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1. INTRODUCTION

1.1 Aim of the research program

This report summarizes the results of a research program that seeks to estimate the possible costs of
climate change for Switzerland at the horizon of 2060. The main goal of this research program is to bundle,
update and complete earlier assessments with a view to producing a full picture of the economic conse-
quences of climate change impacts in Switzerland by 2060. Secondary goals are developments of the
methodology, improvements of the simulations models, and updating of the SWIDCHI-Database, which
provides a public inventory of literature on climate change impacts in Switzerland. Particular emphasis is
put on examining uncertainties and the role and nature of adaptation, as well as identifying cross-sectoral
and international effects that are transmitted via trade. The results should also be useful for the Federal
Office for the Environment (FOEN) in developing the federal adaptation strategy and in preparing the con-
sultation documents for the next revision of the CO; Act.

1.2 Background

For Switzerland as for other continental regions, climatologists expect a temperature increase much higher
than the global average (Swiss Academies of Arts and Sciences 2016). Even up to 2011, Switzerland has
experienced an increase by 1.7°C since the beginning of institutionalized temperature measurements in
1864, while the average on-land warming in the northern hemisphere amounted to 1.1°C (Perroud & Bader
2013). Under these circumstances, it is necessary to inquire about climatic effects in Switzerland and their
economic magnitude. Understanding these effects is a prerequisite for developing adequate adaptation
strategies, with the objective to reduce damages and to reap opportunities of climate change.

Despite this, there has been little research that would include attempts for monetization over a long period
of time. One of the reasons is the complexity and heterogeneity of the subject: Many sectors are involved
in very different ways, requiring different types of analyses. This includes e.g. areas as diverse as

e the assessment of hydrological changes and their effects on various sectors including electricity genera-
tion and agriculture,

e projections regarding the spread of vector-borne diseases,

e investigations on how high temperatures affect the human body, crops and other plants, and even bio-
diversity,

e the economic valuation of changes in human mortality, biodiversity and scenic beauty,

e the assessment of changes in energy demand for heating and cooling,

e the prediction of tourist flows in winter and summer seasons under changing climatic conditions,

e projections regarding the incidence of various natural hazards and an assessment of their consequenc-
es.

In general terms, climate change impacts to a given actor at a given place and time are functions of:
1) Exposure, defined by IPCC 2007a as the 'nature and degree to which a system is exposed to significant

climatic variations';



2) Sensitivity of the system, 'the degree to which a system is affected, either adversely or beneficially, by
climate-related stimuli' (IPCC 2007a);

3) Adaptive capacity, the 'ability of a system to adjust to climate change (including climate variability and
extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the
consequences' (IPCC 2007b).

Although IPCC 2007a defines the impact of climate change with adaptation as 'vulnerability', we prefer to
use the clearer expression of 'impacts with adaptation' for this report.

Any meaningful statement with regard to economic effects needs to rely on a thorough understanding of
the physical impacts of climate change and how these impacts will affect the availability of resources and
the biological cycle. Uncertainties arise in natural sciences, in the social sphere and in economic valuation.
The monetization of non-market goods, such as biodiversity or scenic beauty, is particularly challenging.
Although valuation methods exist, they have usually not been applied to the areas and impact indicators
that are relevant in this report. Another difficulty of projecting economic effects to the future is that eco-
nomic activities are dynamic and will adapt to climate change in order to offset its negative effects,
although the actual degree of adaptation is hard to predict. Research on adaptation to climate change is
still a rather young discipline: As the original research focus in climate economics was on mitigation, large
research programs on adaptation were only initiated in the 2000s.

1.3 State of the art

Although Meier 1998 made a first crude attempt to monetize the possible impacts of climate change in
Switzerland, it was not before 2007 that the first considerable and encompassing estimation of the costs of
climate changes for the Swiss economy was conducted by Ecoplan and Sigmaplan, commissioned by FOEN.
The study focused on direct impacts of climate change in Switzerland, while another study (INFRAS/Ecolog-
ic/Rutter und Partner 2007) estimated the consequences for Switzerland of climate change impacts occur-
ring in the rest of the world. These were the last all-encompassing economic assessments of the possible
consequences of climate changes for Switzerland to date.

The Ecoplan/Sigmaplan 2007 study took uncertainty explicitly and quantitatively into account, using a
Monte Carlo simulation approach. It estimated that there would be hardly any impacts by 2030 and
moderate impacts until 2050 (0.15% of GDP), but that they would grow substantially until the end of the
century, to reach 0.5% of GDP with a large margin of uncertainty, from 0.15% to 1.6%. The authors
attributed 40% of that uncertainty to that of the climate scenarios and 60% to the translation of these
scenarios into economic losses.

Important caveats of the analysis are the following:

e There was no valuation of impacts in several sectors including agriculture, summer tourism, landscapes
(e.g. glaciers melting) and ecosystems. Due to lack of information from climate sciences, there was also
no analysis for a number of natural hazards: hail, avalanches, storms, droughts, and forest fires.

e It is generally difficult to take into account large-scale catastrophic risks or the possibility that tipping
points in the climate system might be triggered. Hence, such risks had to be ignored.



e There was no analysis of barriers for adaptation measures, which may have led to overly optimistic
assumptions regarding the implementation of adaptation measures. For winter tourism, in contrast, no
adaptation measures (e.g. artificial snowmaking) were taken into account.

e With the exception of winter tourism, impacts that would be transmitted through price changes and
markets were neglected.

Since the 2007 studies, new climate scenarios were developed (CH2011) and new impact studies were
published. The most important of these are:

e Swiss Confederation 2012a was a first global assessment of the challenges facing all policy fields
(referred to as sectors) of Switzerland due to climate change impacts. The assessment of the impacts is
qualitative, based on published results and expert statements. The report did not attempt to estimate
the costs of climate change impacts, but to identify priorities for action. It was elaborated by ten feder-
al offices and other units and designed as first part of the national adaptation strategy. The second part
of the strategy is an action plan for the 2014-2019 period with 63 measures that the federal offices
should take to seize the opportunities created by climate changes, to reduce risks and to increase the
adaptive capacity of society, the economy and the environment (Swiss Confederation 2014).

e The CH2014-Impacts report presents research advancements for various sectors individually, such as
tourism, agriculture and energy demand. They translate the climate scenarios CH2011 into quantitative
impacts for the cryosphere, hydrology, biodiversity, forests, agriculture, energy use and health. Very
few of these impacts are expressed in monetary terms.

e Comprehensive economic assessments of risks induced by climate change were completed in a series
of cantons that were selected to be representative of a main geographical region of Switzerland. The
selected cantons are Aargau, Uri, Basel-Stadt, Geneva, Graublinden, Ticino, Fribourg, and Jura.

Many economic sectors are affected by climate change, e.g. health, agriculture, forestry, water manage-
ment, energy supply and demand, tourism, buildings and infrastructure. In recent years, many advances in
assessing climate impacts have been made for each of these sectors. These advances are acknowledged in
chapter 3.

1.4 Structure of the report

The remainder of the report is organized as follows: Chapter 2 describes the general methodology and sets
priorities for model enhancement. Chapter 3 is organized by climate sensitive area: health, buildings and
infrastructure, energy, water management, agriculture, and tourism. Within each sectoral sub-chapter, we
present the existing literature as well as our modeling approach and input data. We show the results of the
simulations of impacts in the respective area and discuss these results. Chapter 4 presents an overview of
the main results and concludes.
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2. METHODOLOGY

2.1 Asector-based top-down approach

Different approaches can be taken to analyze the impacts of climate change in an economic setting, which
all have their advantages and shortcomings. Approaches can be descriptive, semi-quantitative (e.g. multi-
criteria analysis), or quantitative (bottom-up, partial equilibrium, general equilibrium, macroeconomic /
econometric models).

The cantonal case studies indicate that climate change (CC) impacts should not just be considered individu-
ally, but also in their interactions. A striking result of these studies (as was also emphasized in the latest
IPCC assessment report) is that for individual sectors, socio-economic changes and uncertainties are often
more important than climate uncertainties and impacts. These considerations call for an integrated
assessment of CC impacts, combining as much as possible of the predicted climate modifications and as
much as possible of expected socio-economic trends into a coherent model of the Swiss economy. Based
on the analysis of existing research gaps, we choose to investigate the subject with the help of a general
equilibrium framework and present options to model climate change impacts and adaptation within that
framework.

The ability to compare results and educate each approach by another is of utmost importance. With this in
mind, we opt for an approach which builds up information and model inputs sector by sector, such that, at
least in principle, information from all kinds of studies can be integrated into the analysis. Of course, this is
hardly possibly without any consistency issues, although we build our approach as much as possible on
sources which use the same or similar scenarios as well as compatible methods. The need to combine
sources with at times very different methodological backgrounds is a reflection of the state of affairs in the
research on the impacts of climate change: After many years of using crude macroeconomic estimates,
more detailed sector by sector approaches to determine economic impacts of climate change are still rela-
tively new. At the same time, the field involves many sectors, individual impacts, determinants and uncer-
tainties. As a consequence, the research field will remain lively and challenging for many years to come.

In the current project, we want to build on the existing literature, but take things further with a more
comprehensive quantitative assessment. We use a general equilibrium approach, because intersectoral
dependencies, feedbacks within the economy, and international impacts are crucial for the analysis of
impacts of climate change in Switzerland. Yet, to keep the effects of the many impacts traceable, we simu-
late the economic impacts separately for six different impact areas: health, buildings and infrastructure,
energy, water management, agriculture, and tourism. This includes the effects which the impacts in these
areas exert on other sectors. In addition, we simulate all of the modeled impacts jointly to determine inter-
action effects as well as crude projections of potential overall economic impacts.

Indeed, due to the fact that sectors compete for factors of production and that the outputs of some sectors
might serve as intermediate inputs for other sectors, the impact of climate change on one sector of the
economy might have noticeable effects on related sectors. Also, domestic CC impacts could be small for
some sectors. However, due to international trade, significant impacts of climate change in other countries
could be transmitted to Switzerland and have non-negligible effects on the economy.
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Computable General Equilibrium (CGE) models are based on neo-classical economic theory and model the
whole economy and hence take into account feedback between the different economic agents. They are
used widely for the analysis of climate change mitigation policies, both national and international (de Bruin
et al. 2009; Aaheim & Schjolden 2004). They have also been used for some specific analyses of sectoral
climate change impacts (Faust et al. 2012; Ciscar & Dowling 2014; Eboli et al. 2010).

CGE models have their disadvantages. Firstly, they are not forecasting models: They provide orders of
magnitude, direction and distribution of effects rather than precise numerical results. We believe, however,
that, due to the uncertain nature of climate change, this is adequate anyway. Secondly, CGE models require
a lot of data. When analyzing OECD countries, input-output tables are usually available. For the analysis of
climate change, however, we may sometimes lack data on specific impact valuation. As any other quantita-
tive assessment, CGE models struggle with non-market effects of climate change. Their valuation is difficult
and based mostly on stated preference methods (contingent valuation, conjoint analysis, or choice model-
ing) or revealed preference methods (travel cost, hedonic price, or other market price methods).

In what follows, we show how the impacts of climate change in Switzerland can be estimated with our
multi-regional CGE model GEMINI-E3. We start by presenting the scenarios that we simulate.

2.2 Scenarios

2.2.1 Reference case

To simulate the evolution of the economy until 2050, GEMINI-E3 uses projections of population growth,
gross domestic product (GDP) and energy prices, as well as assumptions on electricity generation.

2.2.1.1 Demography

We use the evolution of the Swiss population as defined by the A-00-2015 scenario from the Federal Statis-
tical Office (FSO 2015). In this publication the population is projected up to 2045; we extrapolate the popu-
lation up to 2060 assuming that its growth rate between 2045-2060 will be the same as the one projected
for the period 2040-2045 (i.e. 0.27% per year). Table 1 gives the evolution of the Swiss population. In 2060,
10.6 million inhabitants are projected to live in Switzerland.

Table 1: Swiss population
('000, January 1)

2015 2030 2040 2050 2060
Swiss population 8239 9’467 10014 10°292 10’578

For the rest of the world, assumptions on population are based on the latest forecast by United Nations
2015. We use the "median-fertility variant". In 2060, the world population reaches 10.2 billion inhabitants.
In comparison to the scenarios of the IPCC’s Special Report on Emissions Scenarios SRES (IPCC 2000), this
number is higher than in scenario A1B (8.5 billion), but lower than in scenario A2 (12.1 billion).
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2.2.1.2 GDP growth

For Switzerland, GDP growth is forecasted by the State Secretariat for Economic Affairs SECO by multiplying
the labor force (coming from the demographic scenario) with a labor productivity increase of 0.9% per
year. For the rest of the world, we apply a similar methodology. We use the GDP growth rates projected in
the World Energy Outlook (WEQ) 2015 of the International Energy Agency (IEA 2015) up to 2040. After
2040, we multiply the labor force by labor productivity based on what is retained by the IEA for the period
2013-2040. Table 2 shows the resulting GDP growth rates used in the reference scenario. These inter-
national growth rates are in between those of the SRES scenarios A2 (low growth) and A1B (high growth).

Table 2: Annual GDP growth rate
(%)

2014-2020 2020-2030 2030-2040 2040-2050 2050-2060

CH Switzerland 1.7 1.3 1.1 0.9 0.8
EU European Union 1.8 1.7 1.5 1.4 1.3
USA USA 2.5 2.0 2.0 2.0 1.9
OECD Canada, Japan, Norway, Australia, 1.8 1.7 1.5 1.3 1.2
New Zealand
BRIC Brazil, Russia, India, China 6.1 4.2 3.6 3.3 3.1
ROW  Rest of the World 3.2 4.9 4.1 34 2.9
World World 3.0 3.0 2.7 2.5 2.4

2.2.1.3 World energy prices

Assumptions concerning energy prices are drawn from the World Energy Outlook 2015 of the International
Energy Agency (IEA 2015). The scenarios presented in this report assume, for the sake of simplification, that
no stringent climate policy is implemented. Therefore, we retain the IEA scenario called "Current Policies
Scenario". The predictions of the IEA stop in 2040. After that, we assume that energy prices will continue to
grow at the same rate of the last decade. Table 3 shows the energy prices used in the reference scenario.
The oil price and the price of imported gas in Europe are assumed to reach 198 USS/barrel and 16.7
USS/Mbtu in 2060, respectively.

Table 3: Fossil fuel import prices
(USS of 2014 per unit, WEQ’s 2015 Current Policies Scenario)

2014 2020 2030 2040 2050 2060

IEA crude oil imports (barrel) 97.0 83.0 130.0 150.0 172.2 197.7
Natural gas EU imports (MBtu) 9.3 8.1 12.5 13.8 15.2 16.7

2.2.1.4 Electricity generation

In May 2011, the Federal Government decided, after the devastating earthquake in Japan and the nuclear
disaster at Fukushima, to gradually decommission all nuclear power plants. The strategy is to decommission
the five nuclear power plants when they reach the end of their service life and not to replace them with
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new ones. However, the Swiss Government does not fix the end of their lifetime. The operator of the
Mihleberg power plant already decided to cease all electrical generation in 2019. For the four remaining
power plants we decided to use a maximum lifetime of 60 years, although their actual lifetime may be
shorter. Table 4 shows the assumed operating lives of the 5 existing nuclear power plants that have been
introduced in GEMINI-E3.

Table 4: Operating life of Swiss nuclear power plants

Nuclear power plant Operating life
Beznau | (365 MWe) 1969-2029
Beznau Il (365 MWe) 1971-2031
Mihleberg (373 MWe) 1972-2019
Gosgen (985 MWe) 1979-2039
Leibstadt (1190 MWe) 1984-2044

2.2.2 Climate scenarios

For the sake of comparability, we base our analysis on the three scenarios used in CH2011 and CH2014-
Impacts: A1B, A2 and RCP3PD. Figure 1 shows the assumed global greenhouse gas emissions pathways and
the corresponding projected mean temperature changes for Switzerland (average of 2070-2099 relative to
the average of 1980-2009) as presented in CH2011.
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Figure 1: Pathways of past and future anthropogenic greenhouse gas emissions and projected annual
mean warming for Switzerland for the 30-year average centered at 2085
(Source: CH2011)

A1B and A2 are alternative non-intervention scenarios which were originally developed for the IPCC’s
Special Report on Emissions Scenarios (IPCC 2000). A2 assumes high population growth and continued use
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of fossil fuels. In contrast, the A1B scenario assumes rapid economic growth and high technical progress.
This reduces the dependence on fossil fuel and slows down population growth in the second half of the
century. For 2060, the year which this analysis mainly considers, temperature differences between A2 and
A1B are very small.

The RCP3PD scenario originates from the more recent Representative Concentration Pathways (RCP) family
of scenarios, which were used for the simulations of the IPCC’s 5th Assessment Report (IPCC 2013). RCP3PD
is an ambitious climate mitigation scenario, which has a 2/3 likelihood of limiting global warming to 2°C
above the preindustrial level.

To allow for a meaningful CGE analysis, the basic socioeconomic assumptions in GEMINI-E3 are not modi-
fied between scenarios and remain in accordance with the reference case described in section 2.2.1 above.
This can be viewed as an inconsistency with the IPCC’s SRES approach, but it is necessary to avoid that
differences in results arise mainly because of differences in socioeconomic assumptions rather than due to
that impacts of climate change which we are interested in.

For each of the three scenarios, we simulate impacts for a range of climate outcomes which include — next
to the medium projected climate — the upper and the lower end of the range. In CH2011, the upper and
lower values formally correspond to the 95% confidence interval generated by the climate model simula-
tions. However, the interpretation in CH2014-Impacts is different: “This range captures true climate uncer-
tainty incompletely, due to the limited number of climate models used and incomplete coverage of the
relevant processes in the climate system and their respective scientific uncertainties. Based on expert
judgment informed by the current state of climate science, CH2011 recommends the following interpreta-
tion of the climate uncertainty range: the expected chance that actual observed values will fall between the
upper and the lower values is two in three for temperatures, and one in two for precipitation.”

Please refer to CH2011 for further information on the scenarios and the corresponding changes in climate.

2.3 Modeling approach

2.3.1 The Model GEMINI-E3

The GEMINI-E3! model, is a multi-sectoral multi-regional recursive-dynamic general equilibrium model
(Bernard et al. 2008). It has been used widely for the analysis of energy and climate-related issues, includ-
ing: an assessment of the impact of a warming climate on energy consumption in buildings for Switzerland
(CH2014-Impacts 2014), as well as an analysis of the impact of climate change on heating and cooling on a
global level (Labriet et al. 2013). Coupled with a geographical information system, GEMINI-E3 has helped
assess economic impacts of sea level rise (Joshi et al. 2013). It has also been further developed to analyse
the impact of climate change in Switzerland for the water, tourism, energy and agriculture sectors (Faust et
al. 2012 and 2015; Gonseth et al. 2015). We build on this know-how, and improve it, to assess the impacts
of climate change in Switzerland.

General Equilibrium Model of International-National Interactions between Economy, Energy and the Environ-
ment. A detailed description of the model can be found on the model webpage http://gemini-e3.epfl.ch.
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GEMINI-E3 is built on the energy disaggregated input-output table of Nathani et al. 2011 for Switzerland,
and on the GTAP-8 dataset for the other regions of the world. The disaggregation of sectors (Table 5) and
countries (Table 2) can be chosen to best suit the required analysis, provided that sufficient data are avail-
able.

Table 5: Sector classification in GEMINI-E3

1 Coal 12 Land transport

2 Qi 13 Water transport

3 Natural gas 14 Air transport

4  Petroleum products 15 Insurance

5  Electricity 16 Health

6  District heating 17 Other services

7  Grains and oil seeds 18 Winter overnight tourism
8  Other crops 19 One-day winter tourism
9 Livestock 20 Other forms of tourism
10 Forestry 21 Water

11 Industry

2.3.2 Modeling issues in the context of climate change impacts

This section addresses general issues with modeling climate change impacts in a CGE framework. For
descriptions of the specific modeling approaches that we have taken in the different sectors, please consult
chapter 3.

2.3.2.1 Impacts of climate change

From an economic point of view, climate change can impact sectors in different ways. The productivity of
natural resources necessary for production could be affected, as for example in the agriculture, forestry,
winter tourism, or energy sectors. The final demand could be modified, e.g. for the tourism, health and
energy services. Finally, climate change can also lead to losses of capital due to natural hazards, or a change
in total labor or labor productivity.

The way climate change impacts have to be modeled in GEMINI-E3 differs from one sector to another and

depends on:

1) The way the given sector is impacted by climate change; whether it is mainly through natural resources'
or factors' productivity, changes in demand and/or loss of capital or labor;

2) The extent to which information and data are available for the modeling.

Depending on the above, different modeling options can be contemplated:

e To model a natural resource such as temperature, precipitation or snow cover as a factor in the
production function, which is modified by climate change. The effect is felt through a substitution in
factors of production and a possible reduction of output.

e To exogenously modify a sector's output and/or demand.

e To introduce an exogenous productivity shock on capital or labor.

e To apply a generic sectoral damage function.
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Climate change impacts also household welfare, for example through the loss of scenic beauty, mortality
risks, changes in health quality and other notions entering a broad definition of well-being. These notions
are difficult to monetize and hence do not often enter welfare functions of CGE models, which are often
based mostly on consumption of market goods and services, for which data is readily available in input-
output tables.

2.3.2.2 Adaptation

Adaptation measures are numerous and can be undertaken by either public or private actors or both.
Chapter 17 of the Fifth IPCC report (Chambwera et al. 2014) provides the following characterization of
adaptation measures and actors to which they are usually linked:

e “Altered patterns of enterprise management, facility investment, enterprise choice, or resource use
(mainly private)

e Direct capital investments in public infrastructure (e.g., dams and water management—mainly public)

e Technology development through research (e.g., development of crop varieties—private and public)

e Creation and dissemination of adaptation information (through extension or other communication
vehicles—mainly public)

e Human capital enhancement (e.g., investment in education— private and public)

e Redesign or development of adaptation institutions (e.g., altered forms of insurance—private and
public)

e Changes in norms and regulations to facilitate autonomous actions (e.g., altered building codes, tech-
nical standards, regulation of grids/networks/utilities, environmental regulations—mainly public)

e Changes in individual behaviour (private, with possible public incentives)

e Emergency response procedures and crisis management (mainly public).”

Autonomous (private) adaptation can be a very efficient form of adaptation. However, it is important to
investigate whether private adaptation will reduce impacts of climate change to an optimum level, or
whether anticipatory public adaptation is necessary, and to what degree. Public intervention is furthermore
needed to reduce barriers to adaptation and to care for equity.

The Swiss economy is composed of many sectors, which all have their peculiarities and may be very differ-
ent in terms of exposure, sensitivity, and adaptation options. Contrary to mitigation, where the principal
solution lies in burning less fossil fuel (the most important exceptions being land use change and forestry as
well as carbon capture and storage), adaptation to climate change takes many forms depending on the
sectors and actors it relates to. Indeed, adaptation in the health sector is quite distinct to adaptation in the
energy sector, for example. This makes the representation of adaptation within a modeling framework
challenging.

Also, contrary to mitigation, adaptation is a long-term issue. In some instances, adaptation can be built into
the economic development of sectors, for example by taking into account climate change in the replace-
ment of capital. In these situations, differentiating/isolating adaptation to climate change from normal
(adaptive) evolution is a difficult task. Moreover, if adaptation is fully integrated in the sector's develop-
ment, it might not incur much additional cost.
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A core issue is how to identify the net benefit of adaptation; more specifically, how to define a scenario
'without' adaptation to be compared with a scenario including adaptation. It would not be realistic to
remove all adaptation. Indeed, in everyday life, we adapt to changing environments even without climate
change. Removing all adaptation capacities from the agents would amount to unrealistic 'dumb farmer"
assumptions? and lead to the overestimation of the impacts of climate change (OECD 2004).

As per their assumptions on representative agents' behaviour, CGE models naturally include price-induced
(endogenous/private) adaptation (Aaheim et al. 2012). For example, if the price of a given good increases,
agents will, to a certain extent, substitute away from that good. As this process is completely endogenous
and central to the working of markets, it is impossible to 'turn it off' entirely in an economic model. That
makes it very difficult to estimate all the benefits of adaptation to climate change, because it is nearly
impossible to estimate the damages without any adaptation whatsoever. It would be possible to prevent all
substitutions in the model, but this would also prevent 'normal life' adaptation to normal economic
changes and thus massively overestimate the costs of climate change without adaptation.

2.3.2.3 International effects

International effects might be important and possibly have a greater impact on the Swiss economy than
domestic effects of climate change, as Faust et al. 2012 have shown in the case of winter tourism. It is
therefore worthwhile to model international effects as exhaustively as possible. The most obvious
approach is to assume, for the other countries, changes in factor productivity or sectoral outputs through
exogenous constraints. This requires sufficient data on the likely impacts of climate change for all
important countries. The Swiss economy is affected by what happens abroad through terms of trade
effects.

2.3.2.4 Uncertainty

Uncertainty is inherent to climate science. It is actually present in every field (natural sciences, economics,
etc.) and applies to exposure, sensitivity, and adaptive capacity. With uncertainty at every stage, there
arises the question of how the uncertainties combine along the chain of effects. They need not simply 'add
up'. The question of how to deal with uncertainties in a CGE framework is complex. Two standard
approaches are Monte Carlo simulations and scenario comparisons spanning the full uncertainty range
('low', 'middle' and 'high' scenario).

