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Glossary  

Glossary 
 

°C degree Celsius 

AD Activity data 

AFOLU Agriculture, Forestry and Other Land Use 

Agroscope Swiss centre of excellence for agricultural research, affiliated with the 
Federal Office for Agriculture (FOAG) 

AREA1 Swiss Land Use Statistics, first survey 1979/85 

AREA2 Swiss Land Use Statistics, second survey 1992/97 

AREA3 Swiss Land Use Statistics, third survey 2004/09 

AREA4 Swiss Land Use Statistics, fourth survey 2013/18 

AREA5 Swiss Land Use Statistics, fifth survey 2020/25 

ART Agroscope Reckenholz-Tänikon Research Station (formerly FAL) 
 since 2014 Agroscope 

Avenergy Avenergy Suisse (Swiss Petroleum Association) formerly Erdöl-
Vereinigung (EV) 

Base year 1990 

BCEF, BEF Biomass conversion and expansion factor, biomass expansion factor  

CAEP Committee on Aviation Environmental Protection 

Carbura Swiss organisation for the compulsory stockpiling of oil products 

CC Combination category 

CCGT Combined cycle gas turbine 

CCSoils Competence Center for Soils 

Cemsuisse Association of the Swiss Cement Industry 

CFC Chlorofluorocarbon (organic compound: refrigerant, propellant) 

CH4 Methane, GWP: 28 (UNFCCC 2019; Myhre et al. 2013) 

CHP Combined heat and power 

chp. Chapter 

CLRTAP  UNECE Convention on Long-Range Transboundary Air Pollution  

CNG Compressed natural gas 

CO Carbon monoxide 

CO2, CO2 eq Carbon dioxide, carbon dioxide equivalent (GWP = 1 by definition) 

COD Chemical oxygen demand 

CORINAIR CORe INventory of AIR emissions (under the European Topic Centre  

 on Air Emissions and under the European Environment Agency) 

COVID-19 Coronavirus disease 2019 is a contagious disease caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

CRF Common Reporting Format  

CRT Common Reporting Tables (https://unfccc.int/documents/311076)  

CRT reporter ETF GHG inventory reporting tool (https://myapps.unfccc.int/myapps) 

https://unfccc.int/documents/311076
https://myapps.unfccc.int/myapps


https://www.meteoswiss.admin.ch/climate/climate-change.html
https://www.nccs.admin.ch/nccs/en/home.html
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1.4. Description of key categories 

The aim of the key category analysis (KCA) is to identify relevant categories that have a 

strong influence on Switzerland’s GHG inventory in terms of absolute emission and removal 

levels, trends and uncertainties (IPCC 2006, chp. 4). The KCA is performed based on two 

assessments and two approaches. In approach 1 of the KCA, categories are set out in 

decreasing order of contribution to the inventory emissions (“level assessment”) or in 

decreasing order of deviation from the inventory trend (“trend assessment”). The level 

assessment highlights categories which are the main contributors to the inventory emissions. 

Since the inventory trend is negative for Switzerland, the trend assessment highlights 

categories with a positive category trend or a pronounced negative category trend. In 

approach 2, this ranking is weighted by the uncertainty assigned to each category. Approach 

2 therefore identifies categories mostly contributing to the inventory uncertainty. Data 

collection as well as quality assurance and control are prioritised for key categories during 

the inventory resource allocation (see also the planned improvements in chp. 10.4).  

 

1.4.1. Methodology 

The key category analysis is performed according to the 2006 IPCC Guidelines (IPCC 2006, 

chp. 4) and Decision 18/CMA.1 (UNFCCC 2019, paragraph 25) for 1990 and the latest 

reporting year including all GHG (CO2, CH4, N2O, HFCs, PFCs, SF6, NF3 and indirect CO2). A 

total of 192 categories (including categories from the LULUCF sector) are used to 

disaggregate Switzerland’s total GHG emissions for the purpose of this key category analysis 

(see Annex 1). The disaggregation level of the categories is selected based on country-

specific relevance, i.e. the most important sources in Switzerland are disaggregated on a 

more detailed level.  

Both approach 1 (with a threshold set at 95 %) and approach 2 (with a threshold set at 90 %) 

level and trend assessments are applied, including emissions from sector 4 LULUCF. For 

approach 2 of the KCA, uncertainties for emissions of each category are taken from the 

results of the Monte Carlo simulations (approach 2 uncertainty analysis, see details in chp. 

1.6.2.2). Indirect CO2 emissions are included in the key category analysis, indirect N2O 

emissions are not. 

 

1.4.2. Results of the key category analysis (including LULUCF 
categories) 

For the latest reporting year 2023, there are 44 identified key categories among the 192 

categories taken into account (see overview in Table 1-6). The large majority of the key 

categories are sources of direct CO2 (see also Table 2-3 and discussion in chp. 2.2), a few of 

CH4 and N2O, two of HFCs, one of PFCs and one of indirect CO2. There are no key 

categories for SF6 and NF3. 

 

The detailed results of the key category analyses, approaches 1 and 2, level and trend 

assessments, are reported in Table 1-1 to Table 1-5. For level assessments, columns are 

labelled A to G according to Table 4-2 in the IPCC Guidelines (IPCC 2006, chp. 4) and for 

trend assessments, columns are labelled A to H according to Table 4-3 in the same 

guidelines. The following abbreviations are used: 
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Table 1-1 Switzerland's key categories according to approach 1 level assessment for the year 2023, including 
LULUCF categories and indirect CO2 emissions, sorted by decreasing contribution. Categories in grey are not key 
and are given for information only. 

 

  

A B C D E F G

Code IPCC category Gas
Ex, t (kt 

CO2 eq.)

|Ex, t| (kt 

CO2 eq.)
Lx, t (%)

Cumu- 

lative 

Total (%)
1.A.3.b Road transportation; Diesel oil CO2 6'860 6'860 15.7 15.7
1.A.3.b Road transportation; Gasoline CO2 6'366 6'366 14.5 30.2
1.A.4.b Residential; Liquid fuels CO2 3'682 3'682 8.4 38.6
3.A Enteric fermentation CH4 3'604 3'604 8.2 46.8
1.A.1 Energy industries; Other fossil fuels CO2 2'431 2'431 5.5 52.4
1.A.4.b Residential; Gaseous fuels CO2 2'410 2'410 5.5 57.8
1.A.4.a Commercial/institutional; Liquid fuels CO2 1'892 1'892 4.3 62.2
1.A.2 Manufacturing industries and construction; Gaseous fuels CO2 1'668 1'668 3.8 66.0
2.A.1 Cement production CO2 1'506 1'506 3.4 69.4
1.A.2 Manufacturing industries and construction; Liquid fuels CO2 1'465 1'465 3.3 72.8
2.F.1 Refrigeration and air-conditioning HFCs 1'110 1'110 2.5 75.3
3.D.1 Direct N2O emissions from managed soils N2O 990 990 2.3 77.5
1.A.4.a Commercial/institutional; Gaseous fuels CO2 960 960 2.2 79.7
4.A.2 Land converted to forest land CO2 -786 786 1.8 81.5
3.B.1-4 Manure management CH4 602 602 1.4 82.9
5.D Wastewater treatment and discharge N2O 517 517 1.2 84.1
4.B.1 Cropland remaining cropland CO2 471 471 1.1 85.2
1.A.4.c Agriculture/forestry/fishing; Liquid fuels CO2 445 445 1.0 86.2
3.D.2 Indirect N2O Emissions from managed soils N2O 423 423 1.0 87.1
1.A.2 Manufacturing industries and construction; Other fossil fuels CO2 408 408 0.9 88.1
4.A.1 Forest land remaining forest land CO2 393 393 0.9 89.0
4.C.1 Grassland remaining grassland CO2 387 387 0.9 89.8
1.A.1 Energy industries; Liquid fuels CO2 357 357 0.8 90.7
4.C.2 Land converted to grassland CO2 352 352 0.8 91.5
1.A.1 Energy industries; Gaseous fuels CO2 346 346 0.8 92.3
1.A.2 Manufacturing industries and construction; Solid fuels CO2 286 286 0.7 92.9
5.A Solid waste disposal CH4 261 261 0.6 93.5
3.B.5 Indirect N2O emissions N2O 230 230 0.5 94.0
5.D Wastewater treatment and discharge CH4 230 230 0.5 94.6
4.E.2 Land converted to settlements CO2 155 155 0.4 94.9
1.A.5 Other; Liquid fuels CO2 123 123 0.3 95.2
4.D.1 Wetlands remaining wetlands CO2 112 112 0.3 95.4
1.A.3.d Domestic navigation; Liquid fuels CO2 110 110 0.3 95.7
3.B.1-4 Manure management N2O 107 107 0.2 95.9
2.B.8 Petrochemical and carbon black production CO2 107 107 0.2 96.2
1.A.4.c Agriculture/forestry/fishing; Gaseous fuels CO2 91 91 0.2 96.4
4.F.2 Land converted to other land CO2 91 91 0.2 96.6
1.A.3.b Road transportation; Diesel oil N2O 90 90 0.2 96.8
1.A.3.a Domestic aviation; Kerosene fossil CO2 65 65 0.1 96.9
2.A.4 Other process uses of carbonates CO2 63 63 0.1 97.1

KCA APPROACH 1 LEVEL ASSESSMENT FOR 2023

Total number of key categories 31
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Table 1-4 Switzerland's key categories according to approach 2 level assessment for the year 2023, including 
LULUCF categories and indirect CO2 emissions, sorted by uncertainty-weighted emission contribution (column F). 
Categories in grey are not key and are given for information only. Compare also with results of the sensitivity 
study for the year 2023, see bottom panel of Figure 1-3.  

 

 

Table 1-5 Switzerland's key categories according to approach 2 trend assessment for 1990–2023, including 
LULUCF categories and indirect CO2 emissions, sorted by decreasing uncertainty-weighted contribution to the 
trend assessment (column G). Categories in orange have an increased emission in 2023 compared to 1990. 
Categories in grey are not key and are given for information only. 

 

 

1.4.3. Summary of combined KCA including LULUCF categories 

A summary of the key category analysis including LULUCF categories and indirect CO2 

emissions is shown in Table 1-6, considering the level assessment for 2023 and the trend 

assessment for 1990–2023, for both approach 1 and approach 2. A category is counted 

multiple times as key category if it is a key category for multiple gases. 

 

A B C D E F G

Code IPCC category Gas
Ex, t (kt 

CO2 eq.)

|Ex, t| (kt 

CO2 eq.)
Lx, t (%)

Cumu- 

lative 

Total (%)
4.C.1 Grassland remaining grassland CO2 387 387 29.1 29.1
3.D.1 Direct N2O emissions from managed soils N2O 990 990 8.8 37.9
3.A Enteric fermentation CH4 3'604 3'604 8.8 46.7
4.B.1 Cropland remaining cropland CO2 471 471 5.2 51.9
1.A.1 Energy industries; Other fossil fuels CO2 2'431 2'431 5.2 57.1
3.B.1-4 Manure management CH4 602 602 4.0 61.1
3.D.2 Indirect N2O Emissions from managed soils N2O 423 423 3.4 64.6
4.A.2 Land converted to forest land CO2 -786 786 3.3 67.9
5.D Wastewater treatment and discharge N2O 517 517 3.1 71.0
5.D Wastewater treatment and discharge CH4 230 230 2.6 73.5
3.B.5 Indirect N2O emissions N2O 230 230 2.5 76.0
2.F.1 Refrigeration and air-conditioning HFCs 1'110 1'110 1.7 77.7
4.A.1 Forest land remaining forest land CO2 393 393 1.7 79.4
4.D.1 Wetlands remaining wetlands CO2 112 112 1.6 80.9
1.A.4.b Residential; Gaseous fuels CO2 2'410 2'410 1.5 82.4
2.F.2 Foam blowing agents HFCs 61 61 1.0 83.4
1.A.2 Manufacturing industries and construction; Gaseous fuels CO2 1'668 1'668 1.0 84.5
5.A Solid waste disposal CH4 261 261 1.0 85.4
4.E.2 Land converted to settlements CO2 155 155 0.9 86.4
3.B.1-4 Manure management N2O 107 107 0.9 87.3
2.A.1 Cement production CO2 1'506 1'506 0.8 88.1
5.C Incineration and open burning of waste N2O 53 53 0.8 88.9
1.A.3.b Road transportation; Diesel oil CO2 6'860 6'860 0.7 89.7
4.C.2 Land converted to grassland CO2 352 352 0.7 90.4
1.A.4.a Commercial/institutional; Gaseous fuels CO2 960 960 0.6 91.0
4.F.2 Land converted to other land CO2 91 91 0.6 91.5
1.A.3.b Road transportation; Gasoline CO2 6'366 6'366 0.5 92.0

KCA APPROACH 2, UNCERTAINTY APPROACH 2, LEVEL ASSESSMENT FOR 2023

Total number of key categories 24

A B C D E F G H

Code IPCC category Gas
Ex, 0 (kt 

CO2 eq.)

Ex, t (kt 

CO2 eq.)

Trend 

Assess- 

ment

Contri- 

bution to 

trend 

assess. 

(%)

Cumu- 

lative 

Total (%)

4.C.1 Grassland remaining grassland CO2 -645 387 23.751 65.9 65.9
4.G Harvested wood products CO2 -1'149 42 2.638 7.3 73.2
4.A.1 Forest land remaining forest land CO2 -1'286 393 2.225 6.2 79.4
1.A.1 Energy industries; Other fossil fuels CO2 1'492 2'431 0.720 2.0 81.4
2.B.10  Other N2O 384 1 0.608 1.7 83.1
5.D Wastewater treatment and discharge N2O 1'056 517 0.534 1.5 84.6
2.F.1 Refrigeration and air-conditioning HFCs 0 1'110 0.453 1.3 85.8
5.A Solid waste disposal CH4 862 261 0.427 1.2 87.0
3.A Enteric fermentation CH4 3'930 3'604 0.301 0.8 87.8
2.F.2 Foam blowing agents HFCs 0 61 0.283 0.8 88.6
5.D Wastewater treatment and discharge CH4 198 230 0.216 0.6 89.2
1.A.4.b Residential; Gaseous fuels CO2 1'465 2'410 0.205 0.6 89.8
3.D.2 Indirect N2O Emissions from managed soils N2O 638 423 0.195 0.5 90.3
3.B.5 Indirect N2O emissions N2O 209 230 0.186 0.5 90.8
1.A.2 Manufacturing industries and construction; Solid fuels CO2 1'275 286 0.173 0.5 91.3
1.A.3.b Road transportation; Gasoline N2O 143 13 0.167 0.5 91.8
4.B.1 Cropland remaining cropland CO2 523 471 0.157 0.4 92.2

KCA APPROACH 2, UNCERTAINTY APPROACH 2, TREND ASSESSMENT 1990 - 2023

Total number of key categories 13
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Laboratories for Materials Science and Technology (Empa). In the frame of this programme, 

continuous measurements of atmospheric concentrations of various halogenated gases are 

made at the high-Alpine research station Jungfraujoch (3’580 m a.s.l.), from which Swiss 

emissions of some fluorinated greenhouse gases can be estimated. These data are 

compared with the emissions reported in the greenhouse gas inventory. The results are 

briefly summarised in Annex A6.1.  

Furthermore, an ongoing project is developing an independent estimate of CH4 and N2O 

emissions in Switzerland based on atmospheric measurements and inverse modelling of 

atmospheric transport. The results show a very good agreement between modelled 

emissions and emission estimates according to the greenhouse gas inventory for CH4 and 

reasonable agreement within the uncertainties for N2O. A summary of the current state of 

these verification activities is provided in Annex A6.2. 

 

1.6. General uncertainty assessment 

The input uncertainty estimates for the greenhouse gas inventory under the UNFCCC and 

the obtained results as required by UNFCCC (2019, paragraph 29) are presented hereafter.  

 

1.6.1. Data used 

Input uncertainty values are mostly given for activity data and emissions factors. For 

categories concerning indirect CO2 emissions and F-gases, uncertainty values are available 

for emissions only. 

Input uncertainty values are selected and/or computed based on available data and 

according to the following order of preference: 

• As a first choice, specific uncertainty information from studies or from data suppliers is 
used, if available. This is the case for most key categories. 

• As a second choice, authors of the NID chapters, FOEN experts involved and several 
data suppliers derived estimates of uncertainties based on the IPCC Guidelines` (IPCC 
2006, 2019) default values and on information concerning the process of data collection 
for activity data and emission factors (import or sales statistics, surveys or modelling). 
Several experts from data suppliers were contacted for further information on some of the 
uncertainties. Industry associations/sources also provided published or unpublished 
uncertainty estimates for their data. 

• As a last choice, for categories with no quantitative uncertainty data available, the NID 
provides qualitative estimates of uncertainties. The elaboration of a quantitative 
uncertainty assessment for these categories would present a large effort with only limited 
effect on the overall uncertainty and therefore it has been decided to realize a semi-
quantitative assessment. This includes the definition of a list of the combined 
uncertainties for relevant gases and three uncertainty levels: low, medium and high (see 
Table 1-8). These values are motivated by the comparison of uncertainty analyses of 
several countries carried out by de Keizer et al. (2007), as presented at the 2nd 
International Workshop on Uncertainty in Greenhouse Gas Inventories (Vienna 27–28 
September 2007), and by expert judgement from sectoral experts and authors.  

 

The following sources of uncertainties are not taken into account: 
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• Uncertainties in the GWP values. 

• Uncertainty due to unknown bias. 

• Uncertainty due to neglected temporal variability when assuming constant parameters 
over time (e.g. emission factors). 

Several uncertainty values have been changed compared to the previous submission (see 

detailed input values in Annex A2.1): 

• The uncertainty for the emission factor of category 1A Gaseous fuels CO2 was updated 
(yearly update). 

• The uncertainties assigned to emissions of HFCs, PFCs, SF6 and NF3 in sector 2 IPPU 
were updated (yearly update). 

• The uncertainties assigned to emission factors for source categories 2B10 (CO2) were 
reassessed (see Chapter 4 for more details). 

• The uncertainties assigned to activity data and emission factors in sector 3 Agriculture for 
CH4 and N2O emissions were updated (yearly update).  

• The uncertainties for the emissions for all indirect CO2 emissions were updated (yearly 
update). 

 

The detailed data sources can be found in the relevant chapters on “Uncertainties and time-

series consistency” in each of the sectoral chapters (chp. 3 to 9) below. 

 

Table 1-8 Semi-quantitative (combined) uncertainties (U) for the emission of categories with no quantitative 
uncertainty data available. Note that there is no source of HFCs, PFCs, SF6 or NF3 for which a semi-quantitative 
uncertainty value is required. 

 

 

1.6.2. Methodology 

The uncertainty aggregation for the greenhouse gases is carried out for the latest submission 

according to approach 1 (uncertainty propagation) and approach 2 (Monte Carlo 

simulations).  

Input uncertainty values for activity data and emission factors at the same aggregation level 

as required for the key category analysis are used for the computation. A total of 192 

categories were considered, including LULUCF and indirect CO2 emissions. Indirect N2O 

emissions are not included in the uncertainty analysis. 

Gas Uncertainty category Combined uncertainty

low 2%

medium 10%

high 40%

low 15%

medium 30%

high 60%

low 40%

medium 80%

high 150%

CO2

CH4

N2O
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Uncertainties are assessed in accordance with the IPCC Guidelines 2006 (IPCC 2006). The 

Monte Carlo simulations follow the recommendations by JCGM (2008, Supplement 1). 

 

The following assumptions were applied to both approaches: 

• Full correlation or no correlation can be set between the base year and the latest 
reporting year for the same input variable. 

• The following statistical distributions may be used: normal, triangular, gamma. If a 
variable cannot physically have negative values and has an uncertainty >100 %, a 
gamma distribution is preferred in order to not generate negative values during Monte 
Carlo simulations. This is particularly relevant for emission factors. 

• Asymmetric distribution: in approach 1, this is taken into account by computing the 
uncertainty propagation separately for each side of the mean. In approach 2, each 
distribution can be simulated, and asymmetric distributions are not an issue. 

 

The following factors are not accounted for: 

• Partial correlation between the base year and the latest reporting year for the same input 
variable. 

• Correlations between categories (for different input variables). 

 

For both approaches, all uncertainty results represent a 95 % confidence interval. For a 

symmetrical distribution, this interval is centred on the mean, from 2.5 % up to 97.5 % of the 

distribution. For non-symmetrical distributions obtained by Monte Carlo simulations, the 

reported uncertainties represent the narrowest 95 % interval, in agreement with JCGM 

(2008, S1). This has consequences in particular for combined uncertainties strongly 

influenced by input gamma distributions, with the narrowest interval having the tendency to 

be shifted towards the lower end of the distribution (for example, from 1 % up to 96 % of the 

distribution). Uncertainties are given for the lower range (from the lower edge to the mean) 

and the upper range (from the mean to the upper edge), expressed as a percentage of the 

mean. 

 

1.6.2.1. Aggregation of uncertainties using approach 1: uncertainty propagation 

The uncertainty propagation is computed using the open-source software Python (version 

3.6.1, https://www.python.org/), in which the equations given in the guidelines (IPCC 2006) 

are programmed. Results of approach 1 for the latest reporting year and for the trend are 

summarised in Table 1-9. 

 

1.6.2.2. Aggregation of uncertainties using approach 2: Monte Carlo simulations 

The Monte Carlo simulations were performed for the base year 1990, the reporting year 2023 

and the trend at the aggregation level required for the KCA (chp. 1.4). All input variables can 

be found in Annex A2.1. Results for each gas are summarised in Table 1-11. 

The main strategy in Monte Carlo analysis is to simulate a probability distribution for each 

input variable (distribution type, mean and standard deviation) and propagate these 

https://www.python.org/
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Table 1-9 Relative uncertainties for Switzerland’s national total greenhouse gas emissions and removals 
excluding and including the LULUCF sector for the latest and previous submissions. The uncertainties are given 
considering a 95 % confidence interval and expressed as the distance from edge to mean, in percentage of the 
mean. Uncertainties are obtained by approach 1 (uncertainty propagation) and 2 (Monte Carlo simulations) for 
emission levels in 1990, 2023 and for the trend (1990–2023) and are detailed by lower range, upper range and 
mean uncertainty for submission 2025 as displayed in the upper panel. The uncertainty analyses are based on 
emissions and removals including indirect CO2 emissions. For comparison purposes, the corresponding values 
from the previous submission are reported as well in the lower panel labelled submission 2024. 

 

 

In general, mean uncertainties resulting from approaches 1 and 2 are in concordance. For 

the lower range uncertainty, approach 1 may result in a smaller estimate in cases where the 

inventory probability distribution is asymmetric. Therefore, it is recommended to take into 

consideration the uncertainty estimate provided by approach 2 (Monte Carlo simulations). 

Uncertainties including the LULUCF sector are in each case larger than excluding the 

LULUCF sector, as processes in the LULUCF sector have comparatively large uncertainties. 

The overall level uncertainty for the latest reporting year 2023 and the trend uncertainty are 

larger for the latest submission compared to the previous one, by approx. 2.5 percentage 

points. This significant increase can be attributed to a noticeably larger uncertainty 

contribution from sector 4 LULUCF. 

 

Value kt 

CO2 eq.
U(-)% U(+)% U mean %

Value kt 

CO2 eq.
U(-)% U(+)% U mean % Value % U(-)% U(+)% U mean %

Total incl. LULUCF 52'577 3.9 4.7 4.3 42'146 6.5 6.8 6.7 -19.8 7.4 7.7 7.5

Total excl. LULUCF 55'244 2.9 3.8 3.3 40'847 2.9 3.6 3.2 -27.4 3.0 3.7 3.4

Total incl. LULUCF 52'577 4.2 4.4 4.3 42'146 6.8 6.6 6.7 -19.8 6.3 6.2 6.2

Total excl. LULUCF 55'244 3.2 3.4 3.3 40'847 3.2 3.3 3.2 -27.4 3.6 3.5 3.5

Value kt 

CO2 eq.
U(-)% U(+)% U mean %

Value kt 

CO2 eq.
U(-)% U(+)% U mean % Value % U(-)% U(+)% U mean %

Total incl. LULUCF 52'099 4.2 4.9 4.6 42'064 4.1 4.5 4.3 -19.3 4.5 5.0 4.8

Total excl. LULUCF 55'058 2.8 3.6 3.2 41'630 2.8 3.3 3.1 -25.8 2.9 3.6 3.2

Total incl. LULUCF 52'099 4.5 4.7 4.6 42'064 4.3 4.4 4.3 -19.3 4.9 4.8 4.8

Total excl. LULUCF 55'058 3.1 3.3 3.2 41'630 3.0 3.1 3.1 -25.8 3.5 3.5 3.5

Uncertainty propagation (approach 1)

Monte Carlo simulations (approach 2)

Submission 2025

Submission 2024

Source category

Emissions 1990 Emissions 2022 Trend 1990-2022

Monte Carlo simulations (approach 2)

Source category

Emissions 1990 Emissions 2023 Trend 1990-2023

Uncertainty propagation (approach 1)



National Inventory Document of Switzerland 2025 37 

1 National circumstances, institutional arrangements and cross-cutting information 

Table 1-10 Overview of sector contributions to inventory uncertainties for the base year and the latest reporting 
year emissions and removals and for the trend, including indirect CO2 emissions. Uncertainties are computed 
using approach 1 (uncertainty propagation) and approach 2 (Monte Carlo simulations). 

 

 

Table 1-11 For each gas, net emission levels for 1990 and 2023, contribution to the inventory trend (1990–2023), 
and associated uncertainties obtained from Monte Carlo simulations and from uncertainty propagation, including 
indirect CO2 emissions and LULUCF categories. Note that the contribution to the trend and its associated 
uncertainty are expressed in the same unit, in percent. As an example, for a trend contribution of -10 % with 
uncertainties of 2 %, the trend contribution is comprised between -12 % and -8 %.  

 

 

Value kt 

CO2 eq.
U(-)% U(+)%

Contrib. 

fraction

Value kt 

CO2 eq.
U(-)% U(+)%

Contrib. 

fraction
Value % U(-)% U(+)%

Contrib. 

fraction

1 Energy 41'689 0.81 0.81 0.022 30'435 1.5 1.5 0.028 -21.4 0.72 0.72 0.0092

2 Industrial processes and product 

use
4'247 7.1 7.4 0.018 3'286 5.1 6.8 0.0049 -1.83 0.42 0.58 0.0045

3 Agriculture 7'043 18 23 0.42 6'001 17 22 0.17 -1.98 2.8 3.4 0.17

4 Land use land use change and 

forestry
-2'666 50 50 0.34 1'299 191 191 0.78 7.54 6.7 6.7 0.80

5 Waste 2'250 35 53 0.20 1'115 27 38 0.017 -2.16 0.80 1.1 0.017

6 Other sources 15 77 123 0.000049 9.7 69 111 0.000010 -0.0110 0.012 0.014 0.000003

Total, inventory 52'577 3.9 4.7 1.0 42'146 6.5 6.8 1.00 -20 7.4 7.7 1.00

1 Energy 41'689 0.82 0.80 0.022 30'435 1.5 1.5 0.028 -21.4 1.1 1.1 0.027

2 Industrial processes and product 

use
4'247 7.2 7.4 0.019 3'286 5.8 6.0 0.0048 -1.83 0.64 0.65 0.0090

3 Agriculture 7'043 21 21 0.42 6'001 19 19 0.17 -1.98 3.6 3.4 0.26

4 Land use land use change and 

forestry
-2'666 49 50 0.34 1'299 187 192 0.78 7.54 5.4 5.3 0.62

5 Waste 2'250 40 46 0.19 1'115 30 34 0.017 -2.16 2.0 1.8 0.080

6 Other sources 15 77 107 0.000051 9.7 72 97 0.000011 -0.0110 0.024 0.018 0.000010

Total, inventory 52'577 4.2 4.4 1.00 42'146 6.8 6.6 1.0 -20 6.3 6.2 1.0

Monte Carlo simulations (approach 2)

IPCC category

Emissions 1990 Emissions 2023 Contribution to trend 1990-2023

Uncertainty propagation (approach 1)

Value kt 

CO2 eq.
U(-)% U(+)%

Contrib. 

fraction

Value kt 

CO2 eq.
U(-)% U(+)%

Contrib. 

fraction
Value % U(-)% U(+)%

Contrib. 

fraction

CO2 41'399 3.3 3.3 0.36 33'217 7.6 7.6 0.80 -15.6 6.8 6.8 0.81

CH4 6'256 15 16 0.19 4'884 16 18 0.089 -2.61 2.1 2.4 0.091

N2O 4'285 28 42 0.45 2'639 28 39 0.10 -3.13 1.9 2.7 0.098

HFCs 0.023 23 23 0.000000 1'226 12 17 0.0041 2.33 0.40 0.56 0.0041

PFCs 105 8.6 8.6 0.000016 28 9.6 13 0.000001 -0.146 0.0073 0.010 0.000001

SF6 141 25 25 0.00025 58 26 26 0.000029 -0.159 0.041 0.041 0.000029

NF3 NO NO NO NO 0.62 70 111 0.000000 0.00117 0.0012 0.0018 0.000000

Indirect CO2 total 392 29 38 0.0034 94 29 40 0.00014 -0.568 0.074 0.10 0.00014

Total, inventory 52'577 3.9 4.7 1.0 42'146 6.5 6.8 1.0 -20 7.4 7.7 1.0

CO2 41'399 3.3 3.3 0.36 33'217 7.5 7.6 0.81 -15.6 5.2 5.2 0.62

CH4 6'256 15 16 0.19 4'884 17 17 0.089 -2.61 2.3 2.4 0.13

N2O 4'285 34 36 0.45 2'639 31 35 0.10 -3.13 3.3 3.2 0.24

HFCs 0.023 23 24 0.000000 1'226 14 15 0.0039 2.33 0.34 0.36 0.0028

PFCs 105 8.6 8.5 0.000016 28 11 12 0.000001 -0.146 0.019 0.019 0.000009

SF6 141 25 25 0.00024 58 26 26 0.000029 -0.159 0.073 0.074 0.00013

NF3 NO NO NO NO 0.62 80 92 0.000000 0.00117 0.00093 0.0011 0.000000

Indirect CO2 total 392 33 34 0.0033 94 32 37 0.00014 -0.568 0.27 0.25 0.0015

Total, inventory 52'577 4.2 4.4 1.00 42'146 6.8 6.6 1.0 -20 6.3 6.2 1.0

Monte Carlo simulations (approach 2)

Gas

Emissions 1990 Emissions 2023 Contribution to trend 1990-2023

Uncertainty propagation (approach 1)
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1 National circumstances, institutional arrangements and cross-cutting information 

 

Figure 1-3 Results of the sensitivity analysis between emissions and removals from each category and inventory 
emissions and removals for all greenhouse gases, for the base year 1990 and the reporting year 2023. Only the 
twenty categories ranked first are listed. See chp. 1.6.2.2 for details and compare also with Table 1-4 (results for 
the key category analysis approach 2, i.e. using uncertainties). 

 

Based on the analysis of the predominant contributions to the uncertainty of the national 

GHG inventory, the FOEN commissions and/or supports various projects. Planned 

improvements are given in the sectoral chapters and an overview list is reported in chp. 10.4. 

 

1.7. General assessment of completeness 

1.7.1. Information on completeness 

The inventory is compiled using notation keys in the reporting tables as appropriate, 

according to the modalities, procedures and guidelines for the transparency framework under 

the Paris Agreement (UNFCCC 2019). Explanations for using the notation keys “NE” and “IE” 

are provided in CRT Table9. 

Until Submission 2024, the CRF reporter did not transfer the use of notation keys in tables 

1.A(b) Reference approach and 1.A(d) Feedstock, reductants and other non-energy use of 
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2 Trends in greenhouse gas emissions and removals 

2.2. Emission and removal trends by gas and by sector 

2.2.1. Emission and removal trends by gas 

Emission trends by gas for the period 1990–2023 are summarised in Table 2-2. 

 

Table 2-2 Greenhouse gas emissions in CO2 equivalent (kt) by gas. The last column of the lower panel indicates 
the percentage change in emissions for the reporting year 2023 compared to the base year 1990. HFC emissions 
increased by more than 5 million percent when compared to 1990 levels. No NF3 was emitted in 1990.  

 

 

As shown in Table 2-2, Table 2-3, and Figure 2-3, total emissions excluding LULUCF in 2023 

are clearly below base year emissions. There is no discernible trend of overall emissions in 

the period 1990–2005. Only from 2005 onwards, a decreasing trend starts to develop. Also 

when including LULUCF categories, a decreasing trend is visible compared to the base year 

1990, although the net CO2 eq removals generated by LULUCF categories were generally 

smaller after 1997 and LULUCF was a net source in 2023 and three earlier years (see Figure 

2-8, Figure 2-9 and Figure 6-4). The overall emission reduction between 1990 and 2023 

amounts to 26.1 % when LULUCF categories are excluded and 19.8 % when including 

LULUCF. The emission maximum occurred in 1991. Compared to 2022, emissions have 

decreased in 2023 when excluding LULUCF (by 2.5 %) and increased when including 

LULUCF (by 4.1 %). The reduction of emissions from 1 Energy is mainly due to reduced 

emissions from heating fuels, mainly oil and gas. The main reasons for the decrease are the 

improved energy efficiency of buildings and the increasing use of renewable energies for 

heating. Heating demand (related to meteorological conditions such as temperature and 

insolation) play a similar role for the two years 2022 and 2023 (see Figure 2-7). As a result, 

CO2 emissions from source category 1A4 Other sectors declined only modestly in 2023 

compared to 2022.  

Greenhouse Gas Emissions 1990 1995 2000 2005 2010

CO2 emissions including net CO2 from LULUCF 41'399 39'175 47'489 43'324 42'767

CO2 emissions excluding net CO2 from LULUCF 44'149 43'414 43'621 45'776 45'034

CH4 emissions including CH4 from LULUCF 6'256 5'863 5'493 5'475 5'432

CH4 emissions excluding CH4 from LULUCF 6'220 5'840 5'477 5'460 5'418

N2O emissions including N2O from LULUCF 4'285 4'205 3'989 3'709 3'518

N2O emissions excluding N2O from LULUCF 4'237 4'159 3'947 3'669 3'476

HFCs 0.023 227 605 997 1'245

PFCs 105 16 54 46 36

SF6 141 96 157 210 155

NF3 NO NO NO NO 12

Indirect CO2 392 284 205 144 133

Total (including LULUCF) 52'577 49'866 57'993 53'905 53'296

Total (excluding LULUCF) 55'244 54'036 54'065 56'303 55'507

Greenhouse Gas Emissions 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
2023 vs. 

1990

%

CO2 emissions including net CO2 from LULUCF 35'191 39'874 35'956 36'353 38'009 33'622 33'065 35'456 31'458 33'217 -19.8%

CO2 emissions excluding net CO2 from LULUCF 39'244 38'756 39'225 38'234 36'945 36'822 34'343 35'902 32'951 31'977 -27.6%

CH4 emissions including CH4 from LULUCF 5'274 5'243 5'204 5'143 5'102 5'011 4'955 4'964 4'925 4'884 -21.9%

CH4 emissions excluding CH4 from LULUCF 5'260 5'229 5'186 5'128 5'088 4'998 4'942 4'951 4'907 4'867 -21.7%

N2O emissions including N2O from LULUCF 3'360 3'316 3'313 3'453 3'267 3'321 3'260 3'155 2'656 2'639 -38.4%

N2O emissions excluding N2O from LULUCF 3'318 3'275 3'267 3'409 3'224 3'279 3'218 3'113 2'611 2'596 -38.7%

HFCs 1'389 1'430 1'399 1'415 1'436 1'358 1'347 1'235 1'247 1'226 see caption

PFCs 21 24 18 29 33 29 34 28 28 28 -73.2%

SF6 270 281 254 239 184 178 156 131 56 58 -59.1%

NF3 0.57 0.68 0.72 0.75 0.47 0.51 0.39 0.37 0.31 0.62 see caption

Indirect CO2 112 107 108 107 100 103 100 95 94 94 -76.2%

Total (including LULUCF) 45'618 50'276 46'253 46'741 48'130 43'622 42'917 45'064 40'465 42'146 -19.8%

Total (excluding LULUCF) 49'615 49'102 49'457 48'562 47'010 46'767 44'140 45'455 41'895 40'847 -26.1%

CO2 equivalent (kt)

CO2 equivalent (kt)
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2 Trends in greenhouse gas emissions and removals 

Table 2-3 Contribution of individual gases to total emissions (excluding LULUCF) in CO2 equivalent (kt) and (%). 

 

 

Figure 2-3 shows Switzerland’s relative GHG emission trends by gas. The base year 1990 is 

set to 100 %.  

 

 

Figure 2-3 Relative trends of Switzerland’s main greenhouse gas emissions (excluding LULUCF). The base year 
1990 represents 100 %. F-gases are not illustrated here but included in the total (see Figure 4-3). 

 

2.2.2. Emission and removal trends by sector 

Table 2-4 shows the emission trends for all major source and sink categories. As the largest 

share of emissions originates from sector 1 Energy, the table includes further information 

concerning the contributions of energy-related source categories. 

Greenhouse Gas Emissions

(excluding LULUCF) kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq %

CO2 44'149 79.9% 43'414 80.3% 43'621 80.7% 45'776 81.3% 45'034 81.1%

CH4 6'220 11.3% 5'840 10.8% 5'477 10.1% 5'460 9.7% 5'418 9.8%

N2O 4'237 7.7% 4'159 7.7% 3'947 7.3% 3'669 6.5% 3'476 6.3%

HFCs 0.023 0.0% 227 0.4% 605 1.1% 997 1.8% 1'245 2.2%

PFCs 105 0.2% 16 0.0% 54 0.1% 46 0.1% 36 0.1%

SF6 141 0.3% 96 0.2% 157 0.3% 210 0.4% 155 0.3%

NF3 NO - NO - NO - NO - 12 0.0%

Indirect CO2 392 0.7% 284 0.5% 205 0.4% 144 0.3% 133 0.2%

Total (excluding LULUCF) 55'244 100% 54'036 100% 54'065 100% 56'303 100% 55'507 100%

Greenhouse Gas Emissions

(excluding LULUCF) kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq %

CO2 36'822 78.7% 34'343 77.8% 35'902 79.0% 32'951 78.7% 31'977 78.3%

CH4 4'998 10.7% 4'942 11.2% 4'951 10.9% 4'907 11.7% 4'867 11.9%

N2O 3'279 7.0% 3'218 7.3% 3'113 6.8% 2'611 6.2% 2'596 6.4%

HFCs 1'358 2.9% 1'347 3.1% 1'235 2.7% 1'247 3.0% 1'226 3.0%

PFCs 29 0.1% 34 0.1% 28 0.1% 28 0.1% 28 0.1%

SF6 178 0.4% 156 0.4% 131 0.3% 56 0.1% 58 0.1%

NF3 0.51 0.0% 0.39 0.0% 0.37 0.0% 0.31 0.0% 0.62 0.0%

Indirect CO2 103 0.2% 100 0.2% 95 0.2% 94 0.2% 94 0.2%

Total (excluding LULUCF) 46'767 100% 44'140 100% 45'455 100% 41'895 100% 40'847 100%
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2 Trends in greenhouse gas emissions and removals 

Table 2-4 Greenhouse gas emissions in CO2 equivalent (kt) by individual source (positive numbers) and sink 
(negative numbers) categories.  

 

 

The percentage shares of source categories are shown for selected years in Table 2-5 

whereas Figure 2-4 to Figure 2-6 are graphical representations of the data in Table 2-4. For 

the time series of the source categories of sector 1 Energy see chp. 3.  

 

Source and Sink Categories 1990 1995 2000 2005 2010

1 Energy 41'634 41'631 42'005 43'838 43'086

1A1 Energy industries 2'514 2'640 3'171 3'817 3'852

1A2 Manufacturing industries and construction 6'576 6'300 6'003 6'036 5'855

1A3 Transport 14'671 14'276 15'949 15'846 16'319

1A4 Other sectors 17'535 18'112 16'601 17'863 16'793

1A5 Other 219 163 151 139 137

1B Fugitive emissions from fuels 119 141 130 138 130

2 Industrial processes and product use 3'913 3'318 3'656 4'277 4'373

3 Agriculture 7'043 6'860 6'421 6'344 6'421

5 Waste 2'248 1'929 1'763 1'684 1'483

6 Other 14 15 16 15 11

Indirect CO2 392 284 205 144 133

Total (excluding LULUCF) 55'244 54'036 54'065 56'303 55'507

4.  Land use, land-use change and forestry -2'666 -4'170 3'927 -2'397 -2'211

Total (including LULUCF) 52'577 49'866 57'993 53'905 53'296

Source and Sink Categories 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
2023 vs. 

1990

%

1 Energy 37'328 37'012 37'424 36'458 35'177 35'072 32'653 34'145 31'226 30'425 -26.9%

1A1 Energy industries 3'634 3'334 3'432 3'361 3'437 3'459 3'378 3'336 3'290 3'172 26.2%

1A2 Manufacturing industries and construction 5'092 4'973 4'975 4'945 4'786 4'701 4'495 4'593 4'219 3'863 -41.3%

1A3 Transport 16'062 15'328 15'172 14'918 14'932 14'894 13'595 13'775 13'599 13'616 -7.2%

1A4 Other sectors 12'311 13'160 13'626 13'022 11'820 11'825 10'994 12'264 9'930 9'594 -45.3%

1A5 Other 139 135 139 127 126 115 119 115 123 124 -43.4%

1B Fugitive emissions from fuels 91 82 79 85 76 79 71 63 64 56 -53.2%

2 Industrial processes and product use 4'367 4'324 4'285 4'409 4'281 4'265 4'090 3'907 3'405 3'204 -18.1%

3 Agriculture 6'417 6'311 6'332 6'322 6'218 6'119 6'113 6'147 6'035 6'001 -14.8%

5 Waste 1'380 1'338 1'300 1'256 1'224 1'199 1'176 1'152 1'125 1'114 -50.5%

6 Other 11 9.8 9.7 11 9.8 8.5 8.3 9.2 9.1 8.9 -37.2%

Indirect CO2 112 107 108 107 100 103 100 95 94 94 -76.2%

Total (excluding LULUCF) 49'615 49'102 49'457 48'562 47'010 46'767 44'140 45'455 41'895 40'847 -26.1%

4.  Land use, land-use change and forestry -3'997 1'174 -3'205 -1'822 1'120 -3'145 -1'223 -391 -1'429 1'299 NA

Total (including LULUCF) 45'618 50'276 46'253 46'741 48'130 43'622 42'917 45'064 40'465 42'146 -19.8%

 CO2 equivalent (kt)

 CO2 equivalent (kt)
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2 Trends in greenhouse gas emissions and removals 

Table 2-5 Greenhouse gas emissions (excluding LULUCF) in CO2 equivalent (kt) and the relative contribution (%) 
of individual source categories.  

 

 

 

  

Figure 2-4 Greenhouse gas emissions in CO2 equivalent (kt) by sectors (excluding LULUCF). 

 

Source and Sink Categories

kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq %

1 Energy 41'634 75.4% 41'631 77.0% 42'005 77.7% 43'838 77.9% 43'086 77.6%

1A1 Energy industries 2'514 4.6% 2'640 4.9% 3'171 5.9% 3'817 6.8% 3'852 6.9%

1A2 Manufacturing industries and construction 6'576 11.9% 6'300 11.7% 6'003 11.1% 6'036 10.7% 5'855 10.5%

1A3 Transport 14'671 26.6% 14'276 26.4% 15'949 29.5% 15'846 28.1% 16'319 29.4%

1A4 Other sectors 17'535 31.7% 18'112 33.5% 16'601 30.7% 17'863 31.7% 16'793 30.3%

1A5 Other 219 0.4% 163 0.3% 151 0.3% 139 0.2% 137 0.2%

1B Fugitive emissions from fuels 119 0.2% 141 0.3% 130 0.2% 138 0.2% 130 0.2%

2 Industrial processes and product use 3'913 7.1% 3'318 6.1% 3'656 6.8% 4'277 7.6% 4'373 7.9%

3 Agriculture 7'043 12.7% 6'860 12.7% 6'421 11.9% 6'344 11.3% 6'421 11.6%

5 Waste 2'248 4.1% 1'929 3.6% 1'763 3.3% 1'684 3.0% 1'483 2.7%

6 Other 14 0.0% 15 0.0% 16 0.0% 15 0.0% 11 0.0%

Indirect CO2 392 0.7% 284 0.5% 205 0.4% 144 0.3% 133 0.2%

Total (excluding LULUCF) 55'244 100% 54'036 100% 54'065 100% 56'303 100% 55'507 100%

Source and Sink Categories

kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq % kt CO2 eq %

1 Energy 35'072 75.0% 32'653 74.0% 34'145 75.1% 31'226 74.5% 30'425 74.5%

1A1 Energy industries 3'459 7.4% 3'378 7.7% 3'336 7.3% 3'290 7.9% 3'172 7.8%

1A2 Manufacturing industries and construction 4'701 10.1% 4'495 10.2% 4'593 10.1% 4'219 10.1% 3'863 9.5%

1A3 Transport 14'894 31.8% 13'595 30.8% 13'775 30.3% 13'599 32.5% 13'616 33.3%

1A4 Other sectors 11'825 25.3% 10'994 24.9% 12'264 27.0% 9'930 23.7% 9'594 23.5%

1A5 Other 115 0.2% 119 0.3% 115 0.3% 123 0.3% 124 0.3%

1B Fugitive emissions from fuels 79 0.2% 71 0.2% 63 0.1% 64 0.2% 56 0.1%

2 Industrial processes and product use 4'265 9.1% 4'090 9.3% 3'907 8.6% 3'405 8.1% 3'204 7.8%

3 Agriculture 6'119 13.1% 6'113 13.8% 6'147 13.5% 6'035 14.4% 6'001 14.7%

5 Waste 1'199 2.6% 1'176 2.7% 1'152 2.5% 1'125 2.7% 1'114 2.7%

6 Other 8.5 0.0% 8.3 0.0% 9.2 0.0% 9.1 0.0% 8.9 0.0%

Indirect CO2 103 0.2% 100 0.2% 95 0.2% 94 0.2% 94 0.2%

Total (excluding LULUCF) 46'767 100% 44'140 100% 45'455 100% 41'895 100% 40'847 100%
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2 Trends in greenhouse gas emissions and removals 

 

Figure 2-5 Relative emission trends (CO2 eq) by main source categories (base year 1990 = 100 %). 

 

2.2.2.2. Emission trends in sector 1 Energy 

The main source categories within sector 1 Energy – representing the major sources of 

Switzerland’s GHG emissions – are shown in Figure 2-6 and Table 2-5. 

The following emission trends emerge within the sector 1 Energy: 

• Despite differing trends of individual source categories, the overall emissions from the 
sector 1 Energy remain at a relatively constant level (orange/bold line in Figure 2-6) in the 
period 1990–2006. Afterwards, the trend is determined by a combination of effective 
reduction measures and a decreasing trend of heating degree days (see Figure 2-7; see 
further details below under 1A1 Energy industries and 1A4 Other sectors). 

• It is noteworthy that due to Switzerland’s electricity production structure (mainly 
hydroelectric and nuclear power; see SFOE (2024), Table 24), source category 1A1 
Energy industries plays only a minor role. It does not represent thermal power stations as 
in many other countries, but primarily waste incineration plants. The increase in waste 
incineration is the reason why overall emissions from source category 1A1 Energy 
industries are higher in 2023 than in 1990. The time series shows an increase until 2006 
and a decrease thereafter. Fluctuations are caused by varying combustion activities for 
district heating. The emission reduction in 2015 was due to the closure of one of two 
refineries (see Figure 2-6 and values in Table 2-4).  

• Emissions from 1A2 Manufacturing industries and construction show a decreasing trend 
since 1990, mainly due to continuous changes in the use of fuel types for stationary 
combustion (see Table 3-55). In addition, various companies from energy-intensive 
industries have relocated abroad since 1990.  

• The increasing trend of emissions in source category 1A3 Transport between 1990 and 
2008 is based on increasing traffic volumes (in all different types of transport). The effect 
of increasing energy efficiency of vehicles was unable to counterbalance the substantial 
growth in transport. Also after 2008, energy efficiency gains of passenger vehicles were 
largely neutralised by increasing traffic volumes as well as increasing average weight of 
vehicles. The decrease of transport emissions between 2014 to 2015 is largely caused by 
decreasing “fuel tourism” due to the increasing strength of the Swiss franc (EV 2015a) 
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2 Trends in greenhouse gas emissions and removals 

 

Figure 2-6 Emission trends (CO2 eq) for the source categories in sector 1 Energy. The trend for the entire sector 
1 Energy is represented by the bold line with orange bullets. 

 

 

Figure 2-7 Relative trend for CO2 emissions from 1A4 Fuel Combustion – Other Sectors (stationary sources only) 
compared with the number of heating degree days. 

 

2.2.2.3. Emission and removal trends in sector 4 LULUCF 

Figure 2-8 illustrates the net CO2 eq emissions and removals in sector 4 LULUCF over the 

inventory period. Associated data are given in Table 2-4.  

The GHG fluxes are reported for the six main land-use categories 4A Forest land, 4B 

Cropland, 4C Grassland, 4D Wetlands, 4E Settlements and 4F Other land (CO2, CH4, N2O) 

as well as in category 4G Harvested wood products (CO2). CO2 is the most important 
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greenhouse gas by far in the LULUCF sector. CH4 and N2O from fires, soil organic matter 

decomposition, reservoirs and drained organic soil make a minor contribution to the 

emissions (compare Figure 6-1 and Figure 6-3). With the exception of 2000, 2015, 2018 and 

the latest reporting year 2023, land use in Switzerland resulted in more CO2 eq being 

removed from the atmosphere than being emitted (Figure 2-8, see also Figure 2-9, Figure 

6-1 and Figure 6-4). The time series shows that land use has tended to absorb and store 

less CO2 eq since the 1990s, when the highest net CO2 eq removals were achieved, as 

illustrated by the Gaussian low-pass filter in Figure 2-8. 

 

 

Figure 2-8 Net GHG (CO2, CH4, N2O) emissions and removals of sector 4 Land use, land-use change and 
forestry (LULUCF), in kt CO2 eq. Positive values refer to net emissions, negative values refer to net removals. 
The black dashed line shows a Gaussian low-pass filter (SD=2.5, window size = 7 years). 

 

4A: Forest land dominates the GHG balance of Switzerland’s land use sector. Forest land 

(encompassing the carbon pools living biomass, dead wood, litter and soil) consistently acted 

as a sink (i.e. a net removal of CO2 from the atmosphere) with the exception of 2000 (Figure 

2-9). The exceptionally high net CO2 eq emissions in 2000 and the small net removals in the 

following year 2001 originate from winter storm Lothar (December 1999, see 

https://s.geo.admin.ch/hh3tdskqvzq1), which caused large-scale damages in forest stands and 

increased losses of living biomass due to salvage logging (Table 6-15). This also applies to a 

somewhat lesser extent to the storm Vivian in February 1990. The interplay between natural 

dynamics (growth, mortality and decomposition) and harvesting rates (including salvage 

logging) is reflected in the year-to-year variability of net CO2 eq removals and emissions 

(Figure 2-9). Similarly to the situation for the entire LULUCF sector, the net CO2 eq removal 

by Forest land has tended to decrease over the last decades. It is still unclear how much the 

series of hot and dry summers in the past decade, which caused drastic forest damage in 

many European countries, will affect the figures of the Swiss National Forest Inventory in the 

future (and thus the GHG inventory). 

4G: In terms of climate policy, sustainable forest management can be achieved by using the 

wood grown in a cascade, firstly for long-lived harvested wood products (HWP) and 
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subsequently for energy purposes. In almost all years since 1990, more carbon has been 

incorporated into new wood products (such as construction timber or wood panels) than has 

been released from old ones. However, the amount of the annual net CO2 removals from 

harvested wood products has decreased clearly since 2011. In 2013, 2016, 2019 and 2023 

HWP fluxes resulted in small net CO2 emissions (see Figure 2-9 and Figure 6-22 for details). 

 

 

Figure 2-9 Net GHG (CO2, CH4, N2O) emissions and removals in the LULUCF sector (in kt CO2 eq) broken down 
by categories 4A-4G. Balance indicates the annual net total. Positive values refer to net emissions, negative 
values refer to net removals. Category 4D is almost completely hidden by the other lines. 

 

4B, 4C: The agricultural use of Cropland and Grassland affects the carbon stock in soils. For 

example, ploughing promotes the decomposition of soil organic matter, whereas spreading 

farmyard manure or leaving harvest residues on the fields increases soil carbon stocks. 

Along with the management method, the crops grown and the weather conditions are the 

main factors influencing the annual fluctuations of CO2 fluxes. The case of drained former 

peatlands is a special one. When subjected to intense agricultural use, these organic soils 

release large amounts of CO2 and N2O. In both categories 4B Cropland and 4C Grassland, 

consequently, the curves of net CO2 eq emissions and removals are shifted upwards by 

persistently high emissions from organic soils (Figure 6-11 and Figure 6-15, respectively). 

Overall, category 4B shows fluctuating net CO2 eq emissions and removals at an 

intermediate level over the inventory period, while category 4C acts as a decreasing sink in 

the first decade, to later resemble the signal of category 4B (Figure 2-9).  

4D: Unproductive wetlands only account for a small part of the land area. As most remaining 

peatlands are impaired by the consequences of previous use (particularly drainage), many 

organic soils are now net GHG sources. CO2 eq emissions in category 4D are low and show 

no trend (Figure 2-9; Figure 6-19). 
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3. Energy 
 

 

 

3.1. Overview 

This chapter provides information on the estimation of the greenhouse gas emissions from 

the sector 1 Energy. The following source categories are reported: 

• 1A Fuel combustion  

• 1B Fugitive emissions from fuels 

 

In Switzerland, the sector 1 Energy is the most relevant source of greenhouse gases. The 

emissions of the period 1990–2023 are illustrated in Figure 3-1 and Table 3-1. 

 

Overall responsibility Anouk-Aimée Bass (FOEN)

Experts for source-categories

Anouk-Aimée Bass (FOEN; Overview, Stationary sources in 1A1, 1A4, Bunker fuels, 

Country-specific issues, Mobile sources in 1A2-1A5),  Peter Bonsack (FOEN; Model 

for stationary engines and gas turbines), Myriam Guillevic (FOEN; Waste related 

processes), Harald Jenk (FOEN; Road transportation), Benedikt Notter (INFRAS; 

Non-road and Road transportation), Theo Rindlisbacher (FOCA; Civil Aviation), 

Sabine Schenker (FOEN; Sectoral/Reference Approach, Feedstocks and non-energy 

use of fuels, Wood combustion, 1A2 (stationary)), Adrian Schilt (FOEN; Country-

specific issues Fuel consumption, Industry Model)

EMIS database operation Anouk-Aimée Bass (FOEN), Myriam Guillevic (FOEN), Sabine Schenker (FOEN)

Annual updates (NID text, tables, figures)

Dominik Eggli (Meteotest), Anna Ehrler (INFRAS), Fabio Fasel (Meteotest), Beat 

Rihm (Meteotest), Regine Röthlisberger (FOEN), Adrian Schilt (FOEN), Felix Weber 

(INFRAS)

Quality control NID (annual updates)
Dominik Eggli (Meteotest), Regine Röthlisberger (FOEN), Adrian Schilt (FOEN), Felix 

Weber (INFRAS)

Internal review

Anouk-Aimée Bass (FOEN), Peter Bonsack (FOEN; Model for stationary engines and 

gas turbines), Myriam Guillevic (FOEN; Waste related processes), Harald Jenk 

(FOEN; Road transportation), Simone Krähenbühl (FOEN), Benedikt Notter (INFRAS; 

Non-road and Road transportation), Theo Rindlisbacher (FOCA; Civil Aviation), 

Regine Röthlisberger (FOEN), Sabine Schenker (FOEN), Adrian Schilt (FOEN)

Responsibilities for sector Energy
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Figure 3-1 Switzerland’s GHG emissions of sector 1 Energy in CO2 equivalent (kt). 

 

Considering total emissions of sector 1 Energy, fluctuations without any distinct trend are 

observed in the period 1990–2010. From 2011 onwards, a decreasing trend can be 

identified, again superposed by fluctuations. The years 2022 and 2023 show the lowest 

values of the entire period 1990–2023. The following source categories contribute to the total 

emissions (see also Figure 2-6 and explanations in chp. 2.2.2.2): 

• 1A3 Transport and 1A4 Other sectors are the main sources of the sector 1 Energy with 
1A3 Transport being the most important category over the last years. Emissions in 1A3 
Transport increased after 1990, reaching a maximum in 2008 and decreasing again 
below 1990 level thereafter. Emissions from 1A4 Other sectors are strongly influenced by 
meteorological conditions. A systematic decrease of emissions from 1A4 is observed 
since 2005.  

• 1A1 Energy industries and 1A2 Manufacturing industries and construction contribute to 
total emissions as well, but are less important. Emissions in 1A1 Energy industries 
increased until 2006 and show a slightly decreasing trend since then except for a 
stepwise reduction in 2015, when one of two refineries closed. Emissions from 1A2 
Manufacturing industries are gradually decreasing since 1990.  

• 1A5 Other and 1B Fugitive emissions from fuels play only a minor role. Both categories 
show a decrease since 1990. 

 

The trends of the individual gases are given in Table 3-1 and Figure 3-2: 

• By far the most important gas emitted from sector 1 Energy is CO2. Fluctuations reflect 
inter alia the climatic variability in Switzerland (see Figure 2-7 and related comments). A 
decreasing trend is observed since approximately 2005, predominantly due to the 
decrease in 1A4 Other sectors, but also due to decreasing fuel tourism and the closure of 
one refinery in 2015. The strong reduction of CO2 emissions in 2020 compared to 
previous years is a result of the measures to contain the COVID-19 pandemic leading to 
reduced CO2 emissions from source category 1A3b Road transportation and mild winter 
temperatures leading to reduced emissions from source category 1A4 Other sectors. 
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• The decreasing trend of CH4 emissions in the energy sector since 1990 is the result of 
improved gas transmission and distribution networks, resulting in substantially lower 
fugitive emissions, and reduced emissions from gasoline passenger cars due to catalytic 
converters. Furthermore, improved combustion technologies in 1A4 Other sectors – 
stationary sources also contribute to the decreasing trend. 

• The changes in N2O emissions can mainly be explained by changes in the emission of 
road transportation due to changes in emission factors for diesel oil and gasoline 
combustion. The first generation of catalytic converters generated N2O as an unintended 
by-product in the exhaust gases, leading to an increase in N2O emissions until 1997. With 
new converter materials being used, the emission factors are decreasing since 1999 with 
strongest reduction in the course of the introduction of the Euro 3 standard during 2003 
and 2004 (see Figure 3-2). The massive effective reduction of the maximum sulphur 
content of the fuels from 2003 to 2004 led to a higher efficiency of the catalytic 
converters, which additionally strengthened the effect (see Table A – 16). Since 2007, the 
N2O emissions are slightly increasing in line with increasing mileages (see Table 3-88). 
For further details, see chp. 3.2.9.2.2. 

 

Table 3-1 GHG emissions of source category 1 Energy by gas in CO2 equivalent (kt) 

 

 

Gas 1990 1995 2000 2005 2010

CO2 40'924 40'939 41'362 43'358 42'622

CH4 426 366 307 272 246

N2O 284 326 336 208 218

Sum 41'634 41'631 42'005 43'838 43'086

Gas 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2023

vs. 2022

2023 vs. 

1990

CO2 36'945 36'627 37'030 36'063 34'791 34'684 32'280 33'758 30'862 30'066 -2.6% -27%

CH4 170 169 169 166 153 149 140 146 131 128 -1.8% -70%

N2O 213 216 225 228 233 239 232 242 234 232 -1.1% -18%

Sum 37'328 37'012 37'424 36'458 35'177 35'072 32'653 34'145 31'226 30'425 -2.6% -27%

CO2 equivalent (kt)

CO2 equivalent (kt) %
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Figure 3-2 Relative trends of the greenhouse gas emissions of sector 1 Energy. The base year 1990 represents 
100 %. 

