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Summary

EYE-CLIMA aims at developing top-down methods based on atmospheric inversion to allow
for an independent verification of National Greenhouse Gas Inventories (NGHGIs), which
could lead to improved accuracy in greenhouse gas (GHG) emission estimates.

Uncertainty analyses of NGHGIs, by identifying major sources of incertitude in the inventory,
can help prioritise data collection needs and efforts to improve GHG inventories. Annex |
Parties to the United Nations Framework Convention on Climate Change (UNFCCC) report
a general uncertainty evaluation for each inventory edition, aiming at representing
uncertainties in activity data and emission factors.

This deliverable aims at presenting a compiled dataset of these reported uncertainties by
main Common Reporting Table (CRT) sectors and providing a short uncertainty analysis of
30 European countries (EU27, the United Kingdom, Norway and Switzerland). It is compiling
data from the 2025 submission to UNFCCC, including National Inventory Documents (NID),
CRT tables and reported uncertainties of EU Member States under Article 12 / Annex X of
the Regulation (EU) 2020/1208.

The estimated combined uncertainty, at EU27+3 level in inventory year 2023, represents
1+5% of total GHG emissions (expressed in CO- equivalent) with variation across sectors.
The LULUCF sector has the highest contribution to overall GHG emissions uncertainty for
2023 (40%) followed by Agriculture (26%), Fuel combustion (23%), Waste (7%), Fugitive
emissions from fuels (2%) and Industrial processes and product use (2%).

The LULUCEF sector is also the main contributor to uncertainty reduction, with a relative
uncertainty going from +136% in 1990 to +46% in 2023.
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1. Introduction

EYE-CLIMA aims at developing top-down methods based on atmospheric inversion to allow for an
independent verification of National Greenhouse Gas Inventories (NGHGIs), which could lead to
improved accuracy in greenhouse gas (GHG) emission estimates.

Uncertainty analyses of NGHGIs, by identifying major sources of incertitude in the inventory, can help
prioritise data collection needs and efforts to improve GHG inventories. Annex | Parties to the United
Nations Framework Convention on Climate Change (UNFCCC) report a general uncertainty evaluation for
each inventory edition, aiming at representing uncertainties in activity data and emission factors.

Even though the methodology for uncertainty estimation follows IPCC guidelines, data structure and
format are not standardized within the Common Reporting Format (CRT) tables. This deliverable aims at
presenting a compiled dataset of these reported uncertainties by main CRT sectors and providing a short
uncertainty analysis of 30 European countries (EU27, the United Kingdom, Norway and Switzerland,
hereafter EU27+3).

2. Uncertainties in national GHG inventories

Annex | Parties to the United Nations Framework Convention on Climate Change (UNFCCC) are required
to report their GHG emissions and uncertainty assessment following Decision 18/CMA.1: “Modalities,
procedures and guidelines for the transparency framework for action and support referred to in Article
13 of the Paris Agreement” (UNFCCC, 2019).

Countries should quantitatively estimate the level uncertainty in their emission and removal estimates
for all sources and sinks, including total values, for at least the starting year (usually 1990) and the most
recent year reported, following IPCC guidelines (IPCC, 2019). Trend uncertainty should also be calculated
between base year and latest reporting year.

For the European Union, these reporting requirements are also stated in Article 12 and Annex X of the
Regulation (EU) 2020/1208 (https://eur-lex.europa.eu/eli/reg_impl/2020/1208/oj/eng).

There are two approaches given in IPCC guidelines regarding uncertainty estimation:

- Approach 1 (Tier 1) estimates uncertainties by using the error propagation method (IPCC GPG
2000, Annex 1), where uncertainties are small (coefficient of variation (CV) < 0.3), have Gaussian
distributions and have no significant covariance

- Approach 2 estimates uncertainties with a Monte Carlo analysis. This is more suited when
uncertainties are large, their distributions are non-Gaussian, the algorithms are complex
functions, and correlation occurs between sectors, activity data or emission factors

In practice, all countries within the EU27+3 perimeter report their uncertainty estimate in their National
Inventory Document (NID), using a format consistent with IPCC guidelines (see Figure 1), using either
Approach 1, Approach 2 or both.

