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1 Introduction: 1.2 National inventory arrangements 

 
Figure 1-1 Institutional arrangements of the National Inventory System. Colours refer to divisions at FOEN. 
yellow: Climate division, red: Air Pollution Control and Chemicals division, beige: Forest division. 

 

Legal arrangements 
The CO2 act (Swiss Confederation 2011) and the CO2 ordinance (Swiss Confederation 2012) 
are the main legal instruments regarding climate policies. They also define the implementing 
bodies and, for all measures that are regulated at the national level, sanctions for non-
compliance to climate policies and measures. The FOEN plays a central role in the 
development, evaluation and implementation of policies and measures.  

With regard to statistical investigations, the legal basis is laid down in the Federal Statistics 
Act (Swiss Confederation 1992a) and the corresponding Ordinance on the Conduct of 
Federal Statistical Surveys (Swiss Confederation 1993). The greenhouse gas inventory, the 
institution responsible for it and the institutions contributing to it are explicitly listed in the 
ordinance. 

 

Institutional arrangements  
There are well-established agreements and long-standing collaborations with institutions of 
the federal administration and private entities (Table 1-1) that guarantee the continuity of the 
National Inventory System (Figure 1-1). While agreements with institutions of the federal 
administration are normally open-ended, several large contracts with private entities are on a 

Data provider
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1 Introduction: 1.2 National inventory arrangements 

four-year basis, with an option for renewal for another four-year term. This enables 
continuous collaboration and ensures the technical competence and experience of the staff 
involved.  

The overall responsibility for the greenhouse gas inventory lies with the Climate division of 
the FOEN. The Air Pollution Control and Chemicals division of the FOEN maintains and 
updates the emissions database (greenhouse gases and air pollutants), named EMIS, in 
very close collaboration with the Climate division. The national energy statistics from the 
Federal Office of Energy (SFOE) provides the basis for the Energy sector. The Federal 
Office for Civil Aviation (FOCA) delivers the domestic and international aviation emissions. A 
consultancy (Carbotech) is mandated to survey and model fluorinated gases use and 
emissions and to provide an annual update thereof. Agriculture emissions are compiled by 
the federal research institute Agroscope. For LULUCF, detailed area survey data are 
provided by the Swiss Federal Statistical Office (SFSO). Two consultancies 
(Sigmaplan/Meteotest) are mandated to process the area survey data to derive land-use and 
land-use change data and related emissions. The Swiss Federal Institute for Forest, Snow 
and Landscape Research (WSL) is in charge of the national forest inventory and forestry-
related modelling, providing the relevant input for the Forest division of the FOEN, who is 
compiling forestry emissions and removals. The LULUCF sector is coordinated by a member 
of the Climate division of the FOEN. A collaboration between two consultancies 
(INFRAS/CSD) is mandated to update the National Inventory Report (NIR).  

 

Single national entity with overall responsibility for the inventory: 
Federal Office for the Environment (FOEN) 
Climate Division, Climate Reporting and Adaptation Section 
Dr. Regine Röthlisberger, process manager 
CH-3003 Bern, Switzerland 
+41 58 462 92 59 
climate@bafu.admin.ch 
www.climatereporting.ch  

 

Table 1-1 Overview of the institutional arrangements and tasks 

 
  

FOEN Climate division
Overall responsibility for the 
greenhouse gas inventory

FOEN Air Pollution Control and Chemicals division EMIS data base and data archiving
FOEN Forest division Forestry emissions and removals
Swiss Federal Office of Energy (SFOE) Energy statistics
Federal Office of Civil Aviation (FOCA) Aviation emissions
Swiss Federal Statistical Office (SFSO) Area surveys for (KP-) LULUCF
Swiss Federal Institute for Forest, Snow and 
Landscape Research WSL

National forest inventory, forestry 
related modelling 

Agroscope Federal Research Institute Agriculture emissions and removals

Carbotech Fluorinated gases emissions
Sigmaplan/Meteotest (KP-) LULUCF 
Infras/CSD NIR editing, uncertainty analyses

Institutions of the federal administration

Private entities

mailto:climate@bafu.admin.ch
http://www.climatereporting.ch/
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1 Introduction: 1.2 National inventory arrangements 

1.2.2 Overview of inventory planning, preparation and management 
The process of inventory planning, preparation and management in Switzerland is well-
established. Responsibilities and decision-making power are assigned to specific people or 
groups of people (Figure 1-1). The management responsibility for the NIS lies with the 
National Inventory System Supervisory Board (NISSB). The board consists of a member 
of the FOEN directorate and FOEN division heads of the relevant divisions (Climate, Forest, 
Air Pollution Control and Chemicals, International Affairs). In 2014 the NISSB, which 
originally covered the National Inventory System as well as the National Registry, was 
formally split in two separate boards with separate mandates and responsibilities. Since then, 
the NISSB is overseeing all aspects related to reporting obligations under the UNFCCC 
(including reporting of the National Registry in the NIR), while the Emission Registry 
Supervisory Board (ERSB) deals with management issues related to the National Registry.  

At the operational level, the process of planning, preparation and management of the 
greenhouse gas inventory is led by the process manager. The QA/QC officer oversees 
design, development, and operation of the quality management system and is the primary 
contact point during the UN review process. The GHG inventory core group is the 
committee that combines all technical expertise required for greenhouse gas inventory 
planning, preparation and management. It consists of the process manager, the QA/QC 
officer, the inventory compiler, sectoral experts, as well as the NIR compiler. Additional 
experts join the core group as required. The GHG inventory core group ensures conformity of 
the inventory with the relevant UNFCCC reporting guidelines (UNFCCC 2014a), timely 
inventory preparation, and consideration and approval of methodological changes, choice of 
data and recalculations. The GHG inventory working group encompasses all technical 
personnel involved in the inventory preparation process or representing institutions that play 
a significant role as suppliers of data. 

Inventory planning, preparation, and management follow an annual cycle according to a 
plan-do-check-act cycle (Table 1-2). Planning of the inventory cycle starts with the first 
meeting of the GHG inventory core group in May, where work is scheduled, priorities with 
regard to inventory development are set and decisions regarding planned improvements are 
taken. Data compilation usually starts in June with the first data sets for the preceding year 
becoming available. Quality control activities form part of the data acquisition process. They 
are routinely carried out by the EMIS (Swiss Emission Information System) experts and the 
sectoral experts. The UN review process in September provides further input to the inventory 
development plan (IDP). Recommendations and suggestions are discussed in the core group 
and future work is prioritized. The supervisory board (NISSB) is provided with the 
management review in October and asked for formal approval of the planned way of 
proceeding. An important stage in inventory preparation is the preparation and quality control 
of the reporting tables (CRF) in December and January and the key category and uncertainty 
analyses towards end of January. The editing of the National Inventory Report (NIR) 
progresses alongside data compilation, with a draft of the NIR going into internal review in 
March. Suggestions from the internal review are dealt with before submission as far as 
possible. If the internal review suggests large revisions, they are taken up in the IDP for 
future improvements. The inventory is presented to the NISSB for official consideration and 
approval around end of March. Submission is coordinated by the process manager and 
carried out by the national inventory compiler. Archiving of inventory material is performed 
after submission by the EMIS and sectoral experts, by the contributing authors and by the 
QA/QC officer. 
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Recalculations are compiled in a document and made available to the data compilers and the 
members of the GHG inventory core group including the NIR authors. The recalculations file 
is of great importance in the QC procedures regarding the reporting tables (CRF) and in the 
preparation of the NIR. QC procedures regarding the reporting tables (CRF) comprise a 
detailed comparison of the reporting tables (CRF) of the previous submission with those of 
the current submission for the base year and the latest common year. In addition, the time-
series consistency is incrementally checked by comparing the latest inventory year with the 
preceding year. Any exceptional deviations are investigated by the sectoral or the EMIS 
database experts. These checks are performed in a multi-step process, first by collaborators 
of the Climate division of FOEN and the EMIS database experts. Then, after the required 
changes were implemented by the EMIS experts, also by the NIR authors.  