 

The following table summarises the emissions of sector 1 Energy in 2023. The table also 

includes two additional lines with emissions from international bunkers (aviation and marine) 

as well as CO2 emissions from biomass burning, which both are not accounted for under the 

UNFCCC but are included in the reporting tables. 

 

Table 3-2 Summary of sector 1 Energy, emissions in 2023 in kt CO2 equivalent (Total: rounded values). For full 
biomass CO2 emissions see Table 3-33.  

 

 

In 2023, a total of 44 key source categories are identified in the Swiss greenhouse gas 

inventory (Table 1-6). Amongst these, 19 belong to sector 1 Energy. The key categories for 

approaches 1 and 2 (according to level and trend) from sector 1 Energy are shown in Figure 

3-3. While 19 categories are identified as key according to approach 1, only 4 categories are 

also identified as key according to approach 2. Indeed, Sector 1 Energy is the major sector in 

terms of emissions, while sector 3 Agriculture and 4 LULUCF dominate the uncertainty 

contribution (see also Figure 5-3 to compare with sector 3 Agriculture). 
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CO₂, 100% = 40'924 kt CH₄, 100% = 426 kt CO2 eq N₂O, 100% = 284 kt CO2 eq

Sector Energy CO2 CH4 N2O Total

1 Energy 30'066 128 232 30'425

1A Fuel combustion 30'052 86 232 30'370

1A1 Energy industries 3'133 1.01 38 3'172

1A2 Manufacturing industries and construction 3'828 3.7 32 3'863

1A3 Transport 13'485 22 109 13'616

1A4 Other sectors 9'483 60 51 9'594

1A5b Other (mobile) 123 0.040 0.97 124

1B Fugitive emissions from fuels 14 42 - 56

International bunkers 5'029 0.40 37 5'066

CO2 emissions from biomass 8'101 - - 8'101

CO2 equivalent (kt)
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Figure 3-3 Key categories in the Swiss GHG inventory from sector 1 Energy determined by the key category 
analyses, approaches 1 and 2. Categories are set out in order of decreasing emissions in 2023. L1: key category 
according to approach 1 level in 2023; L2: same for approach 2; T1: key category according to approach 1 trend 
1990–2023; T2: same for approach 2. Black uncertainty bars represent the narrowest 95 % confidence interval 
obtained by Monte Carlo simulations (see chp. 1.6 for details).  
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Figure 3-4 Calculation of Reference and Sectoral Approach. The input data for both approaches stem from the 
Swiss overall energy statistics (SFOE 2024). For the Reference Approach, additional information from Avenergy 
Suisse (formerly Swiss Petroleum Association) (Avenergy 2024) is used. While the Reference Approach 
considers the net import/export balance, the Sectoral Approach considers the fuel consumption. The dark grey 
arrows represent fuel deductions where occurring. The dashed arrow from the Feedstock use to Other fossil fuels 
stands for the CO2 emissions from cracker by-products (originating from feedstock use of liquefied petroleum gas 
and naphtha) which are accounted for under Other fossil fuels. The graphic box of the import of Residual fuel oil is 
dashed since there is no more import of residual fuel oil. Coke oven coke and anthracite are included under other 
bituminous coal. 

 

All necessary data for calculating the Reference Approach are implemented in the EMIS 

database and all the data on import, export, bunkers, stock changes, apparent consumption, 

carbon emission factors, carbon stored, and actual emissions are calculated in the EMIS 

database under the following conditions:  

• For the Reference Approach, gas oil and diesel oil are reported together, since the 
reporting table template structure requires this aggregation. Accordingly, a weighted 
average NCV is calculated based on values given in Table 3-10. In contrast, marine 
bunkers consist of diesel oil only and are reported using the country-specific NCV as of 
Table 3-10. 

• Liechtenstein’s liquid fossil fuel consumption is subtracted from the input figures in SFOE 
(2024), as the Swiss overall energy statistics includes Liechtenstein’s liquid fuel 
consumption as well (customs union with Switzerland) (see also chp. 3.2.4). The same 
holds for the non-energy use of bitumen and lubricants. 

 

The differences in energy consumption and CO2 emissions between Reference and Sectoral 

Approach are calculated within the EMIS database. For the entire period, they are below 1 % 

for energy consumption and in the range of about 1 % for CO2 emissions, as shown in Table 
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3-3 and in Figure 3-5. Various effects influence the difference between Reference and 

Sectoral Approach. On the one hand, energy and carbon contents of crude oil may vary over 

time. However, no data are available to quantify this effect. On the other hand, the efficiency 

of refineries and the market share of secondary fuel imports potentially influence the 

difference between the Reference and Sectoral Approach. Apparent differences between the 

Reference Approach and the IEA energy statistics are discussed in Annex A3.2. 

 

Table 3-3 Differences in energy consumption and CO2 emissions between the Reference and the Sectoral 
Approach. The difference is calculated according to [(RA-SA)/SA] * 100 % with RA = Reference Approach, SA = 
Sectoral Approach. 

 

 

 

Figure 3-5 Time series for the differences between Reference and Sectoral Approach. Numbers are taken from 
Table 3-3. See caption there for further information. 

 

3.2.1.1. Category-specific recalculations for the Reference Approach 

• 1AB: Recalculations for the import of bitumen (2021, 2022) and lubricants (2021) and for 
the stock change of bitumen (2021, 2022), lubricants (2021) and petroleum coke (2022) 
due to revised data in the annual report of the Swiss petroleum association (Avenergy 
2024). 

• 1AB: Recalculations for the import of other bituminous coal, lignite in 2022 and natural 
gas in 2020-2022, the export of other bituminous coal in 2022 and the stock changes of 
other bituminous coal in 2019-2022 due to revised data in the Swiss overall energy 
statistics (SFOE 2024). 
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Energy consumption 0.7 0.8 0.5 0.5 0.5
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• 1AB: Recalculations for the production and carbon emission factor of waste (non-biomass 
fraction) in the years 1991-2011 and 2013-2022 due to revised values of the fossil 
fraction of waste incinerated in municipal solid waste incineration plants (1A1a). 

 

3.2.2. International bunker fuels (1D) 

3.2.2.1. Source category description for 1D 

With Switzerland being a landlocked country, international aviation dominates emissions 

from bunker fuels by far. International navigation is limited to activities on the river Rhine 

(Basel – Rotterdam) and navigation on Lake Geneva (bordering France) and Lake 

Constance (bordering Germany and Austria).  

 

Table 3-4 Source category description of international bunkers. 

 

 

3.2.2.2. Methodological issues for 1D 

3.2.2.2.1. International aviation / aviation bunkers (1D1a) 

Following the decision tree of the 2006 IPCC Guidelines (IPCC 2006, Volume 2 Energy, chp. 

3 Mobile Combustion, Figure 3.6.1), the emissions from aviation bunkers are calculated with 

a Tier 3A method because of availability of data on the origin and destination of flights and 

also on air traffic movements delivered by the Federal Office of Civil Aviation (FOCA). 

The Tier 3A method follows standard modelling procedures at the level of single aircraft 

movements based on detailed movement statistics. For international aviation (aviation 

bunkers), the flights departing from Switzerland to a destination abroad are selected. The 

emission factors are country-specific based on measurement and analyses of fuel samples. 

The activity data of the international aviation bunker are summarised in Table 3-6 (see also 

Table 3-85). Given that detailed information about activity data is available, the resulting fuel 

consumption is considered complete. Despite this, there remain small differences between 

the fuel consumption modelled bottom-up and the total fuel sold (SFOE 2024, FOCA 2024). 

In 1990, the modelled consumption adds up to 1.01 million tonnes, whereas 1.05 million 

tonnes of fuel were sold. Such difference of 4 % is considered acceptable, because 

discrepancies up to 10 % can easily result from fuelling strategies of airlines (FOCA 2006a). 

Investigation showed that airlines are calculating whether it is economically beneficial to 

refuel at a place with lower fuel price. To match the bottom-up calculation with the fuel 

quantity sold, any occurring difference is attributed to international bunker emissions. The 

factor between calculated international fuel consumption and adjusted international fuel 

consumption is used to scale the bunker emissions linearly. For instance, in 2023, the bunker 

fuel consumption and the emissions had to be expanded by the factor 1.05, the correction 

factor was 0.954 (FOCA 2024). For the years 2020 and 2021, the overestimation of 

emissions from international aviation was very high compared to previous years because the 

modelling of aircraft fuel consumption is based on practically fully loaded aircraft (high load). 

1D Source category Specification

1D1a
International aviation (aviation 

bunkers)

Bunker fuels include fuel used for international aviation 

only.

1D1b
International navigation (marine 

bunkers)

Marine bunkers of the Rhine river and navigation on the 

Lake Geneva and the Lake Constance.
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Due to exceptional measures to contain the COVID-19 pandemic during the years 2020 and 

2021, many flights were very lightly loaded which in terms of aircraft led to lower fuel 

consumption per route. More direct flight paths (low traffic volume) may be another reason. 

These effects relate almost exclusively to international flights. Since 2022, aircraft seat load 

factors increased to high values again, with aircraft operating at their usual weights. Thus, 

overestimation of the fuel burn from the model decreased again. For the more recent years, 

the modelled and actual total fuel sales are listed in Table 3-5. 

 

Table 3-5 Comparison between modelled and actual fuel sales in bunker fuel consumption (FC) for aviation. 

 

 

Table 3-6 International bunker fuels (1D1a): aviation bunkers. Consumption of jet kerosene in TJ (Liechtenstein’s 
jet kerosene consumption is subtracted, see chp. 3.2.4). 

 

 

3.2.2.2.2. International navigation / navigation bunkers (1D1b) 

According to the decision tree concerning navigation bunkers (IPCC 2006, Volume 2 Energy, 

chp. 3 Mobile Combustion, Figure 3.5.1), emissions from international navigation are 

calculated with a Tier 2 approach for CO2 (with country-specific carbon contents) and with a 

Tier 1 approach for CH4 and N2O using IPCC default emission factors. On the river Rhine 

and on Lake Geneva and Lake Constance, some of the boats cross the border and go 

abroad (Germany, France). Fuels bought in Switzerland will therefore become bunker fuel. 

Accordingly, the amount of bunker diesel oil is reported as a memo item “International bunker 

/ navigation”.  

• Only diesel oil is relevant for navigation on the river Rhine. Since there is an exemption 
from fuel taxation, activity data on marine river bunkers on the Rhine are well 
documented by the customs administration for the years 1997–2023 (SFOE 2024f). 

• For navigation on two border lakes (Lake Constance, Lake Geneva), bunker fuel 
consumption was reported in INFRAS (2011a) after having performed surveys among the 
shipping companies involved. Activity data of these bunkers is summarised in Table 3-7. 
Data from 1995–2012 have been provided by the three navigation companies concerned 
as documented in INFRAS (2011a), data from 2013 onwards are constant around the 
2013 level. The values from INFRAS 2011 have been adapted to the new measures of 

Modelled and actual fuel sales Unit 2007 2008 2009 2010 2011 2012 2013

Modelled fuel sales domestic FC in t 43'968 37'627 39'626 39'252 42'047 43'414 42'064

Modelled fuel sales international FC in t 1'287'062 1'391'656 1'345'919 1'395'428 1'511'279 1'527'522 1'528'863

Actual fuel sales SFOE minus modelled fuel 

sales domestic FC in t 1'289'152 1'382'835 1'324'224 1'390'824 1'488'805 1'523'116 1'539'963

Correction factor for emission international 0.967 0.967 0.954 0.969 0.957 0.969 0.980

Overestimation emission international 

(modelled) % 3.3% 3.3% 4.6% 3.1% 4.3% 3.1% 2.0%

Modelled and actual fuel sales Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Modelled  fuel sales domestic FC in t 44'462 43'680 44'716 37'985 36'561 36'357 24'449 18'763 21'845 20'530

Modelled fuel sales international FC in t 1'561'678 1'590'013 1'711'227 1'741'752 1'818'355 1'836'385 727'941 818'030 1'388'366 1'672'108

Actual fuel sales SFOE minus modelled fuel 

sales domestic FC in t 1'549'228 1'602'319 1'679'034 1'723'717 1'823'917 1'846'453 677'093 756'549 1'352'840 1'615'425

Correction factor for emission international 0.964 0.980 0.955 0.968 0.983 0.986 0.897 0.902 0.959 0.954

Overestimation emission international 

(modelled) % 3.6% 2.0% 4.5% 3.2% 1.7% 1.4% 10.3% 9.8% 4.1% 4.6%

1D1a International aviation 1990 1995 2000 2005 2010

1D1a International aviation 41'884 49'918 63'726 47'775 58'334

1990 = 100% 100% 119% 152% 114% 139%

1D1a International aviation 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

1D1a International aviation 65'006 67'333 70'603 72'824 77'214 78'196 28'194 31'872 57'499 68'899

1990 = 100% 155% 161% 169% 174% 184% 187% 67% 76% 137% 164%

Fuel consumption in TJ

Fuel consumption in TJ
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the net calorific value of diesel oil for the year 2013 as shown in table 3-10. For the years 
1990 to 1994, proxies such as passenger data on a national basis had to be consulted. 
As marine lake bunkers provided only a minor share of the total international navigation in 
the early 1990s (about 7 %) this approach is justified. The emission factor for CO2 is 
country-specific and in accordance with Table 3-13. 

Table 3-7 International bunker fuels (1D1b): Navigation. Consumption of diesel oil in TJ. 

 

 

3.2.2.3. Uncertainties and time-series consistency for 1D 

International bunker fuels: see general remarks in chp. 3.2.4.7. 

Consistency: Time series of 1D are all considered consistent. 

 

3.2.2.4. Category-specific QA/QC and verification for 1D 

The general QA/QC procedures are described in chp. 1.5. Furthermore QA/QC procedures 

conducted for all 1A source categories are listed in chp. 3.2.4.8. 

 

3.2.2.5. Category-specific recalculations for 1D 

There were no recalculations implemented in submission 2025.  

 

3.2.2.6. Category-specific planned improvements for 1D 

No category-specific improvements are planned. 

 

3.2.3. Feedstocks and non-energy use of fuels 

The Swiss overall energy statistics (SFOE 2024) reports feedstocks and non-energy fuel use 

on an aggregated level only. Some disaggregation is provided by the petroleum balance of 

the annual report of Avenergy Suisse (formerly Swiss petroleum association, EV) (Avenergy 

2024). To complement this source, bottom-up data from annual monitoring reports of the 

Swiss emissions trading scheme (ETS) and from surveys of individual companies are used 

to provide a detailed breakdown into specific petroleum products and coal types. For 

submission 2015, a more differentiated breakdown of feedstocks and non-energy use of 

fuels was developed, which is described in an internal documentation (FOEN 2015g). 

Feedstocks and non-energy use of fuels is reported in reporting tables 1.A(d) and 

differentiated in the following fuel types: 

• Liquefied petroleum gas and naphtha are exclusively used in one single Swiss plant as 
feedstocks in the thermal cracking process for the production of ammonia and ethylene 

1D1b International navigation 1990 1995 2000 2005 2010

1D1b International navigation 821 739 531 493 471

1990 = 100% 100% 90% 65% 60% 57%

1D1b International navigation 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

1D1b International navigation 299 342 299 256 200 197 189 228 207 200

1990 = 100% 36% 42% 36% 31% 24% 24% 23% 28% 25% 24%

Fuel consumption in TJ

Fuel consumption in TJ
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3.2.4. Country-specific issues of 1A Fuel combustion 

3.2.4.1. System boundaries: Differences between UNFCCC and CLRTAP reporting 

Switzerland uses the same data base for the Swiss greenhouse gas inventory as for the 

Swiss air pollution inventory and reports its greenhouse gas emissions according to the 

requirements of the UNFCCC as well as air pollutants according to the requirements of the 

CLRTAP. The nomenclature for both types of reporting is (almost) the same (NFR), but there 

are differences concerning the system boundaries. Under the UNFCCC, the national total for 

assessing compliance is based on fuel sold within the national territory, whereas under the 

CLRTAP, the national total for assessing compliance is based on fuel used within the 

territory. 

Fuel used or fuel sold approach in 1A3b Road transportation 

There are two different approaches for calculating emissions in source category 1A3b Road 

transportation. One is the fuel used approach, which is based on the road transportation 

model, that calculates the fuel consumption using kilometres driven per vehicle category in 

the Swiss territory as described in chapter 3.2.9.2.2. The other one is the fuel sold approach, 

which bases on the total amount of fuel sold as reported in the Swiss energy statistics. The 

difference between the calculated fuel consumption of diesel oil, gasoline, biodiesel, 

bioethanol and natural gas in the road transportation model and the Swiss energy statistics is 

called “statistical difference and fuel tourism”. “Fuel tourism” refers to the amount of fuel sold 

in Switzerland but consumed abroad or vice versa. To calculate the emissions for the fuel 

sold approach, this difference in fuel consumption per fuel type is distributed proportionally 

across each vehicle category, whereby the activity data in GJ, driven kilometres and the 

number of vehicles is adjusted proportionally in each category. 

As Switzerland is a small country, the difference between these two approaches amounts to 

several percent, with considerable variation from year to year due to fluctuating fuel price 

differences between Switzerland and its neighbouring countries. 

It is assumed that no fuel tourism takes place with non-road vehicles and therefore the 

differences between fuel used and fuel sold are attributed to 1A3b Road transportation for 

gasoline, diesel oil, natural gas, bioethanol and biodiesel (see Figure 3-9, Figure 3-16 and 

Figure 3-20). The difference for biogas is attributed to 1A4ai Other sectors (stationary) – 

commercial/institutional (see Figure 3-18) and the one from liquefied petroleum gas to 

1A2gvii Other (boilers) (see Figure 3-13).  

Under the UNFCCC, there is no difference between the reported national total and the 

national total for assessing compliance as it is based on fuel sold within the national territory. 

Under the CLRTAP, the national total is based on fuel sold but for assessing compliance it is 

based on fuel used (fu) in 1A3b Road transportation within the Swiss boundaries (see Table 

3-9).  

Only domestic flights or only LTO cycles in 1A3a Aviation (civil) 

Another difference concerns emissions from 1A3a Aviation: International flights are flights 

from a Swiss airport to a destination abroad. International flights with landing in Switzerland 

are not accounted for because they bought their fuel at the departure airport abroad. 

Domestic flights are flights with departure and destination in Switzerland. For the GHG 

inventory only emissions from domestic flights are accounted for, while emissions from 

international flights are reported as aviation bunker, i.e. as a memo item (1D1a International 

aviation), see also UNFCCC (2019, Paragraph 53). For the reporting of air pollutants under 
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the CLRTAP, landing and take-off (LTO) cycle emissions of domestic and international flights 

are accounted for, while emissions of domestic and international cruise flights are reported 

as memo items only (see Table 3-9). Note that emissions from overflights without landing in 

Switzerland are not considered in either approach. 

 

Table 3-9 Accounting rules for emissions from 1A3a Domestic aviation and 1A3b Road transportation under the 
CLRTAP and the UNFCCC. 

 

 

3.2.4.2. Net calorific values (NCVs) 

Table 3-10 summarises the net calorific values (NCVs) which are used in order to convert 

from energy amounts in tonnes into energy quantities in gigajoules (GJ). More detailed 

explanations including information about the origin of the NCVs of the different fuels are 

given below. 

 

National total

National total 

for 

compliance

Separated 

information /

Memo items

National total Bunker (1D)

1A3bi–v (fu)

Fuel used - 

approach

Based on statistics of driven 

km and vehicle categories
No Yes Yes No No

1A3bi-v 

Fuels sold - 

approach

The activity data of the fuel 

used-approach are adapted to 

reflect the total of fuel sold as 

reported in statistics.

Yes No No Yes No

Landing and Take-Off (LTO) Yes Yes No Yes No

Cruise No No Yes Yes No

Landing and Take-Off (LTO) Yes Yes No No Yes

Cruise No No Yes No Yes

Fuel Dumping No No Yes No Yes

Overflights No No No No No

UNFCCC / CRT tables

accounted to

1A3b - Road 

transportation

1A3a - 

Aviation

Civil and 

domestic 

aviation

International 

aviation

Differences between reporting under CLRTAP and UNFCCC 

concerning the accounting to the national total

CLRTAP / NFR tables



National Inventory Document of Switzerland 2025 72 

3 Energy 

Table 3-10 Net calorific values (NCVs) of various fuels. Where values for two years are indicated, the NCV is 
interpolated between these two years and constant NCVs are used before the first and after the second year 
(corresponding to the two indicated values). For the NCV of wood, a range covering all facility categories and 
years is provided. For the NCVs of natural gas and biogas see Table 3-11. 

 

 

Gasoline, jet kerosene, diesel oil and gas oil 

For gasoline, jet kerosene, diesel oil and gas oil, the NCV for 1998 and 2013 are based on 

national measurement campaigns and are the same as used by the Swiss Federal Office of 

Energy (SFOE 2024). A first campaign was conducted by the Swiss Federal Laboratories for 

Materials Science and Technology (Empa) in 1998 (EMPA 1999). Since earlier data are not 

available, the values for 1990–1998 are assumed to be constant at the 1998 levels. A 

second campaign, commissioned by the Swiss Federal Office of Energy (SFOE) and the 

Swiss Federal Office for the Environment (FOEN), was conducted in 2013 (SFOE/FOEN 

2014). This study was based on representative samples covering summer and winter fuel 

qualities from the main import streams. The sampling started in July 2013 and lasted six 

months. Samples were taken fortnightly from nine different sites (large-scale storage facilities 

and the two refineries operating at that time in Switzerland) and analysed for carbon contents 

and NCVs amongst other. These updated values are used from 2013 onwards, while the 

NCVs for 1999–2012 are linearly interpolated between the measured values of 1998 and 

2013. 

 

Residual fuel oil 

Residual fuel oil plays only a minor role in the Swiss energy supply. Therefore, this fuel was 

not analysed in the most recent measurement campaign in 2013 (SFOE/FOEN 2014). Thus, 

the respective NCV refers to the measurement campaign in 1998 (EMPA 1999). The NCV for 

residual fuel oil, which is the same as used by the Swiss Federal Office of Energy (SFOE 

2024), is assumed to be constant over the entire reporting period. The same approach is 

applied for the CO2 emission factor (see Table 3-13). 

Fuel Year NCV Unit Data sources

Gasoline until 1998 42.5 GJ/t EMPA (1999)

from 2013 42.6 GJ/t SFOE/FOEN (2014)

Jet kerosene until 1998 43.0 GJ/t EMPA (1999)

from 2013 43.2 GJ/t SFOE/FOEN (2014)

Diesel oil until 1998 42.8 GJ/t EMPA (1999)

from 2013 43.0 GJ/t SFOE/FOEN (2014)

Gas oil until 1998 42.6 GJ/t EMPA (1999)

from 2013 42.9 GJ/t SFOE/FOEN (2014)

Residual fuel oil from 1990 41.2 GJ/t EMPA (1999)

Liquefied petroleum gas from 1990 46.0 GJ/t SFOE (2024)

Petroleum coke until 1998 35.0 GJ/t SFOE (2024)

from 2010 31.8 GJ/t SFOE (2024)

Other bituminous coal until 1998 28.052 GJ/t SFOE (2024)

from 2010 25.5 GJ/t SFOE (2024)

Lignite until 1998 20.097 GJ/t SFOE (2024)

from 2010 23.6 GJ/t SFOE (2024)

Biodiesel from 1990 32.7 GJ/m3 SFOE (2024)

Bioethanol from 1990 21.1 GJ/m3 SFOE (2024)

Wood from 1990 8.6-14.6 GJ/t SFOE (2024b)

Fossil fuel

Biofuel
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Table 3-11 Net calorific values (NCVs) of natural gas and biogas for years with available data. Values for the 
years in between are linearly interpolated. Data source: Annual reports of the Swiss Gas and Water Industry 
Association (SGWA), the latest report is SGWA (2024). Spreadsheet to determine national averages: FOEN 
(2024i). 

 

 

Wood 

The NCV of wood depends on the type of wood fuel (e.g. log wood, wood chips, pellets) and 

is based on the Swiss wood energy statistics (SFOE 2024b). Table 3-10 illustrates the range 

of the NCVs of all wood fuel types. 

 

Bioethanol and biodiesel 

The NCVs of bioethanol and biodiesel are the same as used by the Swiss Federal Office of 

Energy (SFOE 2024) and are – as in the Swiss overall energy statistics – constant over the 

entire reporting period. 

 

3.2.4.3. Swiss energy model and final energy consumption 

3.2.4.3.1. Swiss overall energy statistics 

The fundamental data on final energy consumption is provided by the Swiss overall energy 

statistics (SFOE 2024). However, since Switzerland and Liechtenstein form a customs and 

monetary union governed by a customs treaty, data regarding liquid fuels in the Swiss overall 

energy statistics also cover liquid fuel consumption in Liechtenstein. To calculate the correct 

Swiss fuel consumption, Liechtenstein’s liquid fossil fuel consumption, given by 

Liechtenstein’s energy statistics (OS 2024), is subtracted from the numbers provided by the 

Swiss overall energy statistics. In all years of the reporting period, the sum of liquid fossil 

fuels used in Liechtenstein was less than half a percent of the Swiss consumption. 

Year
NCV of natural gas

and biogas [GJ/t]

1990 46.5

1991 46.5

1995 47.5

2000 47.2

2005 46.6

2007 46.3

2009 46.4

2010 46.3

2011 46.1

2012 45.8

2013 45.7

2014 45.7

2015 46.6

2016 47.1

2017 47.4

2018 47.6

2019 47.5

2020 47.6

2021 48.2

2022 48.0

2023 48.4
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Table 3-12 shows primary energy consumption excluding nuclear fuel and hydro power. On 

the one hand, the combined effect of decreasing consumption of gasoline and increasing 

consumption of jet kerosene and diesel oil led to an increasing trend until about 2010 and a 

stabilization thereafter in the transport sector. On the other hand, consumption of liquid fuels 

in the residential and services sectors (mainly gas oil) as well as in the industry sector 

(mainly gas oil and residual fuel oil) substantially decreased. Natural gas consumption 

increased since 1990, compensating to some extent the decreasing use of gas oil and 

residual fuel oil in the various sectors. Due to the restrictions related to the COVID-19 

pandemic the years 2020 and 2021 are exceptional, with lower fuel consumption, especially 

in the transport sector. Compared to 2021, total fuel consumption strongly declined in 2022. 

In particular gas oil and natural gas consumption was lower compared to the previous years 

due to the warm winter and precautionary energy saving measures in anticipation of a 

potential energy shortage (electricity and natural gas). In 2023 total fuel consumption was on 

a similar level as in 2022. 

 

Table 3-12 Switzerland’s energy consumption by fuel type. Only those fuels are shown that are implemented in 
the EMIS database (no hydro and nuclear power). The numbers are based on the fuels sold principle; thus, they 
include gasoline, diesel oil and biofuels consumption from fuel tourism, as well as all jet kerosene sold for 
domestic and international aviation. Natural gas and gasoline losses due to fugitive emissions (reported in sector 
1B) are not included. 

 

 

3.2.4.3.2. Energy model – Conceptual overview 

For the elaboration of the greenhouse gas and air pollutants inventories, information about 

energy consumption is needed at a much more detailed level than provided by the Swiss 

overall energy statistics (SFOE 2024). Activity data in sector 1 Energy are therefore 

calculated and disaggregated by the Swiss energy model, which is an integral part of the 

emission database EMIS. The model is developed and updated annually by the Swiss 

Federal Office for the Environment (FOEN). It relies on the Swiss overall energy statistics 

and is complemented with further data sources, e.g. Liechtenstein’s liquid fuel sales (OS 

Year Gasoline Jet 

kerosene 

(fossil)

domestic 

aviation

Jet 

kerosene 

(fossil)

international 

aviation 

(bunker)

Diesel oil

(incl. fossil 

fraction of 

biodiesel)

Diesel oil

international 

navigation 

(bunker)

Gas oil Residual 

fuel oil

Refinery 

gas & 

Liquefied 

petroleum 

gas

Petroleum 

coke

Solid fuels Gaseous 

fuels

(excl. 

losses in 

1B)

Other 

fossil fuels

Biomass 

(incl. Bio  

fuels)

Total 

as reported 

in CRT 

reporting 

tables

Total

incl. bunker

TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ

1990 155'703 6'183 41'884 46'736 821 218'510 23'342 8'890 1'400 14'901 68'426 19'074 46'826 609'989 652'695

1991 162'063 5'690 40'872 47'417 737 238'602 23'590 12'437 980 12'162 76'724 18'503 48'827 646'995 688'604

1992 168'037 5'600 43'499 45'926 780 236'809 24'170 11'492 315 8'758 80'627 18'935 47'749 648'417 692'697

1993 155'808 5'434 45'342 44'197 781 225'920 17'165 12'388 1'120 7'442 84'574 19'041 48'092 621'179 667'302

1994 155'797 5'269 46'840 46'924 824 207'141 17'860 13'455 1'470 7'632 83'402 19'051 46'054 604'054 651'719

1995 151'094 5'029 49'918 47'865 739 217'523 17'278 12'756 1'260 7'962 91'942 19'586 48'095 620'389 671'046

1996 155'033 4'778 51'975 44'946 651 226'289 15'097 13'939 1'015 5'456 99'530 20'430 51'683 638'196 690'823

1997 161'031 4'791 53'983 46'731 657 212'223 12'581 14'236 280 4'590 96'083 21'501 48'540 622'587 677'227

1998 162'315 4'669 56'599 48'684 528 222'407 15'882 15'259 455 3'960 98'890 23'575 50'160 646'257 703'384

1999 167'815 4'419 60'824 51'629 558 212'349 11'058 15'805 521 4'105 102'415 24'197 50'918 645'232 706'615

2000 168'009 4'334 63'726 55'149 531 196'137 7'923 13'649 551 6'120 101'800 26'288 50'603 630'565 694'822

2001 163'442 4'055 60'153 56'266 447 213'089 9'942 14'069 410 6'233 105'966 26'775 53'894 654'142 714'741

2002 160'276 3'870 55'536 58'392 333 196'655 6'446 15'584 679 5'565 104'007 27'624 53'436 632'534 688'404

2003 159'512 3'598 49'840 61'812 443 208'040 7'061 13'642 202 5'663 109'957 27'369 56'020 652'876 703'158

2004 156'708 3'458 46'983 66'453 446 203'370 7'561 16'429 1'819 5'420 113'459 28'495 56'993 660'164 707'594

2005 151'966 3'326 47'775 72'583 493 205'729 5'805 16'432 2'906 5'940 116'493 28'833 59'152 669'165 717'433

2006 147'344 3'338 50'233 78'621 457 195'926 6'419 18'578 3'324 6'467 113'264 30'837 62'265 666'384 717'074

2007 145'923 3'473 53'692 84'437 465 171'313 5'179 15'587 2'730 7'196 110'252 29'617 61'312 637'019 691'176

2008 142'713 3'128 58'023 92'690 473 178'833 4'581 16'288 3'616 6'562 117'451 30'394 65'500 661'755 720'252

2009 138'883 3'239 55'426 94'156 425 173'219 3'530 16'301 3'254 6'193 112'674 29'314 65'671 646'434 702'285

2010 133'953 3'286 58'334 97'792 471 182'295 2'967 15'463 3'498 6'208 125'846 30'612 70'573 672'493 731'297

2011 128'775 3'235 62'461 100'466 428 143'760 2'292 14'856 2'957 5'792 111'617 30'320 66'243 610'315 673'204

2012 124'229 3'402 63'903 106'633 385 154'448 2'780 12'247 3'148 5'269 122'398 30'648 72'135 637'339 701'627

2013 118'572 3'359 64'709 111'502 342 162'532 1'959 15'053 2'735 5'567 128'912 30'403 75'741 656'334 721'385

2014 113'820 3'535 65'006 114'422 299 122'694 1'581 14'473 3'148 5'704 111'660 30'894 70'012 591'942 657'247

2015 105'540 3'454 67'333 112'888 342 129'349 862 9'822 1'145 5'205 119'314 31'838 73'282 592'699 660'374

2016 102'250 3'559 70'603 114'206 299 132'325 378 9'136 890 4'795 125'355 33'449 79'370 605'714 676'615

2017 99'112 3'110 72'824 113'952 256 123'726 350 8'770 763 4'609 125'602 33'289 82'597 595'879 668'959

2018 97'545 3'036 77'214 115'559 200 111'225 87 8'890 781 4'285 118'931 34'610 82'284 577'234 654'647

2019 96'748 2'874 78'196 115'638 197 108'625 111 8'108 777 3'842 121'941 35'264 84'682 578'610 657'003

2020 85'681 2'421 28'194 109'594 189 97'246 76 7'627 700 3'696 118'835 35'204 83'777 544'856 573'240

2021 87'541 2'112 31'847 110'738 228 107'991 139 7'522 604 3'726 129'419 34'707 90'589 575'088 607'164

2022 85'025 2'366 57'499 110'588 207 86'970 0 9'604 731 3'880 106'398 35'284 84'659 525'507 583'212

2023 87'805 2'319 68'881 108'357 200 84'286 41 9'024 763 3'065 98'606 34'597 87'068 515'932 585'014
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2024), the Swiss renewable energy statistics (SFOE 2024a), the energy consumption 

statistics in the industry and services sectors (SFOE 2024d), as well as additional information 

from the industry. As wood energy consumption is not based on the Swiss overall energy 

statistics but directly on the figures from the Swiss wood energy statistics (SFOE2024b), its 

activity data are derived in a separate but analogous model. 

The Swiss overall energy statistics are not only the main data input into the energy model, 

but also serve as calibration and quality control instrument. The total energy consumption 

given by the Swiss overall energy statistics has to be equal to the sum of the disaggregated 

activity data of all source categories within the energy sector (including memo items/bunker). 

Differences are explicitly taken into account as “statistical differences” (see chp. 3.2.4.1). 

As shown in Figure 3-7, the energy model consists of several sub-models, such as the 

industry model, the civil aviation model, the road transportation model, the non-road 

transportation model, and the model of stationary engines and gas turbines. A brief overview 

of each of these models is given below. However, depending on the scope of these sub-

models, they are either described in the chapter dedicated to the corresponding source 

category or in an overarching chapter preceding the detailed description of the individual 

source categories. In chp. 3.2.4.3.3, the resulting sectoral disaggregation is shown 

separately for each fuel type (including the disaggregation of the separate model for wood 

energy combustion). 

 

 

Figure 3-7 Overview of Switzerland’s energy model. In the abbreviations SFOE 202X and OS 202X the “X” refers 
to the latest edition of the respective statistics. 
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Model for wood energy combustion (Details are given in chp. 3.2.4.5.3) 

Based on the Swiss wood energy statistics (SFOE 2024b), total wood consumption is 

disaggregated into source categories (public electricity and heat production, industry, 

commercial/institutional, residential, agriculture/forestry/fisheries) and into 24 different 

combustion installations (ranging from open fireplaces to large-scale automatic boiler or heat 

and power plants). Where available, industry data on wood combustion is taken into account 

to allocate parts of the wood consumption as given by the Swiss wood energy statistics to a 

specific source category. 

 

3.2.4.3.3. Disaggregation of the energy consumption by source category and fuel 

types 

The energy model as outlined above disaggregates total energy consumption as provided by 

the Swiss overall energy statistics (SFOE 2024) into the relevant source categories 1A1–

1A5. Figure 3-9 to Figure 3-18 visualize for each fuel type separately the disaggregation 

process of the energy model (as shown schematically in Figure 3-7), the interaction between 

the different sub-models as well as additional data sources. 

 

 

Figure 3-8 Switzerland’s energy consumption in the source categories 1A1–1A5 based on the Swiss energy 
model, for the “fuel sold” approach. Since 1990 population has increased by about one third, industrial production 
by about three quarters and the motor vehicle fleet by almost three quarters (SFOE 2024, table 43a). 

 

Starting from the total energy consumption from the Swiss overall energy statistics for each 

fuel type, the energy is assigned to the relevant source categories based on the various sub-

models of the energy model (mentioned in chp. 3.2.4.3.2 above). In addition, the following 

assignments are considered as well: 

• For source category 1A4ci Other sectors – Agriculture/forestry/fishing, specific bottom-up 
industry information is available for grass drying and heating of greenhouses. The fuel 
consumption for grass drying is provided by the Swiss association of grass drying plants 
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(VSTB). Further, based on annual energy consumption data from the Energy Agency of 
the Swiss Private Sector (EnAW) regarding agricultural greenhouses exempt from the 
CO2 levy, total energy consumption of all greenhouses within Switzerland is extrapolated. 
The fuel consumption for grass drying and greenhouses is subtracted from the total fuel 
consumption of residential, commercial, agriculture and statistical differences (see Figure 
3-7). 

• In order to report all energy consumption, the statistical differences as reported in the 
Swiss overall energy statistics are allocated to source category 1A4ai Other sectors – 
Commercial/institutional (stationary combustion) and 1A3bi-iii Road transportation (see 
chp. 3.2.9.2.2 for a more detailed description). 

 

 

Figure 3-9 Schematic disaggregation of fuel consumption for gasoline and diesel oil. Marine bunker fuel 
consumption is based on the national customs statistics (see chp. 3.2.2.2.2).. 

 

 

Figure 3-10 Schematic disaggregation of fuel consumption for jet kerosene. Fuel consumption for military aircraft 
is provided by the Swiss Air Force (part of the Swiss Armed Forces, VTG). The differentiation between domestic 
and international aviation as well as between CR and LTO is provided by the civil aviation model (see 
chp. 3.2.2.2.1). 
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Figure 3-13 Schematic disaggregation of fuel consumption for liquefied petroleum gas. 

 

 

 

Figure 3-14 Schematic disaggregation of fuel consumption for petroleum coke. 
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Figure 3-16 Schematic disaggregation of fuel consumption for natural gas. The Swiss overall energy statistics 
(SFOE 2024) provides gas use in the transformation sector (energy conversion and distribution losses). 
Distribution losses as estimated by the Swiss Gas and Water Industry Association (SGWA) are subtracted and 
reported under source category 1B2 Fugitive emissions from fuels. The remaining fuel consumption for natural 
gas is reported under source category 1A1a Public electricity and heat production. 

 

A corresponding Figure 3-16b is available in the confidential version of this chapter, providing more details. 
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Figure 3-17 Schematic disaggregation of fuel consumption for wood (see chp. 3.2.4.5.2.) 

 

 

 

Figure 3-18 Schematic disaggregation of fuel consumption for biogas. 
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Figure 3-19 Schematic disaggregation of fuel consumption for sewage gas. 

 

 

 

Figure 3-20 Schematic disaggregation of fuel consumption for biodiesel and bioethanol. 
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individual plant level. Some plants manage their own intermediate fuel stocks, which they 

may carry over for use in later years. To mitigate the difference between less fuel sold 

(according to the total energy statistics) than fuel used (according to bottom-up information) 

in one year, so-called “stock shifts” are assumed in the energy model. Stockpiling can only 

be performed in the years in which more fuel was sold according to total energy statistics 

than was used based on bottom-up information. Stock which was accumulated in such years 

can be used in later years to level out the deviations between the total energy statistics and 

bottom-up data. Currently, stocks are formed in different years for residual fuel oil, petroleum 

coke and other bituminous coal:  

• For residual fuel oil stock was built up in the years 2008–2010, 2014, 2015 and used in 
the years 2011, 2012, 2016–2021. 

• For petroleum coke stock was built up in the years 2007, 2018 and used in the years 
2008, 2019. 

• For other bituminous coal stock was built up in the years 1991, 1996, 2003, 2005–2007 
and used in the years 1993, 1994, 1998–2001, 2011, 2012. 

 

3.2.4.4. Emission factors of 1A Fuel combustion 

3.2.4.4.1. Oxidation factor for 1A Fuel combustion 

For the emission calculation, an oxidation factor of 100 % is assumed for all fossil fuel 

combustion processes, since the technical standards for combustion installations in 

Switzerland are high, and the small fraction of originally non-oxidised carbon retained in ash, 

particulates or soot is likely to be oxidized later. This is consistent with the 2006 IPCC 

Guidelines (IPCC 2006) and the EU and Swiss guidelines for the Emissions Trading Scheme 

(ETS), where also a default oxidation factor of 100 % is applied. 

Because an oxidation factor of 100 % is assumed, indirect CO2 emissions from CH4, CO and 

NMVOC are implicitly reported as direct CO2 emissions in source category 1A Energy. 

Therefore, from this source category no indirect CO2 emissions are included in CRT Table6 

as documented in chp. 9. 

 

3.2.4.4.2. CO2 emission factors for 1A Fuel combustion 

General CO2 emission factors 

The CO2 emission factors applied for the time series 1990–2023 are given in Table 3-13. 

Detailed information regarding the underlying data and assumptions are provided in chp. 

3.2.4.2 Net calorific values (NCV), since in most cases, NCVs and carbon content were 

determined jointly.  
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Table 3-13 CO2 emission factors 1990–1998 and years from 2013 onwards. For years between 1998 and 2013, 
the factors are linearly interpolated. Data source SGWA stands for annually updated reports of the Swiss Gas and 
Water Industry Association (SGWA). The CO2 emission factor of liquefied petroleum gas (LPG) was derived 
assuming a composition of 50 % propane and 50 % butane using data from CRC (2024). 

 

 

CO2 emission factors for natural gas and biogas 

CO2 emission factors of natural gas and biogas are given in Table 3-14. 

 

Table 3-14 Time series of CO2 emission factors of natural gas and biogas. SGWA refers to annual updates of 
properties of natural gas that are provided by the Swiss Gas and Water Industry Association (SGWA). 

 

 

CO2 emission factors for wood 

The CO2 emission factor for wood combustion activities is taken from Cemsuisse (2010a). 

 

3.2.4.4.3. CH4 emission factors for 1A Fuel combustion 

General CH4 emission factors 

An overview of the default CH4 emission factors for stationary combustion according to the 

2006 IPCC Guidelines (IPCC 2006) is given in Table 3-15. These default CH4 emission 

factors, which depend on the fuels and the source categories, are used for most stationary 

combustion processes for the entire time period. Exceptions, e.g. for motors and gas 

turbines, are discussed in the chapters of the respective source categories. In Table 3-15, 

the respective cells (fuel/source category) are highlighted in blue, indicating that the default 

CH4 emission factors are not applied in this case. A blue/white highlighting means that for the 

CO2 emission factors 1990–1998 2013–2023

Fossil fuel CS/D Data sources t CO2 / TJ t CO2 / TJ

Gasoline CS EMPA (1999), SFOE/FOEN (2014) 73.9 73.8

Jet kerosene CS EMPA (1999), SFOE/FOEN (2014) 73.2 72.8

Diesel oil CS EMPA (1999), SFOE/FOEN (2014) 73.6 73.3

Gas oil CS EMPA (1999), SFOE/FOEN (2014) 73.7 73.7

Residual fuel oil CS EMPA (1999) 77.0 77.0

Liquefied petroleum gas CS see table caption 65.5 65.5

Petroleum coke CS Cemsuisse (2010a) 91.4 91.4

Other bituminous coal CS Cemsuisse (2010a) 92.7 92.7

Lignite CS Cemsuisse (2010a) 96.1 96.1

Natural gas CS SGWA

Biofuel CS/D Data sources

Biodiesel* CS assumed equal to diesel oil 73.6 73.3

Bioethanol CS assumed equal to gasoline 73.9 73.8

Biogas CS assumed equal to natural gas

Wood CS Cemsuisse (2010a) 99.9 99.9

*Sum of CO2 fossil and CO2 biogenic from fossil and biogenic fraction of biodiesel

see table below

see table below

CO2 emission factors 1990 1995 2000 2005 2010

Fuel CS/D Data sources

Natural gas/Biogas CS SGWA 56.1 55.7 56.2 56.4 56.5

CO2 emission factors 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fuel CS/D Data sources

Natural gas/Biogas CS SGWA 56.5 56.4 56.4 56.3 56.2 56.4 56.2 55.9 56.0 55.9

t CO2 / TJ

t CO2 / TJ
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respective fuel and source category there are processes that use the default CH4 emission 

factors according to Table 3-15 as well as processes that use a different CH4 emission factor 

as discussed in the chapters of the respective source categories. Where default CH4 

emission factors of fuels are not used at all in the respective source categories, the notation 

key “NO” is indicated in Table 3-15. For other bituminous coal, the default CH4 emission 

factor for source category 1A2 is also used for source category 1A1 (highlighted purple and 

indicated with an arrow); this corresponds better to the situation in Switzerland, as there are 

no coal-fired power plants. For wood combustion, country-specific CH4 emission factors are 

used (see details below, in particular Table 3-16). CH4 emission factors related to transport 

activities (aviation, road and non-road transportation) are category-specific and given in the 

corresponding sectoral chapters.  

 

Table 3-15 Default CH4 emission factors for stationary combustion according to the 2006 IPCC Guidelines (IPCC 
2006, Table 2.2 for 1A1, Table 2.3 for 1A2, Table 2.4 for 1A4ai and Table 2.5 for 1A4bi and 1A4ci) as well as the 
range of country-specific CH4 emission factors for wood combustion according to Zotter and Nussbaumer (2022), 
see also Table 3-16. See text for further information and an explanation of the colour code. Where other than 
default CH4 emissions factors are (also) used, this is indicated by the notation key “CS” and details are described 
in the chapters of the respective source categories.  

 

 

CH4 emission factors for wood 

There are many different combustion installations in use which have very different CH4 

emission factors. A detailed overview of all applied wood related CH4 emission factors for the 

entire time series is given in Table 3-16. For mobile pellet combustion installations in source 

category 1A4ai that are used for temporary applications, the same CH4 emission factors are 

assumed as for the installation category automatic pellet boilers 50-300 kW. 

The CH4 emission factors are based on a country-specific emission factor model for wood 

energy (Zotter and Nussbaumer 2022). The model is based on a large number of air pollution 

control measurements, laboratory and field measurements, literature data (e.g. beReal, 

emission factors in the Nordic countries) and the EMEP/EEA air pollutant emission inventory 

guidebook (EMEP/EEA 2019) and covers the entire time series. The CH4 emission factors 

are modelled based on VOC emissions of each combustion installation type and a mean CH4 

to VOC ratio of 0.3.  

The CH4 emission factor for the different combustion installations varies depending on the 

year, rated thermal input and technology used. The CH4 emission factor of a single category 

represents the emission characteristics of a large number of combustion installations with a 

range of technology types, maintenance and operating conditions at a given time. According 

to their lifespan, existing combustion installations are gradually replaced by installations of 

CH4 emission factors

1A1 1A2 1A4ai 1A4bi, 1A4ci

Fuel D/CS Data sources

Gas oil D IPCC (2006) 3 / CS 3 10 / CS 10 / CS

Residual fuel oil D IPCC (2006) 3 3 NO NO

Liquefied petroleum gas D IPCC (2006) NO 1 / CS CS CS

Petroleum coke D IPCC (2006) NO 3 NO NO

Other bituminous coal D IPCC (2006) 10 10 NO 300

Lignite D IPCC (2006) NO 10 NO NO

Natural gas D IPCC (2006) 1 / CS 1 / CS 5 / CS 5 / CS

Biofuel D/CS Data Sources

Biodiesel (fossil / biogenic) D IPCC (2006) CS CS CS CS

Biogas D IPCC (2006) CS CS 5 / CS CS

Wood CS Zotter and Nussbaumer (2022)

1990–2023

g CH4 / GJ

g CH4 / GJ

0.18–230
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new technology with better combustion, resulting in gradually decreasing CH4 emission 

factors. 

Table 3-16 CH4 emission factors for wood combustion installations. 

 

 

3.2.4.4.4. N2O emission factors for 1A Fuel combustion  

An overview of the default N2O emission factors for stationary combustion according to the 

2006 IPCC Guidelines (IPCC 2006) is given in Table 3-17. These default N2O emission 

factors, which depend on the fuels and the source categories, are used for most stationary 

combustion processes for the entire time period. Exceptions, e.g. for motors and gas 

turbines, are discussed in the chapters of the respective source categories. In Table 3-17, 

the respective cells (fuel/source category) are highlighted in blue, indicating that the default 

N2O emission factors are not applied in this case. A blue/white highlighting means that for the 

respective fuel and source category there are processes that use the default N2O emission 

factors according to Table 3-17 as well as processes that use a different N2O emission factor 

as discussed in the chapters of the respective source categories. Where default N2O 

emission factors of fuels are not used at all in the respective source categories the notation 

key “NO” is indicated in Table 3-17. N2O emission factors related to transport activities 

(aviation, road and non-road transportation) are category-specific and given in the 

corresponding sectoral chapters. 

 

1A Wood combustion 1990 1995 2000 2005 2010

Open fireplaces 160 154 149 143 133

Closed fireplaces, log wood stoves 160 152 143 135 127

Pellet stoves NO NO 16 13 10

Log wood hearths 230 222 213 205 187

Log wood boilers 70 62 53 45 37

Log wood dual chamber boilers 230 222 213 205 187

Automatic chip boilers < 50 kW 60 52 43 35 27

Automatic pellet boilers < 50 kW NO NO 14 12 10

Automatic chip boilers 50–300 kW w/o wood proc. companies 30 27 24 22 17

Automatic pellet boilers 50–300 kW NO NO 7.8 6.7 5.0

Automatic chip boilers 50–300 kW within wood proc. companies 30 27 24 22 17

Automatic chip boilers 300–500 kW w/o wood proc. companies 30 27 24 22 17

Automatic pellet boilers 300–500 kW NO NO NO 6.7 5.0

Automatic chip boilers 300–500 kW within wood proc. companies 30 27 24 22 17

Automatic chip boilers > 500 kW w/o wood proc. companies 10 8.9 7.8 6.7 5.0

Automatic pellet boilers > 500 kW NO NO NO 3.0 2.3

Automatic chip boilers > 500 kW within wood proc. companies 12 11 10 9.5 7.0

Combined chip heat and power plants NO 0.89 0.78 0.67 0.47

Plants for renewable waste from wood products 4.0 3.7 3.4 3.2 2.3

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Open fireplaces 120 120 120 120 120 120 120 117 114 111

Closed fireplaces, log wood stoves 120 118 117 115 113 112 110 107 104 101

Pellet stoves 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.8 5.6 5.4

Log wood hearths 160 158 157 155 153 152 150 146 143 139

Log wood boilers 30 30 30 30 30 30 30 29 29 28

Log wood dual chamber boilers 160 158 157 155 153 152 150 148 146 144

Automatic chip boilers < 50 kW 20 20 20 20 20 20 20 19 19 18

Automatic pellet boilers < 50 kW 10 9 8.7 8.0 7.3 6.7 6.0 5.7 5.5 5.2

Automatic chip boilers 50–300 kW w/o wood proc. companies 10 10 10 10 10 10 10 9.7 9.5 9.2

Automatic pellet boilers 50–300 kW 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9 2.9 2.8

Automatic chip boilers 50–300 kW within wood proc. companies 10 10 10 10 10 10 10 9.7 9.5 9.2

Automatic chip boilers 300–500 kW w/o wood proc. companies 10 10 10 10 10 10 10 9.7 9.5 9.2

Automatic pellet boilers 300–500 kW 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9 2.9 2.8

Automatic chip boilers 300–500 kW within wood proc. companies 10 10 10 10 10 10 10 9.7 9.5 9.2

Automatic chip boilers > 500 kW w/o wood proc. companies 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9 2.9 2.8

Automatic pellet boilers > 500 kW 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Automatic chip boilers > 500 kW within wood proc. companies 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9 2.9 2.8

Combined chip heat and power plants 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.19 0.19 0.18

Plants for renewable waste from wood products 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.95 0.92

1A Wood combustion
g CH4/GJ

g CH4/GJ
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Table 3-17 Default N2O emission factors for stationary combustion according to the 2006 IPCC Guidelines (IPCC 
2006, Table 2.2 for 1A1, Table 2.3 for 1A2, Table 2.4 for 1A4ai and Table 2.5 for 1A4bi and 1A4ci). See text for 
further information and an explanation of the colour code. Where other than default N2O emissions factors are 
(also) used, this is indicated by the notation key “CS” and details are described in the chapters of the respective 
source categories. 

 

 

3.2.4.5. Models overlapping more than one source category 

3.2.4.5.1. Non-road transportation model (excl. aviation) 

Choice of method 

• The GHG emissions are calculated by a Tier 3 method based on the decision tree in Fig. 
3.3.1 in chp. 3. Mobile Combustion in IPCC (2006), complemented with: 

• Tier 2 for railways CO2, Fig. 3.4.1 in IPCC (2006) 

• Tier 3 for railways CH4, N2O and precursors, Fig. 3.4.2 in IPCC (2006) 

• Tier 2 for navigation, Fig. 3.5.1 (Box 1) in IPCC (2006) 
 

Methodology 

The emissions of the non-road sector underwent an extended revision in 2014/2015, 

resulting in an update of GHG emissions including precursors. Results are documented in 

FOEN (2015j). The non-road categories considered are listed in Table 3-18. All of them 

include several technologies, fuels (diesel oil, 2- or 4-stroke gasoline, liquefied petroleum 

gas, gas oil), and emission standards according to the classification shown in Figure 3-21.  

 

Table 3-18 Non-road categories as specified in FOEN (2015j) and the corresponding code in the reporting tables 
(CRT). 

 

 

N2O emission factors

1A1 1A2 1A4ai 1A4bi, 1A4ci

Fuel CS/D Data sources

Gas oil D IPCC (2006) 0.6 / CS 0.6 0.6 / CS 0.6 / CS

Residual fuel oil D IPCC (2006) 0.6 0.6 NO NO

Liquefied petroleum gas D IPCC (2006) NO 0.1 / CS CS CS

Petroleum coke D IPCC (2006) NO 0.6 NO NO

Other bituminous coal D IPCC (2006) 1.5 1.5 NO 1.5

Lignite D IPCC (2006) NO 1.5 NO NO

Natural gas D IPCC (2006) 0.1 / CS 0.1 / CS 0.1 / CS 0.1 / CS

Biofuel CS/D Data Sources

Biodiesel (fossil / biogenic) D IPCC (2006) CS CS CS CS

Biogas D IPCC (2006) 0.1 / CS CS 0.1 / CS CS

Wood D IPCC (2006) 4 4 4 4

1990–2023

g N2O / GJ

g N2O / GJ

Non-road categories (by Corinair) Nomenclature CRT

Construction machinery 1.A.2.g.vii Off-road vehicles and other machinery

Industrial machinery 1.A.2.g.vii Off-road vehicles and other machinery

Railway machinery 1.A.3.c Railways

Navigation machinery 1.A.3.d Domestic Navigation

Garden-care/professional appliances 1.A.4.a.ii Commercial/institutional, Off-road vehicles and other machinery

Garden-care/hobby appliances 1.A.4.b.ii Residential, Off-road vehicles and other machinery

Agricultural machinery 1.A.4.c.ii Agriculture/forestry/fishing, Off-road vehicles and other machinery

Forestry machinery 1.A.4.c.ii Agriculture/forestry/fishing, Off-road vehicles and other machinery

Military machinery (excl. aviation) 1.A.5.b Other, mobile, Military
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Figure 3-21 Each non-road vehicle is classified by its machine category, machine type, engine type and engine-
power class and emission standard (FOEN 2015j, INFRAS 2015a). 

 

The emission modelling is based on activity data and emission factors by means of the 

following equation, which holds on the most disaggregated level of engine power class 

(Figure 3-21):  

𝐸𝑚 = 𝑁 ∙ 𝐻 ∙ 𝑃 ∙ 𝜆 ∙ 𝜀 ∙ 𝐶𝐹1 ∙ 𝐶𝐹2 ∙ 𝐶𝐹3 

with  

 Em = emission per engine type (in g/a) 

 N = number of vehicles (without unit)  

 H = number of operation hours per year (h/a) 

 P = engine power output (kW) 

  = effective load factor (without unit) 

  = emission factor (g/kWh) 

 CF1 = correction factor for the effective load (without unit) 

 CF2 = correction factor for dynamical engine use (without unit ) 

 CF3 = degradation factor due to aging (without unit) 

 

With this equation, the emissions of the following gases and also the fuel consumption are 

calculated: 

• GHG: CH4, N2O 

• Precursor gases: NOx, CO 

• Air pollutant: VOC 

• Fuel consumption: in this case,  represents the consumption instead of emission factor 
(in g/kWh) 

 

For other gases, the following method is applied: 

• CO2 is calculated as product of fuel consumption and CO2 emission factors (according to 
Table 3-13). 

• SO2 is calculated as product of fuel consumption and SO2 emission factors (according to 
Table A – 17). 
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distributions, was derived. Details are documented in FOEN (2015j). All activity data (vehicle 

stock, operating hours, consumption factors) can be downloaded by query from the online 

non-road database INFRAS (2015a), which corresponds to the data described in FOEN 

(2015j). They can be queried by vehicle type, fuel type, power class and emission standard 

either at aggregated or disaggregated levels. 

For biodiesel consumption, the fossil carbon fraction in biodiesel is estimated based on the 

method described in Sebos (2022). While all carbon in HVO (Hydrotreated Vegetable Oil) is 

of biogenic origin, FAME (Fatty Acid Methyl Esters) contains a fossil fraction due to the use 

of methanol from fossil sources in its production. The shares of FAME and HVO in biodiesel 

are available from the Swiss overall energy statistics (SFOE 2024). The fossil fraction of 

FAME depends on the feedstock it is derived from (e.g. rapeseed, soy, palm oil); since the 

feedstock shares are not captured in the Swiss energy statistics, they are based on 

European average values from HBEFA 4.1 (INFRAS 2019a). The resulting overall fossil 

fraction of biodiesel varies over time – around 4.0 to 5.4 % of total biodiesel are reported 

under “fossil liquid fuels” as “biodiesel fossil”. For technical reasons in our database, there is 

a split of the whole biodiesel amount in fossil and biogenic biodiesel and not only for the 

carbon fraction and CO2. 

 

3.2.4.5.2. Model of stationary engines and gas turbines 

Choice of method 

The emissions from stationary engines and gas turbines in 1A Fuel combustion activities are 

calculated by a Tier 2 method based on the decision tree for stationary fuel combustion 

(IPCC 2006, Volume 2 Energy, chp. 2 Stationary Combustion, Figure 2.1 on page 2.15). 

Methodology 

The model for calculating emissions from stationary engines and gas turbines underwent an 

extensive revision during the years 2021 to 2022 and the revised model was implemented for 

the submission in 2024. To calculate the final fuel consumption for each category of 

stationary engines and gas turbines, an inventory of power output values, distribution of 

exhaust gas technologies, average load factors and operating hours was elaborated. For 

large installations including engines and gas turbines with combined heat and power 

generation (CHP) along with gas turbines in simple cycle (SCGT) and combined cycle 

(CCGT) configuration, the available information was compiled individually for each unit. Most 

of the information was obtained from the cantonal air pollution control authorities, from 

publicly accessible websites and annual reports from industry, as well as from direct 

enquiries with the operators. Further details and results are documented in INFRAS (2022a). 

Emissions are calculated using the resulting fuel consumption for each category of stationary 

engines and gas turbines within 1A – Fuel consumption activities and multiplied with the 

respective emission factors. 

Emission factors 

Emission factors are based on the following sources according to INFRAS (2022a): 

• CO2 emission factors base on measurements as described in chp. 3.2.4.4.2. 

• CH4 as well as N2O emission factors originate from table 87 of the National Inventory 
Report for the German Greenhouse Gas Inventory 1990–2018 (UBA 2020). 
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Table 3-28 Activity data of engines and gas turbines in 1A4a Other sectors: commercial/institutional. 

 

 

Table 3-29 Activity data of engines and gas turbines in 1A4b Other sectors: residential. 

 

 

Table 3-30 Activity data of engines and gas turbines in 1A4c Other sectors: agriculture/forestry/fishing. 

 

 

3.2.4.5.3. Model for wood energy combustion 

Choice of method 

The emissions from wood combustion in 1A Fuel combustion are calculated by a Tier 2 

method (except for a Tier 1 method for N2O) based on the decision tree for stationary fuel 

combustion (IPCC 2006, Volume 2 Energy, chp. 2 Stationary Combustion, Figure 2.1 on 

page 2.15). 