The IPCC methodology to calculate the level of uncertainty - which shows the 95% confidence interval
of emission estimates for a given year, gas and sector assuming a Normal distribution - is relying both
on an assessment of uncertainty for emission factors and an assessment of uncertainty for activity data.
Emission factor uncertainties are generally given in IPCC guidelines or included in country specific
methodologies. However, uncertainties in activity data are less commonly known by inventory compilers.
The IPCC guidelines do provide either qualitative insights or quantitative range of uncertainties for main
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activity parameters per source sector (for instance in IPCC, 2006, Volume 4 Chapter 10: “The uncertainty
associated with [animal] populations will vary widely depending on source, but should be known within
+20%”), but does not provide inventory compilers with default uncertainty ranges for activity data. As
such, these uncertainties are frequently estimated based on expert judgement

2.2. Definition of uncertainty

Reported uncertainty is expressed as the percentage uncertainty associated with an activity data,
intermediate parameter or emission factor. It is calculated as half of the 95 percent confidence interval
divided by the total emission.

The compiled dataset in this deliverable is providing data on uncertainty assuming that GHG emissions
or removals are normally distributed. It follows definitions given in IPCC guidelines on uncertainties
(IPCC, 2019), and are expressed as follows :

UNC = +

x 100
EMI )

Where the uncertainty (UNC) equal to 1.96 times the standard deviation (o) around estimated emissions
or removal (EMI). Variables EMI and UNC are found in the dataset description in section 5.

(1.96 X o
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TABLE 3.2 (UPDATED)
APPROACH 1 UNCERTAINTY CALCULATION
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Figure 1. Reporting of uncertainties in national greenhouse gas inventories (approach 1). Source: IPCC, 2019. Table 3.2 p 27 of the 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, Volume 1, Chapter 3: Uncertainties.

This project has received funding from the European Union’s Horizon Europe
research and innovation programme under grant agreement No 101081395




3. Data compilation and processing for EU27+3

The European Commission joined the UNFCCC as a party and is therefore required to follow the same
reporting obligations as Annex | parties. For the compilation of uncertainty estimates for EU27, several
standardized datasets were provided by Umweltbundesamt Osterreich (UBA-V) allowing to analyse
uncertainty per gas (CO-, N.O, CH4 and Total GHG), Member States and Sectors. The uncertainty analysis
was made based on the Tier 1 uncertainty estimates (error propagation method).

Within the EYECLIMA project, the perimeter is extended to Norway, Switzerland and the United Kingdom.
Datasets were either directly collected from the NID report or provided by National Inventory teams.

All uncertainty data in this report refer to the 2025 submission to the UNFCCC, with 2023 as last inventory
year.

Gap-filling and harmonization

Reported uncertainty from EU Member States are not fully standardized since some countries don’t
estimate uncertainty for some CRT sectors, or some subsector emissions are confidential. The
resolution with which uncertainty is reported can also vary across subsectors and gases. Data
transmitted by UBA-V was standardized following the EU-NID’s methodology (EEA, 2025). For partially
completed sectors, the remaining net emissions are calculated in CO, equivalents and included in the
total. Uncertainty is then estimated by determining the average sectoral uncertainty—based on the Tier 1
uncertainty estimates reported by the country for included sources and sinks—and applying this average
percentage to the residual net emissions.

In Norway, some emissions reported in the NID tables for 2023 were not assigned with an uncertainty
value. That year, 30.0 MtCO.e of emissions were reported with an associated uncertainty value, while
total reported emissions in the CRT tables amounted to 31.4 MtCOze. For the remaining 1.4 MtCOze,
uncertainty values were assigned in two different ways:

(i) if uncertainties are reported in the NID for a given gas and CRT sector, then aggregated
uncertainties are derived from the reported uncertainties.

(i) if no uncertainty value was reported for a given gas and sector, the maximum uncertainty
across all gases for a given sector was assigned to these residual emissions.

Both The United Kingdom and Switzerland provided complete uncertainty reporting for the year 2023.
Switzerland reports emissions in the CRT 6 sector (0.01 MtCOe), which were excluded from the
analysis.

Interpolation between 1990 and 2023

Based on the resulting gap-filled dataset uncertainties are aggregated by country, by gas and by main
CRT sectors (1 to 5). Between 1990 and 2023, relative uncertainty (i.e. as fraction of emission) is linearly
interpolated.