Following the approach taken in CH2014-Impacts, we build on the ranges of results for each scenario
presented in CH2011. There, the upper and lower values correspond to the 95% confidence interval gener-
ated by the climate model simulations, but following the current state of climate science, these ranges
need to be interpreted with more caution (CH2014-Impacts). The expected likelihood that the observed
values will fall within the range between the upper and the lower values might be two thirds for tempera-
tures and 50% for precipitation.

2 The 'dumb farmer' cultivates the same crop even after climate conditions are no longer suitable. This is a
metaphor for any agent impacted by climate change who would not change his production or consumption
patterns in order to mitigate the consequences of climate change.

18



Impacts presented in this report come with additional uncertainties from the socioeconomic sphere. This
reduces further the likelihood that the actual impacts will fall into the presented range. We do not presume
to be able to quantify this effect. Certainly, readers should keep in mind that “upper” and “lower”
corresponds to the climate-related values presented in CH2011 and CH2014, but do not mark upper and
lower bounds for the possible impacts of climate change.

2.3.3 Priorities for model enhancement

Much still remains to be done when it comes to modeling the impacts of climate change. For this project,
we have had to set priorities with respect to the areas where we are able to enhance modeling approaches.
Among many options, we have selected matters which, according to other studies or previous own re-
search, could be expected to be important in terms of impacts and feasible in terms of data availability and
within the limitations of our modeling approach.

The following is a short overview. The actual modeling approaches are described in chapter 3.

GEMINI-E3 has the important advantage to be a world trade model. This is ideal to simulate impacts of
international price changes on Switzerland. These are potentially strong effects which are neglected in
other climate impact studies on Switzerland, with the exception of the input output approach of INFRAS et
al. 2007. We have identified two main areas where international price effects could have sizable impacts on
Switzerland: agriculture and electricity trade. The challenge is to simulate the price impacts in the different
world regions.

We have previously worked on the climate change impacts on winter tourism (Faust et al. 2012, Gonseth &
Vielle 2012a, Gonseth 2013, Matasci et al. 2013). In all of these works, impacts on summer tourism were
neglected, although these impacts are potentially large. We have thus decided to adapt the model struc-
ture such that impacts on summer tourism can be simulated. This is another topic where international
interdependence is important. We had to find ways to simulate impacts on tourism in the different regions
of the model and to consider the interaction between these impacts and changed international tourism
flows.

There is the concern that more frequent and possibly stronger extreme events increase damages through
natural hazards. As climate change is more a story of increased risk rather than of average changes, this
concern may well be relevant. On the other hand, climate model uncertainties and the tremendous natural
variability imply that at present climate scientists cannot confirm quantitative assessments which would
significantly deviate from impacts without climate change. This seems to call for neglecting the impacts of
natural hazards in the economic modeling of climate change. However, such impacts can still be considered
using a scenario approach. It informs about what impacts can be expected when we assume a certain
increase in frequencies of extreme events. We have thus decided to implement scenario approaches for
storms and floods and to modify the model such that it is able to represent the related damages.

Some of the other areas do not require structural changes to the model as compared to prior analyses.
They do however require updates of data inputs. These areas include winter tourism, energy demand for
heating and cooling, water management for irrigation, and the impact of hot summer days on labor
productivity.
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3. CLIMATE-SENSITIVE AREAS

3.1 Health

3.1.1 Literature-based assessment

3.1.1.1 Exposure

A major part of climate change (CC) impacts on health comes along with extreme weather events, such as
heat waves, droughts and floods. Changes in the prevalence of extremely cold periods can also have an
effect. Other impacts originate from the gradual changes in climate, such as the rise in average tempera-
ture and changes in precipitation and other weather patterns. These gradual changes influence, for exam-
ple, labor productivity, accidents, and the size and distribution of natural habitats for plants and animals
that can be relevant to human health.

According to the literature, heat waves constitute the highest risk to human health in Switzerland
(OcCC/ProClim 2007, Ecoplan/Sigmaplan 2007). Extremely high temperatures affect human health primarily
via cardiovascular diseases and respiratory health problems. The summer of 2003 in Switzerland, which has
been described as the warmest summer in at least 250 years, led to a rise in mortality of about 1000 addi-
tional mostly elderly persons (Grize et al. 2005). During the heat wave in summer 2015, about 800 mostly
elderly people died due to heat stress (FOEN 2016).

Floods and droughts are serious threats to life, too, and in addition may lead to psychological distress
among those who are affected by such a considerable menace to their existence. On the other hand, also
very low temperatures and related weather events such as freezing and icing, as well as prolonged snowfall
and avalanches involve deadly risks.

Food security can be an issue: In the presence of insufficient cooling capacities and a lack of experience
with food preparation under the conditions of higher summer temperatures, the risk of infections and
diarrhoea increases.

An important impact of rising temperatures are infectious diseases and vector-borne diseases which spread
to regions where they were not known before. In Switzerland, the incidence of the tick-borne encephalitis
is probably the most prominent issue in this respect. However, predictions are uncertain, since ticks like to
settle in an environment where summers are warm and winters are mild, but retreat when it gets too hot
and too dry (FOPH/FOEN 2007). Another potential risk lies in the growing spread of the tiger mosquito, an
efficient vector of at least 22 arboviruses, dengue, chikungunya and west nile being the most prominent
among them. Distribution is expected to increase in the future, because today large parts of central and
Mediterranean Europe are a suitable habitat for the species already (ECDC 2012). Climate change facilitates
this process (Petrini et al. 2012), but is only one contributing factor besides more important influences such
as international trade and travel habits.
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Because of rising average temperatures, pollen production in some plants might change as well as the
geographic distribution and the growth periods of allergenic species in general. This concerns the health of
all those who are particularly sensitive, and it may increase the prevalence of asthma.

Air pollution is another factor for human health which changes with the climate. Sunshine duration is a
major determinant for tropospheric ozone formation, also known as summer smog. Tropospheric ozone
aggravates respiratory diseases and can cause immediate respiratory problems. Other air pollutants, nota-
bly particulate matter, accumulate especially during periods of inversion, which are expected to increase.

3.1.1.2 Sensitivity

The vulnerability to extreme heat waves depends on the age structure of the population, because very high
temperatures can cause a substantial rise in mortality particularly among elderly people (Grize et al. 2005).
The case studies for the cantons Zirich and Basel-Stadt (Econcept 2013, INFRAS/Egli Engineering 2014) add
the share of urban areas to the picture, since the main reason for health problems during heatwaves is the
lack of night-time relief (IfW 2007), and this is more common in cities where there is only little open and
green space (heat island effect). Furthermore, many people who died during the summer 2003 lived in
residential homes for the elderly which were not sufficiently air-conditioned. Hence, the degree of air-
conditioning in those facilities is an important indicator for the sensitivity to climate change impacts on
health. This applies to impacts on labor productivity as well, with air-conditioning in the workplace being
one effective — although energy-consuming — option for adaptation.

The potential for damages originating from vector-borne diseases is intensified by various global trends
which favor the spread of pathogens and vectors (Sutherst 2004). Worth mentioning here are population
growth, urbanization, global trade and travel, particularly between climate zones, and movements of refu-
gees. Growing trade with livestock and animal feed increases the risk of animal diseases and thus, the dan-
ger of a spread of pathogens to humans.

Since all health problems might at some stage require a visit to a doctor or hospital, the general state of the
health care system is fundamental. As a high income country, Switzerland should be prepared whenever
extreme weather events and related health problems occur. On the other hand, the high death toll of the
2003 heat wave indicates some scope for improvement. The case study for canton Basel-Stadt (INFRAS/Egli
Engineering 2014a) points to the already prevailing scarcity of medical doctors in Switzerland.

3.1.1.3 Impacts without adaptation

Despite the large number of described factors that can possibly contribute to health impacts of climate
change, the available studies refrain from a quantitative assessment for most of them. Primarily, this is due
to the high level of uncertainty that is associated with the task of projecting their influence into the future.
For many determinants, there is a lack of unambiguous quantitative evidence even for today, e.g. concern-
ing the interrelation between allergies and respiratory diseases. The case studies for the cantons face as an
additional difficulty the need to disaggregate existing national data to their regional level.

INFRAS/Egli Engineering 2014a (case study Basel-Stadt) choose a comprehensive approach by integrating a
large amount of influences and taking up the task of economic valuation. A fully quantitative analysis is
conducted for the rise of mortality and the productivity loss during heatwaves only, but many other deter-

21



minants, which are first explored only qualitatively, are also monetized. However, specific margins of
uncertainty remain for each factor, represented on a 4-point scale. The synthesis of all negative and posi-
tive impacts of the rise of average temperature, when estimated in monetary terms, add up to an incre-
mental (largely immaterial) cost of 532 to 1°164 million CHF in 2060 for the canton as a whole (depending
on the climate scenario). The examined health determinants contribute as much to this impact as the
increase of sensitivity incorporated in a socioeconomic scenario. Thus calculated, health impacts represent
in this study the highest damage cost of all investigated sectors. This is also confirmed by the case studies
for the cantons Aargau and Uri.

3.1.1.4 Adaptation

Since heat waves constitute the biggest threat to human health in the course of climate change, sugges-
tions for adequate adaptation concentrate largely on measures to reduce temperatures inside buildings.
Possible action includes detailed consideration of heat management in architecture and retrofitting of
existing buildings with sufficient air-conditioning. However, the latter needs to take into account require-
ments of low energy consumption. CO, mitigation measures which aim to increase the cost of energy use
might conflict with health issues here. Residences for elderly people and hospitals have to be improved
first.

Education and other forms of information are other important measures to reduce health impacts in the
future. The high mortality during the heat wave of 2003 induced several campaigns intended to provide the
public with suitable instructions (e.g. FOPH/FOEN 2007). The high mortality in summer 2015 implies that it
is not clear whether these measures were successful in all regions. In the future, the need for education will
comprise information on new diseases, new insects and probably safer ways of food conservation. Another
field are leisure-time activities that could become more dangerous if the incidence of avalanches increases,
which is, however, not yet predictable from current data. A current research project at the University of
Basel investigates the consequences of the 2003 heat wave, e.g. political measures that have been taken
since then and their likely effectiveness in reducing the death toll of a similar event in the future (Urbinello
& RO6sli 2014).

A special way of adaptation occurs without involvement of any political or private stakeholder: the adapta-
tion of the human body itself to a warmer climate. In this field, solid findings are scarce and more research
has to be done to understand how fast and effective such adaptation would be. It can be reasonably
assumed, however, that the potential of this form of adaptation is rather low (Hanna and Tait 2015). For
example, Astrom et al. 2013 discover a non-existent influence of adaptation on heat-related mortality in a
30-year period in Stockholm, Sweden.

3.1.1.5 Impacts with adaptation

Only the Ecoplan/Sigmaplan 2007 study calculates human health impacts with adaptation. It provides
guantitative estimates for two indicators: additional mortality and loss of productivity of the workforce
during heatwaves. For the period to 2050, no substantial impacts are predicted. This sharply contrasts with
the findings of the much more recent cantonal case studies, which regard health effects as important.
Apart from the fact that these latter studies use the newer CH-2011 climate scenarios, incorporate more
indicators and apply different algorithms for mortality and productivity loss, the difference may result from
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adaptation. Ecoplan/Sigmaplan 2007 assume full air-conditioning for all indoor workplaces and an improve-
ment of air-conditioning in residential buildings. In addition, that study assumes that emissions of precur-
sors of tropospheric ozone are substantially reduced.

3.1.2 Modeling and data

3.1.2.1 Impacts, adaptation measures and effects to be included in GEMINI-E3

Data availability and the challenge of monetization are the key issues when including health effects in a
CGE analysis. This may be the reason for the fact that by today there is no CGE-based impact study on
Switzerland which tries to accomplish this. Table 6 shows studies from the international literature which
apply CGE models and incorporate health impacts.

Considering data availability for Switzerland, the integration of three health impacts in our model is
considered as feasible. Each of them can be attributed to very high temperatures during summer months:

. Excess mortality from cardiovascular and respiratory diseases due to heat stress,
. loss of productivity of the workforce due to heat stress, and
. increased health expenditure through hospitalizations for respiratory diseases due to heat stress.

Table 6: International literature that incorporates health impacts into CGE models for impact assessment

Source Model Country / Time horizon Included health impacts
World region

Jorgenson et al. 2004 IGEM USA 2050, 2100 cardiovascular and respiratory diseases,

0zone exposure

Bosello et al. 2006  GTAP-E World 2050 cardiovascular and respiratory diseases,

(8 regions) diarrhoea, malaria, dengue fever and
schistosomiasis
Eboli et al. 2010 ICES World 2100 infectious diseases, cardiovascular and
(8 regions) respiratory diseases

Reilly et al. 2012 MIT IGSM World 2020-2100 respiratory diseases due to ozone
(16 regions) pollution

Bosello et al. 2012  ICES World 2050 heat stress
(14 regions)

Ciscar et al. 2014 GEM E3 Europe 2071-2100 heat stress, respiratory & cardiovascu-
(comparative (5 regions) lar diseases, renal failure, food and
static) water-borne diseases

OECD 2015 ENV Linkag- World 2060, post- heat stress, cold stress, vector-borne
es, AD DICE (25 regions) 2060 (more diseases (malaria, schistosomiasis and
(for post- stylized) dengue), diarrhoea, cardiovascular and
2060) respiratory diseases

3.1.2.2 Knowledge base and data sources

To estimate climate-induced changes in mortality and morbidity, empirical exposure-response functions
are needed as input. These functions depict statistical relationships between a specific human health
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impact and climate change variables, e.g. maximum temperature. Data from Switzerland is the first choice
here, but the small amount of national data available in this field means that in some instances results for
other countries or larger regions need to be adopted. For each individual case, the advantage of broaden-
ing our model analysis has to be weighed carefully against the probable increase of inaccuracy.

3.1.2.2.1 Mortality

The relationship between mortality and temperature has been analyzed in various studies which differ
widely in methodology and reach quite heterogeneous conclusions (e.g. Franchini & Mannucci 2015;
Curriero et al. 2002; Yu et al. 2012). Data on the empirical correlation between hot days and mortality and
morbidity for European regions is available from the PESETA Il project and is based on pooled estimates
from various epidemiological studies (Paci et al. 2014). A distinction must be made between single hot days
and extended periods of extreme temperatures. Heat waves increase mortality and morbidity risks above
the overall summertime burden of heat (as shown in Anderson & Bell 2009 and Hajat et al. 2006). There-
fore, the correlations described below cannot capture heat wave effects as observed in Switzerland in 2003
and 2015. In addition, the climate scenarios do not cover extreme events, which led to the conclusion that
the two types of impacts should better be analyzed separately (see section 3.1.3 and the box on heat waves
at its end).

A caveat of our exposure-response functions is of the same kind as the main restriction of Paci et al. 2014:
It is based on an epidemiological meta-study which uses apparent temperature as indicator (see Baccini et
al. 2008). That concept includes relative humidity and wind speed in order to get a more realistic picture of
the impact of temperatures on human beings. By using maximum temperature as a proxy for apparent
temperature, an underestimation of future impacts is likely in relatively humid regions, which include most
of Europe.

3.1.2.2.2 Productivity

Regarding productivity loss on hot days, we follow the pragmatic approach of the cantonal risk studies,
which defined a single temperature threshold and a uniform depreciation of physical and mental capacity
on days with maximum temperature above the threshold (see INFRAS/Egli Engineering 2014a and 2014b).
This approach builds upon findings from IfW 2007 and Bux 2006. The IfW 2007 study sees mental and phys-
ical impairment starting at 26°C, whereas Bux 2006 estimates a loss of productivity between 3% and 12% at
temperatures between 26°C and 36°C.

3.1.2.2.3 Health expenditures

The international literature on the relation between climate change and health expenditures is rather
scarce (see overview in CH2014-Impacts and Bosello et al. 2006). A recent contribution for Switzerland is
the CH2014-Impacts study. Looking at disaggregated data with a high spatial resolution, interrelations with
weather data are calculated and applied to the climate scenarios A1B, A2 and RCP3PD. The CH2014-
Impacts study estimates correlations of varying significance between pharmaceutical sales, doctor visits
and hospitalizations and daily mean temperature in periods of different length between 1998 and 2012.
Additional warm days lead to increases of 0.3% to 0.5%, but because of restrictions imposed to secure
sensitive health data, no operational relations can be derived from there.
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Similar to mortality, we base our exposure-response functions on Paci et al. 2014 who show a linear rela-
tion between daily maximum temperature above certain thresholds and hospital admissions due to respira-
tory diseases. The hospital admissions can be monetized with health statistics data from Switzerland. The
need of further research in this field is illustrated by the fact that a relation between high temperatures and
hospital admissions due to cardiovascular diseases is not found to be significant so far, although it exists for
mortality (Paci et al. 2014).

3.1.2.3 Model assumptions and parameters

3.1.2.3.1 Climate scenarios

For the assessment of climate change impacts with the previously described data, we need projections of
daily maximum temperature. The CH2011 climate scenarios provide projections of temperature and precip-
itation. We restrict our analysis of the impacts of climate change on human health to the potential relation
of maximum daily temperature and health effects. The CH2011 scenarios are designed relative to the
reference period 1980-2009, for three emission trajectories (RCP3PD, A1B, and A2) and for three 30-year
projection periods centered around 2035, 2060, and 2085. Since the initial publication in 2011, the scenari-
os were complemented with various extension series covering additional projections, mainly to close gaps
the first series left with regard to temporal resolution, regional resolution and GHG scenarios (Bosshard et
al. 2015; Fischer et al. 2015 and 2016). For our model analysis, we need the data to cover daily maximum
temperature in Switzerland as a whole for all three scenarios RCP3PD, A1B, and A2 and the period 2010-
2060. None of the publications above fulfill these requirements entirely. Thus, we had to treat the available
data to fit our spatial and temporal resolution.

Adjusting spatial resolution to model requirements

The datasets with a temporal resolution of daily maximum temperature are provided on a regional or local
level only — just like all the other scenarios. There are no values for the country as a whole. Three different
datasets are available:

a. By assessment of a probabilistically generated joint multi-model projection: all three scenarios
A1B, A2, RCP3PD (upper/medium/lower) and five regions which cover Switzerland completely.

b. Based on 10 individual combinations of a global climate model with a high-resolution regional
climate model (RCM; so-called GCM-RCM model chains): all three scenarios A1B, A2, RCP3PD
and 188 stations with the results of the 10 models displayed individually.

C. Based on 20 individual GCM-RCM model chains: gridded daily change signal for temperature
and precipitation in Switzerland. All three scenarios A1B, A2, RCP3PD (upper/medium/lower)
are covered with a grid size of about 2x2 km.

All scenarios consist of daily change signals and need to be combined with observations from the reference
period 1980-2009. The resulting values represent the expected future climate for a given scenario period.
Historical meteorological measurement data can be obtained from MeteoSwiss. Available gridded data
covers the whole country, but since health impacts can only occur in inhabited areas, this is not a meaning-
ful data set for health impacts. The data portal IDAweb3 from MeteoSwiss provides values from meteoro-

3 https://gate.meteoswiss.ch/idaweb
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logical measuring stations in Switzerland, whereby a continuous coverage of the reference period is avail-
able from 69 stations.

MeteoSwiss offers three different selections of stations suitable to represent the Swiss climate. The largest
set consists of 24 stations, but includes municipalities in high altitudes with a rather small population. Data
from these high altitude stations reduces the average of daily maximum temperature to an extent which is
inappropriate for the aim of our study. The other sets comprise 12 and 8 stations, respectively. We take the
second largest set of 12 stations to account for variability and cut out three stations at altitudes higher than
1000 meters above sea level: Davos (1594 m), La Chaux-de-Fonds (1018 m) and Samedan (1709 m). To
account for this, we weighted the results of the exposure-response functions with the share of the Swiss
population living in municipalities with center-coordinates of below 1000 meters above sea level (97% in
2015%). The nine stations representing Switzerland in our study are: Basel/Binningen, Bern/Zollikofen,
Geneéve-Cointrin, Locarno/Monti, Luzern, Neuchatel, Sion, St. Gallen, Zurich/Fluntern.

The historical data for each day must be combined with the delta change signal from the climate scenarios
in order to obtain future temperatures. Daily data of the average maximum temperature of the above 9
stations is taken from dataset b. It displays the results of 10 GCM-RCM model chains. For each day, the
values for upper/medium/lower are selected individually, whereby ‘medium’ represents the average value
of the 10 delta signals.

Adjusting temporal resolution to model requirements

The three scenario periods cover 30 years each, but none of these corresponds with the required timescale
2010-2060. The scenarios represent the expected future climate for a given scenario period as a whole and
should generally not be used for other periods. However, in order to match the model time horizon, we
had to combine as a first step the two 30-year scenario periods centering around 2035 and 2060. This
resulted in an incongruent time series with an interrupted continuity at the turn of the year 2044/2045.
Both problems were tackled by adjusting the daily change signals of all years except 2060. The adjustment
factors were calculated with the aid of the only continuous time series from the CH2011 scenarios (Fischer
et al. 2015). The dataset covers thirteen consecutively shifted future periods (shifted by 5 years) for 2010-
2039, 2015-2044, until 2070-2099. Unfortunately, it displays no daily data, but seasonal means of delta
signals for daily maximum temperature for the evaluation points 2020, 2025, ..., 2085. The spatial resolu-
tion is regional, i.e. five regions covering Switzerland as a whole (West, East, South, West of the Alps, East
of the Alps). We determined the required Swiss values as average of the regions, whereby the two Alpine
regions were omitted for the same reason that we cut out meteorological stations at high altitudes from
the historical data. The continuous dataset includes results from 10 individual model chains from which the
values for upper/medium/lower were derived also in the same manner as for the historical data.

The adjustment factors for the daily change signals of the total of 9 climate scenarios (A1B, A2, RCP3PD
with upper/medium/lower) were calculated in order to match the trajectory path of yearly means with the
continuous dataset. The years between the evaluation points were interpolated linearly. Since the spatial
resolution differs, only the trajectory paths are the same after the modification, not the absolute values at
the evaluation points as would be the case with identical spatial resolutions.

4 Own calculation with data from the Federal Statistical Office (FSO).
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3.1.2.3.2 Mortality

The data from Paci et al. 2014 displays linear relationships between the number of days with daily maxi-
mum temperature above a certain threshold and the increase in mortality. The thresholds are differentiat-
ed by two European regions (North Continental, Mediterranean) and two settlement patterns (urban,
rural), while for the %-changes of mortality a distinction is made between the two regions, three age
brackets (0-64, 65-74, 75+) and two diseases (cardiovascular and respiratory).

This dataset provides a reasonably useful opportunity to adapt the findings to Switzerland. The cantons
Ticino and Valais were assigned to the Mediterranean region, the rest of Switzerland to the North Conti-
nental region. The share of population in urban and rural settlements were obtained from the population
statistics of the Federal Statistical Office (FSO).

For each day with a maximum temperature 1°C above the threshold, the %-changes from Table 7 were
applied to age specific causes of death from cardiovascular and respiratory diseases per day. This data was
taken from FSO (5 year average 2014-2010). The different affectedness of men and women by the two
diseases has been taken into account. These figures were held constant throughout the time horizon of the
model. However, the distinction of three age groups in Table 7 was used to incorporate demographic
change and the rising vulnerability to heat-related mortality in the future because of an aging population in
Switzerland. The medium demographic scenario 2010-2060 from FSO 2010 was used to include projected
changes in size and relative share of the two groups of men and women. The impact of climate change is
calculated by applying the data from Table 7 to the historic temperature series in the reference scenario
and deducting the result from the mortality which is associated with the projections from the climate

scenarios.

Table 7: Exposure-response functions for temperature related mortality
(temperature threshold = 24.09°C; source: Paci et al. 2014 and own calculations)

Percentage increase in number of cases per 1°C
increase above threshold per age group

0-64
Cardiovascular disease 0.95
Respiratory disease 2.77
65-74
Cardiovascular disease 1.33
Respiratory disease 3.58
75+
Cardiovascular disease 2.34
Respiratory disease 6.08
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3.1.2.3.3 Productivity

Following the Cantonal case studies, we reduce the range of temperature thresholds to a single value and
set the productivity loss on a day with maximum temperature of 30°C or higher at 7%. This does not take
into account how long or how far above the threshold temperature rises, which may lead to an underesti-
mation of the impact. On the other hand, we do not consider any depreciation in physical or mental capaci-
ty in the temperature range from 26°C and 30°C, which points in the opposite direction. We assume that
economic activity is distributed evenly over the 365 days of a year and that every member of the workforce
is affected in the same manner independent of the location of the workplace (indoor/outdoor) or effects of
air-conditioning.

The impact of climate change is calculated by deducting the number of hot days in the reference scenario
from the respective numbers in the climate scenarios. This method omits any (additional) impact on a day
with a temperature of e.g. 30°C in the reference case raising with climate change up to e.g. 36°C. This is due
to the fact that there is no reliable data about the possible increase of productivity loss on such a day,
although it seems reasonable to assume it. From this perspective, the results on productivity loss could be
underestimated.

3.1.2.3.4 Health expenditures

The data from Paci et al. 2014 on temperature-related hospital admissions due to respiratory diseases is
organized similarly to the data on mortality. For adaptation to Switzerland, an identical procedure is being
followed. The resulting exposure-response functions are depicted in Table 8.

Table 8: Exposure-response function for temperature-related hospital admissions
(temperature threshold, i.e. daily maximum temperature = 27.25°C;
source: Paci et al. 2014 and own calculations)

Percentage increase in number of cases per 1°C
increase above threshold per age group and day

0-64

Respiratory disease 2.77
65-74

Respiratory disease 3.58
75+

Respiratory disease 6.08

Data on annual hospital admissions by diagnosis and age are available from FSO. Again, a differentiation
between men and women is taken into account and held constant at the average of the 5-year period of
2010-2014. Since we expected a rather low effect of climate change on hospital admissions, we refrain
from incorporating demographic change. The monetization is made with the cost of a hospitalization in
Switzerland for respiratory diseases per day in the benchmark year 2008, differentiated by two age groups
(0-64: 951 CHF, 65+: 1’249 CHF; source: FSO and own calculations).