Unit 1990 1995 2000 2005 2010

TJ 1'572 2'973 4'524 5'062 4'603

1A4ai Engines with CHP unit Gas oil TJ 44 171 580 539 178

1A4ai Engines with CHP unit
Liquefied 

petroleum gas
TJ 2.4 36 103 95 109

1A4ai Engines with CHP unit Natural gas TJ 355 1'407 2'169 2'596 2'089

1A4ai Engines with CHP unit Biodiesel fossil TJ NO NO NO 0.32 1.4

1A4ai Engines with CHP unit Biodiesel biogenic TJ NO NO NO 6.2 30

1A4ai Engines with CHP unit Biogas TJ NO NO NO NO NO

1A4ai Engines with CHP unit at biogas plants
Liquefied 

petroleum gas
TJ NO 2.9 5.6 NO NO

1A4ai Engines with CHP unit at biogas plants Biodiesel fossil TJ NO NO 1.3 0.068 1.1

1A4ai Engines with CHP unit at biogas plants Biodiesel biogenic TJ NO NO 25 1.3 24

1A4ai Engines with CHP unit at biogas plants Biogas TJ NO 29 82 143 394

1A4ai Engines used as emergency generators Gas oil TJ 383 383 391 396 405

1A4ai Gas turbines at sewage plants Natural gas TJ NO 0.23 0.073 NO 0.019

1A4ai Gas turbines at sewage plants Sewage gas TJ 179 169 66 NO 18

1A4ai Engines with CHP unit at sewage plants Natural gas TJ NO 1.0 1.2 1.4 1.4

1A4ai Engines with CHP unit at sewage plants Sewage gas TJ 610 775 1'100 1'284 1'351

Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

TJ 4'349 4'260 4'181 4'008 3'813 3'643 3'639 3'648 3'751 3'741

1A4ai Engines with CHP unit Gas oil TJ 88 77 66 76 44 57 55 55 56 54

1A4ai Engines with CHP unit
Liquefied 

petroleum gas
TJ 97 87 121 44 29 23 23 23 23 23

1A4ai Engines with CHP unit Natural gas TJ 1'668 1'596 1'469 1'325 1'151 991 956 979 1'018 1'010

1A4ai Engines with CHP unit Biodiesel fossil TJ 1.4 1.3 1.1 1.1 0.88 0.88 0.91 1.0 1.1 1.0

1A4ai Engines with CHP unit Biodiesel biogenic TJ 26 23 23 24 20 19 19 19 19 18

1A4ai Engines with CHP unit Biogas TJ NO NO NO NO NO NO 31 34 37 39

1A4ai Engines with CHP unit at biogas plants
Liquefied 

petroleum gas
TJ NO NO NO NO NO NO NO NO NO NO

1A4ai Engines with CHP unit at biogas plants Biodiesel fossil TJ 1.2 1.3 1.2 0.88 1.0 0.75 0.78 0.84 0.85 0.83

1A4ai Engines with CHP unit at biogas plants Biodiesel biogenic TJ 22 23 24 19 23 16 16 16 15 15

1A4ai Engines with CHP unit at biogas plants Biogas TJ 701 738 780 807 818 813 807 787 897 908

1A4ai Engines used as emergency generators Gas oil TJ 412 413 415 417 420 421 413 411 409 405

1A4ai Gas turbines at sewage plants Natural gas TJ 0.027 0.029 0.25 0.23 0.24 0.23 0.21 0.20 0.20 0.19

1A4ai Gas turbines at sewage plants Sewage gas TJ 25 25 26 26 34 33 34 34 33 32

1A4ai Engines with CHP unit at sewage plants Natural gas TJ 1.4 1.5 12 11 8.8 8.6 8.0 7.7 7.4 7.2

1A4ai Engines with CHP unit at sewage plants Sewage gas TJ 1'306 1'274 1'241 1'257 1'264 1'259 1'276 1'282 1'235 1'227

Total fuel consumption

1A4ai Commercial/Institutional Stationary (Engines and gas turbines)

Total fuel consumption

1A4ai Commercial/Institutional Stationary (Engines and gas turbines)

Unit 1990 1995 2000 2005 2010

TJ 45 179 317 360 267

1A4bi Engines with CHP unit Gas oil TJ 4.9 19 64 60 20

1A4bi Engines with CHP unit
Liquefied 

petroleum gas
TJ 0.26 4.0 11 11 12

1A4bi Engines with CHP unit Natural gas TJ 39 156 241 288 232

1A4bi Engines with CHP unit Biodiesel fossil TJ NO NO NO 0.035 0.15

1A4bi Engines with CHP unit Biodiesel biogenic TJ NO NO NO 0.69 3.3

1A4bi Engines with CHP unit Biogas TJ NO NO NO NO NO

Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

TJ 209 198 187 163 138 121 121 123 128 127

1A4bi Engines with CHP unit Gas oil TJ 9.7 8.5 7.4 8.4 4.8 6.4 6.2 6.1 6.2 6.0

1A4bi Engines with CHP unit
Liquefied 

petroleum gas
TJ 11 9.6 14 4.9 3.3 2.6 2.5 2.5 2.6 2.5

1A4bi Engines with CHP unit Natural gas TJ 185 177 163 147 128 110 106 109 113 112

1A4bi Engines with CHP unit Biodiesel fossil TJ 0.16 0.15 0.12 0.12 0.097 0.098 0.10 0.11 0.12 0.11

1A4bi Engines with CHP unit Biodiesel biogenic TJ 2.9 2.6 2.5 2.6 2.2 2.1 2.1 2.1 2.1 2.1

1A4bi Engines with CHP unit Biogas TJ NO NO NO NO NO NO 3.5 3.7 4.1 4.4

1A4bi Residential Stationary (Engines and gas turbines)

Total fuel consumption

1A4bi Residential Stationary (Engines and gas turbines)

Total fuel consumption

Unit 1990 1995 2000 2005 2010

TJ 64 53 67 133 499

1A4ci Engines used as emergency generators Gas oil TJ 2.1 2.1 2.1 2.1 2.1

1A4ci Engines with CHP unit at biogas plants Natural gas TJ 2.7 1.3 2.5 2.3 NO

1A4ci Engines with CHP unit at biogas plants Biogas TJ 59 49 62 128 497

Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

TJ 930 1'043 1'194 1'274 1'405 1'614 1'764 1'911 1'948 2'005

1A4ci Engines used as emergency generators Gas oil TJ 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1

1A4ci Engines with CHP unit at biogas plants Natural gas TJ NO NO NO NO NO NO NO NO NO NO

1A4ci Engines with CHP unit at biogas plants Biogas TJ 928 1'041 1'192 1'272 1'403 1'612 1'762 1'909 1'946 2'003

1A4ci Agriculture/Forestry/Fishing Stationary (Engines and gas turbines)

Total fuel consumption

1A4ci Agriculture/Forestry/Fishing Stationary (Engines and gas turbines)

Total fuel consumption
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3.2.4.6. Emissions from biomass (memo item) 

According to the 2006 IPCC Guidelines (IPCC 2006), CO2 emissions from biomass do not 

count for the national total emissions and therefore are a memo item only. The CO2 

emissions from biomass as reported in the reporting tables are incomplete as the following 

CO2 emissions from biomass are not foreseen for reporting in the reporting tables: 2G4 Use 

of tobacco, 2H2 Food and beverages, 5A Solid waste disposal, 5B Biological treatment of 

solid waste, 5D Wastewater treatment and discharge as well as 6 Other. In contrast, CO2 

emissions from biomass from source category 5C Incineration and open burning of waste are 

included in CRT Table5.C but not accounted for in the total CO2 emissions from biomass as 

shown in CRT Summary1.As3, CRT Summary2, CRT Table10s1 and CRT Table10s2 (these 

tables include CO2 emissions from biomass from sector 1 Energy only). Similarly, CO2 

emissions from biomass from international aviation (source category 1D1) are included in 

CRT Table1.D but not accounted for elsewhere. 

Table 3-33 provides an overview of latest effective CO2 emissions from biomass and their 

reporting in the reporting tables (without land use, land-use change and forestry). For further 

information on the CO2 emissions from biomass refer to the chapters of the respective 

source categories. 

 

Table 3-33 Effective CO2 emissions from biomass in the latest reporting year and their representation in the 
reporting tables. 

 

 

3.2.4.7. Uncertainty and time series consistency for source category 1A 

In the following, basic uncertainties of activity data and CO2 emission factors by fuel type are 

presented for source category 1A Fuel combustion. 

2023

kt

1A1 Energy industries (without MSW incineration) 684 Included in reporting tables

1A1 Energy generation from MSW Incineration 2'105 Included in reporting tables

1A2 Manufacturing industries and construction 1'511 Included in reporting tables

thereof use of waste derived fuels in cement production 78

thereof use of biofuels (1A2gvii) 28

1A3 Transport 460 Included in reporting tables

1A4 Other sectors (Commercial/institutional, residential) 3'341 Included in reporting tables

1A5 Other 0.83 Included in reporting tables

2H2 Food and beverages industry 15 Not included in reporting tables

2G Other product use (Consumption of tabacco) 9.5 Not included in reporting tables

5A Solid waste disposal 31 Not included in reporting tables

5B Biological treatment of solid waste (composting and anaerobic digestion) 161 Not included in reporting tables

5C Incineration and open burning of waste (without MSW incineration)

121

Included in CRT Table5.C, but not 

accounted for in the summary reporting 

tables

5D Wastewater treatment and discharge 4.5 Not included in reporting tables

6 Other 1.6 Not included in reporting tables

Total CO₂ emissions from biomass in Switzerland in 2023 8'445 Without international aviation

Total CO2 emissions from biomass included in the following summary 

reporting tables (energy-related CO2 emissions from biomass combustion 

included in sector 1 Energy): CRT Summary1, CRT Summary2, CRT 

Table10s1 and CRT Table10s2 8'102

International aviation (aviation bunkers)

1.311

Included in CRT Table1.D, but not 

accounted for in the summary reporting 

tables

CO2 emissions from biomass Note
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Time series consistency 1A 

Time series for 1A Fuel combustion are all considered consistent. 

 

3.2.4.8. Category-specific QA/QC and verification for 1A 

Various QA/QC activities are relevant for all source categories in 1A. Therefore, they are 

briefly described here and not repeated in the chapters dealing with the source categories 

1A1 to 1A5. 

 

Comparison of emission estimates using different approaches 

At the level of total energy-related CO2 emissions, a quality control consists in the 

comparison of emissions modelled using the sectoral approach with emissions calculated 

based directly on fuel consumption according to the Swiss overall energy statistics (SFOE 

2024). The differences in total CO2 emissions for the entire time period are negligible, 

indicating the completeness of the inventory. 

The cross-check of the Reference and Sectoral Approach is also used for an assessment of 

emissions related to the consumption of fuels in the energy sector. Again, a good agreement 

between the two approaches is found (see chp. 3.2.1). 

 

Activity data checks 

The SFOE constructs a national commodity balance expressed in mass and in energy units 

including mass balances of fuel conversion industries. 

The gross carbon supply in the Reference Approach has been adjusted for fossil fuel carbon 

destined for non-energy use. The numbers in the Swiss overall energy statistics (SFOE 

2024) are consistent with those provided by international organisations, e.g. IEA. 

 

Emission factor check and review 

Emission factors for the main fossil fuels have been reassessed for submission 2015. In 

2013, the Swiss Federal Office of Energy (SFOE) and the Swiss Federal Office for the 

Environment (FOEN) launched an in-depth investigation into the NCVs and CO2 emission 

factors of gas oil, diesel oil, gasoline, and jet kerosene (SFOE/FOEN 2014, see chp. 3.2.4.2). 

The most recent results differ only marginally from previously used values. The CO2 emission 

factors compare well with the IPCC default values (see Table 3-39). 

 

Table 3-39 Comparison of default CO2 emission factors from IPCC (2006) with current country-specific values of 
Switzerland for selected fuels. 

 

Switzerland

lower upper default CS

t CO2 /TJ

Gasoline 67.5 73.0 69.3 73.8

Jet kerosene 69.7 74.4 71.5 72.8

Diesel oil 72.6 74.8 74.1 73.3

Gas oil 72.6 74.8 74.1 73.7

CO2 emission factors IPCC 2006

t CO2 /TJ
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• 1A1a: Due to an assignment error of sources in the database, the use of liquefied 
petroleum gas in gas turbines was assigned to source category 1A1a Public electricity 
and heat production in the CRT of the 2024 submission. Since the Swiss statistics of 
energy consumption do not report the use of liquefied petroleum gas in energy 
production, the use of liquefied petroleum gas in gas turbines is now assigned to 1A2g 
Other in the CRT of the 2025 submission. 

 

3.2.5.6. Category-specific planned improvements for 1A1 (stationary) 

No category-specific improvements are planned. 

 

3.2.6. Source category 1A2 – Manufacturing industries and construction 
(stationary, without 1A2gvii) 

3.2.6.1. Source category description for 1A2 (stationary) 

Table 3-53 Key categories of 1A2 Manufacturing industries and construction. Combined KCA results, level for 
2023 and trend for 1990–2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, 
Approach 1 or 2). 

 

 

[Source category 1A2 contains the sum of emissions of stationary and mobile sources – the 

statement on key categories holds for the aggregated emissions only. The CO2 emissions of 

1A2 from Liquid Fuels are dominated by the stationary sources, however, 43 % (2023) of the 

CO2 emissions stem from mobile sources 1A2gvii.] 

 

The source category 1A2 Manufacturing industries and construction comprises all emissions 

from the combustion of fuels in stationary boilers and cogeneration facilities within 

manufacturing industries and construction. This includes use of conventional fossil fuels as 

well as waste-derived fuels and biomass. Use of fossil fuels as feedstocks or other non-

energy use of fuels as for example bitumen and lubricants are reported in CRT Table1.A(d) 

and described in chp. 3.2.3.  

 

Code IPCC category Gas
Identification 

criteria

1.A.2 Manufacturing industries and construction; Gaseous fuels CO2 L1, L2, T1

1.A.2 Manufacturing industries and construction; Liquid fuels CO2 L1, T1

1.A.2 Manufacturing industries and construction; Solid fuels CO2 L1, T1

1.A.2 Manufacturing industries and construction; Other fossil fuels CO2 L1, T1
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Further specific statistical data 
The share of fuel used for co-generation in turbines and engines within 1A2 is derived from a 

model of stationary engines developed by INFRAS 2022a (chp. 3.2.4.5.2) for the statistics on 

combined heat and power generation (SFOE 2024c). 

Fuel consumption of wood, wood waste and biogas in manufacturing industries is based on 

the Swiss wood energy statistics (SFOE 2024b) as well as on data from the Swiss renewable 

energy statistics (SFOE 2024a) and the statistics on combined heat and power generation in 

Switzerland (SFOE 2024c), respectively. Emissions from these sources are reported under 

1A2gviii Other due to insufficient information regarding sectoral disaggregation. 

 

Emission factors (1A2) 

The following table presents the emission factors of fuel consumption in source category 1A2 

Manufacturing industries and construction (see also chp. 3.2.4.4). 

 

Table 3-55 Emission factors for 1A2 Manufacturing industries and construction in 2023. Values that are 
highlighted in green are described in more detail in chp. 3.2.4.4. 

 

 

Other fossil fuels comprise various fossil waste-derived fuels used in 1A2f Cement 

production as well as cracker by-products, i.e. gasolio, heating gas and synthesis gas used 

for steam production in a chemical plant in source category 1A2c. The emission factors of 

CO2, CH4 and N2O are implied emission factors based on the fossil waste fuel mix. In 

addition, the CH4 emission factor includes the total CH4 emissions of the cement industry 

based on direct exhaust measurements at the chimneys of the cement plants (see 

documentation in EMIS 2025/1A2f Zementwerke_Feuerung), based on industry data and 

emission declarations according to the Ordinance on Air Pollution Control (Swiss 

Confederation 1985). Implied CH4 emission factors of source category 1A2 for residual fuel 

CO2

fossil

CO2

biog. CH4 N2O

t/TJ t/TJ kg/TJ kg/TJ

Gas oil

73.7
<3 (lower IEF than default 

emission factor) 0.6

Residual fuel oil

77.0

<3 (lower IEF than 

default emission factor) 0.6

Liquefied petroleum gas

65.5
<1 (lower IEF than default 

emission factor) 0.1

Petroleum coke

91.4
<3 (lower IEF than default 

emission factor) 0.6

Other bituminous coal

92.7
<10 (lower IEF than default 

emission factor) 1.5

Lignite

96.1
<10 (lower IEF than default 

emission factor) 1.5

Natural gas

55.9
<1 (lower IEF than default 

emission factor) 0.1

Other fossil fuels 

(including solvents, plastics, waste tyres 

and rubber (see 1A2c and 1A2f)) 77.0 4.3 3.4

Biomass (wood, biogas and other 

biogenic waste) 97.9 2.4 4.0

1A2 Emission factors for GHG 

(mix of bottom-up and top-down 

approach (modelling); without source 

category 1A2gvii Off-road vehicles 

and machinery)
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Table 3-85 Fuel consumption of civil aviation in TJ separated for domestic/international and LTO/cruise. Domestic 
consumption and the corresponding emissions are reported under 1A3a, international consumption is reported 
under Memo items, international bunkers. Sustainable aviation fuels (SAF) are referred to as jet kerosene 
biogenic. (FOCA 2007, 2007a, 2008–2024). 

 

 

3.2.9.2.2. Road transportation (1A3b) 

Methodology (1A3b) 

Choice of method 

• The CO2 emissions are calculated by a Tier 2 method based on the decision tree Fig. 
3.2.2 in chp. 3. Mobile Combustion in IPCC (2006). 

• The CH4 and the N2O emissions are calculated by a Tier 3 method based on the decision 
tree Fig. 3.2.3 in chp. 3. Mobile Combustion in IPCC (2006). 

• The use of urea in urea-based catalysts is reported in chp. 4.5.2.2 under Urea use in 
SCR catalysts of diesel engines (2D3d) as recommended in the reporting table’s 
footnotes. 

• CO2 emissions from the use of lubricants as an additive in 2-stroke motorcycles are 
reported in chp. 4.5.2.1 under 2D1 Non-energy products from fuels and solvent use / 
lubricant use. Non-CO2 emissions are reported under 1A3biv. 

 

1A3a/1D1 Civil aviation 1990 1995 2000 2005 2010

1A3a Domestic aviation 3'450 3'075 2'541 1'702 1'694

1A3a Domestic aviation, LTO, 

Jet kerosene fossil
1'050 935 773 518 464

1A3a Domestic aviation, CR, Jet 

kerosene fossil
2'401 2'139 1'768 1'184 1'230

1D1 International aviation (not part 

of national total) 41'884 49'918 63'726 47'775 58'334

1D1 International aviation, LTO, 

Jet kerosene fossil 4'277 5'097 6'507 4'878 5'643

1D1 International aviation, LTO, 

Jet kerosene biogenic NO NO NO NO NO

1D1 International aviation, CR, 

Jet kerosene fossil 37'608 44'821 57'219 42'896 52'691

1D1 International aviation, CR, 

Jet kerosene biogenic NO NO NO NO NO

Total 1A3a/1D1 Civil aviation 45'334 52'993 66'267 49'477 60'028

1990 = 100% 100% 117% 146% 109% 132%

1A3a/1D1 Civil aviation 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

1A3a Domestic aviation 1'921 1'887 1'932 1'641 1'579 1'571 1'056 811 944 887

1A3a Domestic aviation, LTO, 

Jet kerosene fossil
525 387 421 384 346 321 170 183 227 236

1A3a Domestic aviation, CR, Jet 

kerosene fossil
1'396 1'500 1'511 1'257 1'234 1'250 886 628 717 651

1D1 International aviation (not part 

of national total) 65'006 67'333 70'603 72'824 77'214 78'196 28'194 31'872 57'499 68'899

1D1 International aviation, LTO, 

Jet kerosene fossil 6'142 6'459 6'529 6'728 6'953 6'963 2'395 2'718 5'129 5'915

1D1 International aviation, LTO, 

Jet kerosene biogenic NO NO NO NO NO NO NO 2.0 0.029 1.44

1D1 International aviation, CR, 

Jet kerosene fossil 58'864 60'874 64'073 66'096 70'261 71'233 25'799 29'129 52'369 62'966

1D1 International aviation, CR, 

Jet kerosene biogenic NO NO NO NO NO NO NO 24 0.33 17

Total Civil aviation 66'927 69'220 72'534 74'465 78'793 79'767 29'250 32'683 58'443 69'786

1990 = 100% 148% 153% 160% 164% 174% 176% 65% 72% 129% 154%

Fuel consumption in TJ

Fuel consumption in TJ
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Table 3-88 Mileages in millions of vehicle kilometres. PC: passenger cars, LDV: light duty vehicles, HDV: heavy 
duty vehicles). 

 

 

Table 3-89 Specific fuel consumption of road transport, excluding fuel tourism and statistical differences. Numbers 
include additional fuel consumption by cold starts. 

 

 

For modelling of evaporative emissions, the stock, the mileage and the number of stops of 

gasoline passenger cars, light duty vehicles and motorcycles are used. For modelling cold 

start excess emissions, also the numbers of starts of passenger cars and light duty vehicles 

are used as activity data. The corresponding numbers are summarised in Table 3-90. 

Veh. category 1990 1995 2000 2005 2010

PC 47'186 44'945 50'407 51'696 56'026

LDV 2'775 2'786 2'970 3'260 3'595

HDV 1'880 1'800 1'989 2'050 2'239

Coaches and urban buses 266 258 261 323 367

2-Wheelers 2'260 1'724 1'910 1'957 2'039

Sum 54'366 51'512 57'537 59'287 64'266

(1990=100%) 100% 95% 106% 109% 118%

Veh. category 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

PC 59'103 57'713 58'531 60'388 61'632 62'200 55'569 57'744 59'682 61'613

LDV 4'015 3'949 4'025 4'189 4'408 4'512 4'754 4'728 4'707 4'830

HDV 2'208 2'099 2'068 2'099 2'148 2'120 2'155 2'148 2'074 2'053

Coaches and urban buses 394 383 386 394 416 424 418 428 431 454

2-Wheelers 2'119 2'070 2'119 2'188 2'230 2'269 2'070 2'104 2'043 2'117

Sum 67'839 66'213 67'128 69'258 70'833 71'524 64'965 67'152 68'937 71'068

(1990=100%) 125% 122% 123% 127% 130% 132% 119% 124% 127% 131%

million vehicle-km

million vehicle-km

Veh. Category Fuel 1990 1995 2000 2005 2010

PC Gasoline 3.15 3.24 3.30 3.21 3.06

Diesel oil 3.36 3.18 3.07 2.79 2.81

Liquefied petroleum gas NO NO NO NO NO

CNG NO NO NO NO 3.06

LDV Gasoline 3.85 3.75 3.65 3.61 3.52

Diesel oil 4.57 4.54 4.36 4.01 3.79

CNG NO NO NO NO 3.68

HDV Gasoline 9.06 9.07 9.07 9.11 9.15

Diesel oil 11.3 11.7 11.7 12.3 11.9

CNG NO NO NO 25.1 19.5

Busses Gasoline NO NO NO NO NO

Diesel oil 15.0 15.2 15.4 15.4 14.7

CNG NO NO NO NO 25.4

2-Wheeler Gasoline 1.49 1.66 1.48 1.59 1.51

Average 3.54 3.67 3.69 3.56 3.39

(1990=100%) 100% 104% 104% 101% 96%

Veh. Category Fuel 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

PC Gasoline 2.80 2.73 2.67 2.53 2.48 2.44 2.41 2.36 2.29 2.26

Diesel oil 2.74 2.72 2.71 2.65 2.65 2.66 2.67 2.67 2.64 2.63

Liquefied petroleum gas 2.90 2.84 2.82 2.72 2.72 2.71 2.71 2.69 2.65 2.64

CNG 3.01 3.08 2.96 2.94 2.82 2.84 2.96 2.87 2.72 2.79

LDV Gasoline 3.32 3.27 3.21 3.02 2.92 2.88 2.83 2.77 2.64 2.54

Diesel oil 3.72 3.71 3.70 3.55 3.50 3.46 3.41 3.37 3.33 3.30

CNG 4.16 4.26 4.09 4.01 3.80 3.82 4.00 3.89 3.31 3.45

HDV Gasoline 9.15 9.14 9.16 8.78 8.77 8.74 8.72 8.70 8.65 8.63

Diesel oil 11.7 11.6 11.6 11.5 11.3 11.2 11.1 10.9 10.6 10.3

CNG 19.9 20.5 20.1 20.6 17.1 17.2 16.6 17.2 16.4 17.1

Busses Gasoline NO NO NO NO 8.91 8.88 8.86 8.83 NO 8.81

Diesel oil 14.1 14.0 14.0 13.2 13.1 13.1 13.0 12.8 12.9 12.5

CNG 25.3 26.1 25.5 24.5 24.2 24.5 25.8 25.3 24.3 26.3

2-Wheeler Gasoline 1.55 1.59 1.55 1.50 1.54 1.55 1.56 1.56 1.42 1.45

Average 3.17 3.12 3.08 2.97 2.92 2.90 2.91 2.86 2.76 2.70

(1990=100%) 90% 88% 87% 84% 83% 82% 82% 81% 78% 76%

MJ / veh-km

MJ / veh-km
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Vehicle stock figures correspond to registration data. The starts and stops per vehicle are 

based on specific surveys (ARE/SFSO 2005, 2012, 2017).  

 

Table 3-90 Vehicle stock numbers (gasoline vehicles only – relevant for diurnal evaporation) and average number 
of starts per vehicle per day (gasoline, diesel oil, and CNG vehicles). 

 

 

Further details are given in Annex A5.1.2. 

 

3.2.9.2.3. Railways (1A3c) 

Methodology (1A3c) 

As mentioned in chp. 3.2.4.5.1, the emissions are calculated by the non-road transportation 

model. The following methods are used: 

• Tier 2 for CO2 (based on decision tree Fig. 3.4.1 in IPCC 2006) 

• Tier 3 for CH4, N2O and precursors (based on decision tree Fig. 3.4.2 in IPCC 2006). 

 

The entire Swiss railway system is electrified. Electric locomotives are used in passenger as 

well as freight railway traffic. Diesel locomotives are used for shunting purposes in 

marshalling yards and for construction activities only.  

Emissions are calculated for the years 1990, 1995, 2000, 2005 etc. up to 2023 based on fuel 

used. For the years in-between, the emissions are interpolated linearly. 

 

Emission factors (1A3c) 

Only diesel oil is being used as fuel, therefore all emission factors refer to diesel oil.  

• The CO2 emission factor applied for the time series 1990–2023 for diesel oil is country-
specific and is given in Table 3-13. 

• The CH4 and N2O emission factors of diesel locomotives are shown in Table 3-91.  

Veh. Category 1990 1995 2000 2005 2010

PC 2822 3'033 3'282 3'247 2'931

LDV 158 154 136 99 66

2-Wheelers 764 688 712 747 778

PC 2.9 2.7 2.9 2.5 2.6

LDV 2.0 2.0 2.0 2.0 2.0

Veh. Category 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

PC 2'719 2'667 2'625 2'621 2'626 2'623 2'705 2'736 2'686 2'732

LDV 50 48 46 44 42 41 42 41 39 46

2-Wheelers 829 845 862 882 903 915 946 983 967 983

PC 2.5 2.5 2.6 2.6 2.6 2.6 2.3 2.4 2.6 2.6

LDV 2.0 2.0 2.0 2.0 1.9 2.0 2.0 2.0 2.0 2.0

starts per veh. per day

stock in 1000 veh. (gasoline/bioeth.)

starts per veh. per day

stock in 1000 veh. (gasoline/bioeth.)
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• The emission factors for precursors are country-specific and are given in FOEN (2015j). 
More details concerning the emission factor for SO2 are shown in  
Table A – 15 (row diesel oil). NMVOC emissions are calculated as the difference between 
VOC and CH4 emissions.  

• Implied emission factors for the latest reporting year are shown in Table 3-92.  

 

All emission factors (GHG, precursors) can be downloaded by query from the online non-

road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class 

and emission standard either at aggregated or disaggregated levels (see INFRAS (2015a)).  

 

Table 3-91 CH4 and N2O emission factors for rail vehicles 

 

 

Table 3-92 Implied emission factors 2023 for rail vehicles. Emission factors that are highlighted in green are 
described in chp. 3.2.4.4. 

 

 

Activity data (1A3c) 

Activity data for non-road, including 1A3c Railways, are described in chp. 3.2.4.5.1 (non-road 

transportation model). Values are taken from FOEN (2015j). Data on biofuels are provided by 

the statistics of renewable energies (SFOE 2015a). Activity data are shown in Table 3-93 

and in Annex A5.1.3. 

Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can be 

downloaded by query from the online non-road database INFRAS (2015a). They can be 

queried by vehicle type, fuel type, power class and emission standard either at aggregated or 

disaggregated levels (see INFRAS (2015a)). 

PreEU UIC1 UIC2 EU3a EU3b

<2000 2000 2003 2006 2012

kW

CH4 <18 0.0547 0.0384 0.024 0.0142 0.0142

CH4 18–37 0.0578 0.0221 0.0134 0.0089 0.0089

CH4 37–56 0.0319 0.0156 0.011 0.0079 0.0055

CH4 56–75 0.0319 0.0156 0.011 0.0079 0.0031

CH4 75–130 0.0218 0.0108 0.0084 0.0067 0.0031

CH4 >130 0.0218 0.0103 0.0072 0.0053 0.0031

N2O all 0.035 0.035 0.035 0.035 0.035

Rail vehicles with diesel oil engines

g/kWh

Gas Power class

CO2 fossil CO2 biog. CH4 N2O NOX NMVOC SO2 CO

Diesel oil 73'300 NA 1.1 3.5 834 97 0.30 491

Biodiesel 3'676 69'624 1.1 3.5 816 95 0.30 480

1A3c Railways

kg/TJ
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Table 3-93 Activity data (diesel oil consumption) for railways. 

 

 

3.2.9.2.4. Domestic navigation (1A3d) 

Methodology (1A3d) 

Based on the decision tree Fig. 3.5.1 Box 1 of the 2006 IPCC Guidelines (IPCC 2006) the 

emissions of navigation are calculated by a Tier 2 method with the non-road transportation 

model described in chp. 3.2.4.5.1. 

There are passenger ships, dredgers, fishing boats, motor and sailing boats on the lakes and 

rivers of Switzerland. The emissions are calculated for the years 1990, 1995, 2000, 2005 etc. 

up to 2023 based on fuel used. For the years in-between, the emissions are linearly 

interpolated. 

On the river Rhine as well as on Lake Geneva and Lake Constance, some of the boats cross 

the border. Fuels bought in Switzerland but used for international navigation are therefore 

reported as bunker fuels (memo items, chp. 3.2.2.).  

CO2 emissions from lubricants of gasoline 2-stroke engines are calculated by using the IPCC 

default CO2 emission factor for lubricants, 73.3 t/TJ (IPCC 2006). However, these emissions 

are reported in source category 2D1 Lubricant use (see chp. 4.5.2.1). In contrast, CH4 and 

N2O emissions from lubricant use are reported in source category 1A3d Domestic navigation, 

since the emission factors are deduced from measurements including 2-stroke engines.  

 

Emission factors (1A3d) 

• The CO2 emission factor applied for the time series 1990–2023 for diesel oil, gasoline 
and gas oil are country-specific and are given in Table 3-13. 

• The CH4 and N2O emission factors are country-specific and are shown below in Table 
3-94 to Table 3-96 for all fuel types and emission standards. 

• For SO2 the emission factors are country-specific. See also Table A – 17 in Annex A5.1.4 
rows diesel oil, gasoline, gas oil.  

• The emission factors for precursors are country-specific and are given in FOEN (2015j). 

• NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the 
difference between VOC and CH4 emissions.  

• The implied emission factors for the latest reporting year are shown in Table 3-97.  

All emission factors (GHG, precursors) can be downloaded by query from the online non-

road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class 

and emission standard either at aggregated or disaggregated levels (see INFRAS (2015a)). 

1A3c Railways Unit 1990 1995 2000 2005 2010

Diesel oil TJ 390 441 455 472 492

Biodiesel TJ NO NO 0.97 2.8 3.5

Total Railways TJ 390 441 456 475 496

1990 = 100% 100% 113% 117% 122% 127%

1A3c Railways Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Diesel oil TJ 411 391 388 385 382 379 376 377 378 379

Biodiesel TJ 8.5 9.8 16 22 28 34 40 38 36 35

Total Railways TJ 420 401 403 406 409 412 415 415 414 413

1990 = 100% 108% 103% 104% 104% 105% 106% 107% 106% 106% 106%
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Table 3-94 CH4 and N2O emission factors for ships with diesel engines. 

 

 

Table 3-95 CH4 and N2O emission factors for ships with gasoline engines by emission standards including the 
year of enforcement. 

 

 

Table 3-96 CH4 and N2O emission factors for steamboats by the year of enforcement. 

 

 

Table 3-97 Implied emission factors 2023 for navigation. Emission factors that are highlighted in green are 
described in chp. 3.2.4.4. 

  

 

Activity data (1A3d) 

Activity data for navigation (1A3d) are described in chp. 3.2.4.5.1 (non-road transportation 

model). Values are taken from FOEN (2015j). Data on biofuels are provided by the statistics 

Pre SAV SAV EU-I EU-II EU-IIIA

(<1995) 1995 2003 2008 2009

kW

CH4 <18 0.0547 0.0547 0.0384 0.0240 0.0142

CH4 18–37 0.0578 0.0578 0.0221 0.0134 0.0089

CH4 37–56 0.0319 0.0319 0.0156 0.0110 0.0079

CH4 56–75 0.0319 0.0319 0.0156 0.0110 0.0079

CH4 75–130 0.0218 0.0218 0.0108 0.0084 0.0067

CH4 >130 0.0218 0.0218 0.0103 0.0072 0.0053

N2O all 0.035 0.035 0.035 0.035 0.035

Gas Power class

g/kWh

Ships with diesel oil engines

Pre SAV SAV SAV/EU Pre SAV SAV SAV/EU

<1995 1995 2007 <1995 1995 2007

kW

CH4 <18 18.2 1.54 1.75 1.25 1.10 1.25

CH4 18–37 18.2 0.84 0.91 1.00 0.60 0.65

CH4 37–56 18.2 0.42 0.56 1.00 0.30 0.40

CH4 56–75 18.2 0.42 0.56 1.00 0.20 0.30

CH4 75–130 18.2 0.42 0.56 1.00 0.17 0.25

CH4 130–560 18.2 0.42 0.56 1.00 0.10 0.25

N2O 0–300 0.01 0.01 0.01 0.03 0.03 0.03

Gas Power class Boats with 2-stroke gasoline engines Boats with 4-stroke gasoline engines

g/kWh g/kWh

<2000 2000–2004 >2004

CH4 0.0218 0.0103 0.0072

N2O 0.035 0.035 0.035

Gas

g/kWh

Steamboats

CO2 fossil CO2 biog. CH4 N2O NOX NMVOC SO2 CO

Gasoline 73'800 NA 22.4 1.9 537 414 0.19 8'708

Diesel oil 73'300 NA 1.2 3.4 695 195 0.30 483

Gas oil 73'700 NA 0.24 0.73 27 1.6 0.84 6.9

Biodiesel 3'675 69'625 1.2 3.3 680 191 0.30 472

Bioethanol NA 73'800 21 3.3 680 191 0.30 472

1A3d Navigation

kg/TJ
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4.  ndustrial  rocesses and  roduct use   PP   
 

 

 

4.1. Overview 

This chapter provides information on the estimation of the GHG emissions from sector 2 

Industrial processes and product use (Figure 4-1). The following source categories are 

reported: 

• 2A Mineral industry 

• 2B Chemical industry 

• 2C Metal industry 

• 2D Non-energy products from fuels and solvent use  

• 2E Electronics industry 

• 2F Product uses as substitutes for ozone-depleting substances (ODS) 

• 2G Other product manufacture and use 

• 2H Other 

 

Emissions within this sector comprise GHG emissions as by-products from industrial 

processes and also emissions of F-gases during production, use and disposal. Emissions 

from fuel combustion in industry are reported in source category 1A2 under sector 1 Energy.  

According to the 2006 IPCC Guidelines this sector provides also information on the GHG 

emissions from solvent and product use. CO2 emissions from solvent and partly from product 

use are due to post-combustion of NMVOC in order to reduce NMVOC in exhaust gases. 

The disposal of solvents is reported in the energy sector (waste derived fuels, chp. 3.2.6). 

Indirect CO2 emissions resulting from fossil CH4, CO and NMVOC emissions as well as 

indirect N2O emissions resulting from NOx and NH3 emissions are included in CRT Table6 as 

documented in chp. 9. However, indirect CO2 emissions are taken into account when 

calculating the key categories of sector 2 (see Figure 4-4). Since the CO2 emissions from the 

cracker reported in source category 2B8b Ethylene, from 2C1 Secondary steel production, 

electric arc furnace and from 2C3 Primary aluminium production are based on carbon mass 

balances, their emissions of CO (from source categories 2C1 and 2C3) and NMVOC (from 

source categories 2B8b and 2C1) are not accounted for in the calculation of the indirect CO2 

Overall responsibility Sabine Schenker (FOEN)

Method updates & authors Sabine Schenker (FOEN), Cornelia Stettler (Carbotech; F-gases)

EMIS database operation Myriam Guillevic (FOEN; F-gases), Sabine Schenker (FOEN)

Annual updates (NID text, tables, figures)
Dominik Eggli (Meteotest), Fabio Fasel (Meteotest), Beat Rihm (Meteotest), Cornelia 

Stettler (Carbotech; F-gases)

Quality control (NID annual updates)
Gavin Roberts (Carbotech; F-gases), Regine Röthlisberger (FOEN), Adrian Schilt 

(FOEN), Felix Weber (INFRAS)

Internal review
Stefan Reimann (Empa; F-gases), Regine Röthlisberger (FOEN), Sabine Schenker 

(FOEN), Adrian Schilt (FOEN; F-gases), Loïc Schmidely (FOEN, SF6)

Responsibilities for sector Industrial processes and product use (IPPU)
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emissions. Biogenic CO and NMVOC emissions occur in source category 2H2 Food and 

beverages and 2G4 tobacco consumption and are not reported as indirect CO2 emissions.  

For several industrial processes within source categories 2A Mineral industry, 2B Chemical 

industry, 2C Metal industry and 2G Other product manufacture and use, data and information 

on emission factors and activity data are classified as confidential (C), because they refer to 

a single enterprise. For reviewers, there is an additional version of chp. 4 Industrial 

processes and product use (IPPU) available, including all confidential data and information.  

 

 

Figure 4-1 Switzerland’s greenhouse gas emissions of sector 2 Industrial processes and product use. 

 

2A Mineral industry remains the dominant source of sector 2, accounting for around 50 % of 

the GHG emissions in 2023 although absolute emissions have decreased since 1990. 2B 

Chemical industry shows no clear trend until 2021, but a strong decline in 2022, due to the 

installation of a catalytic converter in the niacin production plant late in the year 2021. Since 

2022, it accounts for a small share only. 2C Metal industry shows a strong decreasing trend 

and accounts only for a negligibly small share in 2023. 2D Non-energy products have also 

only a minor contribution in 2023.  

2F Product uses as substitutes for ozone depleting substances (ODSs) is of considerable 

importance: The emissions have increased from 1990 to 2015 due to the replacement of 

CFCs and other ODSs by HFCs in many technical applications. However, the emissions are 

gradually decreasing over the past years due to restrictions of HFC use in mobile air-

conditioning and stationary refrigeration. They account for one third of total GHG emissions 

in sector 2 in 2023. 2G Other product manufacture and use shows, after an increase 

between 2000 and 2017, a decrease in emissions since then. 2E Electronic industry and 2H 

Other are of little importance with regard to the overall GHG emissions of sector 2.  

In Table 4-1, the development of GHG emissions in sector 2 Industrial processes and 

product use is given by gases. Dominant gases are CO2 and F-gases in 2023 whereas N2O 
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and CH4 have only minor contributions. The relative trend of these gases referring to the 

base year 1990 is shown in Figure 4-2 and Figure 4-3. 

 

Table 4-1 GHG emissions of sector 2 Industrial processes and product use by gases in CO2 equivalent (kt). 

 

 

 

Figure 4-2 Relative trends of the greenhouse gas emissions (without F-gases, see Figure 4-3) of sector 2 
Industrial processes and product use. The base year 1990 represents 100 %. 

 

Figure 4-2 shows that the emissions of CO2 decreased between 1990 and 1997 and since 

then, they have remained at a constant level. Emissions of N2O have increased slowly 

between 1990 and 2002 and decreased afterwards until 2014. Since 2014 there has been an 

increasing trend again with even higher emissions in 2017, 2019 and 2020 than in 1990. 

Clearly visible is the drop in N2O emissions starting in 2021 as explained above. Emissions 

of CH4 have an increasing trend with considerable interannual fluctuations. However, 

absolute emissions are very small compared to CO2 and N2O. 

Gas 1990 1995 2000 2005 2010

CO2 3'122 2'396 2'188 2'350 2'346

CH4 4.0 6.6 5.8 7.0 7.8

N2O 541 575 646 667 572

F-gases 246 339 817 1'253 1'447

Sum 3'913 3'318 3'656 4'277 4'373

Gas 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

CO2 2'234 2'065 2'128 2'103 2'089 2'075 2'001 2'081 2'028 1'849

CH4 6.4 6.3 7.9 7.9 8.4 7.8 7.2 6.8 7.7 5.1

N2O 446 517 477 613 531 617 545 425 38 37

F-gases 1'680 1'736 1'672 1'684 1'653 1'565 1'537 1'394 1'331 1'313

Sum 4'367 4'324 4'285 4'409 4'281 4'265 4'090 3'907 3'405 3'204

CO2 equivalent (kt)

CO2 equivalent (kt)
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Figure 4-3 shows a large increase in emissions of F-gases compared to the year 1990. Main 

contributions in the inventory 1990 result from the PFC emissions in the smeltering process 

of aluminium production (chp. 4.4.2.2) and from the use of SF6 in electrical equipment and 

soundproof windows (chp. 4.8.2.1 and chp. 4.8.2.2). The increase between 1995 and 2012 is 

due to the increasing product uses of HFCs as substitutes for ODS (chp.4.7) in refrigeration 

and air conditioning. Since 2012, total F-gas emissions have remained at a constant level 

with a visible drop after 2018. The main driver are the restrictions of HFC use in mobile air-

conditioning and the progressing limitation of HFCs with a high GWP for stationary 

refrigeration. The most relevant and main source of F-gases emissions in 2023 is the use of 

HFC in refrigeration and air conditioning. 

 

 

Figure 4-3 Relative trends in emissions of F-gases in sector 2 Industrial processes and product use. The base 
year 1990 represents 100 %. 
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There are a total of seven key categories identified in sector 2 IPPU, thereof six key 

categories with direct greenhouse gas emissions and one category with indirect CO2 

emissions (see Figure 4-4). 

 

 

Figure 4-4 Key categories in the Swiss GHG inventory from sector 2 IPPU, including indirect CO2 emissions, 
determined by the key category analyses, approaches 1 and 2. Categories are set out in order of decreasing 
emissions in 2023. L1: key category according to approach 1 level in 2023; L2: same for approach 2; T1: key 
category according to approach 1 trend 1990–2023; T2: same for approach 2. Black uncertainty bars represent 
the narrowest 95 % confidence interval obtained by Monte Carlo simulations (see chp. 1.6 for details). 
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Table 4-31 Emission factors for CO2, NOx, CO and NMVOC in iron production, for CO2, NOx, CO, NMVOC and 
SO2 in steel production, for CO and NMVOC in non-ferrous metal production and for CO2, NOx, CO and SO2 in 
battery recycling for 2023. 

 

 

Activity data 

Activity data on annual production of iron and steel are provided annually by the Swiss 

foundry association (Giesserei-Verband Schweiz, GVS) and the steel plants, respectively. 

Since 2009, activity data of the annual steel production is taken from annual monitoring 

reports from the Swiss Emissions Trading Scheme (ETS). 

The amount of limestone used as flux in iron foundries (cupola furnaces) is estimated by 

GVS to be in the range of 30–50 % of the coal consumed. Therefore, an average share of 

40 % is assumed to calculate the activity data of limestone use (EMIS 2025/1A2a_2C1 

Eisengiessereien Kupolöfen). 

 

Table 4-32 Production of iron, steel, aluminium and non-ferrous metals as well as amount of batteries recycled in 
Switzerland in kt. 

 

 

4.4.2.2. Aluminium production (2C3) 

Methodology 

The last production site for primary aluminium in Switzerland closed down in April 2006. 

According to IPCC 2006 (vol. 3, chp. 4.4, fig. 4.11), CO2 emissions are calculated by a Tier 2 

method using a country-specific emission factor. For PFC emissions, a more specific Tier 3 

method with facility-specific data according to the Guidelines (IPCC 2006) was used. 

Operating smelter emissions have been monitored periodically by the industry for selected 

years.  

FOEN import statistics indicate in the year 2003 part of the SF6 imports to be related to the 

aluminium industry, referring to cleaning processes in foundries. The 2006 IPCC Guidelines 

mention use of SF6 in aluminium production for magnesium alloys on a low scale but do not 

2C Metal industry Unit CO2 NOx CO NMVOC SO2

2C1 Iron production kg/t NA 0.01 4.1 4.0 NA

2C1 Limestone use in iron 

foundries (cupola furnaces) kg/t 439.71 NA NA NA NA

2C1 Steel production kg/t 7.3 0.14 0.7 0.11 0.014

2C7a Non-ferrous metals kg/t NA NA 0.24 0.05 NA

2C7c Battery recycling kg/t C C C C C

2C Metal industry Unit 1990 1995 2000 2005 2010

2C1 Iron production kt 170 130 120 67 53

2C1 Limestone use in iron 

foundries (cupola furnaces) kt 6.2 4.1 3.8 2.3 0.98

2C1 Steel production kt 1'108 716 1'022 1'159 1'218

2C3 Aluminium production kt 87 21 36 45 NO

2C7a Non-ferrous metals kt 60 56 53 33 20

2C7c Battery recycling kt NO C C C C

2C Metal industry Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

2C1 Iron production kt 43 37 34 35 34 24 20 22 23 22

2C1 Limestone use in iron 

foundries (cupola furnaces) kt 0.82 0.70 0.65 0.67 0.65 0.45 0.38 0.41 0.44 0.41

2C1 Steel production kt 1'315 1'296 1'238 1'270 1'291 1'130 1'125 1'294 1'208 936

2C3 Aluminium production kt NO NO NO NO NO NO NO NO NO NO

2C7a Non-ferrous metals kt 9.5 8.9 9.0 8.0 6.8 6.4 5.1 7.5 7.9 5.3

2C7c Battery recycling kt C C C C C C C C C C
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4.5. Source category 2D – Non-energy products from fuels and 
solvent use  

4.5.1. Source category description 

 

Table 4-34 Key categories of 2D Non-energy products from fuels and solvent use. Combined KCA results, level 
for 2023 and trend for 1990–2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, 
Approach 1 or 2). 

Direct emissions of Source category 2D Non-energy products from fuels and solvent use are not a 
key category. Indirect emissions are documented in chp. 9. 

 

Table 4-35 Specification of source category 2D Non-energy products from fuels and solvent use in Switzerland. 

 

 

4.5.2. Methodological issues 

4.5.2.1. Lubricant use (2D1) and Paraffin wax use (2D2) 

Lubricants are mostly used in industrial and transportation applications. They can be 

subdivided into motor oils, industrial oils and greases, which differ in terms of physical 

characteristics, commercial applications and environmental fate. Lubricants in engines of 

road and non-road vehicles are primarily used for their lubricating properties and associated 

GHG emissions are therefore considered as non-combustion emissions reported in 2D1 

Lubricant use. Only lubricants blended into gasoline for 2-stroke engines are assumed to be 

fully oxidised. 

The source category 2D2 Paraffin wax use includes products such as petroleum jelly, 

paraffin waxes and other waxes, including mixtures of saturated hydrocarbons, solid at 

ambient temperature. Paraffin waxes are separated from crude oil during the production of 

light (distillate) lubricating oils. Emissions from the use of waxes occur primarily when the 

waxes or derivatives of paraffins are combusted during use (e.g. candles). 

Methodology 

CO2 emissions from the use of lubricants in 2-stroke engines (road and non-road vehicles) 

are calculated by a Tier 1 method and default emission factor according to the decision trees 

in IPCC 2006, vol. 2, chp. 3, Figure 3.2.2 and Figure 3.2.3) assuming that the lubricants are 

fully oxidised (as described in chp. 3.2.9.2.2). CH4 and N2O emissions from lubricant use in 

2-stroke engines are reported in sector 1 Energy since these emissions are included in the 

2D Source category Specification

2D1 Lubricant use Emissions of CO2 from primary usage of lubricants in machinery 

and vehicles and from fully oxidised lubricants blended into 

gasoline for 2-stroke engines

2D2 Paraffin wax use Emissions of CO2 from primary usage of paraffin waxes 

2D3a Solvent use Emissions of NMVOC from coating applications, degreasing, dry 

cleaning and chemical products as well as emissions of CO2 

resulting from post-combustion of NMVOC in exhaust gases of 

these sources

2D3b Road paving with asphalt Emissions of NMVOC from road paving with asphalt

2D3c Asphalt roofing Emissions of CO and NMVOC from asphalt roofing

2D3d Urea use in SCR catalysts of diesel 

engines

Emissions of CO2 from urea use in SCR catalysts of diesel 

engines 
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4.5.2.2. Other (2D3) 

Solvent use (2D3a) 

Since the 2006 IPCC Guidelines (IPCC 2006, vol. 3, chp. 5.5) refer to the EMEP/EEA 

guidebook regarding methodologies for estimating NMVOC emissions from solvent use, the 

respective NFR codes are indicated as reference as well. Within 2D3a Solvent use, the 

NMVOC emissions from coating applications (2D3d NFR), degreasing (2D3e NFR), dry 

cleaning (2D3f NFR) as well as production and processing of chemical products (2D3g NFR) 

are reported. Paint application on wood, paint application in construction, industrial and non-

industrial paint application, production of fine chemicals and other industrial cleaning account 

for the largest share of NMVOC emissions from 2D3a in 2023. Indirect CO2 emissions 

resulting from NMVOC emissions in this source category are included in CRT Table6 as 

documented in chp. 9. 

 

Methodology 
For the determination of NMVOC emissions from solvent use in coating applications (2D3d 

NFR), degreasing (2D3e NFR), dry cleaning (2D3f NFR) as well as production and 

processing of chemical products (2D3g NFR) a Tier 2 method according to the EMEP/EEA 

guidebook (EMEP/EEA 2023) is used. For coating applications, the emissions are based on 

the consumption of paints, lacquers, glazes, thinners etc. and their solvent content, for 

degreasing and dry cleaning on the solvent consumption and for production and processing 

of chemical products on the products manufactured or processed. Switzerland's Informative 

Inventory Report (FOEN 2025b, chp. 4.5.2.4–4.5.2.7) contains a detailed description of the 

country-specific emission factors and activity data of these four NFR source categories. 

 

Post-combustion of NMVOC from solvent use (2D3a) 

Due to the obligations of the Ordinance on Air Pollution Control (Swiss Confederation 1985) 

and Ordinance on the Incentive Tax on Volatile Organic Compounds (Swiss Confederation 

1997) several industrial plants use facilities and equipment to reduce NMVOC in exhaust 

gases and room ventilation output. Often this implies the feeding of air with high NMVOC 

content into the burning chamber of boilers or other facilities to incinerate NMVOC. These 

CO2 emissions from post-combustion of NMVOC are estimated based on industry data and 

expert estimates (Carbotech 2022a).  

 

Methodology 
The CO2 emissions from post-combustion of NMVOC are calculated by a Tier 2 method 

using country-specific emission factors. Emissions are calculated based on the amount of 

NMVOC (and their carbon content) destroyed in the respective combustion facility of 

industrial plants (Carbotech 2022a). Post-combustion facilities are applied in source 

categories 2D3a Solvent use (industrial paint applications (2D3d NFR), metal degreasing 

(2D3e NFR) and chemical products, manufacture and processing (2D3g NFR)) and 2G4 

Other. In 2018, the source category allocation of all post-combustion plants was verified. For 

the ten largest facilities (within 2D3a and 2G4), which are responsible for about 70 % of the 

emissions, the NMVOC quantities and respective carbon contents based on the composition 

of the solvents were updated annually whereas all the others every five years. For the 

submission 2022 (FOEN 2022), a complete update of all facilities was carried out by means 
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Table 4-39 Activity data of NMVOC post-combustion in 2D3a Solvent use. 

 

 

Road paving with asphalt (2D3b) 

Methodology 

Asphalt road surfaces are composed of compacted aggregate and asphalt binder. From road 

surfacing operations only NMVOC emissions occur. Based on the decision tree Fig. 3.1 in 

chapter 2D3b in the EMEP/EEA guidebook (EMEP/EEA 2023), the NMVOC emissions from 

2D3b Road paving with asphalt are determined by a Tier 2 method based on country-specific 

emission factors as documented in EMIS 2025/2D3b NFR. 

 

Emission factors 
The emission factor for NMVOC emissions from 2D3b Road paving with asphalt comprises 

NMVOC emissions from the use of prime coatings and from the bitumen content in asphalt 

products (about 5 %). The NMVOC content in the bitumen has decreased considerably 

between 1990 and 2010. The values are based on industry data from 1990, 1998, 2007, 

2010 and 2013. All other years are interpolated and complemented with expert estimates 

documented in the EMIS database. 

 

Table 4-40 Emission factors of 2D3b Road paving with asphalt, 2D3c Asphalt roofing and 2D3d Urea use in SCR 
catalysts (AdBlue) for 2023. 

 

 

Activity data 
Activity data on the amount of asphalt products (so-called mixed goods) used for road paving 

is based on annual data from the association of asphalt production industry (SMI) for 1990 

and from 1998 onwards and expert estimates for the years between. 

 

2D3a Solvent use Unit 1990 1995 2000 2005 2010

Post-combustion of NMVOC

Coating applications (2D3d NFR) t NMVOC 443 662 756 986 1'104

Degreasing (2D3e NFR) t NMVOC NO 749 749 576 898

Chemical products, manufacture 

and processing (2D3g NFR) t NMVOC 1'199 4'501 5'677 8'237 5'490

2D3a Solvent use Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Post-combustion of NMVOC

Coating applications (2D3d NFR) t NMVOC 1'048 1'083 1'113 1'126 1'076 1'064 1'061 1'061 1'061 1'061

Degreasing (2D3e NFR) t NMVOC 665 663 855 817 976 922 882 882 882 882

Chemical products, manufacture 

and processing (2D3g NFR) t NMVOC 5'078 4'574 5'232 5'345 5'406 5'267 5'587 5'587 5'587 5'587

Unit CO2 CO NMVOC

2D3b Road paving kg/t asphalt concrete NA NA 0.54

2D3c Asphalt roofing kg/t asphalt sealing sheeting NA 0.0059 4.7

2D3d Urea use in SCR catalysts t/t urea solution 0.240 NA NA
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Table 4-41 Activity data for road paving with asphalt, asphalt roofing and urea use in SCR catalysts. 

 

 

Asphalt roofing (2D3c) 

Methodology 
This source category comprises emissions from production and use of asphalt roofing 

materials (saturated felt, roofing and siding shingles, roll roofing and sidings). These products 

are used in roofing and other building applications. From 2D3c Asphalt roofing only 

precursors such as CO and NMVOC arise. CO is emitted during the production process of 

asphalt roofing materials whereas NMVOC emissions are released during the entire 

production and laying processes (primers included). Based on the decision tree Fig. 3.1 in 

chapter 2D3c in the EMEP/EEA guidebook (EMEP/EEA 2023), the emissions of NMVOC 

from Asphalt roofing are determined by a Tier 2 method based on country-specific emission 

factors as documented in the EMIS database (EMIS 2025/2D3c Dachpappen Produktion und 

Verlegung). Emissions of CO are determined based on a Tier 1 method using the default 

emission factor for the production process from the EMEP/EEA guidebook (EMEP/EEA 

2023, chp. 2D3c, Table 3.1). 

Indirect CO2 emissions resulting from CO and NMVOC emissions in this source category are 

included in CRT Table6 as documented in chp. 9. 

 

Emission factors 
The NMVOC emission factors from asphalt roofing are based on information from the 

industry association, literature and expert estimates as documented in the EMIS database. 

Tier 1 emission factor of CO for the production process is taken from the EMEP/EEA 

guidebook (EMEP/EEA 2023, chp. 2D3c, Table 3.1) (see Table 4-40). 

 

Activity data 
Activity data are based on data from industry and expert estimates as documented in the 

EMIS database (see Table 4-41). 

 

Urea use in SCR catalysts of diesel engines (2D3d) 

This source category encompasses CO2 emissions from the use of urea containing AdBlue in 

diesel engines with SCR-catalysts in road transportation (Euro V/VI and Euro 5/6). 

Methodology 
In accordance with the 2006 IPCC Guidelines, the consumption of AdBlue is reported 

following a methodology suggested in the EMEP/EEA guidebook (EMEP/EEA 2016; part B, 

Unit 1990 1995 2000 2005 2010

2D3b Road paving with asphalt

Asphalt concrete kt 5'500 4'800 5'170 4'780 5'250

2D3c Asphalt roofing

Asphalt sealing sheeting kt 54 56 58 51 68

2D3d Urea use in SCR catalysts

AdBlue kt NO NO NO 0.26 20

Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

2D3b Road paving with asphalt

Asphalt concrete kt 5'260 4'850 4'710 5'260 5'180 5'210 4'910 4'960 4'970 5'000

2D3c Asphalt roofing

Asphalt sealing sheeting kt 75 75 76 76 76 77 77 77 77 78

2D3d Urea use in SCR catalysts

AdBlue kt 28 29 31 33 35 36 36 38 38 38
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4.7. Source category 2F – Product uses as substitutes for ozone 
depleting substances  

4.7.1. Source Category Description 

 

Table 4-44 Key categories of 2F Product uses as substitutes for ozone depleting substances. Combined KCA 
results, level for 2023 and trend for 1990–2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 
= trend, Approach 1 or 2). 

 

 

Source category 2F Product uses as substitutes for ozone depleting substances comprises 

HFC and PFC emissions from consumption of the applications listed in Table 4-45.  

 

Table 4-45 Specification of source category 2F Product uses as substitutes for ozone depleting substances in 
Switzerland. 

 

 

Figure 4-8 shows HFC and PFC emissions from different applications in source category 2F. 

In 2023, stationary and mobile refrigeration and air conditioning equipment accounted by far 

for the highest emissions with a share of 96 % of the total emissions in source category 2F. 

Emissions are dominated by HFCs and only a minor contribution comes from PFCs (less 

than 1 %).  

From 2015 onwards there is a decline in emissions as a result of the regulations from the 

Chemical Risk Reduction Ordinance (Swiss Confederation 2005). The regulations contain 

restrictions of F-gas import, limitation of HFCs with a high GWP for stationary refrigeration 

and a registration of equipment with more than 3 kg of refrigerants. Regarding the prefilled 

imported equipment, there is an effect of the EU F-gas regulation and the planned phase-out 

due to the Kigali Amendment. The results of the EU regulations are a complete replacement 

of HFCs in imported equipment for mobile air-conditioning and a lower HFC content in 

stationary refrigeration and air-conditioning equipment. Overall, this results in a decline of 

HFC emissions with a certain delay replacing the current stock of HFC in equipment. New 

substances such as hydrofluoroolefins (HFOs), HFO blends and hydrocarbons are replacing 

formerly used refrigerants with higher GWP and are also being used to substitute HFCs and 

PFCs in other applications such as foams, solvents and aerosols.  

Additional factors for the decline are effects of monitoring of equipment, education and 

training. Some retailers maintain a monitoring program of refrigerant stock and emissions 

confirming improvements over time.  