Combining uncertainties

Greenhouse gas emission estimations can be correlated across sectors, gas as well as between
countries following the same methodologies and databases to estimate GHG emissions. However,
considering that the Annex | Parties to the UNFCCC are not reviewed upon the quality of this uncertainty
reporting and seeing that IPCC guidelines are not providing a simple way of dealing with correlations, it
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is safe to consider that in practice, reported combined uncertainty are generally calculated assuming no
correlation between subsectors for a given gas.

In the EU-NID methodology, correlation coefficients between countries estimates are assigned for a
given gas and subsector, to combine uncertainties at the EU27 level (EEA, 2025). These coefficients are
assumed to be 0 (no correlation), 0.5 (partial positive correlation) and 1 (full positive correlation)
depending on information given in the “Summary 3” sheet of the CRT tables. The same methodology
was applied to extend the combined uncertainty at EU27+3 level, assuming partial correlation (0.5)
between subsectors of the three additional countries (United Kingdom, Norway, Switzerland) and EU27.
The combined uncertainty is then derived from the covariance matrix.

This project has received funding from the European Union’s Horizon Europe
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4. General uncertainty evaluation

4.1. Uncertainty per sector for year 2023

For total emissions of greenhouse gases included within CRT sectors 1 to 5, the overall level uncertainty
is estimated at 5% for year 2023 (Table 1). This apparently low uncertainty level, however, hides larger
uncertainties across sectors and gases.

Table 1. Summary of level uncertainties by sectors, expressed in percentages, at EU27+3 level for year 2023

Sector GHG CO, CH4 N0
1A. Fuel combustion 3% 1% 126% 116%
1B. Fugitive emissions from fuels +37% +44% +48% +57%
2. IPPU 8% +3% +24% +15%
3. Agriculture +19% +14% +9% +52%
4. LULUCF +46% *+38% +40% +43%
5. Waste +31% +21% +32% +115%
Total -CRT1to 5 5% 4% +11% +38%

The contribution to variance of sectors per GHG in 2023 is shown Figure 2. This contribution is calculated
as Var(EMI) / 5; Var(EMI;) with EMI; representing emissions from the CRT sector /, assuming no
correlation (consistently with IPCC Approach 1). The LULUCF sector has the highest contribution to
overall GHG emissions uncertainty (40%) followed by Agriculture (26%), Fuel combustion (23%), Waste
(7%), Fugitive emissions from fuels (2%) and Industrial processes and product use (2%).

100% —
I
90%
80% m 5. Waste
70%
60% 4. LULUCF
50% 3. Agriculture

40% m2. |IPPU

0,
30% m 1B. Fugitive emissions from fuels
20%

10% - - | 1A. Fuel combustion
00 I
GHG Cc02 CH4

N20

Figure 2. Contribution to variance by gas and sector at EU27+3 level (inventory year 2023)

LULUCF

The LULUCF sector has a net contribution to annual CO, emissions and removals which is small at
EU27+3 level but a contribution to total inventory uncertainty that is high. The main source of
uncertainties come from the CRT category 4A (Forest land). More specifically, intermediate parameters
used to estimate biomass stock (wood density, stand age, species composition, tree height, forest
structure, etc.) as well as biomass gains and losses (forest type, soil fertility, climate impact on growth
rate and diseases, etc.) can lead to important emission/removal uncertainties. Separating uncertainty
between activity data and emission factors is not easy considering that these intermediate parameters
intervene in the emission factor calculation. For the six IPCC land-use categories (Forest land, Cropland,
Grassland, Wetlands, Settlements, Other land), statistics on areas and conversions are generally reliable
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at the EU level with multiple datasets available from inventories, samples or spatial datasets and across
different sources which limit the uncertainty associated with these values at a national scale.