The NIR is subject to an internal review prior to submission. The review of every section is 
carried out by personnel not involved in the preparation of the reviewed section, but who is 
familiar with the reporting under the UNFCCC. Archiving of the database and related internal 
documentation is carried-out by the inventory compiler, while any other material is archived 
on the internal data management system by the QA/QC officer. Publicly available material is 
published after submission on the website owned by the FOEN (www.climatereporting.ch). 

 

Category-specific QC procedures 
Whenever new emission factors are considered, they are compared to the IPCC default 
values and to the values used in previous years. If the values are based on better or more 
appropriate data and compare reasonably well with the IPCC default values (or if differences 
can be explained), the new values are presented to the core group for adoption in future 
inventories. Similarly, if new activity data have become available for a particular category, a 
comparison between existing and new activity data is made and if the new data provide a 
more consistent or more reliable basis for the inventory, they are again presented to the core 
group for inclusion in future inventories. Quite often, sectoral and/or EMIS experts 
commission research to look into a particular topic in more detail. Results from these mid- to 
long-term projects are presented to the inventory core group. The core group decides on how 
to best implement the results and documents the agreed procedure in the inventory 
development plan. The general procedures regarding category-specific QC is also described 
in the quality manual (FOEN 2018a), while specific activities are documented in the 
corresponding sectoral chapters.  

 

Quality assurance procedures 
As required by ISO 9001 there are periodic internal audits covering all processes. In addition, 
an external organisation is mandated to do the annual audit of the ISO 9001 quality 
management system.  

Apart from these audits, there are expert peer reviews for specific sectors commissioned on 
a case-by-case basis. The results and suggestions for improvements from these reviews are 
discussed in the core group and specific tasks for future implementation are taken up into the 
inventory development plan. In 2017, an expert peer review for Harvested wood products 
(HWP) has been conducted (Didion 2017). In 2017, an expert peer review for waste water 
treatment was initiated with experts by the Eawag (Eidgenössische Anstalt für 
Wasserversorgung, Abwasserreinigung und Gewässerschutz). Previous expert peer reviews 

http://www.climatereporting.ch/
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covered the Industrial Processes (CSD 2013), LULUCF (VTI 2011) and Waste sector (Rytec 
2010). 

Likewise, recommendations and encouragements from the UNFCCC expert review teams 
(ERT) are also added to the inventory development plan, discussed in the core group and 
implemented in future submissions. Specific actions resulting from suggestions from the ERT 
are listed in chp. 10 Recalculations. 

 

Verification activities 
In the energy sector, the standard verification activity carried out on an annual basis is the 
reference approach, as documented in chp. 3.2.1 of the NIR and CRF Table1.A(b). 

In addition, the FOEN supports a long-term monitoring programme carried out by the Swiss 
Federal 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 (3580 m asl), 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 summarized in Annex 5.1.  

Furthermore, a research project is developing an independent estimate of CH4 emissions in 
Switzerland based on atmospheric CH4 measurements and inverse modelling of atmospheric 
transport. The initial research project showed very promising results leading to a follow-up 
project which is currently on-going. The results show a very good agreement between 
modelled emissions and emission estimates according to the greenhouse gas inventory. A 
summary is provided in Annex 5.2. In a next step, it will be investigated to what extent the 
approach could be applied to N2O. The research project is therefore extended to also cover 
N2O, and measurements of atmospheric N2O concentrations commenced in March 2017.  

 

Treatment of Confidentiality Issues 
Nearly all of the data necessary to compile the Swiss GHG inventory are publicly available. 
There are, however, a few exceptions: 

(i) Emission data that refer to a single enterprise are in general confidential. 

(ii) The reporting of disaggregated emissions from F-gases is confidential (not confidential as 
aggregated data). 

(iii) In the civil aviation sub-sector one data source (FOCA 1991) has been marked 
confidential by the Federal Office of Civil Aviation (FOCA). 

(iv) Unpublished AREA land use statistics raw data have been temporarily classified 
confidential by the Swiss Federal Statistical Office (SFSO). 

The FOEN collects the data needed for calculating emissions of HFCs, PFCs, NF3 and SF6 
from private companies or industry associations. In the National Inventory Report, the activity 
data underlying emission estimates of HFCs, PFCs, NF3 and SF6 are only partly presented at 
the most disaggregated level for reasons of confidentiality. However, complete emissions are 
reported in aggregated tables.  



file:///C:/Users/bes/AppData/Roaming/Microsoft/Word/www.climatereporting.ch
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Figure 1-2 Schematic overview: Data collection and processing, compilation in EMIS database, import into CRF 
Reporter and National Inventory Report (NIR). Abbreviations: see glossary. 

 

1.4 Methodologies and data sources 
According to the revised reporting guidelines under the UNFCCC (UNFCCC 2014a) and the 
Kyoto Protocol (UNFCCC 2014b), emissions are calculated based on standard methods and 
procedures provided in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 
(IPCC 2006), the 2013 KP supplement (IPCC 2014), and the 2013 wetlands supplement 
(IPCC 2014a). All key categories are estimated using Approach 2 or higher or country-
specific methods. The methodological tier used is described in detail in the sectoral chapters 
of the NIR and compiled in CRF Summary3s1 and CRF Summary3s2. 

Various data suppliers contribute to the greenhouse gas inventory (Table 1-3). While most 
data stem from official statistics either from the FOEN or from other federal offices, some 
data is drawn from national associations or consultancies that maintain well-established 
models or data-bases. Details on activity data and emission factors are provided in the 
sectoral chapters of the NIR. 
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Table 1-3 Primary data providers for the various inventory categories. Generally, statistics are updated annually. 
However, the on-road and non-road emission models of INFRAS, the complete area survey by the SFSO as well 
as the national forest inventory by the WSL require large efforts and are therefore updated every couple of years. 
Coloured boxes mark those sectors to which each data provider contributes. Abbreviations: see glossary.  