Code IPCC category Gas
Identification 

criteria

2.F.1 Refrigeration and air-conditioning HFCs L1, L2, T1, T2

2.F.2 Foam blowing agents HFCs L2, T2

2F Source category Specification

2F1 Refrigeration and air conditioning Emissions from refrigeration and air conditioning (inclusive heat 

pumps and tumble dryers)

2F2 Foam blowing agents Emissions from foam blowing, incl. polyurethan spray

2F3 Fire protection No application in Switzerland assumed

2F4 Aerosols Emissions from use as aerosols, incl. metered dose inhalers 

2F5 Solvents Emissions from use as solvents
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Figure 4-8 Development of emissions under source category 2F Product uses as substitutes for ozone depleting 
substances. HFC and small amounts of PFC are used as substitutes for ozone depleting substances. Most 
relevant today are emissions from the refrigerant stock in refrigeration and air conditioning equipment (2F1). 

 

4.7.2. Methodological issues 

The data models used for source category 2F are complex and therefore a comprehensive 

documentation of all relevant model parameters is not possible within the NID. Most relevant 

is the contribution of 2F1 refrigeration and air conditioning. Calculations are carried out for 

different applications separately.  

 

2F1a Stationary refrigeration and air conditioning 

• Domestic refrigeration 

• Commercial refrigeration 

• Industrial refrigeration  

• Stationary air conditioning, heat pumps and tumble dryers 

 

2F1b Mobile refrigeration and air conditioning 

• Mobile air conditioning in different vehicle types 

• Transport refrigeration for different vehicle types 

 

Annex A5.2 shows an illustrative example of the model structure and parameters used for 

calculating emissions from mobile air conditioning in cars. The most important assumptions 

for the data model are documented in Table 4-46. More information of the individual data and 

models is available from Carbotech (2025) as well as related background documents. This 
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Table 4-46 Typical values of lifetime, charge and emission factors used in the model calculations for 1990 to 2023 
for refrigeration and air conditioning equipment. Changes of model parameters within this time period are 
indicated giving the initial value considered in the early time period of F-gas use around 1995 and the value used 
for modelling for 2023 (decrease between 1995 and 2015, steady values from 2015 onwards). The reduction of 
charge and losses is the result of improvement of technology and handling of equipment.  

 

 

Activity data 

Activity data are taken from industry information and national statistics such as for admission 

of new cars, buses, vans and trucks. Stock data is modelled dynamically. Due to the large 

number of sub-models used for modelling the total emissions for source category 2F1, no 

table on time series of activity data is provided here. For illustration, Annex A5.2 shows the 

detailed calculation model for car air conditioning including the time series for the activity 

data for this particular sub-model. Mobile air conditioning accounts for approx. 34 % of the 

total emissions (CO2 eq) of source category 2F1 Refrigeration and air conditioning in the 

inventory 2023.  

For the NIR 2012 (FOEN 2012) a cross check has been performed for results from model 

calculation and FOEN statistics on disposal and recycling of HFCs. This has indicated a 
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4.8.2. Methodological issues 

4.8.2.1. Electrical equipment (2G1) 

Methodology 

Under an agreement with FOEN, the industry association Swissmem is reporting actual 

emissions of SF6 on the basis of a mass-balance approach (Tier 3a). The mass balance 

includes mainly data for the production, installation, operation and disposal of electrical 

equipment, but included in past years also small amounts of SF6 for other applications (i.e. 

research, magnesium foundry). Swissmem is collecting data from its members and is cross-

checking the reported SF6 consumption data with data from importers of SF6. Installations in 

operation with electrical equipment containing SF6 are periodically inspected for leakage, and 

losses are refilled (topping up). The refilled quantities and any SF6 charge required during 

repair are reported as emissions at the time of filling. A product lifetime of 35 years is 

assumed.  

Emission factors 

Emission factors for source category 2G1 are based on industry information and are 

calculated values based on the mass-balance data. The discontinuity in emission factor from 

2005 to 2006 data is due to the inspection intervals, optimised data collection and technical 

optimisation of equipment. The trend for reduced emission factors can be linked to the 

existing agreement of Swissmem and FOEN on the reduction of SF6 emissions. 

 

Activity data  

Activity data are based on industry information. The wide annual fluctuation of SF6 emissions 

from electrical equipment is related to the annual fluctuation of market volumes for such 

equipment as well as variations in inspection intervals and equipment break-down requiring 

topping up of SF6 charge in the equipment. Import declarations obtained for FOEN import 

statistics are cross-checked regularly in order to eliminate double counting between 

Swissmem data and other import declarations. 

 

4.8.2.2. SF6 and PFCs from other product use (2G2) 

Methodology 

The emissions reported under 2G2 are related to the use of SF6 for industrial particle 

accelerators (2G2b), the use of SF6 for soundproof windows (2G2c) and other PFC and SF6 

use (2G2e). 2G2e summarizes medicinal products, research/analytics and further 

applications that are not specified (including the unallocated difference in SF6 emissions 

based on the FOEN import statistics and the Swissmem mass balance). 

Under an agreement with FOEN, the industry association Swissmem is reporting actual 

emissions of SF6 from industrial particle accelerators on the basis of a mass-balance 

approach (Tier 3a). 

For 2G2c soundproof windows and 2G2e Other a Tier 2 approach is applied for SF6. 

Therefore, the unallocated amount of SF6 under 2G2e has been modelled assuming 

applications similar to those in 2G1.  
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5 Agriculture 

 

Figure 5-2 Relative trends of the greenhouse gas emissions of sector 3 Agriculture. The base year 1990 
represents 100 %. 

 

Among the key categories of the Swiss inventory, six are from the agricultural sector (Figure 

5-3).  

 
  

 

Figure 5-3. Key categories in the Swiss GHG inventory from sector 3 Agriculture determined by the key category 
analyses, approaches 1 and 2. Categories are set out in order of decreasing emissions in 2023. L1: key category 
according to approach 1 level in 2023; L2: same for approach 2; T1: key category according to approach 1 trend 
1990–2023; T2: same for approach 2. Black uncertainty bars represent the narrowest 95 % confidence interval 
obtained by Monte Carlo simulations (see chp. 1.6 for details). 
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5.3.6. Category-specific planned improvements for 3B 

In 2025 the AGRAMMON model (Kupper et al. 2022) will be updated and new data on farm 

management and production technology will become available from the latest survey. All 

emissions from 3B Manure management will be revised accordingly during the submission 

2026 or 2027. 

 

5.4. Source category 3C – Rice cultivation 

Rice cultivation is of minor importance in Switzerland. The agricultural land used for rice 

cultivation and the annual harvest of rice are not estimated by the Swiss Farmers Union 

(SBV 2024). Only one farm in the south of Switzerland is cultivating upland rice since 1997. 

CH4 emissions are assumed to be zero. The area of upland rice is reported from 1997 

onward in CRT Table3.C (EMIS 2025/4C “Reisanbau”). 

 

5.5. Source category 3D – Agricultural soils 

5.5.1. Source category description 

 

Table 5-19 Key categories of 3D Agricultural soils. Combined KCA results, level for 2023 and trend for 1990–
2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).  

 

 

The source category 3D includes direct and indirect N2O emissions from managed soils 

(Table 5-20). Direct emissions are further subdivided in emissions from a. Inorganic N 

fertilisers, b. Organic N fertilisers, c. Urine and dung deposited by grazing animals, d. Crop 

residues, e. Mineralisation/immobilisation associated with loss/gain of soil organic matter, f. 

Cultivation of organic soils (i.e. histosols) and g. Other (i.e. Domestic use of synthetic 

fertilisers). Indirect N2O emissions are further subdivided in a. Atmospheric deposition and b. 

Nitrogen leaching and run-off. All indirect N2O emissions after deposition of NOx and NH3 or 

after leaching of NO3
- are reported under source category 3D.2 Indirect N2O Emissions from 

managed soils. This includes indirect N2O emissions after NO3
- leaching from N 

mineralisation in Cropland remaining cropland and Grassland remaining grassland. To avoid 

double counting the respective emissions are not reported under source category 4(III) Direct 

and indirect N2O emissions from nitrogen (N) mineralization/immobilization and not included 

in CRT Table6 (see also chp. 9). 

 

Code IPCC category Gas
Identification 

criteria

3.D.1 Direct N2O emissions from managed soils N2O L1, L2

3.D.2 Indirect N2O Emissions from managed soils N2O L1, L2, T1, T2
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Table 5-20 Specification of source category 3D Agricultural soils.  

 

 

Furthermore, NOx emissions from managed soils as well as NMVOC emissions are 

estimated.  

Direct and indirect N2O emissions from managed soils have decreased since 1990 in almost 

all major sub-categories. Only N2O emissions from 3D.1.c (Urine and dung deposited by 

grazing animals) increased due to a higher share of manure excreted on pasture, range and 

paddock. NOx emissions have declined by almost 29 % since 1990. The general trends can 

be explained by a reduction in the number of cattle and a reduced input of mineral fertilisers 

due to the introduction of the “Proof of Ecological Performance (PEP)” requiring a balanced 

fertiliser management (Agroscope 2019a, Leifeld and Fuhrer 2005). Major changes occurred 

mainly in the 1990s while most emissions were more or less stable after the year 2000.  

The most significant N2O emission sources are animal manure applied to soils (24 %, mean 

1990–2023), nitrogen in crop residues returned to soils (20 %, mean 1990–2023), nitrogen 

input from atmospheric deposition (17 %, mean 1990–2023), nitrogen from fertilizers and 

other agricultural inputs that is lost through leaching and run-off (14 %, mean 1990–2023) 

and inorganic nitrogen fertilisers (13 %, mean 1990–2023). 

 

5.5.2. Methodological issues 

5.5.2.1. Methodology 

For the calculation of most N2O emissions from 3D Agricultural soils a Tier 1 method was 

applied that is based on the IULIA model from Schmid et al. (2000). IULIA is an IPCC-

derived method for the calculation of N2O emissions from agriculture that basically uses the 

default emission factors (IPCC 2019), but adjusts the activity data to the particular situation 

of Switzerland. For the estimation of N2O emissions from animal manure applied to soils as 

well as for the estimation of indirect N2O emissions a more detailed Tier 3 approach was 

used. IULIA is continuously updated. New values for nitrogen excretion rates, manure 

management system distribution and ammonium emission factors from the Swiss ammonium 

model AGRAMMON were adopted (Kupper et al. 2022). Furthermore, the updated version of 

the "Principles of Fertilisation in Arable and Forage Crop Production" (GRUD; Richner and 

Sinaj 2017) was used instead of obsolete data from Flisch et al. (2009), FAL/RAC (2001) and 

Walther et al. (1994). More recently, the N-flow model was extended to include all gaseous 

3D Source Specification

3D.1 Direct N2O emissions from 

managed soils

a. Inorganic N fertilisers

b. Organic N fertilisers (i. animal manure applied to 

soils, ii. sewage sludge applied to soils, iii. other organic 

fertilisers applied to soils)

c. Urine and dung deposited by grazing animals

d. Crop residues (incl. residues from meadows and 

pasture)

e. Mineralisation/immobilisation associated with 

loss/gain of soil organic matter

f. Cultivation of organic soils (i.e. histosols)

g. Other (domestic use of synthetic fertilisers)

3D.2 Indirect N2O emissions 

from managed soils

a. Atmospheric deposition

b. Nitrogen leaching and run-off
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6 Land use, land-use change and forestry (LULUCF) 

Table 6-1 CO2 emissions and removals in the LULUCF sector broken down by (1) CO2 removals due to carbon 
gains in living biomass, (2) CO2 emissions due to carbon losses in living biomass, (3) net CO2 changes in dead 
organic matter, (4) net CO2 changes in organic and mineral soils, and (5) net CO2 changes in Harvested wood 
products. Mean indicates the mean value 1990 to 2023. Positive values refer to net emissions; negative values 
refer to net removals.  

 

 

 

Figure 6-1 CO2 emissions and removals in the LULUCF sector (in kt CO2) broken down by (1) carbon gains in 
living biomass, (2) carbon losses in living biomass, (3) net changes in dead organic matter, (4) net changes in 
organic and mineral soils, and (5) net changes in Harvested wood products. Positive values refer to net 
emissions, negative values refer to net removals.  

 

LULUCF Unit 1990 1995 2000 2005 2010

Gains in living biomass kt CO2 -13'089 -13'405 -13'549 -12'767 -13'307

Losses in living biomass kt CO2 11'876 9'687 17'936 12'087 12'671

Net change in dead organic 

matter kt CO2 185 -433 -403 -1'505 -1'574

Net change in organic and 

mineral soils kt CO2 -573 349 589 351 290

LULUCF (excluding HWP) kt CO2 -1601 -3803 4574 -1833 -1920

Net change in Harvested 

wood products (HWP) kt CO2 -1'149 -436 -705 -620 -347

Total LULUCF kt CO2 -2750 -4239 3869 -2453 -2267

LULUCF Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Mean

Gains in living biomass kt CO2 -16'314 -13'395 -14'720 -14'513 -12'996 -14'761 -13'255 -12'971 -13'597 -13'012 -13'479

Losses in living biomass kt CO2 11'539 13'992 10'874 11'768 14'579 11'804 12'163 13'828 12'825 12'854 11'891

Net change in dead organic 

matter kt CO2 181 134 -86 -13 -432.0 -728 -985 -1'576 -889 1'144 -479

Net change in organic and 

mineral soils kt CO2 601 424 662 895 -8 432 821 417 214 212 110

LULUCF (excluding HWP) kt CO2 -3994 1155 -3270 -1862 1144 -3252 -1256 -301 -1447 1198 -1957

Net change in Harvested 

wood products (HWP) kt CO2 -59 -37 1 -18 -80.3 51 -22 -145 -46 42 -297

Total LULUCF kt CO2 -4'053 1118 -3269 -1881 1063 -3200 -1278 -447 -1493 1240 -2253
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6.1.2.2. Non-CO2 emissions  

The non-CO2 emissions associated with land use, land-use change and forestry were small. 

Maximum annual CH4 emissions were 1.40 kt yr-1 (39 kt CO2 eq; 1997), and maximum 

annual N2O emissions were 0.20 kt yr-1 (53 kt CO2 eq; 1997) (Figure 6-3). The emissions 

arose from (1) drained organic soil (N2O; CRT Table4(II)), (2) flooded lands/reservoirs (CH4; 

CRT Table4(II)), (3) nitrogen mineralisation associated with loss of soil organic matter 

resulting from change of land use or management of mineral soils (direct and indirect N2O 

emissions; CRT Table4(III)), (4) wildfires on Forest land and Grassland (CH4 and N2O; CRT 

Table4(IV)), and (5) controlled burning of residues from forestry (CH4 and N2O; CRT 

Table4(IV)).  

 

 

Figure 6-3 N2O and CH4 emissions in the LULUCF sector (in kt CO2 eq). 

 

6.1.2.3. GHG emissions and removals  

Figure 6-4 shows the resulting net GHG (CO2, CH4, N2O) emissions and removals in the 

LULUCF sector over the inventory period broken down by categories 4A–4G. GHG fluxes 

were dominated by biomass dynamics in forests (4A). Further explanatory notes on LULUCF 

trends can be found in chp. 2.2.2.3 “Emission and removal trends in sector 4 LULUCF”.  
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6 Land use, land-use change and forestry (LULUCF) 

 

Figure 6-4 Stacked net GHG (CO2, CH4, N2O) emissions and removals in the LULUCF sector (in kt CO2 eq) 
broken down by categories 4A–4G. Balance indicates the annual net total. Positive values refer to net emissions, 
negative values refer to net removals. Figure 2-8 shows a simplified and Figure 2-9 an unstacked representation 
of the data set.  

 

6.1.3. Approach for calculating carbon emissions and removals 

6.1.3.1. Work steps 

The procedure for calculating carbon emissions and removals in the LULUCF sector in a 

geo-referenced way on the hectare grid of the Swiss Land Use Statistics AREA corresponds 

to a Tier 2 approach as described in IPCC 2006 (Volume 4, chp. 3). The geo-referenced 

approach is documented in a technical report (FOEN 2025g) and a manual (FOEN 2025h). It 

can be summarised as follows: 

• Define managed and unmanaged land: In Switzerland, all land besides Other land is 
considered to be managed. Other land (see Table 6-2) is unmanaged. It is defined as the 
residual country’s land area without relevant human activity.  

• Define land-use categories in categories 4A–4F with respect to available land use data 
(see Table 6-2). Land-use categories were introduced as combination categories (CC), 
defined on the basis of the AREA land-use and land-cover categories (chp. 6.2.1 and 
Table 6-6). 

• Define criteria and collect data for the spatial stratification of the land-use categories (chp. 
6.2.2). 

• Derive carbon stocks in living biomass (stockCl), dead wood (stockCd), litter (stockCh), 
and soil (stockCs) for each land-use category per spatial stratum. Define the year or years 
for which the carbon stocks are applied. (For Forest land see chp. 6.4.2.2. and chp. 
6.4.2.3, Cropland: chp. 6.5.2.1, Grassland: chp. 6.6.2.1, Wetlands: chp. 6.7.2.1, 
Settlements: chp. 6.8.2.1, Other land: chp. 6.9.2).  
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6 Land use, land-use change and forestry (LULUCF) 

6.1.3.3. Conversion time in the stock-difference approach 

Table 6-3 shows the conversion times applied in the stock-difference approach to carbon 

stock changes in living biomass, dead organic matter (dead wood, litter), and soil for different 

land-use changes. 

Changes in the soil carbon stock, and this is also true for the increase of woody biomass, as 

a result of land-use changes are slow processes that might take decades. Therefore, IPCC 

(2006, Volume 4, chp. 2) suggests implementing a conversion time (CT). Following the IPCC 

default value (CT = 20 years), carbon emissions or removals due to a soil carbon stock 

difference do not occur in one year but are distributed evenly over the 20 years following the 

land-use change.  

A conversion time of 20 years was applied to all mineral soil carbon stock changes except for 

land converted to surface water and for internal changes in Grassland, Wetlands and 

Settlements. Accordingly, the area of mineral soil of each category 2 in reporting tables 

Table4.A to Table4.F contains the cumulative area remaining in the respective category in 

the reporting year. 

 

6.1.3.4. Displaying results in the Common Reporting Tables (CRT) 

In the reporting tables CRT Table4.A to CRT Table4.F, a part of the land-use categories and 

associated spatial strata are shown at an aggregated level. The raster-based values of 

deltaCrc were summarised accordingly. Positive values of deltaCl,rc,ba were inserted in the 

column “Gains” and negative values in the column “Losses”, respectively. The values of 

deltaCd,rc,ba and deltaCh,rc,ba were inserted into columns “Net carbon stock change in dead 

wood” and “Net carbon stock change in litter” in CRT Table4.A, and the values of 

deltaCdom,rc,ba were inserted into columns “Net carbon stock change in dead organic matter” in 

the reporting tables CRT Table4.B to CRT Table4.F. The values of deltaCs_m,rc,ba and 

deltaCs_o,rc,ba were inserted into the corresponding columns under "Net carbon stock change 

in soils" in the reporting tables CRT Table4.A to CRT Table4.F. 

The reporting tables Table4.A to Table4.F are subdivided in two parts: (1) X land remaining X 

land and (2) Land converted to X land. Changes of areas from one land use to another within 

the same main land-use category are reported in part (1) of the reporting tables. For 

example, the area of shrub vegetation (CC32) converted to permanent grassland (CC31) is 

reported in CRT Table4.C1 in the subdivision “Permanent grassland”. As CC31 and CC32 do 

have different carbon stocks in biomass and soils, carbon stock changes are calculated 

according to the equations presented in chp. 6.1.3.2.  

Please note: LULUCF information in the reporting tables is partly affected by current CRT 

reporter's shortcomings, see Annex 7. 
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6 Land use, land-use change and forestry (LULUCF) 

Table 6-4 Carbon stocks and carbon stock changes in living biomass, dead wood, litter, mineral and organic soil 
for land-use categories, stratified by elevation zone, NFI production region, and soil type. For non-Forest land, 
dead organic matter is shown. The values apply to the whole inventory period except in the highlighted cells, 
where the values change annually (the figures shown are for 1990); see main text. Carbon stocks are used for the 
stock-difference calculation approach, whereas data on carbon stock changes apply where the gain-loss 
calculation approach is used (see Table 6-3 and equations 6.1–6.8 in chp. 6.1.3.2). 
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12 Productive forest L1 Z1 126.71 5.57 13.81 56.54 145.6 3.66 -2.71 -0.02 -0.22 0.01 -2.6

L1 Z2 121.77 6.34 15.06 101.16 145.6 3.32 -2.76 -0.02 -0.17 0.01 -2.6

L1 Z3 85.09 6.01 13.80 129.46 145.6 2.08 -1.70 -0.07 -0.29 0.00 -2.6

L2 Z1 134.45 9.12 14.18 50.30 145.6 4.75 -4.72 -0.05 -0.25 0.01 -2.6

L2 Z2 146.60 9.05 15.62 64.13 145.6 4.66 -4.48 -0.05 -0.23 0.01 -2.6

L2 Z3 146.60 9.05 15.62 128.23 145.6 4.66 -4.48 -0.05 -0.23 0.01 -2.6

L3 Z1 148.46 8.92 17.20 63.42 145.6 4.23 -3.58 0.02 -0.15 0.02 -2.6

L3 Z2 148.46 8.92 17.20 80.18 145.6 4.23 -3.58 0.02 -0.15 0.02 -2.6

L3 Z3 116.33 7.71 18.43 103.28 145.6 2.49 -2.56 -0.03 -0.12 0.02 -2.6

L4 Z1 97.95 6.45 13.50 69.96 145.6 2.63 -2.14 0.04 -0.06 0.02 -2.6

L4 Z2 97.95 6.45 13.50 77.51 145.6 2.63 -2.14 0.04 -0.06 0.02 -2.6

L4 Z3 92.93 7.11 18.26 73.68 145.6 1.91 -1.94 0.08 0.07 0.02 -2.6

L5 Z1 71.14 2.14 9.40 119.86 145.6 2.42 -1.00 0.05 0.09 0.02 -2.6

L5 Z2 71.14 2.14 9.40 112.91 145.6 2.42 -1.00 0.05 0.09 0.02 -2.6

L5 Z3 74.88 2.25 12.25 97.05 145.6 1.65 -0.61 0.01 0.13 0.01 -2.6

13 Unproductive forest L1 Z1 38.53 0 12.10 57.08 145.6 NA NA NA NA NA -2.6

L1 Z2 51.10 0 12.92 106.91 145.6 NA NA NA NA NA -2.6

L1 Z3 51.34 0 10.57 123.61 145.6 NA NA NA NA NA -2.6

L2 Z1 20.45 0 12.07 52.49 145.6 NA NA NA NA NA -2.6

L2 Z2 35.83 0 13.01 65.35 145.6 NA NA NA NA NA -2.6

L2 Z3 51.33 0 13.01 125.59 145.6 NA NA NA NA NA -2.6

L3 Z1 20.45 0 14.62 61.82 145.6 NA NA NA NA NA -2.6

L3 Z2 47.53 0 14.62 80.81 145.6 NA NA NA NA NA -2.6

L3 Z3 42.36 0 13.55 103.24 145.6 NA NA NA NA NA -2.6

L4 Z1 21.60 0 12.02 70.90 145.6 NA NA NA NA NA -2.6

L4 Z2 31.48 0 12.02 77.52 145.6 NA NA NA NA NA -2.6

L4 Z3 29.88 0 14.86 82.29 145.6 NA NA NA NA NA -2.6

L5 Z1 20.83 0 8.74 100.90 145.6 NA NA NA NA NA -2.6

L5 Z2 23.82 0 11.45 99.71 145.6 NA NA NA NA NA -2.6

L5 Z3 24.35 0 12.53 102.48 145.6 NA NA NA NA NA -2.6

Legend

Elevation zones: NFI regions: n.s. = no stratification

Z1 < 601 m L1 Jura Annual data

Z2 601 - 1200 m L2 Central Plateau

Z3 > 1200 m L3 Pre-Alps

L4 Alps

L5 Southern Alps



National Inventory Document of Switzerland 2025 338 
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emission factors include parameters that are difficult to measure or to model such as carbon 

stocks in biomass, growth rates and biogeochemical processes. 

Possible very large relative uncertainties for carbon stock change factors in categories 4B 

and 4C are due to the calculation approach, in which absolute uncertainties (in t C ha-1 yr-1) 

of the carbon stock changes in categories 4B1, 4B2, 4C1 and 4C2 were divided by the 

associated net carbon stock changes (chp. 6.5.3.1.2 and chp. 6.6.3.1.2). 

For the N2O emission factors in category 4(III) (direct and indirect emissions), the uncertainty 

is modelled by an (asymmetrical) gamma distribution rather than by a normal distribution.  

The detailed input parameters used for uncertainty computation, approaches 1 and 2, are 

documented in Annex A2.1. Detailed results of approach 1 and approach 2 uncertainty 

analyses are given in Annex A2.2 and Annex A2.3, respectively. 

 

Table 6-5 Uncertainty estimates expressed as half of the 95 % confidence intervals. Transcriptions used: CS-CH-
LB Carbon gains: carbon gains in living biomass; CS-CH-LB Carbon losses: carbon losses in living biomass; Net 
CS-CH-S Carbon min soils: net carbon stock change in mineral soil; Net CS-CH-S Carbon org soils: net carbon 
stock change in organic soil; Net CS-CH-DOM Carbon: net carbon stock change in dead organic matter; 4(III)*D/I: 
direct/indirect N2O emissions; std. dev: standard deviation; Corr.: correlated across years.  

 

Distribu- 

tion type

std. 

dev. %
(-)% (+)% Corr.

Distribu- 

tion type

std. 

dev. %
(-)% (+)% Corr.

4.A.1 CO2 normal 1.1 1.1 1.1 yes normal 34.9 34.9 34.9 yes
4.A.2 CO2 normal 1.5 1.5 1.5 yes normal 34.9 34.9 34.9 yes
4.B.1; CS-CH-LB Carbon gains CO2 normal 4.9 0.0 0.0 yes normal 13.0 0.0 0.0 yes
4.B.1; CS-CH-LB Carbon losses CO2 normal 4.9 4.9 4.9 yes normal 13.0 13.0 13.0 yes
4.B.1; Net CS-CH-S Carbon min soils CO2 normal 4.9 4.9 4.9 yes normal 135.9 135.9 135.9 no
4.B.1; Net CS-CH-S Carbon org soils CO2 normal 37.3 37.3 37.3 yes normal 23.0 23.0 23.0 yes
4.B.1; Net CS-CH-DOM Carbon CO2 normal 4.9 0.0 0.0 yes normal 0.5 0.0 0.0 yes
4.B.2; CS-CH-LB Carbon gains CO2 normal 5.1 5.1 5.1 yes normal 13.0 13.0 13.0 yes
4.B.2; CS-CH-LB Carbon losses CO2 normal 5.1 5.1 5.1 yes normal 13.0 13.0 13.0 yes
4.B.2; Net CS-CH-S Carbon min soils CO2 normal 5.1 5.1 5.1 yes normal 450.1 450.1 450.1 no
4.B.2; Net CS-CH-S Carbon org soils CO2 normal 37.3 37.3 37.3 yes normal 23.0 23.0 23.0 yes
4.B.2; Net CS-CH-DOM Carbon CO2 normal 5.1 0.0 0.0 yes normal 0.5 0.0 0.0 yes
4.C.1; CS-CH-LB Carbon gains CO2 normal 5.2 5.2 5.2 yes normal 13.0 13.0 13.0 yes
4.C.1; CS-CH-LB Carbon losses CO2 normal 5.2 5.2 5.2 yes normal 13.0 13.0 13.0 yes
4.C.1; Net CS-CH-S Carbon min soils CO2 normal 5.2 5.2 5.2 yes normal 1'108.0 1'108.0 1'108.0 no
4.C.1; Net CS-CH-S Carbon org soils CO2 normal 68.6 68.6 68.6 yes normal 23.0 23.0 23.0 yes
4.C.1; Net CS-CH-DOM Carbon CO2 normal 5.2 0.0 0.0 yes normal 0.5 0.0 0.0 yes
4.C.2; CS-CH-LB Carbon gains CO2 normal 5.3 5.3 5.3 yes normal 13.0 13.0 13.0 yes
4.C.2; CS-CH-LB Carbon losses CO2 normal 5.3 5.3 5.3 yes normal 13.0 13.0 13.0 yes
4.C.2; Net CS-CH-S Carbon min soils CO2 normal 5.3 5.3 5.3 yes normal 107.8 107.8 107.8 no
4.C.2; Net CS-CH-S Carbon org soils CO2 normal 68.6 68.6 68.6 yes normal 23.0 23.0 23.0 yes
4.C.2; Net CS-CH-DOM Carbon CO2 normal 5.3 5.3 5.3 yes normal 0.5 0.5 0.5 yes
4.D.1 CO2 normal 90.8 90.8 90.8 yes normal 72.2 72.2 72.2 yes
4.D.2; CS-CH-LB Carbon gains CO2 normal 3.7 3.7 3.7 yes normal 13.0 13.0 13.0 yes
4.D.2; CS-CH-LB Carbon losses CO2 normal 3.7 3.7 3.7 yes normal 13.0 13.0 13.0 yes
4.D.2; Net CS-CH-S Carbon min soils CO2 normal 3.7 3.7 3.7 yes normal 50.0 50.0 50.0 yes
4.D.2; Net CS-CH-S Carbon org soils CO2 normal 90.8 90.8 90.8 yes normal 72.2 72.2 72.2 yes
4.D.2; Net CS-CH-DOM Carbon CO2 normal 3.7 3.7 3.7 yes normal 0.5 0.5 0.5 yes
4.E.1 CO2 normal 4.4 4.4 4.4 yes normal 50.0 50.0 50.0 yes
4.E.2 CO2 normal 4.6 4.6 4.6 yes normal 50.0 50.0 50.0 yes
4.F.2 CO2 normal 3.1 3.1 3.1 yes normal 50.0 50.0 50.0 yes
4.G CO2 normal 11.2 11.2 11.2 yes normal 54.8 54.8 54.8 yes
4(II) CH4 normal 10.0 10.0 10.0 yes normal 70.0 70.0 70.0 yes
4(II) N2O normal 50.8 50.8 50.8 yes normal 66.9 66.9 66.9 yes
4(III)*D N2O normal 83.5 83.5 83.5 yes gamma 90.0 68.8 108.1 yes
4(III)*I N2O normal 85.8 85.8 85.8 yes gamma 100.0 73.7 122.0 yes
4(IV) CH4 normal 30.0 30.0 30.0 yes normal 70.0 70.0 70.0 yes
4(IV) N2O normal 30.0 30.0 30.0 yes normal 70.0 70.0 70.0 yes

4.B.1; Net CS-CH-S Carbon min soils CO2 normal 4.9 4.9 4.9 yes normal 237.8 237.8 237.8 no

4.B.2; Net CS-CH-S Carbon min soils CO2 normal 5.1 5.1 5.1 yes normal 156.1 156.1 156.1 no

4.C.1; Net CS-CH-S Carbon min soils CO2 normal 5.2 5.2 5.2 yes normal 86.0 86.0 86.0 no

4.C.2; Net CS-CH-S Carbon min soils CO2 normal 5.3 5.3 5.3 yes normal 103.3 103.3 103.3 no

Year 2023

Specific uncertainties for the year 1990

Code Gas

Activity data uncertainty for a 95 % Emission factor uncertainty for a 95 % 



https://s.geo.admin.ch/378b0vophaie
https://s.geo.admin.ch/9cecf4d9d6
https://s.geo.admin.ch/b8hseaqdwe4a
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Table 6-6 Derivation of 17 combination categories (CC) from AREA NOLU04 and NOLC04 categories. They were 
adopted as land-use categories for LULUCF reporting. 
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6.3. Country-specific approaches 

6.3.1. Information on approaches used for representing land areas and 
on land-use databases used for the inventory preparation 

6.3.1.1. Swiss Land Use Statistics (AREA) 

Data of the Swiss Land Use Statistics (AREA) processed by the Federal Statistical Office 

form the basis of activity data. In the course of an AREA survey, every hectare of 

Switzerland’s territory (4'129'071 ha) is assigned to one of 46 land-use categories and to one 

of 27 land-cover categories by means of stereographic interpretation of aerial photos (SFSO 

2006a; FSO 2022i).  

For the reconstruction of the land use conditions in Switzerland during the inventory period 

data from five surveys were available: 

• Land Use Statistics “1979/85” (AREA1), status: completed 

• Land Use Statistics “1992/97” (AREA2), status: completed 

• Land Use Statistics “2004/09” (AREA3), status: completed 

• Land Use Statistics "2013/18" (AREA4), status: completed  
(see press conference: https://www.bfs.admin.ch/bfs/en/home.gnpdetail.2021-0316.html) 

• Land Use Statistics "2020/25" (AREA5), status: 14.5 % of national territory processed 
(see map: https://www.bfs.admin.ch/bfs/fr/home/statistiques/espace-
environnement/utilisation-couverture-sol.assetdetail.32386995.html; as of 17.03.2025). 

The aerial photos for AREA1, AREA2, AREA3, AREA4 and AREA5 were taken 1979–1985, 

1990–1998, 2004–2009, 2012–2019 and in 2020, respectively. All photos were interpreted 

according to the standard nomenclature NOAS04 (SFSO 2006a; FSO 2022i).  

The inter-survey period is not identical throughout the Swiss territory but varies regionally 

(see flyover periods shown above). It averages approximately 12 years for AREA1, AREA2 

and AREA3. For AREA4 and AREA5 it was shortened to approximately 9 and 7 years, 

respectively. This methodical characteristic needs to be considered when reconstructing the 

annual nationwide status of land use or when calculating annual rates of land-use change. 

 

6.3.1.2. Modelling annual land-use maps 

The exact dates of aerial photo shootings are known for each hectare. However, the exact 

occurrence date (year) of a land-use change on a specific hectare is unknown. The actual 

change can have taken place in any year between the two aerial image acquisition dates 

(AREA surveys). In this study, it was assumed that the probability of a land-use change 

between two surveys is uniformly distributed over the respective interim period. Therefore, 

the observed land-use changes, each type on its own (e.g. CC34 copse to CC51 buildings 

and constructions), must be equally distributed over the specific interim period.  

For an interim period of x years, it is assumed that 1/x of the changes takes place 1 year 

after the previous flight year, another share of 1/x takes place 2 years after the previous flight 

year, and so on. This procedure is valid for all interim periods between two fully recorded 

AREA surveys (Figure 6-6). The most recent AREA5 data is only available for a part of the 

land area, which is why the remaining area will be left without an update until the end of the 

ongoing aerial survey period at the latest. On the other hand, no updated information is 

https://www.bfs.admin.ch/bfs/en/home.gnpdetail.2021-0316.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/espace-environnement/utilisation-couverture-sol.assetdetail.32386995.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/espace-environnement/utilisation-couverture-sol.assetdetail.32386995.html
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available for the land areas that have already been surveyed from the year 1 after the 

AREA5 air photo was taken. Both cases of spatio-temporal data gaps require an 

extrapolation of the land use beyond the time of the last interpretation. Likewise, a data gap 

exists for land-use changes that occurred before the AREA1 survey (Figure 6-6).  

 

 

Figure 6-6 Procedures for determining the land-use categories 1990-2023 on a hectare cell, where (i) top: AREA5 
data is pending: Interpolation between the AREA surveys 1 to 4, extrapolation after AREA4 using a virtual 5th 
survey (AREA5v) and backward extrapolation to account for land-use changes that occurred before the AREA1 
survey. The arrows show an example of a hectare cell that was covered in 1982, 1995, 2008 and 2017; (ii) 
bottom: AREA5 data is available: Interpolation between the AREA surveys 1 to 5, extrapolation after AREA5 
using a virtual 6th survey (AREA6v) and backward extrapolation to account for land-use changes that occurred 
before the AREA1 survey. The arrows show an example of a hectare cell that was covered in 1979, 1992, 2004, 
2012 and 2020.  

 

The following procedures are used to obtain consistent and complete nationwide activity data 

for each year (Sigmaplan 2025): 

1) For hectares not yet covered by AREA5 (85.5 % of national territory), the land-use types 

after the flight year of AREA4 were interpolated between AREA4 and a "virtual" 5th survey 

(AREA5v; see Figure 6-6). AREA5v was modelled for each sample point using a Markov-

chain approach, where transition probabilities between AREA4 and AREA5v were assessed 

based on the transition distribution between AREA3 and AREA4 within the same elevation 

zone and NFI region. AREA5v is continuously being reduced in size and replaced by AREA5. 

2) For hectares already covered by AREA5 (14.5 % of national territory), the land-use types 

after the flight year of AREA5 were interpolated between AREA5 and a "virtual" 6th survey 

(AREA6v; see Figure 6-6). AREA6v was modelled for each sample point using a Markov-

chain approach, where transition probabilities between AREA5 and AREA6v were assessed 

based on the transition distribution between AREA4 and AREA5 within the same elevation 

zone and NFI region. AREA6v is being continuously expanded. 

3) There are no consistent data sources on land-use changes before the AREA1 survey, but 

it is well known, that the main trends of the Swiss land-use dynamics, e.g. increase of forest 
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area (FOEN 2025f: Figure 1.4; Ginzler et al. 2011) and settlements (ARE/FOEN 2007) arose 

before 1972. Therefore, it was assumed that between 1971 and 1989 the annual rates of all 

types of land-use change (per elevation zone and NFI region) were the same as the 

corresponding rates between the AREA1 and AREA2 surveys. Based on this assumption it 

was possible to model the land-use changes before 1990 by backward extrapolation (Figure 

6-6). Knowledge of the earlier land-use pattern is required to calculate the carbon stock 

changes induced by land-use changes that occurred between 1971 and 1989, given a 

conversion time of up to 20 years (cf. chp. 6.1.3.3). 

In the extrapolation modelling, land-use changes were randomly assigned within the 

respective spatial strata, taking exclusion zones into account. These zones, in which no land-

use changes were to occur, were defined as continuous areas of uniform land use, based on 

the assumption that land-use changes occur primarily in the border area. 

 

6.3.1.3. Uncertainties and time-series consistency of activity data 

6.3.1.3.1. Land Use Statistics (AREA) 

An overview of uncertainty estimates of activity data, carbon stock change factors and 

emission factors is shown in Table 6-5. Details related to uncertainties of AREA data are 

presented in this chapter, while the remaining uncertainties of other activity data (such as 

consumption of Harvested wood products) and of carbon stock change factors and emission 

factors are presented in the respective chapters 6.4.3 to 6.10.3.  

In most cases, the uncertainty of activity data for categories 4A–4F depends on the quality of 

the AREA survey data. For categories with relevant emissions from drained organic soil, also 

the uncertainty of the spatial allocation of organic soil (see chp. 6.2.2.1 and below) was 

considered.  

The uncertainty of AREA-based activity data has two main sources (Table 6-10). They were 

quantified as follows, using data from FSO (2023): 

1) Interpretation uncertainty: In the AREA survey, the first classification of the aerial photos is 

checked by a second independent interpreter. The portion of sampling points with a 

mismatch of the first and the second interpretation was used as the uncertainty of the 

interpretation. This uncertainty of interpretation integrates all errors related to the manual 

interpretation of land-use and land-cover classes on aerial photographs. While it is clear that 

this is rather an estimate of the maximum potential interpretation error than of the actual 

interpretation error, it is reported hereafter unless better information is available.  

2) Statistical sampling uncertainty: In the AREA survey, the land-use classes are interpreted 

on points situated on a regular 100x100 m grid. Thus, the uncertainty of the measured 

surface area covered by a certain land-use class or land-use change decreases with 

increasing numbers of sampling points that are used for the measurement. Assuming a 

binomial distribution of the errors, this uncertainty was calculated as  

Usampling = 100 * 1.96 * (number of points)-0.5 

The number of sampling points lies between 2’905 (for 4D2) and 1'333’938 (for 4C1) leading 

to values of Usampling between 3.6 % and 0.2 %. 
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The overall uncertainty was calculated as: 

Uoverall = (Uinterpret
2 + Usampling

2)0.5  

 

Table 6-10 Sources of uncertainty of activity data and overall uncertainties in the allocation of land-use 
categories, expressed as half of the 95 % confidence intervals. Calculations are based only on AREA data from 
FSO (2023); uncertainties with respect to other data sources (organic soil, wildfires) are not included, see main 
text. 

 

 

6.3.1.3.2. Organic soil 

An update of the uncertainty analysis of the spatial allocation of organic soil published by 

Wüst-Galley et al. (2015) resulted in 35.3 % for Forest land, 37.3 % for Cropland, 68.6 % for 

Grassland and 90.8 % for Wetlands (Table 6-5; Wüst-Galley 2019). For Forest land (chp. 

6.4.3.1), CO2 emissions from organic soil were not considered in the calculation of the overall 

uncertainty (Meteotest 2025). For Settlements (chp. 6.8.3.1), the uncertainty of CO2 

emissions from organic soil was not calculated separately.  

 

6.3.1.3.3. Wildfires 

Activity data for wildfires were taken from the Swissfire database (see chp. 6.4.2.5.4 and chp. 

6.6.2.3.3). The uncertainty for areas affected by wildfires was estimated between 10 % (NFI 

production region 5) and 30 % (other NFI production regions) for Forest land by expert 

judgment (Pezzatti 2017). For Grassland the mean uncertainty is probably higher than for 

Forest land. As a consequence, a value of 30 % was agreed on for both land uses (Table 

6-5). 
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4A1 Forest land remaining forest land 1.1 0.2 1.1

4A2 Land converted to forest land 1.1 1.1 1.5

4B1 Cropland remaining cropland 4.9 0.3 4.9

4B2 Land converted to cropland 4.9 1.4 5.1

4C1 Grassland remaining grassland 5.2 0.2 5.2

4C2 Land converted to grassland 5.2 0.8 5.3

4D1 Wetlands remaining wetlands 0.9 0.5 1.0

4D2 Land converted to wetlands 0.9 3.6 3.7

4E1 Settlements remaining settlements 4.4 0.4 4.4

4E2 Land converted to settlements 4.4 1.3 4.6

4F1 Other land remaining other land 1.4 0.3 1.4

4F2 Land converted to other land 1.4 2.8 3.1
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Table 6-11 Differences of areas per year and land-use category (shown by CC code) between the latest and the 
previous submissions (in kha). The bottom line shows the percentage change in 2022.  

 

 

 

Figure 6-7 Differences in areas of organic soil (in kha) between the latest and the previous submissions for main 
land-use categories 4A–4F. 

 

6.3.2. Information on approaches used for natural disturbances 

No provisions for natural disturbances will be applied (FOEN 2025d). 

 

CC 12 13 21 31 32 33 34 35 36 37 41 42 51 52 53 54 61

Year

1990 -0.051 0.013 -1.506 1.760 -0.088 -0.082 0.042 -0.013 0.081 0.044 0.052 -0.055 -0.476 0.332 -0.005 0.039 -0.091

1991 -0.072 -0.010 -1.580 1.865 -0.020 -0.066 0.022 0.008 0.080 0.025 0.032 -0.064 -0.543 0.350 0.022 0.054 -0.105

1992 -0.050 -0.033 -1.678 1.817 0.048 -0.013 0.004 -0.003 0.100 0.009 0.052 -0.061 -0.472 0.325 0.041 0.052 -0.140

1993 -0.003 -0.080 -1.616 1.731 0.070 -0.007 0.095 -0.010 0.105 0.020 0.052 -0.080 -0.489 0.309 0.022 0.049 -0.170

1994 -0.111 -0.047 -1.736 1.903 0.092 -0.035 0.078 -0.009 0.053 0.043 0.062 -0.092 -0.484 0.376 -0.003 0.043 -0.136

1995 -0.066 -0.091 -1.865 1.979 0.064 -0.005 0.050 -0.005 0.091 0.027 0.058 -0.102 -0.336 0.303 -0.036 0.051 -0.119

1996 -0.069 -0.067 -1.980 2.121 0.078 -0.012 -0.060 0.004 0.096 0.039 0.043 -0.103 -0.315 0.274 -0.034 0.066 -0.081

1997 0.016 -0.082 -2.135 2.408 -0.033 -0.034 -0.061 0.003 0.060 0.069 0.057 -0.097 -0.415 0.267 -0.019 0.068 -0.072

1998 -0.040 -0.087 -2.294 2.569 0.067 -0.054 0.023 0.000 0.073 0.041 0.058 -0.103 -0.455 0.227 -0.012 0.078 -0.095

1999 -0.070 0.003 -3.202 3.282 0.060 -0.019 -0.010 0.000 0.072 0.012 0.081 -0.104 -0.300 0.292 -0.006 0.087 -0.177

2000 -0.214 0.004 -3.669 3.755 0.062 -0.032 -0.124 -0.014 0.083 0.016 0.093 -0.110 -0.207 0.457 0.017 0.022 -0.142

2001 0.072 -0.016 -3.500 3.762 -0.106 -0.030 0.113 -0.007 0.073 0.002 0.054 -0.114 -0.512 0.331 0.000 0.093 -0.217

2002 0.035 -0.139 -3.718 3.917 -0.098 -0.034 0.072 -0.005 0.021 0.039 0.065 -0.100 -0.366 0.388 -0.037 0.105 -0.146

2003 0.188 -0.093 -3.754 3.865 -0.107 -0.053 0.028 0.006 0.062 0.003 0.057 -0.112 -0.398 0.333 -0.029 0.106 -0.104

2004 0.233 -0.144 -3.948 4.095 -0.034 -0.031 0.032 0.004 0.000 0.051 0.048 -0.133 -0.463 0.309 -0.027 0.106 -0.101

2005 0.138 0.027 -4.023 4.080 -0.006 -0.028 -0.013 0.000 0.046 0.020 0.034 -0.134 -0.290 0.249 -0.052 0.103 -0.152

2006 0.039 -0.015 -3.974 4.120 0.076 -0.015 0.015 -0.007 0.035 0.032 0.059 -0.161 -0.391 0.300 -0.032 0.077 -0.160

2007 0.070 -0.131 -4.023 4.294 0.035 -0.046 -0.004 -0.005 0.021 0.054 0.046 -0.146 -0.450 0.372 -0.018 0.060 -0.129

2008 0.066 -0.198 -4.114 4.285 0.017 -0.040 -0.009 0.004 0.040 0.046 0.066 -0.135 -0.324 0.374 -0.043 0.100 -0.137

2009 0.125 -0.228 -4.054 4.147 -0.055 -0.034 0.069 0.004 0.149 0.026 0.084 -0.133 -0.339 0.415 -0.040 0.118 -0.255

2010 0.041 -0.128 -4.006 4.077 -0.032 -0.044 0.073 0.008 0.120 0.047 0.094 -0.139 -0.327 0.383 -0.049 0.105 -0.224

2011 -0.053 -0.061 -3.865 4.082 0.004 -0.060 0.047 0.000 -0.013 0.070 0.087 -0.150 -0.340 0.351 -0.044 0.081 -0.136

2012 0.024 0.002 -3.988 4.140 -0.057 -0.043 0.011 0.011 0.011 0.080 0.093 -0.135 -0.370 0.327 -0.054 0.105 -0.158

2013 -0.047 -0.048 -3.825 4.070 -0.016 -0.021 0.047 -0.004 0.083 0.045 0.096 -0.134 -0.400 0.290 -0.036 0.090 -0.191

2014 0.124 -0.230 -3.312 3.550 -0.059 0.000 0.081 0.002 0.114 0.005 0.078 -0.141 -0.411 0.271 -0.026 0.150 -0.198

2015 0.513 -0.296 -2.430 2.695 -0.209 0.026 0.218 -0.002 0.070 -0.006 0.075 -0.133 -0.595 0.215 -0.019 0.170 -0.292

2016 0.782 -0.258 -1.999 1.798 -0.195 0.041 0.273 0.000 0.195 -0.096 0.070 -0.123 -0.328 0.143 -0.024 0.224 -0.505

2017 0.866 -0.212 -1.468 1.236 -0.136 0.018 0.305 -0.015 0.217 -0.098 0.052 -0.139 -0.372 0.093 -0.032 0.194 -0.511

2018 0.831 -0.144 -0.885 0.893 -0.060 0.034 0.380 -0.022 0.204 -0.110 0.038 -0.138 -0.655 0.022 -0.026 0.132 -0.495

2019 0.809 -0.149 -0.293 0.548 0.050 0.059 0.439 -0.029 0.189 -0.116 0.016 -0.132 -0.976 -0.042 -0.018 0.067 -0.424

2020 0.247 -0.124 0.315 0.792 0.022 0.065 0.454 -0.042 0.081 -0.038 0.001 -0.126 -1.405 -0.143 -0.015 -0.025 -0.060

2021 -0.341 -0.114 0.976 1.051 -0.049 0.078 0.429 -0.054 -0.033 0.018 -0.002 -0.115 -1.836 -0.184 -0.034 -0.090 0.297

2022 -0.908 -0.137 1.287 1.528 -0.125 0.069 0.372 -0.051 -0.118 0.059 -0.024 -0.117 -2.246 -0.112 -0.048 -0.106 0.674

2022 

(in %) -0.1% -0.1% 0.3% 0.2% -0.1% 0.3% 0.5% -3.2% -0.1% 0.1% 0.0% -0.5% -1.0% -0.1% -1.4% -0.3% 0.1%
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6.3.3. Information on approaches used for harvested wood products 

For reporting harvested wood products (HWP), the approach B (production approach) as 

described in chp. 12, Volume 4 of IPCC (2019) was applied. The wood products pool 

contains only products made from wood harvested in Switzerland. It includes products made 

from domestic harvest that are exported to foreign countries. Details and results are 

presented in chp. 6.10. 

 

6.4. Category 4A – Forest land 

6.4.1. Description 

 

Table 6-12 Key categories in category 4A Forest land. Combined KCA results, level for 2023 and trend for 1990–
2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2). 

 

 

6.4.1.1. Forest land  

Only temperate forests occur in Switzerland. Forest is defined as a minimum area of land of 

0.0625 ha with crown cover of at least 20 % and a minimum width of 25 m. The minimum 

height of the dominant trees must be 3 m or have the potential to reach 3 m at maturity in situ 

(FOEN 2006h). The following forest areas are not subject to the criteria of minimum stand 

height and minimum crown cover, but must have the potential to achieve it: afforested, 

regenerated, as well as burnt, cut or damaged areas. Some land categories were explicitly 

excluded from the land-use category Forest land, although they may partly fulfil the 

(quantitative) requirements of the Swiss forest definition (FOEN 2006h; Table 6-6):  

• Vineyards, low-stem orchards, tree nurseries, copses and orchards in the main land-use 
category Grassland;  

• Cemeteries, public parks, open tree formations in settlements, gardens, sports and 
parking fields in the main land-use category Settlements. 

According to the Federal Act on Forest, it is one objective to “conserve the forest in its area 

and spatial distribution” (Swiss Confederation 1991: Art. 1a). Any deliberate reduction in 

forest area has to be authorized. Therefore, all forests in Switzerland are considered to be 

under management.  

Forest land is reported using two land-use categories, productive forest (CC12) and 

unproductive forest (CC13) (chp. 6.1.3 and Table 6-2). 

 

6.4.1.2. Productive forest  

The methodological approach for calculating carbon stocks and carbon stock changes in 

productive forest is described in chp. 6.4.2.2.  

 

Code IPCC category Gas
Identification 

criteria

4.A.1 Forest land remaining forest land CO2 L1, L2, T1, T2

4.A.2 Land converted to forest land CO2 L1, L2, T1
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6.4.1.3. Unproductive forest  

The land-use category unproductive forest consists of brush forests, inaccessible stands and 

unproductive forest not covered by the NFI. Unproductive forests exhibit a high variability 

(see examples of unproductive forests in Switzerland in FOEN 2014f). 

For transparency reasons, productive and unproductive forest areas are reported separately. 

However, there is only scarce information available on unproductive forest. In unproductive 

forest, wood is not harvested for economic reasons. Only in exceptional cases there can be 

an intervention (e.g. moving a wood log that is blocking a hiking trail), but no wood is 

removed from the stand.  

The NFI does not include unproductive stands in its regular inventory scheme because (1) 

the plots are not relevant for timber production or it is not possible to carry out precise 

measurements (brush forests), (2) the plots are inaccessible or (3) the NFI forest definition is 

not fulfilled (unproductive forest not covered by the NFI).  

• Brush forests: Since brush forests have no direct economic value in terms of wood 
harvest, an inventory of these stands has not been attributed high priority. During NFI3, 
some plots in brush forests were visited for the first time, but only a limited number of 
attributes such as tree species, stem diameter and crown cover were collected.  

• Inaccessible stands: Inaccessible stands are forests which cannot be visited because of 
safety reasons (see description in Brändli 2010: p. 89). They are mainly located in the 
Alps and often grow on sites of low productivity, including rocky sites and sites at high 
elevation near the tree line with a short vegetation period and low biological activity.  

• Unproductive forest not covered by NFI: After the review of its first Initial Report (FOEN 
2006h), Switzerland had to apply a forest definition for reporting activities under the Kyoto 
Protocol Art. 3.3 and Art. 3.4, which is different from the definition applied by both the 
Swiss NFI and the Land Use Statistics AREA. Because the definition of NFI and AREA 
was not in line with the specific requirements of the Kyoto Protocol forest definition, 
Switzerland had to develop an approach to classify certain AREA categories as forest. 
Those areas are not covered by the regular NFI and are situated in the threshold range 
between forests and alpine pastures with woody biomass of very low productivity. More 
specifically, it concerns combinations of “pastures or grasslands with clusters of trees” 
(NOLC04 47/NOLU04 222, NOLC04 47/NOLU04 223, NOLC04 47/NOLU04 242) and 
“alpine sheep grazing pastures, in general with open forest” with “clusters of trees”) 
NOLC04 44/NOLU04 243; see Table 6-6). 

The methodology for reporting unproductive forest is covered in chp. 6.4.2.3. 

 

6.4.1.4. Temporal development of Forest land area 

Forest land is expanding in Switzerland (see areas of productive forest CC12 and 

unproductive forest CC13 and the relative changes since 1990 in Table 6-8). The land-use 

change matrices show that expansions are mainly occurring on former grasslands (CC3X to 

CC12 or to CC13; see Table 6-9) and are primarily due to natural forest regeneration in the 

alpine are and not by plantation (Gehrig-Fasel et al. 2007; Rutherford et al. 2008; SWI 2009; 

Brändli 2014; Rigling and Schaffer 2015; Brändli et al. 2020; Allgaier Leuch and Fischer 

2023). Such newly forested areas typically exhibit a large diversity in diameter at breast 

height and tree age. 

 



National Inventory Document of Switzerland 2025 354 

6 Land use, land-use change and forestry (LULUCF) 

6.4.1.5. Temporal development of net emissions and removals 

In the inventory period, the net emissions and removals of category 4A1 Forest land 

remaining forest land range from -6'057 kt CO2 in 1996 to 4’440 kt CO2 in 2000 (average -

2’220 kt CO2; Figure 6-8 top panel). Particularly the pools losses in living biomass, dead 

wood and litter introduce temporal variability (Figure 6-8 both panels).  

Category 4A2 Land converted to forest land acted as a net sink in all years (average -797 kt 

CO2; Figure 6-8 top panel) with small fluctuations mainly due to slight variations in land use 

change rates over the inventory period and the associated living biomass on these areas.  

More information on the temporal development of net emissions and removals in category 4A 

Forest land can be found in chp. 2.2.2.3. 

 

 

 

Figure 6-8 Net CO2 emissions (positive values) and removals (negative values) from categories 4A1 and 4A2. 
Category 4A1 is broken down by gains and losses in living biomass (top panel), and net carbon stock changes in 
dead wood, litter, mineral soil and organic soil (bottom panel). Note the different scaling of the y-axis. The net 
changes in organic soil are too small to be distinguished from the zero line. 
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6.4.2. Methodological issues 

6.4.2.1. Choice of methods 

6.4.2.1.1. National Forest Inventory 

6.4.2.1.1.1. National Forest Inventory data 

The National Forest Inventory (NFI) is the primary source for estimating carbon stock change 

factors for Forest land. The estimates are based on measurements of tally trees with a 

diameter at breast height (DBH) ≥12 cm. For tally trees, allometric relationships were 

developed to obtain accurate data on whole tree volume and biomass (Lanz et al. 2019). 

Data from four completed National Forest Inventories (NFI1, NFI2, NFI3, NFI4, finalized in 

1985, 1995, 2006 and 2017, respectively) and from the first five years (2018–2022) of the 

ongoing NFI5 (2018–2026) are currently available. Descriptions of NFI1, NFI2, and NFI3 

results can be found in EAFV/BFL (1988), in Brassel and Brändli (1999), and in Brändli 

(2010), respectively. These inventories were based on full surveys that were repeated in 

intervals of approximately 10 years. Starting with the NFI4, a continuous survey approach is 

used where annually a nationally representative subsample of approximately 12 % of the 

Swiss forests is surveyed and evaluated (Brändli et al. 2020). Otherwise, the methodology 

remained consistent with previous inventories. A detailed description of the current methods 

to estimate volume based on section-wise measured stems and branches, biomass based 

on measured wood densities, and carbon for LULUCF reporting can be found in Herold et al. 

(2019) and Didion et al. (2019). Results of the first five years of the NFI5 are available online 

in Abegg et al. (2023) and summarized in Allgaier Leuch and Fischer (2023) and FOEN 

(2023g). 

For compiling the results for the latest GHG inventory, NFI5 data for the years 2018–2022 

were used in addition to the data from NFI1, NFI2, NFI3 and NFI4, and the respective 

inventory periods NFI1-2, NFI2-3, NFI3-4, and NFI4-5 (2018–2022). The calculation 

approaches for land-use changes within, from and to Forest land are shown in Table 6-3. 

 

Table 6-13 Number of surveyed sample plots and tally trees in the National Forest Inventories NFI1, NFI2, NFI3, 
NFI4, and NFI5 (first five years 2018–2022) for accessible forest plots without brush forest based on the 
1.41x1.41 km grid (Brändli and Hägeli 2019). Note that for the NFI5 intermediate results are presented and that 
for the NFI1 the number of sample plots and tally trees based on the 1x1 km grid originally used is given in 
brackets.  

 

 

6.4.2.1.1.2. Updating NFI data  

In general, new NFI data have an influence on the time series of carbon stock changes 

(gains and losses in living biomass, dead wood, litter and mineral soil) because they are 

calculated based on observed changes between two consecutive forest inventories.  

The change from periodic sampling (NFIs 1 to 3) to a continuous sampling starting with the 

NFI4 required a modification of the estimation of carbon stock changes affecting estimates 

from 2006 onwards. The adapted method requires NFI data from a shifting five-year window 

NFI1 NFI2 NFI3 NFI4 NFI5

Inventory cycle 1983-1985 1993-1995 2004-2006 2009-2017 2018-2022

Terrestrial sample plots 5'517  (10'981) 5'679 5'920 6'042 3'435

Tally trees 64'414 (128'441) 67'297 70'061 71'962 40'537
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to ensure accuracy and consistency of the estimates of carbon stock changes. The method 

will also be used in future submissions and thus, recalculations will be performed when new 

NFI data become available (see Didion et al. 2023: chp. 1.1 and chp. 2.3). The continuous 

survey approach allows regular updates of data to obtain the most current and accurate 

estimates for carbon stocks as well as gains and losses in living biomass. The differences in 

the results arising by an update of the five-year period reflect the uncertainty in the data as 

the sample plots used for the estimate are exchanged, but time series remain consistent as 

carbon stock change estimates are still based on representative subsamples of the NFI 

sample plots. 

 

6.4.2.1.1.3. Data available in the NFI for estimating biomass 

The field surveys are based on two nested circular sample plots with 200 m2 and 500 m2 in 

area, respectively. On the smaller plot, trees with DBH ≥12 cm are measured, whereas all 

trees with DBH ≥36 cm are measured on the larger plot. In order to assess the regeneration 

of the forest, young trees and the main shrub species with a minimum height of 10 cm and 

DBH <12 cm are assessed on a separate set of four circular sample plots with radii between 

0.9 and 4 m (Brändli and Hägeli 2019). 

