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Foreword

While Switzerland submits its eighth national communication and fifth biennial report, the synthesis report of the sixth
assessment report of the Intergovernmental Panel on Climate Change is in the final phase of editing. Yet, the core state-
ment is set out in the report of Working Group I, which was published more than a year ago: For global warming not to
exceed the threshold of 1.5 degrees Celsius emissions of greenhouse gases need to be curbed drastically. Avoiding irre-
versible changes in many areas of the global atmosphere-biosphere-hydrosphere system becomes an increasingly chal-
lenging task. Tackling this task is essential if we want to preserve the greatest possible scope for future generations to
shape their lives in a prosperous way. At the same time, we must also prepare for the inevitable impacts of climate change.
For this purpose, the Swiss government adopted its second action plan for the implementation of the national adaptation
strategy in 2020.

News headlines may have turned away from global warming recently. The challenge to reduce greenhouse gas emissions
as much as possible remains. The potentials are well known: With more renewable energies and CO,-neutral transport,
less waste and more resource efficiency, Switzerland can reduce its greenhouse gas emissions far below today’s levels.
Suitable technologies are available and their implementation is economically viable. Moreover, recent geopolitical devel-
opments have given us even more reasons to reduce our heavy dependence on fossil fuels.

In April 2022, with the presentation of the greenhouse gas inventory 2020, Switzerland took stock of the achievement of
its climate target under the second commitment period of the Kyoto Protocol. The balance sheet shows that the emissions
target of minus 15.8 per cent compared to 1990 was achieved in the period from 2013 to 2020. Emission reductions from
climate protection projects abroad also contributed to this positive result.

Now it is time to look ahead. By submitting its nationally determined contribution, Switzerland has committed to at least
halving its greenhouse gas emissions by 2030 compared to 1990, which corresponds to an average reduction in greenhouse
gas emissions of at least 35 per cent in the period from 2021 to 2030. To achieve the target, internationally transferred
mitigation outcomes from cooperation under Article 6 of the Paris Agreement are to be used in part. In preparation for
this, Switzerland has concluded several bilateral agreements with partner countries. The agreements set the framework
conditions for cooperation and define the requirements for the recognition of internationally transferred mitigation out-
comes in line with the high standards that Switzerland and the other members of the Environmental Integrity Group stand
for.

Domestically, the transition to an energy system that relies more on renewable energy is underway. Considerable funding
is being made available to expand and accelerate decarbonisation. The new version of the third CO, Act, which is currently
under discussion, envisages supplementing the CO; levy with effective incentives, targeted support and subsidies. The
debate on the future legal framework of Swiss climate policy is also shaped by the so-called ‘Glacier Initiative’, a popular
initiative that seeks to stipulate the goal of reducing Switzerland’s greenhouse gas emissions to net zero by 2050 in the
Federal Constitution of the Swiss Confederation. The final decisions are expected in the course of the year 2023.

Katrin Schneeberger
Director
Swiss Federal Office for the Environment, Bern, Switzerland

September 2022
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1  Executive summary

1.1 Introduction

Switzerland prepared its eighth national communication under the United Nations Framework Convention on Climate
Change (UNFCCC) following the revision of the UNFCCC reporting guidelines on national communications for Parties
included in Annex | to the Convention (see the annex to decision 6/CP.25).

Switzerland presents its fifth biennial report as an annex to the eighth national communication (Annex B), with detailed
reporting of the information on the common topics in the main text of the national communication. The fifth biennial
report was prepared based on the UNFCCC biennial reporting guidelines for developed country Parties (decision
2/CP.17). The accompanying tables correspond to the common tabular format (BR CTF tables, decision 19/CP.18). Swit-
zerland took into consideration the methodologies for the reporting of financial information by Parties included in Annex |
to the Convention (decision 9/CP.21), also implementing the revisions to the common tabular format. The supplementary
information under Article 7, paragraph 2, of the Kyoto Protocol, as requested by decision 22/CP.7, is contained in differ-
ent chapters and sections of Switzerland’s eighth national communication and summarised in Annex A.

In preparation of the eighth national communication and the fifth biennial report, Switzerland took into account the issues
raised by the expert review teams in the course of the reviews of the previous reports. To assist the review process,
Annex C provides detailed answers to every recommendation and encouragement from the ‘Report of the technical review
of the seventh national communication of Switzerland’ (FCCC/IDR.7/CHE) and the ‘Report of the technical review of
the fourth biennial report of Switzerland’ (FCCC/TRR.4/CHE). The following sections provide a summary of the chapters
contained in Switzerland’s eighth national communication.

1.2 National circumstances relevant to greenhouse gas emissions and removals

Government structure

Switzerland is a confederation, subdivided into 26 cantons (states), each of which has its own government, parliament
and cantonal courts. Responsibilities are shared between the federal authorities and the cantons, however, the principle of
subsidiarity is of greatest importance. This is reflected in constitutional law, stipulating that unless legislative power is
explicitly assigned to the Swiss Confederation (federal level), the cantons are sovereign, i.e. entitled to legislate in an area
of policy. At the federal level, the following separation of powers is established: (i) the legislative authority at the federal
level consists of a bicameral parliament, with the 200 members of the National Council representing the population of the
country as a whole and the 46 members of the Council of States representing the cantons (together forming the Federal
Assembly, i.e. the Swiss Parliament), (ii) the executive authority at the federal level is the Swiss Federal Council, con-
sisting of seven members with equal power, and (iii) the highest judicative authority of the country is the Federal Supreme
Court. However, according to the Federal Constitution of the Swiss Confederation, the Swiss people are sovereign and
ultimately the supreme political authority. Consequently, virtually all important decisions have to be approved by the
electorate (i.e. adults who are eligible to vote, about 63 per cent of the resident population). The most important formal
instruments of Switzerland’s direct democracy are (i) the optional referendum which allows citizens to veto decisions
made by the Swiss Parliament, (ii) the mandatory referendum on each constitutional amendment passed by the Swiss
Parliament, and (iii) the popular initiative by which citizens can propose amendments to the Federal Constitution of the
Swiss Confederation.

Due to the very close economic ties of Switzerland with neighbouring states and the European Union, the relationship
with the European Union is a high priority of Swiss foreign policy. Bilateral agreements are the legal basis of this close
cooperation and most new laws or amendments to existing laws are made compatible with European Union legislation.
Switzerland is a member of several international organisations (e.g. the OECD, the World Bank Group and all United
Nations specialised agencies). Since September 2002, Switzerland has been a full member of the United Nations.

Population profile

At the end of 2020, Switzerland had a population of 8.670 million permanent residents with an average a density of 210
persons per square kilometre. Population is concentrated on the Central Plateau, the major alpine valleys and the Ticino,
while the density is substantially lower in the hilly and alpine regions of the country. Population growth has been stable
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at around 0.75 per cent per year during the last years and mainly results from immigration and increasing life expectancy.
It is expected that population growth will continue in the future, leading to 10.44 million permanent residents by 2050.
Approximately 25.5 per cent of the permanent residential population are foreign nationals.

Economic profile

Switzerland’s nominal gross domestic product was about 706 billion Swiss francs in 2020, corresponding to about 81
thousand Swiss francs per capita. With just a few exceptions in the early 1990s, in 2009 and in 2020, Switzerland’s real
gross domestic product increased annually by up to four per cent compared to the previous year over the period 1990 to
2020. Switzerland’s economy largely depends on the services sector, which in 2020 not only employed 76.4 per cent of
the total workforce, but also contributed 73.3 per cent to the gross value added.

The economy strongly depends on trade with other countries, as Switzerland imports bulk raw materials and exports
processed high-quality goods. Switzerland’s trade balance (exports minus imports) was about balanced between 1992 and
the early 2000s. Since 2002, exports growth has been accelerating as compared to imports growth. During the last years,
Switzerland’s trade balance has remained between about four and five per cent of the gross domestic product. Among the
most important traded goods in terms of monetary value are chemical and pharmaceutical products, noble metals, jewels
and gemstones, machines, instruments and electronics, watches and precision instruments.

Geographical profile

Switzerland, located in the centre of Europe, covers an area of 41,285 square kilometres, comprising 25.1 per cent unpro-
ductive surface, 31.8 per cent forests and grove, 35.2 per cent utilised agricultural area, and 7.9 per cent built-up area.
The topography is determined by the Central Plateau, the Jura mountains and the Alps. About half of Switzerland’s surface
area is located above 1,000 metres above sea level.

Climate profile

With the Alps acting as climatic divide, meteorological conditions such as average temperature and precipitation vary
significantly across Switzerland. Variable winter temperatures are an important factor influencing energy consumption
for heating and leave a strong imprint on annual COzemissions. Long-term measurements indicate a marked shift towards
a warmer climate (increase of the mean temperature by more than two degrees Celsius between 1864 and 2020, i.e. about
twice the increase of the global mean temperature). Changes in mean precipitation are less clear, although there are robust
indications for an increase in the frequency and intensity of heavy precipitation. Various climate indices document the
ongoing climate change in Switzerland. For instance, over the Central Plateau, the average number of summer days has
more than doubled over the last 60 years, the number of heating degree days has decreased by about 15 to 20 per cent in
the same time period, the number of snow days has decreased and the number of sunny days has increased.

Energy

Switzerland’s energy system largely depends on fossil energy imports, while it is almost self-sufficient regarding carbon-
free electricity. In 2020, gross energy consumption amounted to just slightly over one million terajoules, composed as
follows: (i) 287,010 terajoules were of domestic origin (50.9 per cent hydropower, 21.1 per cent waste, 15.0 per cent
wood, 13.0 per cent other renewable energy sources), (ii) 872,180 terajoules were imported (45.0 per cent crude oil and
oil products, 13.7 per cent gas, 28.8 per cent nuclear fuel, 11.1 per cent electricity, 1.0 per cent wood and other renewable
energy resources, and 0.4 per cent coal), (iii) exports accounted for a total of 136,150 terajoules (86.1 per cent electricity,
13.9 per cent oil products, 0.1 per cent wood), and (iv) the remaining 20,930 terajoules corresponded to stock changes of
mainly crude oil, but also oil products and coal. Due to the impact of meteorological conditions on heating demand, the
final energy consumption shows strong year-to-year variations, however, a decreasing trend has become discernible since
about a decade.

Transport

Switzerland’s transport infrastructure provides for extensive road and rail networks serving individual and freight
transport needs. This includes comprehensive public transportation services. The number of cars in Switzerland has in-
creased from 3.0 million in 1990 to 4.7 million in 2020. Between 1980 and 2015, motorised private transport (total pas-
senger kilometres) has increased by 43.9 per cent and public transport on road and rail (total passenger kilometres) has
increased by 83.4 per cent, as a result of population growth as well as the increase in daily travel distance per person. By
2020, freight transport (in tonne-kilometres) has increased by 36 per cent since 1990, with the share of rail fluctuating

1
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around 40 per cent. However, transalpine freight transport in Switzerland is dominated by rail, inter alia, thanks to newly
constructed railway tunnels. Given the relatively short distances and the dense and efficient road and railway networks,
the share of domestic aviation is negligible.

Industry and services

The structure of Switzerland’s industry sector clearly reflects the fact that the country is relatively poor in natural re-
sources. Switzerland’s industry is specialised in the production of mechanical devices and engines, data processing equip-
ment, and high-precision instruments (watches and goods for medical uses). Of greatest importance are the food pro-
cessing and chemical industries, in particular the production of pharmaceutical articles. However, Switzerland’s economy
is largely based on the highly diverse services sector, with the following most important branches (in descending order
of gross value added): (i) wholesale trade, (ii) real estate activities, (iii) legal advice, architecture, consultancy, (iv) finan-
cial service activities, (v) human health activities, (vi) insurance, reinsurance and pension funding, and (vii) retail trade.

Waste

With regard to waste treatment, Switzerland has efficient infrastructure, high operating standards and clear legal stipula-
tions in place. In concert with increasing prosperity and the steady growth of population, the total amount of municipal
solid waste generated in Switzerland has increased by 49 per cent between 1990 and 2020 and accounted for about six
million tonnes in 2020 (about 700 kilograms per person). Thereof, 2.9 million tonnes were incinerated and 3.2 million
tonnes were recycled (landfilling of combustible waste is banned since the year 2000). In Switzerland, the wastewater of
virtually the entire population (about 97 per cent) is sewered to a wastewater treatment plant.

Building stock and urban structure

At the end of 2020, the building stock in Switzerland consisted of 1.8 million buildings with at least partial residential
use, corresponding to an increase of 37 per cent compared to 1990. Between 1990 and 2020, the energy reference area of
buildings in the services sector has increased by 35 per cent, of buildings in the industry sector by 27 per cent, and of
buildings for residential use by 50 per cent. In 2015, 63 per cent of all buildings were heated with fossil fuels. Heat pumps
accounted for about 70 per cent of heating systems installed in newly constructed buildings during 2011-2015. Switzer-
land’s urban structure may be best described by the term ‘network city’, i.e. a large number of interconnected ‘nodes’
with high densities of population, goods and information which have an extensive and efficient mutual exchange.

Agriculture

In 2020, Switzerland’s utilised agricultural area (excluding alpine pastures) accounted for 25.3 per cent of the total land
surface. When alpine pastures are included, the agricultural land surface covers more than a third of the total land surface.
The number of farms has decreased by one third during the last about 20 years. A large share of farms keep ruminants.
The number of cattle has decreased by 22 per cent between 1990 and 2020, while productivity per animal has been on the
rise.

Forest

A third of Switzerland is covered by forests, with more than half of the forest being located above 1,000 metres above
sea level. Of the 421 million cubic metres wood stocked in Swiss forests, 32 per cent arise from deciduous trees and 68
per cent arise from coniferous trees. Since 1983-1985, the forest area has increased by 11 per cent. Forest growth was
significant in the Alps, while the forest area on the Central Plateau and in the Jura mountains remained about stable.