 

  

Institution Subject

1A1 1A2 1A3 1A4 1A5 1B 2 3 4 / KP 5 6
indir. 
CO2/
N2O

FOEN, Air Pollution Control 
and Chemicals division

EMIS database

FOEN, Climate division
monitring data due to 
ordinance of reduction of 
CO2 (Confederation 2012)

FOEN, Waste division Waste statistics

INFRAS
Road transportation emission 
model

INFRAS Non-road emission model

SFOE Swiss overall energy statistics

SFOE
Swiss statistics of renewable 
energies

SFOE Swiss wood energy statistics

SFOE
Energy consumption in 
industry (helbling statistics)

FOCA Civil aviation

Swiss Air Force 
Administration (DDPS)

Military aviation

SGWA Gas distribution losses

Carbotech
F-gases,
post-combustion of NMVOC

Swissmem National SF6 balance 

SFSO Agriculture, LULUCF

Agroscope Agriculture, LULUCF

SBV Agriculture 

FOEN, Forest division Forest statistics

WSL National Forest Inventory

Sigmaplan, Meteotest LULUCF

Inventory category 
(numbering according to reporting tables)



























https://docs.oracle.com/cd/E40248_01/epm.1112/cb_statistical/frameset.htm?index.html
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2 Trends in greenhouse gas emissions and removals: 2.3 Emission trends by sources and sinks 

 

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. 

 

2.3.3 Emission trends in sector 4 LULUCF 
Figure 2-8 illustrates the net emissions and removals of sector 4 LULUCF. Associated data 
are given in Table 2-4. LULUCF GHG emissions are dominated by biomass dynamics in 
forests. Except for the years 2000 and 2006, the removals in sector 4 LULUCF were higher 
than the emissions over the inventory period. A strong year-to-year variation is evident over 
the whole period. The reasons for the high net CO2 eq emissions in 2000 (and the small 
removals in 1990 and 2001) are the storms Vivian (February 1990) and Lothar (December 
1999), respectively, which caused great damages in the forest stands and markedly 
increased harvesting. In a medium-term perspective, harvesting rates in Swiss forests 
appeared to increase since 1991 and peaked in 2000 (storm Lothar, see above) and in 2006 
and 2007 resulting in a net emission in 2006 and a minor removal in 2007. Primarily because 
harvesting rates started to decline in 2008 due to the international and domestic economic 
framework conditions, removals from LULUCF increased again since 2007 and showed a 
moderate year-to-year variation over the last inventory years. The annual contributions of 
CH4 and N2O emissions to LULUCF overall GHG net emissions over the inventory period 
was small compared to the CO2fluxes. 
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2 Trends in greenhouse gas emissions and removals: 2.4 Emission trends for precursor gases and SO2 

 

Figure 2-9 Relative trends for precursor and SO2 emissions (excluding NMVOC from LULUCF; base year 1990 = 
100%). 

 

Sector 1 Energy is by far the largest source of precursor gas emissions (see Table 2-7), with 
the only exception being NMVOC, where sector 2 Industrial processes and product use is the 
dominant source (see Figure 2-10). The total shown in Table 2-7 includes NMVOC emissions 
from LULUCF, which are estimated at almost 100 kt per year according to SAEFL (1996a).  

 

Table 2-7 Precursor and SO2 emissions (kt) by source in 2016. (NE = not estimated, NO = not occurring) 

 

 

Figure 2-10 shows the relative contributions of the various sectors for each individual gas 
excluding LULUCF (data deduced from Table 2-7).  

 

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
R

el
at

iv
e 

em
is

si
on

s 
co

m
pa

re
d 

to
 1

99
0 

(%
)

NOx CO NMVOC SO2

Sectors
kt % kt % kt % kt %

1 Energy 57.63 93.6% 156.22 96.3% 18.55 11.2% 5.21 85.8%
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2 Trends in greenhouse gas emissions and removals: 2.4 Emission trends for precursor gases and SO2 

 

Figure 2-10 Relative contributions of individual sectors to precursor and SO2 emissions in 2016 (excluding 
LULUCF). 
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3 Energy: 3.1 Overview 

 

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 2016. The table also 
includes emissions from international bunkers (aviation and marine) as well as CO2 
emissions from biomass burning, which both are not accounted for under the Kyoto Protocol 
but are included in the reporting tables. 

 

Table 3-2 Summary of sector 1 Energy, emissions in 2016 in kt CO2 equivalent (Total: rounded values). For full 
biomass CO2 emissions see Table 3-20. Note that in reporting table CRF Table10s2 biogene CO2 emissions from 
5C are missing (for an overview of errors of the CRF Reporter see Annex 6).  

 

 

In 2016, 45 key source categories are identified in the Swiss greenhouse gas inventory 
according to level or trend (Table 1-9). Amongst these, 19 belong to the sector 1 Energy. The 
key categories (according to level and trend) from sector 1 Energy are shown in Figure 3-3 
(Approach 1) and Figure 3-4 (Approach 2).  

25%

50%

75%

100%

125%

150%
R

e
la

tiv
e

 e
m

is
si

on
s 

co
m

p
ar

e
d

 to
 1

9
9

0
 (%

)

CO2, 100% = 40'899 kt CH4, 100% = 634 kt CO2 eq N2O, 100% = 293 kt CO2 eq

Sector Energy CO2 CH4 N2O Total

1 Energy 36'980 279.9 224.8 37'484
1A Fuel combustion 36'951 86.3 224.8 37'263

1A1 Energy industries 3'352 0.7 27.3 3'380
1A2 Manufacturing industries and construction 4'942 5.0 35.0 4'982
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1A5b Other (mobile) 138 0.2 1.2 140

1B Fugitive emissions from fuels 28 193.5 0.0 222

International bunkers 5'165 0.5 42.3 5'208
CO2 emissions from biomass 7'463 - - 7'463
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3 Energy: 3.3 Source category 1B - Fugitive emissions from fuels 

Emission factors (1B2a) 
For oil transport (1B2a iii), the default emission factors from the 2006 IPCC Guidelines for 
pipeline transportation are used to calculate emissions. Values provided in Table 3-100 are 
converted using a crude oil density of 0.82 t/m3. 

For oil refining and storage (1B2a iv), country-specific emission factors for CH4 and NMVOC 
are used. The emission factors for CH4 are delineated from an emission estimation project in 
one of the refineries in 1992 called CRISTAL. The estimation from the other refinery is 
assumed to be twice as high, because the technology of the plant is older. Then a weighted 
mean based on the quantity of crude oil used in both refineries was calculated (for further 
details see the internal documentation of the EMIS database, EMIS 2018/1B2a iv). The 
emission factors for SO2 emissions from Claus units in refineries are country-specific and 
based on measurements and data from industry and expert estimates. 

For oil distribution from storage tanks and gasoline stations (1B2a v), the NMVOC emission 
factor for oil distribution from tanks and gasoline stations is country-specific, based on a 
model which takes annual gasoline sales and technical equipment of gasoline stations and 
storage tanks into account (see internal database documentation in EMIS 2018/1B2a v 
Benzinumschlag Tanklager and EMIS 2018/1B2a v Benzinumschlag Tankstellen). An expert 
team (Weyer and Partner AG) is in charge of providing annual updates of the modelled 
NMVOC emissions based on their own database of Swiss storage tanks and gasoline vapour 
recovery systems. The model is calibrated with spot checks of the gas recovery systems of 
gas stations. 

 

Table 3-100 Emission factors for fugitive emissions of source category 1B2a Oil in 2016. 

  

 

Activity data (1B2a) 
For oil transport (1B2a iii) and oil refining and storage (1B2a iv), activity data (crude oil use in 
the two refineries) are based on annual statistics of the Swiss petroleum association (EV 
2017). The annual amount of processed crude oil in Claus units is based on the Swiss 
overall energy statistics (SFOE 2017). 

