameworks
alone may not be sufficient to achieve the 2050 objectives. Consequently, the less action the
EU takes in the coming decade, the more rapid emissions reductions will be required after
2030 [3].
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In pursuit of climate neutrality, EU nations must collectively address the GHG emissions
and air pollutants problem, necessitating equitable economic strategies [4]. Nonetheless, the
heterogeneous economic, social, and geographical profiles present hurdles in enacting a
cohesive policy framework and realizing shared goals [5], [6]. Ascertaining comparability
necessitates the standardization of reporting protocols, enhancement of data precision, and
alignment of emission calculation methodologies across EU member states [7].

To systematize the GHG emissions accounting, EU member states annually prepare
national emission inventory reports (NIR) for United Nations Framework Convention on
Climate Change (UNFCCC). This report includes detailed information about GHG and air
pollutant emissions. They help monitor emission trends, inform policy decisions, fulfil
international reporting obligations, and promote transparency and accountability in
addressing climate change [8]. To ensure consistency in these reports Intergovernmental
Panel on Climate Change (IPCC) provides standardized guidance and methodologies for
estimating GHG at three level of detail, from default to most detailed method (Tier 1, Tier 2
or Tier 3). Based on available information and research carried by country, the method for
emission calculation for different activity can be chosen [9].

Precise and consistently formatted emission inventories are crucial for understanding a
country’s emission patterns and assessing its environmental responsibilities [10]. Knowing
only direct emissions from each country an unfair distribution of responsibilities may occur
if countries with different economic, social and geographical profiles are compared [11]. To
address this issue Brodny and Tutak [7] suggested to consider three additional factors to
analyse GHG emissions — a comparison between the volume of emissions to the number of
inhabitants of a given country, the value of gross domestic product (GDP) and surface area.

All countries, when reporting emissions in NIR emissions, divide emissions by economic
sectors — energy, industrial processes and product use (IPPU), agriculture, land use, land-use
change and forestry (LULUCF), waste and other [9]. It was decided to analyse emissions
within the framework of one sector — LULUCF, considering that national inventory reports
(NIR) contain information on calculated emissions from 6 sectors and are very broad, it would
be difficult to analyse each sector separately within the framework of the study, while
analysing all the emissions together would provide overly generalized information. The
LULUCF sector was chosen, because analysing it is important for understanding its
significant role in GHG emissions and carbon sequestration [12], [13]. Unlike other sectors,
LULUCF encompasses both carbon dioxide (CO2) emissions and removals, due to its diverse
land management practices [14]. This sector includes land use categories such as croplands,
grasslands, wetlands, forests, and settlements, each influencing carbon dynamics
differently [15]. For instance, some land use types act as carbon sinks, sequestering CO; from
the atmosphere, while others, like deforestation or peatland drainage, serve as sources of CO;
emissions [16]. The importance of focusing on LULUCEF arises from its substantial potential
for mitigating climate change [17]. Effective management of land use can lead to significant
reductions in GHG emissions and enhanced carbon sequestration. This is particularly relevant
in the context of the EU’s goal of achieving climate neutrality by 2050 [1], [18].

This study aims to analyse GHG emissions in the LULUCF sector across different EU
countries using relevant indices to evaluate how effectively each country manages land use
and forestry in relation to economic output and population. By focusing on key GHGs such
as carbon dioxide (CO;), methane (CH4), and nitrous oxide (N.O). The findings contribute to
a deeper understanding of how various countries manage land use and forestry, which can
inform future research and discussions on enhancing sustainability and emission reduction
strategies within the EU.
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2. METHODOLOGY AND DATA

Considering the framework of this study, it was decided to select clusters of countries
instead of analysing all European countries. The cluster for this study was chosen based on
Brodny and Tutak research [7], and consists of countries that had the largest amount of
emissions into the atmosphere, considering the population and surface area in 2017 — Czechia,
Denmark, Estonia, Ireland, Latvia, Lithuania, Luxembourg, Poland, and Finland.