For estimating carbon stocks and carbon stock changes for LULUCF reporting, (1) trees with 

DBH <12 cm with branches, foliage, and roots, and (2) non-tree understory vegetation 

including shrubs, ferns, grasses, sedges, and herbs are not considered because 

Switzerland's country-specific allometric functions only apply to trees ≥12 cm DBH. The 

omission is justified because of their negligible effect on carbon stocks and carbon stock 

changes of living biomass, dead wood, litter, and soil in productive forests in Switzerland 

(see chp. 6.4.4.1 for more information).  

 

6.4.2.1.2. Forest land stratification  

Forests in Switzerland reveal a high heterogeneity in terms of elevation, growth conditions, 

tree species composition, and interannual growth variability. The suitability of a spatial 

stratification was analysed for Forest land (Thürig et al. 2005a: Table 2b; Didion et al. 2023: 

Table 3). The analyses indicated that tree species type, production region and elevation all 

significantly explain differences in gross growth. Accordingly, a spatial stratification into five 

productions regions and three elevation zones was applied (see chp. 6.2.2). For the 

calculation of growing stock, gross growth, harvesting and mortality these strata were then 

further divided into two tree species types: coniferous and broadleaved species (Didion et al. 

2023).  

Forest land was further stratified by soil type (mineral or organic; see chp. 6.2.2.1).  

The continuous survey approach since the NFI4 and the use of a five-year shifting window to 

regularly update estimates of carbon stocks, gains and losses resulted in a reduced number 

of sample plots that are simultaneously available for estimating the forest carbon balance 

(Table 6-14), and several spatial strata are represented by a low number of plots. Due to the 

large variability of the forest structure and composition between sample plots a minimum 

number of sample plots is needed to obtain reliable estimates of means and sampling errors. 

Smaller strata are thus merged with neighbouring strata and treated as single strata. This 

applies to: 
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• NFI production region 2 Central Plateau 601-1200 m and >1200 m:  
stratum NFI production region 2 Central Plateau >600 m 

• NFI production region 3 Pre-Alps ≤600 m and 601-1200 m:  
stratum NFI production region 3 Pre-Alps ≤1200 m 

• NFI production region 4 Alps ≤600 m and 601-1200 m:  
stratum NFI production region 4 Alps ≤1200 m 

• NFI production region 5 Southern Alps ≤600 m and 601-1200 m:  
stratum NFI production region 5 Southern Alps ≤1200 m  

 

6.4.2.1.3. Carbon content 

A mean carbon content of 50 % was used to convert the biomass of alive trees to carbon 

stocks. The carbon content estimate represents an approximation which was based on 

carbon fractions for coniferous and broadleaved trees in temperate forests provided in IPCC 

(2006, Volume 4, Table 4.3) and on the fact that in Switzerland coniferous trees are more 

abundant than broadleaved trees (Brändli et al. 2020: Table 056).  

 

6.4.2.1.4. Soil carbon model Yasso20 

The soil carbon model Yasso20 (Viskari et al 2022) is used to estimate temporal changes in 

carbon stocks in dead wood, organic soil horizons (LFH; litter) and mineral forest soil (0–100 

cm depth) for the land-use category productive forest. Yasso20 is a model of carbon cycling 

in mineral soil, litter and dead wood. For estimating stocks of organic carbon in mineral soil 

up to a depth of ca. 100 cm and the temporal dynamics of the carbon stocks, Yasso20 

requires information on carbon inputs (see below) and climate (annual mean monthly 

temperature and annual precipitation sum). By default, Yasso20 does not provide separate 

estimates of carbon pool sizes for dead wood, litter and mineral soil. In order to report 

estimates for each pool, the model structure of Yasso07 was examined to obtain separate 

estimates. Dead wood, litter and soil pools could be correlated with modelled data based on 

the category of carbon input (non-woody and woody material) and the five carbon 

compartments in Yasso07, i.e. four chemical compounds (insoluble, soluble in ethanol, 

soluble in water or in acid) and a more stable compartment. The approach was validated 

using independent, measured data (Didion et al. 2012). The basic model structure, i.e., five 

carbon compartment, is still the same in Yasso20 (Viskari et al. 2022). The separation of the 

model results into dead wood, litter, and mineral soil was examined and found to still be 

plausible although the fluxes between the three pools and within the mineral soil pool are 

more dynamic (Didion 2023: chp. 2.2 and chp. 3.1) due to improved and more realistic model 

calibration (Viskari et al. 2022). 

The implementation of Yasso20 for LULUCF reporting is described in detail in Didion (2023). 

Didion et al. (2014a) demonstrated the validity of the previous model version Yasso07 for 

application in Swiss forests by comparing simulated with measured mass loss in foliage and 

fine root litter and in coarse dead wood. This evaluation was repeated using Yasso20 (Didion 

2023: chp. 2.2). The results demonstrated a moderately higher accuracy of the new model 

version Yasso20. Following these findings and consideration of the further improvements 

introduced in Yasso20, including a revision of decomposition rates of the carbon 

compartments based on experimental data, it was decided to use the new model version.  
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The Yasso model is currently also used for LULUCF reporting in Austria (Yasso20 for the 

combined litter and mineral soil pools; Umweltbundesamt 2023), Finland (Yasso07 for the 

combined dead wood, litter, and soil pools; Statistics Finland 2023), and in Norway 

(Yasso07, separately for dead wood, litter and soil; Norwegian Environment Agency 2023). 

 

6.4.2.2. Productive forest  

6.4.2.2.1. Carbon stocks and carbon stock changes in living biomass 

6.4.2.2.1.1. Data sources 

To estimate carbon stocks and carbon stock changes in above- and belowground living 

biomass NFI data for trees ≥12 cm DBH were used. Total tree biomass and carbon stocks 

comprise stemwood over bark including tree top and stump, large and small branches, 

foliage, and coarse roots (Didion et al. 2019). The stock was estimated based on sample 

plots in a particular NFI (Table 6-13) to also account for sample plots that have been 

converted to forest since the previous inventory. Carbon stock change factors were derived 

from the observed changes on sample plots common to two consecutive NFIs (Table 6-14; 

for a detailed description, see Didion et al. 2023). The most recent results are published in 

Didion et al. (2024). 

 

6.4.2.2.1.2. Carbon stocks in living biomass – growing stock 

Carbon stocks are represented by the state of total tree biomass of all living and standing 

tally trees (see chp. 6.4.2.1.1.1; Didion et al. 2023: chp. 2.3).  

 

6.4.2.2.1.3. Carbon stock changes in living biomass 

6.4.2.2.1.3.1. Carbon gains – gross growth 
Carbon gains in living biomass are represented by the change in total biomass increment of 

tally trees between two forest inventories and are assumed to remain constant within a 

particular inter-survey period. Temporal dynamics of forest land (see chp.6.4.1.4) lead to 

different totals of plots common to two consecutive NFIs due to land-use changes to or from 

Forest land (see Table 6-14).  

 

Table 6-14 Number of NFI sample plots in each NFI inter-survey period: number of plots which were forest also in 
the previous NFI inter-survey period, the number of plots newly converted to forest in the following period, and the 
resulting total for a particular period. Footnote 1: not applicable in the first NFI period; footnote 2: for the period 
NFI4-5 sample plots common to the NFI4 and NFI5 visited in the years 2018 to 2022 were considered.  

 

 

NFI inter-survey 

period

Forest in previous 

period

Converted to forest 

since previous period
Total for period

NFI1-2 1985-1995 NA
1

NA
1

5'456

NFI2-3 1996-2005 5'370 211 5'581

NFI3-4 2006-2017 5'521 303 5'824

NFI4-5
2

2018-2022 3'242 95 3'337

Number of sample plots

NFI period
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6.4.2.2.1.3.2. Carbon losses – cut and mortality 
Carbon losses in living biomass are represented by the change in total biomass drain due to 

fellings and natural mortality. Carbon losses were annualised using data of the national forest 

statistics (Table 6-15; FOEN 2025f and previous editions; Federal Statistical Office: Wood 

harvest in Switzerland since 1975, https://www.pxweb.bfs.admin.ch) and the fellings obtained 

from the NFI. The fraction affected by natural mortality was not annualised as this process is 

not related to the harvest statistics. To annualise the mean annual felling estimates for 

conifers and broadleaves (represented by constant values for an NFI inter-survey period), 

harvest statistics data were used to calculate annual weighting factors for both tree species 

based on the ratio between the harvested volume in a given year and the mean of the annual 

harvests within an NFI inter-survey period (Didion et al. 2023: Table 5). 

For the annualisation of fellings the harvesting statistics data were used as they capture the 

annual variability due to forest management. Fellings and the resulting losses of living 

biomass were particularly high after the storms Vivian (February 1990) and Lothar 

(December 1999). If these two events are ignored, harvesting rates in Swiss forests 

gradually increased between 1991 and 2007. After two minor peaks in 2006 and 2007 

harvesting rates decreased due to international and domestic economic framework 

conditions. Since then, the numbers have fluctuated in a narrow range around a value of 

5‘000‘000 m3.  

 

Table 6-15 Annual domestic harvesting amount in m3 merchantable wood specified for five NFI production region 
as well as for coniferous (Conif.) and broadleaved (Broadl.) tree species (FOEN 2025f and previous editions; 
https://www.pxweb.bfs.admin.ch). 

 

Year

Conif. Broadl. Conif. Broadl. Conif. Broadl. Conif. Broadl. Conif. Broadl. Conif. Broadl. Total

[m
3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
] [m

3
]

1990 687'327 358'647 1'769'813 606'718 1'285'639 138'126 1'301'313 70'064 21'575 22'456 5'065'667 1'196'011 6'261'678

1991 476'956 354'002 1'017'232 489'742 877'851 133'155 1'064'650 72'229 24'356 26'736 3'461'045 1'075'864 4'536'909

1992 555'523 372'249 1'199'596 571'610 735'680 128'934 736'230 70'706 47'388 28'637 3'274'417 1'172'136 4'446'553

1993 550'536 373'298 1'206'294 562'232 723'565 132'676 649'938 63'940 42'511 32'785 3'172'844 1'164'931 4'337'775

1994 621'726 392'967 1'270'296 530'906 798'449 136'103 717'840 66'896 40'986 33'746 3'449'297 1'160'618 4'609'915

1995 650'572 407'119 1'388'932 570'552 774'040 154'108 590'859 56'714 51'643 33'869 3'456'046 1'222'362 4'678'408

1996 520'335 381'365 1'066'770 567'769 654'554 151'164 506'107 59'674 48'288 38'889 2'796'054 1'198'861 3'994'915

1997 599'981 394'846 1'176'333 576'415 742'830 153'719 574'152 63'650 61'043 40'189 3'154'339 1'228'819 4'383'158

1998 604'703 422'216 1'330'973 627'633 836'806 164'348 657'409 108'848 50'626 41'485 3'480'517 1'364'530 4'845'047

1999 602'652 398'648 1'342'905 639'150 824'142 173'845 593'844 68'786 44'556 39'181 3'408'099 1'319'610 4'727'709

2000 994'262 387'183 3'916'680 934'372 2'241'486 213'858 436'743 57'105 21'236 35'049 7'610'407 1'627'567 9'237'974

2001 443'612 338'751 2'020'561 594'616 1'477'489 157'710 510'730 60'152 22'237 35'722 4'474'629 1'186'951 5'661'580

2002 442'519 329'480 1'406'758 493'905 1'090'875 134'603 528'144 63'303 31'236 35'794 3'499'532 1'057'085 4'556'617

2003 557'454 315'096 1'669'605 518'273 1'195'090 142'055 588'062 62'739 37'111 35'486 4'047'322 1'073'649 5'120'971

2004 655'757 305'681 1'774'841 515'877 1'119'243 164'745 488'722 70'090 29'995 35'571 4'068'558 1'091'964 5'160'522

2005 653049 359808 1810839 614845 1010979 180546 514905 70603 35462 33614 4025234 1259416 5'284'650

2006 735'256 405'850 1'779'973 687'428 1'116'868 229'781 569'673 84'656 43'443 48'599 4'245'213 1'456'314 5'701'527

2007 793'459 425'790 1'587'494 699'076 1'144'370 230'284 621'234 82'414 62'799 43'638 4'209'356 1'481'202 5'690'558

2008 705'815 459'994 1'281'782 727'581 1'018'497 224'634 664'086 82'623 53'064 44'123 3'723'244 1'538'955 5'262'199

2009 598'292 461'055 1'149'202 701'188 878'565 224'490 678'212 90'001 56'375 42'316 3'360'646 1'519'050 4'879'696

2010 647'176 494'739 1'090'994 722'644 992'435 248'151 720'659 99'773 60'391 52'037 3'511'655 1'617'344 5'128'999

2011 617'887 513'720 1'061'986 741'587 983'040 253'300 686'797 101'644 61'822 53'305 3'411'532 1'663'556 5'075'088

2012 566'782 488'626 970'748 719'003 825'019 225'988 665'506 94'480 51'475 50'757 3'079'530 1'578'854 4'658'384

2013 576'744 521'122 948'706 739'180 834'166 254'726 670'170 117'841 64'745 50'928 3'094'531 1'683'797 4'778'328

2014 619'002 539'721 945'695 777'852 863'150 259'888 654'300 110'816 95'192 47'603 3'177'339 1'735'880 4'913'219

2015 528'202 505'431 916'020 766'645 753'783 244'149 625'555 96'230 62'233 53'649 2'885'793 1'666'104 4'551'897

2016 549'561 509'699 859'677 737'207 766'647 236'279 570'415 103'416 65'254 60'836 2'811'554 1'647'437 4'458'991

2017 543'937 513'581 995'491 766'306 806'033 242'423 596'105 96'622 72'298 54'746 3'013'864 1'673'678 4'687'542

2018 564'468 492'343 1'421'416 719'879 910'871 216'813 649'759 94'766 61'417 66'470 3'607'931 1'590'271 5'198'202

2019 537'886 478'869 1'181'674 630'237 787'296 214'837 530'476 94'646 92'495 65'622 3'129'827 1'484'211 4'614'038

2020 604'675 457'399 1'360'224 633'451 814'466 205'946 543'583 74'541 45'401 62'539 3'368'349 1'433'876 4'802'225

2021 695'736 473'009 1'195'542 684'866 907'322 236'511 594'717 83'734 54'734 71'712 3'448'051 1'549'832 4'997'883

2022 660'511 513'857 1'119'397 784'029 985'351 252'863 638'486 93'503 59'118 71'284 3'462'863 1'715'536 5'178'399

2023 632'336 489'938 1'028'479 769'105 850'854 261'751 616'313 103'817 66'165 71'402 3'194'147 1'696'013 4'890'160

Country1. Jura 2. Central plateau 3. Pre-Alps 4. Alps 5. Southern Alps

https://www.pxweb.bfs.admin.ch/
https://www.pxweb.bfs.admin.ch/
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6.4.2.2.1.4. Carbon stocks in living biomass – calculation of time series 

In order to develop a consistent time series, annual carbon stocks of living biomass (growing 

stocks) per species type (stockCl) were calculated per spatial strata (i) for productive forests 

(CC12) forward starting from the growing stock in 1985. This was obtained based on all living 

trees on the total sample plots of the NFI1 (EAFV/BFL 1988). The forward calculation used 

the net change of the growth estimated for subsequent NFI periods (carbon gains in living 

biomass, gainCl) and annualised carbon losses in living biomass (lossCl) (abbreviations were 

introduced in chp. 6.1.3.2).  

𝑓𝑠𝑡𝑜𝑐𝑘𝐶𝑙,𝑖,𝐶𝐶12
(y) = 𝑠𝑡𝑜𝑐𝑘𝐶𝑙,𝑖,𝐶𝐶12,1985 + ∑ (𝑔𝑎𝑖𝑛𝐶𝑙,𝑖,𝐶𝐶12,𝑛 + 𝑙𝑜𝑠𝑠𝐶𝑙,𝑖,𝐶𝐶12,𝑛)

𝑦

𝑛=1986

 

where y is the inventory year (running from 1986 to the latest reported inventory year). 

Since the growth and drain estimates were based on plots common to two consecutive NFIs 

and thus do not account for sample plots converted to forest between two inventories, 

forward calculated stocks were scaled to the observed stocks in subsequent inventories NFIs 

2–4 and 5 (2018–2022) (shown in detail in Didion et al. 2023: Figure 2). 

Table 6-16 shows the time series of growing stocks (carbon stocks in living biomass), gross 

growth (carbon gains in living biomass), and cut and mortality (carbon losses in living 

biomass), specified for all spatial strata.  
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Table 6-16 Carbon stocks in living biomass (stockCl), carbon gains in living biomass (gross growth, gainCl), and 
carbon losses in living biomass (cut and mortality, lossCl) for the land-use category productive forest (CC12) 
stratified for NFI production region (NFI) and elevation zone (Elev.) (chp. 6.4.2.1.2). Highlighted data for 1990 are 
displayed in Table 6-4. 

 

NFI Elev. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

L1 Z1 126.71 128.14 129.49 130.86 132.19 133.44 133.32 133.02 132.35 131.80

L1 Z2 121.77 123.12 124.47 125.87 127.18 128.44 129.59 130.61 131.43 132.31

L1 Z3 85.09 85.39 85.73 86.08 86.34 86.59 87.32 88.00 88.61 89.23

L2 Z1 134.45 135.65 136.84 138.09 139.19 140.22 140.54 140.57 140.19 139.91

L2 Z2, Z3 146.60 148.06 149.52 151.06 152.44 153.76 154.24 154.41 154.20 154.09

L3 Z1, Z2 148.46 150.19 151.97 153.80 155.51 157.18 157.79 158.15 158.23 158.37

L3 Z3 116.33 116.82 117.38 117.97 118.47 118.96 119.16 119.26 119.25 119.26

L4 Z1, Z2 97.95 98.81 99.67 100.56 101.38 102.18 103.24 104.23 105.14 106.06

L4 Z3 92.93 92.98 93.08 93.21 93.26 93.30 93.72 94.06 94.34 94.62

L5 Z1, Z2 71.14 72.88 74.59 76.33 78.07 79.79 80.91 82.02 83.08 84.15

L5 Z3 74.88 75.54 76.19 76.83 77.46 78.06 78.45 78.79 79.10 79.38

Country 113.53 114.46 115.40 116.38 117.26 118.11 118.58 118.91 119.06 119.25

NFI Elev. 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

L1 Z1 129.29 128.64 128.57 128.28 127.95 127.31 127.33 127.33 127.43 127.65

L1 Z2 131.71 132.39 133.46 134.35 135.23 135.99 136.19 136.39 136.80 137.41

L1 Z3 89.19 89.69 90.35 90.93 91.50 92.05 92.45 92.85 93.38 94.01

L2 Z1 136.23 135.38 135.40 135.01 134.58 133.95 133.01 132.05 131.39 131.01

L2 Z2, Z3 150.36 149.54 149.61 149.23 148.82 148.29 147.61 146.93 146.60 146.58

L3 Z1, Z2 155.63 155.14 155.34 155.17 154.98 154.73 154.47 154.22 154.30 154.66

L3 Z3 117.96 117.64 117.62 117.43 117.24 117.05 116.96 116.88 116.96 117.16

L4 Z1, Z2 106.21 106.98 107.96 108.83 109.70 110.53 110.62 110.71 110.89 111.16

L4 Z3 94.12 94.21 94.46 94.61 94.75 94.89 95.39 95.89 96.47 97.09

L5 Z1, Z2 85.14 86.21 87.30 88.37 89.43 90.45 91.40 92.34 93.27 94.20

L5 Z3 79.47 79.66 79.86 80.02 80.15 80.25 80.91 81.57 82.24 82.93

Country 117.84  117.73  118.01  118.09  118.15  118.15  118.16  118.17  118.35  118.68  

NFI Elev. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

L1 Z1 127.73 127.78 128.03 128.16 126.13 124.26 122.41 120.46 117.19 114.20

L1 Z2 137.88 138.37 139.07 139.71 138.55 137.57 136.62 135.55 133.40 131.55

L1 Z3 94.59 95.19 95.90 96.59 96.32 96.12 95.95 95.70 95.02 94.50

L2 Z1 130.40 129.80 129.55 129.16 128.22 127.59 127.03 126.30 124.97 124.08

L2 Z2, Z3 146.33 146.12 146.26 146.29 146.13 146.27 146.49 146.51 146.08 146.14

L3 Z1, Z2 154.85 155.09 155.63 156.10 155.37 154.90 154.49 153.91 152.61 151.66

L3 Z3 117.30 117.47 117.74 118.00 119.41 120.93 122.49 123.99 125.38 126.90

L4 Z1, Z2 111.35 111.56 111.87 112.13 111.85 111.65 111.48 111.24 110.73 110.37

L4 Z3 97.69 98.29 98.95 99.59 100.05 100.54 101.04 101.50 101.89 102.33

L5 Z1, Z2 95.11 96.00 96.91 97.79 98.81 99.83 100.84 101.83 102.52 103.23

L5 Z3 83.60 84.26 84.94 85.61 86.53 87.47 88.40 89.33 89.88 90.49

Country 118.90  119.14  119.55  119.91  119.76  119.76  119.78  119.71  119.22  118.93  

NFI Elev. 2020 2021 2022 2023

L1 Z1 111.19 110.18 109.03 107.98

L1 Z2 129.64 129.16 128.53 128.03

L1 Z3 93.93 94.06 94.14 94.31

L2 Z1 123.11 122.54 121.77 121.18

L2 Z2, Z3 146.05 145.87 145.49 145.35

L3 Z1, Z2 150.61 150.48 150.24 150.18

L3 Z3 128.38 129.14 129.90 130.72

L4 Z1, Z2 109.97 110.23 110.43 110.71

L4 Z3 102.73 103.61 104.49 105.40

L5 Z1, Z2 103.93 104.79 105.63 106.49

L5 Z3 91.07 91.73 92.38 93.06

Country 118.58  118.79  118.92  119.16  

CC12: carbon stock in living biomass (stockCl,i) [t C ha
-1

]

CC12: carbon stock in living biomass (stockCl,i) [t C ha
-1

]

CC12: carbon stock in living biomass (stockCl,i) [t C ha
-1

]

CC12: carbon stock in living biomass (stockCl,i) [t C ha
-1

]
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6.4.2.2.2. Carbon stocks and carbon stock changes in dead wood, litter, mineral 

soil and organic soil  

6.4.2.2.2.1. Data sources 

The NFI is the source of carbon inputs and the description of a (possible) state change for 

each sample tree between two consecutive inventories (i.e., (1) alive in both inventories, (2) 

alive in the first and dead or removed in the second inventory, (3) present in the second 

inventory only). The tree state in two consecutive NFIs determines the type and quantity of 

carbon inputs. Turnover rates reflecting the longevity of leaves and needles, seeds and fruits, 

fine roots, and small branches were used to estimate carbon inputs that were produced 

annually. Stemwood, including tree top and stump, large branches, and coarse roots were 

assumed to accrue only as the result of mortality. Depending on the cause of mortality 

(natural or timber harvesting) either the total mass of the latter tree elements or only the non-

merchantable fraction (coarse root, stump, top, and small branches) was considered for 

carbon inputs. Consistent with the estimation procedure for living biomass, the model was 

applied on sample plots common to two consecutive NFIs (chp. 6.4.2.1.1; Table 6-14; for a 

detailed description see Didion 2023). The most recent results are published in Didion 

(2024). 

 

6.4.2.2.2.2. Carbon stocks in dead wood 

Carbon stocks in dead wood were obtained from simulations with Yasso20 and a separation 

of the total simulated annual carbon stocks based on the source of carbon inputs, including 

(1) stemwood of trees with DBH ≥12 cm, (2) large branches ≥ ca. 7 cm in diameter, and (3) 

dead coarse roots > ca. 5 mm in diameter. These tree elements were estimated according to 

Didion (2023: Table 3). Data are given in Table 6-17. 

 

6.4.2.2.2.3. Carbon stocks in litter 

Carbon stocks in litter were derived from Yasso20 simulations of carbon inputs of the tree 

elements small branches and twigs < ca. 7 cm in diameter, bark of the tree bole, foliage 

(Didion 2023: Table 3), seeds and fruits (based on published allometries; see Didion and Zell 

2019), and fine roots < ca. 5 mm (estimated as fraction of coarse roots; Perruchoud et al. 

1999). Data are given in Table 6-17. 

 

6.4.2.2.2.4. Carbon stocks in mineral soil 

Carbon stocks in mineral soil were not taken from Yasso20 simulations. Due to the 

incomplete knowledge of the origin of the high carbon stocks in mineral soils, particularly 

pyrogenic carbon in the mountainous soils of Southern Switzerland (Eckmeier et al. 2010; 

Nussbaum et al. 2014; Zanelli et al. 2006), they cannot be reproduced by models yet. Hence, 

soil carbon stocks were taken from Nussbaum and Burgos (2021), a spatial statistical 

analysis of soil profile data using the machine learning approach "random forest" 

(Baltensweiler et al. 2021). The sample material was taken from the soil sample archive 

(pedothek) maintained at the Swiss Federal Institute for Forest, Snow and Landscape 

Research (WSL) (n = 1033 sites). Additional 1060 sites either sampled by WSL or in the 

course of cantonal projects were used. The soil samples were collected over the past 50 

years, by far the most between 1990 and 2015, and distributed over different forest types 
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Table 6-17 Carbon stocks in dead wood (stockCd) and in litter (stockCh) for the land-use category productive 
forest (CC12) stratified for NFI production region (NFI) and elevation zone (Elev.) (chp. 6.4.2.1.2). Highlighted 
data for 1990 are displayed in Table 6-4.  

 

NFI Elev. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

L1 Z1 5.57 5.62 5.59 5.61 5.55 5.53 5.90 6.23 6.49 6.66

L1 Z2 6.34 6.37 6.35 6.37 6.32 6.31 6.38 6.45 6.52 6.52

L1 Z3 6.01 5.97 5.91 5.88 5.80 5.76 5.54 5.42 5.34 5.23

L2 Z1 9.12 9.18 9.14 9.17 9.07 9.03 9.39 9.70 9.94 10.05

L2 Z2, Z3 9.05 9.09 9.05 9.06 8.96 8.94 9.29 9.62 9.90 10.06

L3 Z1, Z2 8.92 9.00 9.02 9.08 9.03 9.07 9.55 9.92 10.26 10.50

L3 Z3 7.71 7.71 7.69 7.71 7.65 7.65 7.48 7.52 7.59 7.61

L4 Z1, Z2 6.45 6.52 6.55 6.62 6.62 6.68 6.57 6.56 6.55 6.50

L4 Z3 7.11 7.21 7.26 7.35 7.39 7.47 7.23 7.21 7.20 7.16

L5 Z1, Z2 2.14 2.19 2.23 2.28 2.30 2.34 2.21 2.16 2.11 2.06

L5 Z3 2.25 2.27 2.27 2.29 2.28 2.31 2.17 2.16 2.15 2.14

Country 6.97 7.03 7.03 7.08 7.04 7.07 7.10 7.23 7.34 7.38

NFI Elev. 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

L1 Z1 6.87 7.02 7.16 7.36 7.55 7.74 7.67 7.70 7.78 7.82

L1 Z2 6.56 6.57 6.58 6.62 6.68 6.74 6.83 7.00 7.19 7.33

L1 Z3 5.13 5.04 4.96 4.86 4.82 4.78 4.64 4.68 4.72 4.74

L2 Z1 10.21 10.31 10.42 10.60 10.79 10.97 10.86 10.88 10.96 11.00

L2 Z2, Z3 10.24 10.38 10.53 10.69 10.90 11.11 11.09 11.14 11.25 11.30

L3 Z1, Z2 10.75 10.97 11.16 11.32 11.58 11.80 11.72 11.77 11.87 11.91

L3 Z3 7.64 7.67 7.69 7.67 7.74 7.79 7.30 7.23 7.19 7.12

L4 Z1, Z2 6.46 6.44 6.40 6.38 6.41 6.45 6.32 6.53 6.72 6.88

L4 Z3 7.12 7.10 7.07 7.04 7.07 7.10 6.62 6.62 6.62 6.61

L5 Z1, Z2 2.02 1.99 1.95 1.93 1.91 1.92 1.93 2.01 2.08 2.14

L5 Z3 2.13 2.12 2.11 2.10 2.10 2.12 1.97 2.04 2.11 2.16

Country 7.45 7.50 7.54 7.59 7.69 7.79 7.50 7.56 7.64 7.69

NFI Elev. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

L1 Z1 7.93 7.99 7.97 8.02 8.04 8.10 8.11 8.14 9.04 9.15

L1 Z2 7.53 7.65 7.72 7.83 7.91 7.99 8.06 8.14 8.37 8.58

L1 Z3 4.80 4.81 4.81 4.82 4.83 4.81 4.81 4.81 4.38 4.59

L2 Z1 11.13 11.20 11.18 11.23 11.24 11.28 11.26 11.29 11.08 11.12

L2 Z2, Z3 11.46 11.54 11.53 11.59 11.61 11.64 11.64 11.67 12.22 12.25

L3 Z1, Z2 12.04 12.06 12.06 12.13 12.13 12.12 12.13 12.13 11.60 11.83

L3 Z3 7.11 7.03 6.96 6.93 6.88 6.80 6.76 6.71 5.79 5.82

L4 Z1, Z2 7.08 7.20 7.29 7.43 7.52 7.59 7.67 7.73 7.78 7.89

L4 Z3 6.64 6.62 6.59 6.60 6.59 6.56 6.56 6.54 6.40 6.38

L5 Z1, Z2 2.21 2.26 2.30 2.35 2.38 2.42 2.47 2.50 2.38 2.33

L5 Z3 2.22 2.27 2.30 2.35 2.38 2.41 2.45 2.48 2.74 2.90

Country 7.79 7.83 7.84 7.89 7.90 7.92 7.94 7.96 7.90 7.98

NFI Elev. 2020 2021 2022 2023

L1 Z1 9.26 9.36 9.46 9.42

L1 Z2 8.77 8.99 9.15 9.19

L1 Z3 4.79 5.00 5.14 5.24

L2 Z1 11.18 11.25 11.32 11.22

L2 Z2, Z3 12.28 12.37 12.41 12.30

L3 Z1, Z2 12.04 12.30 12.46 12.48

L3 Z3 5.86 5.92 5.93 5.90

L4 Z1, Z2 8.02 8.18 8.31 8.32

L4 Z3 6.39 6.42 6.43 6.38

L5 Z1, Z2 2.30 2.29 2.27 2.23

L5 Z3 3.06 3.22 3.38 3.47

Country 8.07 8.18 8.26 8.24

CC12: carbon stock in dead wood (stockCd,i) [t C ha
-1

]

CC12: carbon stock in dead wood (stockCd,i) [t C ha
-1

]

CC12: carbon stock in dead wood (stockCd,i) [t C ha
-1

]

CC12: carbon stock in dead wood (stockCd,i) [t C ha
-1

]
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6.4.2.2.2.7. Carbon stock changes in in litter 

Annual stratified values of carbon stock changes in litter were calculated from the simulated 

annual stocks (chp. 6.4.2.2.2.3). Results are given in Table 6-18. 

Carbon stock changes in litter are higher and more erratic than those in the dead wood and 

soil pools (Figure 6-9: changeCh; see also Figure 6-8 bottom panel). This is expected since 

non-woody material decomposes faster than dead wood (Tuomi et al. 2011) and its 

decomposition is more sensitive to interannual changes in temperature and precipitation 

(Liski et al. 2003). Similar to the dead wood pool, decomposition of the litter pool was 

reduced in recent years due to weather conditions. The favourable decomposition conditions 

in 2023 due to extended periods of moist and warm weather reversed the picture. The litter 

pool experienced net carbon losses in all strata, and the nationwide mean was only 

comparably low in 1994. 

 

6.4.2.2.2.8. Carbon stock changes in mineral soil 

Annual stratified values of carbon stock changes in mineral soil were calculated from the 

simulated annual stocks (even if these themselves were not reported, see chp. 6.4.2.2.2.4). 

Results are given in Table 6-18. 

Carbon stock changes in the soil pool are small compared to those in dead wood and litter 

(Figure 6-9: changeCs_m; see also Figure 6-8 bottom panel). Despite limitations to reproduce 

the comparably high carbon stocks in mineral soils in Swiss forests (see chp. 6.4.2.2.2.4), 

the carbon stock changes derived from simulated stocks can be expected to be accurate 

because (1) the pyrogenic carbon which is found particularly in the soils of the Southern Alps 

is very stable (Eckmeier et al. 2010), and (2) the simulated carbon stock changes including 

standard error are less than the minimum detection limit of repeated soil carbon stock 

measurements (see chp. 6.4.4.4). Furthermore, simulated soil carbon stocks were highly 

variable and did not show a clear correlation to environmental variables such as elevation. 

This is consistent with results from a study in the Bernese Alps by Hoffmann et al. (2014) 

who found a large unexplained variability in SOC stocks not correlated with environmental 

variables.  
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Table 6-18 Net carbon stock change in dead wood (changeCd), in litter (changeCh) and in mineral soil 
(changeCs_m) for the land-use category productive forest (CC12) stratified for NFI production region (NFI) and 
elevation zone (Elev.) (chp. 6.4.2.1.2). Highlighted data for 1990 are displayed in Table 6-4. Positive values refer 
to gains in carbon stock, negative values refer to losses in carbon stock. 

 

NFI Elev. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

L1 Z1 -0.02 0.04 -0.03 0.02 -0.06 -0.03 0.44 0.33 0.26 0.17

L1 Z2 -0.02 0.04 -0.02 0.02 -0.06 -0.01 0.15 0.07 0.06 0.01

L1 Z3 -0.07 -0.04 -0.06 -0.03 -0.08 -0.03 -0.06 -0.11 -0.09 -0.11

L2 Z1 -0.05 0.06 -0.04 0.02 -0.10 -0.03 0.42 0.32 0.23 0.12

L2 Z2, Z3 -0.05 0.04 -0.04 0.01 -0.10 -0.03 0.45 0.33 0.28 0.16

L3 Z1, Z2 0.02 0.08 0.02 0.06 -0.04 0.03 0.50 0.37 0.34 0.24

L3 Z3 -0.03 0.01 -0.03 0.02 -0.06 0.01 0.13 0.04 0.07 0.03

L4 Z1, Z2 0.04 0.07 0.03 0.06 0.01 0.05 0.04 -0.01 -0.01 -0.05

L4 Z3 0.08 0.09 0.06 0.09 0.03 0.08 0.02 -0.02 0.00 -0.05

L5 Z1, Z2 0.05 0.05 0.04 0.04 0.02 0.05 -0.05 -0.06 -0.05 -0.05

L5 Z3 0.01 0.01 0.01 0.01 -0.01 0.02 0.00 -0.01 -0.01 -0.01

Country 0.01 0.06 0.01 0.04 -0.03 0.02 0.20 0.12 0.11 0.05

NFI Elev. 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

L1 Z1 0.21 0.15 0.14 0.20 0.19 0.19 -0.04 0.03 0.08 0.04

L1 Z2 0.04 0.01 0.01 0.03 0.06 0.07 0.14 0.17 0.19 0.14

L1 Z3 -0.10 -0.09 -0.08 -0.10 -0.05 -0.04 0.01 0.03 0.05 0.02

L2 Z1 0.16 0.10 0.11 0.18 0.19 0.19 -0.03 0.02 0.08 0.03

L2 Z2, Z3 0.18 0.14 0.14 0.17 0.21 0.21 0.00 0.06 0.11 0.05

L3 Z1, Z2 0.25 0.22 0.19 0.16 0.26 0.23 -0.01 0.05 0.10 0.03

L3 Z3 0.03 0.03 0.02 -0.02 0.07 0.05 -0.12 -0.07 -0.04 -0.07

L4 Z1, Z2 -0.04 -0.02 -0.04 -0.02 0.03 0.03 0.23 0.21 0.19 0.16

L4 Z3 -0.04 -0.02 -0.03 -0.02 0.03 0.03 -0.01 0.00 0.00 -0.01

L5 Z1, Z2 -0.05 -0.03 -0.04 -0.02 -0.02 0.00 0.09 0.08 0.07 0.06

L5 Z3 -0.02 -0.01 -0.01 -0.01 0.00 0.02 0.08 0.08 0.06 0.05

Country 0.06 0.05 0.04 0.05 0.10 0.10 0.03 0.06 0.08 0.05

NFI Elev. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

L1 Z1 0.11 0.06 -0.02 0.05 0.02 0.06 0.01 0.03 0.08 0.11

L1 Z2 0.20 0.12 0.07 0.11 0.08 0.08 0.07 0.08 0.19 0.20

L1 Z3 0.06 0.00 0.00 0.02 0.01 -0.02 0.00 0.00 0.23 0.22

L2 Z1 0.13 0.07 -0.02 0.05 0.01 0.05 -0.02 0.02 0.03 0.04

L2 Z2, Z3 0.16 0.07 0.00 0.06 0.01 0.04 0.00 0.02 0.01 0.03

L3 Z1, Z2 0.13 0.02 0.00 0.07 0.00 -0.01 0.02 0.00 0.25 0.23

L3 Z3 0.00 -0.08 -0.07 -0.03 -0.06 -0.07 -0.04 -0.05 0.03 0.03

L4 Z1, Z2 0.20 0.12 0.09 0.14 0.09 0.07 0.09 0.06 0.10 0.11

L4 Z3 0.03 -0.02 -0.03 0.01 -0.01 -0.02 0.00 -0.02 -0.03 -0.02

L5 Z1, Z2 0.07 0.05 0.04 0.05 0.03 0.04 0.04 0.03 -0.05 -0.05

L5 Z3 0.06 0.05 0.04 0.04 0.03 0.03 0.04 0.03 0.17 0.16

Country 0.10 0.04 0.01 0.05 0.02 0.02 0.02 0.02 0.07 0.08

NFI Elev. 2020 2021 2022 2023

L1 Z1 0.11 0.10 0.10 -0.04

L1 Z2 0.19 0.22 0.16 0.04

L1 Z3 0.20 0.21 0.14 0.10

L2 Z1 0.05 0.07 0.07 -0.10

L2 Z2, Z3 0.03 0.08 0.04 -0.11

L3 Z1, Z2 0.21 0.26 0.16 0.02

L3 Z3 0.04 0.06 0.01 -0.03

L4 Z1, Z2 0.13 0.16 0.13 0.00

L4 Z3 0.01 0.03 0.02 -0.06

L5 Z1, Z2 -0.03 -0.01 -0.01 -0.04

L5 Z3 0.16 0.16 0.16 0.09

Country 0.09 0.11 0.08 -0.02

CC12: net change in dead wood (changeCd,i) [t C ha
-1 

yr
-1

]

CC12: net change in dead wood (changeCd,i) [t C ha
-1 

yr
-1

]

CC12: net change in dead wood (changeCd,i) [t C ha
-1 

yr
-1

]

CC12: net change in dead wood (changeCd,i) [t C ha
-1 

yr
-1

]
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Figure 6-9 Mean carbon stock changes for three pools mineral soil (changeCs_m, 0–100 cm), litter (changeCh), 
dead wood (changeCd) and their sum (changeCall) in t C ha-1 yr-1 over the inventory period. Note the difference of 
the y-axis scales. Negative values indicate losses in carbon stock, positive values indicate gains in carbon stock. 
The error bars indicate the double standard error. 

 

6.4.2.2.2.9. Carbon stock changes in organic soil 

Drainage of forests is not a permitted practice in Switzerland (Swiss Confederation 1991). 

However, it is possible that parts of the Swiss forest were drained before 1990 or were 

established on drained areas. Abegg (2017) estimated the amount of drained organic soil by 

comparing information on drainage from NFI plots with spatial data of organic soil in 

Switzerland produced by Wüst-Galley et al. (2015): 3 % of organic soil on Forest land 

appeared to be subject to drainage.  

For the calculation of carbon stock changes in organic soil, the default emission factor of  

2.6 t C ha-1 yr-1 was applied for the land-use category productive forest (CC12; Table 6-4) 

according to the Wetlands Supplement (IPCC 2014a: Table 2.1). 
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6.4.2.3. Unproductive forest 

6.4.2.3.1. Data sources  

Unproductive forests encompass brush forest, inaccessible stands and unproductive forests 

not covered by the NFI. Currently the data to estimate carbon stocks and particularly carbon 

stock changes are limited. 

6.4.2.3.2. Carbon stocks in living biomass  

• Brush forest: Brush forests in Switzerland mainly consist of Alnus viridis, horizontal Pinus 
mugo subsp. mugo with a percentage cover of 65 % and 16 %, respectively (Düggelin 
and Abegg 2011: Table 1). Following the NFI definition, brush forests are dominated by 
more than two thirds by shrubs. In a case study, Düggelin and Abegg (2011) analysed 
the carbon stock of living biomass of woody shrub species in Swiss brush forests and 
found an average value of 20.45 t C ha-1.  

• Inaccessible stands: Inaccessible stands are considered the same as brush forest 
regarding biomass and carbon stock. Their area is determined based on land cover ”tree 
vegetation” in typically remote and high-elevation land uses such as avalanche chutes 
(NOLU04 403 and 422; Table 6-6). 

• Unproductive forests not covered by NFI: These forests are mainly associated with 
extensively pastured land where sparse tree vegetation (NOLC04 44 and 47; Table 6-6) 
is found. As those forests are assumed to grow preferably on bad site conditions, an 
average growing stock (>7 cm diameter) of 150 m3 ha-1 was assumed. Multiplied by the 
mean BCEF of 0.69 (i.e., weighted mean based on the quotient of stemwood volume and 
total tree biomass of coniferous and broadleaved trees as described in Thürig and Herold 
2013), an average biomass for these forests of 102.75 t ha-1 was estimated, which 
corresponds to 51.38 t C ha-1 (using a carbon content of 50 %; see chp. 6.4.2.1.3). 

The carbon stock of living biomass (Cl) in unproductive forest (CC13) was calculated as a 

weighted average of brush forest, inaccessible stands and unproductive forest not covered 

by NFI per spatial stratum: 

stockCl,i,CC13 = Fi * stockCl,i,CC13bi + (1- Fi) * stockCl,i,CC13u 

where: 

• Fi is the fraction of the brush and inaccessible forest per spatial stratum i;  

• stockCl,i,CC13bi is the carbon stock in brush and inaccessible forest (20.45 t C ha-1); 

• stockCl,i,CC13u is the carbon stock in unproductive forest not covered by NFI 
(51.38 t C ha-1). 

Table 6-19 shows the resulting carbon stocks in living biomass of the land-use category 

unproductive forest per spatial stratum in t C ha-1. The data was transferred to Table 6-4. 
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Table 6-19 Area of brush forest, inaccessible forest and unproductive forest not covered by NFI, their areal 
fractions (Fi: fraction of brush and inaccessible forest per stratum i) and the resulting weighted carbon stocks in 
living biomass (t C ha-1) for the land-use category unproductive forest (CC13) specified for all spatial strata 
(stockCl,i,CC13). 

 

 

6.4.2.3.3. Carbon stocks in dead wood  

Carbon stocks in dead wood, litter and mineral soil under unproductive forest reveal a high 

spatial heterogeneity, and specific data are not available. 

Dead wood on unproductive forest stands was assumed to be zero (Table 6-4).  

 

6.4.2.3.4. Carbon stocks in litter 

Carbon stocks in litter in the land-use category unproductive forest were assigned to the 

mean value of the modelled CC12 litter stocks for the inventory period 1990–2021 (see 

FOEN 2023: chp. 6.4.2.4.4). Data is given in Table 6-4.  

 

6.4.2.3.5. Carbon stocks in mineral soil 

Carbon stocks in mineral soil in the land-use category unproductive forest were taken from 

Nussbaum and Burgos (2021) (see description in chp. 6.4.2.2.2.4). Data is given in Table 

6-4.  

 

6.4.2.3.6. Carbon stocks in organic soil 

The mean soil organic carbon stock (0–30 cm) for organic soil in the land-use category 

unproductive forest is 145.6±24.1 t C ha-1 (Wüst-Galley et al. 2016) (Table 6 4). 

  

NFI region
Elevation

[m]

Brush forest 

[ha]

Inacessessible 

forest [ha]

Forest not 

covered by 

NFI [ha]

Fraction of brush 

and inaccessible 

forest (Fi)

Fraction of 

forest not 

covered by NFI 

(1-Fi)

Carbon stock 

in living 

biomass 

(stockCl,i,CC13)                

[t C ha
-1

]

<601 49 0 69 0.42 0.58 38.53

1 601-1200 44 0 4'841 0.01 0.99 51.10

>1200 6 0 4'648 0.00 1.00 51.34

<601 188 0 0 1.00 0.00 20.45

2 601-1200 94 0 93 0.50 0.50 35.83

>1200 1 0 633 0.00 1.00 51.33

<601 11 0 0 1.00 0.00 20.45

3 601-1200 172 0 1'210 0.12 0.88 47.53

>1200 3'486 5 8'482 0.29 0.71 42.36

<601 26 0 1 0.96 0.04 21.60

4 601-1200 1'058 5 589 0.64 0.36 31.48

>1200 42'795 50 18'808 0.69 0.31 29.88

<601 243 1 3 0.99 0.01 20.83

5 601-1200 2'249 0 275 0.89 0.11 23.82

>1200 17'776 7 2'568 0.87 0.13 24.35
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6.4.2.3.7. Carbon stock changes in living biomass 

For unproductive forests not covered by NFI and inaccessible stands no NFI data are 

available. For brush forests there are only few case studies and, similar to mountainous 

neighbouring countries, only incomprehensive forest inventory data available. As no 

harvesting is conducted in unproductive forests, gross growth and cut and mortality of these 

forest were assumed to be in equilibrium (Tier 1 approach). This approach is transcribed into 

“gainCl,i,13 = lossCl,i,13   0” and reported as NA in Table 6-4 and CRT Table4.A. 

 

6.4.2.3.8. Carbon stock changes in dead wood, litter and mineral soil 

Applying a Tier 1 approach, carbon stock changes in dead wood, litter, and mineral soil were 

assumed to be in equilibrium for unproductive forest. This approach is transcribed into 

“changeCd,i,13= changeCh,i,13 = changeCs,I,13   0” and reported as NA in Table 6-4 and CRT 

Table4.A. 

 

6.4.2.3.9. Carbon stock changes in organic soil 

3 % of organic soil on Forest land is assumed to be subject to drainage (see chp. 6.4.2.2.2.9; 

Abegg 2017). For the calculation of carbon stock changes in organic soil, the default 

emission factor of 2.6 t C ha-1 yr-1 was applied for the land-use category unproductive forest 

(Table 6-4) according to the Wetlands Supplement (IPCC 2014a: Table 2.1). 

 

6.4.2.4. Land-use change 

In the case of land-use change, the net carbon stock changes in biomass and soils of land-

use categories productive forest and unproductive forest were calculated as described in 

chp. 6.1.3. 

 

6.4.2.5. Non-CO2 emissions from Forest land 

6.4.2.5.1. Direct and indirect N2O emissions from N inputs to managed soils 

Fertilisation of forests is prohibited by the Federal Act on Forest and the adherent ordinance 

(Swiss Confederation 1991, 1992). The Federal Act on Forest (Art. 18) states: “The use of 

environmentally hazardous substances in the forest is prohibited” with a direct reference to 

the Federal Act on the Protection of the Environment (Swiss Confederation 1983). Details of 

the Federal Act on Forest Art. 18 had initially been regulated in the Ordinance on Forest (Art. 

27). Since 2005, the Chemical Risk Reduction Ordinance (Swiss Confederation 2005: Art. 4) 

prohibits the application of fertilisers, including liming, in forests. Hence, the application of 

fertilisers, including liming in forests was prohibited since 1991 in Switzerland. Furthermore, 

these management practices have never been common practice in Swiss forestry. There is 

thus considerable evidence to justify the assumption that this situation is valid since 1990. 

Additionally, the reporting of N2O emissions from fertiliser application in the Agriculture sector 

encompasses all fertilisers applied in Switzerland. Therefore, no emissions were reported in 

category A in CRT Table4(I) (notation key NO).  
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6.4.2.5.2. N2O and CH4 emissions from drainage of organic soil 

N2O emissions from drainage of organic soil was calculated for Forest land with an emission 

factor of 2.8 kg N2O-N ha-1 for 3 % of the area of organic soil (see chp. 6.4.2.2.2.9 and chp. 

6.4.2.3.9) and reported in category A(II)A1 in CRT Table4(II). The emission factor used is the 

default value given in the Wetlands Supplement (IPCC 2014a: Table 2.5) for temperate 

forest land. 

CH4 emissions in category 4(II)A1 Forest land remaining forest land were not estimated 

(notation key NE) as reporting is not mandatory for this category. 

 

6.4.2.5.3. Direct and indirect N2O emissions from mineral soils 

The calculations of direct and indirect N2O emissions from nitrogen mineralisation in mineral 

soil (category 4(III)A) in Forest land are described in Annex A5.4.  

 

6.4.2.5.4. CH4 and N2O emissions from biomass burning 

6.4.2.5.4.1. Controlled burning 

Emissions from controlled burning on Forest land covers the burning of harvest residues only 

since controlled burning of whole forest stands is not allowed in Switzerland.  

The amount of natural residues burnt openly was estimated by INFRAS (2014). Open 

burning of such residues is regulated in the Ordinance on Air Pollution Control OAPC (Swiss 

Confederation 1985: Art. 26b). In Switzerland cantonal authorities are responsible for the 

enforcement of the OAPC regulations. For INFRAS (2014), an inquiry of some cantonal 

authorities was performed in order to assess the activity data for these processes. 

CH4 and N2O emissions were calculated by a Tier 2b approach based on chp. 5.2. in Volume 

5 of IPCC (2006). The emissions of burning of residues in forestry were calculated by 

multiplying the annual estimate of residues burnt (in kt, see FOEN 2025b: chp. 7.3) by 

emission factors as documented in EMIS 2025/5C2: 6.8 kg t-1 for CH4 and 0.180 kg t-1 for 

N2O. 

CO2 emissions from controlled burning were noted IE in the CRT Table4(IV).A.1 and are 

encompassed in the data in CRT Table4.A since carbon losses in living biomass are 

reflected in the NFI data set.  

The emission factors of CH4 and N2O of burning of residues from forestry were calculated 

based on the EMEP/EEA guidebook (EMEP/EEA 2023, chapter 5C2), see also 

documentation in EMIS 2025/5C2_4VA1 Abfallverbrennung Land- und Forstwirtschaft 

(Waste incineration in agriculture and forestry). 

 

6.4.2.5.4.2. Wildfires 

Data on wildfires affecting Forest land were obtained from cantonal authorities and were 

compiled by the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL, 

Swissfire database, http://www.wsl.ch/swissfire). These data are updated regularly based on 

analysing data from cantonal archives (Pezzatti et al. 2019). Table 6-20 shows the time 

series of affected areas and associated CH4 and N2O emissions.  

http://www.wsl.ch/swissfire
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As controlled burning of forest stands is not allowed in Switzerland all fires in forests were 

considered wildfires. All fires were assigned to the land-use category productive forest. This 

approach reflects reality quite well, since fires in land-use category unproductive forest are 

rather unlikely to occur because the available fuel is small since tree cover is not very dense 

and there is very little dead woody material on the surface which can catch fire (Zumbrunnen 

et al. 2012). Moreover, in remote areas the cause of fire is restricted to lightning strikes.  

CO2 emissions from wildfires were noted IE in CRT Table4(IV).A and are encompassed in 

the data in CRT Table4.A. since carbon losses in living biomass are reflected in the NFI data 

set. Carbon changes in dead wood, litter and mineral soil calculated with Yasso20 also cover 

the influence of forest fires and other disturbances by using NFI data as an input (see Didion 

2023: chp. 2.4.2). 

CH4 and N2O emissions from wildfires (Table 6-20) were calculated using equation 2.27 in 

Volume 4 of IPCC (2019) with the following parameters:  

• For CH4 the default emission factor of 4.7 g kg-1 dry matter burnt and for N2O, the default 
emission factor of 0.26 g kg-1 dry matter burnt were applied (IPCC 2019, Volume 4, 
Table 2.5).  

• The mass of available fuel encompasses carbon stocks in living biomass, dead wood, 
and litter. A continuous time series of the mass of available fuel was derived from NFI 
data for living biomass (see chp. 6.4.2.2.1.2) and from Yasso20 modelled data for dead 
wood and litter (see chp. 6.4.2.2.2.2 and chp. 6.4.2.2.2.3). 

• The fraction of the biomass combusted was 0.45 (IPCC 2019, Volume 4, Table 2.6).  

CH4 and N2O emissions caused by wildfires are reported in category A1 in CRT Table4(IV), 

because it is not known which fires occur on Forest land remaining forest land and which on 

Land converted to forest land. Consequently, category 4(IV)A2 is labelled as IE. 

 

Table 6-20 Forest land affected by wildfires (WSL, Swissfire database) and resulting CH4 and N2O emissions.  

 

 

6.4.2.5.5. Precursor gas emissions (NOx, CO, NMVOC) 

CRT Table4 presents emissions of NOx, CO and NMVOC from 4(IV)A Controlled burning of 

residues from forestry and from 4(IV)A Wildfires on Forest land as described by FOEN 

(2025b: chp. 7.3). In addition, CRT Table4 includes the annual biogenic emissions of 

NMVOC from the forest stands as shown in FOEN (2025b: chp. 7.4).  

The biogenic NMVOC emissions from forest stands were calculated for the years 1900–2022 

and 2050 on the basis of monthly maps for the parameters temperature, vegetation period 

and for 12 different tree species (Meteotest 2019a and EMIS 2025/11C Wald (Forest)). The 

Forest land Unit 1990 1995 2000 2005 2010

Area burnt ha 1'067 363 58 41 42

CH4 t 614 216 34 25 25

N2O t 34 12 1.9 1.4 1.4

Forest land Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Area burnt ha 43 45 256 110 58 17 15 27 274 197

CH4 t 26 27 154 66 35 9.9 9.0 16 164 118

N2O t 1.4 1.5 8.5 3.6 1.9 0.55 0.50 0.88 9.1 6.5
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year 2023 was interpolated between 2022 and 2050. This corresponds to the simplified 

method according to chp. 11C in the EMEP/EEA guidebook (EMEP/EEA 2023).  

In 1990, NMVOC emissions from forest stands were 60.83 kt; from 1990 to 2022 these 

emissions increased on average by 0.66 % per year. The emissions from burning of residues 

in forestry and from wildfires (FOEN 2025b: chp. 7.3) are much smaller; they fluctuated 

between 0.02 and 0.7 3 kt over the same period. 

 

6.4.3. Uncertainties and time-series consistency for 4A 

6.4.3.1. Uncertainties 

Detailed results of approach 1 and approach 2 uncertainty analyses are given in Annex A2.2 

and Annex A2.3, respectively.  

 

6.4.3.1.1. Activity data 

Uncertainties of activity data of category 4A Forest land are described in chp. 6.3.1.3.1.  

 

6.4.3.1.2. Carbon stock change factors 

Uncertainties were estimated for the pools living biomass, dead wood, litter and soil. One 

source of uncertainty common to all pools is the error resulting from the estimates of 

changes in the pools between two NFIs based on shifting samples of sample plots common 

to NFI3 and five-year NFI4 subsets (see chp. 6.4.2.1.1.2), i.e. 2009–2011 (GHG inventory 

submission 2013), 2009–2012 (GHG inventory submission 2014), 2009–2013 (GHG 

inventory submissions 2015 and 2016), 2011–2015 (GHG inventory submissions 2017 and 

2018), and 2013–2017 (GHG inventory submissions 2019 and 2020). This was taken into 

account to obtain a multi-annual uncertainty estimate. 

 

Living biomass 

Sources of uncertainty (relative uncertainty, 2 SE) considered are: 

• NFI sampling between NFIs 3 and 5-year NFI4 subsets: 30.2 % 

• Carbon content in solid wood: 2 % based on 2 % relative standard deviation (RSD) in 
Monni et al. (2007) and 4-8 % RSD in Lamlom and Savidge (2003) 

• Biomass expansion function (for Forest land allometric functions for individual trees were 
applied) and conversion into mass with wood density: 21.2 % sampling uncertainty and 
22.2 % model uncertainty; based on Lehtonen and Heikkinen (2016). 

Thus, the total uncertainty of net carbon stock change in living biomass (Uliv.biom) in terms of 

carbon per unit area can be calculated following equation 3.1 in chp. “'Quantifying 

Uncertainties” (Volume 1 of IPCC 2006): 

Uliv.biom =  √30.22+22+21.22+22.22  = 43.1 %  
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6.4.3.1.4. Uncertainties in category 4(IV) Biomass burning (CH4, N2O) 

The emission factor uncertainty for category 4(IV)A is 70 %. It is derived from the uncertainty 

of the combustion factor from IPCC (2006, Volume 4, Table 2.6: mean = 0.45, 2SE = 0.32). 

The activity data uncertainty for wildfires is 30 % (see chp. 6.3.1.3.3 and Table 6-5). 

 

6.4.3.2. Time-series consistency 

Consistent time series of annual carbon stocks in living biomass were calculated forward 

starting from the growing stock in 1985 (see chp. 6.4.2.2.1.4). 

Consistent time series of annual carbon stocks in dead wood and litter were calculated with 

the model Yasso20 (see chp. 6.4.2.2.2.2 and chp. 6.4.2.2.2.3).  

 

6.4.4. Category-specific QA/QC and verification for 4A 

The general QA/QC measures are described in chp. 1.5. 

 

6.4.4.1. Living biomass – omission of trees <12 cm DBH and of non-tree understory 

vegetation 

In Forest land, trees with DBH <12 cm and non-tree understory vegetation are not 

considered (see chp. 6.4.2.1.1.3). The omission is justified because of their negligible effect 

on carbon stocks and carbon stock changes in living biomass, dead wood, litter, and soil in 

productive forests in Switzerland (justification in response to UNFCCC 2022, ID#L.4). In 

detail: 

• Trees with DBH <12 cm contribute only little to total forest biomass and carbon stock 
(Peichl and Arain 2006). Dunger et al. (2012) estimated this contribution to 1–2 % for 
forests with similar forest structure as common in Switzerland. Their contribution to 
annual litter production and hence to carbon stock changes in dead wood, litter, and soil 
is small compared to mature trees with larger diameters (He et al. 2012). 

• Carbon gains in biomass of trees with BDH <12 cm are implicitly accounted for in the 
trees above this threshold as the cumulative carbon uptake. This is a statistically valid 
and accurate approach, particularly for the gain/loss approach applied by Switzerland 
ensuring that carbon stock change factors are neither over- nor underestimated. 

• Biomass of non-tree understory vegetation presents <1 % of the above ground biomass 
carbon pool in the Swiss NFI (Didion 2020b), and thus has a negligible contribution to 
annual litter production. Consistent with the inventory guidelines (IPCC 2006, Volume 4, 
Annex 4A.1), it can therefore be excluded from the inventory. 

 

6.4.4.2. Carbon stocks in mineral soil 

The trend of a minor increase in soil carbon stocks since 1990, based on the Yasso20 

simulations (chp. 6.4.2.2.2.8 and Figure 6-9), supports the assumption that carbon stocks 

from Nussbaum and Burgos (2021) are representative of mineral soil in the land-use 

category productive forest and can be considered constant for the whole inventory period 

(chp. 6.4.2.2.2.4). 
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6.4.4.3. Carbon balance of two mountain forest ecosystems in Switzerland –  

Net ecosystem exchange and soil respiration 

Measurements of the net ecosystem exchange (NEE) and of soil respiration were conducted 

at a montane mixed forest over 5 years (Lägeren; 2005–2009; NFI production region L2), 

and at a subalpine coniferous forest over 12 years (Davos; 1997–2009; NFI production 

region L4). 

(1) Etzold et al. (2011) determined the NEE by eddy covariance (EC) measurements. EC 

measurements as well as biometric estimates indicate that both sites with two different 

mountain forest types were significant carbon sinks in the respective periods. NEE of the 

Lägeren forest ranged from -366 to -662 g C m-2 yr-1 (mean: -415 g C m-2 yr-1), and of the 

Davos forest from -47 to -274 g C m-2 yr-1 (mean: -154 g C m-2 yr-1).  

(2) Rühr and Eugster (2009) measured soil respiration rates at these two Swiss forest sites. 