For oil distribution from storage tanks and gasoline stations (1B2a v), gasoline sales based 
on the Swiss overall energy statistics (SFOE 2017), corrected for consumption of 
Liechtenstein, are used as activity data. 

Source/fuel Unit CO2 CH4 N2O NOx NMVOC SO2 CO
1B2a Oil

Exploration g/t NO NO NO NO NO NO NO
Production g/t NO NO NO NO NO NO NO
Transport g/t NA 6.59 NA NA 65.9 NA NA
Refining/Storage g/t NA 45 NA NA 430 38 NA
Distribution of oil products: 
Gasoline storage tank g/GJ NA NA NA NA 7 NA NA
Distribution of oil products: 
Gasoline station g/GJ NA NA NA NA 9 NA NA
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3 Energy: 3.3 Source category 1B - Fugitive emissions from fuels 

In analogy to Figure 3-11 to Figure 3-19, Figure 3-25 shows how the energy model (chp. 
3.2.4.3.3) attributes imported crude oil (as provided by the Swiss overall energy statistics, 
SFOE 2017), losses of gasoline and of natural gas to source category 1B. 

  

 

Figure 3-25 Attribution of fugitive emissions to source categories of 1B Fugitive emissions from fuels. 

 

Table 3-101 Activity data for fugitive emissions from 1B2a Oil. 

  

 

3.3.3.3 Uncertainties and time-series consistency for 1B2a 

Based on expert judgement, a preliminary uncertainty assessment of all sources in source 
category 1B2 results in medium confidence in the emissions estimate (see Table 1-10). 

Consistency: Time series for 1B2a Oil are all considered consistent. 

 

3.3.3.4 Category-specific QA/QC and verification for 1B2a 

The general QA/QC measures are described in chp. 1.2.3 and partly also in chp. 3.2.4.8. No 
further source specific activities undertaken for fugitive emissions from oil (1B2a). 

 

1B2a Oil products Unit 1990 1995 2000 2005
Crude oil kt 3'127 4'657 4'649 4'877
Gasoline transport TJ 156'516 151'672 168'353 152'182

1B2a Oil products Unit 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Crude oil kt 4'720 5'133 4'833 4'546 4'452 3'455 4'935 4'975 2'836 3'006
Gasoline transport TJ 146'120 142'904 139'067 134'129 128'941 124'386 118'717 113'954 105'664 102'367
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3 Energy: 3.3 Source category 1B - Fugitive emissions from fuels 

2018/1B2b Diffuse Emissionen Erdgas). The activity data represent the amount of natural 
gas lost from the gas network and are shown in Table 3-104. 

For source categories 1B2b iv and 1B2b v, information regarding the gas transport and 
distribution network from the Swiss Gas and Water Industry Association (SGWA) is used to 
derive the activity data (see Quantis 2014 and EMIS 2018/1B2b Diffuse Emissionen Erdgas).  

For transmission pipelines a constant emission factor per pipeline length is applied 
accounting for losses from purging and cleaning flows, pipeline damages and leaky fittings 
and mountings. For the one compressor station a constant emission rate based on the 
physical power of the turbines is employed including emissions due to shutting down and 
starting of the gas turbines, leakages at regulating valves and fittings, maintenance and 
gasometry work. 

The calculation of losses from source category 1B2b v Distribution follows a detailed country-
specific approach that considers losses from the pipeline network as well as losses at the 
end users. 

The calculated gas losses from the pipeline network depend on the length, material and 
pressure of the pipelines. Gas losses due to permanent leakiness, small-scale damages, 
network maintenance and the network components are evaluated separately. As no 
applicable loss rates are available for the network compounds in Switzerland (installed 
control units, fittings, storage systems and gas meters), a fixed percentage is applied to the 
permanent gas losses. 

Regarding the end users, gas losses from on-site and indoor pipelines as well as gas losses 
due to the permanent leakiness of gas appliances are evaluated. Pipeline loss rates apply to 
the number of households, industrial users and gas fuelling stations separately. Regarding 
the gas appliances, different loss rates are assigned to the number of gas heating systems, 
gas cooking stoves and gas fuelling stations. 

For some (earlier) years in the time series, sufficient input data are not available to calculate 
the gas losses. For these years, polynomial interpolations are applied to assess the activity 
data. 

For significant emission events due to accidents the Swiss Pollutant Release and Transfer 
Register is considered, and emissions are attributed to source category 1B2b vi Other 
Leakage. So far, two events have been reported by the transit pipeline operator, one in 2010 
and one in 2011. 

Fugitive emissions from pipelines are the major emission source in source category 1B2b. 
Fugitive emissions from damages and ruptures of the pipelines, maintenance of the pipelines 
and the components are very small (Quantis 2014). Total CH4 emissions from gas trans-
mission and distribution decreased due to gradual replacement of cast-iron pipes with 
polyethylene pipes.  
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3 Energy: 3.3 Source category 1B - Fugitive emissions from fuels 

Since the CO2 emission factors assume an oxidation of 100%, no indirect emissions need to 
be accounted for. Therefore, from this source category no indirect emissions are reported in 
chp. 9. 

 

Emission factors (1B2c) 
Emission factors are based on data from the refining industry as documented in the internal 
emission database documentation (EMIS 2018/1B2c Raffinerie Abfackelung). Since 2005 
(with the exception of 2012), the refining industry provides annual data on the emissions from 
flaring under the Federal Act on the Reduction of CO2 Emissions (Swiss Confederation 2011) 
based on daily measurements of CO2 emission factors of the flared gases. From these data 
annual emission factors are derived. Since 2005, the evolution of the other emission factors 
(CH4, N2O, NOx, CO and NMVOC) is assumed to vary proportionally to the CO2 emission 
factor. Emission factors are considered confidential and are available to reviewers on 
request. 

The emissions from flaring in the gas production facility are calculated based on default 
emission factors provided in the 2006 IPCC Guidelines.  

Emission factors for butane production are confidential. Data are available to reviewers on 
request.  

 

Table 3-106 Emission factors for 1B2c Venting and flaring in 2016. 

  

 

Activity data (1B2c) 
Before 2005, the amount of flared gas is assumed to be proportional to the amount of crude 
oil processed in the refineries. The Swiss petroleum association provides data on the use of 
crude oil on an annual basis (EV 2017). Between 2001 and 2004, one of the two refineries 
made major changes to their installations (new cracker, new flaring installation) and their 
standard operation process. Therefore, emissions from flaring decreased significantly 
thereafter. Since 2005, the industry provides data on the amount of gas flared.  

For gas production, the amount flared is estimated based on the amount of gas produced. 

For H2 production in one of the refining plants, annual data on butane consumption are 
provided by the industry since 2005, when the H2 production unit was installed. Data are 
confidential and they are available to reviewers on request. 

 

Source/fuel Unit CO2 CH4 N2O NOx NMVOC SO2 CO
1B2ci Flaring Oil g/t C C C C C C C
1B2cii Flaring Gas g/GJ NO NO NO NA NO NA NA
1B2ci Flaring Oil: 
H2 production refinery (butane) g/GJ

C NA NA NA NA NA NA
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4 Industrial processes and product use: 4.1 Overview 

Table 4-1 GHG emissions of sector 2 Industrial processes and product use by gases in kt CO2 equivalent. 