The chosen countries are different in surface area, population and economic growth, it was
decided to use indicators that would represent the emissions emitted by each country in
relation to the country's population and GDP, which in turn will make it possible to compare
different countries between each other [19]-[21]. It is possible to apply different indicators,
such as emissions per GDP, emissions per country surface land forest area, emissions per
population etc. In this study countries are compared using such indices as emissions per capita
and emissions per GDP per capita (tCO; per capita, tCHs per capita, tNoO per capita, tCO,
per GDP, tCH4 per GDP, tN,O per GDP). Emissions per capita index was chosen because it
measures the average individual contribution to a country’s total GHG emissions. It can also
help to identify disparities between countries, highlighting those with higher individual
impacts [20], [22]. As for emissions per GDP per capita, this index integrates economic
efficiency with individual prosperity, providing a comprehensive perspective on a country’s
sustainability and enables equitable international comparisons by considering economic
output and population, informing policies for efficient, low-carbon development [23]-[25].
An additional index was introduced — CO, emissions per forest land surface area (tCO>/ha),
due to that largest removals of CO; almost in all countries occur from the source — forest land.

Emissions/removals per capita are calculated by dividing emissions of a given country (t)
in LULUCF sector in 2021 by population in a given country in 2021 (capita).
Emissions/removals per GDP per capita are calculated by dividing emissions of a given
country (t) in LULUCEF sector in 2021 by GDP per capita in a given country in 2021 (EUR
million). CO, emissions/removals per forest land surface area are calculated by dividing
emissions/removals of a given country (t) from forest land in 2021 by forest land surface area
in a given country in 2021 (ha) [26]. Indicators were calculated for CO,, CH4 and N,O. Data
for emissions were taken from countries NIR 2021 [27] and information about countries
population were taken from System of National accounts [28] and GDP per capita from
Eurostat [29]. Index values for CO, it should be noted that a negative value will be considered
a better result because emissions is not only emitted but also sequestered, for CHs4 and N>O
best value is considered 0, for all GHG worst value is considered positive number. The
step-by-step methodology for the overall study is presented in Fig. 1.
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Fig. 1. Methodology chart.
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TABLE 1. NET EMISSIONS AND REMOVALS IN THE LULUCF SECTOR BY DIFFERENT GASES

CO; emissions/removals (t)* CH, (t) N,O (t)
Latvia 956 294.48 31010.86 2150.392
Lithuania —6 238 066 3.120 406 555.0388
Estonia 2535165.2 2689.672 1026.786
Czechia 8342 100 310 30
Poland —21 844 518 275.2893 6573.911
Denmark 2 089 060 10380 150
Ireland 6278 983.4 2236791 1633.835
Finland -2 148 639.4 30399.56 6732.297
Luxemburg —613 855.88 Not occurring 32.10

*Positive figures indicate emissions, negative removals

Table 1 shows that Luxemburg NIR has removal CO,—-613.86 kt, and the largest CO,
emissions is from settlements (42.86 kt), cropland (29.88 kt), wetlands (2.23 kt) and other
land (0.17 kt). Looking further, compared to other countries, Luxemburg does not have
significant emissions in this sector, except N,O (0.03 kt). Considering this information, in
further analysis this country will not be looked at [30].

3. GREENHOUSE GAS EMISSION AND AIR POLLUTANT COMPARISON IN
SELECTED COUNTRIES

3.1. Comparison of CO; Emissions and Sinks from LULUCF Sector per Capita and per GDP
by Selected Countries

From Table 1, Poland has largest removals of CO, (—21 844 518 t) and Czechia has largest
CO; emissions (8 342 100 t). However, from Fig. 1 it can be seen that introducing indicator
tCO; per capita, Lithuania shows better results than Poland, which means that in Lithuania
there are larger amount of removed CO; emissions per person; Poland runs second. Estonia
has largest emission amount per capita from selected countries, although when looking in
direct emission amount in this sector (Table 1), Estonia is ranged as only the third largest
polluter; second is Ireland. Czechia has largest net amount of CO, emissions but considering
emissions per capita it has better results than Estonia and Ireland, who have lower net
emissions, it follows that the Czech Republic produces less emissions and have larger
emission sink per person than Ireland or Estonia.
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Fig. 2. CO, emissions/removals from LULUCF sector in 2021 per population (tCO, /capita).
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Latvia, Estonia and Lithuania have similar country profile (size, GDP per capita (12 870 (LV),
16 350 (EE), 14 870 (LT) EUR [29])), nevertheless Lithuania has better indicator values in both
cases, it can be explained by fact that Latvia and Estonia have smaller population (1.87 (LV), 1.31
(EE), 2.78 (LT) million in 2021 [28]). The difference can be explained by capacity of carbon
sequestration in biomass and roundwood removals. For instance, Estonia reports that managed
forest in country (which is the main source of carbon sink) are predominantly mature, with about
39 % of stands over 60 years old, as well area with early development stages have been increased
in last decade [31], [32], all this lead do decline in carbon sequestration. In 2020 and also in 2021
Latvia experienced increase in forest harvesting rate and increase of mortality and reduction of
increment of living biomass in forest land (this tendency was observed also in 2015 and 2014)
[33], [34].
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CO, per GDP per capita

Fig. 3. CO, emissions/removals from LULUCF sector in 2021 per GDP per capita (tCO/EUR).