Modelled changes in soil carbon storage with the dynamic soil carbon model Yasso07 gave 

comparable results with measured soil respiration. Rühr and Eugster (2009) found that soils 

at the alpine site Davos acted as a significant carbon sink. Soils at the Lägeren site were 

neither a significant carbon sink nor a significant carbon source. This domestic study 

confirms the broadly spread knowledge that it is very difficult to detect short term changes in 

soil carbon stocks, since the uncertainty of the measurement is often higher than the actual 

change of the annual estimates (e.g. Falloon and Smith 2003). 

 

6.4.4.4. Carbon stock changes in mineral soil –  

Soil organic carbon (SOC) data set of the Swiss Soil Monitoring Network  

The objective of the Swiss Soil Monitoring Network (http://www.nabo.ch; NABO) is to assess 

soil quality in the long term, such as concentrations of harmful substances, organic carbon, 

the microbiology, and its development over time (Gross et al. 2024). NABO operates about 

110 long-term monitoring sites throughout Switzerland covering all relevant land uses, such 

as cropland, grassland, and forest. Most of the monitoring sites were sampled for the first 

time between 1985 and 1989 and resampled every five years ever since (SAEFL 1993, 

2000a; Meuli et al. 2014; Gubler et al. 2015; Gross et al. 2024). 

At each site, four replicate bulked soil samples from the upper soil layer 0–20 cm are taken 

within an area of 10m*10m. Each bulked sample consists of 25 single cores taken according 

to a stratified random sampling scheme. Further details are provided by SAEFL (2000a) and 

Gubler et al. (2015). Currently, results of sampling campaigns 1 to 7 are available for the 

cultivation types forest, grassland and cropland (Gross et al. 2024).  

The spatial variation of bulk density was included in calculating the carbon stocks. Bulk 

density and soil skeleton (fragments >2 mm) were measured repeatedly for all monitoring 

sites at the occasion of sampling campaigns 4 to 7 (2000–2019), but not in the previous 

campaigns. The mass of fine earth (<2 mm; MFE) per total soil volume (Vtot, including 

skeleton and pores) was determined for four volumetric samples 0–20 cm per site and 

campaign to derive the so-called apparent density of fine earth (D = MFE / Vtot). Subsequently, 

SOC stocks (t C / ha) in 0–20 cm depth were calculated as D (g/cm3) * SOC (%) * 20 (cm). 

For each site, the site-specific apparent density was used; repeated apparent density 

measurements per site were used to account for the variability of the bulk density.  

The data presented here are based on samples collected from 1985 to 2019 at 28 forest 

sites (NABO 2021). SOC stocks for the top 20 cm of forest soils ranged from 41 to 149 t C 

http://www.nabo.ch/
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Figure 6-11 Net CO2 emissions (positive values) and removals (negative values) from categories 4B1 and 4B2. 
Category 4B1 is broken down by gains in living biomass, losses in living biomass, net carbon stock changes in 
mineral soil, and net carbon stock changes in organic soil. 

 

6.5.2. Methodological issues 

Carbon stocks in living biomass as well as carbon stocks in mineral soil were estimated with 

a Tier 3 approach. The results were integrated in category 4B by calculating area-weighted 

(using the relative surface of crops) average values per elevation zone. The differences in 

carbon stocks between two consecutive years were reported as net changes for living 

biomass and for mineral soil.  

 

6.5.2.1. Carbon stocks 

6.5.2.1.1. Carbon stocks in living biomass 

Annual carbon stocks in living biomass per elevation zone (see chp. 6.2.2.2) were calculated 

as area-weighted means of harvested biomass for the 19 most important annual crops 

(barley, broad beans ("Ackerbohnen"), fallow, fodder beet, maize (grain), oat, peas 

("Eiweisserbsen"), potatoes, rape (cooking oil), rye, sugar beet, silage and green corn, sun 

flowers (cooking oil), soybean, spelt, triticale, vegetables, wheat) and as cumulated annual 

harvested biomass for clover-grass (leys).  

Annual values 1990–2023 for harvested yields (dt ha-1) were published by the Swiss Farmers 

Union (SBV 2024 and previous editions). The same allometric equation as used for soil 

organic carbon modelling was applied to estimate total biomass including roots (Wüst-Galley 

et al. 2020). A carbon fraction of 0.45 was assumed based on Bolinder et al. (2007). 

Annual carbon stocks in living biomass were reported (Table 6-22 and in Figure 6-12 upper 

panel). Figure 6-12 also shows moving averages over five years (from year-2 to year+2; the 

previous and latest reporting years are given as four-year (year-2 to year+1) and three-year 

(year-2 to latest reporting year) moving averages, respectively).  

-2'000

-1'500

-1'000

-500

0

500

1'000

1'500

2'000
N

e
t 

e
m

is
s
io

n
s
 a

n
d

 r
e

m
o

v
a

ls
 (

k
t 
C

O
2
)

4 B 1 (CO₂) 4 B 1 Gains (CO₂) 4 B 1 Mineral soil (CO₂)

4 B 2 (CO₂) 4 B 1 Losses (CO₂) 4 B 1 Organic soil (CO₂)



National Inventory Document of Switzerland 2025 388 

6 Land use, land-use change and forestry (LULUCF) 

The resulting area-weighted (across the three elevation zones) mean carbon stock in living 

biomass for Cropland over the inventory period was 6.84 t C ha-1. 

 

Table 6-22 Area-weighted (using the relative surface of crops per elevation zone) carbon stocks (t C ha-1) and net 
carbon stock changes (t C ha-1 yr-1) in living biomass of arable crops for land-use category Cropland (CC21), 
stratified for elevation zone (Elev.: Elevation Z1 = <601 m, Z2 = 601-1200 m, Z3 = >1200 m; see chp. 6.2.2.2). 
Highlighted data for 1990 are displayed in Table 6-4. 

 

 

Living 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

biomass Elev.

Stock Z1 6.35 6.49 6.45 6.65 6.12 6.32 6.73 6.68 6.96 6.37

Stock Z2 6.34 6.47 6.46 6.62 6.15 6.32 6.71 6.68 6.98 6.46

Stock Z3 6.05 6.14 6.29 6.32 5.82 5.93 6.23 6.25 6.82 6.35

Net change Z1 0.01 0.13 -0.04 0.20 -0.53 0.19 0.41 -0.05 0.28 -0.59

Net change Z2 -0.01 0.13 -0.01 0.16 -0.47 0.17 0.39 -0.03 0.30 -0.52

Net change Z3 0.12 0.10 0.15 0.04 -0.50 0.11 0.29 0.02 0.57 -0.47

Living 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

biomass Elev.

Stock Z1 6.93 6.50 6.76 6.42 7.13 6.91 6.73 7.13 7.10 7.23

Stock Z2 6.95 6.62 6.80 6.54 7.14 6.95 6.87 7.21 7.12 7.23

Stock Z3 6.76 6.61 6.60 6.64 7.04 6.99 7.07 7.37 7.15 7.16

Net change Z1 0.57 -0.44 0.26 -0.34 0.71 -0.22 -0.18 0.40 -0.03 0.13

Net change Z2 0.50 -0.33 0.18 -0.27 0.61 -0.20 -0.08 0.34 -0.09 0.11

Net change Z3 0.41 -0.14 -0.01 0.04 0.40 -0.05 0.07 0.30 -0.22 0.01

Living 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

biomass Elev.

Stock Z1 6.87 7.65 7.26 6.53 7.83 6.67 6.58 7.41 6.61 7.24

Stock Z2 6.89 7.63 7.27 6.53 7.81 6.54 6.72 7.38 6.53 7.28

Stock Z3 6.85 7.52 7.26 6.46 7.64 6.18 6.92 7.21 6.29 7.29

Net change Z1 -0.36 0.78 -0.40 -0.72 1.29 -1.16 -0.08 0.83 -0.80 0.63

Net change Z2 -0.34 0.74 -0.36 -0.74 1.28 -1.27 0.18 0.66 -0.85 0.75

Net change Z3 -0.31 0.67 -0.26 -0.80 1.19 -1.46 0.73 0.30 -0.93 1.00

Living 2020 2021 2022 2023

biomass Elev.

Stock Z1 7.46 6.62 7.01 6.61

Stock Z2 7.47 6.74 7.00 6.70

Stock Z3 7.39 6.88 6.89 6.74

Net change Z1 0.22 -0.84 0.38 -0.40

Net change Z2 0.19 -0.74 0.26 -0.30

Net change Z3 0.10 -0.51 0.00 -0.15

CC21: carbon stock [t C ha
-1

] and net change in living biomass [t C ha
-1 

yr
-1

]

CC21: carbon stock [t C ha
-1

] and net change in living biomass [t C ha
-1 

yr
-1

]

CC21: carbon stock [t C ha
-1

] and net change in living biomass [t C ha
-1 

yr
-1

]

CC21: carbon stock [t C ha
-1

] and net change in living biomass [t C ha
-1 

yr
-1

]
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Figure 6-12 Reported carbon stocks (t C ha-1) and net carbon changes (t C ha-1 yr-1) in living biomass of 
Cropland, stratified for elevation zone, each with the moving average (upper and middle panel) and area-weighted 
means (across three elevation zones) with moving average (lower panel). Upper and lower confidence intervals 
for means in the lower panel are too small to be displayed. Elevation zone >1200 m is less important as it covers 
only 0.1 % of the total cropland area (see Table 6-7).  
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6.5.2.1.2. Carbon stocks in dead organic matter 

Carbon stocks in dead organic matter were assumed to be zero.  

 

6.5.2.1.3. Carbon stocks in soil 

6.5.2.1.3.1. Mineral soil 

Initial carbon stocks 

Initial carbon stocks in mineral soil under Cropland were calculated using a digital soil 

mapping approach, as described in Stumpf et al. (2023). In this approach, a regression 

model describing the statistical relationship between a soil property (e.g., carbon 

concentration) measured at many points and continuous variables that influence soil 

properties (e.g., climate relief or parent rock material) is estimated. This relationship is then 

applied to those continuous variables to predict that soil property for the whole surface of 

interest. 

Stumpf et al. (2023) estimated soil organic carbon stocks for individual points using the 

following equation: 

SOCstock = SOCconc x BD x (1 – CF) x D 

where SOCstock is the carbon stock (kg m-2) in the upper 30 cm of soil, SOCconc is the carbon 

concentration (%), BD is the bulk density of soil (g cm-3), CF is the proportion of coarse 

fragments in the soil and D is the thickness of the sample (here, 30 cm).  

Soil carbon concentration measurements were available for 10'258 points (of which 4'815 

were from cropland; obtained from the national soil information system database 

(NABODAT, https://www.nabodat.ch); mean sample density for cropland: 1.3 samples per 

km2). Bulk density measurements were available for 10 % of these soil samples. For the 

remaining 90 %, bulk density was estimated using a pedotransfer function, describing bulk 

density as a function of: soil carbon concentration, soil cover, climate, vegetation or land use, 

relief and parent rock material. This function was estimated using a regression forest model. 

The proportion of coarse fragments was derived from the nationwide soil suitability map 

(Bodeneignungskarte; SFSO 2000a).  

To estimate the nation-wide carbon stocks, Stumpf et al. (2023) then estimated the statistical 

relationship between the above-mentioned carbon stock point information and 668 

continuous variables related to climate, land use, relief, parent rock material, and a ‘bare soil 

map’ derived from satellite data. The statistical relationship was derived using a regression 

forest method.  

The products of this mapping are raster data sets of 30 m resolution showing soil carbon 

stocks for the upper 30 cm of soils across Switzerland, per year, for the period 1995–2020. 

An average of the estimates of carbon stocks for the years 1995 to 2000 was used to 

represent the initial soils carbon stocks for 1987 in the RothC modelling for each of the 

regions simulated (see below). No earlier SOC stock estimates are available. The mean 

initial soil organic carbon stock (0–30 cm) for Cropland soils is 59.1 t C ha-1 (standard 

deviation = 10.5 t C ha-1).  

 

https://www.nabodat.ch/
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Table 6-23 Area-weighted (using the relative surface of crops per elevation zone) carbon stocks (t C ha-1) and net 
carbon stock changes (t C ha-1 yr-1) in mineral soil (0-30 cm) for land-use category Cropland (CC21), stratified for 
elevation zone (Elev: Elevation Z1 = <601 m, Z2 = 601-1200 m, Z3 = >1200 m; see chp. 6.2.2.2). Highlighted 
data for 1990 are displayed in Table 6-4.  

 

 

Mineral 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

soil Elev.

Stock Z1 58.37 58.32 58.12 57.80 57.53 57.23 57.17 57.12 57.26 57.27

Stock Z2 59.86 59.82 59.67 59.39 59.16 58.89 58.87 58.84 58.91 58.90

Stock Z3 51.95 52.12 52.27 52.21 52.09 51.96 52.05 52.25 52.41 52.55

Net change Z1 -0.08 -0.04 -0.20 -0.33 -0.27 -0.30 -0.07 -0.05 0.14 0.01

Net change Z2 -0.18 -0.05 -0.15 -0.27 -0.24 -0.27 -0.02 -0.03 0.07 -0.01

Net change Z3 0.05 0.18 0.14 -0.06 -0.12 -0.13 0.09 0.20 0.16 0.14

Mineral 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

soil Elev.

Stock Z1 56.91 56.66 56.50 56.84 57.16 56.97 57.16 57.10 57.13 57.14

Stock Z2 58.61 58.40 58.29 58.46 58.65 58.54 58.71 58.68 58.75 58.76

Stock Z3 52.76 52.94 53.03 53.72 54.27 54.62 55.04 54.99 55.00 55.06

Net change Z1 -0.35 -0.25 -0.16 0.34 0.31 -0.19 0.19 -0.05 0.02 0.01

Net change Z2 -0.29 -0.21 -0.12 0.17 0.19 -0.11 0.18 -0.03 0.07 0.01

Net change Z3 0.21 0.18 0.09 0.69 0.54 0.35 0.42 -0.04 0.01 0.05

Mineral 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

soil Elev.

Stock Z1 57.09 57.38 57.21 57.09 57.01 57.02 56.69 56.43 56.85 57.08

Stock Z2 58.74 58.94 58.75 58.65 58.61 58.58 58.34 58.07 58.27 58.35

Stock Z3 55.13 55.17 54.94 54.77 54.67 54.54 54.48 54.08 54.50 54.87

Net change Z1 -0.05 0.29 -0.16 -0.12 -0.08 0.00 -0.33 -0.25 0.42 0.23

Net change Z2 -0.02 0.20 -0.19 -0.10 -0.04 -0.03 -0.25 -0.26 0.19 0.09

Net change Z3 0.07 0.05 -0.24 -0.17 -0.11 -0.13 -0.05 -0.40 0.42 0.37

Mineral 2020 2021 2022 2023

soil Elev.

Stock Z1 56.97 56.61 56.62 56.87

Stock Z2 58.24 57.93 58.00 58.23

Stock Z3 54.90 54.80 55.09 55.27

Net change Z1 -0.10 -0.37 0.02 0.25

Net change Z2 -0.11 -0.30 0.06 0.23

Net change Z3 0.02 -0.09 0.29 0.18

CC21: carbon stock [t C ha
-1

] and net change in mineral soil [t C ha
-1 

yr
-1

]

CC21: carbon stock [t C ha
-1

] and net change in mineral soil [t C ha
-1 

yr
-1

]

CC21: carbon stock [t C ha
-1

] and net change in mineral soil [t C ha
-1 

yr
-1

]

CC21: carbon stock [t C ha
-1

] and net change in mineral soil [t C ha
-1 

yr
-1

]
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Figure 6-13 Reported carbon stocks (t C ha-1) and net carbon changes (t C ha-1 yr-1) in Cropland mineral soil (0–
30 cm), stratified for elevation zone, each with the moving average (upper and middle panel) and area-weighted 
means (across three elevation zones) with moving average (lower panel) plus upper and lower confidence 
intervals (C.I.; see chp. 6.5.3.1.2). Elevation zone >1200 m is less important as it covers only 0.1 % of the total 
cropland area. 
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6.5.2.1.3.2. Organic soil 

The soil carbon stock in organic soil on Cropland was calculated based on Presler and Gysi 

(1989) and Leifeld et al. (2003, 2005). The estimate from Presler and Gysi (1989) is based 

on data from field measurements, whereas the approach of Leifeld et al. (2003, 2005) was 

based on (i) assumed carbon stocks in peatlands in 1885, and (ii) an annual rate of carbon 

loss from peatlands converted to cropland. For both estimates a mean soil depth of 1.16 m 

was assumed (taken from Presler and Gysi 1989), resulting in a mean carbon stock of 

240±48 t C ha-1 for the uppermost 30 cm in cultivated organic soil (uncertainty 20 %).  

 

6.5.2.2. Changes in carbon stocks 

6.5.2.2.1. Carbon stock changes in living biomass 

The difference in biomass carbon stock between two consecutive years was reported as net 

carbon stock change (gain or loss) (see Table 6-22 and Figure 6-12 middle panel). In 

addition to annual changes in carbon stocks five-year moving averages are also displayed in 

Figure 6-12. The mean area-weighted carbon stock change across all elevation zones was 

0.009 t C ha-1 yr-1 for the inventory period.  

 

6.5.2.2.2. Carbon stock changes in dead organic matter 

Applying a Tier 1 approach, carbon stock changes in dead organic matter were assumed to 

be in equilibrium for Cropland remaining cropland. 

 

6.5.2.2.3. Carbon stock changes in soil 

6.5.2.2.3.1. Mineral soil 

The difference in carbon stock between two consecutive years was reported as net carbon 

stock change (gain or loss) in Cropland mineral soil (see Table 6-23 and Figure 6-13 middle 

panel). In addition to annual changes in carbon stocks five-year moving averages were also 

displayed in Figure 6-13.  

The mean carbon stock change in the inventory period for elevation zone 1 was -0.046 t C 

ha-1 yr-1 and for elevation zone 2 -0.053 t C ha-1 yr-1 (elevation zone 3 is less important as it 

covers 0.1 % of Cropland; see Table 6-7). The mean area-weighted carbon stock change 

across all elevation zones was -0.048 t C ha-1 yr-1.  

 

6.5.2.2.3.2. Organic soil 

The annual net carbon stock change in organic soil was estimated to -9.52 t C ha-1 according 

to measurements in Europe including Switzerland as compiled by Leifeld et al. (2003, 2005) 

and verified by ART (2009b) and Paul and Alewell (2018).  

 

6.5.2.2.4. Land-use change 

In the case of land-use change, the net carbon stock changes in biomass and soils were 

calculated as described in chp. 6.1.3.  



National Inventory Document of Switzerland 2025 396 

6 Land use, land-use change and forestry (LULUCF) 

6.5.2.3. Non-CO2 emissions from Cropland 

6.5.2.3.1. N2O and CH4 emissions from drainage of organic soil 

N2O emissions from drainage of organic soil on Cropland (including category 4(II)B2 Land 

converted to cropland (notation key IE)) were reported in the Agriculture sector (category 

3D1f Cultivation of organic soils; see chp. 5.5.1).  

CH4 emissions in category 4(II)B1 Cropland remaining cropland in CRT Table4(II) were not 

estimated (notation key NE) as reporting is not mandatory for this category.  

 

6.5.2.3.2. Direct and indirect N2O emissions from mineral soils 

The calculations of direct and indirect N2O emissions from nitrogen mineralisation in mineral 

soil are described in Annex A5.4.  

Direct and indirect N2O emissions from Cropland remaining cropland were included in the 

Agriculture sector in category 3D1e Mineralisation (see chp. 5.5.1), whereas those from 

Lands converted to cropland (category 4(III)B2) were reported under LULUCF.  

 

6.5.2.3.3. CH4 and N2O emissions from biomass burning 

CH4 emissions and N2O emissions from biomass burning in Cropland (category 4(IV)B) were 

not occurring (notation key NO). 

 

6.5.3. Uncertainties and time-series consistency for 4B 

6.5.3.1. Uncertainties 

Detailed results of approach 1 and approach 2 uncertainty analyses are given in Annex A2.2 

and Annex A2.3, respectively.  

 

6.5.3.1.1. Activity data 

Uncertainties of activity data of category 4B Cropland are described in chp. 6.3.1.3.1.  

 

6.5.3.1.2. Overall uncertainties of carbon stock changes and emission factors 

For calculating the overall uncertainty of category 4B, all emissions and removals from living 

biomass, dead organic matter, mineral soil and organic soil were considered. The 

uncertainties of carbon stock change factors and emission factors were calculated for 1990 

and the latest reporting year (see overview in Table 6-5).  

 

Living biomass  

The relative uncertainty in yield determination was estimated as 13 % for biomass carbon 

from agricultural land (Leifeld and Fuhrer 2005).  
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6.5.6. Category-specific planned improvements for 4B 

6.5.6.1. Living biomass 

Price et al. (2017) created a nationwide model for above ground tree biomass in Switzerland 

(both inside and outside of forest), using structural information available from airborne laser 

scanning. The model offers significant opportunity for improved estimates of carbon stocks in 

living biomass on land-use categories where tree biomass has either not been included or 

only roughly estimated until now. The tree biomass model of Price et al. (2017) was 

calibrated and evaluated based on reference plots from the NFI. The model showed 

promising results at the Tier 3 level. However, further improvement could be achieved if 

additionally specific reference data from non-Forest land would be available. In a pioneering 

study, 62 felled urban reference trees with actual above ground tree biomass as well as 

many detailed predictor variables were surveyed (Mathys et al. 2019; Kükenbrink et al. 

2021). To account for the detected differences in tree geometry and associated biomass 

pattern a nationwide non-Forest land field survey of above ground tree biomass at the plot 

level was initiated by FOEN (aiming for 1’500 reference plots within the project duration 

2018–2024). The overall objective is to calculate a wall-to-wall above ground tree biomass 

database and map for Switzerland, using the LiDAR survey 2017–2023 of the Federal Office 

of Topography (completed in 2024, see current availability of LiDAR data: 

https://s.geo.admin.ch/82a044701f). The field work has now been completed, and the 

biomass model is being calibrated with the final set of LiDAR data. The first set of nationwide 

data is expected in summer 2025. The continuation of the LiDAR survey (see 

https://www.swisstopo.admin.ch/en/lidar-data-swisstopo) will allow the data to be tested for 

its suitability to derive carbon stock changes of tree biomass in non-Forest land.  

 

6.5.6.2. Mineral soil 

Activities at the Competence Center for Soils (CCSoils) address the shortcomings of the lack 

of comprehensive, nationwide soil information in Switzerland. The results of a digital soil 

mapping project (Stumpf et al. 2023, 2023a, 2024) are used since GHG inventory 

submission 2024 (FOEN 2024). It can be viewed as a first step towards a switch to grid-

based SOC modelling with RothC for Cropland. Further steps are planned for the following 

years. 

Additionally, the predicted soil carbon stocks from 1995–2000 are currently used to derive 

the initial soil carbon stocks, as these are the earliest years for which data are available (chp. 

6.5.2.1.3.1). The initial soil carbon stock estimate might be improved however by using 

predicted soil carbon stocks from an earlier period, e.g. 1990–1995, if these would become 

available. 

 

https://s.geo.admin.ch/82a044701f
https://www.swisstopo.admin.ch/en/lidar-data-swisstopo
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Figure 6-15 Net CO2 emissions (positive values) and removals (negative values) from categories 4C1 and 4C2. 
Category 4C1 is broken down by gains in living biomass, losses in living biomass, net carbon stock changes in 
mineral soil, and net carbon stock changes in organic soil. 

 

6.6.2. Methodological issues  

For permanent grassland (CC31), carbon stocks in living biomass as well as carbon stocks in 

mineral soil were estimated with a Tier 3 approach. The results were integrated in category 

4C by calculating area-weighted (using the relative surface of the six grassland types) 

average values per elevation zone. The differences in carbon stocks between two 

consecutive years were reported as net changes for living biomass and for mineral soil. For 

the remaining Grassland land-use categories CC32–CC37, constant carbon stocks in living 

biomass and in mineral soil were assumed (i.e. no carbon stock changes occur if the land 

use does not change; changes of Grassland land-use categories among themselves do 

contribute to net emissions and removals in category 4C1) (see Table 6-3 and Table 6-4). 

 

6.6.2.1. Carbon stocks 

6.6.2.1.1. Carbon stocks in living biomass 

6.6.2.1.1.1. Permanent grassland (CC31) 

Permanent grasslands range in elevation from <300 m to 3000 m above sea level. Because 

both biomass productivity and soil carbon dynamics rely on the prevailing climatic and 

pedogenic conditions, grassland stocks were calculated separately for three elevation zones 

(see chp. 6.2.2.2).  

Standing biomass for permanent grasslands (t C ha-1) was calculated as the annual 

cumulative yield of six differentially managed grasslands for three elevation zones. Total 

harvested biomass for the years 1990–2023 was adopted from annual statistics of the Swiss 

Farmers Union (SBV 2023 and previous editions) and allocated to the below listed different 
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6.6.2.3.2. Direct and indirect N2O emissions from mineral soils 

The calculations of direct and indirect N2O emissions from nitrogen mineralisation in mineral 

soil are described in Annex A5.4.  

Direct and indirect N2O emissions from Grasslands remaining grasslands (category 4(III)C1) 

were included in the Agriculture sector in category 3D1e Mineralisation (see chp. 5.5.1) 

(notation key IE), whereas those from Lands converted to grasslands (category 4(III)C2) 

were reported under LULUCF. 

 

6.6.2.3.3. CH4 and N2O emissions from biomass burning  

Data on wildfires affecting Grassland are obtained from cantonal authorities and were 

compiled by the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL, 

Swissfire database, http://www.wsl.ch/swissfire; Pezzatti et al. 2019). Table 6-27 shows 

selected data from the time series 1990 to 2023 of affected areas and associated emissions. 

The Swissfire database differentiates between 'grassland' and 'unproductive land'. As 

'unproductive land' can partially cover the Grassland land-use categories CC32, CC34, CC36 

and CC37 the sum of both categories was reported. Controlled burning is not a common 

practice in Switzerland. Therefore, all fires were assigned to wildfires, and controlled burning 

was reported as not occurring (NO).  

The CH4 and N2O emissions were calculated using equation 2.27 in Volume 4 of IPCC 

(2019) with the following parameters: 

• The mass of available fuel encompasses the carbon stock of living biomass (litter and 
dead wood carbon stocks were assumed to be zero for Grassland). On average, the 
amount of living biomass amounted to 16.44 t biomass ha-1 (7.4 t C ha-1). This value was 
derived from the carbon stocks (average 1990–2020) of all Grassland land-use 
categories (CC31–CC37) as an area-weighted mean using the geographical extensions 
in 1990 (using raw data from FOEN 2023). A carbon fraction of 0.45 was applied.  

• The fraction of the biomass combusted was assumed to be 0.74 (IPCC 2019, Volume 4, 
Table 2.6, Savanna grasslands).  

• For CH4 the default emission factor of 2.3 g (kg combusted dry biomass)-1 and for N2O, 
the default emission factor of 0.21 g (kg combusted dry biomass)-1 was applied (IPCC 
2019, Volume 4, Table 2.5, Savanna and Grassland).  

The resulting annual CH4 and N2O emissions on burnt areas in category 4C Grassland are 

shown in Table 6-27 and are reported in CRT Table4(IV). 

 

Table 6-27 Grassland affected by wildfires (WSL, Swissfire database) and resulting CH4 and N2O emissions. 

 

  

Grassland Unit 1990 1995 2000 2005 2010

Area burnt ha 637 82 22 20 1.3

CH4 t 18 2.3 0.61 0.55 0.037

N2O t 1.6 0.21 0.056 0.051 0.0034

Grassland Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Area burnt ha 2.6 14 213 38 32 16 31 9.9 63 9.1

CH4 t 0.072 0.39 6.0 1.1 0.88 0.46 0.85 0.28 1.8 0.25

N2O t 0.0066 0.036 0.54 0.098 0.081 0.042 0.078 0.025 0.16 0.023

http://www.wsl.ch/swissfire
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6.6.2.3.4. Precursor gas emissions (NOx, CO, NMVOC) 

CRT Table4 presents annual emissions of NOx, CO and NMVOC from 4(IV)C Wildfires on 

Grassland as described by FOEN (2025b: chp. 7.3). In addition, CRT Table4 includes an 

estimate for the biogenic emissions of NMVOC on unproductive grassland that is not 

included in the Agriculture sector. Based on SAEFL (1996a), a value of 0.51 kt yr-1 was used 

over the entire time series (FOEN 2025b: chp. 7.4).  

 

6.6.3. Uncertainties and time-series consistency for 4C 

6.6.3.1. Uncertainties 

Detailed results of approach 1 and approach 2 uncertainty analyses are given in Annex A2.2 

and Annex A2.3, respectively.  

 

6.6.3.1.1. Activity data 

Uncertainties of activity data of category 4C Grassland are described in chp. 6.3.1.3.1.  

 

6.6.3.1.2. Overall uncertainties of carbon stock changes and emission factors 

For calculating the overall uncertainty of category 4C, the relevant emissions and removals 

from living biomass, dead organic matter, mineral soil and organic soil were considered. The 

uncertainties of carbon stock change factors and emission factors were calculated for 1990 

and the latest reporting year (see overview in Table 6-5).  

 

Living biomass  

The relative uncertainty in yield determination was estimated as 13 % for biomass carbon 

from both Cropland and Grassland (Leifeld and Fuhrer 2005). Data on biomass yields for 

different elevations and management intensities were derived from many agricultural field 

experiments and have a high reliability (SBV 2023; Richner and Sinaj 2017).  

 

Dead organic matter 

Emissions from the dead organic matter pool occur only by land-use changes from Forest 

land to Grassland as the carbon stock of dead organic matter is assumed to be zero in the 

non-forest land-use categories. Thus, the uncertainty of these emissions corresponds to the 

uncertainty of carbon stocks in litter and dead wood on Forest land. Based on the results of 

the NFI4 and the Yasso20 model presented by Didion (2023), a relative uncertainty of 0.5 % 

was calculated for the total carbon stock in litter and dead wood (Meteotest 2025). 

 

Mineral soil 

The absolute uncertainty of 0.249 t C ha-1 yr-1 was used for annual carbon stock changes in 

categories 4C1 and 4C2. This value was calculated by a Monte Carlo analysis (Wüst-Galley 

et al. 2020), see chp. 6.5.3.1.2. By comparison, the range of annual SOC changes identified 
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6.6.6.2. Mineral soil 

The information in chp. 6.5.6.2 on the switch to grid-based SOC modelling with RothC and 

on the potential for improvement using predicted soil carbon stocks from an earlier period 

also applies to permanent grassland mineral soil. The progress of digital soil modelling at 

CCSoils will continue to be used to improve estimates soil carbon stocks in the remaining 

Grassland land-use categories. 

 

6.7. Category 4D – Wetlands  

6.7.1. Description 

 

Table 6-28 Key categories in category 4D Wetlands. Combined KCA results, level for 2023 and trend for 1990–
2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2). 

 

 

Wetlands were subdivided into surface water (CC41) and unproductive wetland such as 

shore vegetation, fens or (raised) bogs (CC42) (see Table 6-2 and Table 6-6). 

Figure 6-19 shows the time series of net CO2 emissions and net CO2 removals from 

categories 4D1 Wetlands remaining wetlands and 4D2 Land converted to wetlands. 

Emissions from organic soil largely dominate category 4D1 alone. Net emissions from 

category 4D2 remained at almost double the early 1990s level for many years and appear to 

be decreasing slightly towards the end (with carbon losses in living biomass and in mineral 

soil from Forest land converted to other wetlands as both most important and driving 

process). Total net emissions from category 4D Wetlands range between 131 and 169 kt 

CO2 (in 1991 and in 2012, respectively; not shown). 

 

 

Figure 6-19 Net CO2 emissions (positive values) and removals (negative values) from categories 4D1 and 4D2. 
Category 4D1 is broken down by gains in living biomass, losses in living biomass, net carbon stock changes in 
mineral soil, and net carbon stock changes in organic soil. Gains and losses in living biomass are too small to be 
distinguished from the zero line. 

Code IPCC category Gas
Identification 

criteria

4.D.1 Wetlands remaining wetlands CO2 L2
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6.7.2. Methodological issues  

6.7.2.1. Carbon stocks 

6.7.2.1.1. Carbon stocks in living biomass 

6.7.2.1.1.1. Surface waters (CC41) 

Surface waters have no carbon stocks in living biomass by definition. 

 

6.7.2.1.1.2. Unproductive wetland (CC42) 

Land-use category CC42 consists of (very) extensively managed grassland, bushes or tree 

groups. The carbon stock of living biomass was estimated as 6.5 t C ha-1 (Mathys and Thürig 

2010: Table 7).  

 

6.7.2.1.2. Carbon stocks in dead organic matter 

Carbon stocks in dead organic matter were assumed to be zero. 

 

6.7.2.1.3. Carbon stocks in soil 

6.7.2.1.3.1. Surface waters (CC41) 

The mineral soil carbon stock for surface waters (CC41) is zero.  

For CC41 situated in areas with organic soil (chp. 6.2.2.1 and Table 6-7), a soil carbon stock 

of 240 t C ha-1 (0–30 cm) was assumed (see chp. 6.5.2.1.3.2). These surface waters were 

assumed to be shallow ponds as integrated parts of fens or bogs. 

 

6.7.2.1.3.2. Unproductive wetland (CC42) 

Land cover in CC42 includes (raised) bogs and fens protected by Federal Legislation (Swiss 

Confederation 1991a, 1994) as well as reed. Nearly 25 % of the unproductive wetland are 

located on organic soil (see Table 6-7). In this case the soil carbon stock is 240 t C ha-1  

(0–30 cm) (see chp. 6.5.2.1.3.2).  

The carbon stock of CC42 on mineral soil was retrieved from the digital soil maps provided 

by Stumpf et al. (2023) (see chp. 6.5.2.1.3.1). A subset of the maps represents the soil 

carbon stocks at 0–30 cm depth in the period 1995–2020. Based on a spatial overlay with 

the land-use categories (status of AREA4), a mean carbon stock was calculated (Meteotest 

2025): 56.9 t C ha-1. 

 

6.7.2.2. Changes in carbon stocks 

6.7.2.2.1. Carbon stock changes in living biomass, dead organic matter, and 

mineral soil  

Applying a Tier 1 approach, carbon stock changes in living biomass, dead organic matter, 

and mineral soil were assumed to be in equilibrium for Wetlands remaining wetlands.  
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6.8.2. Methodological issues  

6.8.2.1. Carbon stocks 

6.8.2.1.1. Carbon stocks in living biomass 

6.8.2.1.1.1. Buildings and constructions (CC51) 

By default, buildings and constructions have no carbon stocks. 

 

6.8.2.1.1.2. Herbaceous biomass, shrubs and trees in settlements (CC52, CC53, 

CC54) 

Carbon stocks in living biomass are: 9.54 t C ha-1 for CC52, 15.43 t C ha-1 for CC53, and 

20.72 t C ha-1 for CC54 (Mathys and Thürig 2010: Table 7).  

 

6.8.2.1.2. Carbon stocks in dead organic matter 

Carbon stocks in dead organic matter were assumed to be zero. 

 

6.8.2.1.3. Carbon stocks in soil 

6.8.2.1.3.1. Buildings and constructions (CC51) 

The carbon stocks in mineral and in organic soil for CC51 were assumed to be zero.  

 

6.8.2.1.3.2. Herbaceous biomass, shrubs and trees in settlements (CC52, CC53, 

CC54) 

The carbon stocks in mineral soil for the land-use categories CC52, CC53, and CC54 were 

retrieved from the digital soil maps provided by Stumpf et al. (2023) (see chp. 6.5.2.1.3.1). A 

subset of the maps represents the soil carbon stocks at 0–30 cm depth in the period 1995–

2020. Based on a spatial overlay with the land-use categories (status of AREA4), mean 

carbon stocks were calculated (Meteotest 2025):  

• CC52: 57.2 t C ha-1  

• CC53: 52.0 t C ha-1  

• CC54: 56.5 t C ha-1  

For organic soil, a carbon stock of 240 t C ha-1 (0–30 cm) was assumed for CC52, CC53, 

and CC54 (see chp. 6.5.2.1.3.2).  

 

6.8.2.2. Changes in carbon stocks 

6.8.2.2.1. Carbon stock changes in living biomass, dead organic matter, and 

mineral soil  

Applying a Tier 1 approach, carbon stock changes in living biomass, dead organic matter, 

and mineral soil were assumed to be in equilibrium for Settlements remaining settlements.  
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6.8.2.2.2. Carbon stock changes in organic soil 

On organic soil, the following carbon stock change factors were applied:  

• As CC51 has no carbon stock, carbon stock changes in organic soil were assumed to be 
zero (labelled as NA in Table 6-4). 

• 9.52 t C ha-1 yr-1 for CC52. This corresponds to the value used for Cropland because 
CC52 areas are managed (gardens, parks) (Leifeld et al. 2003, 2005 and verified by ART 
2009b and Paul and Alewell 2018). 

• 5.30 t C ha-1 yr-1 for CC53 and CC54. This corresponds to the value used for extensively 
managed grasslands (ART 2011b; Paul and Alewell 2018).  

 

6.8.2.2.3. Land-use change 

In case of land-use changes from non-CC51 to CC51 on mineral or on organic soil a loss of 

20 % of the initial carbon stock was reported following IPCC 2006 (Volume 4, chp. 8.3.3.2). 

The reason for this is that 20 % of the soil organic matter is assumed to be lost as a result of 

disturbance, removal or relocation on these areas being sealed. This assumption is 

supported by paragraph 7 of the federal "Ordinance against deterioration of soils" (Swiss 

Confederation 1998) stating that the soil material excavated on a construction site must be 

treated in such a way that it can be used as a soil again. When the material is re-used (e.g. 

for re-cultivations) the fertility of the soil must not be affected. This regulation ensures that a 

large part of the soil organic matter is preserved on land converted to CC51.  

Thus, equation 6.8 presented in chp. 6.1.3.2 was adjusted as follows if a=CC51: 

 deltaCs,rc,b51 = [ 0.2 * (0 – stockCs,i,b ) / CT ] * Arc  

where: 

stockCs,i,b   carbon stock in soil (t C ha-1) 

b   land-use category before conversion (CC = b ≠ 51) 

b51   land use conversion from b to CC51 

i   spatial stratum 

Arc   area of a raster cell (equals to one hectare) 

CT   conversion time (20 years; see Table 6-3). 

 

In case of land-use changes from land-use category CC51 to non-CC51 land-use categories, 

the regular stock-difference approach and gain-loss approach, respectively, according to 

chp. 6.1.3.2 and Table 6-3 were applied.  

In the case of land-use change from or to land-use categories CC52, CC53, and CC54, the 

net carbon stock changes in biomass and soils of CC52, CC53, and CC54 were calculated 

as described in chp. 6.1.3.2. 
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6.8.2.3. Non-CO2 emissions from Settlements 

6.8.2.3.1. Direct and indirect N2O emissions from N inputs to managed soils 

Direct and indirect N2O emissions from N inputs to managed soils in Settlements (category 

4(I)E) were included in the Agriculture sector (categories 3D1a Inorganic N fertilisers and 

3D1g Other, see chp. 5.5.1) (notation key IE). 

 

6.8.2.3.2. Direct and indirect N2O emissions from mineral soils 

The calculations of direct and indirect N2O emissions from nitrogen mineralisation in mineral 

soil (category 4(III)E) in Settlements are described in Annex A5.4. 

 

6.8.2.3.3. CH4 and N2O emissions from biomass burning 

CH4 emissions and N2O emissions from biomass burning in Settlements (category 4(IV)E) 

were not occurring (notation key NO). 

 

6.8.3. Uncertainties and time-series consistency for 4E 

6.8.3.1. Uncertainties 

Uncertainties of activity data of category 4E Settlements are described in chp. 6.3.1.3.1. 

Based on expert judgement, a value of 50 % was chosen for the carbon stock change factor 

uncertainty in category 4E (Table 6-5).  

Detailed results of approach 1 and approach 2 uncertainty analyses are given in Annex A2.2 

and Annex A2.3, respectively.  

 

6.8.3.2. Time-series consistency 

Time series for category 4E Settlements are all considered consistent; they were calculated 

based on consistent methods and homogenous databases. 

 

6.8.4. Category-specific QA/QC and verification for 4E 

The general QA/QC measures are described in chp. 1.5. No category-specific QA/QC 

activities were undertaken. 

 

6.8.5. Category-specific recalculations for 4E 

The following recalculations were implemented:  

• 4E, activity data (areas): Data 1990–2022 were updated (see chp. 6.3.1.5). The inclusion 
of most recent data from the AREA5 survey, updates of the AREA1-4 surveys and the 
new geo-referenced approach for interpolating and extrapolating yearly land-use data led 
to small recalculations (slightly larger for land-use category CC51 in the last years of the 
inventory period; Table 6-11). 
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Another phenomenon strongly linked to climate change, namely the shift of vegetation zones 

in mountainous regions (as especially expressed in category 4C2e Other land converted to 

stony grassland (CC36), see Table 6-9), however, has a higher rate of land-use change. As 

a consequence, the total area of Other land has decreased by 4 % over the inventory period 

(Table 6-8). 

In category 4F1 Other land remaining other land, only areas are reported. Figure 6-21 shows 

the time series of CO2 emissions from category 4F2 Land converted to other land. They 

fluctuated over the inventory period with a slight upward trend in a range between 69 kt CO2 

(1991) and 102 kt CO2 (2018). Forest land converted to other land and Grassland converted 

to other land together are the most important land-use changes. 

 

 

Figure 6-21 CO2 emissions from category 4F2 Land converted to other land, broken down by gains in living 
biomass, losses in living biomass, net carbon stock changes in dead organic matter (DOM), net carbon stock 
changes in mineral soil, and net carbon stock changes in organic soil. Gains in living biomass are not occurring 
and changes in organic soil are too small to be distinguished from the zero line. 

 

6.9.2. Methodological issues  

By definition, Other land has no carbon stocks. Coherently, carbon stock changes in living 

biomass, dead organic matter, mineral and organic soil were assumed to be zero for Other 

land remaining other land (see Table 6-4).  

In the case of land converted to other land, the net carbon changes in biomass and soils 

were calculated as described in chp. 6.1.3. 

The calculations of direct and indirect N2O emissions from nitrogen mineralisation in mineral 

soil (category 4(III)F) in Other land are described in Annex A5.4. 

 

6.9.3. Uncertainties and time-series consistency for 4F 

6.9.3.1. Uncertainties 

Uncertainties of activity data of category 4F Other Land are described in chp. 6.3.1.3.1. 
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6.10. Category 4G – Harvested wood products 

6.10.1. Description 

 

Table 6-31 Key categories in category 4G Harvested wood products. Combined KCA results, level for 2023 and 
trend for 1990–2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2). 

 

 

Estimates of net emissions and removals from Harvested wood products (HWP) due to 

losses and gains of carbon, respectively, were reported. Gains refer to annual carbon inflow 

to the HWP pool, whereas losses refer to annual carbon outflow from the HWP pool.  

The approach to calculate carbon stock changes in HWP corresponds to a production 

approach as described in chp. 12, Volume 4 of IPCC (2019). Changes in carbon stocks in 

Swiss forests are presented in chp. 6.4. The estimate covers all wood products originating 

from trees harvested in Switzerland (sawnwood, wood panels, and paper and paperboard) 

that are processed in Switzerland and that are used for material (i.e. not for energetic) 

purposes.  

The HWP pool includes products made from domestic harvest that were exported and are in 

use in other countries. Imported HWP are not included in the HWP pool.  

To calculate carbon stock changes in HWP, product categories and half-lives were used 

following the methodologies described in IPCC (2014) and IPCC (2019). Further details and 

result evaluations are presented in FOEN (2025e). The resulting CO2 emissions and 

removals per product category are listed in Table 6-32 and shown in Figure 6-22. 

 

Table 6-32 CO2 emissions and removals from Harvested wood products derived from sawnwood (changeCHWP-

sawnwood), panels (changeCHWP-panels), and paper and paperboard (changeCHWP-paper and paperboard) in kt CO2 (positive 
values refer to emissions, negative values refer to removals). 

 
 

Fluctuations in the HWP pool are mainly caused by changes in the production of sawnwood 

and wood panels. The share of paper and paperboard is relatively small (see Table 6-32). 

Because of the strong reduction in the production of sawnwood since 2011, HWP became a 

net CO2 source in 2013 and 2016, and the relative contribution of panels and paper and 

paperboard to the HWP pool considerably increased (see Figure 6-22). In 2019, the 

production of wood panels decreased by almost 25 % and, as a consequence, HWP became 

a net CO2 source in 2019 and, again, in 2023.  

Code IPCC category Gas
Identification 

criteria

4.G Harvested wood products CO2 T1, T2

Unit 1990 1995 2000 2005 2010

HWP kt CO2 -1'149 -436 -705 -620 -347

changeCHWP-sawnwood kt CO2 -648 -224 -351 -237 -85

changeCHWP-panels kt CO2 -456 -221 -380 -374 -286

changeCHWP-paper and paperboard kt CO2 -45 8.4 25 -8.5 24

Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

HWP kt CO2 -59 -37 1.5 -18 -80.3 51 -22 -145 -46 42

changeCHWP-sawnwood kt CO2 68 65 69 65 19 20 -10 -67 -67 -29

changeCHWP-panels kt CO2 -123 -117 -87 -96 -114 19 -41 -98 -32 26

changeCHWP-paper and paperboard kt CO2 -4 16.0 20 12 14 12 29 20 53 45
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6 Land use, land-use change and forestry (LULUCF) 

 

Figure 6-22 Net CO2 emissions (positive values) and removals (negative values) from category 4G broken down 
by 4G1a Sawnwood, 4G1b Wood panels, and 4G2 Paper and paperboard. 

 

6.10.2. Methodological issues  

6.10.2.1. Choice of methods 

Switzerland decided to continue the HWP reporting according to the production approach 

(see chp. 6.3.3) that had been used under the Kyoto Protocol, including minor modifications. 

For the estimation of carbon stocks and carbon stock changes, the equations described in 

IPCC (2014: chp. 2.8) were used. A Tier 2 approach, first order decay, was applied for the 

product categories sawnwood, wood panels, and paper and paperboard according to 

equation 2.8.5 in IPCC (2014). 

• The starting year used to estimate the delayed emissions from the existing pools is 1900. 

• Emissions from wood harvested for energy purposes were accounted for on the basis of 
instantaneous oxidation (FOEN 2025e).  

• HWP going to solid waste disposals were not included in the HWP pool for LULUCF, i.e. 
instantaneous oxidation is assumed. Information on wood in solid waste disposals is 
given in the waste sector, see chp. 7.2.2. 

• Imported HWP were not included in the HWP pool.  

• Exported HWP were included in the HWP pool.  

• The share of industrial roundwood (fIRW) used for calculating the domestic production of 
HWP originating from domestic forests was derived according to equation 2.8.1 in IPCC 
(2014). fIRW was applied in the period 1961–2016 for sawnwood and in the period 1961–
2020 for panels. After these periods, national surveys of the production including the 
domestic shares were available (FOEN 2025e).  

• For estimating the domestic HWP contribution of paper and paperboard, the feedstock 
factors fIRW and fPULP (see equation 2.8.2 in IPCC 2014) were applied according to 
equation 2.8.4 in IPCC (2014). fIRW and fPULP were applied in the period 1961–2020. For 
2021–2023, national surveys of the production including the domestic shares were 
available (FOEN 2025e). 
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7 Waste 

Emissions from the usage of landfill gas in combined heat and power units are reported in 

sector 1 Energy in source category 1A1a Public electricity and heat production (see Figure 

3-18). 

 

Table 7-3 Specification of source category 5A Solid waste disposal in Switzerland.  

 

 

7.2.2. Methodological issues 

Methodology (5A) 

Emissions are calculated by a Tier 2 method based on the decision tree in the IPCC 

Guidelines (IPCC 2006, vol. 5, chp. 3, Fig. 3.1, no refinement in 2019). The spreadsheet for 

the First Order Decay (FOD) model provided by IPCC (2006) has been applied and 

parametrised for Swiss conditions (FOEN 2024c). 

The values for the parameter degradable organic carbon are provided for each waste fraction 

(Table 7-4). For all waste types the IPCC (2006) default values are used, except for industrial 

waste. For industrial waste the default value for wood and straw is used, as most of the 

industrial waste deposited in Switzerland is assumed to be wood waste. 

 

Table 7-4 Degradable organic carbon values for fractions of different waste compositions (weight fraction, wet 
basis). 

 

 

The methane generation rate [1/yr] is chosen according to wet temperate conditions (Table 

7-5). For all waste types the IPCC (2006) default values are used, except for industrial waste. 

For industrial waste the default value for wood and straw is used, again based on the fact 

that most of it is assumed to be wood waste. 

5A Source category Specification

5A1 Managed waste disposal 

sites

Emissions from managed solid waste landfill sites.

5A2 Unmanaged waste disposal 

sites

Officially no unmanaged waste disposal sites exist (included in 

5A1)

5A3 Uncategorized waste 

disposal sites

Not ocurring in Switzerland

Waste composition 

(weight fraction, wet basis) Range Default Value Reference and remarks

Food waste 0.08 - 0.20 0.15 0.15 IPCC default value

Garden 0.18 - 0.22 0.2 0.2 IPCC default value

Paper 0.36 - 0.45 0.4 0.4 IPCC default value

Wood and straw 0.39 - 0.46 0.43 0.43 IPCC default value

Textiles 0.20 - 0.40 0.24 0.24 IPCC default value

Disposable nappies 0.18 - 0.32 0.24 NO Not relevant / no activity data

Sewage sludge 0.04 - 0.05 0.05 0.05 IPCC default value

Industrial waste 0.00 - 0.54 0.15 0.43 Same as wood and straw

IPCC default value Values used in Switzerland
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7 Waste 

Table 7-5 Methane generation rate [1/yr] according to waste by composition for wet temperature conditions. 

 

 

The general parameters are set as follows: 

• DOCf (fraction of degradable organic carbon dissimilated) = 0.5 (IPCC (2006) and IPCC 
(2019) default value) 

• Delay time (months) = 6 (IPCC (2006) and IPCC (2019) default value) 

• Fraction of methane (F) in developed landfill gas = 0.5 (IPCC (2006) and IPCC (2019) 
default value) 

• Conversion factor, C to CH4 = 1.33 (IPCC (2006) and IPCC (2019) default value) 

• Oxidation factor (OX) = 0.1 

 

The oxidation factor has been set to 0.1 according to the 2006 IPCC Guidelines (IPCC 2006, 

vol. 5, chp. 3, no refinement in 2019), since it is standard practice in Switzerland to cover the 

landfills, e. g. with soil. 

For the methane correction factors (MCF) for the different solid waste disposal site types 

IPCC default values are used. Between 1990 and 2015 (the IPCC spreadsheet has to be 

parametrised from 1950 to 2030/2050) waste distribution to the following three solid waste 

disposal site types has taken place (for both municipal solid waste and industrial waste): 

• Methane correction factor for unmanaged, shallow solid waste disposal sites (SWDS) = 
0.4 (IPCC (2006) and IPCC (2019) default value) 

• Methane correction factor for unmanaged, deep solid waste disposal sites = 0.8 (IPCC 
(2006) and IPCC (2019) default value) 

• Methane correction factor for managed solid waste disposal sites = 1 (IPCC (2006) and 
IPCC (2019) default value) 

• The other methane correction factors (managed well – semi-aerobic, managed poorly - 
semi-aerobic, managed well – active-aeration, managed poorly – active-aeration and 
uncategorised) are not relevant because such solid waste disposal sites are not occurring 
in Switzerland, i. e. no waste has been distributed to such sites. 

 

As shown in Table 7-6, the composition of municipal solid waste deposited has changed 

during the last 60 years. 

 

Waste composition 

(weight fraction, wet basis) Range Default Value Reference and remarks

Food waste 0.10 - 0.20 0.185 0.185 IPCC default value

Garden 0.06 - 0.10 0.1 0.1 IPCC default value

Paper 0.05 - 0.07 0.06 0.06 IPCC default value

Wood and straw 0.02 - 0.04 0.03 0.03 IPCC default value

Textiles 0.05 - 0.07 0.06 0.06 IPCC default value

Disposable nappies 0.06 - 0.10 0.1 NO Not relevant / no activity data

Sewage sludge 0.10 - 0.20 0.185 0.185 IPCC default value

Industrial waste 0.08 - 0.10 0.09 0.03 Same as wood and straw

IPCC default value Values used in Switzerland
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7 Waste 

Table 7-6 Composition of municipal solid waste going to solid waste disposal sites (BUS 1978, BUS 1984, FOEN 
2014o). Remark: No disposal occurred after 2009 and therefore the waste composition is assumed constant since 
2010.  

 

 

With these parametrisations and the activity data for municipal solid waste, industrial waste 

and sewage sludge the amount of CH4 generated in landfills is calculated. The amount of 

CH4 recovered and used as fuel for combined heat and power generation or flared is then 

subtracted. 

For combined heat and power generation and flaring, the emissions of other gases are 

considered to be proportional to the amount of CH4 burnt (Table 7-7). 

Long-term storage of carbon in waste disposal sites, annual change in total long-term 

storage of carbon and annual change in total long-term storage of carbon in wood products 

has been calculated with the parametrised spreadsheet model provided by IPCC (2006) as 

well and is reported in CRT Table5 as memo item. The wood stored in waste disposal sites is 

not included in sector 4G (HWP), see chp. 6.10. As incineration has been mandatory for 

combustible waste since 2000 in Switzerland and solid waste disposal activities have 

ceased, the amount of carbon deposited is zero since 2009. 

 

Emission factors (5A) 

Emission factors for CO2, CH4, CO, NMVOC and SO2 are country-specific based on 

measurements and expert estimates, as documented in EMIS 2025/1A1 & 5A 

Kehrichtdeponien. The emission factor of NMVOC from flaring has been introduced based on 

a study on emissions from landfill gas installations (Butz 2003) suggesting emissions of 

82.15 grams of NMVOC per tonne of CH4 flared with an uncertainty of ±10 %. CO2 emissions 

from non-biogenic waste are included, while CO2 emissions from biogenic waste are 

excluded from total emissions. Table 7-7 presents the emission factors used in 5A1. 

 

Table 7-7 Emission factors for 5A1 Managed waste disposal sites in 2023. 

 

 

Activity data (5A) 

There are three kinds of activity data for 5A1 Managed waste disposal sites: Waste 

quantities disposed on landfills, direct CH4 emissions and CH4 flared. 

Waste fraction 1950–1979 1980–1989 1990–1999 2000–2009 since 2010

Food 20.0% 26.5% 21.4% 26.6% 31.5%

Garden 8.0% 2.9% 1.6% 1.4% 1.7%

Paper 36.0% 30.6% 28.0% 21.0% 17.2%

Wood 4.0% 4.3% 5.0% 2.0% 1.8%

Textile 4.0% 3.1% 3.0% 3.0% 3.2%

Nappies 0.0% 0.0% 0.0% 0.0% 0.0%

Plastics, other inert 28.0% 32.6% 41.0% 46.0% 44.6%

5A1 Managed waste disposal sites Unit CO2 

biogen

CO2 

fossil

CH4 NOx CO NMVOC SO2

Direct emissions from landfill t / t CH4 produced 3 NA 1 NA NA 0.013 NA

Flaring kg / t CH4 burnt 2750 NA NA 1 17 0.082 NA

Open burning kg / t waste burnt 569 521 6 2.5 50 16 0.75
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9 Indirect CO2 and N2O emissions 

9.  ndirect C   and N   emissions 
 

 

 

 

9.1. Overview 

In this chapter, indirect CO2 emissions that result from the atmospheric oxidation of CH4, CO 

and NMVOC as well as indirect N2O emissions that are induced by the deposition of NOx and 

NH3 are documented. While indirect CO2 emissions of fossil origin reported in this chapter 

are accounted for in the national total, indirect N2O emissions are not. 

Indirect emissions of CO2 and N2O are shown in CRT Table6, together with the emissions of 

the precursor gases CH4, CO, NMVOC, NOx and NH3. While all emissions of precursor 

gases are shown in both CRT Table6 and in the respective sectors, the indirect emissions of 

CO2 and N2O shown in CRT Table6 only represent emissions not already included in direct 

emissions in other sectors (in order to avoid double counting). Further, in the case of indirect 

CO2 emissions, only carbon of fossil origin is considered. Accordingly, while CH4, CO and 

NMVOC of biogenic origin are shown as precursor gases in CRT Table6, they are not 

included for the calculation of indirect CO2 emissions. Consequently, the implied emission 

factors may vary from sector to sector and also from year to year. 

Chapter 9.2 explains in detail the methodological issues to derive indirect CO2 and N2O 

emissions based on the emissions of the precursor gases CH4, CO and NMVOC as well as 

NOx and NH3 from the different sectors. As an overview, the resulting indirect CO2 emissions 

are shown in Table 9-1, as well as in Figure 9-1 and Figure 9-2. The resulting indirect N2O 

emissions are shown in Table 9-2, as well as in Figure 9-3 and Figure 9-4. 

To provide further details with regard to the CH4, CO and NMVOC emissions relevant for the 

indirect CO2 emissions as shown in CRT Table6, the emissions of these precursor gases are 

shown for each sector, disaggregated by source category, in Table 9-3 (for sector 1 Energy), 

in Table 9-4 (for sector 2 Industrial processes and product use), in Table 9-5 (for sector 5 

Waste) and in Table 9-6 (for sector 6 Other). In these tables, the percentages provided in 

parentheses reflect the share of emissions of precursor gases that are relevant for indirect 

CO2 emissions, i.e. the share of fossil emissions of precursor gases not already considered 

under the direct CO2 emissions. This information – together with the factors for the 

stoichiometric conversion of CH4, CO and NMVOC to indirect CO2 as provided in chp. 9.2.1 – 

allows for an interpretation of the implied emission factors. 

Indirect CO2 emissions are considered for both the uncertainty analysis (see chp. 1.6) and 

the key category analysis (see chp. 1.4). Indirect N2O emissions are neither considered for 

the uncertainty analysis (see chp. 1.6), nor for the key category analysis (see chp. 1.4). 

Overall responsibility Adrian Schilt (FOEN)

Method updates & authors Adrian Schilt (FOEN) and sector experts

EMIS database operation Myriam Guillevic (FOEN)

Annual updates (NID text, tables, figures) Dominik Eggli (Meteotest), Anna Ehrler (INFRAS)

Quality control (NID annual updates) Dominik Eggli (Meteotest), Adrian Schilt (FOEN)

Internal review
Anouk-Aimée Bass (FOEN), Daniel Bretscher (Agroscope), Myriam Guillevic (FOEN), 

Sabine Schenker (FOEN), Adrian Schilt (FOEN)

Responsibilities for chapter Indirect CO2 and N2O emissions
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9 Indirect CO2 and N2O emissions 

Table 9-1 Indirect fossil CO2 emissions. 

 

 

 

Figure 9-1 Switzerland’s indirect fossil CO2 emissions. 