 

 

 

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 1998 and since 
then, they remain at a constant level. Emissions of N2O from sector 2 Industrial processes 
and product use have also decreased since 1990 and remain at a constant level since 2014. 
. Emissions of CH4 have increased in the same time period with considerable interannual 
fluctuation. However, absolute emissions are small compared to CO2 and N2O. 

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 

Gas 1990 1995 2000 2005

CO2 3'149 2'415 2'197 2'370
CH4 1.8 1.8 1.7 2.6
N2O 171 140 115 100

F-gases 254 353 828 1'296

Sum 3'576 2'910 3'141 3'769

Gas 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

CO2 2'327 2'286 2'205 2'364 2'318 2'194 2'196 2'250 2'082 2'157
CH4 2.6 2.9 1.9 2.7 2.8 2.8 2.1 2.1 2.2 2.7
N2O 101 109 99 102 94 94 66 45 45 45

F-gases 1'450 1'531 1'495 1'537 1'661 1'783 1'797 1'810 1'834 1'786

Sum 3'880 3'928 3'800 4'006 4'076 4'074 4'061 4'107 3'964 3'991

CO2 equivalent (kt)

CO2 equivalent (kt)

0%

20%

40%

60%

80%

100%

120%

140%

160%

R
e

la
tiv

e
 e

m
is

si
on

s 
co

m
p

ar
e

d
 to

 1
9

9
0

 (%
)

CO2, 100% = 3'148.9 kt CH4, 100% = 2.5 kt CO2 eq N2O, 100% = 178.8 kt CO2 eq























































































































http://unfccc.int/di/FlexibleQueries.do






































National Inventory Report of Switzerland 2018 276 

5 Agriculture: 5.1 Overview 

2005), while the cattle population was influenced by the market situation, the milk quotation 
system (suspended in 2009) and the general agricultural policy- and subsidy-system (OECD 
2013). Most emission factors did not change significantly over the inventory years. CO2 
emissions display high year to year variability due to variability of urea application, which 
depends among others on the relative price levels of different industrial fertilisers. 

 

 

Figure 5-2 Relative trends of the greenhouse gas emissions of sector 5 Agriculture. The base year 1990 
represents 100%. 

 

Among the key categories of the Swiss inventory, five are from the agricultural sector (Figure 
5-3).  

 

70%

75%

80%

85%

90%

95%

100%

105%

110%

CH4, 100% = 4453 kt CO2 eq N2O, 100% = 2170 kt CO2 eq CO2, 100% = 49 kt CO2 eq





















































































































National Inventory Report of Switzerland 2018 334 

6 LULUCF: 6.1 Overview of LULUCF 

Table 6-1 CO2 emissions and removals in the LULUCF sector. See main text for the respective components. 
Positive values refer to emissions; negative values refer to removals. In this data set, emissions of CH4 and N2O 
are not included; GHG (i.e. CO2, CH4, N2O) emissions and removals in the LULUCF sector (in CO2 eq) are shown 
in Figure 6-3. 

 

 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Gains of living 
biomass -12'696 -12'712 -12'857 -12'815 -12'756 -13'003 -12'956 -12'944 -12'636 -12'647

Losses of living 
biomass 12'478 9'232 8'879 8'678 9'659 9'266 9'097 9'885 11'033 10'938

Net change in dead 
organic matter 219 -485 110 -131 487 -277 -1'715 -889 -921 -600

Net change in 
organic and mineral 
soils 486 486 485 481 484 482 486 481 496 497
LULUCF (excluding 
HWP) 486 -3479 -3383 -3786 -2127 -3533 -5087 -3467 -2027 -1813

Net change in 
Harvested wood 
products (HWP) -1'305 -823 -531 -476 -363 -504 -286 -255 -251 -404

Total LULUCF -818 -4302 -3913 -4262 -2490 -4037 -5373 -3722 -2278 -2216

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Gains of living 
biomass -13'060 -12'663 -12'717 -12'679 -13'371 -12'792 -13'256 -13'876 -13'469 -13'485

Losses of living 
biomass 18'346 12'373 10'098 11'308 11'085 11'417 14'157 13'724 12'728 12'018

Net change in dead 
organic matter -379 -594 -134 -1'016 -655 -1'019 -520 -133 -557 -707

Net change in 
organic and mineral 
soils 496 495 495 494 493 513 519 515 499 486
LULUCF (excluding 
HWP) 5403 -388 -2258 -1893 -2448 -1882 900 229 -798 -1688
Net change in 
Harvested wood 
products (HWP) -709 -543 -408 -441 -606 -740 -544 -517 -386 -410
Total LULUCF 4694 -931 -2666 -2333 -3054 -2622 356 -288 -1184 -2098

2010 2011 2012 2013 2014 2015 2016 Mean

Gains of living 
biomass -13'415 -14'034 -13'430 -13'440 -14'139 -13'428 -13'656 -13'146

Losses of living 
biomass 12'941 12'575 11'907 12'386 12'243 12'020 11'608 11'559

Net change in dead 
organic matter -1'216 33 -408 -706 310 -363 -191 -461

Net change in 
organic and mineral 
soils 498 498 499 513 516 529 516 498
LULUCF (excluding 
HWP) -1192 -928 -1432 -1247 -1070 -1242 -1724 -1'551
Net change in 
Harvested wood 
products (HWP) -415 -459 -294 -90 -301 -227 -213 -463
Total LULUCF -1608 -1387 -1726 -1337 -1371 -1469 -1937 -2'014

LULUCF
kt CO2

LULUCF

LULUCF

kt CO2

kt CO2
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6 LULUCF: 6.1 Overview of LULUCF 

 

Figure 6-1 CO2 emissions and removals in the LULUCF sector (in kt CO2), broken down for: (i) CO2 removals due 
to the gain (growth) of living biomass, (ii) CO2 emissions due to the loss (cut and mortality) of living biomass, (iii) 
net CO2 emissions and removals from dead organic matter, (iv) net CO2 emissions from soils, and (v) net CO2 
removals from Harvested wood products. Positive values indicate emissions, negative values indicate removals.  

 

The non-CO2 emissions associated with land use, land-use change and forestry were 
relatively small. Between 1990 and 2016 maximum annual CH4 emissions were 1.29 kt yr-1, 
and maximum annual N2O emissions were 0.21 kt yr-1 (32 kt CO2 eq and 62 kt CO2 eq, 
respectively; see year 1997 in Figure 6-2). The emissions arose from (1) drained organic 
soils (N2O; CRF Table4(II)), (2) flooded lands/reservoirs (CH4; CRF Table4(II)), (3) nitrogen 
mineralization associated with loss of soil organic matter resulting from land use on non-
agricultural soils and land-use change (direct N2O emissions; CRF Table4(III)), (4) nitrogen 
leaching and run-off on non-agricultural soils and land-use change (indirect N2O emissions; 
CRF Table4(IV)), (5) wildfires on Forest land and Grassland (CH4 and N2O; CRF Table4(V)), 
and (6) controlled burning of residues from forestry (CH4 and N2O; CRF Table4(V)). The 
calculation methods are based on default procedures of IPCC (2006, Volume 4).  
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6 LULUCF: 6.1 Overview of LULUCF 

under the Kyoto-Protocol (see chp. 11.1.3). In a nutshell, the diction Afforestation was 
consistently used to indicate the Kyoto Protocol Article 3, paragraph 3 activity.  