When indicator tCO; per GDP per capita is applied, Poland has the best score, but Czechia
has the worst score, from all selected countries (see Fig. 3). This means that Poland is
managing land and forest resources more efficiently than other selected countries,
contributing to low emissions relative to its economic output and vice versa with the Czechia.

As forest is one of the main carbon sink in EU countries (from selected countries in 2021
Latvia, Lithuania, Poland, Finland, Denmark, Ireland — largest CO> sinks occur from source
forest land, only in Estonia and Czechia it is from harvested wood production), and have great
potential to mitigate climate change by increasing carbon sequestration by increasing tree
growth, and reducing harvesting [35]. Thus, to analyse CO; emissions from LULUCF sector
an additional indicator was applied for CO; emissions — CO; per forest land surface area
(tCOy/ha).

From Fig. 4 can be seen that Denmark has the best results in CO, removals/emissions from
forest land, previously (see Fig. 2 and Fig. 3) showed positive indicator values. Finland — a
country with the largest forest land from selected countries, is only the second by CO»
removals (see Table 1), although Poland have less than two times forest land area, but the
indicator (tCOy/ha) shows that Poland reports higher amount of removals in comparison to
forest surface land area than Finland. Comparing Net CO, removals from forest lands in
Finland in 2021 with 2020 values, the amount has decreased twice (in 2020-22 938.51 kt CO
[36],in 2021-10 774 kt CO, [37]), that can be explained by the fact that between 2020 and
2021 roundwood removal in Finland in volume increased by 11 % [36]. Although Poland also
reports negative change in CO, removals dynamic, which assumingly is caused by natural
causes, like droughts since 2014, which reduced capacity for wood grown leading to loss of
sequestrated carbon [38], or hurricane winds in 2017, which caused tree falls therefore
reducing carbon sink [39], and significant changes in the dynamics of dead wood
decomposition [40], nevertheless forest land remains the main CO, sink category in the
country.
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Fig. 4. Total emissions/removals from forest land source in LULUCF sector in 2021 (kt) in relation to total forest land
area by countries in 2021 (tCOy/ha).

From NIR reports, it can be seen that Czechia (2678.8 kha [41]) and Estonia (2447.41 kha
[31]) have a similar forest land surface area with Lithuania (2230.66 kha [42]), nevertheless
these two countries report more emissions than removals from this source. Czechia reports
fourth year in row (from 2018) contribution of CO; emissions from LULUCF sector, such
trend is explainable due to the fact that Czechia had exceptionally high sanitation harvest
following an unprecedented extreme weather (drought), as well bark-beetle outbreak in
forests have been registered since 2015 [41], these outbreaks can lead lower plant productivity
by causing tree mortality, shifting carbon from living trees to dead organic material [43]. In
Estonia 39 % of forest is considered as mature (stands over 60 years old), leading to not so
rapid carbon sequestration, as it can be in young forests [44].

Although Lithuania has less forest land than Latvia (34.2 % vs. 50.6 % of the total surface
land area), it reports four-time greater amount of CO, removals from forest land use. Previous
reports indicate that net CO, removals from forest land in Latvia have declined by over three
times since 2019 [34]. This decrease is attributed to increased forest harvesting, higher
mortality rates, and reduced growth of living biomass in forested areas [34].

Indicator values from Fig. 4 indicates that Latvia, Denmark and Ireland have reported CO,
removals from forest land, but nevertheless these removals are not enough to compensate CO,
emissions from whole LULUCEF sector (see Fig. 2) as it is in Poland. In case of Ireland and
Denmark that can be explained by relatively small forest land surface area 781 kha and
645 kha [45], [46], where Latvia in last years showed overall decrease in emission removals
from forest land due to increased harvesting rate.

From selected countries from all indicators best values are shown from Poland and
Lithuania. This means these two countries manage land and forest resources more efficiently
regarding population and economic output compared to other countries. Worst values for all
three indicators come from Czechia, Estonia and Ireland. The high emissions could be due to
inefficient practices or other factors like increased deforestation. Additionally, these countries
might be facing natural challenges, such as pest outbreaks or extreme weather, that reduce
their forests' capacity to act as carbon sinks.