The CC impact on health expenditures as measured by the indicator ‘hospital admissions due to respiratory
diseases’ is very low. In 2060, the annual number of additional hospitalizations which can be attributed to a
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temperature rise because of climate change is less than 400 in the age group 65+. This causes additional
health expenditures of about 4 mio CHF, which is below 0.006% of total health expenditure in 2060. Con-
sidering this, we do not include this impact in the model simulations.

These results are in line e.g. with the comprehensive OECD 2015 study. That study includes vector-borne
diseases (malaria, schistosomiasis and dengue), diarrhoea, cardiovascular and respiratory diseases, where-
as the assessment for cardiovascular diseases comprises both cold and heat stress. Additional demand for
health services is very small in regions other than developing countries. In Canada and large EU countries
such as Germany and France, the effect of climate change is even negative, because of the dominant role of
cardiovascular diseases. They are favorably affected by warmer winters, which leads to a reduction of over-
all health care costs.

3.1.3 Results

3.1.3.1 Mortality

Table 9 shows the additional premature deaths which can be attributed to climate change in 2060. For the
A1B and A2 scenarios, about 650 premature deaths are estimated for the medium case, whereas the upper
extremes with 928 (A1B) and 877 (A2) reach the level of excess mortality caused by the heat waves of 2003
and 2015. It has to be emphasized that, as previously specified, these figures show the number of prema-
ture deaths caused by the two diseases on days with maximum temperature above certain thresholds.
Although they do not cover heat wave effects, which arise during a period of consecutive days with high
temperatures, in the high emissions scenarios excess mortality reaches a level in 2060 which today is
touched only by exceptional heat waves.

Table 9: CC impacts in terms of premature deaths due to cardiovascular and respiratory diseases

(in 2060)
RCP3PD Al1B A2
Lower Medium  Upper Lower Medium Upper Lower Medium Upper
Premature
deaths 213 380 533 403 662 928 337 641 877

3.1.3.2 Productivity

Table 10 depicts the results of the CGE simulations with respect to productivity loss on hot days, the latter
defined as days with a maximum temperature of 30°C and above. It shows that high temperatures are
going to have tangible effects on the economy in the course of climate change. In the RCP3PD scenario, the
decrease of household consumption due to productivity loss is still relatively small, ranging from 0.09% at
the lower bound to 0.23% at the upper bound. However, at the upper ends of the A1B and A2 scenarios, it
reaches more than 0.4% of household consumption. As mentioned above, these figures are to be seen
against the background that the impact of climate change may actually be higher, because on days with
temperatures already above the threshold in the reference scenario, no further depreciation of physical or
mental capacity is taken into account if climate change leads to much higher temperatures.

29



Table 10: Climate change welfare impacts due to productivity loss
(% of household consumption in 2060)

RCP3PD AlB A2
Lower Medium  Upper Lower Medium Upper Lower Medium  Upper
Benefit -0.09 -0.17 -0.23 -0.17 -0.31 -0.41 -0.14 -0.31 -0.42
Heat waves

The integration of impacts of heat waves into the model simulations faces several methodological complex-
ities centering around monetization and uncertainties regarding the future incidence of heat waves. Data
for a rural and an urban area in Austria is delivered by Moshammer et al. 2006 and Moshammer et al. 2007.
These analyses investigate the impact of heat waves on mortality and use ‘Kysely days’ as definition for
heat waves (= a consecutive period of at least three days with a daily maximum of at least 30 degrees). Paci
et al. 2014 also estimate a ‘heatwave’ effect on mortality and morbidity. However, an important caveat is
that the CH2011 climate scenarios are not suitable to project extreme weather events like the heat wave of
2003, which on the other hand are accountable for a high portion of total excess mortality. A possible solu-
tion would be the extrapolation of the impacts from 2003 with the climate scenarios by defining the
respective probabilities for the occurrence of an identical extreme event in the future (the probability of an
event i is inverse value of the return period of /). The advantage of this approach is that the matter of
monetization is easier to resolve in the case of a historic event. The data availability for a single historic
event can be expected to be better than for more universal exposure-response functions. For example,
briefly before the finalization of the report, a comprehensive analysis of the 2015 heat wave has been
published (FOEN 2016). Our research concluded in three health related impacts: mortality, productivity and
health expenditures.

Mortality

The most important impact of the heat wave of 2003 is a mortality rate of about 1’000 premature deaths
(Grize et al. 2005).

Productivity

We already simulated productivity loss on hot days in the model by using a simplified approach (-7% of
overall productivity on each day with a maximum temperature above 30°C). However, analyzing a single
extreme event provided the opportunity for a more elaborated concept. The most common indicator in the
international literature is the Wet Bulb Globe Temperature (WBGT). It is a heat exposure index (unit = °C)
based on physiological models of the body’s response to heat. It is created from three measurement
values: the natural wet bulb temperature (measured with a wetted thermometer exposed to wind and heat
radiation), the black globe temperature (measured inside a 150 mm diameter black globe), and the air
temperature, commonly referred to as ambient temperature, which is measured with a standard ther-
mometer shaded from direct heat radiation (Lemke & Kjellstrom 2012). Based on health standards for
workers, Costa et al. 2016 present several exposure-response functions and differentiate for work intensity
and indoor vs. outdoor workplaces (see Table 11). It is possible to display the effect of a heat wave with this
data, because gradually rising outdoor and indoor temperatures result in a growing productivity loss.
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Table 11: Worker productivity at different work intensities
(US standards for non-acclimatized workers, NIOSH; source: Costa et al. 2016)

Worker Light work Moderate work Heavy work
productivity (intensity: 180W) (intensity: 295W) (intensity: 415W)
(per hour) WBGT °C WBGT °C WBGT °C
100% 27.5 25.0 22.5

75% 29.0 26.5 26.5

50% 30.0 28.0 28.0

25% 31.0 29.0 29.0

WBGT is not a common measurement value at meteorological stations. However, there exist some algo-
rithms which approximate WBGT with standard data, but biases remain which are hard to determine
because of non-linear relations (amongst other reasons; see Lemke & Kjellstrom 2012). We choose the
algorithm by Liljegren et al. 2008 which uses air temperature, wind speed, solar radiation and relative
humidity to calculate WBGT. Data from MeteoSwiss allows for an analysis on an hourly basis for the work-
time (8-12 and 13-17 hours) and for the three months June-August 2003 at the 9 stations representing
Switzerland in our study. Table 12 shows losses projected onto the full year:

Table 12: Productivity loss due to heat stress in Switzerland 2003

(in %)
Outdor Indoor
(non-acclimatized workers) (non-acclimatized workers)

Light work Moderate work  Heavy work Light work Moderate work  Heavy work
(intensity: (intensity: (intensity: (intensity: (intensity: (intensity:
180W) 295W) 415W) 180W) 295W) 415W)

0.03 1.01 2.10 0.0 0.0 0.0

There is no simple explanation for the low level of impacts, which seems to contradict intuition. In the first
half of August — the core of the hot summer of 2003 —, WBGT in the hottest hours of the day is far below air
temperature, because relative humidity is between 30 and 40% and reduces WBGT. Solar radiation which
has the opposite effect, is included in outdoor WBGT, but excluded in indoor WBGT.

In order to bypass potential imprecisions of the approach, we decide to go back to the simplified function
of a general productivity loss of 7% at an ambient temperature of 30°C and above. However, other than
with the climate scenarios, we could base our analysis of the historic event in 2003 on hourly data, thus
avoiding the simplification of assigning the whole day to the maximum temperature. Similar to above, we
include only working hours. For the year 2003, we estimate the overall productivity loss at 0.28% for
outdoor workers and 0.03% for indoor workers.
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Health expenditures

Paci et al. 2004 present exposure-response functions for hospital admissions which encompass a heat
wave-effect. We already used this source in section 3.1.2.3.4. The temperature threshold is the same as
without heat wave-effect, but the percentage changes on days with temperatures above the threshold are
much higher. Apart from respiratory diseases, the functions include also renal failure.

We apply the meteorological data from the summer of 2003 and add the population forecast for the year
2060 in order to integrate the increasing vulnerability to heat wave stress in an ageing society. This results
in about 2’500 additional hospitalizations in 2060 from a heat wave like 2003. This equals to additional
health expenditures of 15-20 mio. CHF.

Return period

Regarding the return period, the minimum requirement for the integration of the impact of the summer of
2003 into our simulations is an estimation for the year 2060 for any of the climate scenarios. Figures for the
other scenarios could be obtained by assuming a linear relation of the incidence of heat waves and maxi-
mum temperature and by applying the temperature signal from the CH2011 scenarios to scale the return
period to A2, A1B and RCP3PD.

However, the international literature on return periods of heat waves and the possible rise in the course of
climate change is rather scarce. Existing information is flawed by high uncertainties, differing definitions,
time horizons and climate scenarios, and partly contradicting results.

For Switzerland, estimations from MeteoSwiss project (FOEN 2016) the return period of a heat event of at
least 7 consecutive days with a maximum temperature of 30°C and above at four Swiss meteorological
stations (Basel, Geneva, Lugano, Zurich). For the A1B scenario in the year 2055, the mean of the four cities
is rated at one such event per year. However, the benefit of this result is limited by the fact that the heat
wave of August 2003 was much longer than 7 days (14 days).

Christidis et al. 2014 estimate return periods for the summer of 2003 in Europe, defined as a temperature
anomaly of +2.3°C relative to 1961-1990. An important caveat is that the study defines the European region
from 30-50°N, with 50°N crossing the middle of Germany and 30°N crossing Northern Africa (the city of
Cairo). Applying this to Switzerland most likely overstates the results, but it remains unclear how far.
However, the projections of the study point in the same direction as the data from MeteoSwiss: a heat
wave like 2003 is more or less a common event in the forthcoming climate of 2060. For the high emissions
scenario RCP8.5, Christidis et al. 2014 expect 2003 being more of a cold event instead of an extreme heat
event.

The conclusion from these findings has to be that the monetized impacts for the 2003 heat event are a far
too low estimation for an extreme heat event in 2060. This leads us to abandoning the intention of includ-
ing extreme heat events in our simulations. For the latter, it would be necessary to define an extreme heat
event for 2060 and know the return periods of this event under the different climate scenarios. Also, we
would need to be able to estimate expected damages for this extreme event. These are eminently
important tasks for future research which can, however, not be performed within the scope of this report.
Certainly, the impact of an extreme heat event in 2060 will be far above the level that was experienced in
2003. This will be challenging particularly with respect to mortality.
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3.2 Buildings and infrastructure

3.2.1 Literature-based assessment

3.2.1.1 Exposure

Climate change impacts on buildings and infrastructure predominantly originate from the growing inci-
dence of extreme weather events such as heavy and/or prolonged precipitation, hail, and windstorms.
However, projections of the changes in frequency or magnitude of these events are especially difficult,
because of competing physical mechanisms and a weak statistical basis (for windstorms, see e.g. Schwierz
et al. 2010). Hence, the CH2011 scenarios do not include extreme events, but some qualitative conclusions
are drawn: heavy precipitations are expected to become more frequent in the winter, whereas the same
prediction for windstorms is less robust according to existing data. Changes in the incidence of hail are not
being projected, since the spatial scale of these events is too small (CH2011).

Floods and/or heavy rainfall can cause damages to basement floors and ground floors of buildings, and to
houses located at slope positions or in basins. A changing seasonal pattern of river runoff will likely increase
the risk of floods during winter (CH2014-Impacts). Intense snowfall is a potential hazard particularly to
large buildings with flat roofs, but occurrence is expected to decrease because of a receding snow line.
However, the incidence of avalanches might grow at least in higher altitudes, but projections at local scales
are still rather uncertain. Avalanches as well as landslides and rockfall pose a threat to buildings and infra-
structure within reach. The same applies to bedload in watercourses, which can damage buildings and
infrastructure close to rivers and streams. The thawing of the permafrost raises the risk of mudslides and
rockfall especially during heatwaves.

One area of marked infrastructure damages from natural hazards concerns the rail system, because it
cannot provide alternate routes during blockage as easily as the road network (OcCC/ProClim 2007).
Increased precipitation and strong winds during winter cause service disruptions mainly through falling
trees, landslides and rockfall. Track buckling, which requires a reduction of train speed, can arise from very
high temperatures during summer.

3.2.1.2 Sensitivity

Future trends in population growth and employment as well as spatial development are major determi-
nants of the vulnerability of buildings and infrastructure to climate change (OcCC/Proclim 2007). Population
growth often leads to the expansion of settlements into areas that are more exposed to flood risks. In this
context, the study for the canton Basel-Stadt (INFRAS/Egli Engineering 2014a) points to the growing use of
basements in cities.

The more commuters are travelling between home and workplace each day, the higher the requirements
with regard to the functioning of the rail and road networks. Capital accumulation, rising prices for real
estate and increasing construction costs for buildings and other infrastructure lead to higher impacts from
natural hazards even without the influence of climate change. Repercussions from CO, mitigation measures

33



occur when retrofitting and insulation enhance the value of houses, but also when buildings are equipped
with components such as solar energy modules which are vulnerable to strong winds or hail.

Topographical characteristics contribute to the sensitivity towards natural hazards, too. Avalanches, mud-
slides, rockfall and bedload are risks that are particularly prevalent in the mountainous parts of Switzerland.
In many cases, these incidents appear in areas that are sparsely populated, which reduces impacts.

3.2.1.3 Impacts without adaptation

Estimating the specific impacts of CC on buildings and infrastructure is a particularly challenging task,
because damages are primarily due to natural hazards, the evolution of which in the course of climate
change is still highly uncertain. Furthermore, the scope of extreme weather events such as violent storms,
hail, and heavy rainfall is often geographically limited. Hence, the bulk of the impact studies confine analy-
sis in this field to the investigation of sensitivities (e.g. INFRAS/Egli Engineering 2014a and 2014b).
Ecoplan/Sigmaplan 2007, however, follow a quantitative approach for the risks of floods by picking a typical
event: They estimate the change in return periods of the event until 2050 and extrapolate the impacts to
the country level under the assumption of economic growth. According to a case study from Tyrol (Austria),
which incorporates land use and economic development into an analysis of CC impacts through flood risks
by 2030, the impact of climate change is rather small, whereas urbanization and economic development
constitute a substantial factor (Thieken et al. 2014). Schwierz et al. 2010 couple regional climate models
with an operational insurance loss model, thus combining meteorological and insurance aspects of storms
(e.g. vulnerability affected by spatial settlement patterns). The study considers climate change by employ-
ing the A2 emissions scenario for the period 2071-2100. For Switzerland, Schwierz et al. 2010 project a rise
in annual expected losses of 1-year storm events of about 19% (see further discussion in section 3.2.2.1.1
below).

3.2.1.4 Adaptation

Climate change adaptation in the field of buildings and infrastructure is hard to distinguish from protection
against natural hazards in general, because protective measures are often guided by the requirements of
extreme events. This means that in many cases, the measures that need to be taken are also going to tackle
additional risks that arise from climate change. Adaptation essentially means reducing vulnerability to risks.
Large scale operations designed to reduce the incidence of natural hazards, such as flood protection facili-
ties, embankments, safety nets or catching fences against avalanches and rockfall are important elements
in this respect. However, they represent only a small part of the possible measures. The Swiss adaptation
strategy specifies numerous activities that aim to improve identification and monitoring of possible perils
(Swiss Confederation 2014): Intensifying research on the origin of hazards, improving forecasts of extreme
weather events, creating hazard maps that include the influence of climate change, implementing new
policies that promote the consideration of natural hazards in urban and regional planning, monitoring of
particularly endangered areas, and installing warning systems (e.g. for floods or windstorms) are the most
important activities. Another set of measures is intended to enhance precaution and handling of natural
perils and comprises e.g. information and education of the public in order to improve self-responsibility and
to broaden the knowledge of rescue organizations.
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3.2.1.5 Impacts with adaptation

The study for the canton Basel-Stadt (INFRAS/Egli Engineering 2014a) highlights the difficulty of distinguish-
ing CC impacts with and without adaptation when it comes to natural hazards. In the city of Basel, a flood
of the Birsig, a tributary of the Rhine, may cause a damage of CHF 500 million in the case of a 100-year
event. It is very likely that authorities will take appropriate measures to reduce this substantial threat and
that these will also cover possible impacts of climate change without being attributable to climate change
adaptation. As a general rule, not only construction costs, but also the maintenance costs of adaptation
infrastructure need to be taken into account. While attributing construction costs to climate change is diffi-
cult, because CC does not necessarily drive the need for protection against natural hazards, climate change
may still raise operational demands for constructions and therefore cause higher maintenance expenses.

The Ecoplan/Sigmaplan 2007 report proposes estimates for CC impacts through floods with and without
adaptation, but adaptation costs are estimated rather roughly. Adaptation reduces the expected damage in
2050 by 30% to 60%. A flood model calculation by Swiss Re (Hausmann et al. 2012) points at possible
adverse effect of adaptation: enhanced flood protection could attract more settlements and urbanization
into the protected areas, with the effect that the occurrence of an extreme event that exceeds the protec-
tion level could lead to higher damages than without adaptation.

3.2.2 Modeling and data

The findings of the regional case studies indicate a large variety of climate change impacts on buildings and
infrastructure (INFRAS/Egli Engineering 2014a and 2014b). They also show the difficulties of monetization
and of attribution to climate change, specifically in the case of storms. Since extreme weather events can-
not be projected with the CH2011 climate scenarios, we restrict our analysis to damages from floods and
storms and include both impacts in the form of sensitivity analyses. Other types of impacts on buildings and
infrastructure are expected to be rather low, as the case studies also indicate. The availability of suitable
data for damage estimation and monetization is generally limited.

3.2.2.1 Knowledge base and data sources

3.2.2.1.1 Storms

We use the storm ‘Lothar’ of 1999 as blueprint for our sensitivity analysis. The Swiss Federal Institute for
Forest, Snow and Landscape Research (WSL) carried out a comprehensive study on the damages of ‘Lothar’,
which is frequently classified as ‘storm of the century’ (WSL/BUWAL 2001). The compiled damages are to
be assigned to the model sectors.

The future incidence of storm events in Europe (especially Switzerland) and even their attribution to
climate change is still rather unclear (Karremann et al. 2014). The aforementioned study on the European
level by Schwierz et al. 2010 includes results for Switzerland. Due to the high uncertainty associated with
projections of storm incidence, the results are to be interpreted with caution. In addition, the underlying
period 2071-2100 stretches further into the future than our study, and only the high emissions scenario A2
is analyzed. On the European level, the expected loss of a 100-year storm event is calculated at 104% above
the reference period, with an uncertainty range from 54% to 154%. For Switzerland, only an estimation of
the 1-year loss (annual expected loss) is available. With 19%, it is below the European average of 44%,
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indicating a possibly lower vulnerability of the country. There is, however, a wide uncertainty range from
50% to even below zero.

3.2.2.1.2 Floods

The sensitivity analysis of the flood risk in Switzerland is based on the flood event of August 2005. It affect-
ed the complete northern rim of the Alps from the river Sarine in the West to the Alpenrhein in the East.
Considering the severity of the damage, it is often described as the most exceptional flood event in the
history of Switzerland. However, this statement has to be seen in relative terms. In the 19*" century several
floods occurred which came close to the 2005 event, depending on the conversion rate of the monetized
damages (Bezzola & Hegg 2007). The same study assembled a detailed enumeration of the damages from
the flood of 2005, which can be used for our sensitivity analysis.

Similar to storms, the future incidence of flood events in Switzerland in the course of climate change
remains indistinct. A correlation of historical data between temperature rise and precipitation in Switzer-
land is found to be significant in winter and summer in CH2011. Spring and autumn show weaker and often
insignificant correlations. On the other hand, Mani & Caduff 2012 estimate %-changes of a 50-year heavy
precipitation event in the A1B scenario in 2060. They divide Switzerland into three regions and find in win-
ter, spring and summer only small increases in the range of 0-4% in the Swiss plateau/Jura and the pre-
Alpine/Alpine region and even small decreases in the South. This is different in autumn, when the 50-year
event is expected to result in a precipitation level 12% above the current level in the Swiss plateau, plus 7%
in the pre-Alps and plus 6% in the South. The CCHydro study (FOEN 2012a) includes no estimations of
extreme events.

3.2.2.2 Model assumptions and parameters

3.2.2.2.1 Storms
For the implementation in GEMINI-E3, we estimate the expected annual cost of event i at year t for sector j

as:

gdp, y 1
9aAp200s returnperiodi

Lj _ ij
Cost,” = Cost,jpgX

where costzoos represents the cost for sector j which event j would have caused had it occurred in 2008; gdp
is the GDP in prices of 2008 (the benchmark year of the GEMINI-E3 model) and return period the return
period of event i for the year t. One over the return period provides an estimation of the probability of
occurrence of event j in year t. This cost is translated into a corresponding production loss through a
decrease of technical progress of inputs used for production.

Table 13 depicts the detailed damages from storm Lothar. All figures are inflated to mio. CHF of 2008 with
GDP growth in current prices. An exception was made for the forestry sector. These damages were trended
with the timber wood price index (source for both: FSO 2016). Furthermore, the growth of the forested
area by 3.2% between 1999 and 2008 is taken into account (source: Worldbank 2016). Table 14 shows the
allocation of the cost elements to the sectors of the model.
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Table 13: Damages from storm ‘Lothar’ (1999) if it had occurred in the base year 2008
(source: WSL/BUWAL 2001 and own calculations)

mio. CHF mio. CHF

Sector 1999 2008
Forest Setup cost and salvage cost minus wood sales 220 276
Wood storage and timber yards 40 50
Loss of value due to lower wood sales 150 188
Rectification of consequential damages (bark beetle) 150 188
Reforestation of storm-afflicted areas 150 188
Repair of infrastructure 50 63
Total 760 954
Ind.lwdual trees and Damage to individual trees (parks, recreation areas) 32 44
fruit trees
Damage to fruit trees 6 9
Total 38 52
Buildings 600 823
Movable objects 127 174
Transport Streets Clearing operations / repair 6 9
Damage to motor vehicles 55 75
SBB Clearing operations / repair 5 7
Other rail . . .
companies Clearing operations / repair 9 12
Cost of replacement buses 2 2
Loss of revenue 3 3
Urban transport Clearing operations / repair 1 1
Mountain railways Clearing operations / repair 8 10
Loss of revenue 39 54
Shipping Damage to ports and banks 22 30
Damage to vessels 17 23
Aviation Damage to airports 3 4
Damage to aircrafts 1 1
Loss of revenue 1 1
Total 170 233
Electricity CIearir.1g operations 57 78
/ repair
Communication Swisscom Damage to fixed-line network 12 16
Damage to mobile network 0 0
Total 12 17
Other economic Operational 17 93
sectors interruption
Total 1'781 2'355
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Table 14: Cost allocation of an exemplary storm event in GEMINI-E3 classification

(million CHF)
Sector Damage from
exemplary storm
01 Coal
02 Oil

03 Natural gas

04 Petroleum products

05 Electricity 78
06 District heating

07 Grains and oil seeds

08 Other crops 9
09 Livestock

10 Forestry 954
11 Industry

12 Land transport 174
13 Water transport 53
14 Air transport 6
15 Insurance

16 Health

17 Services 1'082

18 Winter overnight tourism
19 One-day winter tourism
20 Other forms of tourism
21 Water

Total 2'355

The return period of storm ‘Lothar’ is hard to assess, because meteorological data such as peaks in wind
gusts are not sufficient to explain the enormous damage (WSL/BUWAL 2001). With regard to caused
damage, ‘Lothar’ can roughly be classified as a 100-year event (Munich Re 2002), although in Switzerland
three storms of this category occurred in the 20th century (1967, 1990, 1999; Indermihle et al. 2005). As
described above, a reliable assessment of the influence of climate change on the incidence of storms is not
possible. For our analysis, we follow a pragmatic approach for sensitivity purposes only and assume that
the return period of storm events is increasing during this century and set the return period at 50 years in
2060.

3.2.2.2.2 Floods

The damages from the flood of August 2005 are shown in Table 15. The figures were inflated with the
growth of GDP in current prices to CHF of 2008. Possible influences on the vulnerability to flood events
such as settlement patterns are simply assumed to be constant for the time horizon of the model.
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Table 15: Damages caused by the flood of 21%t/22" of August 2005 in Switzerland

(million CHF; source: WSL flood damage database, Bezzola & Hegg 2007 and own calculations)

Sector 2005 2008*
Physical properties Residential buildings 831 978
Industry, commerce, hotels 705 830
Farm buildings 14 16
Public buildings and infrastructure 26 31
Protection structures 191 225
Other 3 4
Non assignable physical properties 872 1'027
Total 2'643 3111
Transport and
infrastucture Highways and national roads 5 6
Main roads 80 94
Other roads 94 111
Railways 73 86
Transport facilities, poles 4 4
Cables, pipelines 26 31
Non assignable damage to transport infrastructure 18 21
Total 299 352
Forest 2 2
Agriculture 34 40
Total 2'978 3'505

* Inflated from 2005 to 2008 with nominal GDP.
The implementation into GEMINI-E3 follows the same approach as for the storm event. The expected
annual cost of the event i at the year t for the sector j is estimated as:

9dpe_ 1
9dpaoos  Teturn period:

Lji _ Lj
Cost,” = Cost,ypgX

with costzps representing the cost for sector j which event i would have caused had it occurred in 2008;
gdp standing for the GDP in prices of 2008, and return period for the return period of event i for the year t.
The allocation of the costs to the respective sectors of GEMINI-E3 is shown in Table 16.