Relationship between national circumstances and greenhouse gas emissions

In line with the prospering economy and closely related to the increasing population, numerous key variables — such as
the gross domestic product, industrial production, number of buildings, energy reference areas (in the services, industry,
and buildings sectors), vehicle stock, passenger and tonne kilometres, foodstuff produced, amount of waste, etc. — have
evolved, from 1990 to 2020, in a way as to provoke additional greenhouse gas emissions. In contrast, Switzerland’s
greenhouse gas emissions have shown a slightly decreasing trend over the same time interval, indicating a decoupling of
greenhouse gas emissions from economic and population growth. Accordingly, Switzerland has managed to improve its
greenhouse gas intensity substantially. Greenhouse gas emissions per capita and per gross domestic product have de-
creased by 38 and 49 per cent, respectively, between 1990 and 2020.
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1.3 Greenhouse gas inventory information

Switzerland’s greenhouse gas emissions

Switzerland’s total greenhouse gas emissions (excluding LULUCF and international bunkers, including indirect CO3)
were 43.412 million tonnes of CO; equivalents in 2020 (Fig. 1), corresponding to 5.1 tonnes of CO, equivalents per
capita. Between 1990 and 2020, total greenhouse gas emissions (excluding LULUCF) were mostly modulated by year-
to-year changes in meteorological conditions which drive the amount of fuel needed for heating purposes. This resulted
in minimum emissions of 80.4 per cent in 2020 and maximum emissions of 103.5 per cent in 1991, relative to 1990.
However, since about ten years, a decreasing trend has superimposed the variations from meteorological conditions.

Fig. 1> Switzerland’s total greenhouse gas emissions (excluding LULUCF and international bunkers, including emissions from the sectors
1,2, 3,5, and 6, including indirect CO3), 1990-2020. Left: Subdivided by gas. Right: Subdivided by sector.

D
o
(2]
o

| . l|| "B |
] ']
m Indirect CO,,

6 Other
m 5 Waste

(2]
o
1

w
o
1
—
—
—
—
—
—
——
—
—
—
—y
—
—
—
—
——
—
——
—
————
——
———
-
——
——

I
o
P -
—
————
'
S
o
P -
—m
—n

Ny
o
P
Ny
o
PRI B T R

PFCs BSF, m 3 Agriculture

—

o
1

=y

o
1

m 2 Industrial processes and product use

Total greenhouse gas emissions (Mt COeq)
8
(@]
N
| |
(@]
£
Total greenhouse gas emissions (Mt COeq)
w
o

ENF, ® |ndirect CO, 1 Energy

o
o

2020

1990
1993

TTT
© D
(=23
(2] (2}
~ ~

1990
1993
199
1999
2002
2005
2008
2002
2005
2008
2020 1

2011
2014
2017
2011
2014
2017

Swiss Federal Office for the Environment

Regarding gases, CO2 was the dominant contributor gas over the full time period (share of 78.9 per cent in total green-
house gas emissions in 2020). CO, emissions primarily stem from fuel combustion activities, followed by emissions from
industrial processes (mainly cement production). CH4 emissions decreased by 20.8 per cent between 1990 and 2020, and
accounted for a share of 10.6 per cent in total greenhouse gas emissions in 2020. The decrease is mainly attributable to
reduced emissions from agriculture, but reduced CH,4 emissions from the energy and waste sectors also contributed to the
observed trend. N,O emissions decreased by 13.6 per cent between 1990 and 2020, and accounted for a share of 6.7 per
cent in total greenhouse gas emissions in 2020. NoO emissions from manure management and agricultural soils declined
in concert with CH, emissions due to decreasing livestock populations and decreasing use of fertiliser. F-gas emissions
(HFCs, PFCs, SFs, and NF3) increased their share in total greenhouse gas emissions from 0.5 per cent in 1990 to 3.6 per
cent in 2020. Indirect CO, emissions play a minor role.

Regarding sectors, the major source of greenhouse gas emissions in Switzerland is sector 1 ‘Energy’ (75.2 per cent of
total emissions in 2020). In this sector, the overall emissions remained at a relatively constant level between 1990 and
about 2010, with some fluctuations mainly caused by year-to-year variations in meteorological conditions. However, a
decreasing trend has emerged since about ten years. A substantial decreased occurred in 2020 due to the measures to
contain the corona virus pandemic. As in Switzerland electric power is mainly generated by hydroelectric and nuclear
power plants, the main contributions to the emissions from sector 1 ‘Energy’ stem from the source categories 1A3
“Transport’, 1A4 ‘Other sectors’ (residential and commercial buildings), and 1A2 ‘Manufacturing industries and con-
struction’. Sector 2 ‘Industrial processes and product use” accounted for a share of 9.7 per cent in total greenhouse gas
emissions in 2020. Sector 3 ‘Agriculture’ accounted for a share of 13.3 per cent in total greenhouse gas emissions in 2020.
Declining livestock (cattle and swine) and reduced fertiliser use have led to a decrease in CO- equivalents emissions from
this sector until 2004, subsequently emissions remained relatively stable. In sector 4 ‘Land use, land-use change and
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forestry’ (LULUCF), a reduction in net CO, removals is observed between 1990 and 2020, but wood harvesting is gen-
erally exceeded by the growth of the living biomass pool. Sector 5 “‘Waste’ contributed 1.6 per cent to total greenhouse
gas emissions in 2020. Emissions are mainly caused by solid waste disposal sites (inputs into solid waste disposal sites
ceased in the year 2000, but emissions still occur) and wastewater treatment, and decreased by 39.8 per cent compared to
the level in 1990. Emissions from sector 6 ‘Other’ play a minor role.

National inventory arrangements

Switzerland’s national greenhouse gas inventory system is developed and managed under the auspices of the Swiss Fed-
eral Department of the Environment, Transport, Energy and Communications, with the Swiss Federal Office for the En-
vironment being responsible for the coordination. All institutional arrangements necessary to ensure the quality and time-
liness of national submissions were put in place with regard to the first commitment period of the Kyoto Protocol, when
the national system became fully operational. All arrangements have been maintained and adjusted as required ever since.

National registry

Switzerland’s national registry conforms to the technical specifications of data exchange standards (DES) for registry
systems under the Kyoto Protocol. It has been fully operational with the international transaction log (ITL) since 4 De-
cember 2007. The daily reconciliations confirm the integrity of the database.

1.4 Policies and measures

Switzerland has a wide spectrum of policies and measures in place. Many of them have been upheld for a long time and
are scheduled to be strengthened in the future or supplemented by additional policies and measures (planned policies and
measures). In its eighth national communication, Switzerland presents estimates of the mitigation impact of each policy
and measure, discusses — in a more general way — the costs of policies and measures, and provides details regarding
monitoring and evaluation. Also discussed are the economic and social consequences of response measures.

Policymaking process

The Federal Constitution of the Swiss Confederation forms the overarching framework for environmental and climate
policy in Switzerland, making long-term preservation of natural resources one of the main aims (Article 74 of the Federal
Constitution of the Swiss Confederation). The Swiss government established the 2030 Agenda steering committee that
coordinates the efforts to achieve the 2030 agenda for sustainable development of the United Nations. The interdepart-
mental committee on climate of the federal authorities (‘IDA-KIlima’) is responsible for the coordination between different
policy areas and assures a coherent climate policy of the Swiss Confederation in compliance with the UNFCCC.

Deduced from the Federal Constitution of the Swiss Confederation, the principles and instruments of Switzerland’s envi-
ronmental policy are stipulated in the Federal Act on the Protection of the Environment, supported by various related acts
(such as the CO, Act and the Energy Act) which define objectives, instruments, measures and general rules of implemen-
tation of climate policy at the needed level of detail.

By ratifying the UNFCCC in 1993, the Kyoto Protocol in 2003, the Doha Amendment to the Kyoto Protocol in 2015, and
the Paris Agreement in 2017, Switzerland internationally committed to contribute to the stabilisation of greenhouse gas
emissions at a level that prevents dangerous anthropogenic interference with the climate system.

Even if global warming is limited to two degrees Celsius or below, Switzerland will face major impacts (hitherto the
warming in Switzerland exceeded the global warming by about a factor of two). Adapting to the effects of climate change
is therefore becoming increasingly important. The Swiss government — entrusted to coordinate adaptation efforts — has
implemented the Swiss adaptation strategy and the corresponding action plan, as well as various supporting measures.

Cross-sectoral policies and measures

While various policies and measures may have side effects beyond their specific policy domain, some policies and
measures are clearly cross-sectoral in nature in that they impact several sectors at the same time. The CO, Act is the most
fundamental of these cross-sectoral policies and measures, forming the legal framework for the implementation of Swit-
zerland’s wide spectrum of policies and measures tackling climate change. The first CO, Act entered into force in 2000
and was replaced by the second CO; Act in 2013. A third CO, Act that was supposed to replace the second CO, Act and
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to cover the period 2021-2030 was rejected in a popular vote on 13 June 2021. Following the rejection, the Swiss Parlia-
ment decided to extend the second CO, Act until 2024. For the period 2025-2030, the Swiss Federal Council sent a new
version of the third CO, Act into public consultation in December 2021. The first, second and third CO, Acts stipulate
the domestic reduction targets (aligned with Switzerland’s international reduction commitments), define measures to set
incentives for reducing emissions from fossil energy use in various sectors (buildings, transport, industry), and for in-
creasing use of renewable energies and development of innovative technologies. Other cross-sectoral policies and
measures are (i) the CO. levy on heating and process fuels which sets an incentive to use fossil fuels more efficiently, to
invest in low carbon technologies and to switch to low-carbon or carbon-free energy sources, (ii) Switzerland’s emissions
trading scheme (cap and trade system) which gives participating companies the flexibility in contributing to CO; reduction
goals under the same rules as their international competitors (the emissions trading schemes of Switzerland and the Eu-
ropean Union have been linked since 2020, resulting in the inclusion of aircraft operators and gas-fired combined-cycle
power plants in Switzerland’s emissions trading scheme), and (iii) the negotiated reduction commitments (for exemption
from the CO; levy) for companies of certain sectors with substantial CO, emissions, which are not participating in the
emissions trading scheme; these companies may commit to individual emission reduction targets (taking into account the
technological potential and economic viability of measures) in exchange for being exempt from the CO- levy on heating
and process fuels.

Energy sector

In the energy sector, the Energy Strategy 2050 sets a number of priorities to assure the future energy supply, such as
reduction in energy consumption, broadening of the portfolio of energy sources, expansion and restructuring of the elec-
tricity transmission grid as well as energy storage. Emphasis is placed on reduced energy and electricity consumption,
increased energy savings (energy efficiency), the expansion of hydropower and implementation of new renewable ener-
gies. With regard to concrete policies and measures in the energy sector, the SwissEnergy programme represents a major
policy instrument engaging cantons, municipalities, industry, as well as environmental and consumer associations for
awareness raising, the promotion of increased energy efficiency and the enhanced use of renewable energy. The national
buildings refurbishment programme increases the energy efficiency of buildings and promotes the use of renewable en-
ergies in the buildings sector, financed by one third of the revenues from the CO> levy on heating and process fuels. The
building codes of the cantons, which were agreed on by the cantonal energy directors, provide a set of common energy
and insulation standards (model provisions) aimed at reducing energy consumption of buildings. The feed-in tariff system
and the investment aids support the increase of renewable power production according to the targets of the Energy Act.
In the framework of the negotiated reduction commitment of municipal solid waste incineration plant operators, the Swiss
Association of Municipal Solid Waste Incineration Plants committed to equip at least one plant with a unit for carbon
capture and storage with a capacity of 100 thousand tonnes of CO, by 2030, and to continue its efforts to reduce its net
CO; emissions (e.g. through the effective use of the heat generated or the recuperation of metals).

Transport sector

Within the transport sector, CO emission regulations for newly registered vehicles ensure the steady decrease of specific
fuel consumption of passenger cars and light commercial vehicles. The trend to more efficient vehicles is further sup-
ported by the energy label for new motor vehicles which informs potential buyers at the point of sale about specific fuel
consumption and CO, emissions of the vehicles. The partial compensation of CO, emissions from motor fuel use has
replaced the former climate cent. It obliges importers of fossil motor fuels to offset an increasing part of the resulting CO,
emissions through investments in emission reduction projects, financed by a surcharge on the imported fuels. The heavy
vehicle charge is applied to passenger and freight transport vehicles of more than 3.5 tonnes gross weight and aims at
reducing tonne kilometres, in particular by shifting transalpine transport from road to rail. The mineral oil tax reduction
on biofuels and natural gas sets an incentive to enhance the use of renewable motor fuels but also sets strict ecological
and social requirements for their production. International exhaust gas regulations (NMVOC) limit emissions of air pol-
lutants and, thus, indirect CO,. Further policies and measures in the transport sector concern aviation: (i) the CO; emis-
sions standard for aircraft, (ii) the carbon offsetting and reduction scheme for international civil aviation (CORSIA),
(iii) the non-volatile particle matter emission regulation for aircraft engines, and (iv) the sustainable aviation fuel policy.

Industrial processes and product use sector
The main instruments affecting greenhouse gas emissions from industry are the CO; levy on heating and process fuels,

the emissions trading scheme, and the negotiated reduction commitments (for exemption from the CO; levy). For emission
of F-gases and precursor gases — such as NMVOC - specific policies and measures are in place. On the one hand, the
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provisions relating to substances stable in the atmosphere (HFCs, PFCs, SFs, NF3) regulate, inter alia, compressed gas
containers, plastic foams, solvents containing HFCs, PFCs or HFEs, refrigerants, extinguishing agents, and SF¢ in elec-
trical distribution equipment. On the other hand, the Ordinance on Air Pollution Control and the NMVOC incentive fee
aim at reducing NMVOC emissions by setting emission limits for stationary installations and by using market-based
instruments.