3.2. Comparison of CH4 Emissions from LULUCF Sector per Capita and per GDP by
Selected Countries

Comparing countries by indicator t CH4 per capita, we can see that from selected countries
Latvia reports highest methane values considering the population (see Fig. 5), as well as the
highest total methane values (see Table 1).
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Comparing Latvia to neighbouring countries (similar in land surface size), it can be seen
that it reports much higher methane values. For example, Lithuania reports a thousand times
smaller volume of emissions than Latvia and Estonia report ten times smaller volume than
Latvia in 2021 in LULUCEF sector. This difference is likely due to method used (Tierl/2). For
instance, Lithuania applies Tier 1 method to estimate non-CO, emissions from peatlands and
assumes that CHs; emissions from drained peatlands are insignificant according to IPCC
guidelines 2006 [9], [42], while Latvia and Estonia calculate emissions from peat extractions
and applies Tier 2 method with countries specific EF and default EF from IPCC wetland
supplement [47].

From Latvia NIR biggest source of methane emissions comes from drained and rewetted
organic soils and results in 30.33 kt, other emissions come from biomass burning 0.68 kt. In
Estonia is similar tendencies as in Latvia, CH4 emissions in LULUCEF sector are from drained
and rewetted organic soils 2.68 kt and <0.01 kt from biomass burning [34]. Estonia is not
estimating methane emissions from rewetted organic soils [31], but Lithuania report shows
that CH4 from rewetting organic soils is not occurring [42], so this can be considering as one
of the reasons why Latvia had much higher CH4 emissions than neighbouring countries [34].

Knowing from 2021 NIR that total area of drained organic soil from wetland land use
category, Latvia had 31.62 kha [34] area of peat extraction lands, Lithuania 13.41 kha [42]
and Estonia 25.51 kha [31]. Interesting that Latvia reports 127 times higher value for CH4
emissions (518 t) from this source than Estonia (4 t), considering similar peat extraction land
area, this difference can be explained by that both countries use Tier 2 method and uses
country specific EF (Latvia 10.83 kg CH4 ha™! yr!, Estonia 3.96 kg CH4 ha™! yr™).

If comparing Latvia to other selected countries Latvia had largest area of rewetted soil for
which methane emissions were calculated (49.68 ha), second largest is for Denmark
(21.99 ha), other countries had much less or non [34], [45]. In Latvia in forest land section
rewetting occurs usually due to wearing of drainage system and is approved during the site
visit (in 2021 it was 40.64 ha), both countries area applying EF from IPCC guidelines
288 kgCHa/ha for forest land and wetland organic soils [34], [45].

If looking into Poland it has second lowest CHy4 emissions level from selected countries.
It’s interesting, considering countries surface area and large economic activity. From NIR all
CH4 emissions comes from biomass burning (wildfires) and results in 0.28 kt (in 2021) (see
Table 1). From NIR in 2021 Poland had larger forest fire area than Latvia (841.08 ha
comparing to 743.7 ha), but in total Latvia reports higher CHy4 emissions 0.37 kt [34],
compared to Poland 0.21 kt, that can be explained by fact that Latvia uses IPCC due to higher
EF 6.1 g kg™! d.m. burned, (Poland EF 2.3 g kg™! d.m. burned) [34], [40].
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Fig. 5. CH,4 emissions from LULUCF sector in 2021 per population (tCH, /capita).
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Fig. 6 shows t CH4 per GDP per capita and can be seen similar trend as in the previous
figure (see Fig. 4) — Latvia has higher indicator much higher values than other countries.
From Table 1 can be seen that Latvia have similar CH4 emissions to Finland, nevertheless if
comparing these countries considering these two indicators Latvia performs worse than
Finland. That can be explained by fact that Finland has three times bigger population and
more than half higher GDP per capita values. Only difference in trend between emissions per
GDP per capita and emissions per capita is that Czechia have lower indicator value than
Poland in relation to countries GDP per capita, since both countries have similar CH4
emissions. That can be explained with that Czechia had higher GDP per capita value that
Poland in 2021. Comparing all countries GDP per capita Poland had lowest, nevertheless but
reported emissions are so low, that GDP doesn’t impact much Poland indicators values.

If comparing used EF in countries by CH4 biomass burning Estonia and Latvia have highest
EF 6.1 g kg'! d.m. burned, comparing to Eastern Europe countries from this study Lithuania
and Finland 4.7 [36], [42], Poland 2.3 [40] (g kg"! d.m. burned). This can also be one of the
reasons why Latvia reports significantly higher methane emission value than other countries
per capita or GDP per capita.