Measured by areal precipitation of a period of 2 days at the northern rim of the Alps, the return period of
the heavy rainfall which led to the flood of 2005 is estimated at 77 years (90% confidence interval: 30 to
500 years) (Bezzola & Hegg 2007). We make the simplifying assumption that the return period of 77 years is
also applicable to the whole country and set the return period for the sensitivity analysis at 38.5 years (i.e.
77/2).
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Table 16: Cost allocation of an exemplary flood event in GEMINI-E3 classification
(million CHF of 2008)

Damage from
exemplary flood event

01 Coal

02 Oil

03 Natural gas 4
04 Petroleum products 5
05 Electricity 26
06 District heating 1
07 Grains and oil seeds 7
08 Other crops 14
09 Livestock 48
10 Forestry 4
11 Industry 1'129
12 Land transport 373
13 Water transport 1
14 Air transport 8
15 Insurance 37
16 Health 50
17 Services 1'767
18 Winter overnight tourism 3
19 One-day winter tourism 0
20 Other forms of tourism 25
21 Water 2
Total 3'505

3.2.3 Results

3.2.3.1 Storms

Table 17 shows the results of the simulations in GEMINI-E3 pictured as loss of production per sector and
welfare cost for the year 2060 from the assumed change of the return period of a storm event character-
ized by the dimensions described above. The impacts are based on the simulation of sectoral damages of
the exemplary event, divided by the return period of the event in the reference and sensitivity cases
respectively, complemented by general equilibrium effects. Furthermore, in GEMINI-E3, the loss of capital
due to an extreme event such as the exemplary storm increases the Swiss interest rate, which penalizes
sectors with high capital intensity.

The high vulnerability of the forest sector with respect to storm damages is obvious and demonstrated by a
production loss of about 0.61%. Compared to that, all other sectors are only marginally affected, with fluvi-
al transport being one of the sectors confronted with slightly more significant losses (-0.5%). The overall
effect on welfare is -0.01 % in 2060.
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Table 17: Impacts of an assumed change of the return period of an exemplary storm or flood event
(% change of production per sector w.r.t. reference scenario in 2060)

Storm Flood
Natural gas -0.00 -0.06
Petroleum products -0.01 -0.03
Electricity -0.00 -0.03
District heating 0.00 -0.09
Grains and oil seeds -0.01 -0.04
Other crops -0.02 -0.05
Livestock -0.01 -0.06
Forestry -0.61 -0.05
Industry -0.01 -0.07
Land transport -0.01 -0.06
Water transport -0.05 -0.01
Air transport -0.00 -0.01
Insurance 0.00 -0.09
Health -0.01 -0.02
Services -0.00 -0.02
Winter overnight tourism -0.00 0.00
One-day winter tourism -0.01 -0.02
Other forms of tourism -0.00 0.00
Water -0.01 -0.03
Total -0.01 -0.04
Welfare -0.01 -0.03

3.2.3.2 Floods

The impact of the exemplary flood event is higher than the effect of the storm event (Table 17). Although
the employed flood event is larger in damages than the storm event, this has to be interpreted with
caution, especially in light of the high uncertainties associated with the estimation of the return periods.
The assumed return period of the flood event of 38.5 years is 11.5 years shorter than our assumption in the
case of storms, which is another reason for the resulting difference in the impacts. Both effects contribute
to a higher overall welfare loss (0.03%) in our sensitivity due to floods. Significant (production) losses are
reported for the insurance sector (0.09%) and district heating (0.09%). All other sectors are less severely
affected, e.g. industry (0.07%), natural gas (0.06%) or land transport (0.06%).
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3.3 Energy

3.3.1 Literature-based assessment of energy demand

3.3.1.1 Exposure

For energy demand, the literature focuses on the effects of climate change for energy demand for heating
as well as for cooling, due to the expected increase in average temperatures in winter and summer.

3.3.1.2 Sensitivity

Today, approximately one third of Switzerland’s total final energy use is directed towards space heating,
while around 2.5% are used for space cooling and ventilation (Kemmler et al. 2015). The vast majority of
heating energy is provided by oil and natural gas (approximately three quarters). Therefore, Switzerland is
heavily dependent on fossil fuel imports and exposed to their world market prices.

3.3.1.3 Impacts without adaptation

Since far more energy is consumed for heating than for cooling, overall energy expenditure is projected to
decrease with rising average temperatures. The magnitude of this effect depends on the climate scenario
and on the assumed sensitivity of energy demand for cooling to increases in summer temperatures.

Seven cantonal case studies for Aargau, Basel-Stadt, Uri, Geneva, Graubiinden, Ticino and Fribourg (Ernst
Basler + Partner et al. 2013, INFRAS/Egli Engineering 2014a and 2014b, INFRAS et al. 2015, Bergwelten
21/GRF Davos 2015, IFEC et al. 2016, Ernst Basler + Partner/CSD Ingenieurs 2015) agree that climate
change will lower energy demand for heating. For projections into the future, heating degree days (HDD)
produced by MeteoSwiss are used. Heating energy demand is essentially proportional to this indicator (and
similarly cooling degree days CDD for cooling energy demand). The Basel-Stadt case study, an example for
an urban area, estimates a decrease by 12% to 30% depending on the climate scenario. A different case
study, for the largely rural and mountainous Canton of Uri, offers similar values (the lower bound is 15%).
For the Canton of Aargau, which represents a typical canton in the Swiss plateau, the projections are slight-
ly lower (10% to 22%).

The reports expect that energy demand for cooling will increase significantly. The Basel-Stadt case study
estimates an increase by 55% to 140%. Similar numbers can be found in the Aargau case study. The Canton
of Fribourg spans both the Swiss plateau and the pre-Alpine region. The case study conducted for this
canton finds that the relative increase in cooling energy demand is significantly higher in the pre-Alpine
region (+140% in low scenario to +420% in high scenario) than in the Swiss plateau part of the canton
(+48% to 127%). However, this strong difference in relative change is owed to the fact that the level of CDD
is much higher under the current climate in the Swiss Plateau region (178 CDD compared to 31 CDD in the
pre-Alpine region). While the projected increases seem large, today’s energy demand and cost of space
cooling are on a low level, and therefore the increase is expected to be outweighed by the decreasing
energy demand for heating.
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The cantonal case studies do not take rebound effects into account (increasing demand due to lower over-
all costs) nor increasing energy efficiency in new constructions and renovations.

3.3.1.4 Adaptation

The adaptation measures on the energy demand side include improvements in the energy efficiency of
buildings. For example, the Confederation and Cantons are currently supporting the energetic refurbish-
ment of houses (Buildings Programme). Better energy efficiency of buildings helps to ensure that energy
savings that originate from a climate change induced drop in HDDs will not be diluted by rebound effects
(part of the possible energy saving is lost e.g. through higher room temperatures or more frequent ventila-
tion induced by lower energy costs).

A critical question will be whether air conditioning will be allowed more easily in residential buildings as
summers get warmer and to what extent it would penetrate the housing stock — from which it is essentially
banned today — as well as other types of buildings that are not yet equipped with cooling systems. In
anticipation of increasing room cooling penetration, energy efficiency and labeling requirements have been
introduced in Switzerland in accordance with EU regulation (Energieverordnung). Aebischer et al. 2007
estimate that half of the surfaces in the services sector that are not cooled under a scenario without
climate change in 2035 would be cooled under a scenario with 2°C warming in the summer, and that half of
the surfaces that are partially cooled would become fully cooled. Gonseth et al. 2015 extrapolate these
estimates to conclude that 50% of surfaces in the services sector would be fully cooled by 2060 and 35%
partially. In the housing sector, the share of cooled surfaces could increase from 0.6% in 2000 to 2% in
2060.

3.3.1.5 Impacts with adaptation

Winkler et al. 2014 present in the CH2014-Impacts report an examination of CC impacts on the energy
demand side on a national level. A contribution of the study is that it takes into account rebound effects
and projections for the development of the Swiss economy as well as increasing energy efficiency (which is
assumed to be independent of climate change). Despite the different approach, the main result of these
CGE simulations is consistent with the findings of the cantonal case studies: The savings in heating demand
are projected to overcompensate the increasing demand for cooling, such that total energy savings are
expected in the interval of 0.04% to 0.23% of energy consumption for space conditioning.

Gonseth et al. 2015 use the same CGE approach, but a more careful and detailed representation of
rebound effects and scenarios on the penetration of space cooling. They project that the welfare gain from
the net reduction in energy demand for heating and cooling compared to a reference scenario amounts to
0.16% of consumption. That gain would be divided by two by a 20% penetration rate of air conditioning,
not counting the comfort and health benefits of space conditioning.
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3.3.2 Literature-based assessment of energy supply

3.3.2.1 Exposure

On the energy supply side, the literature focuses on the effects of CC on hydropower production through a
change in water flow regimes. Changes in runoff regimes are caused by changes in precipitation schemes as
well as by temperature changes that affect melt water runoff from glaciers and snow cover. Furthermore,
extreme weather events such as droughts and floods are relevant to hydropower production.

In hot summer periods, low water levels and high water temperatures can affect the cooling of thermal
power plants, such as nuclear or natural gas-fired power stations. However, it is yet unsure whether there
are going to be any thermal power plants in Switzerland in 2060.

3.3.2.2 Sensitivity

Hydropower is currently the most important source of electricity in Switzerland: approximately 60% of
Switzerland’s electricity is generated by hydropower plants today. Thereof, 4.4% are produced by pump
storage plants, and the rest is delivered to equal parts by run-of-river and regular storage plants.

The Swiss nuclear power plants will be shut down over the next few decades and not replaced. The strate-
gies for replacement sources of electricity are subject to political debate. Most scenarios include demand
reductions, more wind power and photovoltaics, a small increase in hydropower capacity, and possibly
natural gas plants (Prognos 2012). Hydropower is likely to strengthen its already important role for Swiss
electricity generation.

Electricity supply for Switzerland does, however, not only depend on domestic production. The Swiss elec-
tricity sector is closely integrated with those of its neighbouring countries. This integration reduces vulner-
ability of electricity supply to extreme weather conditions in Switzerland, as it enables the purchase of elec-
tricity on European markets to make up for domestic shortfalls. At the same time, it also establishes a
vulnerability to supply shortages and stability problems in the European grid. Due to the very different
generation technologies used in our large neighbouring countries (currently, coal and nuclear are most
prominent there), such imported risks arise from extreme weather conditions, not from changes in hydro-
logical regimes.

3.3.2.3 Impacts without adaptation

With regard to domestic electricity generation, the effects on the hydrological cycle are examined in the
CCHydro report (FOEN 2012a) and more specifically in the report on the effects of CC on hydropower
production (SGHL/CHy 2011). While these reports investigate physical effects even at a scale of catch-
ments, they have in common that they do not — or only in a very limited manner — quantify the economic
effects.

Economic valuations are presented by the cantonal case studies, which quantify the expected hydropower
production change in 2060 with mixed results. The Aargau case study, for example, projects the expected
economic impact on hydropower production due to a changed precipitation regime to be small in compari-
son to the impacts on the energy demand side. Assuming that its electricity generation will increase
proportionally to the increasing flow of the Argovian rivers, hydropower production is projected to rise by
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0.4% to 2.4% (in the weak and the strong climate change scenarios respectively). Additional costs for
maintenance and infrastructure damage from natural hazards are also expected to be rather small.

Fribourg on the other hand, expects precipitation and hydropower production to decrease by 2.5% (weak
scenario) to 4.9% (strong scenario). Even stronger decreases are projected for the Canton Ticino. This case
study concludes that hydropower might drop by 4.2% (weak scenario) to 6.8% (strong scenario). In Geneva,
no influence is expected from climate change on hydroelectric facilities. Graublinden expects very hetero-
genous effects: While glacier-fed areas are positively affected, other locations might experience little or
even negative impact.

In the Uri case study, the authors assume that annual average precipitation is the measure that determines

hydropower production. Since it is projected not to change significantly for the case of Uri, no change to

hydropower production is expected. This connection is, in general, less clear than one would expect,

because

e heavy precipitation reduces run-of-river hydropower electricity generation,

e taking reservoir capacity limits into account, shifts in seasonal precipitation and runoff patterns could
increase annual generation from existing plants with reservoirs, and

e the changing precipitation patterns are partly overlaid with retreating glaciers with a temporarily
increasing melt water discharge (CH2014-Impacts).

While not considering these two potentially influential effects, the Uri case study reflects the mountainous
topography of the canton by analysing the possible increase in natural hazards:

e damages from mudslides are expected to increase slightly;

e damages from floods in Uri are expected to increase by 5% to 20%, depending on the climate scenario.

The Basel-Stadt case study points out that the increasing occurrence of heat spells might lead more
frequently to events where river water is too warm for cooling purposes, which would affect thermal
power plants (incl. gas combined cycle power plants), if they are built to replace decommissioned nuclear
power plants. Indeed, their demand for cooling water might not always be satisfied during summer
months, considering also that cooling water extraction underlies strict regulation.

In summary, while some seasonal shifts in runoff patterns may occur, the overall effect on hydropower
production is expected to be smaller than the natural variation until 2050. More work is needed to make
the few available valuations more comprehensive: In the existing analyses, electricity prices are assumed to
be constant and market and international effects are ignored. Further important aspects are not or only
qualitatively included in these studies. For example, as mentioned above, a temporary change in glacier
melt water might have significant short-term effects on hydropower production in Uri as well as in other
cantons.

3.3.2.4 Adaptation

Possible direct adaptation measures in hydropower supply include raising dam heights and adding inter-
mediate reservoirs for pumped storage (Gaudard 2014). However, these measures must be balanced
against the protection of natural spaces and landscapes.
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Indirect adaptation mainly includes shifting to other energy sources for electricity production and electrici-
ty imports. Other modes of cooling need to be considered in long-term planning of thermal plants, or
warmer water temperatures need to be taken into account in the location decisions for such facilities.

3.3.2.5 Impacts with adaptation

Gonseth & Vielle 2012b use a computable general equilibrium (CGE) modeling approach to project impacts
including endogenous adaptation. They simulate an annual runoff change of -2.2%°, based on the mean of
four different climate scenarios. Under the assumption that hydropower production is proportional to
runoff, a production decrease of 816 GWh is projected. In the respective scenario, increased electricity
generation from other renewable energy sources and natural gas compensates for this.

3.3.3 Modeling and data

3.3.3.1 Direct effects on energy demand

Next to the international price effects (see section 3.3.3.3), the change in heating and cooling energy
demand is incorporated into GEMINI-E3. This is achieved with the help of the methodology used in Gonseth
et al. 2015. In brief, the heating degree day (HDD) and cooling degree day (CDD) methods sum up differ-
ences between the outside temperature and a given interior target temperature to approximate energy
demand for that particular year. More specifically, HDDs are calculated as follows:

365
HDD(8;,0) = ) my - (0; — O ),

k=1
with 6; being the target heating temperature and 6, ; being the average outside temperature of day k.
However, heating is only necessary if the outside temperature is below a certain threshold temperature,
O¢p. In order to only sum up days with an outside temperature under the threshold, the parameter m,
turns from 1 to 0 if 8, > 6. The specific parameters used in this study are the threshold temperature
O:n, = 12°C and 6; = 20°C, as established by Christenson et al. 2006 and Kirchner et al. 2010. Finally,
energy demand for heating is assumed to develop proportionally to changes in HDD.

The same method with inverse logic can also be applied for cooling energy demand and CDD. Cooling is
only required if outside temperature rises above the chosen threshold of 18.3°C. With the help of a linear
relation, the summed up CDD are then converted to specific electricity demand per surface, Dgp.. Conse-
guently, future cooling energy demand depends on the development of the total commercial and residen-
tial area. A special challenge with cooling energy demand is that the currently low levels of penetration of
cooling technology in Switzerland are likely to increase amid climate change. To incorporate this effect, the
estimation of the future share of cooled space by Aebischer et al. 2007 is used. Putting the pieces together,
total electricity demand from cooling, E, for 2060 is projected using the following equation:

5 However, the more recent CH-2014-Impacts report suggests that the average annual runoff is likely not to
decrease significantly.
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where a/% and aP%"t correspond to the percentage of fully and partly cooled surfaces respectively.
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Figure 2: HDD with O, = 12°C (left) and CDD with 0, = 18.3°C (right) in °C
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Figure 3: Changes of HDD with 0, = 12°C (left) and CDD with 0,,= 18.3°C (right)
(% deviation from reference scenario)

Figure 2 and Figure 3 show the evolution of the HDD and the CDD indicators for the years 2035 and 2060
(Figure 2 in absolute numbers, Figure 3 in % changes with respect to the reference period 1980-2009).

In the reference period, the annual value of HDD is equal to 3'328. In 2060, the HDD is projected to
decrease by between 6.1% and 24.7% relative to the reference period, depending on the climatic scenario.
The scenarios A1B and A2 give similar results, because the respective temperatures do not differ much in
2060. The RCP3PD scenario, which may limit global warming to 2°C, reduces the decrease of HDD by more
than 40% with respect to the other two scenarios. Within the same climatic scenario, the HDD decrease is
multiplied by more than a factor of 2 when we move from the lower estimate to the upper estimate.

In contrast to heating, space cooling needs will increase with climate change as indicated by the CDD
changes. Note the different scaling of the CDD graphs compared to the HDD graphs. The percentage
changes of CDD are much bigger in comparison to the HDD, which comes from the fact that in Switzerland
the CDD for the reference period are quite low (see Figure 2). Within the same scenario, the climate uncer-
tainty (represented by the lower, medium and upper estimates) significantly affects the percentage
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changes. For example, in scenario A1B, CDDs increase in 2060 within a range of 227% to 527%. In contrast
to heating, the changes in cooling needs are not assumed to be proportional to the variations of CDD (see
equation above).

3.3.3.2 Direct effects on energy supply

Switzerland’s current main source of electricity is hydropower. The exact extent of the effect of a changing
climate regime on hydropower generation in Switzerland is uncertain. As already mentioned in section
3.3.2, there might be a shift in seasonality. The effect on production potential aggregated over a year,
however, is likely to range within the current natural variability.

The currently second most important source of electricity, nuclear power, might face a decreasing produc-
tivity due to less available cooling water during heat spells. Stronger than this direct effect of climate
change, however, will be the political decisions taken to shape the future of the nuclear power sector.
While the Swiss Parliament reached a consensus on the phasing out of nuclear power, no shut down dates
were set.® Beyond that, the shape of the post-nuclear electricity system is also yet to be determined.
Especially interesting and relevant from an economic point of view are the thereby implied policy schemes
for new power plants. As the future Swiss electricity mix strongly depends on these decisions, it is hard to
predict what number and what type of thermal power plants Switzerland will possess in the future. Hence,
the level of the exposure of Swiss power plants to a decreased availability of cooling water is subject to
great uncertainty.

To sum up, the Swiss electricity production sector is characterized by many unknowns not only regarding
the physical effect of climate change, but also with regard to political matters. For that reason, and because
the expected impact of these issues is rather low, they are omitted from modelling.

3.3.3.3 International price effects

As Switzerland is a landlocked country and possesses considerable capacity for international power
exchange’, development of electricity prices in the neighboring countries also affect Swiss prices and ulti-
mately demand. For this reason, we incorporate the development of the electricity prices of Switzerland’s
European neighbors into GEMINI-E3. As input data, the results from the POLES model run by Dowling 2013
are used (see Table 18). It uses a partial equilibrium cost-based approach and states relative climate change
cost impacts for individual European countries. Furthermore, the model is run under two climate scenarios®
and with four different climate models. Incorporated into Dowling’s 2013 model are both supply and
demand side climate effects. On the supply side, the following climate change effects are modelled:

e Efficiency decrease of thermal power plants due to a lack of cooling water;
e Change in productivity of renewable generation systems (hydro, wind & photovoltaics) due to an
altered climate regime.

6 Details can be found here: http://www.parlament.ch/d/suche/seiten/geschaefte.aspx?gesch_id=20130074

7 In 2014, Switzerland imported 37.4 TWh (65% of end use) and exported 42.9 TWh (75% of end use), with the
largest part of imports coming from France and the largest outward flows directed to Italy (SFOE 2015).

8 A1B & E1, both of which are then compared to a reference scenario which corresponds to a model run without

climate change.
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On the demand side, the effect of the changing temperature regime on both heating and cooling energy
demand is modeled in Dowling’s 2013 study. The relative change resulting in the electricity production cost
from all these effects in each country is then incorporated into GEMINI-E3’s price signal for the electricity
traded with other countries.

Dowling 2013 reports values for 2030 and 2050, for the A1B and the E1 climate change scenarios. The E1
climate scenario was created by the European ENSEMBLES project and is similar to RCP3PD. It represents a
strong mitigation pathway, with the aim of keeping global warming below 2° C (Royer et al. 2009). Table 18
displays the values for 2050 from Dowling 2013, where the A1B values are the average of the runs of three
different climate models. These 2050 values are taken as a basis to estimate the values for 2060 for the
three scenarios simulated in this study (A1B, A2 and RCP3PD). To this end, the values are inflated or deflat-
ed linearly in temperature. For the target scenario RCP3PD, the E1 data from Dowling 2013 was used, while
for the SRES target scenarios, Dowling’s A1B data served as a source. This decision was driven by the
assumptions underlying these scenarios. While E1 and RCP3PD are both strong mitigation scenarios, A1B
and A2 are more akin to business-as-usual scenarios until mid-century. The implication is that price changes
are driven by different mechanisms. In the case of strong mitigation, a change in the electricity mix towards
more carbon neutral technologies results in a tendency for higher electricity prices. In a business as usual
case, on the other hand, climate change impacts are more severe. This results in less heating energy
demand, in particular for Germany, and in less efficient thermal power plants, due to a lack of cooling
water.

Table 18: Climate change impact on European electricity prices in 2050
(% deviation from reference scenario in 2050; source: Dowling 2013; A1B data is the average of three
different climate model runs; data for Austria acquired through personal communication)

EU27 Germany France Italy Austria
Al1B -0.67 -8.33 2.33 1.00 0.67
El 3.00 4.00 7.00 1.00 -1.00

The target temperature values which are used to extrapolate the 2050 price change values from Dowling
2013 are derived from the climate multi-model ENSEMBLES output range for 2060, which is also used in the
IPCC reports. For RCP3PD (assumed to be identical to RCP2.6, which served as basis for the following calcu-
lation), a 90% confidence interval of the whole ENSEMBLES range was taken, as is stated in the IPCC 2013
report (p. 23). For the older SRES scenario, no information on how the so-called likely range was derived is
stated. Therefore, the distribution was reconstructed, with the target being the temperature range given in
IPCC 2007b for the end of the 21° century. The resulting distribution was then applied to the 2060 values in
order to find the triplet of values for the A1B and A2 scenarios.

The results of the extrapolation and the values which are finally applied to European electricity prices in the
GEMINI-E3 model run are presented in Table 19.
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Table 19: Climate change impact on European electricity prices
(% deviation from reference scenario in 2060; calculations on the basis of data from Dowling 2013)

RCP3PD AlB A2
Lower Medium Upper Lower Medium Upper Lower Medium Upper
EU27 1.23 3.08 4.93 -0.49 -0.79 -1.22 -0.46 -0.78 -1.24
Germany 1.65 4.11 6.58 -6.14 -9.83 -15.23 -5.72 -9.72 -15.44
France 2.88 7.20 11.51 1.72 2.75 4.26 1.60 2.72 4.32
Italy 0.41 1.03 1.64 0.74 1.18 1.83 0.69 1.17 1.85
Austria -0.41 -1.03 -1.64 0.49 0.79 1.22 0.46 0.78 1.24

3.3.4 Results

3.3.4.1 Impact of climate change on energy demand for heating

We first analyze the impacts of climate warming on energy consumption for heating. Table 20 shows the
results for the different climate scenarios. With warmer climate, heating energy needs decrease. This
implies a reduction in the total energy consumption between 0.85% and 3.53% depending on the climate
scenario. The consumption of energy goods used for heating purposes in Switzerland decreases. That is the
case for district heating and for fossil fuels (oil and natural gas). Therefore, CO, emissions decrease
between 1.17% and 4.92%. In contrast, consumption of electricity increases by between 0.31% and 1.41%,
depending on the scenario. At the aggregate level, the simulations yield significant welfare gains, mainly
from a smaller energy bill for heating consumption.

The reduction in energy consumption could be much higher than shown in Table 20 if rebound effects
could be prevented. In our simulations, rebound effects for households concerning heating are about 41%
(industry: 42%, services: 35%), i.e. reductions in energy consumption are only about 59% of what they
would be in the absence of rebound effects.