Agriculture sector

In the agriculture sector, the following policies and measures are in place: (i) the proof of ecological performance to
receive direct payments, contingent on an appropriate soil nutrient balance, a suitable proportion of ecological compen-
sation areas, a crop rotation system, soil protection measures, selective application of crop protection agents, and animal
husbandry in line with legal provisions, (ii) the resource programme (subsidies for a more efficient use of natural re-
sources), (iii) the climate strategy for agriculture, i.e. the declaration of intent to reduce greenhouse gas emissions from
agriculture by at least one third by 2050 compared to 1990 with technical, operational and organisational measures and
to further reduce emissions by influencing food production structures as well as consumption patterns, (iv) the agricultural
policy 2014-2017 and 2018-2021, including, among other things, a further development of the direct payments system,
and (v) the enhancement of label standards, which e.g. introduces a climate score system.

Land use, land-use change and forestry sector

In the land use, land-use change and forestry sector the climate-related goal of forest policy is to adapt forests by increas-
ing resilience to climate change and — taking into account the high growing stock — to reduce CO; emissions by substitut-
ing other materials or fossil fuels rather than enhancing sink capacity. The following policies and measures aim at reaching
these goals: (i) the Forest Act (sustainable forest management and forest area conservation), including a ban on clearcut-
ting and deforestation, (ii) the Wood Action Plan (implementation of Swiss Wood Resource Policy), aiming at better use
of the wood harvest potential (optimised cascaded use of wood, climate-appropriate building and refurbishment as well
as communication, knowledge transfer and cooperation), (iii) the measures within Forest Policy (objectives and imple-
mentation), aiming at improving the conditions for an efficient and innovative forestry and wood industry, and (iv) the
Forest Act (changes due to revision 2017), a renewal of legal provision aiming at, inter alia, increasing the adaptive
capacity of Switzerland’s forests and the promotion of the use of sustainably produced timber (e.g. for the construction
of federal buildings).

Waste sector

In the waste sector, two policies and measures are in place. First, the ban on landfilling of combustible waste ensures that
all combustible waste is incinerated in waste incineration plants, using the combustion heat to generate electricity or to
supply district heating networks and industrial facilities. Second, the Ordinance on the Avoidance and Management of
Waste enforces the further optimisation of energy recovery by municipal solid waste incineration plants.

1.5 Projections and total effect of policies and measures

Switzerland reports updated greenhouse gas emission projections for the following three scenarios (see also Fig. 2):
(i) ‘with existing measures’ (WEM), (ii) ‘without measures’ (WOM), and (iii) ‘with additional measures’ (WAM). The
scenarios cover the time period from 1990 to 2035 (the WEM and WAM scenarios correspond to actual inventory data
between 1990 and 2020). Regarding key underlying assumptions, population is assumed to increase considerably over
the coming decades. This is also reflected in energy reference area and transport growth. Switzerland’s gross domestic
product, another parameter strongly influencing energy consumption and greenhouse gas emissions, is also assumed to
increase considerably over the coming decades. In brief, the three scenarios are characterised as follows:

e The WEM scenario reflects the current state of legislation and also takes into account the stipulated strengthen-
ing of existing policies and measures (i.e. any strengthening foreseen under current legislation). By 2025, 2030
and 2035, Switzerland’s total greenhouse gas emissions under the WEM scenario are projected to decrease to
78.6 per cent, 72.7 per cent and 68.2 per cent of the emissions in 1990, respectively. Emission reductions from
the source categories covering residential and commercial/institutional buildings (1A4), transport (1A3), as well
as manufacturing industries and construction (LA2) dominate the projected evolution of total greenhouse gas
emissions under the WEM scenario. Emissions from other source categories remain about stable and/or are of
minor importance, with the exception of the F-gases, where projections suggest the peaking of emissions before
2020 and a decline thereafter;
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e Under the WOM scenario, climate-relevant policies and measures are excluded as early as 1990 (with a few
exceptions). Consequently, emissions under the WOM scenario show an increasing tendency until around 2010,
followed by a slow decrease to about the same emission level as in 1990 by 2030 and 2035. This decreasing
trend after about 2010 is a result of autonomous technological progress improving the greenhouse gas efficiency
also in the absence of policies and measures. Notably, under this scenario greenhouse gas emissions show a
stepwise increase at the time when nuclear power plants are decommissioned and assumed to be replaced by
gas-fired combined-cycle power plants (2029 and 2033). A continuously increasing trend is also projected for
emissions from sector 2 ‘Industrial processes and product use’, which, driven by emissions of HFCs, increase
by 1.6 million tonnes of CO; equivalents by 2030 compared to 1990;

e The WAM scenario encompasses implemented, adopted and planned policies and measures. By 2030 and 2035,
Switzerland’s total greenhouse gas emissions under the WAM scenario are projected to decrease to 66.0 and
60.7 per cent of the emissions in 1990, respectively. Compared to the WEM scenario, emissions decrease faster,
as new policies and measures are introduced and existing policies and measures are strengthened beyond the
strengthening already stipulated under current legislation (i.e., under the WEM scenario).

Fig. 2 > Total greenhouse gas emissions under the WEM, WOM and WAM scenarios as relevant for Switzerland’s emission reduction
targets (i.e. including emissions of all greenhouse gases from the sectors 1, 2, 3 and 5, including indirect CO2 emissions from these sectors,
excluding direct and indirect emissions from sector 6, excluding emissions and removals from land use, land-use change and forestry,
and excluding emissions from international transport). Also shown are actual inventory data for the years 1990 to 2020. The vertical axis
to the right indicates emissions relative to 1990.
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The difference between the emissions under the WOM and WEM scenarios indicates that the total effect of currently
implemented and adopted policies and measures is estimated at a reduction of 12.5 million tonnes of CO- equivalents for
2025 and 15.6 million tonnes of CO; equivalents for 2030 (annual reduction, not cumulative). In 2030, CO; contributes
78 per cent to the total reduction, and the energy sector accounts for 78 per cent of the total reduction. For 2030, the
difference between the emissions under the WEM and WAM scenarios indicates that the total additional effect of planned
policies and measures is estimated at 3.6 million tonnes of CO; equivalents (annual reduction, not cumulative).

The methodologies applied to establish Switzerland’s greenhouse gas emission scenarios are tailored to the particular
characteristics of each sector, always ensuring consistency with actual data of the greenhouse gas inventory. For the
energy sector, the WEM and WAM scenarios are based on the newly established energy perspectives 2050+, while for
the WOM scenario, the previously applied computable general equilibrium model is used. For the industrial processes
and product use sector as well as for the waste sector, projections are calculated following exactly the same methodology
as used for the greenhouse gas inventory, i.e. bottom-up estimates according to the 2006 IPCC guidelines for national
greenhouse gas inventories. For the agriculture sector, scenarios are based on projected activity data, e.g. livestock num-
bers, crop production data (amount of crops harvested, area of crop cultures, meadows and pastures) and fertiliser use
from different agricultural policy evaluation models. To project emissions from the land use, land-use change and forestry
sector, a stochastic empirical single tree forest management scenario model (Massimo) is used. Switzerland also presents
a sensitivity analysis to investigate the dependency of the projected emissions on the key underlying assumptions.
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1.6 Vulnerability assessment, climate change impacts and adaptation measures

State of climate models and scenarios

In 2018, a new set of official scenarios on climate change for Switzerland was launched by the National Centre for Climate
Services. These ‘CH2018 scenarios’ present a consolidated view on projected future climate change in Switzerland. Com-
pared to the previous CH2011 scenarios, they further facilitate the use of climate scenario information and data in practice,
with products aimed at both laypersons and experts. The scenarios are based on the RCP emission scenarios used for the
fifth assessment report of the Intergovernmental Panel on Climate Change. They draw on a large number of state-of-the-
art European-scale regional climate model experiments. Summarised results are available for five representative Swiss
regions, three scenario time periods (represented by the reference points 2035, 2060 and 2085) and three emission sce-
narios. A major advancement with respect to the preceding CH2011 scenarios is the transient character of the data for
impact applications. In 2021, the CH2018 scenarios were supplemented by the results of the Hydro-CH2018 project,
which offers consistent bases for the hydrological domain.

Assessment of risks and opportunities and knowledge about climate change impacts

The nationwide assessment completed in 2017 documents the risks and opportunities of climate change for the 2060 time
horizon and evaluates their relative importance from today’s perspective. The assessment found that the level of
knowledge is sufficient to justify the development and implementation of adaptation measures. In the meantime, two
research projects were carried out to fill knowledge gaps on climate-related impacts abroad on Switzerland and on com-
pound climate risks, respectively. Further insights for dealing with climate-relevant risks and opportunities are expected
from a research programme led by the National Centre for Climate Services starting in 2022.

The CH2018 climate scenarios, together with the results of the Hydro-CH2018 project, provide an up-to-date basis for
the assessment of the impacts of climate change on nature, society and the economy in Switzerland. In 2020, the current
state of knowledge about the already observed impacts of climate change was also comprehensively documented in a
report. Taken together, these sources open up far-reaching possibilities for classifying past developments and assessing
future ones. Many projects investigating the impacts of climate change on Switzerland are now based on the latest scenario
information, which leads to more reliable and detailed results and enables more targeted adaptation measures.

Adaptation policies and strategies and their implementation

The results of the nationwide assessment of climate-related risks and opportunities, together with the new CH2018 climate
scenarios, formed the main basis for the development of the national adaptation strategy’s action plan 2020-2025, adopted
by the Swiss Federal Council in 2020. The new action plan contains 63 adaptation measures in 12 sectors. Another 12
cross-sectoral measures aim to improve the knowledge base for adaptation.

Important initiatives have been taken to support the implementation of the national adaptation strategy, in particular the
National Centre for Climate Services and the pilot programme ‘Adaptation to climate change’ (the second phase of which
is currently underway). Further, tools are being deployed to foster adaptation at regional and local level. At the same time,
many cantons have made progress in developing strategies and measures to adapt to their specific challenges of climate
change.

The federal authorities responsible for the measures included in the second action plan of the national adaptation strategy
have continued the efforts begun under the first action plan. For example, the challenges of climate change for the inte-
grated civil protection system in Switzerland and the resulting need for action were assessed. The national strategy on
natural hazards was updated and now focuses more strongly on the challenges of climate change. New web-based plat-
forms provide experts and the public with access to up-to-date information on natural hazards, a new warning system for
mass movement hazards is under development, and the heat warning system has been revised. In the area of forest man-
agement, several measures are now being implemented under an Environmental Programme Agreement. In the health
sector, the impact of recent heat waves was analysed and, based on this, recommendations for health services and the
public were updated. Several projects addressed heat stress in cities and provided new information materials on ways to
avoid overheating of urban areas.
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Based on the provisions of Article 7, paragraphs 9, 10 and 11, and Decision 9/CMA.1, Switzerland submitted its First
Adaptation Communication under the UNFCCC on 9 December 2020. The communication contains the national adapta-
tion strategy and the two associated action plans.

1.7 Financial, technological and capacity-building support

The Federal Constitution of the Swiss Confederation stipulates that Switzerland is committed to the long term preservation
of natural resources and to a just and peaceful international order. It further states that Switzerland shall assist in the
alleviation of need and poverty in the world and promote respect for human rights and democracy, the peaceful co-
existence of peoples as well as the conservation of natural resources. Support for international climate action — through a
variety of channels and instruments, such as dedicated multilateral climate funds, specific multilateral and bilateral cli-
mate programmes and projects, as well as integrating low-carbon development and climate resilience into Switzerland’s
development assistance — has thus been a cornerstone of Switzerland’s international engagement since the early 1990s.
Regarding international climate financing, three government entities — the Swiss Agency for Development and Coopera-
tion, the Swiss State Secretariat for Economic Affairs, and the Swiss Federal Office for the Environment — have specific
roles and dedicated budgets. They cooperate closely to ensure the overall effectiveness and coherence of Swiss support
for climate change adaptation and mitigation activities in developing countries and countries in transition.

Through its multilateral and bilateral cooperation and as a member of the main multilateral institutions (inter alia multi-
lateral development banks, the Green Climate Fund, the Global Environment Facility, the Adaptation Fund and other
United Nations agencies), Switzerland strives to ensure a more coherent implementation of policies and strategies and to
promote synergies in international climate action. At the bilateral level, Switzerland supports mitigation and adaptation
activities in a number of focal countries and/or regions.

Switzerland’s public climate finance has seen a steady increase over the past years. Standing at 175 million US dollars in
2012 the amount grew to 411 million US dollars in 2020. The increase reflects the gradual shift of Switzerland’s official
development assistance towards a greater focus on climate change, increasingly mainstreaming it in development activi-
ties. This has led to a remarkable progression compared to previous efforts. The current effort is made in the context of
ongoing budget constraints due to the consequences of the corona virus pandemic. It is considered adequate by the Swiss
government pursuant to Article 4, paragraph 3, of the Convention.

Switzerland has made financial contributions to the UNFCCC secretariat, to the operating entities of the financial mech-
anism of the Convention, to other multilateral institutions and to international financial institutions such as the World
Bank and other multilateral development banks that fund climate change adaptation, mitigation, capacity building and
technology cooperation programmes in developing countries. Among the international financial institutions, the largest
contribution goes to the International Development Association, a substantial share of which is allocated to finance cli-
mate change action. Switzerland’s total contribution to the 19" replenishment of the International Development Associ-
ation was 683 million Swiss francs. Moreover, many international organisations, such as the United Nations Development
Programme and the Consultative Group on International Agricultural Research, whose operations are co-funded by Swiss
core contributions, are increasingly generating important climate benefits. In total, Switzerland climate-specific contribu-
tions (public, grant-based) to multilateral institutions increased from 133 million US dollars in 2019 to 188 million US
dollars in 2020 for mitigation and adaptation activities in developing country Parties.