 

Table 6-2 Land-use categories used in this report (combination categories CC): 6 main land-use categories 
(identical to the UNFCCC land-use categories) and 18 sub-divisions. Additionally, descriptive remarks, 
abbreviations used in the reporting tables, and CC codes are given. For a detailed definition of the combination 
categories see Table 6-6 and SFSO (2006a). 

 

  

CC 
Main category 

CC 
Sub-division 

Remarks 
Terminology in 
CRF tables 

CC 
code 

I A. Forest Land afforestation 
areas converted to forest by active 
measures, e.g. planting 

afforestation I 11 

 productive forest 
dense and open forest meeting the criteria 
of forest land 

4A1: prod  
4A2: productive 

I 12 

 unproductive forest 
brush forest and forest on unproductive 
areas meeting the criteria of forest land 

4A1: unprod  
4A2: unproductive 

I 13 

I B. Cropland  
arable and tillage land (annual crops and 
leys in arable rotations) 

cropland I 21 

I C. Grassland permanent grassland meadows, pastures (low-land and alpine) permanent I 31 

 shrub vegetation 
agricultural and unproductive areas 
predominantly covered by shrubs 

4C1: shrub  
4C2: woody  

I 32 

 
vineyard, low-stem 
orchard, tree nursery 

perennial agricultural plants with woody 
biomass (no trees) 

4C1: vine 
4C2: woody  

I 33 

 copse 
agricultural and unproductive areas 
covered by perennial woody biomass 
including trees 

4C1: copse  
4C2: woody  

I 34 

 orchard permanent grassland with fruit trees 
4C1: orchard 
4C2: woody 

I 35 

 stony grassland grass, herbs and shrubs on stony surfaces 
4C1: stony  
4C2: unproductive  

I 36 

 
unproductive 
grassland 

unproductive grass vegetation unproductive I 37 

I D. Wetlands surface water lakes and rivers surface water I 41 

 unproductive wetland reed, extensively managed wetland unprod wetland I 42 

I E. Settlements 
buildings and 
constructions 

areas without vegetation such as houses, 
roads, construction sites, dumps 

building I 51 

 
herbaceous biomass 
in settlements 

areas with low vegetation, e.g. lawns herb I 52 

 shrubs in settlements 
areas with perennial woody biomass (no 
trees) 

shrub I 53 

 trees in settlements 
areas with perennial woody biomass 
including trees 

tree I 54 

I F. Other Land  
unmanaged areas without soil and 
vegetation: rocks, sand, scree, glaciers 

 I 61 

 







National Inventory Report of Switzerland 2018 341 

6 LULUCF: 6.1 Overview of LULUCF 

Table 6-3 Calculation approach (gain-loss or stock-difference with conversion time in years) applied for different 
land-use changes and carbon pools. KP = corresponding activity under the Kyoto Protocol; NF = non-forest 
combination categories. Combination categories CC11 to CC61 were introduced in Table 6-2. 

 

 

6.1.3.3 Conversion time (CT) 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, in dead organic matter (dead wood, litter), and in soils 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 

Change in main land-
use category or sub-
division 

Living 
biomass 

Dead wood, 
litter 

Mineral soil  Organic 
soil 

Remarks 

no change in category 
KP and UNFCCC  

gain-loss gain-loss gain-loss gain-loss  

CC13 to CC12 
UNFCCC: 4A1 
KP: Forest management 

gain-loss stock-diff., 
20 

stock-diff., 
20 

gain-loss  

CC12 to CC13 
UNFCCC: 4A1 
KP: Forest management 

stock-diff., 
20 

stock-diff., 
20 

stock-diff., 
20 

gain-loss  

CC11 to CC12 
UNFCCC: 4A1 
KP: Afforestation >20 yr 

gain-loss gain-loss gain-loss gain-loss  

change to CC11 
UNFCCC: 4A2 
KP: A







National Inventory Report of Switzerland 2018 344 

6 LULUCF: 6.1 Overview of LULUCF 

Table 6-4 Carbon stocks and changes in living biomass, in dead wood, in litter and in soils for the combination 
categories (CC), stratified by elevation zone, NFI production region, and soil type. The values are valid for the 
whole inventory period since 1990 with the exception of the values in the highlighted cells, which change annually 
(numbers given here are for the year 1990); cf. main text.  
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      Strata [t C ha-1] [t C ha-1 yr-1]

11 Afforestations 1 1 10.00 0 0 82.65 145.6 2.39 -0.21 0 0 0 -0.1
1 2 10.00 0 0 102.03 145.6 2.39 -0.21 0 0 0 -0.078
1 3 7.50 0 0 121.34 145.6 1.35 -0.1 0 0 0 -0.078
2 1 10.00 0 0 55.40 145.6 2.39 -0.21 0 0 0 -0.078
2 2 10.00 0 0 62.12 145.6 2.39 -0.21 0 0 0 -0.078
2 3 7.50 0 0 122.00 145.6 1.35 -0.1 0 0 0 -0.078
3 1 10.00 0 0 66.10 145.6 2.39 -0.21 0 0 0 -0.078
3 2 10.00 0 0 75.91 145.6 2.39 -0.21 0 0 0 -0.078
3 3 7.50 0 0 95.78 145.6 1.35 -0.1 0 0 0 -0.078
4 1 10.00 0 0 66.47 145.6 2.39 -0.21 0 0 0 -0.078
4 2 10.00 0 0 74.39 145.6 2.39 -0.21 0 0 0 -0.078
4 3 7.50 0 0 69.48 145.6 1.35 -0.1 0 0 0 -0.078
5 1 10.00 0 0 102.37 145.6 2.39 -0.21 0 0 0 -0.078
5 2 10.00 0 0 108.99 145.6 2.39 -0.21 0 0 0 -0.078
5 3 7.50 0 0 107.08 145.6 1.35 -0.1 0 0 0 -0.078

12 Productive forest 1 1 128.65 5.77 9.51 82.65 145.6 3.60 -2.38 -0.01 -0.13 0.00 -0.078
1 2 125.27 6.05 7.53 102.03 145.6 3.21 -2.28 -0.03 -0.09 0.00 -0.078
1 3 84.74 5.67 7.76 121.34 145.6 1.95 -1.36 -0.15 -0.18 0.00 -0.078
2 1 134.51 9.18 8.70 55.40 145.6 4.63 -4.77 -0.04 -0.12 0.00 -0.078
2 2 147.20 8.76 11.42 62.12 145.6 4.63 -4.61 -0.07 -0.09 0.00 -0.078
2 3 102.11 8.76 11.42 122.00 145.6 1.60 -1.05 -0.07 -0.09 0.00 -0.078
3 1 135.07 8.74 7.51 66.10 145.6 4.56 -3.35 -0.14 -0.10 0.00 -0.078
3 2 147.49 9.36 16.29 75.91 145.6 4.15 -3.78 -0.01 -0.06 0.00 -0.078
3 3 118.79 8.47 26.21 95.78 145.6 2.48 -2.75 -0.07 -0.12 0.00 -0.078
4 1 92.97 7.45 3.15 66.47 145.6 3.24 -3.19 -0.01 -0.14 0.00 -0.078
4 2 103.37 8.12 19.99 74.39 145.6 2.49 -2.59 -0.06 -0.15 0.00 -0.078
4 3 94.98 7.80 33.37 69.48 145.6 1.81 -2.47 0.00 -0.06 0.00 -0.078
5 1 72.68 2.34 8.22 102.37 145.6 2.74 -0.92 -0.10 -0.13 0.00 -0.078
5 2 76.85 3.29 11.03 108.99 145.6 2.20 -0.61 0.08 -0.17 0.00 -0.078
5 3 76.43 3.05 30.77 107.08 145.6 1.61 -0.30 -0.01 -0.02 0.00 -0.078