Table 20: Impact of climate change on heating
(% deviation from reference scenario in 2060)

RCP3PD Al1B A2
Lower Medium Upper | Lower Medium Upper | Lower Medium Upper
Energy consumption (toe) -0.85 -1.59 -235 | -1.60 -2.58 -3.53 -1.55 -2.54 -347
Petroleum products -1.10 -2.07 -3.06 | -2.07 -3.37 -462 | -2.01 -3.31 -4.55
Natural gas -1.51 -284 -4.19 | -2.85 -4.61 -6.31 -2.76 -453 -6.21
Electricity 0.31 0.60 0.90 | 0.60 1.00 1.41 0.58 098 1.39
District heating -226 -4.25 -6.28 | -4.26 -6.92 -949 | -4.13 -6.79 -9.33
CO; emissions -1.17 -2.20 -3.26 | -2.21 -3.59 -492 | -2.14 -3.52 -4.84
Welfare 0.09 0.18 0.26 | 0.18 0.29 0.39 0.17 0.28 0.39
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3.3.4.2 Impact of climate change on energy demand for cooling

In contrast to heating, space cooling needs will increase with climate change, as indicated by CDD increases
reported in Figure 3. This implies an increase of electricity consumption of 1.5% to 4.1% in 2060 depending
on the climate scenario as shown in Table 21. In GEMINI-E3, the resulting increase in Swiss electricity
demand is partly satisfied by thermal power generation using natural gas, which results in an increase of
overall natural gas consumption ranging between 0.6% and 1.7%. Petroleum products consumption
decreases as households and firms spend a greater share of their budgets on cooling. The changes present-
ed in Table 21 entail a welfare loss.

Table 21: Impact of climate change on cooling demand
(% deviation from reference scenario in 2060)

RCP3PD Al1B A2
Lower Medium Upper |Lower Medium Upper|Lower Medium Upper
Energy consumption (toe) 0.45 0.57 0.72 | 0.62 0.83 1.26 | 0.61 0.82 1.07
Petroleum products -0.04 -0.04 -0.05|-0.04 -0.05 -0.07|-0.04 -0.05 -0.06
Natural gas 0.60 0.77 0.97 | 0.84 1.13 1.72 | 0.83 1.11 1.45
Electricity 1.49 1.90 2.37 | 2.07 2.74 4.13 | 2.04 2.70 3.50
District heating -0.11 -0.13 -0.16 | -0.14 -0.18 -0.25 | -0.14 -0.18 -0.22
CO, emissions 0.08 0.11 0.14 | 0.12 0.16 0.26 | 0.12 0.16 0.22
Welfare -0.02 -0.03 -0.04|-0.03 -0.04 -0.06|-0.03 -0.04 -0.05

There are rebound effects also for cooling, although they are smaller than for heating and they mitigate the

increase in energy use. In our simulations, energy consumption for cooling, as shown in Table 21, increases
26% less than in the absence of rebound effects.

3.3.4.3 Net impact of climate change on energy demand for heating and cooling

In Switzerland, global warming can be expected to lead to a decrease in heating energy demand, which is
partly countered by an increased energy demand for space cooling. The GEMINI-E3 simulations confirm this
expectation and show that the net effect of climate change on these two demand categories is projected to
cause an overall decrease in energy demand in 2060 under all three climate change scenarios (see Table
22). The effect is more pronounced for the two SRES scenarios A1B and A2 (-1.74% and -1.70% in the
medium cases), which exhibit stronger warming than the RCP3PD scenario (-1.02% energy consumption).
This implies not only that the decrease in energy demand for heating outweighs the increase in energy
demand for cooling, but also that this gap widens as temperature increases.

The changing pattern of energy usage can also explain the shift in the energy mix. The decrease in petrole-
um products can be attributed to a lower demand of heating oil. The projection with the weakest climate
change effect, RCP3PD lower, shows a decrease in petroleum product consumption of 1.13%, while the
projection for A1B upper, which contains the strongest climate change signal, shows a decrease of 4.68%.
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Table 22: CC impacts on heating and cooling demand
(% deviation from reference scenario in 2060)

RCP3PD Al1B A2
Lower Medium Upper| Lower Medium Upper| Lower Medium Upper
Energy consumption (toe) -040 -1.02 -162|-097 -174 -242|-093 -1.70 -2.38
Petroleum products -1.13 -211  -3.11 | -2.12 -3.42 -468 |-2.05 -3.36 -4.61
Natural gas -0.90 -2.06 -3.19 | -1.99 -3.45 -4.77 | -1.92 -3.39 -4.70
Electricity 1.81 2.51 3.30 | 2.68 3.78 5.05 | 2.63 3.71 4.95
District heating 237 -439 -644|-441 -7.10 -9.71|-427 -6.97 -9.55
CO; emissions -1.09 -2.10 -3.11|-2.09 -3.42 -4.69|-2.02 -335 -461
Welfare 0.07 0.15 0.22 | 0.15 0.25 0.34 | 0.14 0.24 0.33

Electricity consumption, on the other hand, sees a relatively strong increase (1.81-4.95%), which is due to
cooling increases being predominantly powered by electricity. By 2060, a considerable part of this addi-
tional electricity is assumed to be generated from natural gas, counteracting some of the CO, emission

decreases caused by lower overall fossil fuel consumption.

In total, the lower net energy consumption involves a welfare gain in the order of 0.15% (RCP3PD medium)
to 0.25% (A1B and A2, medium cases).

3.3.4.4 Impact of foreign electricity price changes

Table 23: Impacts of foreign electricity price changes on Switzerland
(% deviation from reference scenario in 2060)

RCP3PD Al1B A2
Lower Medium Upper |Lower Medium Upper | Lower Medium Upper
Electricity cons. Price 0.61 1.52 2.42 | -0.09 -0.14 -0.22 | -0.08 -0.14 -0.22
Electricity generation 0.13 0.32 0.51 | -0.02 -0.03 -0.05 | -0.02 -0.03 -0.05
CO; emissions 0.02 0.04 0.06 | 0.00 0.00 -0.01 | 0.00 0.00 -0.01
Welfare -0.01 -0.02 -0.03 | 0.00 0.00 0.00 | 0.00 0.00 0.00

Although electricity price impacts are very considerable in some countries, e.g. due to costs of mitigation
measures for scenario RCP3PD, impacts of these price changes on Switzerland are very small. The main

reasons for this are the following:

e Import prices do not change much on average. Especially for A1B and A2, price increases in France are
more than compensated by price decreases in Germany.

e International electricity trade very much increased in recent years. For Switzerland, imports and
exports each almost match domestic electricity generation. Yet, net foreign trade in electricity is small.
Depending on the future regulation of electricity markets, Swiss generation costs, which we assume to
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remain unaffected by climate change, will continue to influence end user prices to a considerable
extent, especially for households. In scenario RCP3PD, Swiss generation even gains importance. It
increases by about 0.3%, because mitigation efforts abroad become a comparative disadvantage for
foreign producers.

e  While wholesale electricity prices are rather closely linked to generation costs, this is less true for end
user prices, especially for households.

e Electricity consumption is a rather unimportant and decreasing share of household consumption. In
2060, it is projected to be about half a percent.

While the considerable changes in French and German electricity markets will be an issue for managers in
the Swiss electricity sector, the effects on Swiss consumers are very small. Where they exist, they are most-
ly a consequence of foreign mitigation measures in the electricity sector (scenario RCP3PD), not of modified
climatic conditions.

3.3.4.5 Total impact of aggregated effects on energy

Together, the impact of climate change through heating, cooling and foreign electricity prices leads to a
welfare increase in all assessed scenarios (see Table 24).

Table 24: CC impacts on energy consumption
(% deviation from reference scenario in 2060)

RCP3PD AlB A2
Lower Medium Upper |Lower Medium Upper|Lower Medium Upper
Energy consumption (toe) -0.36 -0.98 -1.59 | -0.84 -1.54 -2.14 | -0.80 -1.51 -2.11
Petroleum products -1.15  -2.14 -3.15|-2.12 -342 -468(-205 -335 -4.60
Natural gas -0.76 -1.70 -2.63|-201 -349 -483(-194 -3.42 -475
Electricity 1.61 2.01 251 | 2.71 3.83 5.12 | 2.71 3.83 5.12
CO, emissions -1.07 -2.05 -3.05|-2.09 -342 -469]|-202 -336 -4.62
Welfare 0.06 0.13 0.19 | 0.15 0.25 0.34 | 0.14 0.24 0.34
Electricity cons. Price 0.84 1.84 2.85 | 0.24 0.33 0.41 | 0.24 0.32 0.40
Electricty generation 1.15 1.74 2.37 | 1.50 2.11 2.80 | 1.47 2.07 2.75

Domestic and international effects seem to simply add up, at least in terms of welfare changes. Under the
RCP3PD scenario, an increase in welfare of 0.13% is projected, while the A1B and A2 scenarios project a
welfare increase of 0.25% and 0.24%, respectively. The main driver for these differences can be found in
the heating energy demand, which diminishes under a warmer climate. In the A1B and A2 scenarios,
winters warm up more, hence welfare gains from reduced heating needs are larger. The decrease in the
usage of petroleum products can also be attributed to decreasing heating energy needs. The considerable
increase in electricity consumption is chiefly induced by a strong increase in cooling energy demand. A part
of this additionally required electricity is generated within Switzerland, but especially in the A1B and A2
scenarios, a considerable part is covered by imports. A substantial difference can be found in the electricity
consumer prices; the RCP3PD medium scenario projects an increase of 1.84%, while in the other two
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medium scenarios, the price only rises by 0.25% (A1B) and 0.24 (A2). The major reason behind this disparity
is the global — and in particular the European — mitigation effort for the RCP3PD scenario, which leads to

higher international electricity prices.

This shift in the demand pattern away from fossil fuels towards electricity, which in Switzerland is largely
produced from low-carbon sources, also appears in CO, emissions; they are projected to drop by 1.07%
(RCP3PD lower) to 4.69% (A1B upper) in 2060 relative to the reference scenario without climate change.
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3.4 Water management

3.4.1 Literature-based assessment

For the scope of this report, water management is defined as the activities that are related to the prepara-
tion and treatment of drinking water and industrial water (used in irrigation, production and cooling), as
well as to the disposal of waste water. Impacts caused by floods in other economic sectors are treated
separately in the respective sections.

3.4.1.1 Exposure

Water management is concerned with maintaining security and quality of supply, preserving infrastructure,
economic efficiency and protection of the water resource (FOEN 2014). From these goals, the exposure to
climate change can be deduced: changes to runoff regimes that might affect the availability of drinking
water and changing occurrence of extreme weather events (such as dry spells) and natural hazards (e.g.
flooding) that might affect availability of drinking water or cause damage to water infrastructure. In addi-
tion to that, increasing temperatures potentially affect microbial activity; while this might deteriorate
drinking water quality, it could facilitate waste water treatment.

3.4.1.2 Sensitivity

Today, water management in Switzerland is considered to be of very high quality (FOEN 2014). From a
purely economic point of view, the water management sector is rather small in Switzerland; Ernst Basler +
Partner 2009 estimated that annual costs for drinking water production and waste water management
amount to approximately CHF 3.6 billion.

3.4.1.3 Impacts without adaptation

Studies agree that impacts on Swiss water management are uncertain, but likely to be low in absolute
terms and — if tackled in time — manageable. Based on two different climate scenarios, the cantonal case
studies offer an economic evaluation of some of the CC impacts on the water management sector by 2060.
For instance, the Aargau case study estimates that an increase in flood events will increase maintenance
costs in the water management sector by 10% to 50% depending on the climate scenario. On the other
hand, increasing occurrence of dry spells might increase the operation costs for the provision of drinking
water by up to 10% (in a strong climate scenario). The estimates of the Uri case study are on the same
order of magnitude. Additionally, due to the mountainous topography of that canton, damages from
mudslides to water management infrastructure are estimated to increase by 10% to 30%, again depending
on the climate scenario. In Graubilinden, it is expected that a shift in seasonality of precipitation will lead to
a slight reduction of the risk of drinking water shortage. Currently, peak demand and lowest supply coincide
in winter. A rising snow line will further add to an increasing water supply in winter. Dry spells are expected
to put an additional burden on water, as such conditions are expected to make the preparation of drinking
water more expensive (Bergwelten 21/GRF Davos 2015).
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All these cost estimates are assumed to change in linear proportion to the occurrence of such events. This
is a good approximation only when neglecting adaptation that is prompted by learning from damaging
events. Some important effects such as climate change impacts on drinking water quality have not been
estimated quantitatively.

3.4.1.4 Adaptation

While experts do not expect irresolvable issues from climate change in the water management sector,
some adaptation is required to cope with the expected changes. Notably, the Basel-Stadt case study
(INFRAS/Egli Engineering 2014a) points out that an increase in strong precipitation events might require
expanding flood basins in waste water treatment facilities. FOEN 2014 finds that in order to increase adap-
tive capacity, the role of the federal administration, which currently is rather subordinate in water
management, should be strengthened. Furthermore, in the answer to Postulate 10.3533 (17 June 2010) by
National Councillor Hansjorg Walter (SVP/TG), the Federal Council deemed unnecessary to define national
regulation regarding usage of water, but rather emphasized its supporting function for the cantons to
tackle potential future water scarcity issues (FOEN 2012b).

3.4.1.5 Impacts with adaptation

Faust et al. 2015 examine economic impacts of climate change on a broadly defined water management
sector for different degrees of adaptation. Using a CGE modeling approach, they find that the costs for the
provision of drinking water will increase by 7% to 40%, depending on the scenario. Industrial water prices
are projected to increase by 28% to 150%. This translates into welfare losses of CHF 35.8 to 59.7 million,
depending on the degree of adaptation. From a macroeconomic point of view, these welfare changes are
very small, which reflects both the small macroeconomic importance of the water management sector and
the low water prices in the baseline.

3.4.2 Modeling and data

Total river runoff in Switzerland will experience only negligible changes, according to projections of the
CH2014 report. However, seasonal patterns of water resources are projected to change, which is of interest
for irrigation in plant production, i.e. crop farming and horticulture. In the following, we thus concentrate
on climate-induced changes in summer river runoff used for plant production in Switzerland.

Supply of irrigation water is a water management issue and is treated as such in the current chapter. At the
same time, changes in availability and costs of irrigation water also affect the agricultural sector to a con-
siderable extent. We thus include the effects simulated in the current chapter also at the end of section 0
on agriculture, more precisely they are entailed in the combined simulations presented in section 3.5.3.2.

Water scarcity is an issue in only few agricultural areas of Switzerland. Regions where demand potentially
reaches a critical share of river runoff supply are identified by Fuhrer & Calanca 2014, cf. Figure 4. Six
regions historically exhibit a ratio of demand to supply of more than one (regions 31, 37, 20, 39, 32, and 34
in Figure 4). In addition, we consider two regions (regions 18 and 19) which, according to the same article,
were critical in the summer of 2003.
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Generally, with extreme events such as the heat wave and drought of the summer of 2003, water scarcity
could become an issue in more than these eight regions, i.e. in almost all non-alpine areas of Switzerland.
However, this section concentrates on average changes rather than extreme events, because we lack
information on the return period of the 2003 drought event. As a dry spell even more than as a heat wave,
2003 was very exceptional, and severity and return periods of future extreme droughts are unknown. For
more information on the difficulties of analyzing such exceptional events, please consult the box on heat
waves at the end of section 3.1.2. This implies that the consequences of unusual dry spells are not consid-
ered, which admittedly results in an underestimation of climate change impacts on water supply.

Bedarf vs. Dargebot (%)
1

Figure 4: Distribution of the regional share of demand (Bedarf) vs. supply (Dargebot) for river runoff in
the months June to August for 1981-2010
(source: Fuhrer & Calanca 2014)

Unfortunately, up-to-date runoff projections are available for six catchments only. Page 64 of the CH2014-
Impacts report presents the respective projections for the three different emission scenarios RCP3PD, A1B,
and A2 and two seasons (summer and winter). Of the six catchments, two directly correspond to the critical
areas identified above: Emme (region 34) and Thur (regions 18 and 19). The remaining regions that were
identified in Figure 4 are matched to the available runoff projections by using results of a similarity cluster-
ing conducted by Koplin et al. 2012, cf. Figure 5. In this analysis, different catchments have been clustered
according to their projected climate change signals and hydrological responses.

The remaining five critical regions belong to cluster C1. Of the catchments for which runoff projections are
available, only the Venoge belongs to cluster C1. Hence, we transfer summer runoff changes of the Venoge
to the five remaining regions.
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Figure 5: Cluster analysis for hydro-climatological change signals
(n = number of cluster members; source: Koplin et al. 2012)

For all eight critical regions and based on cantonal data, we estimate plant production as a share of total
plant production in Switzerland of 2015. Summer runoff changes are applied only to the thus established
affected shares of Swiss plant production. The weighted changes in the critical regions are aggregated to
attain numbers for Switzerland as a whole. Given that the critical regions represent a share of only 21% in
total plant production, the change in critical summer runoff is small relative to total summer runoff in
Switzerland. In addition, we take into account that summer runoff only accounts for 60% of the total irriga-
tion water resource, the remainder being groundwater. As a result, critical changes of the irrigation water
resource are only small fractions of the total irrigation water resource for Switzerland (see Table 25).

Table 25: Critical changes of the irrigation water resource
(% deviation from total irrigation water resource in the reference scenario in 2060)

RCP3PD AlB A2
Lower -0.50 % -2.62% -2.19%
Medium -4.73 % -6.49 % -6.06 %
Upper -8.04 % -10.89 % -10.46 %

3.4.3 Results

With the input data presented above, it comes as no surprise that the macroeconomic impacts are
extremely small. Welfare changes in terms of total consumption do not exceed 5.5 mio. CHF of 2008 (Table
26). This contrasts to the almost one hundred times larger decline of production in agriculture in 2003.
Defining this loss as the deviation from a 5-year average, it summed up to 520 mio. CHF of 2003. For the
most part, this can be attributed to the exceptional weather conditions of 2003 (FOAG 2004). A combina-
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tion of high temperatures and low precipitation was essential here, in particular the very dry weather
during springtime. Our much lower result for average changes indicates once more the importance of
further research on future weather extremes under climate change.

In our analysis, even if price changes for raw irrigation water are large, impacts are humble, because price
levels for raw water and the cost share in agricultural production are extremely low. Hence, the low welfare
effect and the high price changes for raw water can both be explained by the fact that there is no need for
agricultural producers to change their decisions, even if prices change. Moreover, the small macro-
economic importance of plant production further limits the significance of the impacts.

Table 26: Impacts of changes in the irrigation water resource
(% deviation from reference scenario in 2060)

RCP3PD Al1B A2
Lower Medium Upper|Lower Medium Upper |Lower Medium Upper

Raw water prices 6.7 73.7 139.3 | 37.9 107.0 206.2 | 31.2 98.5 1954
Raw water consumption

Grains and oil seeds -0.5 -4.5 -7.7 | -2.5 -6.2 -10.5 | -21 -5.8 -10.1

Other crops -0.6 -5.1 -8.7 | -2.8 -7.0 -11.7 | 24 -6.5 -11.3
Production

Grains and oil seeds 0.0 -0.2 -0.3 | -0.1 -0.2 -04 | -0.1 -0.2 -0.4

Other crops 0.0 -0.1 -0.1 0.0 -0.1 -0.2 0.0 -0.1 -0.2
Welfare 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00

59



3.5 Agriculture, forestry, biodiversity

3.5.1 Literature-based assessment

3.5.1.1 Exposure

The living conditions of species are greatly influenced by climate parameters at the respective site. With a
changing climate, new species may migrate into Swiss habitats, thus further changing living conditions in
the affected ecosystems, while other species may partly be displaced or even become extinct. For agricul-
ture and forestry, in contrast, the choice of cultivated species falls to farmers and forest officials and is part
of adaptation to climate change (see section 3.5.1.4). The exposure of the three sectors agriculture, forest-
ry and biodiversity to climate change in Switzerland is determined by an increase in mean temperature,
changes in precipitation patterns and changes in weather extremes.

An increase in mean temperature causes an increase in the length of vegetation periods and thus potential-
ly higher crop and timber yields, but also an increase in evapotranspiration and a higher water demand.
Concerning forestry, an increase in mean temperature is likely to shift the timberline upwards. For an
increase of 2°C, an upward shift of 300 meters of altitude is assumed. On the other hand, mild winters can
lead to improved living conditions for pests, which in turn causes a reduction in yields.

For Switzerland, projected changes in precipitation patterns encompass a decrease in summer precipitation
and an increase in winter precipitation (CH2011). These changes in precipitation patterns can cause
changes in seasonal water availability. A decrease in summer precipitation can have negative effects on
water availability, e.g. for irrigation, as analyzed in Section 3.4.2. Furthermore, drier conditions in summer
are expected to cause negative effects on timber growth (Swiss Confederation 2012a). Also, the risk of
forest fires is likely to increase.

Extreme weather events (such as summer warm spells) with potentially adverse effects on the three
sectors examined here are likely to occur more frequently in the future (CH2011). Changes in weather
extremes relevant for forestry are e.g. storms likely becoming stronger, which can cause damage to forest
stands. Damaged forest stands are more vulnerable to pests, such as bark beetles. Bark beetles can there-
fore encounter improved living-conditions and cause destruction and reduced timber value. Moreover,
changing climatic conditions can cause changes in site suitability for different plants.

Regarding the specific exposure of biodiversity, the projected increase in mean temperature of about 2 to
4.5°C (depending on region, season and emissions scenario) for Switzerland (CH2011) lies outside the
variability of the last centuries, which makes it difficult to project responses of ecosystems. It is known,
however, that climate change affects the natural range of species, site properties and the functioning of
ecosystems (Swiss Confederation 2014). Next to the absolute change in average temperatures, a fast rate
of change is problematic, because it can overstrain the natural ability of ecosystems and species to adapt.

3.5.1.2 Sensitivity

Agriculture

Agricultural production is exposed to a variety of changes originating from climatic conditions and, at the
same time, from management practices. Thus, tracing impacts back to changing climatic conditions is a
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difficult matter (Swiss Academies of Arts and Sciences 2016). However, by applying model chains combining
climate projections with crop models, the relation between climatic conditions and yields can be revealed,
and the agricultural sector’s sensitivity resulting from a changing climate estimated (Rosenzweig et al.
2014).

In Switzerland, agriculture accounts for less than one percent of Swiss GDP, thus on a macroeconomic
scale, the effects of a changing climate on this sector are of minor significance. On a sectoral level,
however, a substantial impact could arise from international price effects. Impacts of climate change on
agriculture vary regionally; world regions such as South America and parts of Asia are more exposed and
more vulnerable to negative impacts of climate change than Switzerland, which is going to influence world
market prices for certain agricultural commodities. As one third of Switzerland’s agricultural imports origi-
nate from these world regions, this could be significant for Switzerland, e.g. in the form of higher prices for
agricultural imports (INFRAS et al. 2007) and thus shifts in agricultural terms of trade.

Forestry

About 30% of the surface of Switzerland is covered by forests. In the first part of the adaptation strategy
(Swiss Confederation 2012a), the dimension of climate sensitive forest sites is estimated at 50°000 ha,
which corresponds to roughly 3.6% of the total forest area in Switzerland. Thus, forests in these areas tend
to suffer from overly dry conditions, which make it more difficult to grow timber. This is of economic
importance on a sectoral level. However, the last decades witnessed a shift in forestry. On the one hand,
wood production is no longer as profitable as it used to be and is therefore conducted less. On the other
hand, forests are favoured as parts of protected areas and have increasingly been allocated to this purpose
(Frehner 2005).

A main source of sensitivity in forestry is the length of planning periods. To optimize planning, responses of
different tree species to changes in climatic circumstances need to be known well in advance. Switzerland’s
forests consist inter alia of spruce, beech, pine, oak and linden. It is known that spruce is quite sensitive to
an increase in temperature, and therefore its population is projected to decrease. The population of beech
is expected to decrease in lower altitudes and increase in higher altitudes, while pine, oak and linden bene-
fit from increasing temperatures (Kantonsforstamt Sankt Gallen 2008).

Biodiversity

The Federal Councils strategy on biodiversity in Switzerland (Swiss Confederation 2012b) proclaims the
long-term goal to preserve diversity, resilience and ecosystem services. The uncertainty concerning eco-
system responses to climate change puts this goal in danger, which characterizes the sensitivity of this
sector. The first part of the adaptation strategy (Swiss Confederation 2012a) identifies five areas of action
for biodiversity management in Switzerland, which result directly from the sector’s sensitivity: reduction of
the genetic pool of local species, changing site suitability for different species, increase of invasive species,
danger for connections between biotopes, and potential challenges for ecosystem services.

3.5.1.3 Impacts without adaptation

Agriculture

The studies examined for this report agree on a rather high probability for positive impacts of climate
change on Swiss agriculture. The Federal Council’s adaptation strategy (Swiss Confederation 2012a) identi-
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fies six areas associated with impacts of a changing climate on this sector: site suitability, heavy rainfalls,
drought, heat stress, pests, and price volatility.

Site suitability for grain maize and winter wheat has been analyzed by Holzkdmper et al. 2015: An increase
in suitable sites for grain maize and a decrease in suitable sites for winter wheat resulted. The authors note
that these findings may assist short-term adaptation to climate change planning, but at the same time
emphasize that more research in this area is needed to gain more knowledge about the CC impacts on site
suitability in Switzerland. Further research related to site suitability was presented in the CH2014-Impacts
report, where the climatic suitability for viticulture was assessed: An increase in mean temperature in
spring and summer would allow to grow a larger variety of grapes, especially in Northern Switzerland. This
was deduced using the Huglin index, which suggests an increase in climatic suitability for viticulture in
Switzerland.

Droughts are related to water availability, which is modelled in Section 3.4.2.

Heat stress is e.g. analyzed in the CH2014-Impacts report for cattle, by projecting the temperature-humidi-
ty index THI for the three emission scenarios RCP3PD, A1B, and A2. Results suggest that in the future, the
performance of dairy cows is likely to suffer under heat stress. Considering the scale of Swiss milk produc-
tion (550’000 cows producing over 4 million tonnes of milk yearly)?, this result might well be of economic
importance. However, in order to quantify the economic impact, projections for milk production in each
emissions scenario are needed, which calls for further research in this area.