Next to the important multilateral engagement, bilateral programmes and projects build a key element of Switzerland’s
climate change cooperation. Switzerland works closely with bilateral partners to deliver both effective global responses
and tangible results on the ground. Almost all activities are implemented by one of the two Swiss development agencies
— the Swiss Agency for Development and Cooperation or the Swiss State Secretariat for Economic Affairs — in close
cooperation with government institutions, non-governmental organisations, private sector entities and research institu-
tions. Switzerland’s bilateral and regional climate-relevant activities are (i) the generation of new and relevant knowledge
on climate policy, (ii) the support for technology development and implementation, (iii) the harnessing and replicating
successful practices, (iv) the development of skills and capacities of partner countries for their engagement in the inter-
national debate on climate change issues, and (v) the implementation of climate action. Switzerland was able to increase
its public bilateral climate-specific programmes and projects from 221 million US dollars in 2019 to 223 million US
dollars in 2020 in developing country Parties. In 2019, Switzerland provided 55 per cent of its bilateral public climate
finance for adaptation and 45 per cent for mitigation. In 2020, the share for adaptation rose to 58 per cent and the share
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for mitigation dropped to 42 per cent. In addition, Switzerland increased its bilateral private sector mobilisation from 71
million US dollars in 2019 to 106 million US dollars in 2020 through some of its public co-financing activities.

To foster mutual learning, various success stories for effective technology transfer and development as well as capacity
building are highlighted in Switzerland’s eighth national communication. Switzerland thereby stresses the integrated
character of both technology transfer and capacity building in Swiss mitigation and/or adaptation support projects and
programmes for developing country Parties.

1.8 Research and systematic observation

Research

In Switzerland, climate research is spread across many institutions and is funded by national and international funding
agencies. Individual and programme research at the national level goes hand in hand with participation in international
research programmes and cooperation with research centres and organisations abroad.

Climate research is mainly funded by the Swiss National Science Foundation (SNSF), the European Cooperation in Sci-
ence and Technology COST and, until the year 2020, by the European Union Framework Programme for Research EU-
FPR. Other sources of funding are the federal authorities with their research activities in the fields of environment, energy,
agriculture, forestry as well as international development and cooperation.

Three Swiss research centres have a special focus on climate change and its impacts, namely the Oeschger Centre for
Climate Change Research (OCCR) and the Centre for Development and Environment (CDE) at the University of Bern as
well as the Centre for Climate Systems Modelling (C2SM) at the Swiss Federal Institute of Technology in Zurich (ETH
Zurich). Many other research institutions contribute to climate research through individual projects and programmes.

At the international level, Switzerland participates in various research programmes (e.g. World Climate Research Pro-
gramme, Future Earth) through individual research projects, research conducted at federal institutes and within coordi-
nated programmes (Climate Research Centres). Switzerland also participates in the operation of climate monitoring sta-
tions and networks (in collaboration with the Global Climate Observing System, GCOS) and contributes to international
projects by maintaining calibration and data centres. The Mountain Research Initiative (MRI), a multidisciplinary scien-
tific organisation that addresses global change issues in mountain regions around the world, including developing coun-
tries, is hosted by the Centre for Development and Environment at the University of Bern and funded by the Swiss Acad-
emy of Sciences. Swiss researchers, many of them in leading positions, have repeatedly contributed to the preparation of
the assessment reports of the Intergovernmental Panel on Climate Change.

Systematic observation

Switzerland has a long-standing tradition of climate observation. Temperature and precipitation records for more than
150 years, the world’s longest total ozone series, glacier measurements dating back to the end of the 19" century and the
20-year anniversary of the Swiss Permafrost Monitoring Network form some of the highlights of the Swiss contribution
to global climate monitoring. The national climate observing system (GCOS Switzerland) serves as the observation and
monitoring pillar for the national implementation of the Global Framework for Climate Services.

The Swiss GCOS Office (now the Swiss GAW/GCOS Office) is responsible for the periodic compilation of an inventory
report of climate observations and international data centres in Switzerland. The inventory was last updated in 2018 and
currently includes 33 Essential Climate Variables (ECVs), two ancillary datasets and six international centres operated
by Swiss institutions. Since 2018, around 30 project agreements have been signed, helping to secure systematic climate
monitoring in Switzerland in the long term.

Switzerland actively supports capacity building in emerging and developing countries by participating in the GCOS Co-
operation Mechanism. Through technical and/or financial support, Swiss institutions enable high-quality climate obser-
vations. Major contributions relate to glacier monitoring in Central Asia and South America. To support and improve the
spatial coverage of atmospheric composition measurements globally, partnerships with station operators in various coun-
tries (e.g. Indonesia) are maintained, focussing on training, quality assurance, replacement of instruments and scientific
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support. In the framework of the Global Atmosphere Watch programme, MeteoSwiss supports weekly ozone soundings
and associated training in Nairobi (Kenya).

1.9 Education, training and public awareness

According to recent surveys, the Swiss population ranks environmental protection and climate change among the biggest
problems of our time. At the same time, the referendum on the third CO, Act in 2021 has shown that finding majorities
for an ambitious emissions reduction policy remains challenging. Further efforts in the areas of education, training and
public awareness are essential to gain the necessary support for the adoption and implementation of effective measures.

Compulsory education

Switzerland has a federal education system in which the education ministries of the 26 cantons have far-reaching compe-
tencies to decide about the school system on all levels, including curricula and learning methods. In recent years, efforts
to harmonise curricula for compulsory education have led to the adoption of a common model curriculum by most German
speaking and bilingual cantons. This curriculum defines goals at all levels of compulsory education. Education for sus-
tainable development is acknowledged as a cross-disciplinary theme relevant to a wide range of subjects.

Building on the results of a nationwide assessment of climate education at primary and secondary school level, a research
project was conducted between 2016 and 2019 in order to develop a teaching conception on climate topics. From this
project, comprehensive teaching materials on climate change, climate protection and climate policy have emerged, which
are now freely available for all levels of compulsory education. In addition, the ‘Climate Programme Training and Com-
munication’ of the Swiss Federal Office for the Environment offers targeted support to institutions active in the domain
of environmental education.

Vocational education and training

Education for sustainable development is part of the general studies curriculum for all apprentices in Switzerland. Addi-
tionally, in many of the decrees for each profession there is a reference to education for sustainable development.

The SwissEnergy programme of the Swiss Federal Office of Energy contains measures directed at professionals from
various trades. One of its ambitions is to include new developments in energy technologies in vocational education, of-
fering up-to-date training materials and accelerating knowledge transfer. In addition, the ‘Climate Programme Training
and Communication’ has a special focus on professions with high relevance for greenhouse gas emissions.

Public awareness

In recent years, no public awareness-raising campaigns focussing specifically on climate change and directed at the gen-
eral public have been conducted by the federal authorities. Climate change is widely recognised as one of the major long-
term challenges for Switzerland. This is partly due to a committed scientific community, but also to an active scene of
environmental non-governmental organisations, complemented by ecologically oriented business associations, both of
which work to raise awareness and stimulate public debate about climate policy.

SwissEnergy is the major programme for conveying information related to energy efficiency and renewable energies to
the general public. In 2020, the programme launched the nationwide awareness-raising and advisory campaign ‘erneu-
erbar heizen’ (‘heating with renewables’), which promotes the conversion from fossil to renewable energy sources in
heating systems.

Participation in international education, training and awareness raising activities

In autumn 2021, Switzerland renewed its support to the One UN Climate Change Learning Partnership (UN CC:Learn)
and its comprehensive knowledge-sharing platform. A particular focus of Switzerland’s contribution in this context are
the Youth Climate Dialogues. These enable students from all over the world to engage with global challenges such as
climate change and promote partnerships between educational institutions around the globe. Additional activities relevant
to education, training and awareness raising at the international level include, inter alia, contributions to the organisation
and implementation of regional workshops in the context of the Cluster Francophone of the Partnership on Transparency
in the Paris Agreement (PATPA).
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2  National circumstances relevant to greenhouse gas emissions and removals

Switzerland’s national circumstances are presented in section 2.1 to 2.13, followed by a discussion of how the national
circumstances affect greenhouse gas emissions and removals, and how the national circumstances and changes therein
affect greenhouse gas emissions and removals over time (section 2.14).

2.1  Government structure

This section provides a general overview of Switzerland’s government structure and political organisation. Specific in-
formation related to the policymaking process in the context of environmental and climate policy is presented in section
4.1.

Administrative structures

The following website depicts Switzerland’s administrative structures: https://www.ch.ch/en/demokratie. The subsequent
paragraphs provide a brief overview.

Switzerland is a confederation, subdivided into 26 cantons (states). The legislative authority consists of a bicameral par-
liament which, when in joint session, is known as the Federal Assembly, i.e. the Swiss Parliament. One chamber of the
Swiss Parliament, the National Council, consists of 200 members, representing the population of the country as a whole.
The other chamber, the Council of States, represents the cantons. 20 cantons are represented in the Council of States by
two members and six half-cantons by one member (leading to a total of 46 members). The legislative system comprises
several hierarchical levels and all legislation must ultimately comply with the Federal Constitution of the Swiss Confed-
eration. Both chambers of the Swiss Parliament have equal power, meaning that federal acts or constitutional amendments
can only enter into force once they passed both chambers. However, decisions by the Swiss Parliament are subject to
optional referendums (federal acts) or mandatory referendums (constitutional amendments) by the Swiss population (see
below). The members of the Swiss Parliament are directly elected by the Swiss population for a four-year term, while the
Swiss Parliament then elects the Swiss Federal Council for a four-year term as well.

The executive authority at the federal level, the Swiss Federal Council, consists of seven members with equal power. The
Swiss Federal Council is supported by the Swiss Federal Chancellery and seven federal departments (federal administra-
tion). While the Swiss Federal Council has the power to directly implement the contents of federal acts through ordi-
nances, it proposes changes to the Federal Constitution of the Swiss Confederation or federal acts for parliamentary dis-
cussion and approval.

The highest judicative authority in Switzerland is the Federal Supreme Court, representing the final arbiter on disputes in
the field of civil law (citizen-citizen), in the public arena (citizen-state), as well as in disputes between cantons or between
cantons and the federal government.

In Switzerland, the principle of subsidiarity is of greatest importance, as ingrained in Article 3 and 5a of the Federal
Constitution of the Swiss Confederation, stipulating that unless legislative power is explicitly assigned to the Swiss Con-
federation (federal level), the cantons are sovereign, i.e. entitled to legislate in an area of policy (Swiss Confederation,
1999a). This fundamental principle helps to protect minority interests, above all those of the French-, Italian- and Ro-
mansh-speaking parts of Switzerland. Accordingly, each canton has its own government, parliament and cantonal court,
while responsibilities are shared between the federal authorities and the cantons. Each canton also has its own financial
budget and sets its own level of direct taxation (fiscal federalism). Despite a system of fiscal equalisation amongst cantons,
substantial differences between cantons remain in the level of taxation of both households and companies.

Relevant inter-ministerial decision-making processes or bodies

Cooperation is an important principle, both vertically across the hierarchic levels of authorities and horizontally within a
level of authority. In matters where the federal authorities are responsible for legislation, the role of the cantons is to
implement and enforce such legislation. Very often, the cantons have substantial leeway to take local or regional condi-
tions into account. At a lower level, similar autonomy is granted to the municipalities by the cantons. At the same time,
cantons cooperate horizontally and have agreements that facilitate harmonised and effective implementation of policies
and measures.
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The cantons and other interested parties (e.g. business, trade unions, non-governmental organisations etc.) are included
in a consultation process whenever the Swiss Federal Council proposes a significant change to the Federal Constitution
of the Swiss Confederation, to a federal act or an ordinance. This comprehensive consultation process is a very important
phase in the legislative procedure in Switzerland. The aim is to include expert knowledge and to consider proposals of
particular interest groups, where possible. This approach allows to estimate and improve the success chances of the pro-
posals in an eventual referendum. Although the outcome of the consultation process is formally non-binding, it is of great
importance and reflects an established principle of consensus, which is typical of policymaking and of political culture in
Switzerland. However, this political participation process also leads to a relatively slow policymaking process. In partic-
ular, new legislation agreed upon by the Swiss Parliament (in a negotiation process that may take up to several years),
may potentially be rejected by the Swiss population in case of a referendum (see below). This needs to be taken into
account in the context of the policies and measures described in chapter 4.

Within the federal administration, interdepartmental exchange and consultation is an important pillar during the prepara-
tion phase of legal provisions or other business requiring a decision by the Swiss Federal Council. The leading federal
offices, mandated by the respective member of the Swiss Federal Council, therefore conduct, as a matter of routine, an
interdepartmental official consultation. Then, the received feedbacks are, to the extent possible, taken into account. In the
forefront of the respective meeting of the Swiss Federal Council leading to the final decision on the business, all depart-
ments are invited to provide their agreement or reservations in a so-called joint reporting procedure.

Regarding environmental and climate policies, particular interdepartmental decision-making processes and bodies are
established (see section 4.1 for further information).

Political organisation of Switzerland: The people, the supreme political authority

Switzerland is a representative democracy, with strong formal and informal elements of direct democracy. According to
the Federal Constitution of the Swiss Confederation, the Swiss people are sovereign and ultimately the supreme political
authority. Virtually all important decisions have to be approved by the electorate. This includes all Swiss adults who are
eligible to vote — some 5.5 million citizens in 2020, i.e. around 63 per cent of the resident population. Those under the
age of 18 years and foreign nationals have no political rights at federal level. Switzerland is virtually the only country in
the world where the people have such extensive decision-making power. The long-standing democratic tradition, but also
the comparatively small size of the population are crucial for the operation of this particular system of government. At
federal level, Swiss nationals can elect, vote, request for popular initiatives and take a referendum. At cantonal and mu-
nicipal level, similar rights exist; however, they are not uniform across Switzerland.