 

1990 1995 2000 2005 2010

1 Energy 55 45 32 24 20

1B Fugitive emissions from fuels 55 45 32 24 20

2 Industrial processes and product use 334 236 170 117 110

2A Mineral industry 0.15 0.12 0.11 0.11 0.12

2B Chemical industry 8.0 6.8 8.4 7.3 8.1

2C Metal industry 3.4 2.4 2.2 1.3 0.93

2D Non-energy products from fuels and solvent use 194 127 92 51 49

2G Other product manufacture and use 126 97 65 57 50

2H Other 2.8 2.0 1.9 1.3 2.3

5 Waste 2.2 1.9 1.8 1.6 1.5

5C Waste incineration and open burning of waste 2.2 1.7 1.7 1.4 1.3

5E Other 0.064 0.10 0.13 0.13 0.13

6 Other 1.3 1.4 1.5 1.4 0.93

6Ad Fire damages 1.3 1.4 1.5 1.4 0.93

Total 392 284 205 144 133

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

1 Energy 15 14 12 12 11 11 9.9 9.5 9.5 9.4

1B Fugitive emissions from fuels 15 14 12 12 11 11 9.9 9.5 9.5 9.4

2 Industrial processes and product use 95 91 93 93 86 91 88 84 83 82

2A Mineral industry 0.10 0.092 0.095 0.094 0.094 0.094 0.089 0.089 0.087 0.080

2B Chemical industry 6.6 7.1 14 14 8.1 13 11 6.8 5.8 5.0

2C Metal industry 0.78 0.67 0.63 0.65 0.64 0.46 0.41 0.43 0.46 0.41

2D Non-energy products from fuels and solvent use 42 39 37 37 36 36 36 36 36 36

2G Other product manufacture and use 43 42 40 40 40 40 40 40 40 40

2H Other 2.0 1.9 1.0 1.0 1.1 0.94 0.88 0.92 0.88 0.80

5 Waste 1.3 1.4 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.1

5C Waste incineration and open burning of waste 1.2 1.2 1.2 1.2 1.1 1.1 1.1 1.1 1.0 1.0

5E Other 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

6 Other 0.92 0.84 0.83 0.93 0.84 0.71 0.69 0.77 0.77 0.75

6Ad Fire damages 0.92 0.84 0.83 0.93 0.84 0.71 0.69 0.77 0.77 0.75

Total 112 107 108 107 100 103 100 95 94 94

Indirect fossil CO2 emissions by source category

Indirect fossil CO2 emissions by source category
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9 Indirect CO2 and N2O emissions 

 

Figure 9-2 Relative trends of the indirect fossil CO2 emissions by sector. The base year 1990 represents 100 %. 

 

Table 9-2 Indirect N2O emissions. 
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1 Energy 2 Industrial processes and product use 5 Waste 6 Other

1990 1995 2000 2005 2010

1 Energy 1.7 1.4 1.3 1.2 1.1

1A Fuel combustion activities 1.7 1.4 1.3 1.2 1.1

1B Fugitive emissions from fuels 0.0025 0.0037 0.0037 0.0034 0.0014

2 Industrial processes and product use 0.018 0.014 0.017 0.016 0.012

2A Mineral industry 0.00021 0.00017 0.00015 0.00016 0.00018

2B Chemical industry 0.0016 0.0014 0.0014 0.0013 0.0015

2C Metal industry 0.0038 0.0023 0.0024 0.0025 0.0026

2G Other product manufacture and use 0.0069 0.0068 0.0080 0.0081 0.0035

2H Other 0.0054 0.0038 0.0051 0.0035 0.0044

5 Waste 0.033 0.030 0.031 0.032 0.032

5A Solid waste disposal 0.020 0.015 0.014 0.014 0.012

5B Biological treatement of solid waste 0.0060 0.0086 0.012 0.012 0.014

5C Waste incineration and open burning of waste 0.0037 0.0028 0.0025 0.0026 0.0027

5D Wastewater handling and discharge 0.0032 0.0034 0.0034 0.0036 0.0039

6 Other 0.00029 0.00029 0.00030 0.00028 0.00021

6Ad Fire damages 0.00029 0.00029 0.00030 0.00028 0.00021

Total 1.7 1.4 1.4 1.3 1.1

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

1 Energy 0.96 0.90 0.87 0.82 0.77 0.73 0.64 0.62 0.58 0.55

1A Fuel combustion activities 0.96 0.90 0.87 0.82 0.77 0.73 0.64 0.62 0.58 0.55

1B Fugitive emissions from fuels 0.0011 0.00063 0.000039 0.000030 0.000031 0.000020 0.000022 0.000017 0.0000075 0.0000073

2 Industrial processes and product use 0.012 0.010 0.0095 0.010 0.0095 0.0091 0.0083 0.0084 0.0081 0.0070

2A Mineral industry 0.00016 0.00015 0.00015 0.00015 0.00015 0.00015 0.00014 0.00014 0.00014 0.00013

2B Chemical industry 0.0012 0.00094 0.0012 0.0013 0.00078 0.00055 0.00050 0.00049 0.00029 0.00021

2C Metal industry 0.0027 0.0027 0.0026 0.0026 0.0027 0.0024 0.0023 0.0026 0.0025 0.0020

2G Other product manufacture and use 0.0025 0.0023 0.0024 0.0026 0.0029 0.0029 0.0028 0.0029 0.0028 0.0025

2H Other 0.0051 0.0040 0.0031 0.0036 0.0030 0.0031 0.0025 0.0022 0.0023 0.0021

5 Waste 0.031 0.031 0.032 0.031 0.031 0.032 0.032 0.032 0.031 0.031

5A Solid waste disposal 0.010 0.0096 0.0092 0.0088 0.0083 0.0078 0.0075 0.0071 0.0067 0.0064

5B Biological treatement of solid waste 0.014 0.014 0.016 0.016 0.016 0.018 0.018 0.019 0.018 0.018

5C Waste incineration and open burning of waste 0.0028 0.0029 0.0026 0.0022 0.0018 0.0018 0.0018 0.0018 0.0017 0.0018

5D Wastewater handling and discharge 0.0041 0.0042 0.0042 0.0043 0.0043 0.0043 0.0044 0.0044 0.0044 0.0045

6 Other 0.00021 0.00019 0.00019 0.00021 0.00019 0.00017 0.00017 0.00018 0.00018 0.00018

6Ad Fire damages 0.00021 0.00019 0.00019 0.00021 0.00019 0.00017 0.00017 0.00018 0.00018 0.00018

Total 1.0 0.94 0.91 0.86 0.81 0.77 0.68 0.66 0.62 0.58

Indirect N2O emissions by source category

kt N2O

Indirect N2O emissions by source category

kt N2O
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Figure 9-3 Switzerland’s indirect N2O emissions. 

 

 

Figure 9-4 Relative trends of the indirect N2O emissions by sector. The base year 1990 represents 100 %. 
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9 Indirect CO2 and N2O emissions 

Table 9-3 Switzerland’s emissions of the precursor gases CH4, CO and NMVOC in the source categories of 
sector 1 Energy, together with the respective indirect CO2 emissions. The numbers in parentheses indicate the 
fractions of precursor gases that are relevant for indirect CO2, i.e. the share of fossil emissions of precursor gases 
not already considered under the direct CO2 emissions. To derive the indirect CO2 emissions, the emissions of 
precursor gases need to be multiplied by the provided fractions as well as by the factors for the stoichiometric 
conversion of CH4, CO and NMVOC to indirect CO2 as given in the text (chp. 9.2.1). As an illustrative example, an 
emission of NMVOC indicated as “150 (40.0 %)” leads to indirect CO2 emissions of 132 kt (150 kt * 40.0 % * 0.6 * 
44/12 = 132 kt, with 0.6 corresponding to the carbon content of NMVOC, see formula in chp. 9.2.1). 

 

1990 1995 2000 2005 2010

1 Energy: CH4 15.2 (21.8%) 13.1 (27.7%) 11.0 (29.6%) 9.7 (29.4%) 8.8 (34.3%)

1A Fuel combustion 11.9 (0.0%) 9.4 (0.0%) 7.7 (0.0%) 6.8 (0.0%) 5.8 (0.0%)

1B Fugitive emissions from fuels 3.3 (99.6%) 3.6 (99.4%) 3.3 (99.4%) 2.9 (99.4%) 3.0 (99.8%)

1 Energy: CO 796 (0.0%) 517 (0.0%) 403 (0.0%) 308 (0.0%) 242 (0.0%)

1A Fuel combustion 796 (0.0%) 517 (0.0%) 403 (0.0%) 308 (0.0%) 242 (0.0%)

1B Fugitive emissions from fuels 0.0 (0.0%) 0.1 (0.0%) 0.1 (0.0%) 0.1 (0.0%) 0.0 (0.0%)

1 Energy: NMVOC 139 (14.9%) 89.1 (17.8%) 66.7 (15.4%) 45.7 (15.8%) 32.2 (16.1%)

1A Fuel combustion 118 (0.0%) 73.2 (0.0%) 56.4 (0.0%) 38.5 (0.0%) 27.0 (0.0%)

1B Fugitive emissions from fuels 20.8 (99.9%) 15.9 (99.9%) 10.3 (99.8%) 7.2 (99.7%) 5.2 (99.8%)

1 Energy: Total indirect CO2 55 45 32 24 20

1A Fuel combustion NO NO NO NO NO

1B Fugitive emissions from fuels 55 45 32 24 20

1 Energy: Indirect CO2 from CH4 9.1 10 8.9 7.9 8.3

1A Fuel combustion NO NO NO NO NO

1B Fugitive emissions from fuels 9.1 10 8.9 7.9 8.3

1 Energy: Indirect CO2 from CO NO NO NO NO NO

1A Fuel combustion NO NO NO NO NO

1B Fugitive emissions from fuels NO NO NO NO NO

1 Energy: Indirect CO2 from NMVOC 46 35 23 16 11

1A Fuel combustion NO NO NO NO NO

1B Fugitive emissions from fuels 46 35 23 16 11

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

1 Energy: CH4 6.1 (34.0%) 6.0 (32.2%) 6.0 (30.3%) 5.9 (32.3%) 5.5 (31.4%) 5.3 (30.5%) 5.0 (32.2%) 5.2 (29.9%) 4.7 (32.5%) 4.6 (32.6%)

1A Fuel combustion 4.0 (0.0%) 4.1 (0.0%) 4.2 (0.0%) 4.0 (0.0%) 3.7 (0.0%) 3.7 (0.0%) 3.4 (0.0%) 3.6 (0.0%) 3.2 (0.0%) 3.1 (0.0%)

1B Fugitive emissions from fuels 2.1 (99.7%) 1.9 (99.8%) 1.8 (100.0%) 1.9 (100.0%) 1.7 (100.0%) 1.6 (100.0%) 1.6 (100.0%) 1.6 (100.0%) 1.5 (100.0%) 1.5 (100.0%)

1 Energy: CO 183 (0.0%) 174 (0.0%) 171 (0.0%) 165 (0.0%) 159 (0.0%) 155 (0.0%) 140 (0.0%) 143 (0.0%) 134 (0.0%) 134 (0.0%)

1A Fuel combustion 183 (0.0%) 174 (0.0%) 171 (0.0%) 165 (0.0%) 159 (0.0%) 155 (0.0%) 140 (0.0%) 143 (0.0%) 134 (0.0%) 134 (0.0%)

1B Fugitive emissions from fuels 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

1 Energy: NMVOC 23.5 (18.6%) 21.7 (17.5%) 20.8 (16.0%) 19.9 (15.6%) 19.0 (15.9%) 18.2 (15.5%) 16.4 (15.2%) 16.4 (14.5%) 15.4 (15.6%) 15.5 (15.5%)

1A Fuel combustion 19.1 (0.0%) 17.9 (0.0%) 17.4 (0.0%) 16.8 (0.0%) 15.9 (0.0%) 15.3 (0.0%) 13.9 (0.0%) 14.1 (0.0%) 13.0 (0.0%) 13.1 (0.0%)

1B Fugitive emissions from fuels 4.4 (99.8%) 3.8 (99.8%) 3.3 (99.9%) 3.1 (99.8%) 3.0 (99.8%) 2.8 (99.8%) 2.5 (99.8%) 2.4 (99.8%) 2.4 (99.8%) 2.4 (99.8%)

1 Energy: Total indirect CO2 15 14 12 12 11 11 10 9.5 9.5 9.4

1A Fuel combustion NO NO NO NO NO NO NO NO NO NO

1B Fugitive emissions from fuels 15 14 12 12 11 11 10 9.5 9.5 9.4

1 Energy: Indirect CO2 from CH4 5.7 5.3 5.0 5.3 4.7 4.5 4.4 4.3 4.2 4.1

1A Fuel combustion NO NO NO NO NO NO NO NO NO NO

1B Fugitive emissions from fuels 5.7 5.3 5.0 5.3 4.7 4.5 4.4 4.3 4.2 4.1

1 Energy: Indirect CO2 from CO NO NO NO NO NO NO NO NO NO NO

1A Fuel combustion NO NO NO NO NO NO NO NO NO NO

1B Fugitive emissions from fuels NO NO NO NO NO NO NO NO NO NO

1 Energy: Indirect CO2 from NMVOC 10 8.4 7.3 6.8 6.6 6.2 5.5 5.2 5.3 5.3

1A Fuel combustion NO NO NO NO NO NO NO NO NO NO

1B Fugitive emissions from fuels 10 8.4 7.3 6.8 6.6 6.2 5.5 5.2 5.3 5.3

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt
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9 Indirect CO2 and N2O emissions 

Table 9-4 Switzerland’s emissions of the precursor gases CH4, CO and NMVOC in the source categories of 
sector 2 Industrial processes and product use, together with the respective indirect CO2 emissions. The numbers 
in parentheses indicate the fractions of precursor gases that are relevant for indirect CO2, i.e. the share of fossil 
emissions of precursor gases not already considered under the direct CO2 emissions. To derive the indirect CO2 
emissions, the emissions of precursor gases need to be multiplied by the provided fractions as well as by the 
factors for the stoichiometric conversion of CH4, CO and NMVOC to indirect CO2 as given in the text (chp. 9.2.1). 
As an illustrative example, an emission of NMVOC indicated as “150 (40.0 %)” leads to indirect CO2 emissions of 
132 kt (150 kt * 40.0 % * 0.6 * 44/12 = 132 kt, with 0.6 corresponding to the carbon content of NMVOC, see 
formula in chp. 9.2.1). 

 

1990 1995 2000 2005 2010

2 IPPU: CH4 0.1 (100.0%) 0.2 (100.0%) 0.2 (100.0%) 0.3 (100.0%) 0.3 (100.0%)

2B Chemical industry 0.1 (100.0%) 0.2 (100.0%) 0.2 (100.0%) 0.3 (100.0%) 0.3 (100.0%)

2 IPPU: CO 11.1 (50.2%) 7.1 (66.2%) 9.1 (66.9%) 8.1 (58.8%) 7.2 (78.4%)

2A Mineral industry 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

2B Chemical industry 4.0 (100.0%) 3.7 (100.0%) 4.9 (100.0%) 4.2 (100.0%) 4.6 (100.0%)

2C Metal industry 5.3 (13.3%) 2.0 (26.7%) 2.6 (19.0%) 2.9 (9.8%) 1.1 (20.7%)

2D Non-energy products from fuels and solvent use 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

2G Other product manufacture and use 0.9 (0.7%) 0.9 (0.9%) 0.9 (1.3%) 0.7 (1.4%) 0.7 (1.8%)

2H Other 0.9 (94.6%) 0.4 (91.4%) 0.6 (96.8%) 0.3 (94.1%) 0.8 (97.8%)

2 IPPU: NMVOC 149 (98.9%) 105 (98.5%) 74.1 (97.9%) 51.2 (97.0%) 47.4 (96.6%)

2A Mineral industry 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

2B Chemical industry 0.6 (96.5%) 0.2 (90.7%) 0.0 (30.9%) 0.0 (21.4%) 0.0 (32.9%)

2C Metal industry 1.1 (92.0%) 0.8 (92.7%) 0.7 (89.9%) 0.5 (82.1%) 0.3 (75.6%)

2D Non-energy products from fuels and solvent use 88.2 (100.0%) 57.8 (100.0%) 42.0 (100.0%) 23.0 (100.0%) 22.3 (100.0%)

2G Other product manufacture and use 57.1 (99.9%) 44.4 (99.8%) 29.4 (99.7%) 25.9 (99.8%) 22.8 (99.7%)

2H Other 2.1 (33.5%) 2.0 (31.0%) 1.8 (24.8%) 1.8 (23.1%) 1.9 (26.0%)

2 IPPU: Total indirect CO2 334 236 170 117 110

2A Mineral industry 0.15 0.12 0.11 0.11 0.12

2B Chemical industry 8.0 6.8 8.4 7.3 8.1

2C Metal industry 3.4 2.4 2.2 1.3 0.93

2D Non-energy products from fuels and solvent use 194 127 92 51 49

2G Other product manufacture and use 126 97 65 57 50

2H Other 2.8 2.0 1.9 1.3 2.3

2 IPPU: Indirect CO2 from CH4 0.39 0.65 0.57 0.69 0.76

2B Chemical industry 0.39 0.65 0.57 0.69 0.76

2 IPPU: Indirect CO2 from CO 8.8 7.4 9.5 7.5 8.9

2A Mineral industry 0.044 0.037 0.034 0.038 0.039

2B Chemical industry 6.3 5.8 7.8 6.6 7.3

2C Metal industry 1.1 0.85 0.79 0.44 0.35

2D Non-energy products from fuels and solvent use 0.00075 0.00067 0.00062 0.00045 0.00061

2G Other product manufacture and use 0.010 0.012 0.018 0.016 0.020

2H Other 1.3 0.64 0.91 0.39 1.2

2 IPPU: Indirect CO2 from NMVOC 325 228 160 109 101

2A Mineral industry 0.10 0.081 0.071 0.077 0.081

2B Chemical industry 1.3 0.35 0.017 0.013 0.027

2C Metal industry 2.3 1.6 1.4 0.82 0.58

2D Non-energy products from fuels and solvent use 194 127 92 51 49

2G Other product manufacture and use 125 97 65 57 50

2H Other 1.6 1.4 1.0 0.91 1.1

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

2 IPPU: CH4 0.2 (100.0%) 0.2 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.2 (100.0%) 0.3 (100.0%) 0.2 (100.0%)

2B Chemical industry 0.2 (100.0%) 0.2 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.3 (100.0%) 0.2 (100.0%) 0.3 (100.0%) 0.2 (100.0%)

2 IPPU: CO 6.2 (75.4%) 6.5 (76.9%) 10.1 (85.5%) 10.1 (85.1%) 6.5 (77.2%) 9.5 (85.7%) 8.4 (83.5%) 5.7 (73.7%) 4.9 (71.7%) 4.4 (72.8%)

2A Mineral industry 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

2B Chemical industry 3.8 (100.0%) 4.1 (100.0%) 8.3 (100.0%) 8.2 (100.0%) 4.6 (100.0%) 7.8 (100.0%) 6.7 (100.0%) 3.9 (100.0%) 3.2 (100.0%) 2.9 (100.0%)

2C Metal industry 1.1 (16.5%) 1.1 (14.6%) 1.0 (14.3%) 1.0 (14.3%) 1.0 (13.8%) 0.9 (11.4%) 0.9 (9.9%) 1.0 (9.2%) 0.9 (10.4%) 0.7 (12.2%)

2D Non-energy products from fuels and solvent use 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

2G Other product manufacture and use 0.6 (2.2%) 0.6 (2.1%) 0.6 (1.5%) 0.6 (2.1%) 0.6 (2.3%) 0.6 (1.3%) 0.6 (1.3%) 0.6 (2.0%) 0.6 (2.5%) 0.5 (1.1%)

2H Other 0.7 (97.5%) 0.7 (97.5%) 0.2 (92.5%) 0.2 (93.1%) 0.3 (93.7%) 0.2 (92.6%) 0.2 (92.2%) 0.2 (91.7%) 0.2 (92.3%) 0.2 (92.1%)

2 IPPU: NMVOC 41.1 (96.2%) 39.2 (96.0%) 37.3 (95.9%) 37.2 (95.9%) 36.8 (95.8%) 36.6 (95.8%) 36.3 (95.8%) 36.4 (95.8%) 36.4 (95.8%) 36.4 (95.8%)

2A Mineral industry 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

2B Chemical industry 0.0 (22.6%) 0.0 (12.4%) 0.0 (5.6%) 0.0 (8.7%) 0.0 (10.0%) 0.0 (13.2%) 0.0 (15.3%) 0.0 (10.4%) 0.0 (11.7%) 0.0 (12.7%)

2C Metal industry 0.3 (70.8%) 0.3 (68.3%) 0.3 (67.8%) 0.3 (68.0%) 0.3 (67.3%) 0.2 (63.7%) 0.2 (61.1%) 0.2 (59.3%) 0.2 (62.1%) 0.2 (65.2%)

2D Non-energy products from fuels and solvent use 19.2 (100.0%) 17.9 (100.0%) 16.8 (100.0%) 16.9 (100.0%) 16.6 (100.0%) 16.5 (100.0%) 16.1 (100.0%) 16.2 (100.0%) 16.2 (100.0%) 16.2 (100.0%)

2G Other product manufacture and use 19.7 (99.7%) 19.1 (99.7%) 18.4 (99.7%) 18.3 (99.7%) 18.3 (99.7%) 18.2 (99.7%) 18.2 (99.7%) 18.3 (99.7%) 18.3 (99.7%) 18.4 (99.8%)

2H Other 1.8 (22.9%) 1.8 (22.9%) 1.7 (18.6%) 1.7 (18.7%) 1.7 (18.6%) 1.7 (16.6%) 1.6 (15.7%) 1.7 (17.0%) 1.7 (15.5%) 1.6 (13.4%)

2 IPPU: Total indirect CO2 95 91 93 93 86 91 88 84 83 82

2A Mineral industry 0.10 0.092 0.095 0.094 0.094 0.094 0.089 0.089 0.087 0.080

2B Chemical industry 6.6 7.1 14 14 8.1 13 11 6.8 5.8 5.0

2C Metal industry 0.78 0.67 0.63 0.65 0.64 0.46 0.41 0.43 0.46 0.41

2D Non-energy products from fuels and solvent use 42 39 37 37 36 36 36 36 36 36

2G Other product manufacture and use 43 42 40 40 40 40 40 40 40 40

2H Other 2.0 1.9 1.0 1.0 1.1 0.9 0.88 0.92 0.88 0.80
2 IPPU: Indirect CO2 from CH4 0.63 0.61 0.77 0.78 0.83 0.76 0.71 0.67 0.75 0.50

2B Chemical industry 0.63 0.61 0.77 0.78 0.83 0.76 0.71 0.67 0.75 0.50

2 IPPU: Indirect CO2 from CO 7.3 7.8 14 13 7.9 13 11 6.6 5.6 5.0

2A Mineral industry 0.029 0.026 0.027 0.027 0.027 0.027 0.025 0.024 0.023 0.022

2B Chemical industry 6.0 6.5 13 13 7.2 12 11 6.1 5.0 4.5

2C Metal industry 0.29 0.24 0.23 0.23 0.23 0.16 0.14 0.14 0.15 0.14

2D Non-energy products from fuels and solvent use 0.00070 0.00070 0.00071 0.00071 0.00071 0.00071 0.00071 0.00071 0.00071 0.00071

2G Other product manufacture and use 0.021 0.019 0.014 0.020 0.021 0.012 0.012 0.018 0.022 0.0093

2H Other 1.0 1.0 0.32 0.35 0.39 0.33 0.31 0.30 0.32 0.31

2 IPPU: Indirect CO2 from NMVOC 87 83 79 79 78 77 76 77 77 77

2A Mineral industry 0.073 0.066 0.068 0.068 0.067 0.067 0.064 0.065 0.064 0.058

2B Chemical industry 0.011 0.0056 0.0019 0.0024 0.0033 0.0046 0.0051 0.0036 0.0040 0.0042

2C Metal industry 0.49 0.43 0.40 0.42 0.41 0.31 0.27 0.29 0.30 0.27

2D Non-energy products from fuels and solvent use 42 39 37 37 36 36 36 36 36 36

2G Other product manufacture and use 43 42 40 40 40 40 40 40 40 40

2H Other 0.92 0.91 0.69 0.69 0.69 0.61 0.57 0.63 0.56 0.48

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt
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9 Indirect CO2 and N2O emissions 

Table 9-5 Switzerland’s emissions of the precursor gases CH4, CO and NMVOC in the source categories of 
sector 5 Waste, together with the respective indirect CO2 emissions. The numbers in parentheses indicate the 
fractions of precursor gases that are relevant for indirect CO2, i.e. the share of fossil emissions of precursor gases 
not already considered under the direct CO2 emissions. To derive the indirect CO2 emissions, the emissions of 
precursor gases need to be multiplied by the provided fractions as well as by the factors for the stoichiometric 
conversion of CH4, CO and NMVOC to indirect CO2 as given in the text (chp. 9.2.1). As an illustrative example, an 
emission of NMVOC indicated as “150 (40.0 %)” leads to indirect CO2 emissions of 132 kt (150 kt * 40.0 % * 0.6 * 
44/12 = 132 kt, with 0.6 corresponding to the carbon content of NMVOC, see formula in chp. 9.2.1). 

 

 

1990 1995 2000 2005 2010

5 Waste: CH4 38.7 (0.2%) 30.7 (0.3%) 28.6 (0.3%) 28.7 (0.2%) 25.5 (0.2%)

5A Solid waste disposal 30.8 (0.0%) 23.1 (0.0%) 21.0 (0.0%) 21.2 (0.0%) 17.6 (0.0%)

5B Biological treatment of solid waste 0.5 (0.0%) 0.6 (0.0%) 0.8 (0.0%) 0.8 (0.0%) 0.8 (0.0%)

5C Incineration and open burning of waste 0.3 (30.2%) 0.3 (29.1%) 0.3 (29.8%) 0.2 (28.2%) 0.2 (27.8%)

5D Waste water treatment and discharge 7.1 (0.0%) 6.7 (0.0%) 6.5 (0.0%) 6.5 (0.0%) 6.9 (0.0%)

5 Waste: CO 2.6 (32.8%) 2.2 (30.2%) 2.1 (30.5%) 1.8 (29.7%) 1.7 (29.4%)

5A Solid waste disposal 0.0 (0.0%) 0.1 (0.0%) 0.1 (0.0%) 0.1 (0.0%) 0.0 (0.0%)

5B Biological treatment of solid waste 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5C Incineration and open burning of waste 2.5 (33.4%) 2.1 (31.6%) 2.0 (32.0%) 1.8 (30.6%) 1.7 (30.1%)

5D Waste water treatment and discharge 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5E Other 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

5 Waste: NMVOC 1.1 (25.7%) 1.0 (25.9%) 1.0 (25.4%) 1.0 (22.7%) 1.2 (18.8%)

5A Solid waste disposal 0.4 (0.0%) 0.3 (0.0%) 0.3 (0.0%) 0.3 (0.0%) 0.2 (0.0%)

5B Biological treatment of solid waste 0.2 (0.0%) 0.2 (0.0%) 0.3 (0.0%) 0.3 (0.0%) 0.5 (0.0%)

5C Incineration and open burning of waste 0.6 (48.0%) 0.4 (47.9%) 0.4 (48.5%) 0.4 (47.2%) 0.4 (45.2%)

5D Waste water treatment and discharge 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5E Other 0.0 (100.0%) 0.0 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%)

5 Waste: Total indirect CO2 2.2 1.9 1.8 1.6 1.5

5A Solid waste disposal NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO

5C Incineration and open burning of waste 2.2 1.7 1.7 1.4 1.3

5D Waste water treatment and discharge NO NO NO NO NO

5E Other 0.064 0.10 0.13 0.13 0.13

5 Waste: Indirect CO2 from CH4 0.26 0.22 0.21 0.18 0.17

5A Solid waste disposal NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO

5C Incineration and open burning of waste 0.26 0.22 0.21 0.18 0.17

5D Waste water treatment and discharge NO NO NO NO NO

5 Waste: Indirect CO2 from CO 1.3 1.1 1.0 0.86 0.80

5A Solid waste disposal NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO

5C Incineration and open burning of waste 1.3 1.1 1.0 0.86 0.80

5D Waste water treatment and discharge NO NO NO NO NO

5E Other 0.0022 0.0024 0.0024 0.0024 0.0024

5 Waste: Indirect CO2 from NMVOC 0.64 0.57 0.58 0.52 0.49

5A Solid waste disposal NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO

5C Incineration and open burning of waste 0.58 0.47 0.45 0.38 0.36

5D Waste water treatment and discharge NO NO NO NO NO

5E Other 0.062 0.099 0.13 0.13 0.13

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

5 Waste: CH4 23.1 (0.2%) 22.6 (0.2%) 22.2 (0.3%) 21.7 (0.2%) 21.1 (0.3%) 20.6 (0.3%) 20.1 (0.3%) 19.6 (0.3%) 19.2 (0.2%) 18.9 (0.2%)

5A Solid waste disposal 14.7 (0.0%) 14.1 (0.0%) 13.4 (0.0%) 12.8 (0.0%) 12.1 (0.0%) 11.4 (0.0%) 10.9 (0.0%) 10.3 (0.0%) 9.8 (0.0%) 9.3 (0.0%)

5B Biological treatment of solid waste 0.9 (0.0%) 0.9 (0.0%) 1.0 (0.0%) 1.0 (0.0%) 1.0 (0.0%) 1.1 (0.0%) 1.1 (0.0%) 1.1 (0.0%) 1.1 (0.0%) 1.1 (0.0%)

5C Incineration and open burning of waste 0.2 (27.0%) 0.2 (27.1%) 0.2 (27.2%) 0.2 (26.9%) 0.2 (26.9%) 0.2 (26.7%) 0.2 (26.7%) 0.2 (26.7%) 0.2 (26.0%) 0.2 (25.6%)

5D Waste water treatment and discharge 7.3 (0.0%) 7.4 (0.0%) 7.6 (0.0%) 7.7 (0.0%) 7.8 (0.0%) 7.9 (0.0%) 7.9 (0.0%) 8.0 (0.0%) 8.1 (0.0%) 8.2 (0.0%)

5 Waste: CO 1.6 (29.0%) 1.6 (29.3%) 1.6 (29.4%) 1.5 (29.2%) 1.5 (29.3%) 1.5 (29.1%) 1.5 (29.1%) 1.4 (29.1%) 1.4 (28.5%) 1.4 (28.2%)

5A Solid waste disposal 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5B Biological treatment of solid waste 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5C Incineration and open burning of waste 1.6 (29.5%) 1.6 (29.8%) 1.6 (29.9%) 1.5 (29.7%) 1.5 (29.8%) 1.4 (29.7%) 1.4 (29.7%) 1.4 (29.6%) 1.4 (29.0%) 1.3 (28.7%)

5D Waste water treatment and discharge 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5E Other 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%) 0.0 (100.0%)

5 Waste: NMVOC 1.4 (15.3%) 1.4 (14.8%) 1.5 (13.8%) 1.5 (13.3%) 1.6 (12.8%) 1.7 (11.8%) 1.7 (11.3%) 1.8 (10.9%) 1.7 (10.6%) 1.8 (10.2%)

5A Solid waste disposal 0.2 (0.0%) 0.2 (0.0%) 0.2 (0.0%) 0.2 (0.0%) 0.2 (0.0%) 0.2 (0.0%) 0.1 (0.0%) 0.1 (0.0%) 0.1 (0.0%) 0.1 (0.0%)

5B Biological treatment of solid waste 0.8 (0.0%) 0.8 (0.0%) 0.9 (0.0%) 1.0 (0.0%) 1.0 (0.0%) 1.1 (0.0%) 1.2 (0.0%) 1.3 (0.0%) 1.3 (0.0%) 1.3 (0.0%)

5C Incineration and open burning of waste 0.3 (44.4%) 0.3 (44.5%) 0.3 (44.3%) 0.3 (43.9%) 0.3 (43.8%) 0.3 (43.8%) 0.3 (44.0%) 0.3 (44.1%) 0.3 (44.0%) 0.3 (43.6%)

5D Waste water treatment and discharge 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%)

5E Other 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%) 0.1 (100.0%)

5 Waste: Total indirect CO2 1.3 1.4 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.1

5A Solid waste disposal NO NO NO NO NO NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO NO NO NO NO NO

5C Incineration and open burning of waste 1.2 1.2 1.2 1.2 1.1 1.1 1.1 1.1 1.0 1.0

5D Waste water treatment and discharge NO NO NO NO NO NO NO NO NO NO

5E Other 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

5 Waste: Indirect CO2 from CH4 0.15 0.15 0.15 0.15 0.15 0.14 0.14 0.14 0.13 0.13

5A Solid waste disposal NO NO NO NO NO NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO NO NO NO NO NO

5C Incineration and open burning of waste 0.15 0.15 0.15 0.15 0.15 0.14 0.14 0.14 0.13 0.13

5D Waste water treatment and discharge NO NO NO NO NO NO NO NO NO NO

5 Waste: Indirect CO2 from CO 0.74 0.74 0.73 0.71 0.69 0.68 0.67 0.66 0.62 0.61

5A Solid waste disposal NO NO NO NO NO NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO NO NO NO NO NO

5C Incineration and open burning of waste 0.73 0.74 0.73 0.71 0.69 0.67 0.66 0.66 0.62 0.61

5D Waste water treatment and discharge NO NO NO NO NO NO NO NO NO NO

5E Other 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024 0.0024

5 Waste: Indirect CO2 from NMVOC 0.46 0.46 0.46 0.45 0.44 0.43 0.43 0.43 0.41 0.40

5A Solid waste disposal NO NO NO NO NO NO NO NO NO NO

5B Biological treatment of solid waste NO NO NO NO NO NO NO NO NO NO

5C Incineration and open burning of waste 0.33 0.33 0.33 0.32 0.31 0.30 0.30 0.29 0.28 0.27

5D Waste water treatment and discharge NO NO NO NO NO NO NO NO NO NO

5E Other 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt
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Table 9-6 Switzerland’s emissions of the precursor gases CH4, CO and NMVOC in the source categories of 
sector 6 Other, together with the respective indirect CO2 emissions. The numbers in parentheses indicate the 
fractions of precursor gases that are relevant for indirect CO2, i.e. the share of fossil emissions of precursor gases 
not already considered under the direct CO2 emissions. To derive the indirect CO2 emissions, the emissions of 
precursor gases need to be multiplied by the provided fractions as well as by the factors for the stoichiometric 
conversion of CH4, CO and NMVOC to indirect CO2 as given in the text (chp. 9.2.1). As an illustrative example, an 
emission of NMVOC indicated as “150 (40.0 %)” leads to indirect CO2 emissions of 132 kt (150 kt * 40.0 % * 0.6 * 
44/12 = 132 kt, with 0.6 corresponding to the carbon content of NMVOC, see formula in chp. 9.2.1). 

 

 

  

1990 1995 2000 2005 2010

6 Other: CH4 0.0 (70.6%) 0.0 (76.3%) 0.0 (81.9%) 0.0 (82.3%) 0.0 (83.5%)

6 Other: CO 0.9 (68.9%) 0.9 (74.8%) 0.9 (80.6%) 0.9 (80.8%) 0.6 (81.2%)

6 Other: NMVOC 0.1 (68.2%) 0.1 (74.2%) 0.1 (80.2%) 0.1 (80.2%) 0.1 (80.3%)

6 Other: Total indirect CO2 1.3 1.4 1.5 1.4 0.93

6 Other: Indirect CO2 from CH4 0.057 0.061 0.068 0.063 0.045

6 Other: Indirect CO2 from CO 1.0 1.1 1.2 1.1 0.73

6 Other: Indirect CO2 from NMVOC 0.22 0.23 0.26 0.23 0.15

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

6 Other: CH4 0.0 (83.7%) 0.0 (84.2%) 0.0 (84.2%) 0.0 (83.9%) 0.0 (84.3%) 0.0 (84.9%) 0.0 (85.1%) 0.0 (84.7%) 0.0 (84.8%) 0.0 (85.0%)

6 Other: CO 0.6 (81.3%) 0.5 (81.5%) 0.5 (81.5%) 0.6 (81.4%) 0.5 (81.5%) 0.4 (81.8%) 0.4 (81.9%) 0.5 (81.7%) 0.5 (81.8%) 0.5 (81.9%)

6 Other: NMVOC 0.1 (80.3%) 0.1 (80.4%) 0.1 (80.4%) 0.1 (80.4%) 0.1 (80.4%) 0.1 (80.5%) 0.1 (80.5%) 0.1 (80.5%) 0.1 (80.5%) 0.1 (80.5%)

6 Other: Total indirect CO2 0.92 0.84 0.83 0.93 0.84 0.71 0.69 0.77 0.77 0.75

6 Other: Indirect CO2 from CH4 0.045 0.042 0.041 0.046 0.042 0.037 0.036 0.040 0.039 0.039

6 Other: Indirect CO2 from CO 0.73 0.66 0.65 0.73 0.66 0.56 0.54 0.61 0.60 0.59

6 Other: Indirect CO2 from NMVOC 0.15 0.14 0.14 0.15 0.14 0.12 0.11 0.13 0.12 0.12

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt

Emissions of NMVOC, CO and CH4 as well as 

indirect CO2 kt
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9 Indirect CO2 and N2O emissions 

9.2. Indirect CO2 and N2O emissions from all source categories of 
the GHG inventory 

 

Table 9-7 Key categories of indirect CO2 emissions. Combined KCA results, level for 2023 and trend for 1990–
2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2). 

 

 

As described in chp. 9.1, indirect CO2 emissions cover all emissions that result from the 

atmospheric oxidation of CH4, CO and NMVOC, while indirect N2O emissions reflect 

emissions that are induced by the deposition of NOx and NH3. Accordingly, a large number of 

source categories – contributing to the emissions of precursor gases CH4, CO, NMVOC, NOx 

and NH3 – are involved (see Table 9-1 and Table 9-2 for an overview as well as Table 9-3 to 

Table 9-6 for the full details). Only the contribution of one source category was identified as 

key category of indirect CO2 emissions as shown in Table 9-7. 

 

9.2.1. Methodological issues to derive indirect CO2 emissions 

Indirect CO2 emissions resulting from the atmospheric oxidation of CH4 and CO are 

calculated based on the stoichiometric conversion (molecular weight of CO2 divided by the 

molecular weight of CH4 or CO, respectively). Indirect CO2 emissions from the atmospheric 

oxidation of NMVOC are also calculated based on the stoichiometric conversion (carbon 

content fraction multiplied by the molecular weight of CO2 divided by the molecular weight of 

carbon). Thereby, a constant carbon content of NMVOC of 60 % is assumed, based on the 

IPCC Guidelines (IPCC 2006). Thus, indirect CO2 emissions (Em) result from the following 

equations: 

• EmCO2, indirect from CH4 = EmCH4, fossil * 44/16 

• EmCO2, indirect from CO = EmCO, fossil * 44/28 

• EmCO2, indirect from NMVOC = EmNMVOC, fossil * 0.6 * 44/12 

 

Activity data for the calculation of indirect CO2 emissions 
Activity data to calculate indirect CO2 emissions consists of CH4, CO and NMVOC emissions 

as reported in each individual sector and source category, carefully excluding CH4, CO and 

NMVOC emissions of biogenic origin and emissions already included as direct CO2 

emissions (e.g. when using an oxidation factor of 100 %). For the different sectors and 

source categories, the situation is as follows: 

 

1A Fuel combustion activities: Since according to the IPCC Guidelines (IPCC 2006) 

emission factors in source category 1A Fuel combustion activities are based on the 

assumption of complete oxidation (100 %), CO2 resulting from the atmospheric oxidation of 

CH4, CO and NMVOC emitted from this source category is already accounted for in the 

corresponding emission factors for direct CO2 emissions. The respective emissions are thus 

Code IPCC category Gas
Identification 

criteria

2.D Non-energy products from fuels and solvent use
Ind. CO2 

(NMVOC)
T1
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10 Recalculations and improvements 

 

Figure 10-1 Differences in CO2 emissions (in kt CO2) between the latest and the previous submissions for various 
source categories in the energy sector. Positive values refer to higher emissions and negative values to lower 
emissions in the latest submission compared to the previous submission.  

 

 

Figure 10-2 Differences in CH4 emissions (in kt CO2 eq) between the latest and the previous submissions for 
various source categories in the energy sector. Positive values refer to higher emissions and negative values to 
lower emissions in the latest submission compared to the previous submission.  
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• 3.D.1.b.iii: N2O emissions from other organic fertilizers applied to soils were 

recalculated for 1990-2022. The amount of nitrogen inputs from decentralised human 

wastewaters applied to soils was revised (lower amounts of NH3 volatilised during 

manure management). The impact on overall emissions is +3.8 kt CO2 equivalents for 

1990 and declines to +0.3 kt CO2 equivalents in 2022. 

• 3.D.1.d: N2O emissions due to nitrogen in crop residues returned to soils was 

recalculated for 1990-2022. The whole methodology for assessing nitrogen inputs 

(AD) was revised and adjusted to the respective methodology for carbon inputs to 

soils in the LULUCF-sector. New estimates are considerably higher mainly due to the 

consideration of nitrogen inputs from roots and higher nitrogen inputs from intensive 

meadows. The impact on overall emissions is +197.7 kt CO2 equivalents (average 

1990-2022, min=+185.1, max=217.5). 

• 3.D.1.e: N2O emissions from nitrogen in mineral soils that is mineralized/immobilized 

were recalculated for 1990-2022. New updated estimates for the amount of nitrogen 

mineralized (AD) from the LULUCF sector were adopted. The impact on overall 

emissions ranges from -66.0 to +54.9 kt CO2 equivalents with a mean value of +7.7 kt 

CO2 equivalents. 

• 3.D.1.f: N2O emissions from cultivated organic soils were recalculated for 1990-2022. 

New area estimates (AD) were adopted from the LULUCF sector. The impact on 

overall emissions was -8.1 kt CO2 equivalents (-8.2 to -7.9 kt CO2 equivalents). 

 

 

Figure 10-6 Differences in CO2, CH4, and N2O emissions (in kt CO2 eq) between the latest and the previous 
submissions for sector Agriculture. Positive values refer to higher emissions and negative values to lower 
emissions in the latest submission compared to the previous submission. 
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10 Recalculations and improvements 

10.1.2.6. Other 

There were no recalculations implemented in submission 2025.  

 

10.1.2.7. Indirect CO2 Emissions 

The total changes in indirect CO2 emissions due to all recalculations are shown in Figure 

10-12. No large changes were implemented in submission 2025. 

 

 

Figure 10-12 Differences in indirect CO2 emissions (in kt CO2 eq) between the latest and the previous 
submissions. Positive values refer to higher emissions and negative values to lower emissions in the latest 
submission compared to the previous submission. 

 

10.2. Implications for emission and removal levels  

Table 10-3 and Table 10-4 show the aggregated effect of all recalculations on the emission 

estimates for the base year 1990 and for the year 2022, respectively.  

 

Table 10-3 Implications of recalculations for emission levels in 1990. Emissions are shown for the previous 
submission (FOEN 2024) and the latest submission. The difference refers to absolute values (Latest - Previous). 
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Latest Previous Difference Latest Previous Difference Latest Previous Difference Latest Previous Difference Latest Previous Difference

1 Energy 40'924 40'924 0.0 425.7 427.2 -1.6 283.8 284.2 -0.5 41'634 41'636 -2.0

2 IPPU 3'122 3'122 0.1 4.0 4.0 0.0 540.5 540.5 0.0 246.0 246.0 0.0 3'913 3'913 0.1

3 Agriculture 48.9 48.9 0.0 4'707 4'707 0.7 2'286 2'097 189.8 7'043 6'852 190.5

5 Waste 40.2 40.2 0.0 1'083 1'084 -1.0 1'125.4 1'126.8 -1.5 2'248 2'251 -2.5

6 Other 12.8 12.8 0.0 0.8 0.8 0.0 0.6 0.6 0.0 14.2 14.2 0.0

CO2 indirect 392.3 392.3 0.0 392.3 392.3 0.0

44'541 44'541 0.1 6'220 6'222 -1.9 4'237 4'049 187.9 246 246 0.0 55'244 55'058 186.1

100.0% 100.0% 0.0% 100.0% 100.0% 0.0% 104.6% 100.0% 4.6% 100.0% 100.0% 0.0% 100.3% 100.0% 0.3%

4 LULUCF -2'750 -3'047 297.3 35.3 34.4 1.0 48.4 53.9 -5.5 -2'666.5 -2'959 292.8

41'791 41'493 297.4 6'256 6'257 -1.0 4'285 4'103 182.4 246.0 246.0 0.0 52'577 52'099 478.9

100.7% 100.0% 0.7% 100.0% 100.0% 0.0% 104.4% 100.0% 4.4% 100.0% 100.0% 0.0% 100.9% 100.0% 0.9%

Latest Previous Difference Latest Previous Difference Latest Previous Difference Latest Previous Difference

2 IPPU 0.0 0.0 0.0 104.8 104.8 0.0 141.2 141.2 0.0 0.0 0.0 0.0

NF3

CO2 equivalent (kt)

SF6

Total excluding LULUCF

Total including LULUCF

Emissions for 1990

HFC PFC

Sum of all gases

CO2 equivalent (kt)

Emissions for 1990

CO2 CH4 N2O F-Gases
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Table 10-4 Implications of recalculations for emission levels in 2022. Emissions are shown for the previous 
submission (FOEN 2024) and the latest submission. The difference refers to the absolute values (Latest - 
Previous). 

 

 

 

Figure 10-13 Implications of recalculations for the national total emissions (including indirect CO2, without 
LULUCF). Positive values refer to higher emissions and negative values to lower emissions in the latest 
compared to the previous submission. For the implications of recalculations for LULUCF see Figure 10-8. 

 

Figure 10-13 shows the aggregated effect of all the recalculations on national total emissions 

without LULUCF. The effect of the recalculations ranges from +186 kt CO2 eq in 1990 to 

+264 kt CO2 eq in 2022 (with the largest effect of +343 kt CO2 eq in 2020), corresponding to 

+0.3 % of annual total emissions in 1990 and +0.8 % in 2022.  

The aggregated effect of all recalculations on total net emissions and net removals from 

LULUCF are shown in Figure 10-8. Furthermore, Figure 10-22 shows the aggregated effect 

of all the recalculations on national total emissions with LULUCF.  

 

Latest Previous Difference Latest Previous Difference Latest Previous Difference Latest Previous Difference Latest Previous Difference

1 Energy 30'862 30'730 131.4 130.6 132.2 -1.6 234.3 238.8 -4.5 31'226 31'101 125.3

2 IPPU 2'028 2'028 -0.2 7.7 7.7 0.0 37.6 37.6 0.0 1'331.4 1'354.6 -23.3 3'405 3'428 -23.4

3 Agriculture 44.1 44.1 0.0 4'232 4'233 -0.8 1'759 1'611 148.6 6'035 5'888 147.8

5 Waste 8.6 8.1 0.4 537 537 -0.1 579.4 565.1 14.3 1'125 1'110 14.6

6 Other 8.3 8.3 0.0 0.5 0.5 0.0 0.3 0.3 0.0 9.1 9.1 0.0

CO2 indirect 94.3 94.3 0.0 94.3 94.3 0.0

33'045 32'913 131.7 4'907 4'910 -2.5 2'611 2'453 158.4 1'331 1'355 -23.3 41'895 41'630 264.3

100.4% 100.0% 0.4% 99.9% 100.0% -0.1% 106.5% 100.0% 6.5% 98.3% 100.0% -1.7% 100.6% 100.0% 0.6%

4 LULUCF -1'493 365 -1'857.1 17.8 17.7 0.1 45.2 50.8 -5.6 -1'429.5 433 -1'862.6

31'552 33'278 -1'725.4 4'925 4'928 -2.3 2'656 2'504 152.7 1'331.4 1'354.6 -23.3 40'465 42'064 -1'598.3

94.8% 100.0% -5.2% 100.0% 100.0% 0.0% 106.1% 100.0% 6.1% 98.3% 100.0% -1.7% 96.2% 100.0% -3.8%

Latest Previous Difference Latest Previous Difference Latest Previous Difference Latest Previous Difference

2 IPPU 1'247.5 1'272.9 -25.4 27.8 25.7 2.1 55.8 55.8 0.0 0.3 0.3 0.0

Sum of all gases

CO2 equivalent (kt)

Total excluding LULUCF

Total including LULUCF

Emissions for 2022

HFC PFC SF6 NF3

CO2 equivalent (kt)

Emissions for 2022

CO2 CH4 N2O F-Gases
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Table 10-5 Estimated emission trends 1990–2022, calculated based on national total emissions including indirect 
CO2 as shown in the previous and the latest submission (for additional details see Table 10-3 and Table 10-4). 

 

 

10.4. Areas of improvement, including in response to the review 
process 

All categories mentioned hereafter have been identified as key categories, or contain 

categories identified as key categories, according to the key category analysis (see overview 

of key categories in Table 1-6). 

• 3B/3D: In 2025 the AGRAMMON model (Kupper et al. 2022) will be updated and new 
data on farm management and production technology will become available from the 
latest survey. All emissions from 3B Manure management and 3D Agricultural soils will 
be revised accordingly during the submission 2026 or 2027. 

• 3D: After the suitability of the DayCent model for reporting N2O emissions has been 
proven (LACHSIM project), it is now to be integrated into the reporting of the Agriculture 
sector. Three years (2024–2026) are planned for the compilation of the necessary input 
data (in particular type and intensity of management) and the creation of a consistent 
time series back to 1990.  

• 3D: Development of a country-specific emission factor for direct N2O emissions from 
urine and dung deposited by grazing animals. 

• 4: The suitability of satellite data for land area representation in Switzerland is being 
evaluated. 

• 4A: The forest definition will be revised in the next submission. 

• 4A: The land-use category unproductive forest will be rearranged to increase 
transparency in the next submission. 

• 4A: First data on carbon dynamics in brush forests will be derived from NFIs 4 and 5. 
Their implementation in LULUCF reporting is planned for the 2029 submission. 

• 4A: Planned progress on Yasso focuses on improving the accuracy of estimates on dead 
wood and litter production, and opportunities arising from national and international 
projects, particularly in the context of the EU-Horizon project Pathfinder. 

• 4B, 4C, 4D, 4E: The biomass model for trees outside the forest will be finalised in the 
course of 2025.  

• 4B, 4C, 4D, 4E: The progress of digital soil modelling at the Competence Center for Soils 
(CCSoils) will continue to be used to improve estimates of carbon stock in mineral non-
Forest soils. The switch to grid-based SOC modelling with RothC for Cropland and 
Grassland will be pursued further. 

• 4G: It is planned to explore the availability of plant-specific activity data for wood panels 
for the years before 2021. 

 
 

Latest Previous Latest Previous Latest Previous

Total excluding LULUCF 55'244 55'058 41'895 41'630 -24.2% -24.4%

Total including LULUCF 52'577 52'099 40'465 42'064 -23.0% -19.3%

Trend

1990 2022 Change 1990/2022

CO2 equivalent (kt) %
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Annexes 

Annex 1 Key categories 
 
Table A – 1 Overview of Switzerland’s key category analysis, including LULUCF categories and indirect CO2 
emissions. Columns A (category code) and B (category name) contain the complete disaggregation level of 
categories used for the key category analysis. L: level assessment (2023); T: trend assessment (1990–2023); 
1: KCA approach 1; 2: KCA approach 2. For none of the categories, SF6 and NF3 are key (therefore, the 
respective columns for SF6 and NF3 are disabled in the columns C and D). Results of the level assessment for the 
base year are not reported in this table. Columns A to D are labelled according to Table 4-4 in the 2006 IPCC 
Guidelines, vol.1, chp. 4 (IPCC 2006). 

 

 

  

A B

Code IPCC category CO2 CH4 N2O HFCs PFCs
Ind. CO2 

(NMVOC)

1.A.1 Energy industries; Biomass NA NA NA NA
1.A.1 Energy industries; Gaseous fuels L1, T1 NA NA NA
1.A.1 Energy industries; Liquid fuels L1, T1 NA NA NA
1.A.1 Energy industries; Solid fuels NA NA NA
1.A.1 Energy industries; Other fossil fuels L1, L2, T1, T2 NA NA NA NA
1.A.2 Manufacturing industries and construction; Biomass NA NA NA NA
1.A.2 Manufacturing industries and construction; Gaseous fuels L1, L2, T1 NA NA NA
1.A.2 Manufacturing industries and construction; Liquid fuels L1, T1 NA NA NA
1.A.2 Manufacturing industries and construction; Solid fuels L1, T1 NA NA NA
1.A.2 Manufacturing industries and construction; Other fossil fuels L1, T1 NA NA NA
1.A.3.a Domestic aviation; Kerosene fossil T1 NA NA NA
1.A.3.b Road transportation; Biomass NA NA NA NA
1.A.3.b Road transportation; Gaseous fuels NA NA NA
1.A.3.b Road transportation; Diesel oil L1, L2, T1 T1 NA NA NA
1.A.3.b Road transportation; Gasoline L1, T1 T1 T1 NA NA NA
1.A.3.b Road transportation; Liquefied petroleum gas NA NA NA
1.A.3.b Road transportation; Other fossil fuels NA NA NA
1.A.3.c Railways; Biomass NA NA NA NA
1.A.3.c Railways; Liquid fuels NA NA NA
1.A.3.d Domestic navigation; Biomass NA NA NA NA
1.A.3.d Domestic navigation; Liquid fuels NA NA NA
1.A.3.e Other transportation; Gaseous fuels NA NA NA
1.A.4.a Commercial/institutional; Biomass NA NA NA NA
1.A.4.a Commercial/institutional; Gaseous fuels L1, T1 NA NA NA
1.A.4.a Commercial/institutional; Liquid fuels L1, T1 NA NA NA
1.A.4.b Residential; Biomass NA NA NA NA
1.A.4.b Residential; Gaseous fuels L1, L2, T1, T2 NA NA NA
1.A.4.b Residential; Liquid fuels L1, T1 NA NA NA
1.A.4.b Residential; Solid fuels NA NA NA
1.A.4.c Agriculture/forestry/fishing; Biomass NA NA NA NA
1.A.4.c Agriculture/forestry/fishing; Gaseous fuels NA NA NA
1.A.4.c Agriculture/forestry/fishing; Liquid fuels L1, T1 NA NA NA
1.A.5 Other; Biomass NA NA NA NA
1.A.5 Other; Liquid fuels L1 NA NA NA
1.B Fugitive emissions from fuels; All fuels NA NA NA NA NA
1.B.2.a Oil; All fuels NA NA NA NA NA
1.B.2.b Natural gas; All fuels NA NA NA NA
1.B.2.c Venting and flaring; All fuels NA NA NA
2.A Mineral industry NA NA NA NA NA
2.A.1 Cement production L1, L2, T1 NA NA NA NA NA
2.A.2 Lime production NA NA NA NA NA
2.A.3 Glass production NA NA NA NA NA
2.A.4 Other process uses of carbonates NA NA NA NA NA
2.B Chemical industry NA NA NA NA NA
2.B.2 Nitric acid production NA NA NA NA NA
2.B.5 Carbide production NA NA NA NA
2.B.8 Petrochemical and carbon black production NA NA NA NA NA
2.B.10  Other T1, T2 NA NA NA
2.C Metal industry NA NA NA NA NA
2.C.1 Iron and steel production NA NA NA NA NA
2.C.3 Aluminium production T1 NA NA NA T1 NA
2.C.4 Magnesium production NA NA NA NA NA NA
2.C.7 Other NA NA NA NA NA
2.D Non-energy products from fuels and solvent use NA NA NA NA NA T1
2.D.1 Lubricant use NA NA NA NA NA
2.D.2 Paraffin wax use NA NA NA NA NA
2.D.3 Other NA NA NA NA NA
2.E.1 Integrated circuit or semiconductor NA NA NA NA
2.E.3 Photovoltaics NA NA NA NA NA NA
2.E.5 Other NA NA NA NA NA
2.F.1 Refrigeration and air-conditioning NA NA NA L1, L2, T1, T2 NA
2.F.2 Foam blowing agents NA NA NA L2, T2 NA NA
2.F.4 Aerosols NA NA NA NA NA
2.F.5 Solvents NA NA NA NA NA
2.G Other product manufacture and use NA NA NA
2.G.3 N2O from product uses NA NA NA NA NA
2.G.4 Other NA NA NA NA
2.H Other NA NA NA NA NA
2.H.3 Other NA NA NA NA NA

SUMMARIES TO IDENTIFY KEY CATEGORIES

C & D
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Annexes 

Annex 2  ncertainty assessment 
 

A2.1 Input uncertainty values 

Table A – 2 Input uncertainties for the year 2023, including LULUCF categories and indirect CO2 emissions. Input 
uncertainties are assigned to activity data (column E) and emissions factors (column F) or, if unknown, to 
emissions only (column G). The uncertainties are given considering a 95 % confidence interval (from 2.5 % to 
97.5 %) and expressed as the distance from edge to mean, in percentage of the mean. Columns are labelled 
according to Table 3-2 in the 2006 IPCC Guidelines, vol.1, chp. 3 (IPCC 2006). Abbreviations used within sector 4 
LULUCF: CS-CH-LB Carbon gains: carbon gains in living biomass. CS-CH-LB Carbon losses: carbon losses in 
living biomass. Net CS-CH-S Carbon min soils: net carbon stock change in mineral soil. Net CS-CH-S Carbon org 
soils: net carbon stock change in organic soils. Net CS-CH-DOM Carbon: net carbon stock change in dead 
organic matter. 4(III)*D/I: direct/indirect N2O emissions. 

 

  

A B

Distribu- 

tion type

std. 

dev. %
(-)% (+)% Corr.

Distribu- 

tion type

std. 

dev. %
(-)% (+)% Corr.

Distribu- 

tion type

std. 

dev. %
(-)% (+)% Corr.