Regarding pests, the third study in the CH2014-Impacts report focuses on pest management for apple
production. It projects a substantially increased risk of apple pests for the emission scenarios A1B and A2
for 2085. Also here, further research is necessary to enable an economic assessment of this effect.

The last area identified in the Federal Council’s adaptation strategy is related to price volatility. As noted
above, CC induced international price effects for agricultural commodities could be of economic
importance. Several studies offer a suitable quantitative basis for this issue (Nelson et al. 2014, Wiebe et al.
2015).

The cantonal case study on Aargau (Ernst Basler + Partner et al. 2013) defines three indicators to quantify
impacts of climate change. With these indicators, a rough magnitude for direct benefits and costs is
derived: Two emission scenarios are used, 2060-weak and 2060-strong, which correspond to RCP2.6
(median values) and A1B (combination of temperature and precipitation extreme values). The scenario
2060-weak projects an average increase in yields of 4% per year, while the scenario 2060-strong projects an
average decrease in yields of 6% per year. These are considered to be rough estimates. The study accounts
for direct impacts of climate change only, including financial losses due to natural hazards (e.g. estimated
as hail insurance payments). International and other price effects are not considered. Yet, price effects
could be especially important both for consumers and sectoral competitiveness.

The cantonal case study on Uri (INFRAS/Egli Engineering 2014b) defines hazards affecting agriculture and
derives expected changes in production costs and yields for each of them. These changes are calculated
using a linear projection of today’s production costs and yields. According to the authors, the consequences

9 https://www.bfs.admin.ch/bfs/de/home/statistiken/kataloge-datenbanken/publikationen.assetdetail.871-
1600.html
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of non-linear relations are covered by the uncertainty range. The study suggests that for Uri, net reduction
in costs of 0.6 million CHF per year for the scenario 2060-weak and 1 million CHF per year for the scenario
2060-strong are expected. Again, these are rough estimates.

The cantonal case study on Graubinden (Bergwelten 21/GRF Davos 2015) takes a similar approach.
Expected changes in revenue are derived using a linear projection of today’s values, depending on four
climatic hazards: changes in mean temperature, frost, drought, and floods. Notable is that droughts are
projected to have the most severe negative impact on agricultural production, varying from -0.04 to -0.1
Mio. CHF compared to today’s production. Also for forestry, droughts are projected to cause losses of the
same magnitude. On the other hand, changes in mean temperature are projected to have mainly positive
effects on forestry, and countervailing effects on agriculture.

Further, the cantonal case study on Fribourg (Ernst Basler + Partner/CSD Ingenieurs 2015) estimates a yield
increase of 14% due to higher mean temperatures and changes in precipitation patterns. Regarding forest-
ry, this case study finds the negative impacts to be predominant, caused by improved living conditions for
pests and extreme events. Positive effects can be expected from the prolonged vegetation periods. The
case study for the Canton Ticino (IFEC et al. 2016) finds the impacts on agriculture to be moderate, and for
forestry, moderate — or slightly negative — as well. For the Canton Geneva, INFRAS et al. 2015 estimate
benefits of a changing climate of up to 62 Mio. CHF for agriculture in the year 2060.

Forestry

The CH2014-Impacts report examines inter alia forest dynamics, growth of Norway spruce and changing
infestation potential by bark beetles. Concerning forest dynamics, the authors expect only minor changes
until 2050. Until the end of the century, however, they project major changes for some emission scenarios.
Growth of Norway spruce is projected to be strongly reduced if mean temperature increases by 2 to 3°C
(depending on the region) and if precipitation is less than 600 mm during growing season. Both these states
are likely for 2 out of 3 analyzed emission scenarios. Furthermore, forests will become more susceptible to
bark beetle attacks under warmer and drier conditions. The report presents important insights into differ-
ent aspects of Swiss forestry under climate change, both qualitatively and quantitatively. However, no
economic effects have been quantified.

Biodiversity

Impacts on biodiversity are analysed qualitatively in several publications. Ecoplan/Sigmaplan 2007 indicate
species loss due to a lack of adaptive capacity and immigration of foreign plant and animal species from
warmer regions. These two processes can cause Swiss biodiversity to become more similar to that of
southern regions. The cantonal case study on Aargau takes into consideration that species distribution is
likely to change, and also here native and moisture-loving species are projected to decrease. The study
furthermore identifies insects as 'winners of climate change', because warmer climates favor reproduction
of certain insects. The cantonal case study on Uri provides further insights for biodiversity of the alpine
altitudinal belt. For this region, strong negative effects are expected.

The case study on Basel-Stadt is concerned with urban biodiversity. For this region, an important insight is
that the impact of socioeconomic factors is likely to be much larger than the impact of climate change. This
insight could be relevant for some other regions as well. The cantonal case study on Fribourg finds that the
impacts on wetlands and aquatic systems are likely to be most severe and result in a decrease of species
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diversity. Similar results are found in the case study on Ticino, additionally proposing negative impacts on
cold loving species of the alpine belt.

The cantonal case study on Graubilinden presents an approach of economic evaluation using linear projec-
tions for the year 2060 of today’s costs and benefits of the impacts of different climatic hazards on changes
in gene variety, changes in species, and changes in habitats.

The CH2014-impacts report analyzes prevalence of birds and vascular plants quantitatively. The results are
in line with the findings discussed qualitatively in the cantonal case studies. In addition, it is found that low-
elevation cantons will be among the most highly impacted by climate-driven changes in species distribu-
tion.

3.5.1.4 Adaptation

Agriculture

Farmers need to react constantly to weather conditions as well as changes in the market environment.
With the notable exception of viticulture and fruit trees, crops can be changed within rather short periods.
Change is thus an inherent aspect of the agricultural system. Adaptation to climate change will be
entangled in this change, and it will have to occur over time frames that are rather long by the standards of
the agricultural sector. This will make it difficult to clearly distinguish adaptation to climate change from
other developments in the sector. It is thus unrealistic to consider any scenario without adaption for the
agricultural sector. As a consequence, a distinction between impacts with and without adaptation becomes
meaningless to a certain extent.

Research suggests different approaches to optimize production in Switzerland in the presence of climate
change. One approach is concerned with early consideration of future climatic circumstances in the selec-
tion and cultivation of crops and livestock (Swiss Confederation 2014). A second approach suggests changes
in pest management, as analyzed in CH2014-Impacts for apple production. A third approach highlights the
importance of responding to higher frequencies of periods of water scarcity by a careful allocation of
resources. Water-saving production systems and better forms of water usage can be promoted (Swiss
Confederation 2014).

Forestry

Concerning forestry, the Federal Council’s strategy for adaptation to climate change in Switzerland (Swiss
Confederation 2014) lists three fields of adaptation:

e early regeneration of protective forests (where need for action exists),

e improvement of resilience and adaptive capacity in climate sensitive areas,

e improvement of resilience and adaptive capacity in regeneration areas.

To improve the resilience and adaptive capacity of forests, measures such as an adequate choice of tree
species and tree care are recommended. Better knowledge about resilience and adaptive capacity is
derived from research and monitoring programs of forest development. Corresponding to this, ‘Forests and
Climate Change’ is an important research program. It is concerned with impacts of a changing climate on
forests and forestry and investigates adaptation measures to ensure forest services.
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Biodiversity

With respect to biodiversity, the strategy for adaptation (Swiss Confederation 2014) describes fields of
adaptation such as risk management for particularly affected populations (e.g. with respect to water avail-
ability), standards for green and open spaces, protection and regeneration of peat and organic soils, and
early identification of invasive alien species. Further, the SCNAT 2008 presents recommendations for action
to optimize synergies and minimize conflicts between biodiversity and climate.

3.5.1.5 Impacts with adaptation

Agriculture

Swiss Confederation 2014 identifies three approaches for adaptation in agriculture: adjustment of crop and
livestock choice, changes in pest management, and allocating resources under water scarcity. Regarding
the first adaptation measure, impact studies which explicitly assume that choices are made optimally are
still limited in number. Calanca et al. 2005 state that yield increases of C3-plants (e.g. wheat) resp. C4-
plants (e.g. maize) could amount up to 30 % resp. 10 %. These results suggest that there is potential to
increase total yields when adjusting the crop choice optimally. However, an encompassing quantification
which takes this adaptation measure fully into account is still missing. Further, also for the second type of
adaptation measures, changes in pest management, studies quantifying impacts given the application of
this measure are not yet available for Switzerland.

The third approach to adaptation, allocating resources under water scarcity, has been analyzed by
Lehmann et al. 2013 and Faust et al. 2015. Lehmann et al. 2013 take optimal irrigation and nitrogen fertili-
zation for winterwheat and grain maize production under climate change as given and find negative
impacts between 7% and 25% for the farmer’s certainty equivalent (emission scenario A1B, year 2050).
Faust et al. 2015 analyze, inter alia, the impact of changes in water availability on Swiss agriculture using a
CGE modelling approach for different degrees of sector-specific adaptation. Raw water is therefore intro-
duced as a production factor for irrigation in agriculture. The production price of raw water for irrigation is
simulated to increase by 1631% and 251% depending on how easily agriculture can replace water by other
inputs, which results in a welfare losses of 42.3 and 39.2 million USD respectively. The absolute level of
these welfare losses is unimpressive. The remarkable variation between degrees of adaptation results from
differences in the elasticity of substitution between land and irrigation water. Faust et al. 2015 therefore
emphasize the importance to reduce water losses and, especially important for agriculture, to implement
water-saving production systems that minimize the water intensity of production processes.

Concluding, impacts with adaptation for the sector agriculture have not been fully quantified so far, and
therefore, an all-encompassing conclusion cannot be given. While positive effects can be expected with
regard to crop suitability given optimal crop choice, negative effects are expected due to water scarcity,
even with optimal irrigation patterns.

Forestry

For the forestry sector, a clear distinction between impacts with and without adaptation is also difficult.
Despite this, the cantonal case studies for Aargau and Uri offer some insights concerning impacts with
adaptation. In the cantonal case study for Aargau, it is assumed that measures ensuring tree species distri-
bution suitable for future climatic conditions are incorporated. With this assumption, an economic quantifi-
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cation is carried out based on the three indicators yields, production costs and financial losses (e.g. through
storm damages). Slightly positive economic effects result. A caveat of the analysis is that it assumes
constant timber prices. In the cantonal case study for Uri, some impacts were qualitatively discussed and
forced timber harvesting due to storms was quantitatively analyzed. The range of costs occurring as a result
of forced harvesting is estimated between 600’000 CHF and 1’350°000 CHF per year.

Biodiversity

Biodiversity presents challenges with respect to differentiating between impacts with and without adapta-
tion as well. These challenges mainly arise due to the large uncertainties mentioned above and the fact that
valuation of biodiversity is a difficult task. Possibly due to these circumstances, we have not yet found any
monetized estimates of clearly distinguished impacts with adaptation nor any valuation approaches for
biodiversity in Switzerland.

To sum up, the three sectors presented in this section are projected to experience a variety of impacts
caused by a changing climate due to their direct exposure to climatic conditions. Several of these impacts
are considered to be substantial on a sectoral level, however, on a macroeconomic scale, relatively small.
Furthermore, the data availability of quantified impacts is still limited.

3.5.2 Modeling and data

3.5.2.1 Impacts, adaptation measures and effects to be included in GEMINI-E3

Mostly for reasons of limited data availability for domestic impacts and an ambition to extend the analysis
to cross-border influences, the focus for an implementation of agriculture in GEMINI-E3 is on international
effects which can be expressed in changes in world market prices for agricultural commodities. For Switzer-
land, an increase in world market prices can lead to increasing prices for imports of agricultural imports and
to an increase in competitiveness of agricultural commodities produced within Switzerland. -Impacts on
forestry and biodiversity are not pursued further in the following analysis.

3.5.2.2 Knowledge base and data sources

Following the preceding argumentation, price deviations of agricultural commaodities for both time scopes
2030 and 2060 for the three emission scenarios (RCP3PD, A1B, A2) are used as input for the CGE model.
Several studies offer information about price deviations. Nelson et al. 2014 calculate price deviations of
coarse grains, rice, oil seeds, sugar, and wheat for the emission scenario RCP8.5 in 2050. Rosenzweig et al.
2014 conduct a model intercomparison of the effects of all four RCP scenarios on maize, wheat, rice, and oil
seeds, does however not model price effects. Wiebe et al. 2015 combine multiple climate and economic
models to estimate the global and regional impacts of climate change on agricultural yields and prices,
which makes it the only study reviewed that models different emission scenarios as well as price impacts
for several crops. Thus, we use the price impacts derived in that study as data basis. The study’s base year
is 2005. Projections for four socioeconomic and climate scenarios are modelled: no climate change, SSP1-
RCP4.5, SSP2-RCP6.0, and SSP3-RCP8.5. Prices are reported for 2030 and 2050, and the percent deviations
for the different emission scenarios are calculated with no climate change values in 2030 and 2050 respec-
tively as basis.
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3.5.2.3 Model assumptions and parameters

To derive input data that is in line with the previous analysis in terms of emission scenarios and temporal
scope, some data treatment is necessary. For the temporal scope 2030, price deviations from RCP6.0 are
taken for all three emission scenarios, since this is the best estimate with respect to temperature change.

Price deviations for scenario RCP3PD in 2060 are derived by applying the following transformation rule to
the projections with RCP4.5:

AP3060(RCP3PD) = AP030(RCP4.5) + (AP20s50(RCP4.5)- AP2030(RCP4.5)) / 2

Thus, we take the projection of RCP4.5 for 2040, derived by interpolation as indicator for the projection
with emission scenario RCP3PD in 2060. This transformation can be justified by the fact that according to
IPCC 2013, RCP4.5 implies approximately the same temperature change in 2040 as RCP3PD in 2060. This
simplification builds again upon the assumption that the impacts on prices are mainly linearly correlated
with temperature increases. Further, as an estimation for price deviations in scenarios A1B and A2 in 2060,
a linear function is derived from temperature change and price deviations of RCP6.0 in 2050 and applied to
temperature change in A1B and A2.

We choose Faust et al. 2012 as a reference study for the implementation into GEMINI-E3, including its
sectoral structure, i.e. how agriculture is represented in GEMINI-E3. Faust et al. (2012) describe in a first
step the general structure of agriculture in the GTAP data base. In a second step, weights of the structural
elements for the Swiss economy are taken into account, and based on this, a modified structure of the
definitive sub-sectors for the representation of agriculture in GEMINI-E3 is chosen.

Two main criteria are used to aggregate GTAP agricultural sectors to agricultural sub-sectors in GEMINI-E3
(see Table 27 and

Table 28): First, each sub-sector must be economically relevant. Second, we gather in the same sub-sectors
the agricultural activities that will face similar climate change impacts according to existing studies.

We particularly focus on the crops with the largest expected changes. Concretely, we define a section
‘grains and oilseeds’, which includes wheat, coarse grains, rice, and oilseeds. Of these, wheat accounts for
the largest part of agricultural imports, i.e. 10 % of total import10, We choose this aggregation also, because
substitution between wheat, coarse grains, rice, and oilseeds are possible, but the group ‘grains and
oilseeds’ as a whole is not easy to substitute away from.

For Switzerland, also fruit and vegetables are an important branch in agriculturell, however no studies
dealing with CC impacts on these could be found. Thus, fruits and vegetables become part of the “Other
crops” sector, together with the GTAP sectors 6, 7 and 8. Further, the GTAP sectors 9, 10, 11, 12, and 14 are
aggregated to ‘animal products and fishing’, and GTAP sector 13 remains forestry.

10 http://www.bfs.admin.ch/bfs/portal/en/index/news/publikationen.html?publicationID=7039
11 cf. ibid.
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Table 27: Agricultural sectors in GTAP database

1 Paddy Rice 8 Crops n.e.c.

2 Wheat 9 Cattle, sheep, goats, horses
3 Cereal grain n.e.c. 10 Animal products n.e.c.

4 Vegetables, fruit, nuts 11 Raw milk

5 Qil seeds 12 Wool, silk-worm cocoons

6 Sugar cane, sugar beet 13 Forestry

7 Plant-based fibers 14 Fishing

Table 28: Agricultural sectors in GEMINI-E3

Sectors in GEMINI-E3 GTAP Sectors
7  Grains and oil seeds 1+2+3+5
8 Other crops 4+6+7+8
9 Animal 9+10+11+12+14
10 Forestry 13

Wiebe et al. 2015 model impacts on the crops coarse grains, rice, wheat, oilseeds, and sugar, with the first
four being aggregated to the group ‘grains and oil seeds’. The spatial aggregation is as follow:

e EU: Europe
e OECD: Canada, Australia, New Zealand
o USA: USA

e BRIC: Brazil, Former Soviet Union, India, China
e ROW: Middle East and North Africa, Other Latin America, South Asia, Southeast Asia, Sub-Saharan
Africa

Thus, the regional classification matches GEMINI-E3’s quite well (see Table 2). The price information for
grains and oilseeds is given as percent deviations from no-climate change values for 2030 and 2060 for the
above mentioned regions. 15 model runs were done by Wiebe et al. 2015 (3 climate models combined with
5 economic models); we take the lowest / highest value for lower / upper and the mean of the 15 model
runs. The projections for 2060 that are used as input to GEMINI-E3 are displayed in Table 29.

In the RCP3PD medium scenario (i.e. modified RCP4.5), only moderate changes in both crop yields and
prices are projected. The average price increase of grains and oilseeds over all regions in 2060 is 7%. When
we include the full range for RCP3PD, the data varies from a 4% decline in prices (BRIC, lower) to an
increase of 30% (OECD, upper). Second, in scenarios A1B medium and A2 medium (based on Wiebe et al.
2015 RCP6.0), yields are projected to decrease by 7% (median across crops, regions, and models relative to
the baseline value in 2050), which causes an increase in prices of 12% on average. The increase in prices is
most pronounced in the BRIC region with 16%, and least in the USA with 7%. The EU region lies slightly
above the average price deviation. Again, including upper values increases the range of results for all
regions, with price increases between 24% and 37%.
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Table 29: Price deviations for grains and oil seeds
(% deviation from reference scenario in 2060; source: Wiebe et al. 2015)

EU OECD USA BRIC ROW

RCP3PD
medium 7.07 7.75 6.01 5.81 6.86
lower 1.28 -0.98 0.87 -3.58 0.33
upper 16.10 29.59 1390 14.78 15.78
AlB
medium 13.44  11.19 7.24 15.78  13.35
lower 2.69 0.62 0.80 4.83 4.27
upper 3156 3633 23,69 30.84 30.59
A2
medium 13.30 11.07 7.17 15.61 13.21
lower 2.51 0.58 0.75 4.50 3.99
upper 32.00 36.84 24.01 30.84 31.02

3.5.3 Results

Results of the simulations for the sector agriculture are presented in two parts: first, considering the price
effects only, and second, by combining price effects with changes in water runoff as elaborated in the
water management section 0.

3.5.3.1 Price effects

The price changes presented above originate from productivity changes for grains and oilseeds production
in the different world regions. As a consequence of these productivity changes, grains and oilseeds produc-
tion declines in most regions (see Figure 6). On a global average, the decline is 3.4% for the A1B scenario.
We concentrate on price effects of yield changes abroad, given also that quantitative information on yield
changes for Switzerland is incomplete. For Switzerland, direct impacts on production are thus assumed to
be zero in the context of this simulation. Still, production in Switzerland increases by about 4% for A1B and
A2. This is due to the comparative productivity improvement that is implied by productivity reductions
abroad.
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Figure 6: Production of grains and oilseeds under the three scenarios
(% deviation from reference scenario)

The changes in prices und quantities translate into welfare changes which are considerable at least for
some parts of the world (see Figure 7). For example, the welfare reductions for BRIC and ROW countries
are about 0.4% and 0.5% respectively in the A1B and A2 scenarios. The comparison of results across regions
reflects the fact that developing and emerging economies rely to a much higher percentage on agriculture,
including grains and oilseeds production, than industrialized countries. The projected welfare losses for
Switzerland are 0.02% for A1B and A2 (up to 0.05% in the upper range, 0.01% for RCP3PD medium). They
are the consequence not only of higher prices for imported grains and food products, but also of reduced
export opportunities for goods and services other than grains under lower foreign purchasing power. When
global consumption falls by a quarter percent or so (half a percent in the upper range), this affects Switzer-
land in many ways. Moreover, the effects simulated in this section are due to agricultural impacts only,
while the total decline of foreign purchasing power may be much higher under unfavorable climate

scenarios.
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Figure 7: Regional welfare changes due to impacts on agriculture under the three scenarios
(% deviation from reference scenario)

3.5.3.2 Combined effects

The combination of price effects as taken from Wiebe et al. 2015 and the effects on water runoff, cf.
section 0, results in production and welfare deviations only marginally different from those with price
effects only. Compared to the previous section 3.5.3.1, the projected welfare loss for Switzerland for the
scenario A1B medium remains at 0.02% (see Figure 9). This is to be expected, given that in section 0, the
welfare impacts of runoff changes for irrigation are very small. However, Switzerland’s increased compe-
titiveness for grains is somewhat reduced when we take into account the effects of increased irrigation
water scarcity (see Figure 8).
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3.6 Tourism

3.6.1 Literature-based assessment

3.6.1.1 Exposure

The tourism industry is highly dependent on weather and climate. Regarding climate change, winter
tourism seems particularly affected. The increase in temperatures will decrease the annual mean snow
depth by about 50% in 2060, and the number of snow-reliable ski areas could decrease by 29% in case of
high greenhouse gas emissions and without snowmaking. Moreover, around 70% of the glacier ice volume
is projected to melt by 2060 in climate scenario A1B (CH2014-Impacts). It will be more difficult to operate
glacier ski runs because of changes in glacial routes and an increase in natural hazard (rockfalls) due to
permafrost melting (NELAK 2013). On the other hand, tourism in general could benefit from a longer
summer season. The emergence of new lakes in the alpine regions, the development of new via ferratas
and trails due to glacier retreat and an improvement of the thermal comfort could make Switzerland more
attractive (Matasci 2010; NELAK 2013). Tourism flows are also influenced by biodiversity and scenic beauty
(Macagno et al. 2009). Glacier melting, new lakes, desertification, an upward move of the vegetation belt
or even a change in forest ecosystems will modify landscapes, have an impact on scenic beauty, and hence
on tourism.

3.6.1.2 Sensitivity

Tourism represents a significant part of the Swiss economy, accounting for about 3% of GDP and employing
4.4% of the total workforce in 2005, with high regional disparity (Baumann & Schiess 2008). In Graubiinden,
for instance, tourism accounts for around 3.3 billion Swiss CHF per year, just over 30% of GDP, and 30% of
employment (Bergwelten 21/GRF Davos 2015). In Valais, it represented about 25% of GDP and 30% of
employment in 2007 (Serquet & Rebetez 2011). Many ski resorts are going to face serious challenges,
including a shorter business season (CH2014-Impacts). Koenig & Abegg 1997 estimated that 85% of all
Swiss ski slopes are snow-reliable under current climate conditions, while this number would drop to 63%
with a 2°C temperature rise. Several studies highlight the greater vulnerability of lower ski areas (Koenig &
Abegg 1997, CH2014-Impacts, Miller & Weber 2007, Gonseth 2013, Abegg et al. 2013). Higher ski resorts
might take advantage of the lack of snow in lower areas and thus increase their market share. Overall,
winter tourism could even benefit from climate change. Indeed, since Switzerland has more snow-reliable
ski fields than its neighbouring countries, international tourist flows may increase in Swiss ski resorts (Faust
et al. 2012).

3.6.1.3 Impacts without adaptation

Meier 1998 assessed the economic impacts of climate change for tourism in Switzerland using several
studies and estimated the cost for alpine tourism between CHF 1.8 and 2.3 billion in 2050, including
between CHF 1.6 and 2.1 billion for winter tourism alone. This was derived from the simple assumption
that value added would drop by 30%. Miiller & Weber 2007 analyzed the consequences of climate change
in Bernese Oberland, projecting an annual revenue loss of CHF 200 million during winter, and a gain of CHF
80 million during summer. The Ecoplan/Sigmaplan 2007 study uses a general equilibrium model to assess
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climate change costs for the tourism sector. The damages are expected to be low in 2050, with a loss of
about CHF 120 million or 0.05% of GDP. However, uncertainties are high and increase over time. In 2100,
the loss is estimated between 0% and 0.95% of GDP. Recent cantonal studies have provided new infor-
mation about the cost of climate change at the cantonal level. For example in Graubiinden, the reduction
of snow cover could result in considerable losses for winter tourism, between CHF 12 and 25 million in
2060. On the other hand, frequent heat waves could benefit summer tourism, with an expected gain
between CHF 1 and 5 million in 2060. Since the lowlands are too hot during heat waves, tourists seek
refuge at higher altitudes (Bergwelten 21/GRF Davos 2015). The projected cost and gain are even stronger
in Ticino. The change in precipitation regime could cost between CHF 24 and 97 million, while heat waves
could generate a gain between CHF 11 and 45 million in 2060 (IFEC et al. 2016).

3.6.1.4 Adaptation

A wide range of adaptation measures exists in the ski industry. It includes e.g. artificial snowmaking, slope
development and operational practices, ski conglomerates, revenue diversification, marketing incentives,
government subsidies, weather insurance, and improved weather forecasting (Scott & McBoyle 2007).
Gonseth 2013 has shown that higher snowmaking investments lower the sensitivity of skier visits to the
natural snow conditions. Since the level of snowmaking coverage is low on average, it provides a significant
opportunity for the Swiss ski industry to reduce its vulnerability to climate change. However, snowmaking
requires important amounts of water and energy, and its economic and technical viability is not ensured in
a future warmer climate.