8 241
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Fig. 6. CH,4 emissions from LULUCF sector in 2021 per GDP per capita (tCHs/EUR).

Just like with CO; emissions, Lithuania and Poland have the best values for both indicators,
making them the most efficient countries in managing CH4 emissions in the LULUCEF sector.
Worst results are from Latvia and Finland, and this can be explained by assumptions made in
countries during the calculation of emissions.

3.3. Comparison of N20 Emissions from LULUCF Sector per Capita and per GDP by
Selected Countries

When calculating the indicator N»O per capita, due to low N,O emission amount, compared
to CO, and CHy, it was decided for calculation use emission values in kiloton (kt) and
population in millions (m).

From Table 1 can be seen that the lowest net N,O emissions has been observed in Czechia
and Denmark. Czechia reports N,O from forest land and cropland land source, but Denmark
from forest land, cropland and settlements (minor values also in wetland and grass land source
<0.001 kt) [41], [45]. Comparing countries by emissions per capita Czechia and Denmark
still show best indicator results, but Latvia and Finland indicate highest values (ktN,O/capita
million). Interesting that from Table 1 Poland has second largest value of N,O emissions after
Finland, but if considering population, it performs better than Estonia or Latvia, who have
much lower population (see Fig. 7), that means that Poland emits less N,O per person from
land use and forestry activities.
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When comparing countries with similar populations in 2021 — Finland, Denmark, and
Ireland — there are notable differences in N,O emissions. Finland reports the highest
emissions among these countries (see Table 1), this is primarily due to its extensive area of
drained organic soils from forest lands, which is main N,O source in LULUCF sector in
Finland [36]. Finland has a significantly larger forest land area (21645 kha) compared to
Denmark (781 kha [45]) and Ireland (645 kha [46]). Although Finland for organic soils
applies country specific EF (0.33 N,O-N ha™! yr!), which is smaller than IPCC guidelines
provided EF 2.8 N,O-N ha™! yr~! (used by Denmark and Ireland), due larger forest area N,O
emissions results in higher values comparing to other countries.
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Fig. 7. N,O emissions from LULUCF sector in 2021 per capita (ktN,O/capita).

Looking at Latvia (see Table 1), it reports much higher N,O emissions value than similar
countries (Estonia and Lithuania). Main source of N>O emissions in Latvia and Estonia are
from drained organic forest land soil, but in Lithuania — from grassland converted to cropland.
When indicator ktN,O/capita is applied for Estonia, it shows third highest indicator value,
which means, that Estonia pollutes more emissions per capita than other countries, for
example Ireland, with a slightly higher value of N,O emissions (see Table 1), but indicator is
more than twice lower, due to larger population. In both countries largest pollution of N>O in
LULUCEF were reported form drained organic soils from forest lands, Estonia reported smaller
drained organic soil from forest land area than Ireland, but still had higher emission value,
that can be explained by EF which was used for calculation, for nutrient rich organic soil
Ireland applied 2.8 N,O-N ha™! yr!, but Estonia 3.2 N,O-N ha™! yr! (both values are from
IPCC Wetlands supplement 2013 [47]). Comparing Estonia with Latvia, who use same EF as
Denmark, only Latvia reports higher value of drained organic soil from forest land
379.27 kha, (Estonia 288.03 kha), resulting in higher N,O value. From all three Baltic states
Lithuania reports lowest amount of N,O, that can be explained by smallest area of drained
organic soil from forest land reported (153.92 kha [42]), as well Lithuania uses lower EF 0.6
N>O-N ha! yr'! from the IPCC 2006 guidelines, where Latvia and Estonia for nutrient rich
forest soils uses IPCC Wetlands supplement 2013 provided EF.

From Fig. 8 it can be seen that Poland has the highest N,O emissions per GDP per capita
in the LULUCEF sector compared to other countries, therefore indicating that Poland generates
significant N,O emissions relative to its economic output from land use and forestry activities.
Comparing with previous indicator (see Fig. 7) Poland had third best indicator value in
relation to capita. That can be explained by that Poland had the largest population and one of
the lowest GDP per capita from selected countries leading to lower indicator values regarding
GDP per capita. In Poland biggest amount of N,O emissions comes from source — land
converted to settlements (422.52 kha), which means that land forest land is cleared for
infrastructure construction (roads, railways etc) [40].
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Fig. 8. N,O emissions from LULUCEF sector in 2021 per GDP per capita (tN,O/EUR).