As mentioned above, the people elect the 200 members of the National Council and the 46 members of the Council of
States every four years. All Swiss citizens over the age of 18 years may take part in elections, both actively and passively.
In other words, they may cast their votes and stand for election themselves.

An important formal instrument of direct democracy is the referendum. The optional referendum allows citizens to veto
decisions made by the Swiss Parliament. To request a popular vote on a decision by the Swiss Parliament, the collection
of 50 thousand valid signatures within 100 days is needed. There is a mandatory referendum on each constitutional
amendment passed by the Swiss Parliament. It is thus possible to have a referendum concerning regulations at the level
of the Federal Constitution of the Swiss Confederation, formal laws, international treaties, and generally binding federal
decrees that are put into effect as a matter of urgency. Both popular initiatives and referendums also exist at the cantonal
level. The petition is an informal instrument of public participation and is non-binding.

By means of a popular initiative, which requires the collection of 100 thousand valid signatures within 18 months, citizens
can propose amendments to the Federal Constitution of the Swiss Confederation (at the cantonal level also amendments
to a law). Popular initiatives may comprise a general proposal or contain detailed regulations. A popular initiative needs
to be accepted by a majority of both the electorate and the cantons to become part of the Federal Constitution of the Swiss
Confederation. This requirement for a ‘double’ majority (population and cantons) mainly serves to protect the interests
of sparsely populated rural cantons.

The ballots needed to implement the direct democracy in Switzerland generally take place four times a year and on average
involve three to four proposals — in exceptional cases also up to twice that many — that may be adopted or rejected. Often,

cantonal and communal ballots are held at the same time.
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2 National circumstances relevant to greenhouse gas emissions and removals 2.2 Population profile

International relations

Switzerland is a member of several international organisations (e.g. the OECD, the World Bank Group and all specialised
agencies of the United Nations). In March 2002, the Swiss population also voted for membership of the United Nations,
and since September 2002, Switzerland has been a full member.

Although not a member state of the European Union, Switzerland has a strong relationship with the European Union and
European policy is a high priority of Swiss foreign policy. The legal basis of this close cooperation is formed by bilateral
agreements?, and most Swiss laws have been made compatible with legislation of the European Union. Important stages
of this policy have been assessed and approved by the people in referendums. Relations between Switzerland and the
European Union have developed over decades. The bilateral agreements have been extended step by step. However, in
2021, the Swiss Federal Council took the decision not to sign the institutional framework agreement?, as there remain
substantial differences between Switzerland and the European Union on key aspects. The Swiss Federal Council never-
theless considers it to be in the shared interest of Switzerland and the European Union to safeguard their well-established
cooperation and to systematically maintain the agreements already in force.

Since 2006, Switzerland is a member of the European Environmental Agency (EEA), one of the most important agencies
for European cooperation in environmental issues. Concerning climate policy measures, Switzerland often adapts instru-
ments of the European Union. Current examples are the CO, emission regulations for newly registered vehicles or the
emissions trading scheme.

2.2 Population profile

At the end of 2020, Switzerland had a population of 8,670,300 permanent residents (SFSO, 2021a). Since the beginning
of the 20™ century, Switzerland’s population has more than doubled, the increase of population from 1990 to the end of
2020 was 28 per cent. Between 2007 and 2016, population growth exceeded one per cent per year, and has now been
stable at around 0.75 per cent per year during the last years (Fig. 3). Population growth mainly results from immigration
and increasing life expectancy. It is expected that population growth will continue in the future, leading to 10.44 million
permanent residents by 2050 (SFSO, 2020a).

Fig. 3 > Switzerland’s total population (orange) and population growth (blue) between 1990 and 2020. At the end of 2020, Switzerland had
8.67 million permanent residents, of which 4.30 million men and 4.37 million women.
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Switzerland’s population density at the end of 2020 was 210 persons per square kilometre. Population is concentrated on
the Central Plateau, the major alpine valleys and the Ticino, while the density is substantially lower in the hilly and alpine
regions of the country (Fig. 4).

2 https.//www.eda.admin.ch/europa/en/home/bilaterale-abkommen/ueberblick.html

3 For more details see https./www.admin.ch/qov/en/start/documentation/media-releases.msg-id-83705.html.
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Fig. 4 > Spatial distribution of Switzerland’s population at the end of 2020.
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Fig. 5 shows the demographic structure of Switzerland in 2020 by age, sex and nationality. Foreign nationals account for
about 25.5 per cent of the permanent Swiss residential population. A growing proportion of the population is of retirement
age, while the share of persons below the age of 20 has been declining since the 1970s. Switzerland has four official
languages (German, French, Italian, and Romansh). In 2019, 62.1 per cent of Switzerland’s permanent population indi-
cated German as the main language, 22.8 per cent French, 8.0 per cent Italian, 0.5 per cent Romansh, and 22.7 per cent
other languages (the sum exceeds 100 per cent as some persons indicated more than one language; SFSO, 2021b).

Fig. 5> Age distribution by age, sex and nationality in Switzerland at the end of 2020.
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2.3 Economic profile

Gross domestic product, workforce and gross value added by sectors

Switzerland’s nominal gross domestic product was about 706 billion Swiss francs in 2020, corresponding to about 81
thousand Swiss francs per capita (SECO, 2021). The nominal gross domestic product per capita increased by 46.3 per
cent between 1990 and 2008, and then remained about stable until 2017. After two years (2018 and 2019) with values of
about 54 per cent above the 1990 level, the nominal gross domestic product per capita substantially decreased in 2020
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2 National circumstances relevant to greenhouse gas emissions and removals 2.3 Economic profile

due to the measures to contain the corona virus pandemic (Fig. 6, left). Apart from this decrease and a few further excep-
tions in the early 1990s and in 2009, Switzerland’s real gross domestic product increased annually by up to four per cent
compared to the previous year over the last three decades (Fig. 6, right).

Fig. 6 > Switzerland’s nominal gross domestic product (GDP) per capita (left) and percentage change of real gross domestic product
(reference year 2015) compared to previous year (right) between 1990 and 2020.
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Between 1960 and 2020 the proportion of the total workforce employed in the different sectors changed substantially
(Fig. 7, left); in the agriculture and industry sectors it has fallen from 14.5 and 46.5 per cent to 2.8 and 20.7 per cent,
respectively, leading to a substantial increase in the services sector. Accordingly, Switzerland’s economy largely depends
on the services sector, which in 2020 not only employed 76.4 per cent of the total workforce, but also contributed 73.3
per cent to the gross value added (Fig. 7, right). The structural change to a ‘service society’ is thus steadily continuing.

Fig. 7 > Contribution of economic sectors to total workforce (left) and gross value added (right) between 1990 and 2020.
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International trade patterns

Switzerland has virtually no mineral resources and, historically, no heavy industry. Accordingly, the economy strongly
depends on trade with other countries, as Switzerland imports bulk raw materials and exports high-quality goods. In 2020,
the value of one tonne of exported goods was about three times higher than the value of one tonne of imported goods
(FOCBS, 2021). The relatively small size of its domestic market is another factor which has been encouraging Swiss
manufacturers to look to foreign markets in order to make investments in research and development worthwhile. As
shown in Fig. 8 (left), Switzerland’s exports accounted for 88 billion Swiss francs in 1990, while the imports accounted
for 97 billion Swiss francs. In 2020, both the exports and imports were substantially higher, accounting for 299 billion
and 274 billion Swiss francs, respectively (Fig. 8, right). Switzerland’s trade balance (exports minus imports) was about
balanced between 1992 and 2001 (within +1 per cent of the gross domestic product). From 2001 to 2013, exports growth
was stronger than imports growth. Between 2013 and 2019, Switzerland’s trade balance remained between about four
and five per cent of the gross domestic product (Fig. 9), followed by a decrease to 3.6 per cent in 2020 due to the measures
to contain the corona virus pandemic. European countries are by far the most important trading partners for Switzerland,
accounting for 47.6 per cent of exports and 56.3 per cent of imports in 2020. Largest volumes are traded with Germany,
with exports accounting for 46 billion Swiss francs and imports accounting for 53 billion Swiss francs in 2020 (Fig. 8,
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right). Trade volumes with Italy, France and the United Kingdom are also considerable, with small differences between
imports and exports for France and the United Kingdom, but a bias to imports for Italy. Trade with North America is
heavily biased towards exports, while it is currently about balanced with Asia. Among the most important traded goods
in term of monetary value are chemical and pharmaceutical products, noble metals, jewels and gemstones, machines,
instruments and electronics, watches, and precision instruments (Fig. 10).

Fig. 8 > Switzerland’s foreign trade (export and import) with important partners in 1990 (left) and 2020 (right).
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Fig. 9 > Switzerland’s trade balance (export minus import) in per cent of the gross domestic product (GDP) from 1990 to 2020.
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Unemployment, public debt rate and general government spending ratio

Traditionally a country with low unemployment (less than one per cent), Switzerland experienced a dramatic increase in
unemployment from the beginning of the 1990s, as a consequence of the overall economic slow-down. Apart from foreign
nationals (both female and male), the category most affected by this development was Swiss women and young people
(aged 15 to 25 years). The total rate of unemployment peaked at 4.1 per cent in 1997 and at 4.4 per cent in 2005, and has
remained stable at slightly below five per cent since 2010 (Fig. 11, left). In parallel with rising unemployment, aggregate
government spending has exceeded revenues at all three administrative levels (federal, cantonal and communal), which
has led to increasing public debt in the early to late 1990s (Fig. 11, right). Following a relatively stable period at a high
level of between 40 and 50 per cent of gross domestic product, the revenues exceeded the expenditures between 2004 and
2010, and the total public debt rate has remained stable slightly below 30 per cent of the gross domestic product for the
last decade. In 2020, Switzerland’s general government spending ratio amounted to 37.8 per cent of the gross domestic
product, being one of the lowest of OECD countries (OECD, 2021; Fig. 12). A substantial increase of the government
spending ratio occurred from 2019 to 2020 due to fiscal policy measures taken to mitigate the economic consequences of
the corona virus pandemic.
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2.3 Economic profile

Fig. 10 > Switzerland’s foreign trade (export and import) by goods in 1990 and 2020.
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Fig. 11 > Left: Rates of unemployment (1990-2020). Right: Public debt rate (Maastricht debt ratio) at all administrative levels (federal,
cantonal and communal) in percentage of gross domestic product (GDP, 1990-2020, the effect of the fiscal policy measures taken to
mitigate the economic consequences of the corona virus pandemic may not yet be fully represented in the data for 2020).
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Fig. 12 > General government spending ratio in 26 OECD countries in 2020.
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2.4  Geographical profile

Switzerland, located in the centre of Europe, extends from 45°49° to 47°48’ north and from 5°57° to 10°30” east. It covers
an area of 41,285 square kilometres, comprising 25.1 per cent unproductive surface, 31.8 per cent forests and grove, 35.2
per cent utilised agricultural area, and 7.9 per cent built-up area (situation in 2013/2018; SFSO, 2021s; Fig. 13, left;
Fig. 14). While the built-up area is relatively small, it increased by 31 per cent between 1985 and 2018, and has continued
to expand ever since, mainly at the expense of utilised agricultural area (SFSO, 2021s; Fig. 13, right).

Fig. 13 > Evolution of different land-use types in Switzerland over the last 33 years (left) and changes in land use between 1979/1985 and
2013/2018 (right). The utilised agricultural area includes alpine pastures.

100% ] Change in 33 years (%)
o ]
80% - Unproductive surface i
60% 1
] Forests and grove -
40%
] Utilised agricultural area -
20% 1
] Built-up area

0% 1 6.0% . 6.8% . 75% . 7.9% .
1979/1985 1992/1997 2004/2009 2013/2018 10 5 0 5 10 15 20 25 30 35
= Unproductive surface = Forests and grove
m Utilised agricultural area Built-up area
SFSO (2021s)

Fig. 14 > Switzerland’s land use based on the land-use statistics 2013/2018.
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Switzerland’s topography is defined by the Central Plateau, the Jura mountains and the Alps. About half of Switzerland’s
surface area is located above 1,000 metres above sea level and about one quarter of Switzerland’s surface is located above
2,000 metres above sea level (SFSO, 2021s). With mean annual precipitation of over 1,400 millimetres, Switzerland is
one of the most water-abundant countries in Europe (see also section 2.5). It also has large water storage reservoirs in the
form of natural lakes (130 cubic kilometres), artificial reservoirs (3.5 cubic kilometres), glaciers (53 cubic kilometres)
and groundwater (150 cubic kilometres) (FOEN, 2021a).This storage volume corresponds to 5.6 times the mean annual
precipitation. One third of the annual precipitation evaporates, the rest eventually leaves the country as runoff. The great
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Rhine and Rhone rivers and the main tributaries of the Po and Danube have their sources in the Swiss Alps. The down-
stream countries depend heavily on runoff from Switzerland for irrigation, cooling, hydro-power production, drinking
water, navigation, and other water uses. Changes in the various elements of the Swiss water balance have therefore a
direct impact on the downstream riparians.

The location in the heart of Europe and in the centre of the European Union leads to substantial imports and exports of
goods and services, and to transit freight flows across Switzerland. The Alps represent a natural barrier for transportation
in the north-south direction, i.e. between northern Europe and Italy, but a number of tunnels facilitate large-scale trans-
portation on road and rail across the Alps (section 2.7).