13 Unproductive forest 1 1 38.53 0 9.51 82.65 145.6 0 0 0 0 0 -0.078
1 2 51.10 0 7.53 102.03 145.6 0 0 0 0 0 -0.078
1 3 51.34 0 7.76 121.34 145.6 0 0 0 0 0 -0.078
2 1 20.45 0 8.70 55.40 145.6 0 0 0 0 0 -0.078
2 2 35.83 0 11.42 62.12 145.6 0 0 0 0 0 -0.078
2 3 51.33 0 11.42 122.00 145.6 0 0 0 0 0 -0.078
3 1 20.45 0 7.51 66.10 145.6 0 0 0 0 0 -0.078
3 2 47.53 0 16.29 75.91 145.6 0 0 0 0 0 -0.078
3 3 42.36 0 26.21 95.78 145.6 0 0 0 0 0 -0.078
4 1 21.60 0 3.15 66.47 145.6 0 0 0 0 0 -0.078
4 2 31.48 0 19.99 74.39 145.6 0 0 0 0 0 -0.078
4 3 29.88 0 33.37 69.48 145.6 0 0 0 0 0 -0.078
5 1 20.83 0 8.22 102.37 145.6 0 0 0 0 0 -0.078
5 2 23.82 0 11.03 108.99 145.6 0 0 0 0 0 -0.078
5 3 24.35 0 30.77 107.08 145.6 0 0 0 0 0 -0.078
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6 LULUCF: 6.2 Land-use definitions and classification systems 

Table 6-5 Uncertainty estimates in the LULUCF sector, expressed as half of the 95% confidence intervals. 
Highlighted AD uncertainties depend mainly on the uncertainty of the AREA survey. 

 

 

6.2 Land-use definitions and classification systems 

6.2.1 Combination Categories (CC) as derived from AREA Land Use 
Statistics 

The nomenclature of the Swiss Land Use Statistics (AREA) processed by the Swiss Federal 
Statistical Office (SFSO 2006a) is the basis for the land-use categories used for land area 
representation in the LULUCF sector. In the course of the AREA surveys (see chp. 6.3.1), 
every sample point on a hectare-mesh in Switzerland was assigned to a land-use category 
(NOLU04) and to a land-cover category (NOLC04) (SFSO nomenclature version 2004). The 
interpretation is backed by a large set of geodata (e.g. forest boundary layer from the NFI; for 
just a public subset of geodata available to the SFSO interpreters see 
https://map.geo.admin.ch; English version available) that can be superimposed if required. 
These geodata also include data sets indicating the legal status of land use (e.g. residential 
zones, crop rotation areas, nature reserves). Ambiguous sample points are visited by the 
AREA staff to verify the on-screen classification of land use (ground control). 

The AREA survey is a highly sophisticated and well-established land use statistic (see 
visualization example in chp 6.3.1). It allows for the identification of country-specific 
categories that are more detailed than those defined in IPCC (2006) (see Table 6-2). Thus, 

IPCC  
category

Gas Activity data 
uncertainty

EF 
uncertainty 
1990

EF 
uncertainty 
2016

% %
4A1 Forest land remaining forest land CO2 1.1 88.6 88.6

4A2 Land converted to forest land CO2 1.6 88.6 88.6

4B1 Cropland remaining cropland CO2 4.9 32.3 164.3

4B2 Land converted to cropland CO2 5.1 34.6 32.4

4C1 Grassland remaining grassland CO2 5.2 1342.3 915.9

4C2 Land converted to grassland CO2 5.3 67.7 40.4

4D1 Wetlands remaining wetlands CO2 61.9 72.2 72.2

4D2 Land converted to wetlands CO2 4.0 25.6 24.1

4E1 Settlements remaining settlements CO2 4.4 50.0 50.0

4E2 Land converted to settlements CO2 4.6 50.0 50.0

4F1 Other land remaining other land CO2 NA NA NA

4F2 Land converted to other land CO2 3.2 50.0 50.0

4(II) Drained organic soils N2O 34.1 66.9 66.9

4(II)D2 Flooded land CH4 10.0 70.0 70.0

4(III) N mineralization N2O 83.5 135.0 135.0

4(IV)2 N leaching and runoff N2O 85.8 161.5 161.5

4(V) Biomass burning CH4 30.0 70.0 70.0

4(V) Biomass burning CO2 NA NA NA

4(V) Biomass burning N2O 30.0 70.0 70.0

4G Harvested wood products CO2 4.5 57.0 57.0

https://map.geo.admin.ch/
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6 LULUCF: 6.2 Land-use definitions and classification systems 

Table 6-6 Derivation of 18 combination categories (CC) from AREA NOLU04 and NOLC04 categories. 
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6 LULUCF: 6.2 Land-use definitions and classification systems 

1. Jura, 2. Central Plateau, 3. Pre-Alps, 4. Alps, 5. Southern Alps.  

Applying all spatial stratifications, 30 different strata (referred to as subscript i in chp. 6.1.3.2) 
would be theoretically possible. Not all of them, but altogether 29 have been actually realised 
and applied for the calculation of LULUCF-associated carbon emissions and removals. 

 

 

Figure 6-4 Map showing the spatial stratification according to NFI production region, elevation zone, and soil type. 

 

6.2.3 The land-use tables and change matrices 
In Table 6-7 the land-use statistics resulting from spatial stratification (chp. 6.2.2) and 
interpolation in time (chp. 6.3.2) are exemplarily shown for the year 1990. The table gives 
also the size of the individual spatial strata.  
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6 LULUCF: 6.2 Land-use definitions and classification systems 

The annual land-use changes across the entire territory of Switzerland (change-matrices, 
see examples for 1990 and 2016 in Table 6-9) were obtained by adding up the annual 
changes on a hectare basis per combination category (CC). For calculating the carbon stock 
changes, fully stratified (cf. chp. 6.2.2) land-use change tables were used for each year 
(Meteotest 2018). More aggregated change-matrices are reported in CRF Table4.1 for each 
year of the inventory period. 

It is worth noting that in general the numbers given in the change-matrices (Table 6-9) 
cannot be directly compared with the figures of category 2 in CRF Table4.A, Table4.B, 
Table4.C, Table4.D, Table4.E, and Table4.F (Land converted to X), where the cumulative 
area remaining in the respective category in the reporting year is recorded (cf. the description 
of conversion time of 20 years in chp. 6.1.3.3). In contrast, the change matrices present the 
land-use changes occurring in the specified year only.  

 

Table 6-9 Annual land-use changes in 1990 and in 2016 (change matrices). Units: ha/year, rounded values. 
Empty cells indicate that no change occurred. 