When analysing emissions per capita Ireland had higher indicator value that Lithuania (see
Fig. 7), but when indicator emissions per GDP per capita were applied Lithuania had twice
higher value. From previous mentioned Ireland main source of N>O emissions was drainage
of organic soils in forest land, but in Lithuania land use change (grassland to cropland).
Considering that Ireland has twice bigger population in 2021 — and three-times higher amount
emitted N,O, it had higher indicator value regarding populations, but regarding GDP per
capita indicator values are much lower due to higher GDP per capita value [42]. Analysing
Irelands N>O emissions, can be seen that indicator N,O per GDP per capita can be relatively
favourable, indicating efficient management of N>,O emissions in relation to its economic
output. However, N,O emissions per capita are higher, suggesting that despite economic
efficiency, the country experiences significant net N,O emissions from land use and forestry
activities. In the case of Lithuania both indicators are stable, that mean that they remain in
the same order compared to other countries, thus indicating that country manages emissions
efficiently relative to it is economic output and population.

Compared to CH4 and CO; emission indicator values, for N,O most efficient countries are
Denmark and Czechia, due to initial low N>O emission amount. Highest indicator values are
from Latvia, Finland, Estonia and Poland, where Poland and Finland have highest net N,O
emissions, and Poland has the worst results in relation to economic output, but Finland to
population.

4. CONCLUSION

This study aimed to analyse countries with different profiles applying specific indicators
for a comprehensive assessment. During the analysis, it was observed that significant
differences exist even between countries with similar GDP, population, and land surface area,
such as Latvia, Estonia, and Lithuania. Although the Baltic states share similar political and
economic backgrounds, they perform differently regarding GHG emissions from the
LULUCEF sector. Latvia had highest contribution to CH4 from selected countries, while
Estonia led in CO, emissions within the Baltic. Lithuania, on the other hand, had the largest
CO; sink in the Baltics and the second largest among all the countries analysed.

These differences can be attributed to the approaches used by each country (Tier 1/2/3) to
calculate emissions. Based on IPCC guidelines, countries can use predefined EF that can vary
depending on climate and soil conditions or country-specific EFs calculated through research.
Additionally, natural disasters, such as wildfires or droughts, can cause variations in
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emissions, as countries with similar profiles do not necessarily experience identical
environmental events. Therefore, even with similar country profiles and EFs, emission levels
can differ. To account for these variables, it is advisable to conduct analyses over a larger
period (5-10 years), allowing for the smoothing of indicators in response to natural disasters
or other anomalies.

Fig. 4 shows that almost all selected countries, except Estonia and Czechia, contribute to
CO; emission removal from forest land use. Nevertheless, in Latvia, Denmark, and Ireland,
this sink cannot compensate for the CO, emitted from the entire LULUCF sector. When
comparing countries based on land surface area, Latvia is much smaller than Poland and has
a smaller forested area, nevertheless, reports much higher CHy4 values (see Fig. 5 and Fig. 6).
This discrepancy can be explained by the fact that Poland does not calculate emissions from
draining and rewetting organic soils or other management of organic soils, marking these
emissions as “Not applicable” in their NIR. In contrast, these are considered the main sources
of CH4 emissions in Latvia (from forest land). Additionally, countries like Czechia or
Lithuania mark some activities as “Not occurring” or “Not estimated.” For example,
Lithuania's 2021 NIR states that due to a lack of data and sufficient knowledge to provide
default equations for Tier 1 for non-CO, GHG emissions from drained organic soils, only
N,O emissions are accounted.

The study has shown that a country with large population, such as Poland, shows better
values even if it emits much more than other countries, meaning that these countries are more
efficient in land use and forest management in relation to population (see Fig. 7). The same
tendency shows if specific country has much higher GDP per capita value, for example,
Ireland in relation to N>O had better value than Poland with lower GDP per capita, making it
more efficient in managing emissions from LULUCF from economic output. As well there is
observed tendency where countries with lower GDP per capita value and lover population
have higher indicator value, making them not so efficient in managing emissions in LULUCF
sector compared to other selected countries, for example, Latvia and Estonia. Therefore, it is
recommended that when analysing countries with significant differences in population or
GDP, new indicators should be introduced to decrease the impact of these differences on the
results. Additionally, analysing data over multiple years could reveal trends in emissions and
removals within the LULUCEF sector.
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