2.5 Climate profile

Climatic conditions vary significantly across Switzerland, depending mainly on altitude and location. As an example for
local conditions on the densely populated Central Plateau, the climate graph for Switzerland’s capital Bern is provided in
Fig. 15. Although the Alps — running from south-west to east —act as a major climatic divide, the observed climate change
signals are qualitatively similar north and south of the divide. Long-term measurements since 1864 indicate a marked
shift towards a warmer climate (Begert and Frei, 2018; FOEN and MeteoSwiss, 2020). Changes in mean precipitation
are less clear. Trends in annual mean precipitation are predominantly positive but not statistically significant in most
regions over the last 100 years (1921-2020). There are indications for a robust increase in winter precipitation when
analysing time series starting in 1901 or before (Scherrer et al., 2015), and evidence for an increase in the frequency and
intensity of heavy precipitation has been presented (Scherrer et al., 2016). Pronounced trends are also found for cloudiness
and sunshine duration (see below). For expected future developments and impacts thereof see section 6.1 (CH2018, 2018).
In the following, more detailed information is provided with regard to temperature, precipitation, climate indices, and
extreme events.

Fig. 15 > Climate graph for Bern, Switzerland’s capital, located on the Central Plateau at 553 metres above sea level. Provided are mean
values for the period 1991-2020. The mean annual temperature during this period is 9.3 degrees Celsius, the mean minimum and maximum
temperatures are 4.7 and 14.0 degrees Celsius. Mean annual precipitation is 1,022 millimetres.
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Fig. 16 shows the annual temperature anomaly in Switzerland with respect to 1871-1900 pre-industrial conditions. An-
nual temperature has increased by more than two degrees Celsius between 1864 and 2020, which corresponds to a linear
increasing temperature trend of about 0.14 degrees Celsius per decade. Temperature trends have accelerated substantially
for more recent time periods (Fig. 17). Over the last 100 years (1921-2020), annual temperature has increased by about
0.15 to 0.25 degrees Celsius per decade with no pronounced differences between geographical locations (north-south,
low-high altitudes). The trend magnitude is similar for all seasons with a slight tendency to somewhat higher values in
summer and winter (up to 0.29 degrees Celsius per decade). Annual temperature trends for the last 70 years (1951-2020)
are 0.27 to 0.40 degrees Celsius per decade, for the last 50 years (1971-2020) 0.38 to 0.58 degrees Celsius per decade
and for the last 30 years (1991-2020) 0.35 to 0.54 degrees Celsius per decade. The trends are roughly in agreement with
the trends in other parts of Central Europe. In the last 30 years, the trends were largest and significant in autumn (0.44 to
0.70 degrees Celsius per decade) and summer (0.32 to 0.62 degrees Celsius per decade), insignificant but with a positive

30



2.5 Climate profile 2 National circumstances relevant to greenhouse gas emissions and removals

sign in spring (0.15 to 0.36 degrees Celsius per decade) and insignificant in winter (—0.12 to 0.39 degrees Celsius per
decade). The temperature change in Switzerland since pre-industrial conditions amounts to about twice that of the global

mean temperature increase.

Fig. 16> Global and Swiss mean annual temperature anomalies 1864-2020 (annual temperature shown as deviation from the pre-industrial
mean of 1871-1900). The years in Switzerland with positive anomalies (warmer) are shown in orange and those with negative anomalies
(cooler) in blue. The black smooth line represents 20-year Gaussian low-pass filtered data. The red smooth line shows the corresponding

global temperature anomalies according to the HadCRUTS dataset (Morice et al., 2021).
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Fig. 17 > Observed trends for annual mean temperature in Switzerland for homogenised station data. Shown are trends in degrees Celsius
per decade of the last 100 years (1921-2020, top left), the last 70 years (1951-2020, top right), the last 50 years (1971-2020, bottom left) and

the last 30 years (1991-2020, bottom right). All trends are positive and statistically significant on the five per cent significance level.
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Precipitation

Fig. 18 shows the annual precipitation trends in Switzerland for the last 100 years (1921-2020), the last 70 years (1951—
2020), the last 50 years (1971-2020) and the last 30 years (1991-2020) years. In contrast to temperature, precipitation
trends are insignificant for most stations and time periods considered. Some significantly positive trends are found in
northern Switzerland and the Alps considering a time period of 100 years. For the majority of the stations however, the
trend magnitudes are insignificant. Predominantly negative trends, some of them significant, are found for the last 30
years. This is a good example to show that internal decadal variability can still be larger than any underlying long-term
trend. Also on the seasonal scale, most trends in mean precipitation are insignificant or not consistent over time (not
shown). There are, however, robust indications for changes in heavy precipitation. Since 1901, the intensity of the annual
one-day precipitation maxima has increased by about 12 per cent and the frequency of the all-day 99" percentile events
(i.e. precipitation sums of more than 25-105 millimetres per day, depending on the region) by almost 30 per cent on
average (Scherrer et al., 2016 and FOEN and MeteoSwiss, 2020). The observed changes are consistent with climate model
projections, with theoretical understanding of a human-induced change in the energy budget and water cycle and with
detection and attribution studies of extremes on larger spatial scales.

Fig. 18 > Observed trends in annual precipitation in Switzerland for homogenised station data. Shown are trends in per cent per decade
of the last 100 (1921-2020, top left), the last 70 years (1951-2020, top right), the last 50 years (1971-2020, bottom left) and the last 30 years
(1991-2020, bottom right). Positive trends (i.e. more precipitation) are shown in blue, negative trends (i.e. less precipitation) are shown in
orange. Filled circles: Trends that are statistically significant (five per cent significance level), open circles: non-significant trends.
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Climate indices

Fig. 19 shows the evolution of some important climate indices at the station Bern/Zollikofen for the time period from
1961-2020. This station can be considered as representative for the general evolution on the densely populated Central
Plateau. The average number of summer days has more than doubled from roughly 25 days per year in the 1960s to more
than 50 days per year today (Fig. 19, top left). This increase is highly significant and very similar trends are found for
most stations on the Central Plateau. In contrast, the number of heating days has decreased by about 15 to 20 per cent in
the same time period (Fig. 19, top right). The number of days with heavy precipitation (Fig. 19, middle left) has increased
somewhat, although the trend is not statistically significant. Similar insignificant increases are found for most stations on
the Central Plateau. A decrease is found for the number of snow days (Fig. 19, middle right). The number of sunny days
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(relative sunshine duration larger than 80 per cent, Fig. 19, bottom left) shows a significant increase whereas the number
of cloudy days (relative sunshine duration less than 20 per cent) is decreasing (Fig. 19, bottom right). These trends are
consistent with most stations on the Central Plateau. Trends in sunshine duration have been negative especially in the
period of the late 1940s to about 1980. Today’s values are now back to the level seen in the late 19™, early 20" century.

Fig. 19 > Climate indices for the period 1961-2020 at the station Bern/Zollikofen. Observed annual number of summer days (days with
maximum temperature 225 degrees Celsius, top left), heating days (days with a daily average temperature below 12 degrees Celsius, top
right), days with heavy precipitation (daily precipitation >20 mm, middle left), snow days (days with snow depth of at least one centimetre,
middle right), sunny days (days with relative sunshine duration larger than 80 per cent, bottom left) and cloudy days (days with relative
sunshine duration lower than 20 per cent, bottom right). Homogenised station data are used for the temperature-based and precipitation-
based indices. The solid orange line represents 11-year Gaussian low pass filtered data, the dashed orange line the linear fit (logistic
regression).
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Extreme events

Numerous extreme climate and weather events struck Switzerland during the last decades (flooding, heat waves, dry
periods, storms, etc.). However, due to the strong natural variability, it is challenging to provide evidence for changes in
the frequency or intensity of extreme events, in particular in view of Switzerland’s relatively small area. Nevertheless,
most meteorological stations in Switzerland show a highly significant trend to less very cold nights as well as an increase
in very warm days (Fig. 20). Further, the frequency and intensity of heavy precipitation events have increased at most
(>90 per cent) of the meteorological stations in Switzerland (Scherrer et al., 2016). For small scale processes such as
flash floods, debris flows, landslides, hail events etc. it is very hard to analyse trends because of a relatively short obser-
vational record and limited process understanding (SCNAT, 2016; CH2018, 2018). Extreme events, including related
risks, vulnerability and damages, are further discussed in chapter 6.
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Fig. 20 > Observations of very cold nights (daily minimum temperature amongst the lowest 10 per cent) and very warm days (daily maxi-
mum temperature amongst the highest 10 per cent) in Switzerland, 1951-2020. The mean Mann-Kendall trends for the period 1951 to 2020
are -5.0 days per 10 years for Tn10p and +7.2 days per 10 years for Tx90p. Both trends are highly significant (p<10-3).
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2.6 Energy

Energy supply and final energy consumption

As there are no domestic gas, oil, coal or nuclear fuel resources, Switzerland’s primary energy sources are limited to
wood, hydropower, waste and other forms of renewable energy sources (wind and solar power, biogas, etc.). Accordingly,
Switzerland’s energy system largely depends on fossil energy imports, while it is almost self-sufficient regarding carbon-
free electricity, as highlighted in the detailed energy flow diagram provided in Fig. 22.

In 2020, gross energy consumption amounted to 1,002,110 terajoules, composed as follows (see Fig. 21): (i) 287,010
terajoules were of domestic origin (50.9 per cent hydropower, 21.1 per cent waste, 15.0 per cent wood, 13.0 per cent other
renewable energy sources), (ii) 872,180 terajoules were imported (45.0 per cent crude oil and oil products, 13.7 per cent
gas, 28.8 per cent nuclear fuel, 11.1 per cent electricity, 1.0 per cent wood and other renewable energy resources, and 0.4
per cent coal), (iii) exports accounted for a total of 136,150 terajoules (86.1 per cent electricity, 13.9 per cent oil products,
0.1 per cent wood), and (iv) the remaining 20,930 terajoules corresponded to stock changes of mainly crude oil, but also
oil products and coal (SFOE, 2021a).

Fig. 21 > Switzerland’s gross energy consumption in 2020 (1,002,110 terajoules).
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2.6 Energy

Fig. 22 > Energy flow diagram for Switzerland for 2020 (numbers in terajoules). Gross energy consumption of 1,002,110 terajoules corre-

sponds to total energy supply (1,022,120 terajoules) adjusted by imports (97,160 terajoules) and exports (117,170 terajoules) of electricity.
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In 2020, the final energy consumption totalled at 747,400 terajoules. The shares of the different energy carriers as well as
the consumption in the sectors transport, services, industry, households, and agriculture (including statistical difference)
are shown in Fig. 23.

Fig. 23 > Switzerland’s final energy consumption in 2020 (747,400 terajoules). The category other includes wood, waste, other renewables,
and district heating.
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Final energy consumption started to increase substantially after the first half of the last century, with the largest increases
seen in gas oil, motor fuel and electricity (Fig. 24). In order to average the strong impact of meteorological conditions on
heating demand, leading to rather large year-to-year variations in the final energy consumption (see also sections 2.5 and
3.2.3), mean values over several years are discussed in the following. Compared to the mean final energy consumption
between 1910 and 1915, the mean final energy consumption was more than sevenfold higher between 2015 and 2020.
The highest final energy consumption, over a period of five years, occurred between 2009 and 2013, 10.1 per cent higher
compared to 1988 to 1992. However, final energy consumption has slightly decreased for about the last decade. In 2020,
final energy consumption was remarkably below usual values due to the measures to contain the corona virus pandemic.
Renewable energy sources (not including hydropower) still contributed a minor share of 4.1 per cent to the final energy
consumption in 2020. Nevertheless, supported by the SwissEnergy programme (section 4.3.2), renewable energy sources
gained importance during the last years. Between 1990 and 2020, the annual generation of solar electricity increased from
4 to0 9,356 terajoules, while the annual generation of wind electricity increased from 0 to 522 terajoules.

The evolution of final energy consumption by households, services, industry and transport is shown in Fig. 25 (left),
relative to 1990. The final energy demand in the transport sector shows an increase of up to about 20 per cent between
1990 and about the last decade, with fluctuations that correlate with the economic development, e.g. periods of stagnation
from 1993 to 1996 and from 2001 to 2003, and periods of growth (gross value added) from 1997 to 2000 and 2004 to
2008. The decrease in 2015 mostly results from the collapsing ‘fuel tourism’ as a consequence of a sudden drop in the
exchange rate between the Euro and the Swiss franc once the Swiss National Bank ceased sustaining a minimal exchange
rate. In 2020, the measures to contain the corona virus pandemic led to a strong decrease of final energy consumption in
the transport sector. As mentioned above, final energy demand of households strongly depends on meteorological condi-
tions. The extraordinary decreases from 2006 to 2007, 2010 to 2011, and 2013 to 2014 reflect the changes from relatively
cool to relatively warm winters. From 1990 to 2020, the number of buildings and apartments, as well as the average floor
space per person have increased (section 2.10). Both phenomena have resulted in an increase in the total area heated.
Over the same period, however, higher standards have been specified for insulation and for combustion equipment effi-
ciency for both new and renovated buildings, compensating for the energy consumption from the additional area heated
(section 4.3.4). The final energy consumption of services has also been influenced by the meteorological conditions as
well as efficiency improvements. The final energy consumption of the industry sector has shown a decreasing trend since
about a decade. Supported by the contributions of households and services, this decreasing trend has been reflected in the
total final energy consumption as well, while the real gross domestic product has continued to strongly increase (Fig. 25,
right). The reasons for this diverging developments are, on the one hand, an increase in energy efficiency thanks to modern
production processes leading to a lower energy input per gross value added. On the other hand, starting in the early 1990s,
the production of many energy intensive goods have been sourced out to foreign countries, leading to an even more
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service-based economy in Switzerland. Although energy-intensive goods have still been consumed in Switzerland, the
energy required for their production has no longer been accounted for in the national total.

Fig. 24 > Final energy consumption between 1910 and 2020 according to energy source.
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Fig. 25 > Final energy consumption by households, services, industry and transport between 1990 and 2020, relative to 1990 (left). Final
energy consumption and real gross domestic product (GDP, reference year 2015) between 1990 and 2020, relative to 1990 (right).