1.A.1; Biomass CH4 normal 10.0 10.0 10.0 no normal 28.3 28.3 28.3 yes
1.A.1; Biomass N2O normal 10.0 10.0 10.0 no normal 79.4 79.4 79.4 yes
1.A.1; Gaseous fuels CO2 normal 5.0 5.0 5.0 no normal 0.4 0.4 0.4 no
1.A.1; Gaseous fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.1; Gaseous fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 yes
1.A.1; Liquid fuels CO2 normal 0.7 0.7 0.7 no normal 0.1 0.1 0.1 yes
1.A.1; Liquid fuels CH4 normal 0.7 0.7 0.7 no normal 30.0 30.0 30.0 yes
1.A.1; Liquid fuels N2O normal 0.7 0.7 0.7 no normal 80.0 80.0 80.0 yes
1.A.1; Solid fuels CO2 normal 5.0 0.0 0.0 no normal 5.1 0.0 0.0 yes
1.A.1; Solid fuels CH4 normal 5.0 0.0 0.0 no normal 29.6 0.0 0.0 yes
1.A.1; Solid fuels N2O normal 5.0 0.0 0.0 no normal 79.8 0.0 0.0 yes
1.A.1; Other fossil fuels CO2 normal 5.0 5.0 5.0 no normal 16.9 16.9 16.9 yes
1.A.1; Other fossil fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 no
1.A.2; Biomass CH4 normal 10.0 10.0 10.0 no normal 28.3 28.3 28.3 yes
1.A.2; Biomass N2O normal 10.0 10.0 10.0 no normal 79.4 79.4 79.4 yes
1.A.2; Gaseous fuels CO2 normal 5.0 5.0 5.0 no normal 0.4 0.4 0.4 no
1.A.2; Gaseous fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.2; Gaseous fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 yes
1.A.2; Liquid fuels CO2 normal 0.7 0.7 0.7 no normal 0.1 0.1 0.1 yes
1.A.2; Liquid fuels CH4 normal 0.7 0.7 0.7 no normal 30.0 30.0 30.0 yes
1.A.2; Liquid fuels N2O normal 0.7 0.7 0.7 no normal 80.0 80.0 80.0 yes
1.A.2; Solid fuels CO2 normal 5.0 5.0 5.0 no normal 5.1 5.1 5.1 yes
1.A.2; Solid fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.2; Solid fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 yes
1.A.2; Other fossil fuels CO2 normal 5.0 5.0 5.0 no normal 9.2 9.2 9.2 yes
1.A.2; Other fossil fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.2; Other fossil fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 no
1.A.3.a; Kerosene fossil CO2 normal 1.0 1.0 1.0 no normal 0.2 0.2 0.2 no
1.A.3.a; Kerosene fossil CH4 normal 1.0 1.0 1.0 no normal 60.0 60.0 60.0 yes
1.A.3.a; Kerosene fossil N2O normal 1.0 1.0 1.0 no gamma 150.0 90.7 196.0 yes
1.A.3.b; Biomass CH4 normal 10.0 10.0 10.0 no normal 59.2 59.2 59.2 yes
1.A.3.b; Biomass N2O normal 10.0 10.0 10.0 no gamma 149.7 90.7 195.5 yes
1.A.3.b; Gaseous fuels CO2 normal 5.0 5.0 5.0 no normal 0.4 0.4 0.4 no
1.A.3.b; Gaseous fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.3.b; Gaseous fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 yes
1.A.3.b; Diesel oil CO2 normal 0.9 0.9 0.9 no normal 0.1 0.1 0.1 no
1.A.3.b; Diesel oil CH4 normal 0.9 0.9 0.9 no normal 20.0 20.0 20.0 yes
1.A.3.b; Diesel oil N2O normal 0.9 0.9 0.9 no normal 22.0 22.0 22.0 yes
1.A.3.b; Gasoline CO2 normal 0.7 0.7 0.7 no normal 0.1 0.1 0.1 no
1.A.3.b; Gasoline CH4 normal 0.7 0.7 0.7 no normal 37.0 37.0 37.0 yes
1.A.3.b; Gasoline N2O normal 0.7 0.7 0.7 no normal 50.0 50.0 50.0 yes
1.A.3.b; Liquefied petroleum gas CO2 normal 0.7 0.7 0.7 no normal 10.0 10.0 10.0 yes
1.A.3.b; Liquefied petroleum gas CH4 normal 0.7 0.7 0.7 no normal 30.0 30.0 30.0 yes
1.A.3.b; Liquefied petroleum gas N2O normal 0.7 0.7 0.7 no normal 80.0 80.0 80.0 yes
1.A.3.b; Other fossil fuels CO2 normal 0.9 0.9 0.9 no normal 0.1 0.1 0.1 no
1.A.3.b; Other fossil fuels CH4 normal 0.9 0.9 0.9 no normal 20.0 20.0 20.0 yes
1.A.3.b; Other fossil fuels N2O normal 0.9 0.9 0.9 no normal 22.0 22.0 22.0 yes
1.A.3.c; Biomass CH4 normal 10.0 10.0 10.0 no normal 59.2 59.2 59.2 yes
1.A.3.c; Biomass N2O normal 10.0 10.0 10.0 no gamma 149.7 90.7 195.5 yes
1.A.3.c; Liquid fuels CO2 normal 0.9 0.9 0.9 no normal 0.1 0.1 0.1 no
1.A.3.c; Liquid fuels CH4 normal 0.9 0.9 0.9 no normal 30.0 30.0 30.0 yes
1.A.3.c; Liquid fuels N2O normal 0.7 0.7 0.7 no normal 80.0 80.0 80.0 yes
1.A.3.d; Biomass CH4 normal 10.0 10.0 10.0 no normal 59.2 59.2 59.2 yes
1.A.3.d; Biomass N2O normal 10.0 10.0 10.0 no gamma 149.7 90.7 195.5 yes
1.A.3.d; Liquid fuels CO2 normal 0.7 0.7 0.7 no normal 0.1 0.1 0.1 no
1.A.3.d; Liquid fuels CH4 normal 0.7 0.7 0.7 no normal 30.0 30.0 30.0 yes
1.A.3.d; Liquid fuels N2O normal 0.7 0.7 0.7 no gamma 150.0 90.7 196.0 yes
1.A.3.e; Biomass CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.3.e; Biomass N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 yes
1.A.3.e; Gaseous fuels CO2 normal 5.0 5.0 5.0 no normal 0.4 0.4 0.4 no
1.A.3.e; Gaseous fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes
1.A.3.e; Gaseous fuels N2O normal 5.0 5.0 5.0 no normal 79.8 79.8 79.8 yes
1.A.4.a; Biomass CH4 normal 10.0 10.0 10.0 no normal 28.3 28.3 28.3 yes
1.A.4.a; Biomass N2O normal 10.0 10.0 10.0 no normal 79.4 79.4 79.4 yes
1.A.4.a; Gaseous fuels CO2 normal 5.0 5.0 5.0 no normal 0.4 0.4 0.4 no
1.A.4.a; Gaseous fuels CH4 normal 5.0 5.0 5.0 no normal 29.6 29.6 29.6 yes

Code Gas

Activity data uncertainty for a 95 % Emission factor uncertainty for a 95 % Emission uncertainty for a 95 % confidence 

E F G

Year 2023
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A2.2 Detailed results of approach 1 uncertainty analysis 

Table A – 4 Uncertainty analysis of greenhouse gas emissions and removals, approach 1, for 2023 and for the 
trend 1990–2023, including LULUCF categories and indirect CO2 emissions. The uncertainties are given 
considering a 95 % confidence interval (from 2.5 % to 97.5 %), and expressed as the distance from edge to 
mean, in percentage of the mean. AD: activity data; EF: emission factor; EM: emission. “d.EM”: stands for direct 
emission and indicates that input uncertainties are given for the emission but neither for activity data nor for 
emission factor. Columns are labelled according to Table 3-2 in the 2006 IPCC Guidelines, vol.1, chp. 3 (IPCC 
2006). “Agg.”: indicates that values for AD and EF cannot be computed because the row results from an 
aggregation. Abbreviations 4(III)*D/I: direct/indirect N2O emissions. 

 

  

A B C D I J

Emissions 

1990

Emissions 

2023

Sensitivi- 

ty if corr. 

(type A)

Sensitivi- 

ty if not 

corr. 

(type B)

(-)% (+)% (-)% (+)% (-)% (+)% (-)% (+)% (-)% (+)%
1.A.1; Biomass CH4 0.10 0.20 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.1; Biomass N2O 20.12 14.10 80 80 0.001 0.001 0.000 0.000 0.004 0.004 0.003 0.003 0.000 0.000
1.A.1; Gaseous fuels CO2 243.40 345.62 5 5 0.002 0.002 0.003 0.007 0.046 0.046 0.004 0.004 0.002 0.002
1.A.1; Gaseous fuels CH4 0.14 0.61 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.1; Gaseous fuels N2O 0.14 0.74 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
1.A.1; Liquid fuels CO2 685.86 356.53 1 1 0.000 0.000 0.004 0.007 0.007 0.007 0.000 0.000 0.000 0.000
1.A.1; Liquid fuels CH4 0.58 0.20 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.1; Liquid fuels N2O 1.01 0.24 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
1.A.1; Solid fuels CO2 49.13 NO NO NO NO NO 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.1; Solid fuels CH4 0.15 NO NO NO NO NO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.1; Solid fuels N2O 0.21 NO NO NO NO NO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.1; Other fossil fuels CO2 1'491.55 2'430.90 18 18 1.033 1.033 0.023 0.046 0.327 0.327 0.397 0.397 0.264 0.264
1.A.1; Other fossil fuels N2O 21.63 22.81 80 80 0.002 0.002 0.000 0.000 0.003 0.003 0.049 0.049 0.002 0.002
1.A.2; Biomass CH4 2.91 1.01 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
1.A.2; Biomass N2O 4.69 16.20 80 80 0.001 0.001 0.000 0.000 0.004 0.004 0.019 0.019 0.000 0.000
1.A.2; Gaseous fuels CO2 1'100.12 1'668.06 5 5 0.039 0.039 0.015 0.032 0.224 0.224 0.017 0.017 0.051 0.051
1.A.2; Gaseous fuels CH4 0.61 0.85 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.2; Gaseous fuels N2O 0.62 0.81 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.2; Liquid fuels CO2 3'974.10 1'465.33 1 1 0.001 0.001 0.033 0.028 0.027 0.027 0.003 0.003 0.001 0.001
1.A.2; Liquid fuels CH4 5.14 1.00 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000
1.A.2; Liquid fuels N2O 11.87 8.84 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
1.A.2; Solid fuels CO2 1'274.70 286.10 7 7 0.002 0.002 0.014 0.005 0.038 0.038 0.071 0.071 0.007 0.007
1.A.2; Solid fuels CH4 0.35 0.16 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.2; Solid fuels N2O 5.46 1.20 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.005 0.000 0.000
1.A.2; Other fossil fuels CO2 192.37 408.16 10 10 0.010 0.010 0.005 0.008 0.055 0.055 0.045 0.045 0.005 0.005
1.A.2; Other fossil fuels CH4 0.87 0.63 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.2; Other fossil fuels N2O 1.97 4.83 80 80 0.000 0.000 0.000 0.000 0.001 0.001 0.010 0.010 0.000 0.000
1.A.3.a; Kerosene fossil CO2 252.55 64.57 1 1 0.000 0.000 0.003 0.001 0.002 0.002 0.000 0.000 0.000 0.000
1.A.3.a; Kerosene fossil CH4 0.19 0.09 60 60 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.a; Kerosene fossil N2O 1.83 0.47 91 196 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.004 0.000 0.000
1.A.3.b; Biomass CH4 NO 0.68 60 60 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
1.A.3.b; Biomass N2O NO 4.18 91 196 0.000 0.000 0.000 0.000 0.001 0.001 0.007 0.016 0.000 0.000
1.A.3.b; Gaseous fuels CO2 NO 28.51 5 5 0.000 0.000 0.001 0.001 0.004 0.004 0.000 0.000 0.000 0.000
1.A.3.b; Gaseous fuels CH4 NO 0.22 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Gaseous fuels N2O NO 0.04 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Diesel oil CO2 2'631.94 6'860.11 1 1 0.021 0.021 0.090 0.130 0.163 0.163 0.013 0.013 0.027 0.027
1.A.3.b; Diesel oil CH4 2.56 7.14 20 20 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000
1.A.3.b; Diesel oil N2O 5.37 90.27 22 22 0.002 0.002 0.002 0.002 0.002 0.002 0.036 0.036 0.001 0.001
1.A.3.b; Gasoline CO2 11'328.41 6'365.75 1 1 0.011 0.011 0.052 0.121 0.117 0.117 0.022 0.022 0.014 0.014
1.A.3.b; Gasoline CH4 127.19 13.27 37 37 0.000 0.000 0.002 0.000 0.000 0.000 0.062 0.062 0.004 0.004
1.A.3.b; Gasoline N2O 142.64 12.79 50 50 0.000 0.000 0.002 0.000 0.000 0.000 0.097 0.097 0.009 0.009
1.A.3.b; Liquefied petroleum gas CO2 NO 1.39 10 10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Liquefied petroleum gas CH4 NO 0.00 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Liquefied petroleum gas N2O NO 0.01 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Other fossil fuels CO2 NO 16.81 1 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Other fossil fuels CH4 NO 0.02 20 20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.b; Other fossil fuels N2O NO 0.22 22 22 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.c; Biomass CH4 NO 0.00 60 60 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.c; Biomass N2O NO 0.02 91 196 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.c; Liquid fuels CO2 28.69 27.82 1 1 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000
1.A.3.c; Liquid fuels CH4 0.03 0.01 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.c; Liquid fuels N2O 0.38 0.36 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.d; Biomass CH4 NO 0.01 60 60 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.d; Biomass N2O NO 0.04 91 196 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.d; Liquid fuels CO2 114.27 110.38 1 1 0.000 0.000 0.000 0.002 0.002 0.002 0.000 0.000 0.000 0.000
1.A.3.d; Liquid fuels CH4 1.88 0.35 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
1.A.3.d; Liquid fuels N2O 1.03 1.05 91 196 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
1.A.3.e; Gaseous fuels CO2 31.42 9.50 5 5 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000
1.A.3.e; Gaseous fuels CH4 0.08 0.02 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.3.e; Gaseous fuels N2O 0.10 0.03 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.4.a; Biomass CH4 9.55 5.08 30 30 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000
1.A.4.a; Biomass N2O 3.27 12.49 80 80 0.001 0.001 0.000 0.000 0.003 0.003 0.015 0.015 0.000 0.000
1.A.4.a; Gaseous fuels CO2 928.49 959.99 5 5 0.013 0.013 0.004 0.018 0.129 0.129 0.010 0.010 0.017 0.017
1.A.4.a; Gaseous fuels CH4 2.32 2.41 30 30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.4.a; Gaseous fuels N2O 0.49 0.61 80 80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.A.4.a; Liquid fuels CO2 3'918.47 1'891.60 1 1 0.001 0.001 0.024 0.036 0.035 0.035 0.002 0.002 0.001 0.001

Contribution to 

inventory trend 

uncertainty from EF

Contribution to 

inventory trend 

uncertainty from EM
IPCC category; fuel/source Gas

Emission 

combined 

uncertainty 2023

Category 

contribution to 

inventory variance 

2023

Contribution to 

inventory trend 

uncertainty from AD

G H K L M
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A2.3 Detailed results of approach 2 uncertainty analysis 

Table A – 5 Uncertainty analysis of greenhouse gas emissions and removals, approach 2, for 2023 and for the 
trend 1990–2023, including LULUCF categories and indirect CO2 emissions. “d.EM” stands for direct emission 
and indicates that input uncertainties are given for the emission but neither for the activity data nor for the 
emission factor. Monte Carlo simulations were run 100’000 times. The reported uncertainties correspond to the 
borders of the narrowest 95 % confidence interval. Contributions to inventory trend (mean, uncertainties, columns 
I and J) are values normalised by the total inventory base year emission. Columns A to J are labelled according to 
Table 3-3 in the 2006 IPCC Guidelines, vol.1, chp. 3 (IPCC 2006). “Agg.”: indicates that values for AD and EF 
cannot be computed because the row results from an aggregation. Abbreviations 4(III)*D/I: direct/indirect N2O 
emissions. 

 

  

A B C D H I

Emissions 

1990

Emissions 

2023

Emission 

contri- 

bution to 

variance 

2023

Contri- 

bution to 

trend

kt CO2 eq. kt CO2 eq. (-)% (+)% (-)% (+)% (-)% (+)% Fraction % (-)% (+)%
1.A.1; Biomass CH4 0.10 0.20 10 10 29 28 30 30 0.000 0.000 0.000 0.000
1.A.1; Biomass N2O 20.12 14.10 10 10 81 78 81 80 0.000 -0.011 0.011 0.010
1.A.1; Gaseous fuels CO2 243.40 345.62 5 5 0 0 5 5 0.000 0.195 0.042 0.042
1.A.1; Gaseous fuels CH4 0.14 0.61 5 5 30 30 31 30 0.000 0.001 0.000 0.000
1.A.1; Gaseous fuels N2O 0.14 0.74 5 5 81 78 81 79 0.000 0.001 0.001 0.001
1.A.1; Liquid fuels CO2 685.86 356.53 1 1 0 0 1 1 0.000 -0.627 0.029 0.029
1.A.1; Liquid fuels CH4 0.58 0.20 1 1 30 30 30 30 0.000 -0.001 0.000 0.000
1.A.1; Liquid fuels N2O 1.01 0.24 1 1 80 81 82 79 0.000 -0.001 0.001 0.001
1.A.1; Solid fuels CO2 49.13 NO NO NO NO NO NO NO 0.000 -0.093 0.008 0.008
1.A.1; Solid fuels CH4 0.15 NO NO NO NO NO NO NO 0.000 0.000 0.000 0.000
1.A.1; Solid fuels N2O 0.21 NO NO NO NO NO NO NO 0.000 0.000 0.000 0.000
1.A.1; Other fossil fuels CO2 1'491.55 2'430.90 5 5 17 17 17 18 0.023 1.788 0.405 0.409
1.A.1; Other fossil fuels N2O 21.63 22.81 5 5 83 78 81 80 0.000 0.002 0.048 0.047
1.A.2; Biomass CH4 2.91 1.01 10 10 29 28 31 30 0.000 -0.004 0.001 0.001
1.A.2; Biomass N2O 4.69 16.20 10 10 81 79 81 81 0.000 0.022 0.018 0.018
1.A.2; Gaseous fuels CO2 1'100.12 1'668.06 5 5 0 0 5 5 0.001 1.081 0.197 0.202
1.A.2; Gaseous fuels CH4 0.61 0.85 5 5 29 30 31 29 0.000 0.000 0.000 0.000
1.A.2; Gaseous fuels N2O 0.62 0.81 5 5 81 78 81 79 0.000 0.000 0.000 0.000
1.A.2; Liquid fuels CO2 3'974.10 1'465.33 1 1 0 0 1 1 0.000 -4.774 0.209 0.215
1.A.2; Liquid fuels CH4 5.14 1.00 1 1 30 30 30 30 0.000 -0.008 0.002 0.002
1.A.2; Liquid fuels N2O 11.87 8.84 1 1 81 78 81 79 0.000 -0.006 0.005 0.005
1.A.2; Solid fuels CO2 1'274.70 286.10 5 5 5 5 7 7 0.000 -1.881 0.176 0.172
1.A.2; Solid fuels CH4 0.35 0.16 5 5 29 30 30 30 0.000 0.000 0.000 0.000
1.A.2; Solid fuels N2O 5.46 1.20 5 5 80 80 79 81 0.000 -0.008 0.007 0.006
1.A.2; Other fossil fuels CO2 192.37 408.16 5 5 9 9 11 10 0.000 0.411 0.059 0.061
1.A.2; Other fossil fuels CH4 0.87 0.63 5 5 29 30 30 30 0.000 0.000 0.000 0.000
1.A.2; Other fossil fuels N2O 1.97 4.83 5 5 81 79 80 81 0.000 0.005 0.008 0.008
1.A.3.a; Kerosene fossil CO2 252.55 64.57 1 1 0 0 1 1 0.000 -0.358 0.016 0.016
1.A.3.a; Kerosene fossil CH4 0.19 0.09 1 1 59 61 59 61 0.000 0.000 0.000 0.000
1.A.3.a; Kerosene fossil N2O 1.83 0.47 1 1 99 150 99 150 0.000 -0.003 0.004 0.003
1.A.3.b; Biomass CH4 NO 0.68 10 10 59 59 61 60 0.000 0.001 0.001 0.001
1.A.3.b; Biomass N2O NO 4.18 10 10 99 150 99 151 0.000 0.008 0.008 0.012
1.A.3.b; Gaseous fuels CO2 NO 28.51 5 5 0 0 5 5 0.000 0.054 0.004 0.004
1.A.3.b; Gaseous fuels CH4 NO 0.22 5 5 30 29 30 30 0.000 0.000 0.000 0.000
1.A.3.b; Gaseous fuels N2O NO 0.04 5 5 79 80 81 80 0.000 0.000 0.000 0.000
1.A.3.b; Diesel oil CO2 2'631.94 6'860.11 1 1 0 0 1 1 0.000 8.046 0.374 0.364
1.A.3.b; Diesel oil CH4 2.56 7.14 1 1 20 20 20 20 0.000 0.009 0.002 0.002
1.A.3.b; Diesel oil N2O 5.37 90.27 1 1 22 22 22 22 0.000 0.162 0.037 0.036
1.A.3.b; Gasoline CO2 11'328.41 6'365.75 1 1 0 0 1 1 0.000 -9.443 0.449 0.429
1.A.3.b; Gasoline CH4 127.19 13.27 1 1 37 38 37 37 0.000 -0.217 0.081 0.080
1.A.3.b; Gasoline N2O 142.64 12.79 1 1 50 50 50 50 0.000 -0.247 0.122 0.124
1.A.3.b; Liquefied petroleum gas CO2 NO 1.39 1 1 10 10 10 10 0.000 0.003 0.000 0.000
1.A.3.b; Liquefied petroleum gas CH4 NO 0.00 1 1 30 30 30 30 0.000 0.000 0.000 0.000
1.A.3.b; Liquefied petroleum gas N2O NO 0.01 1 1 79 82 78 82 0.000 0.000 0.000 0.000
1.A.3.b; Other fossil fuels CO2 NO 16.81 1 1 0 0 1 1 0.000 0.032 0.001 0.001
1.A.3.b; Other fossil fuels CH4 NO 0.02 1 1 20 20 20 20 0.000 0.000 0.000 0.000
1.A.3.b; Other fossil fuels N2O NO 0.22 1 1 22 22 22 22 0.000 0.000 0.000 0.000
1.A.3.c; Biomass CH4 NO 0.00 10 10 58 61 60 60 0.000 0.000 0.000 0.000
1.A.3.c; Biomass N2O NO 0.02 10 10 99 150 99 151 0.000 0.000 0.000 0.000
1.A.3.c; Liquid fuels CO2 28.69 27.82 1 1 0 0 1 1 0.000 -0.002 0.001 0.001
1.A.3.c; Liquid fuels CH4 0.03 0.01 1 1 30 30 30 30 0.000 0.000 0.000 0.000
1.A.3.c; Liquid fuels N2O 0.38 0.36 1 1 81 79 81 79 0.000 0.000 0.000 0.000
1.A.3.d; Biomass CH4 NO 0.01 10 10 59 58 61 58 0.000 0.000 0.000 0.000
1.A.3.d; Biomass N2O NO 0.04 10 10 99 150 99 150 0.000 0.000 0.000 0.000
1.A.3.d; Liquid fuels CO2 114.27 110.38 1 1 0 0 1 1 0.000 -0.007 0.002 0.002
1.A.3.d; Liquid fuels CH4 1.88 0.35 1 1 29 31 29 31 0.000 -0.003 0.001 0.001
1.A.3.d; Liquid fuels N2O 1.03 1.05 1 1 99 149 99 149 0.000 0.000 0.000 0.000
1.A.3.e; Gaseous fuels CO2 31.42 9.50 5 5 0 0 5 5 0.000 -0.042 0.004 0.004
1.A.3.e; Gaseous fuels CH4 0.08 0.02 5 5 29 30 31 29 0.000 0.000 0.000 0.000
1.A.3.e; Gaseous fuels N2O 0.10 0.03 5 5 79 80 81 79 0.000 0.000 0.000 0.000
1.A.4.a; Biomass CH4 9.55 5.08 10 10 28 28 30 30 0.000 -0.009 0.003 0.003
1.A.4.a; Biomass N2O 3.27 12.49 10 10 80 79 80 81 0.000 0.018 0.014 0.014
1.A.4.a; Gaseous fuels CO2 928.49 959.99 5 5 0 0 5 5 0.000 0.060 0.131 0.128
1.A.4.a; Gaseous fuels CH4 2.32 2.41 5 5 29 30 29 31 0.000 0.000 0.000 0.000
1.A.4.a; Gaseous fuels N2O 0.49 0.61 5 5 79 80 80 81 0.000 0.000 0.000 0.000
1.A.4.a; Liquid fuels CO2 3'918.47 1'891.60 1 1 0 0 1 1 0.000 -3.857 0.171 0.180

Contribution to 

uncertainty of trendIPCC category; fuel/source Gas

Activity data 

uncertainty 

2023

Emission 

factor 

uncertainty 

2023

Emission 

combined 

uncertainty 

2023

E F G J
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Annex 3  etailed descri tion of the reference a  roach 
 including in uts to the reference a  roach such 
as the national energy balance  and the results of 
the com arison of national estimates of 
emissions  ith those obtained using the 
reference a  roach 

 

A3.1 National energy balance 

The national energy balance is provided in Table A – 6. A detailed description of the 

reference approach and the results of the comparison is provided in chp. 3.2.1. 

 

Table A – 6 Switzerland’s energy balance 2023 (SFOE 2024) in TJ. Liechtenstein’s consumption of liquid fuels is 
included in the numbers (see general remarks in FOEN (2024d) on final Swiss energy consumption). 

 

 

 

A3.2 Differences between International Energy Agency (IEA) data and the reference 

approach 

Reviewers have repeatedly asked for explanations of the apparent differences between the 

energy data held by the International Energy Agency (IEA) and the data reported in the 

Reference Approach. In order to clarify the pertaining issues, the reasons for the major 

differences are given in FOEN (2024d). 
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A5.1.2 Road transportation 

Base emission factors (1A3b) 

The derivation of the emission factors for road transport is described in detail in INFRAS 

(2019a), Matzer et al. (2019) and Notter et al. (2022). The emission factors are contained in 

the “Handbook Emission Factors for Road Transport (HBEFA)” (version 4.2), which is 

available publicly as a database application (INFRAS 2022). Some important features of the 

emission factor methodologies are summarised in the following paragraphs. 

HBEFA differentiates emission factors by emission category, vehicle types and traffic 

situations.  

The following emission categories are accounted for: 

a) Hot emissions – the emissions caused by vehicles on the road with hot engines; 

b) Cold start (excess) emissions – the excess emissions caused by vehicles after cold start 

when the engine is still cold (note that these emissions can be negative in some cases, when 

the cold engine produces less emissions than in the hot state) 

c) Evaporation emissions – evaporation of hydrocarbons (i.e. methane, NMVOC) from the 

fuel tank of gasoline vehicles. Three sub-processes are distinguished: 

• Soak emissions: evaporation after stopping when the engine is still hot, 

• Diurnal emissions: evaporation caused by the daily temperature variation, 

• Running losses: evaporation during driving. 

 

The hot emissions are generally the most relevant emission category; results show that for 

CO2 the hot exhaust emissions contribute about 98 % of the total in the year 2019. Only 2 % 

stem from cold start excess emissions. For CH4, however, the picture is different. Hot 

exhaust emissions contribute about two thirds to the total, cold start emissions about one 

third. For N2O, the cold start emission factors are based on the EMEP guidebook 

(EMEP/EEA 2019). According to these emission factors, the share of cold start emissions 

amounts to roughly 7 % of total emissions in the year 2019.  

 

Regarding vehicle types, HBEFA distinguishes six vehicle categories at the highest 

aggregation level (i.e. passenger cars, light commercial vehicles, urban buses, coaches, 

heavy goods vehicles and motorcycles). Each vehicle category is further differentiated by 

technology (in turn related to fuel type), emission standard, and (optionally) size class. The 

following table illustrates the segmentation of passenger cars. Similar “segmentations” hold 

for the other vehicle categories, too.  
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Modelling total emissions (1A3b) 

The road transportation model produces estimates for activity data (mileage and 

corresponding fuel consumption) which correspond to the territorial or fuel used approach; 

they do not yet contain the activity data contribution from fuel tourism and statistical 

differences. The difference between the calculated fuel consumption of diesel oil, gasoline, 

biodiesel, bioethanol and natural gas in the road transportation model and the Swiss energy 

statistics is called “statistical difference and fuel tourism”. To calculate the activity data for the 

fuel sold approach, the difference in fuel consumption per fuel type is distributed 

proportionally across each vehicle category, whereby the activity data in GJ, driven 

kilometres and the number of vehicles is adjusted proportionally in each category (as 

described in chp. 3.2.9.2.2). Emissions are subsequently calculated based on the adjusted 

activity data representing the fuel sold approach, multiplied by the category specific emission 

factors. Please see also chapter 3.2.4.1 on system boundaries. 

 

A5.1.3 Non-road vehicles and machinery: supplementary activity data 

The following table shows some aggregated information on stock numbers and annual 

operation hours of non-road vehicles and machinery. Detailed information is available in the 

report FOEN (2015j) and most disaggregated information is available by query from the 

online non-road database INFRAS (2015a):  

https://www.bafu.admin.ch/bafu/en/home/topics/air/state/non-road-datenbank.html 

 

https://www.bafu.admin.ch/bafu/en/home/topics/air/state/non-road-datenbank.html
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Table A – 14 Overview over stock and operating hours of non-road vehicles and machinery (FOEN 2015j): Upper 
table: Number of vehicles; middle table Specific operating hours per year; lower table: Total operating hours per 
year (in million hours) 

 

 

A5.1.4 Sulphur dioxide (SO2): Country-specific and fuel-specific default emission 

factors for 1A Fuel combustion 

 

Methodology 

For fossil standard fuels in source category 1A Fuel combustion, country-specific and fuel-

specific default emission factors are used for SO2.This means that the same emission factor 

values are applicable to several source categories. This is appropriate for SO2 because in 

many cases, the amount of SO2 emitted per amount of fuel burnt directly depends on the 

sulphur content of the fuel. For a given fuel, the sulphur content for the whole country is 

considered homogenous. For other pollutants, the emission factors depend on the 

combustion process as well and are reported in their specific chapters. 

The country-specific default emission factors for SO2 are estimated as follow: 

 Where available, we use sulphur content measured annually in fuels in Switzerland, 

usually expressed as a mass of sulphur per mass of fuel. For liquid fuels, due to yearly 

fluctuating average values probably caused by a low number of samples per year, we use as 

annual sulphur content the average value from all samples available from the given year as 

well as the previous and subsequent year. In case no data are available for a given year, we 

Category 1980 1990 2000 2010 2020 2030

Construction machinery 63'364 58'816 52'729 57'102 60'384 62'726

Industrial machinery 26'714 43'244 70'671 69'786 69'757 70'083

Agricultural machinery 292'773 324'567 337'869 318'876 309'825 305'235

Forestry machinery 11'815 13'844 13'055 11'857 10'831 10'170

Garden-care / hobby appliances 1'198'841 1'539'624 1'944'373 2'322'737 2'464'323 2'499'627

Navigation machinery 94'866 103'383 93'912 95'055 97'522 99'104

Railway machinery 529 1'300 1'255 697 640 640

Military machinery 13'092 13'373 14'272 13'083 12'853 12'856

Total 1'701'994 2'098'151 2'528'136 2'889'193 3'026'135 3'060'441

Category 1980 1990 2000 2010 2020 2030

Construction machinery 247 322 406 417 424 429

Industrial machinery 666 670 684 680 675 671

Agricultural machinery 136 119 112 103 99 95

Forestry machinery 203 199 203 193 188 182

Garden-care / hobby appliances 12 17 20 64 77 81

Navigation machinery 39 38 38 36 35 35

Railway machinery 877 613 617 783 719 719

Military machinery 64 64 63 73 74 74

Category 1980 1990 2000 2010 2020 2030

Construction machinery 16 19 21 24 26 27

Industrial machinery 18 29 48 48 47 47

Agricultural machinery 40 39 38 33 31 29

Forestry machinery 2.4 2.8 2.6 2.3 2.0 1.9

Garden-care / hobby appliances 15 26 39 150 191 201

Navigation machinery 3.7 3.9 3.5 3.4 3.4 3.4

Railway machinery 0.50 0.80 0.80 0.50 0.50 0.50

Military machinery 0.80 0.90 0.90 0.90 0.90 0.90

Total 95 121 155 261 301 311

number of vehicles

Specific operating hours per year

million operating hours per year
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Gaseous fuels of biogenic origin 
For biogas, sewage gas and landfill gas, no data are available. We assume that the sulphur 

content is near the legal limit of 190 g/t and therefore use a value of 0.5 g/GJ. 

 

Other bituminous coal 
There are no measured data and we assume that the sulphur content is 20 % below the legal 

limit. The legal limit of sulphur content depends on the size of the heat capacity of the 

combustion system. The value of 1 % sulphur content (350 g SO2/GJ) shown in Table A – 15 

holds for heat capacity below 1 MW (see OAPC Annex 3, §513 (Swiss Confederation 1985)). 

For larger capacities, the value is 3 % (OAPC Annex 5, §2, Swiss Confederation 1985). For 

industrial combustion plants, the limit for the exhaust emissions actually sets the 

corresponding maximum sulphur content to 1.4 % (500 g SO2/GJ). 

 

Lignite 
There are no measured data and we assume that the sulphur content is 10 % below the legal 

limit, which is the same as for bituminous coal. 

 

Jet kerosene 
There is no default, country-specific emission factor for SO2 for jet kerosene. Category-

specific emission factors are reported in their respective chapters. 

 

Table A – 15 Maximum legal limits of sulphur content in various fuels. 

 

 

Fuel Diesel oil Gasoline
Gas oil (Euro 

extra-light)

Gas oil (eco 

extra-light)
Natural gas

Res. fuel oil 

Class A

Res. fuel oil 

Class B

Coal, thermal 

input < 1MW

Coal, thermal 

input > 1MW

Ref. OAPC 

2022

OAPC 

Annex 5 

§6

OAPC 

Annex 5 

§5

OAPC 

Annex 5 

§11bis a

OAPC 

Annex 5 

§11bis b

OAPC Annex 

5 

§42

OAPC Annex 

3, §421, lit.2

OAPC Annex 

5

§11bis c

OAPC 

Annex 3 

§513

OAPC 

Annex 5 

§2

Unit g/t g/t g/t g/t g/t g/t g/t g/t g/t

1990 2'000 200 2'000 NO 190 15'000 28'000 10'000 30'000

1991 2'000 200 2'000 NO 190 10'000 28'000 10'000 30'000

1992 2'000 200 2'000 NO 190 10'000 28'000 10'000 30'000

1993 2'000 200 2'000 NO 190 10'000 28'000 10'000 30'000

1994 2'000 200 2'000 NO 190 10'000 28'000 10'000 30'000

2000 350 150 2'000 NO 190 10'000 28'000 10'000 30'000

2005 50 50 2'000 NO 190 10'000 28'000 10'000 30'000

2008 50 50 2'000 NO 190 10'000 28'000 10'000 30'000

2009 10 10 1'000 NO 190 10'000 28'000 10'000 30'000

2018 10 10 1'000 50 190 10'000 28'000 10'000 30'000

2023 10 10 1'000 50 190 10'000 28'000 10'000 30'000
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Table A – 16 Measured sulphur content in various fuels. 

 

 

Table A – 17 Sulphur dioxide emission factors used for the inventory. 

 

 

Fuel Diesel oil Gasoline
Gas oil 

(Euro)

Gas oil (Eco) Res. fuel oil 

Class A

Unit g/t g/t g/t g/t g/t

1990 NE NE 1'600 NO 9'747

1991 NE NE 1'300 NO 8'900

1992 NE NE 1'200 NO 8'600

1993 NE NE 1'000 NO 8'700

1994 434 NE 1'350 NO 7'710

1995 341 NE 1'170 NO 7'770

1996 372 NE 1'160 NO 7'770

1997 353 NE 1'250 NO 7'000

1998 402 NE 926 NO 8'300

1999 443 NE 650 NO 6'200

2000 272 NE 680 NO 6'600

2001 250 NE 830 NO 8'200

2002 235 NE 798 NO 8'200

2003 200 NE NE NO 7'900

2004 5.2 3.8 730 NO 7'600

2005 6.4 5.6 808 NO 7'800

2006 NE NE NE NE NE

2007 NE NE NE NE NE

2008 NE NE NE NE NE

2009 7.6 5.3 641 25 9'217

2010 6.7 4.3 631 34 8'825

2011 6.6 4.7 531 21 8'967

2012 6.5 4.8 672 26 9'100

2013 7.1 4.5 308 25 8'967

2014 6.8 4.4 502 27 7'800

2015 7.7 4.2 516 14 8'233

2016 7.0 4.2 246 10 8'450

2017 7.7 5.0 248 19 9'833

2018 7.5 5.2 486 5 9'133

2019 NE NE NE NE NE

2020 6.2 NE 319 18 5'533

2021 7.1 NE 337 19 5'600

2022 6.6 4.8 551 17 6'567

2023 6.4 3.7 NE 14 5'500

Measured sulphur content in fuels

Unit 1990 1995 2000 2005 2010

Fuel combustion Gasoline g/GJ 8.46 8.46 6.80 0.233 0.219

Fuel combustion Diesel oil g/GJ 69.1 17.8 15.0 0.280 0.319

Fuel combustion Gas oil g/GJ 72.4 57.5 33.7 34.6 23.0

Fuel combustion Residual fuel oil g/GJ 466 376 339 381 438

Fuel combustion
Liquefied petroleum 

gas
g/GJ 0.500 0.500 0.500 0.500 0.500

Fuel combustion: Boilers manufacturing industry Other bituminous coal g/GJ 500 500 500 500 500

Fuel combustion: Boilers residential Other bituminous coal g/GJ 350 350 350 350 350

Fuel combustion Lignite g/GJ 500 500 500 500 500

Fuel combustion Natural gas g/GJ 0.500 0.500 0.500 0.451 0.425

Fuel combustion Biodiesel biogenic g/GJ 69.1 17.8 15.0 0.280 0.319

Fuel combustion Bioethanol g/GJ 8.46 8.46 6.80 0.233 0.219

Fuel combustion Biogas g/GJ 0.500 0.500 0.500 0.500 0.500

Fuel combustion Sewage gas g/GJ 0.500 0.500 0.500 0.500 0.500

Unit 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fuel combustion Gasoline g/GJ 0.205 0.200 0.209 0.218 0.236 0.240 0.217 0.222 0.190 0.194

Fuel combustion Diesel oil g/GJ 0.335 0.333 0.347 0.342 0.333 0.325 0.316 0.307 0.309 0.305

Fuel combustion Gas oil g/GJ 14.2 13.8 10.6 8.85 8.38 7.84 6.79 4.88 1.94 0.841

Fuel combustion Residual fuel oil g/GJ 416 396 448 453 460 356 269 290 290 283

Fuel combustion
Liquefied petroleum 

gas
g/GJ 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500

Fuel combustion: Boilers manufacturing industry Other bituminous coal g/GJ 500 500 500 500 500 500 500 500 500 500

Fuel combustion: Boilers residential Other bituminous coal g/GJ 350 350 350 350 350 350 350 350 350 350

Fuel combustion Lignite g/GJ 500 500 500 500 500 500 500 500 500 500

Fuel combustion Natural gas g/GJ 0.440 0.434 0.432 0.377 0.379 0.129 0.155 0.0393 0.175 0.231

Fuel combustion Biodiesel biogenic g/GJ 0.335 0.333 0.347 0.342 0.333 0.325 0.316 0.307 0.309 0.305

Fuel combustion Bioethanol g/GJ 0.205 0.200 0.209 0.218 0.236 0.240 0.217 0.222 0.190 0.194

Fuel combustion Biogas g/GJ 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500

Fuel combustion Sewage gas g/GJ 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500

SOx emission factors

SOx emission factors
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A5.2 Industrial processes and product use (illustrative example of mobile air 

conditioning) 

The use of HFCs as substitutes of ODSs in 2F1 refrigeration and air conditioning is the main 

factor for the increase of HFC emissions from 1990 to 2015. Refrigerants contained in 

installed equipment lead to a considerable stock with annual losses of between 0.5 % to 

20 % depending on the equipment type (see Table 4-46). Emissions are calculated for the 

production, operation, service and disposal of equipment. The following illustrative example 

shows the calculations for the example of mobile air conditioning (HFC-134a use as 

refrigerant). The example is calculated bottom-up, based on vehicle statistics and information 

on air conditioning equipment. There is no production of air conditioning equipment for cars 

in Switzerland, equipment is imported already charged. 

 

Table A – 18 Applied model parameters and assumption for mobile air conditioning of cars.  

 

 

Since 1991 HFC-134a has been used to replace ODS in the mobile air conditioning sector 

leading to a considerable stock of about 1’530 t of HFC-134a in registered cars in the 

reporting year 2023 (peak value of stock about 2’420 t of HFC-134a in 2014 (in cars)). A 

phase-out of HFC-134a and replacement with HFO-1234yf is under way, due to regulations 

in the European Union and their implementation in Switzerland. AC-refrigerants exceeding a 

GWP of 150 are not allowed for new car models since 2011. Since 2017, no new cars with 

AC-refrigerant exceeding a GWP of 150 are allowed. Due to safety concerns with alternative 

use of HFO-1234yf (GWP 4), there has been a delay in the replacement of HFC-134a. 

Interviews were carried out 2014, 2017 and 2018 with garages in Switzerland to follow the 

development of HFC-134a replacement. The first interviews held in 2014 showed that only 

few of the imported brands switched to HFO-1234yf (GWP 4). In 2014, garages confirmed a 

minor portion below 5 % of equipment with HFO-1234yf. In 2017 feedback of garages on the 

sold vehicles of the former year varied widely depending on the models sold and origin of 

cars. In interviews carried out in 2018, garages confirmed complete phase-out of HFC-134a 

in new vehicles sold in 2017 (excluding sold vehicles from former years in stock and second-

hand vehicles). Most of them switched to HFO-1234yf, few models apply CO2 (R744). A 

Characteristic values

Initial charge in kg HFC per unit AC 1994                0.81 kg

2002                0.70 kg

2014                0.55 kg

Lifetime 15 years

Production

Import of precharged equipment 100 %

Operation

Annual losses 8.5 %

Recharge of losses (7.2% of 8.5%) 85 %

Additional service losses over lifetime 10 %

Disposal

Export rate 31-72 %

Share with total loss of refrigerant 40 %

Disposal loss of professional recovery 15 %

Extrapolation of other years
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A5.4 Land use, land-use change and forestry (LULUCF) 

A5.4.1 Category 4(III) – Direct and indirect N2O emissions 

A5.4.1.1 Description  

 

Table A – 27 Key categories in category 4(III) Direct and indirect N2O emissions from disturbance. Combined 
KCA results, level for 2023 and trend for 1990–2023, including LULUCF categories (L1/2 = level, Approach 1 or 2; 
T1/2 = trend, Approach 1 or 2). 

Category 4(III) Direct and indirect N2O emissions are not a key category. 

 

This chapter presents the method for calculating direct and indirect N2O emissions from 

nitrogen (N) mineralisation in mineral soil (category 4(III)). The source of nitrogen is N 

mineralisation associated with loss of soil organic matter resulting from change of land use or 

management of mineral soils. As the approaches applied are not Tier 3, no N2O 

immobilisation is reported (see footnote 1 in CRT Table4(III)). 

On productive forest land, the Yasso model simulates small annual changes in soil carbon 

stocks (chp. 6.4.2.2.2.8). These changes were deliberately not considered for the calculation 

of N2O emissions in category 4(III) as they are not associated with a land-use change or any 

change in management. Accordingly, N2O emissions for category 4A.1 in CRT Table4(III) are 

reported as NO.  

Direct N2O emissions on Cropland remaining cropland (no category registered in CRT 

Table4(III)) and on Grassland remaining grassland (category 4(III)C1) were included in the 

Agriculture sector (category 3D1e, see chp. 5.5.1). In Switzerland, grassland is considered to 

be under agricultural management. Likewise, indirect N2O emissions due to nitrogen leaching 

and run-off on Cropland remaining cropland and on Grassland remaining grassland were 

included in the Agriculture sector (category 3D2, see chp. 5.5.1).  

 

A5.4.1.2 Methodological issues 

For deltaCs = 0 or deltaCs >0 (carbon gain), there are no N2O emissions provoked by the 

specific change of land use or management.  

For deltaCs <0, direct and indirect N2O emissions were calculated according to IPCC (2019, 

Volume 4, chp. 11, equation 11.1 and equation 11.10, respectively): 

Direct Emission(N2O) = – deltaCs * 1 / (C:N) * EF1 * 44/28   (kt N2O) 

Indirect Emission(N2O) = – deltaCs * FracLEACH-(H) / (C:N) * EF5 * 44/28 (kt N2O) 

where: 

• deltaCs: soil carbon stock change induced by change of land use or management 
(calculated according to the methodology described in chp. 6.1.3.2) (kt C) 

• C:N: C to N ratio of the soil before the land-use change 

• EF1: default emission factor = 0.01 kg N2O-N (kg N)-1  
(IPCC 2019, Volume 4, Table 11.1) 

• EF5: default emission factor = 0.011 kg N2O-N (kg N)-1  
(IPCC 2019, Volume 4, Table 11.3) 
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Annex 6  dditional information on verification activities 
 

A6.1 Independent verification of the National Greenhouse Gas Inventory for F-gases 

Introduction 
Since 2000, the Swiss Federal Laboratories for Materials Science and Technology (Empa) 

performs continuous measurements of halogenated greenhouse gases at the high-Alpine 

site of Jungfraujoch (3’580 m a.s.l.). These measurements are used for estimating emissions 

of fluorinated greenhouse gases (HFCs, SF6, PFCs) from Switzerland and neighbouring 

countries. The information can be used for an independent assessment of Swiss inventory 

data of these greenhouse gases. The independent emission estimate is not used directly for 

deriving data for the inventory. Data is used, however, to identify either consistency in 

support of the inventory or discrepancies, which could lead to a reassessment for identifying 

sources for disagreement and options for improvements.  

For the independent assessment of fluorinated greenhouse gas emissions from Switzerland 

the so-called tracer-ratio method is applied, where Swiss pollution events of HFCs and SF6, 

arriving at Jungfraujoch, are scaled to concurrent pollution events of carbon monoxide (CO) 

and then multiplied by the Swiss CO emission inventory (see Figure A – 2 for a graphical 

illustration of the method). Similar approaches are also used for the independent verification 

of greenhouse gas emissions in the United Kingdom (UK MetOffice – using atmospheric 

observations from Mace Head (Ireland) combined with atmospheric transport models), in 

Australia (CSIRO – using the tracer-ratio method with measurements from Cape Grim, 

Tasmania) and in the US (NOAA – using a combination of airborne and ground-based 

samples). 

 

Method description 
For estimates of annual Swiss HFC, SF6 and PFC emissions, only observations at the high-

Alpine station Jungfraujoch are taken from air masses that are predominantly influenced by 

emissions from Switzerland. The number of events which can be used each year depends on 

the meteorological conditions and lies between 7-15 days per year (mostly in the summer). 

The process to select these periods is shown in Figure A – 2 and is shortly described here. 

First, the footprints from the COSMO-model are screened for periods when the Jungfraujoch 

site is under the influence of air masses which were within the Swiss boundary layer for the 

last 48 hours. Second, for these periods, mixing ratios of halogenated greenhouse gases are 

compared with those of CO. Periods which show a concurrent increase are selected for the 

independent assessment of Swiss emissions, as this is taken as an indication of thorough 

mixing of Swiss emissions during the transport to Jungfraujoch. Third, the emissions are 

calculated for each case/day using the formula given in Figure A – 2. The resulting emissions 

are only used for the annual emission estimate if they are within three standard deviations of 

the average (Grubbs test). This criterion is met by approximately 90 % of the selected data. 

Finally, annual emissions are estimated as the median of these individual cases. These 

annual estimates are merged to a 3-year annual average centred over a 3-year period (e.g. 

the estimate for the 2023 emissions is calculated by using data from 2022–2024). Since 

2009, the uncertainty of the estimates for HFCs has been assessed by using the range of the 

25 % to 75 % percentiles of the estimates from single pollution events. For estimates 

between 2001–2008 the average of the 2009–2011 uncertainties has been taken. For SF6, 

with comparably low emissions and a higher degree of uncertainty, an overall uncertainty of 

50 % is estimated, based on the long-term average of the 25 % to 75 % percentiles. An 
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additional systematic error could occur if the Swiss emissions of CO are over/underestimated 

by the inventory. This would linearly impact the emissions of the fluorinated greenhouse 

gases. Uncertainties may vary from year to year due to the limited amount of data for 

performing the analysis. Therefore, even subsequent years of lower or higher uncertainty do 

not signify a change towards lower or higher uncertainty but are just a result of this. 

For the emissions from the inventory, uncertainties are provided for the first time for each F-

gas individually. These were calculated using the same method as for the uncertainty 

analysis, approach 2, i.e. uncertainty propagation by Monte Carlo simulations (see chp. 1.6 

and details about the computational method in chp. 1.6.2.2). Detailed input uncertainties per 

gas and per process can be found in Annex 2. 

 

 

Figure A – 2 Description of the procedure to estimate annual emissions of halogenated greenhouse gases from 
Switzerland by using continuous measurements of HFCs at Jungfraujoch (Switzerland). Swiss emission of CO 
(ECO) values are taken from FOEN (2021b), see chp. 3.2.4.1 concerning system boundaries. 

1st step: 

Selection of periods with Swiss 
influence 2 days prior to the 
measurements by using 
COSMO trajectories from 
MeteoSwiss  

2nd step: 

Confine selected periods by 
using only periods with 
concurrent enhancement of CO 
and HFCs  

 

 

EH = Swiss emission HFC 

ECO = Swiss Emission of CO  

    (e.g. in 2019: 152 kt) 

 H  = HFC concentration increase 

CO = CO concentration increase 
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Figure A – 9 Comparison of PFC emissions from Switzerland: Inventory and estimates from measurements at 
Jungfraujoch. 

 

A6.2 Independent verification of methane and nitrous oxide emissions by inverse 

modelling 

Introduction 
In 2013 the Swiss Federal Laboratories for Material Science and Technology (Empa), ETH 

Zurich and the University of Bern established a greenhouse gas (GHG) observing network in 

Switzerland as part of the CarboCount-CH SNF-Sinergia project (www.carbocount.ch). The 

network consisted of four sites that continuously measure the atmospheric concentration of 

carbon dioxide (CO2) and methane (CH4). The sites were chosen to cover most of the 

densely populated and agriculturally used Swiss Plateau (see Figure A – 10). Atmospheric 

transport simulations confirm that the measurements at these sites are sensitive to emissions 

from a large part of Switzerland (Oney et al. 2015). The aim of CarboCount-CH was to better 

understand and quantify the anthropogenic emissions and biosphere-atmosphere exchange 

of the abovementioned GHGs by inverse modelling. Currently (March 2025), 3 of the 4 sites 

(Beromünster, Lägern-Hochwacht, Gimmiz) are still operational, whereas the measurements 

at Früebüel were closed down in 2016. Additional GHG measurements were carried out in 

the summer of 2017 in north-eastern Switzerland (Gäbris, GBR, Appenzell) as part of a 

FOEN-funded validation study to analyse the sensitivity of inverse modelling results to 

additional measurements in an area poorly covered by the network. Further continuous GHG 

observations with sensitivity to emissions over Switzerland are available from the high 

altitude site Jungfraujoch (Empa) and Schauinsland (Germany, UBA, mountain top). High 

precision measurements of N2O commenced in March 2017 at the tall tower site 

Beromünster and additional N2O observations are available from Jungfraujoch and 

Schauinsland. Additional CH4 and N2O observations in the vicinity of Switzerland became 

available in recent years as part of the Integrated Carbon Observing Network (ICOS; 

https://www.icos-cp.eu). ICOS sites used here include the French sites Puy de Dome (PUY), 

http://www.carbocount.ch/
https://www.icos-cp.eu/
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Figure A – 10 Map of Switzerland illustrating the location of observational sites used in FLEXPART-C7 inversions 
(red), additional ICOS sites used in FLEXPART-C1 inversions (blue), supplementary sites (pink), cantonal and 
national borders (grey) as well as major cities (black). The sites are: Beromünster (tall tower, BEO), Lägern 
Hochwacht (mountain top, tower, LHW), Gimmiz (flat, tower, GIM), Früehbüehl (mountain, near surface, FRU), 
Schauinsland (mountain top, SSL), Jungfraujoch (high Alpine, JFJ), Puy de Dome (mountain top, PUY), 
Observatoire pérenne de l’environnement (tall tower, OPE),  arlsruhe (tall tower,  IT), Hohenpeissenberg 
(mountain top, HPB), Ispra (tall tower, IPR). 

 

Methane emissions 
The inversion results are presented in the following in terms of national total emissions and 

spatial distribution. The inversion system was not set-up to optimize emissions by category 

separately, but to estimate the spatial distribution of total emissions. Nevertheless, through 

the spatial and temporal information the results can provide qualitative insights into the 

contribution from specific source categories that dominate in a given region or period. Further 

details and discussion on the inversion performance and results can be found in Henne et al. 

(2017). 

Two sets of inversions were run based on FLEXPART-C7 and FLEXPART-C1/I1. The former 

covered the period 2013 to 2021, whereas the latter the period 2017 to 2024. Since the 

results of the two inversion sets differ systematically, they are compared separately with the 

NID reporting. The overall mean inverse estimate of total Swiss CH4 emissions by the 

FLEXPART-C7 inversions for the period 2013 to 2021 was 198±15 kt yr-1 (1-σ confidence 

interval around the mean). This number represents the average and standard deviation over 

the reference and all sensitivity inversions for all years. It is slightly (8 %) larger than NID 

values (incl. emissions from LULUCF) reported in the latest submission (2025) for the same 

period of 183 kt yr-1 (CRT Table10s3) but well within the 1-σ uncertainty range of ±15 kt yr-1 

as given for the reporting year 2022. Since inverse modelling estimates integrate all fluxes 

(sources and sinks) between the land surface and the atmosphere, they need to be 

compared to inventory emissions including those from LULUCF. For the period 2017 to 2023 

the inverse estimate using the FLEXPART-C1/I1 simulations resulted in average emissions 

of 245±14 kt yr-1, 38 % larger than the NID reporting. It is apparent that FLEXPART-C1/I1 

estimates are systematically larger than FLEXPART-C7 estimates (see Figure A – 11). 

Potential reasons are the differences in transport simulations, different sets of sensitivity 

inversions, different treatment/adjustment of baseline concentrations and the extended set of 

observations. For the FLEXPART-C1/I1 inversions larger-than-average emissions were 
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obtained when using an a priori based on the EDGAR inventory, increased a priori 

uncertainties and reduced background uncertainty. Further refinement of the inverse method 

is required to explain these discrepancies.  

For the period 2013 to 2023, the NID suggests a CH4 emission (incl. LULUCF) reduction of 

14 kt (from 189 to 174 kt yr-1 between 2013 and 2023), whereas the inversion estimates 

showed large inter-annual variability with considerably lower emissions in some years 

(FLEXPART-C7: 2018, 2019) and increased emissions in recent years (FLEXPART-C1/I1: 

2019, 2021, 2023, 2024) (Figure A – 11). On one hand, this variability may reflect the 

uncertainty of the inverse modelling system itself, on the other hand, same variability may 

result from year-to-year variations in environmental drivers (e.g., temperature, precipitation). 

Due to this variability, it is currently not possible to determine or validate the reported trend. 

Additional years of observations and further improvements in the inverse modelling are 

required for this purpose. 

 

 

Figure A – 11 Time series of inversely estimated and NID reported Swiss CH4 emissions. (NID reported and 

inversely estimated annual values and their uncertainties are given by lines, symbols and uncertainty ribbons. FP-
C7 refers to the coarser FLEXPART-C7 simulations/inversions, whereas FP-C1 refers to the high-resolution 
FLEXPART-C1/I1 simulations/inversions. All uncertainty indicators refer to 2-σ levels. Results for 2024 are based 
on preliminary atmospheric observations.  

 

In Figure A – 12 the spatial distribution of the a priori emissions is shown, whereas the 

absolute differences between a posteriori minus a priori emissions for individual years are 

shown in Figure A – 13 (FLEXPART-C7) and Figure A – 14 (FLEXPART-C1). An irregular 

inversion grid was used that exhibits high spatial resolution close to the observations and 

gets coarser with distance to these. In the a priori emissions the dominating role of 

agricultural emissions in the rural areas of the Cantons Lucerne and Thurgau/Appenzell is 

clearly seen. In contrast, the densely populated areas of Zurich, Basel and Geneva do not 

show up as emission hot-spots, consistent with the small contribution of emissions from 

natural gas distribution and wastewater treatment reported in the NID.  

The a posteriori results for the FLEXPART-C7 period (2013 to 2021) in terms of annual totals 

and spatial distribution were rather similar providing evidence for the robustness of the 

method. The a posteriori emissions were smaller than a priori emissions in the agricultural 

areas of Canton Lucerne, but were increased in the north-eastern part of Switzerland 

(Cantons Appenzell and Saint Gallen). Smaller differences were seen in other parts of the 

country. In contrast results from FLEXPART-C1/I1 (2017–2024) were more variable in 
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annual total emissions and exhibited less of the east-west pattern in the emission increments 

than seen in FLEXPART-C7.  

Analysing the inversion results on a seasonal level, reveals different seasonal variability for 

the two inversion sets. For FLEXPART-C7 reduced wintertime and increased spring 

emissions were detected for most years and as an average over all years (Figure A – 15). In 

contrast, FLEXPART-C1/I1 inversions resulted in lower-than-average winter/spring and 

larger than average summer/fall emissions (Figure A – 16). This seasonal trend seems to be 

driven by several years with exceptionally larger summer/fall emissions (2019, 2021, 2023), 

but is also present, although less prominent, in other years (2017, 2018). The contradictory 

behaviour between the different inversions and the potential relation to environmental drivers 

like temperature and precipitation requires further analysis. For example, the year 2021, with 

exceptionally large summer/fall emissions was characterised by a very wet summer (largest 

summer precipitation on record for several sites north of the Alps) followed by a warmer than 

average fall.  

 

 

 

Figure A – 12 Spatial distribution of a priori CH4 emissions. Within Switzerland the distribution follows that derived 
by Hiller et al. (2014), scaled to the bottom-up estimates of the NIR 2016 (FOEN 2016), outside Switzerland the 
bottom-up inventory of TNO/MACC (Kuenen et al. 2014) was used. 
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Figure A – 13 Absolute difference between a posteriori and a priori mean annual CH4 emissions (each being the 
mean over 8 sensitivity runs) as obtained with FLEXPART-C7. The numbers given in the plots refer to the total a 
posteriori Swiss emissions and their uncertainty (1σ level) for the given year. 

 

 

 

Figure A – 14 Absolute difference between a posteriori and a priori mean annual CH4 emissions (base inversion 
only) as obtained with FLEXPART-C1. The numbers given in the plots refer to the total a posteriori Swiss 
emissions and their uncertainty (1σ level) for the given year. Results for 2023 are based on preliminary 
atmospheric observations. 
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Figure A – 15 Seasonality of Swiss CH4 emissions as obtained with FLEXPART-C7. Left panel: NID values and 
their uncertainties are given as black bars and error bars. A posteriori emissions are given as orange line and 
uncertainty ribbons. Average a posteriori emissions by season are given on the right panel (DJF: December, 
January, February; MAM: March, April, May; JJA: June, July, August; SON: September, October, November). All 
uncertainties refer to 2-σ confidence intervals. 

 

 

Figure A – 16 Seasonality of Swiss CH4 emissions as obtained with FLEXPART-C1. Left panel: NID values and 
their uncertainties are given as black bars and error bars. A posteriori emissions are given as orange line and 
uncertainty ribbons. Average a posteriori emissions by season are given on the right panel (DJF: December, 
January, February; MAM: March, April, May; JJA: June, July, August; SON: September, October, November). All 
uncertainties refer to 2-σ confidence intervals. Results for 2024 are based on preliminary atmospheric 
observations. 

 

Nitrous oxide emissions 
With the N2O observations established at the Beromünster tall tower site in 2017, it was 

possible to estimate Swiss N2O emissions by inverse methods at the country scale for the 

period March 2017 to April 2018 (Henne et al. 2019). Inversely estimated Swiss N2O 

emissions were slightly larger than reported N2O emission. However, due to the large 

uncertainties connected to these numbers, the inverse estimates are not significantly 

different from the NID estimates. The relative uncertainty of the inverse modelling estimate 

was smaller than that of the NID estimate. The uncertainty range of the inverse method was 

calculated from the spread across 14 sensitivity inversions. These comprised the application 

of two different inversion approaches: one focussing on the spatial distribution (grid 

inversion), the other on the temporal evolution and emissions by sector (sector inversion). 

The largest contributors to the a posteriori spread were the definition and uncertainty of a 
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Annex 7  nformation on the ET  Re orting tools  ET -
GHG  tool, CRT re orter  

 

For the submission at hand the ETF Reporting Tools, specifically the ETF-GHG-inventory 

reporting tool (CRT reporter), provided by UNFCCC (https://myapps.unfccc.int/myapps) has 

been used to create reporting tables (CRT).  

Switzerland makes use of the .json file export/import capabilities of the ETF-GHGI tool. A 

country-specific .json file is produced by a custom made command line application with 

inputs from the Swiss EMIS database. This set-up was successfully used for timely 

submission 2024 (CRT 1990–2022, FOEN (2024)). However, Switzerland experienced 

severe performance problems using the ETF Reporting tools in the preparation of the 

submission 2025.  

Since January 2025, the CRT reporter has become increasingly unresponsive and almost 

impossible to work with. Switzerland sent several questions to the helpdesk and a Q&A 

session, but answers did hardly help to resolve the issues and have only been provided with 

considerable delays. This development had serious consequences for the creation of the 

reporting tables (CRT) and thus on our time schedule and most importantly on the QA/QC 

process because a lot of time was lost to handle the ETF tool. For example, for QC tasks 

priority was given to correct numbers but notation keys and further textual information as 

documentation boxes could not be updated properly due to limited resources.  

After personal contact, the UNFCCC secretariat provided support in various video calls in 

March 2025. We learned that the latest version of the tool (released 6 February 2025) 

included technical shortcomings concerning country-specific nodes at least for .json imports 

to the tool (Personal communication with Renat Ishmukhametov, Kristina Kaar and Nashib 

Kafle, 2025). As it was not possible to import .json files including all country-specific nodes 

and values to the CRT reporter, Switzerland decided to submit a version of reporting tables 

(CRT) that does not include a full view on country-specific nodes. Provided there is a 

functioning CRT reporter and provided that the time resources are available, Switzerland 

aims to produce complete reporting tables 1990–2023. 

For the previous submission (FOEN 2024), the tool seemed to generate errors in the 

(numerical) output of some reporting tables. A non-exhaustive list of issues and errors 

identified so far was provided in Table A – 29 in FOEN (2024).  

Aspects described above should be taken into consideration when comparing information in 

the NID with the reporting tables (CRT). 
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