Another adaptation measure in alpine regions is the promotion of summer tourism. Although economic
and social feasibility barriers are important impediments to adaptation, the process can be facilitated with
better information, good governance and possibly financial support (Matasci et al. 2014).

3.6.1.5 Impacts with adaptation

Adaptation significantly reduces the costs of climate change for the Swiss tourism industry. Miller & Weber
2007 estimate that adaptation measures could save about 50 million CHF annually in the Bernese Oberland.
The Faust et al. 2012 study on modeling adaptation in a CGE model shows that climate change has a posi-
tive impact for Swiss tourism if adaptation and, more importantly, stronger climate change impacts in com-
peting foreign destinations, are taken into account. A welfare gain of 83 million CHF in 2050 is estimated.
Adaptation enables to save 137 million CHF and costs 7.9 million CHF for lower ski areas and 56.8 million
CHF for higher ski areas, including respectively 4 million CHF and 39 million CHF for artificial snowmaking.

3.6.2 Modeling and data

Faust et al. 2012 performed a detailed study of the climate change impacts on winter tourism using
GEMINI-E3. They disaggregated total tourism into three sectors: “winter overnight tourism”, “one-day
winter tourism” and “other forms of tourism”. We build on their work, keeping the same representation.
The tourism consumption function is shown in Figure 10. We assume that consumers can substitute one
type of tourism by another, subject to an elasticity of substitution.
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Figure 10: Nested CES tourism consumption function and elasticities of substitution in GEMINI-E3

Few scientific publications assess the climate change impacts on scenic beauty in Switzerland. Conse-
quently, we do not study these impacts due to a lack of data and difficulties to include them in a CGE
framework.

3.6.2.1 Winter tourism

The “winter overnight tourism” sector represents skiers spending one or several nights in a ski resort. A
consumer can take a ski trip in any of the regions included in GEMINI-E3. The “one-day winter tourism”
sector represents skiers spending only one day in a ski resort. In the model, only Swiss agents consume this
good, because the respective consumption of foreign residents is almost negligible. The winter tourism
sectors are calibrated based on the Swiss Tourism Satellite Account 2008.

The production function of the winter tourism sectors is presented in Figure 11. To adapt to the decrease in
natural snow endowment, the sectors can either produce more artificial snow or substitute other produc-
tion factors. This represents the sectors capacity to exploit ski resorts with less snow, by investing in ski
slopes operation and maintenance and in the modernization of transport facility. We assume that these
adaptation measures will still be available until 2060.
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Figure 11: Nested CES winter tourism production function and elasticities of substitution in GEMINI-E3

The “one-day winter tourism” sector is more vulnerable to a snow decrease than “the overnight tourism”
sector. Indeed, one-day skiers mainly go to close to home ski resorts, which are located at lower altitudes
and have a limited adaptation capacity (Faust et al. 2012). This greater vulnerability is represented in
GEMINI-E3 through a lower elasticity of substitution between natural and artificial snow for the “one-day
winter tourism” sector.

Winter tourism sectors use natural snow as a production factor. We calculate the variation in snow
endowment using the variable “Fractional Snow Cover” from ENSEMBLES!2 and CORDEX projects13. These
projects provide results of Regional Climate Models (RCM) simulations, respectively for IPCC SRES and RCP
scenarios. We get monthly data until 2100 at a regional scale from 4 RCMs for the A1B scenario (C4l, DMI,
KNMI, SMHI) and 2 RCMS for the RCP3PD scenario (KNMI, SMHI). We extract data for Switzerland,
Germany, Austria, France and Italy and aggregate them to GEMINI-E3 regions (Switzerland and Europe). To
do that, each point of the grid is weighted according to the length of ski runs (weights calculated by Faust
et al. 2012). For Switzerland, we also distinguish between one-day and overnight tourists. While overnight
skiers prefer higher altitude remote regions, one-day skiers mainly go to ski resorts that are close to cities,
as illustrated in Figure 12 and Figure 13. We assume that the regional weights are constant in time, i.e. we
do not consider adaptation measures such as closing, expanding or opening ski resorts.

12 http://ensembles-eu.metoffice.com/data.html

13 http://www.cordex.org/
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Figure 12: Regional weights used in the winter overnight tourism sector
(source: Faust et al. 2012)
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Figure 13: Regional weights used in the one-day winter tourism sector
(source: Faust et al. 2012)

Then, we aggregate monthly snow cover into annual data, giving weights to winter season months based
on the distribution of ski lift revenue (Faust et al. 2012). We assume that these weights remain constant.

Table 30: Monthly weights in the winter tourism sector
(source: Faust et al. 2012)

November December January February March April
0.03 0.17 0.25 0.35 0.15 0.05

77



Once the regional and time aggregation are done, we get the annual fractional snow cover for Switzerland
(winter overnight and one-day tourism) and Europe for each RCM and scenario. Next, we calculate the
snow cover variations compared to the reference year 2010. For example, for winter overnight tourism
(WOT) in Switzerland, for model C4l and scenario A1B, we have:

FNS(CH WOT, A1B C4I,Year) — FNS(CH WOT, A1B C4I,2010)
FNS(CH WOT, A1B C41,2010)

% Var FNS(CH WOT,A1B C41,Year) =

where FNS stands for the fractional snow cover. The results for 2030, 2050, 2070 and 2090 are presented in
the following figures.
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Figure 14: Snow cover variation of the Swiss winter overnight tourism sector with respect to 2010 under
the A1B scenario
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2030 2050 2070 2090
0.0% V V W ﬁ

-0.5% % é % %

é -0.5% % %
-1.0% -0.8% // é
0% -1.9%

-2.1%

-2.5% -2.4% -2.2%
-3.0%
-3.5% -3.4% -3.4%

-3.5%

-4.0%
B Model Average # KNMI I SMHI

Figure 15: Snow cover variation of the Swiss winter overnight tourism sector compared to 2010 under
the RCP3PD Scenario
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Figure 16: Snow cover variation of the Swiss one-day winter tourism sector with respect to 2010 under
the A1B scenario
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Figure 17: Snow cover variation of the Swiss one-day winter tourism sector with respect to 2010 under
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Figure 18: Snow cover variation in Europe (excluding CH) with respect to 2010 under the A1B scenario
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Figure 19: Snow cover variation in Europe (excluding CH) with respect to 2010 under the RCP3PD scenario

The natural snow resource is given an economic value based on results obtained in Gonseth 2013. He
analyzes the marginal effects of snow conditions on skiers visits and hotel overnight stays at the ski resort
level. We use econometric estimates of these effects to extrapolate, for the two Swiss winter tourism
segments, the seasonal profit that is generated on average under natural snow conditions. We mainly use
data provided by the Swiss Federal Statistical Office (FSO 2008). More information about the methods and
data used are available in Faust et al. 2012 and Gonseth 2013.

3.6.2.2 Summer tourism

As Faust et al. 2012 show that international effects might have a greater impact on winter tourism than
domestic effects of climate change, we expand their analysis to investigate the international effects on
summer tourism.

Model for deriving input data to GEMINI-E3: In order to model the variations in tourism flows, we use the
Hamburg Tourism Model (HTM) developed by Hamilton et al. 20054, The purpose of the model is to
understand how the current pattern of tourism flows may change under scenarios of future population
growth, economic growth and climate change. It includes 207 countries, but does not look at any country in
detail. For each country, the model calculates the international arrivals and departures and the domestic
tourists flows. Results from the model have already been implemented successfully in CGE models to
analyze scenarios of climate change and climate policies (Berrittella et al. 2006, Bosello et al. 2012).

14 A detailed description of the model, related publications as well as the model code are available from the
authors.
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Calibration of the HTM: The model is calibrated against the international arrivals and departures data of
1995 contained in the World Resources Database (WRI 2000). Domestic data are derived from the
Euromonitor 2002 database and other sources such as national statistical offices. All data are annual. Since
summer tourism dominates winter tourism in most countries, the HTM is calibrated on summer tourism.
More information about the model, the source and the limitations of the dataset is available in Hamilton et
al. 2005 and Bigano et al. 2007.

Scenarios to be simulated in the HTM: To be consistent and to simplify comparison with previous climate
assessments performed in Switzerland such as CH2011 and CH2014-Impacts, we model the IPCC scenarios
SRES A1B and A2, and RCP3PD. The time horizon of our study is 2060, but the simulation of the tourism
flows cover the period 1950-2100.

Socioeconomic changes: In the HTM, population and economic growth affect tourism flows. For the SRES
scenarios A2 and A1B (Nakicenovic et al. 2000), data is obtained from the IPCC Data Distribution Center1>. A
range of Integrated Assessment Models (IAM) has been used to produce quantitative socioeconomic data.
In accordance with IPCC recommendations, scenario A1B is taken from the integrated assessment model
simulation, and scenario A2 is taken from the ASF model simulation. During the first phase of the fifth IPCC
assessment, climate and socioeconomic scenarios were conjointly developed. RCP describes representative
greenhouse gas concentration pathways, and Shared Socio-economic Pathways (SSP) illustrates economic,
technical and population change scenarios. Socioeconomic data for the RCP3PD scenario is obtained from
the SSP databasel®. We select SSP scenarios 1 and 2, describing a future sustainable world for the former
and a pursuance of the current trend for the latter. Data for economic growth is taken from the OECD GDP
V9, and data for the population is taken from the IIASA-WiC Population V9.

Climate change: In the HTM, the climatic variable of interest is the global mean temperature. Then, the
temperature is downscaled to national means using the COSMIC model. Climate change data for the SRES
scenarios A1B and A2 is taken from the IPCC Data Distribution Centerl’. Global mean temperature has been
simulated by 14 General Circulation Models (GCM). Simulation of global mean temperature for the RCP3PD
scenario is obtained from the CMIP5 data archivel®. In this case, we use the results of 32 GCMs.

Uncertainties: Uncertainties exist at each step of the simulation. To deal with uncertainties regarding
climate and socioeconomic changes, we use 4 scenarios (A1B, A2, RCP3D-SSP1, RCP3D-SSP2) that represent
different futures. To address climate model uncertainty, we follow the same methodology as CH2011,
deriving the 2.5th, the 50th and the 97.5th percentiles of the GCMs results, characterizing lower, medium
and upper values for each scenario. To derive the medium scenario, we take the average of all GCMs simu-
lations, i.e. we attribute an equal weight to all models regardless of their performance. The lower scenario
is equal to the medium minus 1.96 standard deviation, and the upper scenario is the medium plus 1.96
standard deviation. This range captures true climate uncertainty incompletely. Results should not be inter-
preted as a prediction with 95% probability confidence. Rather, it represents possible ranges of future
climate evolution which are consistent with the data available, but may change as more uncertainty
sources are included.

15 http://sedac.ipcc-data.org/ddc/sres/index.html

16 https://secure.iiasa.ac.at/web-apps/ene/SspDb/dsd?Action=htmlpage&page=about
17 http://www.ipcc-data.org/sim/gcm_global/index.html

18 http://cmip-pcmdi.linl.gov/cmip5/index.html
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Figure 20 sums up the scenarios, data and models used for the simulations with the HTM.

Climate Change Socio-Economic  Temperature Tourism Flows
Scenarios Scenarios Simulation Simulation

55P1
Population: ILASA 32 CGMs
Economy: OECD

ROPIPD

55P2
Population: IASA 32 GCMs
Economy: OECD

Figure 20: Simulations with the Hamburg Tourism Model

HTM Results and Implementation in GEMINI-E3: For each scenario, tourism flows (domestic, departures
and arrivals) for all countries are simulated and then aggregated to GEMINI-E3 regions. In the HTM, the
total number of tourists depends on the world population and GDP. On the other hand, temperature
affects countries’ attractiveness and its changes only cause a reallocation of tourism flows between
countries.

Since we focus on climate change effects, we want to remove the socioeconomic scenario effects (increase
of population and GDP) to allow for meaningful comparisons between climate change scenarios A1B, A2
and RCP3PD. To do this, we keep global flows constant when implementing tourism flows variations in
GEMINI-E3 and calculate the variations of tourists with respect to the same scenario without climate
change under this assumption. For example, let CH(A1B Medium, Year) be domestic tourism in Switzerland
for the scenario A1B Medium in a given year, we have:

CH(A1B Medium,Year) — CH(A1B Without CC,Year)
CH(A1B Without CC,Year)

% Variation CH(A1B Medium,Year) =

For each simulation year and scenario, we get a matrix of results (see for instance Table 31).
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Table 31: Changes in tourism flows
(% deviation from reference scenario in 2060, scenario A1B with HTM)

Destination Origin CH EU USA OECD BRIC ROW
CH 18.1 -0.1 -14.8 -26.6 14.6 14.3
EU -4.6 5.4 -23.1 -33.5 3.7 3.1
USA -1.5 -7.4 14.0 -53.1 7.1 6.8
OECD 55.4 45.6 41.0 25.4 58.8 62.2
BRIC 10.1 4.6 -14.6 -16.0 2.2 13.3
ROW -15.1 -20.0 -31.8 -37.4 -7.6 -5.2

Each cell (line i, column j) indicates the percentage change in the number of tourists arriving in region i

from region j; or equivalently, departing from region j to region i. For example, the number of European

tourists visiting Switzerland decreases by 0.1% because of temperature increase in the A1B Medium

scenario in 2060. Diagonal cells correspond to changes in domestic tourism.

The results of the simulations with the HTM are then used as input data for GEMINI-E3. The destination
flows in GEMINI-E3 are modified according to the variations calculated with the HTM. We assume that the

results of the HTM simulations correspond to the “other forms of tourism” sector. We aggregate in this

sector summer tourism, cultural tourism and all the other forms of tourism except for snow-dependent

winter tourism.

HTM caveats:

Data are weak, too coarse geographically and temporally. Different types of travel are grouped togeth-
er, although they are not homogeneous. Since the model uses data at the national level, a representa-
tive climate and income are assumed for each country. This implies a distortion, particularly for large
and diverse countries such as the USA and China. Similarly, data are annual, and seasonality is not
accounted for.

Temperature is assumed to be the only important climate variable, because many climate parameters
are strongly correlated to temperature, and temperature is the only climate variable with reliable data
and future projections with a large spatial coverage. For example, precipitation has a high spatial varia-
bility.

Future drivers are uncertain, such as disposable income, time budget and travel costs.

Stochastic events such as natural disasters, terrorism or sport events change short-term predictions
even though their effect on long-term trends is much smaller.

3.6.3 Results

3.6.3.1 Winter tourism

We simulate two climate scenarios, RCP3PD and A1B. For each of them we assume three snow variations

outside Europe:
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e In a first case, we assume that ski resort outside Europe would not be impacted by climate change. This
represents the worst case for winter tourism sectors in Europe;

e In the second case, non-European ski resorts are affected by climate change. The assumed reductions
in snow resources (respectively -4% in RCP3PD scenario and -20% in A1B scenario) are similar to the
ones computed for the EU;

e Inthe last case, reduced snow resources are equal to 50% of the variation used in the previous case.

Moreover, for scenario A1B we simulate two cases, namely with and without changes in artificial snow-
making, to show the impacts of technical adaptation measures. Climate change will put additional
constraints on artificial snow, since its production requires cold temperature, water and energy. The
scenario without snowmaking represents, however, a kind of worst case scenario with a disputably
assumed absence of a particular form of technical adaptation.

The outcomes obtained with GEMINI-E3 for the six scenarios are given in Table 32. We first discuss scenario
A1B where we assume that snow resources outside Europe would be impacted by climate change to a
similar extent as computed for the EU. The producer price increases by 5.1% for one-day winter tourism
(ODT) and by 1.6% for winter overnight tourism (WOT). The two price increases are not similar due to the
fact that the climate change impacts on the snow resource vary across segments (-21.8% for ODT and -
12.5% for WOT). The difference also arises, because adaptation capacities on the supply and demand sides
are different in the two segments. Due to these price variations, production decreases by 2.8% in ODT, but
increases by 0.6% in WOT. Indeed, Swiss WOT benefits from relative competitiveness improvements, as the
impacts of climate change on winter tourism are more significant outside Switzerland. Therefore, Swiss
exports (foreign tourists visiting Switzerland) increase and Swiss imports (Swiss tourists abroad) decrease.
This induces some welfare improvement, which is however limited (+0.01%). Low altitude Swiss ski resorts
are, however, negatively impacted.

When we assume that ski resort stations outside Europe suffer less from climate change, this penalizes
Swiss WOT. Production now decreases by 0.6% in the worst case, and the welfare improvement vanishes.

If snowmaking stays constant, the impacts are more severe. In the scenario with snow change outside
Europe, the producer price increases by 9.1% for the ODT sector and by 6.4% for the WOT sector. Ski
resorts cannot substitute natural snow by relatively cheap artificial snow. They need more capital, labor
and energy to maintain and modernize ski slopes. This results in a decrease in production of 5.4% for the
ODT sector and of 2.5% for the WOT sector. Despite this, welfare slightly improves due to gains from terms
of trade: The EU is more affected than Switzerland by climate change. Since snow endowment decreases by
23.4% in the EU and by only 12.5% in Switzerland in the WOT sector, the price of skiing in the EU increases
much more than in Switzerland. Thus, Swiss imports decrease much more than Swiss exports. Moreover,
revenue from exports grows, because the increasing producer prices more than compensate for the loss of
demand (decrease in domestic consumption and exports). Switzerland has a comparative advantage with
respect to the EU, since its ski resorts are located at a higher altitude.

Comparing these results to the above scenario with adaptation, the latter scenario enables the EU to
compensate its decrease in natural snow by investing into artificial snow, mitigating the Swiss comparative
advantage. Thus, the positive welfare effect in Switzerland is lower in the scenario with adaptation.

In the RCP3PD scenario, the decrease in snow endowment is very limited. Therefore, the economic impacts
on Swiss Winter tourism are very low. WOT production change ranges between -0.1% to 0.0% and ODT
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production decreases by 0.4%. Welfare remains essentially unchanged with respect to the baseline

scenario.

Table 32: Impacts of climate change for the Swiss winter tourism sector and welfare

(% deviation from reference scenario in 2060)

RCP3PD with adaptation

A1B with adaptation

A1B without adaptation

No snow >0% Snow No snow >0% Snow No snow >0% Snow
change snow change change Show change change snow change
outside chan'ge outside  outside chan.ge outside  outside chan.ge outside
Europe outside Europe Europe outside Europe Europe outside Europe
Europe Europe Europe
Variations in snow endowment for winter overnight tourism
CH -2.0 -2.0 -2.0 -12.5 -12.5 -12.5 -12.5 -12.5 -12.5
EU -3.4 -3.4 -3.4 -23.4 -23.4 -23.4 -23.4 -23.4 -23.4
OECD 0.0 -2.0 -4.0 0.0 -10.0 -20.0 0.0 -10.0 -20.0
USA 0.0 -2.0 -4.0 0.0 -10.0 -20.0 0.0 -10.0 -20.0
BRIC 0.0 -2.0 -4.0 0.0 -10.0 -20.0 0.0 -10.0 -20.0
ROW 0.0 -2.0 -4.0 0.0 -10.0 -20.0 0.0 -10.0 -20.0
Variations in snow endowment for one-day winter tourism
CH -4.0 -4.0 -4.0 -21.8 -21.8 -21.8 -21.8 -21.8 -21.8
Swiss winter overnight tourism
Production -0.1 0.0 0.03 -0.6 -0.1 0.6 -3.1 -2.8 -2.5
Consumption -0.2 -0.2 -0.2 -1.1 -1.2 -1.2 -3.5 -3.8 -4.2
Exports -0.1 0.0 0.2 -0.2 0.8 2.3 -2.9 -2.2 -1.2
Imports -0.4 -0.4 -0.4 -3.6 -3.6 -3.7 -7.9 -8.3 -9.0
Artificial snow 1.1 1.3 1.4 8.4 9.2 10.5 0.0 0.0 0.0
Producer price 0.2 0.2 0.2 1.5 1.5 1.6 5.2 5.7 6.4
Swiss one-day winter tourism
Production -0.4 -0.4 -0.4 -2.8 -2.8 -2.8 -5.3 -5.4 -5.4
Consumption -0.4 -0.4 -0.4 -2.8 -2.8 -2.8 -5.3 -5.4 -5.4
Artificial snow 1.0 1.0 1.0 7.2 7.2 7.2 0.0 0.0 0.0
Producer price 0.7 0.7 0.7 5.1 5.1 5.1 9.3 9.2 9.1
Welfare -0.00 0.00 0.00 -0.00 0.00 0.01 0.02 0.02 0.03

In short, even if welfare impacts are slightly positive, the situation is mixed among segments. Production of
the one-day winter tourism sector decreases in all scenarios, highlighting the greater vulnerability of ski
resorts located at low altitudes, since they suffer from a greater natural snow loss. Higher ski resorts bene-
fit from their comparative advantage with respect to lower altitude resorts in Switzerland and in the EU.
However, their vulnerability also increases, because the decrease in natural snow raises their production
costs.
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The results are sensitive to our modeling approach and assumptions. First, we treat the changes in natural
snow endowment and temperature as deterministic, using the average change simulated by several
models; But uncertainties are high, as highlighted by the high disparities between model results. Moreover,
due to our CGE approach, the decrease in natural snow endowment only increases the production cost of
winter tourism exponentially. This means that there is no ultimate restriction on the supply side, and pro-
ducers substitute missing natural snow with other production factors, for example increasing the share of
artificial snowmaking. However, the preparation of ski slopes might be impractical in a warmer climate.
Also, the fractional snow cover used in our simulations does not factor in snow quality. Higher temperature
will lower snow quality which could decrease people’s willingness to ski. This effect could be reinforced by
the lack of snow in cities or the concentration of skiers in a few high altitude ski resorts. By using the frac-
tional snow cover, we also assume that the minimum depth to ski is uniform, although it depends on soil
types and on slopes (Serquet & Rebetez 2013). Finally, we use an econometric model to assess the
economic impacts of snow cover changes, and assume that the estimated relation will be the same in 2060.
However, the lack of snow in cities or the concentration of skiers in high altitude resorts could decrease
people’s inclination to ski.

3.6.3.2 Summer tourism

The results presented below correspond to the simulations in GEMINI-E3 for scenarios A1B, A2 and
RCP3PD.19 International tourism flows change according to the new temperature pattern. Cooler countries
like Canada, Norway or Russia become more attractive. Thus, regions OECD and BRIC get more arrivals. For
example in 2060 in scenario A1B, OECD arrivals increase by 18% to 54% and BRIC arrivals increase by 3.1%
to 8.4%.

On the other hand, temperature increase reduces international tourism flows, i.e. total departures and
arrivals decrease while domestic tourism increases. In 2060 in scenario A2, international tourism trade
decreases by 4.8% to 9.4%. On aggregate, the Swiss tourism sector benefits from this effect. Indeed, even if
international tourists spend less in Switzerland, Swiss tourists also spend less outside Switzerland and more
at home. For example in 2060 in scenario A2, arrivals decrease by 1.9% to 5.2% (Figure 21) while depar-
tures decrease by 9.6% to 18.9% (Figure 22).

19 Since we focus on climate change impacts relative to the reference case without temperature increase,
socio-economic effects are removed, and scenarios RCP3PD-SSP1 and RCP3PD-SSP2 vyield similar results.
We show results for RCP3PD-SSP1. For conciseness, results for scenario RCP3PD-SSP2 are not shown.
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The reallocation of tourism flows translates into welfare changes. The main winner is the OECD region,
because the increase in arrivals and the reduction of departures greatly improve the regional trade balance
in tourism. In 2060, Switzerland is better off in all scenarios except RCP3D Lower. Switzerland benefits from
larger increases in temperature, although to a lesser extent than GEMINI-E3’s OECD region. One explana-
tion is that more tourists will enjoy cooler mountain areas at the expense of hot city or seaside destina-
tions. Moreover, the summer tourism season in alpine areas could expand to spring and autumn. Thus, the
decrease in arrivals is more than compensated for by the decrease in departures and the increase in
domestic tourism. The projected welfare gain is moderate and goes up to 0.21% in scenario A1B. World-
wide, climate change has a negative impact on tourism, lowering welfare by 0.04% to 0.09% in scenario A2
due to the decrease in international trade. For most regions, smaller temperature increases are preferable

to larger ones.
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Figure 23: Scenario impacts on summer tourism, regional welfare in 2060
(% deviation from reference scenario in 2060)

The results presented above must be read with care. The main limitations of the HTM have been presented
in section 3.6.2. We now underline the consequences of these and other limitations on the results. First,
tourism flows not only depend on climate, but also on population and GDP. We use a reference socio-
economic scenario to focus on climate change effects, but this could seem inconsistent since carbon emis-
sions are strongly linked with population and GDP growth. On the other hand, tourists could also get used
to higher temperature, making summer tourism flows more robust to climate change. Large uncertainties
also arise from the influence of changes in precipitation. Thus, our simulations should not be interpreted as
predictions. They indicate a possible future and are useful to understand how climate change could impact
tourism and the direction of the effects.

The HTM uses a representative temperature for each country. Switzerland’s tourism sector benefits from a
lower average annual temperature in comparison with other regions. All the simulated scenarios show a
positive impact of climate change on total summer tourism in Switzerland, but the situation might be more
nuanced inside the country. Indeed, it is likely that summer tourism will increase in cold Alpine regions, but
it is unclear what will happen in cities. Serquet & Rebetez 2011 for example found a significant correlation
between tourism in mountain resorts and hot temperature at lower elevation, especially in alpine resorts
located near cities. These results suggest i.a. that ski resorts could adapt to climate change diversifying and
developing their summer tourism offer.
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3.6.3.3 Aggregate impact of climate change on tourism

To get an overall view of the combined climate change effects on winter and summer tourism, we simulate
two more scenarios, RCP3PD medium and A1B medium, both of them with variations of snow endowment
in all regions and with adaptation (change in artificial snowmaking).