 

 

 

11 12 13 21 31 32 33 34 35 36 37 41 42 51 52 53 54 61 decrease
11 369 1 0 0 1 0 0 0 0 0 372
12 158 5 125 86 6 59 12 19 11 7 117 27 11 17 49 709
13 678 8 354 48 5 89 0 3 3 1 3 41 20 3 15 10 1280
21 8 1 5 663 6 181 35 1 4 4 4 4 632 317 21 18 22 1926
31 136 166 480 717 1007 123 311 4 46 43 9 11 870 490 27 44 67 4554
32 24 1022 715 2 126 9 309 14 15 6 0 24 8 5 3 30 2313
33 1 2 4 126 65 4 28 2 0 1 0 50 26 4 3 5 323
34 20 536 63 143 866 49 35 11 9 23 4 3 171 94 6 41 14 2087
35 0 0 8 13 0 4 46 4 2 0 1 0 80
36 3 27 26 2 162 243 1 41 89 4 0 8 1 0 45 652
37 7 26 6 1 8 234 1 68 10 3 0 6 2 0 13 384
41 0 4 1 2 2 6 0 4 4 1 17 11 2 1 0 99 156
42 5 27 6 1 3 2 0 2 0 0 6 4 1 0 0 1 59
51 38 18 4 86 158 11 5 7 3 5 6 4 271 58 46 5 726
52 7 4 1 16 32 3 1 1 0 1 1 2 349 68 387 0 874
53 5 9 0 6 7 2 0 2 0 2 45 28 46 0 150
54 2 6 0 1 2 0 0 3 0 0 1 78 152 8 0 253
61 4 41 17 16 67 93 8 31 287 33 96 2 13 1 0 1 709

increase 261 2936 1489 1140 2653 1794 381 1036 18 394 236 152 55 2425 1443 211 621 361 17607

1990
change to CC

ch
an

ge
 fr

om
 C

C

11 12 13 21 31 32 33 34 35 36 37 41 42 51 52 53 54 61 decrease
11 59 0 0 0 60
12 305 1 233 132 2 75 31 19 15 10 72 20 8 9 74 1006
13 707 2 402 77 2 74 0 6 2 1 2 29 14 1 8 11 1338
21 1 1 1 1677 3 112 22 1 3 6 4 5 339 173 6 4 10 2369
31 13 125 463 1240 801 77 251 2 83 32 8 10 710 390 15 11 73 4305
32 2 671 534 2 140 3 302 21 13 7 1 12 4 2 1 33 1748
33 0 3 2 124 94 4 20 1 1 0 29 23 2 1 3 308
34 1 510 65 39 574 56 10 5 10 22 6 0 76 43 1 15 16 1450
35 1 6 1 17 1 0 26
36 0 19 24 1 92 203 0 46 56 4 6 1 45 497
37 2 16 3 0 6 195 58 16 3 0 4 1 13 315
41 0 4 1 0 1 6 3 4 3 8 4 1 0 0 101 136
42 33 4 0 1 0 1 0 0 7 1 0 0 1 50
51 17 13 2 55 139 7 2 4 6 7 6 2 255 42 24 6 588
52 8 5 1 15 46 3 1 2 1 2 2 1 506 49 294 0 936
53 2 16 0 4 9 3 0 1 0 1 0 53 44 43 177
54 1 8 1 0 2 0 3 0 0 0 127 319 24 485
61 1 27 12 10 58 73 5 31 340 16 105 1 6 1 685

increase 48 2217 1418 1495 3481 1564 215 909 10 522 179 167 42 1975 1289 150 410 386 16479

2016
change to CC

ch
an

ge
 fr

om
 C

C



https://map.geo.admin.ch/
https://s.geo.admin.ch/7998813555
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6 LULUCF: 6.3 Approaches used for representing land areas, land-use databases 

this is rather an estimate of the maximum potential interpretation error than of the actual 
interpretation error, it is reported hereafter unless more accurate information is available.  

2) Statistical sampling error: In the AREA survey, the land-use types are interpreted on 
points situated on a regular 100x100 m grid. Thus, the uncertainty of the surface area 
covered by a certain land-use type or land-use change decreases with increasing numbers of 
sampling points. 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 2'497 (for 4D2) and 1'358'528 (for 4C1) leading 
to values of Usampling between 3.9% and 0.2%. 

The overall uncertainty was calculated as: 

Uoverall = (Uinterpret
2 + Usampling

2)0.5  

 

Table 6-10 Sources of AD uncertainty and overall uncertainties in the allocation of land-use categories, expressed 
as half of the 95% confidence intervals. Calculations are based on AREA data from SFSO (2017). 

 

 

An analysis of the uncertainty of the spatial allocation of organic soils published by Wüst-
Galley et al. (2015) resulted in: 27.4% for forest land, 37.8% for Cropland, 55.9% for 
Grassland and 61.9% for Wetlands. For Forest land (chp. 6.4.3) and Settlements (chp. 
6.8.3), the CO2 emission from organic soils were not considered in the calculation of the 
overall uncertainty (Meteotest 2018).  

Activity data for wildfires were taken from the Swissfire database (see chapters 6.4.2.12 and 
6.6.2.5). 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 

Category Description

In
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ta
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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 1.6
4B1 Cropland remaining cropland 4.9 0.3 4.9
4B2 Land converted to cropland 4.9 1.6 5.1
4C1 Grassland remaining grassland 5.2 0.2 5.2
4C2 Land converted to grassland 5.2 0.9 5.3
4D1 Wetlands remaining wetlands 0.9 0.5 1.0
4D2 Land converted to wetlands 0.9 3.9 4.0
4E1 Settlements remaining settlements 4.4 0.4 4.4
4E2 Land converted to settlements 4.4 1.2 4.6
4F1 Other land remaining other land 1.4 0.3 1.4
4F2 Land converted to other land 1.4 2.9 3.2
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7 Waste: 7.1 Overview 

Table 7-1 Trend of total GHG emissions from sector 5 Waste in Switzerland. 

 

 

CH4 is the most important greenhouse gas in sector 5 Waste over the whole reporting period. 
Nevertheless, CH4 emissions have decreased. Two processes determine the trend in sector 
5 Waste: a decreasing trend from 5A Solid waste disposal and an increasing trend from 5D 
Wastewater treatment and discharge.  

The relative trends of the gases are shown in Figure 7-2. 

 

 

Figure 7-2 Relative trends of greenhouse gas emissions of sector 5 Waste. The base year 1990 represents 
100%. 

 

According to the 2006 IPCC Guidelines (IPCC 2006) all emissions from waste-to-energy, i.e. 
emissions resulting when waste material is used directly as fuel or converted into a fuel, are 
reported under sector 1 Energy (see also Figure 7-4). Therefore, the largest share of waste-
related emissions in Switzerland is not reported under sector 5 Waste. This is illustrated in 

Gas 1990 1995 2000 2005

CO2 54 30 19 12

CH4 915 738 697 710

N2O 141 144 153 163
Sum 1109 912 869 885

Gas 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

CO2 12 12 11 11 11 10 10 10 10 10

CH4 689 668 646 630 612 596 582 572 559 547

N2O 168 172 174 177 181 174 182 182 189 192
Sum 869 852 831 818 803 780 774 764 758 748
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