120

170 -

160 1
15 ]
150
10 ]

—
>
o

105

—_
w
o

—
N
o

100

relaive to 1990 (%)

110

Final energy consumption and real GDP

Final energy consumption relative to 1990 (%)

95
100
4
<
90II|II|II|I|I|I|I|III|IIII 90
STEIZSEYITESS2NILER
2222 KKK
o Households —o—Services Rel GDP Final .
Industry Transport —o—Real G o Final energy consumption
SFOE (2021a)

Energy prices, taxes and subsidies

The evolution of energy prices at the level of consumers is shown in Fig. 26. Prices for gas oil reached historic low values
in the mid-1990s, then substantially increased to between 40 to 100 per cent above the prices in 1990. Prices for natural
gas and gasoline show similar patterns, although the maximum prices — reached after 2010 — were about 50 and 30 per
cent above the prices in 1990, respectively. Until 2008, prices for electricity decreased to about 80 per cent of the prices
in 1990, however, then continuously increased to reach again the 1990 level during the most recent years.
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Fig. 26 > Relative development of real energy prices (level of consumers, basis 2010) in Switzerland between 1990 and 2020.
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In Switzerland, energy prices at the level of consumers are composed of the basic price, the value-added tax, as well as
various energy taxes and climate levies. Regarding the value-added tax, the normal rate of 7.7 per cent applies. Energy
taxes and climate levies depend on the fuel type and were as follows (as of 1 January 2022; e.g. FOCBS, 2022a):

e Heating and process fuels: (i) mineral oil tax (e.g. 3.00 Swiss francs per 1,000 litres of gas oil or 2.10 Swiss
francs per 1,000 kilograms of natural gas) and (ii) CO; levy (e.g. 318.00 Swiss francs per 1,000 litres of gas oil
or 321.60 Swiss francs per 1,000 kilograms of natural gas);

¢ Motor fuels: (i) mineral oil tax (e.g. 453.00 Swiss francs per 1,000 litres gasoline, 481.10 Swiss francs per 1,000
litres of diesel oil, or 112.50 Swiss francs per 1,000 kilograms of natural gas), (ii) mineral oil surtax (e.g. 315.20
Swiss francs per 1,000 litres of gasoline, 314.60 Swiss francs per 1,000 litres of diesel oil, or 109.70 Swiss francs
per 1,000 kilograms of natural gas), and (iii) for the partial compensation of CO, emissions from motor fuels
(section 4.4.5), the permitted compensation surcharge on motor fuels amounts to a maximum of 50.00 Swiss
francs per 1,000 litres;

o Kerosene: As in other countries, kerosene used for international flights is exempt from taxation, but similar taxes
as for other motor fuels apply for kerosene used for domestic flights.

Additionally including transport costs and the trade margin, consumers had to pay the following energy prices as of
January 2022 (FOCBS, 2022b):

e Gasoline (per litre): 1.780 Swiss francs, including 50.5 per cent of taxes and levies;
o Diesel oil (per litre): 1.830 Swiss francs, including 50.9 per cent of taxes and levies;

e Gas oil (per litre): 0.959 Swiss francs, including 32.6 per cent of taxes and levies.

Tab. 1 shows the relative comparison of energy prices in Switzerland and its neighbouring countries as of January 2022
(FOCBS, 2022b), i.e. before the recent developments in the course of 2022. The price for gasoline in Switzerland was
about the same as in Germany and Italy, but somewhat higher compared to France and Austria. Diesel oil was generally
more expensive in Switzerland compared to its neighbouring countries. With regard to gas oil, energy prices in Switzer-
land were in the middle of the field, despite the relatively high CO; levy (see section 4.2.5).

Tab. 1 > Energy prices in Switzerland and its neighbouring countries as of January 2022, including all taxies and levies (relative prices
with prices for Switzerland set to 100.0).

Country Gasoline Diesel oil Gas oil
Switzerland 100.0 100.0 100.0
Germany 100.0 89.1 92.6
France 94.8 87.0 112.0
Italy 100.3 89.9 150.6
Austria 81.2 78.1 93.2

FOCBS (2022b)
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Switzerland promotes, on a national and international level, the regulation of fuel consumption and associated greenhouse
gas emissions by means of CO; pricing, as highlighted in the OECD’s report on effective carbon rates (OECD, 2021b).
According to this report, Switzerland’s effective carbon rates* for emissions from all sectors (excluding emissions from
the combustion of biomass) cover, by 2018, 72 per cent of total emissions with a rate exceeding 120 Euro per tonne of
CO,, 84 per cent of total emissions with a rate exceeding 60 Euro per tonne of CO2, and 85 per cent of total emissions
with a rate exceeding 30 Euro per tonne of COg, respectively. In particular, the carbon rates for emissions from road
energy cover 100 per cent of total emissions with a rate exceeding 120 Euro per tonne of CO,. In comparison with other
countries, Switzerland’s effective carbon rates are exceptionally high. This because of comprehensive fuel taxes in the
transport sector (e.g. the mineral oil tax, see section 2.6), the CO; levy on heating and process fuels (see section 4.2.5), a
highly decarbonised electricity supply as well as low emissions from the industry sector that are largely subject to the
Swiss emissions trading scheme (see section 4.2.6).

Electricity trade

According to the Swiss electricity statistics (SFOE, 2021b), electricity is traded across Switzerland’s borders on a fairly
large scale. In 2020, exports accounted for 32.5 terawatt-hours and imports for 27.0 terawatt-hours, corresponding to a
substantial amount relative to the total inland electricity production of 69.9 terawatt-hours. Switzerland exchanges elec-
tricity with its neighbouring countries Austria, France, Germany, Italy and Liechtenstein. Apart from the years 2005,
2006, 2010, 2011, 2016 and 2017, Switzerland’s annual electricity exports exceeded the imports by up to more than 10
terawatt-hours (Fig. 27, left). However, during winter time the situation is different, as Switzerland’s imports generally
exceed the exports (Fig. 27, right). Among the factors affecting the volume of electricity traded across the borders of
Switzerland are hydrological and climatic conditions.

Fig. 27 > Switzerland’s net export of electricity from 1990 to 2020. Positive values refer to exports, negative values refer to imports. Left:
Total annual net exports. Right: Net exports during winter time.
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2.7 Transport

Overview

Switzerland’s transport infrastructure is in a very advanced state. Individual and freight transport is facilitated by the road
and rail networks, which overall occupy about two per cent of the total land surface. Public transport is of great im-
portance, meaning that virtually every location can be reached by train or, in particular in more remote regions of the
Alps, by scheduled public buses.

4 According to OECD (2021b), effective carbon rates are the total price that applies to CO2 emissions from energy use as a result of market-based policy
instruments. They are the sum of taxes and tradable emission permit prices, and have three components:

o Carbon taxes, which typically set a tax rate on energy based on its carbon content;

o Specific taxes on energy use (primarily excise taxes), which are typically set per physical unit or unit of energy, but which can be translated into effec-
tive tax rates on the carbon content of each form of energy;

o The price of tradable emission permits, regardless of the permit allocation method, representing the opportunity cost of emitting an extra unit of CO2.
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The road network is divided into national roads (2,255 kilometres, thereof 1,544 kilometres highways), cantonal roads
(17,219 kilometres) as well as communal and private roads (64,641 kilometres, SFSO, 2021d). Most Swiss can reach a
highway access within a distance of about 10 kilometres.

The rail network, which is fully electrified, currently has a total length of 5,196 kilometres and includes 1,735 stations.
To enhance capacity, reduce travel times, and to allow for synchronised timetables between major connecting stations,
several railway projects have been implemented since 1987. Under the first stage of the project RAIL 2000, implemented
until 2004, the length of the rail network did not increase significantly, but a schedule with 30-minutes intervals could be
widely introduced between all major cities, in particular reducing travel time between Zurich and Bern by 13 minutes. To
foster the shift from road to rail, three new railway tunnels, constructed in the framework of the project New Rail Link
through the Alps, substantially increased transalpine transport capacity and speed — the Ltschberg base tunnel (34.6 kil-
ometres) opened in December 2007, the Gotthard base tunnel (57.1 kilometres) opened in December 2016, and the Ceneri
base tunnel (22.6 kilometres) opened in December 2020. Thanks to the Gotthard base tunnel, the highest elevation for
transalpine railway traffic is now as low as 549 metres above sea level. The Federal Act on the Future Development of
the Railway Infrastructure (Swiss Confederation, 2009) and the Federal Decree on the Financing and Development of
Railway Infrastructure (FABI, approved by a popular vote in 2014) regulate the next steps of the modernisation and
development of the Swiss rail network, focussing on a further increase of capacity and even better access to the major
tunnels crossing the Alps and the high-speed network in neighbouring countries (FOT, 2021).

The three national airports Zurich, Geneva and Basel-Mulhouse® are the most important aviation infrastructures of Swit-
zerland. A dense network of flight routes connects Switzerland with Europe and with direct flights to important destina-
tions worldwide. More than 100 airlines are serving Switzerland, with five operating as Swiss companies (LUPO, 2016).

Last but not least, the Federal Constitution of the Swiss Confederation mandates the federal government to coordinate
pedestrian and hiking networks as well as — since a recent popular vote — also cycle paths (see section 4.4.1).

Fig. 28 > Shares of different purposes on total travel distance within Switzerland (i.e. excluding travel distances abroad) in 2015.
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Passenger transport (land-based)

In 2015, each Swiss over the age of six years travelled an average daily distance within Switzerland of 36.8 kilometres,
spending 90 minutes (82 minutes without waiting times). In 1994, 2000, 2005, and 2010 the average daily travel distance
was 31.3, 35.0, 35.2, and 36.7 kilometres, respectively. The average daily travel distance by car slightly increased between
1994 and 2000 and has remained stable at about 23.8 kilometres thereafter. In contrast, the average daily travel distance
using public transport has steadily increased from 5.6 kilometres in 1994 to 9.0 kilometres in 2015, corresponding to an
increase of more than 61 per cent. Travel distances for leisure purposes has increased since 1994, accounting for a share
of 44 per cent of the total travel distance within Switzerland in 2015. In contrast, travel distances related to work and
education accounted for a share of 29 per cent, while travel distances for shopping purposes accounted for a share of 13
per cent (Fig. 28; SFSO, 2017c). While the average daily travel distance per person has remained about constant since
2010, passenger kilometres have continued to increase as a result of population growth (Fig. 3 and Fig. 29; SFSO, 2021k).
Between 1980 and 2015, motorised private transport (total passenger kilometres) has increased by 43.9 per cent and public
transport on road and rail (total passenger kilometres) has increased by 83.4 per cent. In 2015, 20.4 per cent of total

5 The airport Basel-Mulhouse is located in France, but operated jointly by France and Switzerland.
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motorised passenger kilometres were travelled by public transport means (3.6 per cent public road, 16.8 per cent rail). In
Switzerland, non-motorised transport (walking, cycling, hiking, etc.) accounted for almost eight billion passenger kilo-
metres in 2015.

Fig. 29 > Passenger kilometres by motorised traffic on road (private and public) and rail from 1970 to 2020. Road public data from 1986 to
1997 is missing. A strong decrease in passenger kilometres occurred from 2019 to 2020 due to the measures to contain the corona virus
pandemic.
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The number of cars in Switzerland has increased from 3.0 million in 1990 to 4.7 million in 2020 (SFSO, 2021j), i.e. today
less than two persons share a car on average. According to SFOE (2021c), the weight of new passenger cars has contin-
uously increased since 1990. Nevertheless, the average specific emissions of new passenger cars decreased from about
200 grams of CO; per kilometre in 2002 to about 140 grams of CO> per kilometre in 2015, thanks to more efficient motors
and a continuous shift from gasoline to diesel oil. Between about 2015 and 2019, the balance of the following evolutions
resulted in about constant average specific emissions: (i) the efficiency (fuel consumption per distance) of gasoline and
diesel cars did not further improve (because the weight has continued to increase), (ii) the share of new passenger cars
fuelled by diesel oil decreased from about 40 per cent to about 25 per cent, and (iii) the share of electric vehicles started
to increase slightly. In 2020, the average specific emission of new passenger cars again decreased — by 10.5 per cent
compared to 2019 — reaching a value of 123.6 grams of CO- per kilometre. This strong decrease resulted from a rapid
increase in the share of electric vehicles (from 5.6 per cent in 2019 to 14.4 per cent in 2020).

Freight transport (land-based)

Freight transport in Switzerland is focussed on the Central Plateau and the major transalpine routes (Fig. 30; SFSO,
2017b). While freight transport on road and rail has been increasing since the mid-19" century, the shares of freight
transported on rail decreased from more than 50 per cent before 1982 to around 40 per in the early 1990s (Fig. 31; SFSO,
2021e). It has remained about constant afterwards, mostly due to the restrictions on road freight transport inscribed in the
Federal Constitution of the Swiss Confederation in 19948, the implementation of the distance-related heavy vehicle charge
and corresponding bilateral agreements with the European Union. Moreover, in contrast to France and Austria, the trans-
alpine freight transport in Switzerland is dominated by rail (Fig. 32; SFSO, 2021n), inter alia, thanks to newly constructed
railway tunnels.

6  Federal Constitution of the Swiss Confederation, Article 84 ‘Alpine transit traffic”:

The Swiss Confederation shall protect the Alpine region from the negative effects of transit traffic. It shall limit the nuisance caused by transit traffic to a level
that is not harmful to people, animals and plants or their habitats.

(i) Transalpine goods traffic shall be transported from border to border by rail. The Swiss Federal Council shall take the measures required. Exceptions are
permitted only when there is no alternative. They must be specified in detail in a federal act.

(ii) The capacity of the transit routes in the Alpine region may not be increased. This does not apply to by-pass roads that reduce the level of transit traffic in
towns and villages.
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2 National circumstances relevant to greenhouse gas emissions and removals 2.7 Transport

Fig. 30 > Freight transport in Switzerland on road (left, red) and rail (right, blue) in 2015 (numbers correspond to million tonnes per year).