Agriculture

Agriculture’s contribution to N,O emission uncertainty is very high at the EU27+ level (94%). Most
uncertainties are stemming from N,O emission from agricultural soils (category 3D). Direct N,O
emissions from nitrogen (N) inputs to agricultural soils are, in most EU27+3 countries calculated using
a Tier 1 approach, either using aggregated or disaggregated (by N-input types and climate) default
emission factors. This emission factor (EF1 in the IPCC guidelines) has an uncertainty of £300% in IPCC
2006 guidelines whereas in the 2019 refinement to the IPCC guidelines, it has been reduced to +80%.
Uncertainty is further reduced using the disaggregated EF. N-inputs to soils are subject to lower
uncertainties due to generally good existing statistics on synthetic fertiliser use, animal herd and crop
production. Nitrogen excretion per animal category, nitrogen losses from excretion to spreading and N
content of crop residues also rely on references that may lead to further uncertainties of activity data.

Agriculture is also a significant contributor to uncertainty of methane emissions, especially through
enteric fermentation, which is the first source of methane emissions in EU27+3. Even though animal
numbers are well known at a national scale, the Tier 2 emission factor from IPCC methodology rely on
several parameters which are less commonly found in statistics such as feed composition and feed-
intake per animal type and age category, animal weight and average daily weight gain. Default parameters
per main geographic area are provided by IPCC for the Tier 2 methodology which limits the level of
uncertainty.

Energy

Even though the fuel combustion sector (1A) has a high contribution to annual GHG emissions at EU27+3
level, its contribution to uncertainty remains low. This is due to the fact that CO, emission estimates can
rely on country specific, or even site and technology-specific, emission factors for stationary sources.
Moreover, uncertainties of default emission factors for both stationary and mobile sources combustion
are typically below 5% for CO, and main fuels since they are linked to the carbon content of the fuel.
Activity data uncertainty are the main sources of uncertainty for fuel combustion and industry sectors.
However, the allocation of fuel consumption by type and economic sectors is generally accessible
through public statistics in Europe, with default database such as Eurostat, which limits the uncertainty
range.

Fugitive emissions from fuels (1B) are a significant contributor to CH4 uncertainty estimates after the
agriculture and waste sectors. Romania and Poland are contributing to 72 % of the uncertainty associated
with these fugitive emissions of methane due to remaining coal mining activities in these countries and
Spain is contributing to 19% of the uncertainty through distribution of liquid fuels.

Waste

The Waste sector is the first contributor to CH,4 uncertainty estimates at EU27+3 level, mainly coming
from solid waste disposal. France is a major contributor to CH, uncertainty estimates (81 % of EU27+3
in 2023), with a high CH, emission level and the highest uncertainty level (+147%). This high uncertainty
level is due to an estimated high uncertainty on the CH4 emission factor (+175%).
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Industrial Processes and Product Use

The industrial processes and product use sector (2) has a relatively low contribution to uncertainty of
GHG emissions. This is due to emission factors and activity data for CO- that are country to site specific,
similar to the Energy sector. Moreover, under the EU Emissions Trading System (EU ETS) main polluting
companies are required to monitor and report their emissions on a yearly basis. Apart from exceptional
cases, such as an unnoticed and unreported gas leak, the level of uncertainty for these emission
estimates should be very low.

It is worth mentioning that fluorinated GHG (F-gases) are the main source of uncertainty within this
sector, especially HFCs.

90%

79%
80%
70%
60%
50% 40%
40%
0,
30% 23% 26%
0,
20% 9% 12% o T%
10% 2% 2% 2% . 4%
0% — - |
10% -
e -6%
-20%
1A. Fuel 1B. Fugitive 2. 1PPU 3. Agriculture 4. LULUCF 5. Waste
combustion  emissions from
fuels
m Contribution to GHG emissions Contribution to uncertainty

Figure 3. Contribution to reported GHG emissions and to variance by gas and sector at EU27+3 level (inventory year 2023)

4.2. Temporal evolution of level uncertainty

Between 1990 and 2023, the reported level of uncertainty has decreased both in relative values (from
7% to 5%) and in absolute values (+369 MtCO-e to +154 MtCO.e). Reported uncertainty estimates are
decreasing in relative values for CO, while slightly increasing for CH, and N,O (see Table 2 and figures
4t07).

The LULUCF sector is the main contributor to this uncertainty reduction, with a relative uncertainty going
from £136% in 1990 to +46% in 2023 at EU27+3 level. This rapid decrease in uncertainty estimate is
mostly related to emission levels and uncertainty levels reported by Finland. From 1990 to 2012,
reported removals from Finland are stable around -22MtCO-e per year, then removals rapidly decrease,
and the sector becomes a source, stabilizing its emission in the last three reported years (2021-2023)
at around 12 MtCO.e annually. In Finland, between 1990 and 2023, relative uncertainty reduces
drastically from above 1200% in the historical period (1990-2012) to 96% for the last reported year
(2023).

Other sectors contribute less to the temporal evolution of uncertainty. The Agricultural sector reduces
its emission level, but the relative uncertainty level remains stable. The Fuel combustion sector reduces
its contribution to total uncertainty with reducing emission level, while the relative uncertainty estimates
are slightly increasing, from £2% to £3%.
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This uncertainty evaluation provides a quantitative estimate of the confidence interval for reported
emissions and removals. However, some additional uncertainties from NGHGIs not considered in this
evaluation may occur such as methodological errors and misinterpretation, double counting or omission
of sources, inaccurate modelling, etc. These forms of uncertainties occurring in inventories are currently
managed through expert reviews which are part of the MRV systems of the UNFCCC and the EU. These
reviews focus on inventory transparency, accuracy, completeness, consistency and comparability
(TACCC), allowing for an improvement of inventories quality over time, which helps limiting unquantified
uncertainties.

Table 2. Evolution of reported level uncertainty per CRT sector and per GHG between 1990 and 2023

1990 2023
Emission  Uncertainty | Emission  Uncertainty
(MtCO2e) (%) (MtCOZ2e) (%)
CRT Sector
1A 4198 2% 2 664 3%
1B 215 125% 63 £37%
2 552 3% 305 8%
3 555 1+20% 419 £19%
4 -240 +136% -211 +46%
5 263 125% 133 £31%
Gas
CO, 4 282 8% 2627 4%
CH.4 835 £10% 471 1%
N20 357 130% 202 138%
F-gases 70 NE 72 NE
Total 5543 7% 3372 5%
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Mt CO2e
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Figure 5. Reported CO, emissions and removals per CRT sector with uncertainty (95% confidence interval) from 1990 to
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Figure 6. Reported CH4 emissions per CRT sector with uncertainty (95% confidence interval) from 1990 to 2023, at EU27+3
level. Based on UNFCCC 2025 submission.
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Figure 7. Reported N,0 emissions per CRT sector with uncertainty (95% confidence interval) from 1990 to 2023, at EU27+3
level. Based on UNFCCC 2025 submission.
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5. Dataset description and metadata

Two types of datasets have been generated for this deliverable.

The first type of dataset is showing combined uncertainty estimates per sector, per country (EU27+3)
and per year (1990-2023). The data is presented for CO,, N.O, CH, and total GHG emissions, in four
separate files.

The second type of dataset correspond to the combined uncertainty estimates at EU27+3 level per sector
and per year (1990-2023). The data is presented for CO,, N.O, CH, and total GHG emissions, in four
separate files.

All files follow the same format:

Submission Country_id Country Sector Gas Year EMI UNC Unit_EMI | Unit_UNC
Jouontne | Treietes | gt | 5| cOuor | B | S | o | cos | pacn
Country_id | Country
AUT Austria
BEL Belgium
BGR Bulgaria
CHE Switzerland
CYP Cyprus
CZE Czech Republic
DEU Germany
DNK Denmark
ESP Spain
EST Estonia
FIN Finland
FRA France
GBR United Kingdom of Great Britain and Northern Ireland
GRC Greece
HRV Croatia
HUN Hungary
IRL Ireland
ITA Italy
LTU Lithuania
LUX Luxembourg
LVA Latvia
MLT Malta
NLD Netherlands
NOR Norway
POL Poland
PRT Portugal
ROU Romania
SVK Slovakia
SVN Slovenia
SWE Sweden
16
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Greenhouse gases

* %

Gas Description
CO; Carbon dioxide
CH4 Methane
N.O Nitrous oxide
GHG All greenhouse gases (CO,, CHa,
N.O, HFCs, PFCs, SFg, NF3)
CRT Sectors
Sector Description
1A Fuel combustion
1B Fugitive emissions from fuels
2 Industrial processes and product use
3 Agriculture
4 Land use, land-use change and forestry
5 Waste
e This project has received funding from the European Union’s Horizon Europe

* 4k

s research and innovation programme under grant agreement No 101081395
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