SFSO (2017b)

Fig. 31> Freight transport on rail and road (tonne-kilometres, right) and share of rail (left) between 1970 and 2020.
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Fig. 32 > Transalpine freight transport including inland, import, export and transit on road (orange) and rail (blue) in France (left, 1980-
2019), Switzerland (centre, 1980-2020) and Austria (right, 1980-2019). For Switzerland, transalpine freight transport is dominated by rail,
which was responsible for 72 per cent of the total of 34.8 million tonnes transported in 2020.
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2.8 Industry and services 2 National circumstances relevant to greenhouse gas emissions and removals

Aviation

In Switzerland, thanks to the relatively short distances and the dense and efficient road and railway networks, the share
of domestic aviation is negligible. However, due to the establishment of a dense network of flight routes to Europe and
direct flights to important destinations worldwide, the number of scheduled and charter flights departing from and landing
in Switzerland has increased considerably between 1990 and 2000. After 2001, the grounding of the national airline and
a general crisis in aviation led to a reduction of flight movements in Switzerland (Fig. 33).

Fig. 33> Left: Number of passengers between 1990 and 2020 (included are all local and transit passengers of scheduled and charter flights
of all national and regional airports of Switzerland). Centre: Number of aircraft movements between 1990 and 2020 (included are all domes-
tic and transit passengers of scheduled and charter flights of all national and regional airports of Switzerland). Right: Amount of fuel sold
between 1990 and 2020 within Switzerland for domestic and international aviation.
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Since about 2004, the number of movements (scheduled and charter flights) remained about stable at slightly above 400
thousand movements per year. Nevertheless, the number of passengers (including transfer passengers) steadily increased
and almost reached 60 million in 2019, about three times as much as in 1990 and about 1.7 times as much as in the year
2000. In 2019, the fuel consumption was, however, 1.2 times as much as in the year 2000. The strong increase in energy
efficiency per passenger kilometre is considered to be the result of operating larger aircraft at even increased load factors,
fleet renewal (new aircraft technology) as well as operational optimisations. The measures to contain the corona virus
pandemic had a dramatic impact on aviation in 2020. Compared to the previous year, the number of passengers decreased
by 72 per cent, the number of flight movements decreased by 64 per cent, and fuel consumption decreased by 64 per cent.

2.8 Industry and services

The structure of its industry sector clearly reflects the fact that Switzerland is relatively poor in natural resources. Once
evolving from the textile industry — which marked the beginning of industrialisation in Switzerland — mechanical engi-
neering continued to form an important pillar of Switzerland’s industry. Currently, in addition to mechanical devices and
engines, Switzerland’s industry is specialised in the production of data processing equipment and high-precision instru-
ments, particularly watches and goods for medical uses (medical technique). Of importance are further the food processing
and chemical industries, in particular the production of pharmaceutical articles. An overview of goods imported to and
exported from Switzerland is provided in Fig. 10, while Fig. 34 shows the sales volume within the industry sector in 2019.
As highlighted in section 2.3 (in particular in Fig. 7), Switzerland’s economy is largely based on the services sector. The
services sector is highly diverse, the most important contributions (in descending order) to the total gross value added
currently come from (i) wholesale trade, (ii) real estate activities, (iii) legal advice, architecture, consultancy, (iv) finan-
cial service activities, (v) human health activities, (vi) insurance, reinsurance and pension funding, and (vii) retail trade
(Fig. 35).
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2 National circumstances relevant to greenhouse gas emissions and removals 2.8 Industry and services

Fig. 34 > Sales volume within the industry sector in 2019. Shown are the relative contributions of different branches to the total sales
volume of about 506 billion Swiss francs. Included are sales volumes from energy supply and the building industry (lighter colour).
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Fig. 35 > Gross value added by different branches of the services sector in Switzerland in 1997 and 2019.
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2.9 Waste 2 National circumstances relevant to greenhouse gas emissions and removals

2.9 Waste

With regard to waste treatment, Switzerland has an efficient infrastructure, high standards and clear legislative stipulations
in place. The evolution of the amount of municipal solid waste is highly related to increasing prosperity and the steady
growth of population. This is shown in Fig. 36, where the evolution of the total amount of municipal solid waste in
Switzerland is provided together with the nominal gross domestic product.

Fig. 36 > Evolution of the total amount of municipal solid waste in Switzerland, 1990-2020 (since 2004 without imports of municipal solid
waste), together with the nominal gross domestic product.
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As incineration is mandatory for combustible waste since the year 2000, inputs into solid waste disposal sites have
dropped to zero. According to the latest waste statistics (FOEN, 2021c; Tab. 2), which covers Switzerland and the prin-
cipality of Liechtenstein, the total amount of waste (including municipal solid waste, construction waste, industrial and
commercial solid waste, sewage sludge, special waste) incinerated amounted to 4.07 million tonnes (corresponding to
468 kilograms per inhabitant) in 2020. Thereof, 0.46 million tonnes originated from abroad, as Switzerland imports waste
to operate waste incineration plants at full capacity for power and heat generation. In addition, 3.22 million tonnes (cor-
responding to 370 kilograms per inhabitant) of municipal solid waste were collected separately (including compost, paper
and cardboard, glass, cans, tinfoil, aluminium, PET, textiles, electrical and electronic devices, batteries). The amount of
municipal solid waste collected separately for recycling purposes more than doubled since 1990, indicating that today
recycling systems are highly developed and supported by the population in Switzerland. In particular, separate collection
of PET bottles, which are relevant regarding CO; emissions as they comprise petrochemical material, has increased sig-
nificantly in recent years, with currently more than 82 per cent of the total PET bottles being recycled. Recycling rates of
paper and cardboard, glass, aluminium packings, and waste-paper currently all also exceed 80 per cent of the total amounts
(Fig. 37). In addition to municipal solid waste, 15.9 million tonnes of construction waste are generated annually in Swit-
zerland. Thereof, 8.4 million tonnes stem from infrastructures such as streets, railways, as well as systems for water,
wastewater, gas and electricity systems (FOEN, 2016a), and 7.5 million tonnes stem from the building infrastructure
(FOEN, 2015). Where possible, construction waste is recycled on site. Finally, 1.85 million tonnes of waste were classi-
fied as special waste in 2020 (FOEN, 2021c; Tab. 2). In Switzerland, the wastewater of virtually the entire population
(about 97 per cent) is sewered to a wastewater treatment plant.
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2 National circumstances relevant to greenhouse gas emissions and removals 2.10 Building stock and urban structure

Tab. 2 > Amount of waste in Switzerland (CH) and the principality of Liechtenstein (FL) in 2020. The provided number for sewage sludge
is an estimate for 2017 covering Switzerland only.

Type of waste Total (tonnes) Per capita (kilograms per inhabitant)
Municipal solid waste incinerated (CH, FL) 2875000 330
Imports of municipal solid waste for incineration 459 000 53
Waste incinerated in waste incineration plants (municipal solid waste,
; . . ; 4072000 468
construction waste, industrial waste, sewage sludge, special waste)
Special waste (CH, FL) 1847 000 212
Sewage sludge (CH, dry matter, 2017) 178 000 20
Municipal solid waste collected separately (CH, FL), thereof: 3221000 369.7
Paper and cardboard 1174000 134.7
Compost (digested at central composting sites) 1405000 161.3
Waste glass 380 000 43.8
Electric and electronic devices 129 800 14.9
Textiles 65 100 7.5
PET bhottles 36 100 4.1
Cans 13100 1.5
Aluminium packings 14 600 1.5
Batteries 3175 0.4
FOEN (2021c)
Fig. 37 > Evolution of recycling rates in Switzerland, 1993-2020.
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2.10 Building stock and urban structure

Building stock

The Swiss Federal Statistical Office keeps track of the building stock in Switzerland. The investigations are based on a
complete inventory according to data extracted from the registry of buildings and apartments, with a focus on buildings
with (at least partial) residential use. The following points are noteworthy (SFSO, 2022b7):

e At the end of 2020, the building stock in Switzerland consisted of 1.8 million buildings with at least partial
residential use. This corresponds to an increase of 37 per cent compared to 1990, an increase of 21 per cent
compared to the year 2000, and an increase of seven per cent compared to 2010. At the end of 2020, 57 per cent
of all buildings were one-family homes, 27 per cent multi-family homes, and the rest were buildings with resi-
dential and non-residential use. 30 per cent of all buildings were constructed before 1946, 31 per cent between
1946 and 1980, 21 per cent between 1981 and 2000, and 17 per cent between 2001 and 2020;

7 See also the tables available on https:/www.bfs.admin.ch/bfs/en/home/statistics/construction-housing.html.
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2.10 Building stock and urban structure 2 National circumstances relevant to greenhouse gas emissions and removals

At the end of 2020, there was a stock of 4.6 million apartments in Switzerland. This corresponds to an increase
of 47 per cent compared to 1990, an increase of 30 per cent compared to the year 2000, and an increase of 14
per cent compared to 2010. The average area was 99 square metres, about the same as in the year 2000. The
average area per capita increased from 39 square metres in 1990 to 46 square metres in 2020;

In accordance with the increase in buildings and apartments, the energy reference area, i.e. the area heated or
cooled, has steadily increased for all types of buildings. Between 1990 and 2020, the energy reference area of
buildings in the services sector has increased by 35 per cent, of buildings in the industry sector by 27 per cent,
and of buildings for residential use by 50 per cent (SFOE, 2021d; Fig. 38);

In 2020, 22 per cent of housings were one-family homes, 58 per cent were multi-family homes and the rest were
buildings with mixed residential and non-residential use. About 47 per cent of housings were constructed be-
tween 1961 and the year 2000, with about 33 per cent being older and about 20 per cent being younger. The
spatial distribution of Switzerland’s population is shown in Fig. 4;

In 20158, 63 per cent of all buildings were heated with fossil fuels (i.e. gas oil or gas, while coal became negli-
gible). However, because multi-family homes are more often heated with fossil fuels (72 per cent), an even
bigger share of the Swiss population (72 per cent) currently lives in buildings heated with fossil fuels (Fig. 39).
While fossil heating systems are, thus, still dominating, heat pumps accounted for about 70 per cent of heating
systems installed in newly constructed buildings during 20112015 (Fig. 40; SFSO, 2017a). Wilest and Partner
(2016) estimate, that in the context of replacements of heating systems in existing buildings, the non-fossil shares
account for about half in the case of one-family homes and for about one third in the case of multi-family homes.
Nine out of ten residents lived in a building with a central heating system serving one or more buildings. Two
per cent of the complete building stock and four per cent of the population are connected to a public district
heating (SFSO, 2017a);

Homeownership rates in Switzerland stay relatively low, as only about 36.4 per cent of households in Switzer-
land lived in their own homes in 2019. While the percentage of homeowners has continuously increased since
1970 (when it was at 28.5 per cent), it is still low compared to other European countries. The low homeownership
rates may, to some extent, represent a hurdle with regard to the modernisation of buildings.

Fig. 38 > Energy reference area in Switzerland between 1990 and 2020.
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8

Newer data at this level of detail is not available at the moment, because the Swiss Federal Statistical Office currently implements a change in source of
data. Moreover, the registry of buildings and apartments may not entirely be up-to-date regarding heating systems, in particular because replacements of
heating systems in existing buildings may not be captured by the statistics of all authorities at the communal and cantonal levels. Accordingly, the provided
numbers may, to some extent, overestimate the current share of fossil energy carriers.
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2.10 Building stock and urban structure

Fig. 39 > Relative distribution of energy sources for heating systems in buildings in 2015.2 Left: Buildings. Right: Population.
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Fig. 40 > Share of the five most important energy sources for heating systems in different construction periods (new constructions).?
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Urban structure

Constrained by the topography, Switzerland’s settlements originally developed along rivers, lakes and valleys — which
formed the major trading routes — as well as on the Central Plateau. The formation of settlements has continued inces-
santly, although not homogeneously in every area due to different factors such as industrialisation and the development
of the rail and road networks. Today, Switzerland’s urban structure may be best described by the term ‘network city’, i.e.
a large number of interconnected ‘nodes’ with high densities of population, goods and information which have an exten-
sive and efficient mutual exchange. As showcased in Fig. 41, agricultural areas and forests are an integral part of Swit-
zerland’s urban structure. Information regarding Switzerland’s population density and the spatial distribution of popula-

tion is provided in section 2.2 (in particular Fig. 4).

Fig. 41> Example of Switzerland’s urban structure (Kloten, Wallisellen, Opfikon, Hard).
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2.11 Agriculture

Switzerland’s utilised agricultural area (excluding alpine pastures) accounted for 1.044 million hectares in 2020, corre-
sponding to 25.3 per cent of the total land surface (SFSO, 2021q). When alpine pastures are included, the agricultural
land surface covers more than a third of the total land surface. The agricultural area (excluding alpine pastures) is culti-
vated according to the shares shown in Fig. 42, with about 70 per cent being grassland. Due to the spread of built-up and
forest areas, the agricultural land surface (including alpine pastures) is steadily decreasing, namely by 7.3 per cent between
1979/1985 and 2013/2018 (Fig. 13).

Fig. 42 > Use of utilised agricultural area (excluding alpine pastures) in Switzerland, 2020.
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According to the Swiss Federal Statistical Office (SFSO, 2021q), the number of farms has decreased from about 111
thousand in 1975 to about 49 thousand in 2020 (Fig. 43). This decrease corresponds to the closure of more than three
farms each day. In concert with the decreasing number of farms, the area per farm has more than doubled since 1975 and
a substantial decrease in employees in the agriculture sector has occurred. While in 1960 still 14.5 per cent of the popu-
lation worked in the agriculture sector, this share decreased to 2.6 per cent in 2020 (SFSO, 2022a).

The large share of grassland implicates that the majority of farms keep ruminants (Fig. 43). Nevertheless, as shown in
Tab. 3, the number of cattle has decreased by 22 per cent between 1990 and 2020, while the swine population has 