Table 33: Impacts of climate change for the Swiss tourism sectors and welfare
(% deviation from reference scenario in 2060; results for the summation of
separate summer and winter simulations indicated in brackets)

RCP3PD medium A1B medium
snow variations in all regions, snow variations in all regions,
with adaptation with adaptation
Swiss other tourism
Production 1.4 (1.4) 3.0(3.0)
Consumption 0.2 (0.1) 0.4 (0.3)
Exports -0.8 (-0.7) -1.7 (-1.6)
Imports -6.0 (-6.0) -12.8 (-12.9)
Swiss winter overnight tourism
Production -0.2 (0.03) 0.3 (0.6)
Consumption -0.2 (-0.2) -1.2 (-1.2)
Exports -0.1(0.2) 1.7 (2.3)
Imports 0.0 (-0.4) -2.9 (-3.7)
Artificial snow 1.1(1.4) 10.0 (10.5)
Producer price 0.2 (0.2) 1.5 (1.6)
Swiss one-day winter tourism
Production -0.4 (-0.4) -2.8 (-2.8)
Consumption -0.4 (-0.4) -2.8 (-2.8)
Artificial snow 1.0(1.0) 7.2(7.2)
Producer price 0.6 (0.7) 5.0 (5.1)
Welfare 0.08 0.17

The results of the GEMINI-E3 simulations are shown in Table 33. There are some interesting deviations
from simply summing over the separate results of winter and summer tourism simulations, due to general
equilibrium effects: Swiss imports of winter tourism decrease less; On the other hand, exports of winter
tourism increase less in A1B and turn negative in RCP3PD. This is due to two contradictory effects: climatic
attractiveness vs. exchange rates. Switzerland becomes more attractive when Europe is affected by climate
change. Thus, demand and supply of Swiss tourism increase, generating additional income for Swiss house-
holds, and the supply of tourism elsewhere in Europe decreases. This modifies the exchanges rates: the
Swiss Franc becomes relatively stronger to the Euro. Consequently, Swiss households spend a greater share
of their income in Europe and Swiss imports decrease less. European households consume less in Switzer-
land, so Swiss winter tourism exports increase less.
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4. CONCLUSIONS

This report presents a comprehensive overview of economic impacts of climate change in Switzerland to be
expected in 2060. Next to a thorough appraisal of the existing literature, we have further enhanced the
monetary quantification of the impacts of climate change on Switzerland in the context of computable
general equilibrium (CGE) analysis. Earlier modeling exercises were updated to the latest climate scenarios
and socioeconomic data, e.g. concerning impacts on labor productivity, winter tourism, irrigation for crop
cultivation, space heating and cooling. Even more importantly, we added effects which previously had not
been included in macroeconomic analyses for Switzerland. In particular, we focused on certain economic
cross-border effects: international tourism flows, electricity prices, and agricultural terms of trade.

Despite these achievements, the report also reveals how much still needs to be done to attain a reasonably
complete and reliable quantitative picture of economic impacts of climate change in Switzerland. In fact,
many impacts have not yet been quantified in a satisfactory way, and some of them could be very signifi-
cant. These omissions concern, among other things, disastrous extreme events such as heat waves and
droughts, which are expected to become more frequent and severe.

We report the current state of research, but need to restrict our simulations to impacts for which adequate
data are available. Also, we concentrate in the simulations on a selection of impacts which can be assumed
to be important according to existing literature.

Table 34 presents an overview of economically relevant influences of climate change in Switzerland.
Simulated impacts are colored in red and green (for net negative/positive impacts). Impacts colored in
orange where not simulated due to methodological and data constraints or (in light orange) low economic
relevance. Most importantly, there is at this time an insufficient basis for quantifying the impacts of
extreme weather events in 2060 across all sectors. Among other impacts, we also refrain from quantitative
statements concerning ecosystems and biodiversity. Not only are economic impacts poorly known; the
methods for monetization are also particularly contested.

In the following, we summarize our findings for the different sectors before we arrive at final conclusions.

Impacts on human health are among the most serious of climate change impacts in Switzerland, with
summer heat being the main cause. A usual 2060 summer under climate change (scenarios A1B and A2) is
expected to cause about 650 additional deaths due to cardiovascular and respiratory diseases (based on
Paci et al. 2014). Additional risks related to vector-borne diseases could add to this. Other heat-related
health issues include increased tropospheric ozone formation and influences on the prevalence of aller-
gens.

Heat also affects labor productivity. Following the approach of the Cantonal risk studies, total labor produc-
tivity under climate change falls by about 0.4% until 2060. This is a potentially severe economic impact,
which could be mitigated to some extent by adaptation measures, more easily of course for indoor jobs.
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Table 34: Overview of economically relevant influences of climate change in Switzerland

average change in extreme weather influences from
temperature precipitation events abroad
change patterns

reduced labor
productivity abroad
influences terms of
trade

buildings & heat-related and
licsidtsier frost-related
damages,
permafrost melting

floods, mudslides,
storms, hail, heat,
frost

energy runoff changes energy

influence infrastructure:
hydropower, water floods, mudslides,
availability for storms, hail, heat,
cooling of thermal  frost

electricity

generation plants

water
management

e
ecosystems stress and damage migration of
to habitat and species
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The impacts will be even more severe when extreme heat waves occur. Indeed, we know from the 2003
(and 2015) heat waves that about 1 000 (respectively 800) people died prematurely in Switzerland (Grize et
al. 2015, FOEN 2016). This also reveals that adaptation could be more difficult than expected, given that
adaptation measures implemented since 2005 do not seem to have had a major effect in reducing mortali-
ty during the heat wave of 2015, at least not in all regions of Switzerland. Labor productivity and health
costs could also be particularly affected by heat waves, although current data does not indicate any related
significant increase in health costs so far.

We have not been able to include the presumably important impacts of heat waves on labor productivity
and human health in our simulations. This is due to the fact that data is available only for heat waves which
in 2060 will not be extreme under climate change. Indeed, the regular summer climate of 2060 would be
warmer than that of 2003, a summer which had been considered the warmest in at least 250 years. An
extreme heat event in 2060 would thus be much hotter than anything we have seen in Switzerland so far.
This implies methodological difficulties: If we wanted to quantify the damage of an extreme heat event
with a return period of 20 years under a warmer climate in 2060, we would neither know how to define the
progression of temperature, nor what damages this particular progression of temperature would cause.
These are important research tasks for the near future.

Agriculture and forestry are sectors that are particularly sensitive to climate and weather conditions. There
are multiple influences of climate change on production, especially but not only on crop and timber pro-
duction. Higher temperatures prolong growth periods, raise the timber line, and intensify plant growth, but
also the prevalence of pests. Decreased precipitation in summer reduces the availability of water for irriga-
tion and leads to overly dry conditions for forests in some regions. Weather extremes of all kinds (e.g. heat,
drought, heavy precipitation and flooding, hail and storms) can be a threat to production. As in the health
domain, we had to restrict the quantification of impacts to average conditions under climate change, but
large additional expected impacts are likely to also arise from weather extremes, notably from extreme
heat and drought.

Despite these risks, the overall picture for Swiss agriculture seems to be rather positive. Of the many influ-
ences of climate change on agriculture, extended cultivation periods could be the dominant one, provided
that sensible adaptation measures are taken. In our simulations, we focus on two particular issues: (1) a
potential scarcity of irrigation water and (2) modified import prices for agricultural commodities.

In the absence of weather extremes, scarcity of irrigation water is an issue for only a few catchments,
mostly in the western part of Switzerland. Assuming some adaptation, the negative impacts on national
crop production remain below 0.2%, and the resulting aggregate welfare changes are negligible.

Impacts of climate change on agriculture are more pronounced abroad, especially in developing countries.
Crop import prices are expected to increase mostly for grains and oilseeds (Wiebe et al. 2015), which
according to our simulations causes a welfare loss of 0.02% in Switzerland.

Tourism is another sector where international aspects are particularly important, given that more than 9
million foreign tourists visit Switzerland per year. Foreign guests spend almost 16 billion CHF per year in
Switzerland, and Swiss tourists spend almost the same amount abroad (Schweizer Tourismus-Verband
2016).

The main concern for tourism with respect to climate change is the retreating snow cover, which consti-
tutes a serious challenge to ski resorts, especially below an altitude of about 1800 m. At the same time,
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high-lying ski resorts might benefit from a shift in demand from low-lying resorts inside and outside
Switzerland. Also, artificial snowmaking mitigates some of the negative effects. Altogether, our simulations
for the A1B scenario show an increase of overnight winter tourism by 0.3% and a decrease of one-day
winter tourism by 2.8% in 2060 relative to the reference scenario without climate change.

Although there are risks especially for one-day winter tourism, the Swiss tourism sector as a whole is likely
to benefit from climate change. In the simulations, the estimated welfare gain amounts to almost 0.2% of
household consumption. Under climate change, more tourists choose mountain areas rather than hot city
or seaside destinations. Moreover, the summer tourism season expands more into spring and autumn. We
simulate a decrease in international arrivals, which is, however, more than compensated by a drop in
departures by Swiss residents and a resulting increase in domestic tourism. This seems to be good news at
least for a major part of the Swiss tourism sector. It has to be noted, however, that projections of inter-
national tourism flows under climate change are very uncertain.

In the energy domain, Switzerland is also highly integrated with international markets. Climate change
influences the demand for heating and cooling in different world regions. It also influences conditions for
electricity generation, with its dependence on sunshine hours, wind conditions, and water for hydropower
and cooling of thermal plants. Hence, it can be suspected that the terms of trade for energy carriers are
affected by climate change.

In our simulations, we found only minor effects in this regard, at least at an aggregate level. For example,
electricity import prices vary for the different neighbouring countries for different reasons, but the aggre-
gate effect of these changes on Switzerland could be almost negligible. For electricity, the comparison of
mitigation and business-as-usual scenarios reveals that mitigation policies have a higher influence on
import prices to Switzerland than climate change itself. For the RCP3PD scenario, which entails consider-
able mitigation, we find a medium increase of electricity consumer prices of 1.5%. In the past decade,
however, mitigation policies have reduced electricity import prices, mainly as a consequence of the feed-in
tariffs for renewables in Germany. Whether the simulated effect is going to emerge will, thus, depend on
the instruments that are employed for mitigation.

Domestic impacts in the energy field are dominated by the demand side. In the A1B medium scenario,
increased energy demand for cooling raises total energy consumption by about 0.8%. However, reduced
energy demand for heating is much more important and lowers total energy consumption by 2.6%. Aggre-
gating both of these effects, we have simulated a welfare increase of 0.25%. This is a much larger impact
than any of the supply side effects that can be expected (impacts of change in river runoff on hydropower
generation, lower availability of cooling water for thermal plants, damage to energy infrastructure).

Concerning damages to infrastructure and buildings, there will be some changes in the incidence of heat
and cold related damages. Yet, the main issue with climate change are potentially increased risks associat-
ed with extreme weather events such as storms, heavy precipitation (floods and mudslides), heavy snowfall
(avalanches), and hail. Climate change may alter both the frequency and the intensity of such events. It is,
however, especially difficult to scientifically substantiate that this will be the case. While it is difficult to
simulate expected average changes of the climate, it is even far more difficult to simulate expected changes
in extreme weather events.

Yet, this is an important risk-related topic, given that we have seen large flood (1999, 2000, 2005, 2007)
and storm (1999) events in the last two decades. For example, the damage of the 2005 flood event has
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been estimated at about 3 billion CHF. Despite this, it would be incorrect to assume considerable additional
damages to buildings and infrastructure as long as scientific confirmation is missing that these risks have to
be expected to increase due to climate change.

We attempted to identify the most considerable impacts of climate change in Switzerland, even if there will
be many more impacts, most of which can be expected to be of minor economic relevance. As an excep-
tion, there might be further international impacts that could be economically important for Switzerland:
Climate change could spawn international conflict and migration and reduce trade. This could impact the
Swiss labor market, trade volumes and terms of trade, as well as financial flows between the Swiss banking
system and the rest of the world. These impacts are very difficult to project and quantify, and deserve more
attention. Furthermore, the reinsurance sector, which is prominent in Switzerland, is affected by extreme
weather events around the world.

Given that many important — and predominantly negative — risks are not taken into account (see again
Table 34), we are aware that there is limited value in presenting aggregate numbers of our simulations for
Switzerland. Already for the simulated impacts, net annual damage of climate change in 2060 is about 2.8
billion CHF,005 or 0.43% of total consumption?20. This includes the monetization of excess premature deaths
at 5 million CHF per person?®. This monetization, which has been chosen in accordance with the approach
of the cantonal risk studies, is highly controversial. Some argue that, as saving lives should be first priority,
the value of human life should not be expressed in terms of money. Others will note that, when following
standard monetization approaches, the statistical value of life would have to increase with average income
between today and 2060, which would result in a much higher value per person.

In summary, it can be concluded that uncertainties about the overall impact of climate change are still
enormous. Especially, the full consequences of future extreme weather events remain unknown. Despite
the new research presented in this report, we still know too little about the repercussions of global conse-
guences of climate change on Switzerland. The domestic impacts of average temperature change are much
better studied. We find that they are dominated by detrimental effects of high temperatures on human
mortality and labor productivity. The related costs are only partially compensated by positive impacts,
mostly by savings in heating needs and new opportunities for summer tourism.

20 Total impacts in each scenario are largely congruent with the sum of the individual effects that we have
simulated. In other words, we do not find any sizable general equilibrium effects, i.e. reciprocal effects
between different impacts that would be of macroeconomic relevance.
Based on a willingness-to-pay approach conducted in the Swiss PLANAT risk concept (Brindl 2009),
representing the sum of money society is willing to pay to protect a life.
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APPENDIX: LITERATURE OVERVIEW BY CLIMATE-CHANGE SENSITIVE AREA

Health
Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Ecoplan / 2030 |- Risk analysis with quantification v |- Health: no significant CC impacts before 2050. - Detailed description of
Sigmaplan 2050 whenever possible. methods.
2007 2070 |- CCimpacts with adaptation. - Impacts with adaptation.
2100 |- Tourism: includes CGE model. - Only two types of health
- Health: quantitative analysis of impacts analysed.
productivity loss and increased - No socio-economic scenario
mortality due to extreme events included.
(heat waves). - Total cost: share of adaptation
unclear.
INFRAS / Egli  |2060 |- Case study for canton Basel-Stadt.| ./ |- Health: Highest CC impact of all areas surveyed. - Impacts without adaptation.
Engineering - Risk analysis with quantification - CCimpacts on health without adaptation in the range from CHF |- Detailed consideration of
2014a whenever possible. 170 to 520 million in 2060. uncertainty in analysis.

- Two scenarios for climate change:
'strong' and 'weak'. Basis: IPCC
emission scenarios RCP3PB and
A1B.
One socio-economic scenario.
Health: quantitative analysis
restricted to impacts of
heatwaves (incl. ground-level
ozone) on mortality and
productivity, but qualitative
results are monetized, too.
Results are presented in the form
of two expected values: annual
average and 100-year events.
- Assessment of uncertainty on a 4-
point scale.

- Socio-economic scenario suggests additional cost of 260-580
million CHF in 2060.

- 100-year heatwave might cost up to CHF 4.7 billion in strong
climate change scenario.

- Influence of heat island effect in urban area is high.

- High level of uncertainty remains, especially for socio-economic
scenario and 100-year events.

- Very detailed description of
calculation of impacts of
heatwaves on mortality and
productivity; integration of
heat island effect in urban
areas.

Analysis for 100-year extreme
events included.

High level of uncertainty
remaining.

Linear relation between
climate change and impacts
assumed.

No analysis of CiC impacts via
interdependence of markets
(nationally or internationally).
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Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
INFRAS / Egli {2060 - Case study for canton Uri. |- Health: Highest CC impact of all areas surveyed. - Impacts without adaptation in
Engineering - Risk analysis with quantification - Highest impact from loss of productivity during heat waves: mountain region.
2014b whenever possible. range from 2.1 to 6.4 million CHF in 2060. - Analysis of road deaths due to
- Two scenarios for climate change: - Small positive impact because of reduced road deaths due to heavy snowfall.
'strong' and 'weak’. Basis: IPCC heavy snowfall. - Qualitative results are not
emission scenarios RCP3PB and - Health: total CC impacts without adaptation 3.6 to 11.4 million monetized due to high
A1B. CHF in 2060. uncertainty.
- One socio-economic scenario - Socio-economic scenario revealed no additional cost. - Linear relation between
with qualitative results. climate change and impacts
- Health: quantitative analysis assumed.
restricted to impacts of heavy - No analysis of CiC impacts via
snowfall on number of road interdependence of markets
deaths and productivity loss due (nationally or internationally).
to hot days.
- Qualitative results for numerous
additional factors.
- Results are presented in the form
of two expected values: annual
average and 100-year events.
- Assessment of uncertainty on a 4-
point scale.
CH2014- Three |- Based on three CH2011 climate X |- Sales of registered products in pharmacies increase about 2% Impacts without adaptation.
Impacts 2014 |30-year | scenarios (A2, A1B, RCP3PD), (with slight variations among scenarios) - No monetization of impacts.
mean three time horizons and three - Doctor visits go up 5%, but results are statistically insignificant - Only impacts of average
projecti| uncertainty levels. - Hospitalization increases in all scenarios about 4% climate changes are assessed
ons - Applies empirical relationships since CH2011 scenarios do not
centred between observed temperature incorporate extreme weather
around | and precipitation and three events.
2035, health indicators to climate - Very limited number of
2060, scenarios: how do pharmaceutical indicators.
2085 sales, doctor visits,

hospitalizations react to climate
change?

- All other influences (e.g.
socio-economic factors) held
constant.
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Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Ernst Basler + |2060 - Case study for canton Aargau. /|- Health: Highest impacts of all areas surveyed. - Calculation of impacts without
Partner / WSL - Two scenarios for climate change: - CCimpacts on health without adaptation in the range from CHF adaptation.
2013 'strong' and 'weak’. Basis: IPCC 100 to 300 million in 2060. - Definition of indicators for
emission scenarios RCP3PB and - Extreme (100-year) heatwave may amount to CHF 3.8 billion in heat exposure, morbidity,
A1B. strong climate change scenario. mortality and reduction in
- One scenario for socio-economic - High level of uncertainty. productivity.
and demographic change. - Exploratory analysis for 100-
- Adaptation is not part of the year extreme events.
analysis, only some autonomous - Still high level of uncertainty.
a<':iaptat|on is included. - Important effects (i.e. possible
- Aim of the St“d_V: Qetect areas spread of infectious diseases)
where adapta'tlon is most are not included.
urgently required. ) - Socio-economic scenario not
- Results are presented in the form included in analysis of impacts
of two expected values: annual on health.
average and 100-year (?vents. - No analysis of CC impacts via
- As§essment of uncertainty on a 3- interdependence of markets
point scale. (nationally or internationally).
Econcept 2013 [2060 |- Case study for canton Zirich. X |- Population density, socio-economic structure, small amount of |- Spotlight on CC impacts in an

- Literature review plus expert
interviews.

- Based on one CH2011 climate

scenario (A1B) and one socio-

economic scenario.

Analysis of CC impacts from an

urban perspective.

Limited to effects on open spaces,

buildings, health.

- Analysis restricted to heatwaves
and allergic disorders /
distribution of allergenic species.

undeveloped spaces intensify CC impacts in urban areas.

- Heatwaves and spread of allergenic species / infectious diseases
determine need for action.

- Socio-economic structure will aggravate the impacts in some
districts.

urban area.
- Impacts without adaptation.
Specific adaptation measures
are identified and prioritized.

Only qualitative results.




OT1

Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Jorgenson et 2050/ |- Dynamic CGE model approach |- Excess mortality: 13,080 annually 2000-2100 - Comprehensive study of a
al. 2004 2100 (IGEM) - Excess morbidity: 387,057 annually 2000-2100 large variety of CC impacts
- USA, 35 sectors - Mortality and morbidity account for 6 to 9 % of the GDP effect in |- Dynamic CGE
- Five climate scenarios 2100, but 13 to 16 % of the welfare effect
- Covers impacts of cardiovascular
and respiratory diseases and
ozone exposure on morbidity,
mortality and labor productivity
Bosello etal. |2050 - Static CGE model approach v |- Health related CC impacts may increase GDP in 2050 by 0.08% |- Early study that differentiates
2006 (GTAP-E) (Rest of Annex I) or reduce it by 0.07% (in the Rest of the World, | between direct and indirect
- World, 8 regions, 17 sectors including Africa) costs (via labor productivity
- One climate scenario: B1. and demand for health
- Covers cardiovascular and services)
respiratory diseases; diarrhoea, - Only one climate scenario
malaria, dengue fever and - Only productivity loss covered
schistosomiasis
- Estimation of economy-wide
effects through changes in labour
productivity and public and
private demand for health care
Aim of the study: detect areas
where adaptation is most
urgently required.
Reilly et al. 2100 |- CGE model approach (MIT IGSM) v |- Health: Change in ozone concentrations causes worldwide - Monte Carlo simulation of
2012 - World, 16 regions impact of over 1 trillion US$ until 2100 future emissions in five policy
- Covers ozone pollution scenarios
- Three emissions scenarios - Only ozone pollution covered
Bosello etal. |2050 |- Recursive dynamic CGE model v |- Health: significant productivity losses only in Mediterranean - Methodology well
2012 approach (ICES) Europe: resulting in -0.19% of GDP in 2050 documented

- World, 14 regions, 17 sectors

- One emissions scenario (A1B)

- Health: productivity loss due to
thermal discomfort.

- One emissions scenario only
- Only productivity loss covered
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Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Ciscar et al. 2071- |- Comparative static CGE model V|- Health: 177,000 to 200’000 excess mortality/per year on EU level |- Comprehensive study
2014 2100 approach (GEM E3) - Health impacts account for 2/3 of total GDP loss - Methodology well
- Europe, 5 regions, 18 sectors documented
- Two emissions scenarios (A1B, - Comparative static approach
E1)
- Covers high temperature,
respiratory, cardiovascular
diseases and renal failure; food
and water-borne diseases
- Estimates impacts on labor
productivity, health care cost,
reduction of total available hours,
premature deaths
OECD 2015 2060, |- Dynamic CGE model approach - Health impacts: -0.9% GDP loss in 2060 - Comprehensive study
post (ENV Linkages, AD DICE for post - Health impacts most dominant of all modelled impacts in 2060 |- Dynamic CGE
2060 2060) - Methodology well
- World, 25 regions, 35 sectors documented

- One emissions scenario (RCP8.5)

- Health: morbidity from heat and
cold exposure, morbidity and
mortality from infectious
diseases, cardiovascular and
respiratory diseases

- Mortality from heat exposure
not modelled
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Buildings and infrastructure

- Two scenarios for climate change:
“strong” and “weak”. Basis: IPCC
emission scenarios RCP3PB and
AlB

- One socio-economic scenario

- Results are presented in the form
of two expected values: annual
average and 100-year events

- Assessment of uncertainty on a 4-
point scale

- Storms: sensitivity analysis only.

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Ecoplan/ 2030 /|- Risk analysis with quantification v |- CCimpacts on buildings and infrastructure in comparison with - Detailed description of
Sigmaplan 2050 /| whenever possible. other areas rather low. methods.
2007 2070 /|- CCimpacts with adaptation. - Floods: Expected value for impact without adaptation in 2050 - Impacts with adaptation.
2100 |- Impacts of floods, landslides and ranges from CHF 46.6 to 101.2 million, depending on - Floods: impacts with and
bedload analysed. assumptions. With adaptation: CHF 70.86 million in 2050 (max). without adaptation.
- Floods: analysis of typical event, - Landslides, impact with adaptation: CHF 60.8 million in 2050 - High level of uncertainty
extrapolation of costs and (max); highly uncertain. remaining.
frequency to 2050. - Bedload, impact with adaptation: 40 mill. CHF in 2050 (max);
highly uncertain.
INFRAS / Egli {2060 |- Case study for canton Basel-Stadt /|- Floods: substantial impacts only through 100-year events. - Impacts without adaptation.
Engineering - Risk analysis with quantification - Hail and heavy rainfall: 30-year and 100-year-events calculated, |- Analysis for 100-year extreme
2014a whenever possible too high uncertainty for annual average expectancy values. events included.

High level of uncertainty

remaining.

- Only sensitivity analysis.

- Qualitative results for socio-
economic scenario.

- No analysis of CiC impacts via

interdependence of markets

(nationally or internationally).
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
INFRAS / Egli  [2060 |- Case study for canton Uri. / |Estimated range of CC impacts in 2060, depending on climate|- Impacts without adaptation in
Engineering - Risk analysis with quantification scenario, in million CHF: mountain region.
2014b whenever possible. - Avalanches: 4.2t0 3.8 - Linear relation between
- Two scenarios for climate change: - Heavy snowfall: 2.0 to 1.6 climate change and impacts
'strong' and 'weak'. Basis: IPCC - Floods: 22.6 to0 25.8 assumed.
emission scenarios RCP3PB and - Landslides: 2.5 to0 2.8 - No analysis of CiC impacts via
AlB - Hail: 0.225 to 0.075 (highly uncertain) interdependence of markets
- Results are presented in the form - Rockfall: 2.3 t0 2.2 (nationally or internationally).
of two expected values: annual - Storms: 3.75 to 1.25 (highly uncertain).
average and 100-year events,
- Assessment of uncertainty on a 4-
point scale.
Ernst Basler + |2060 |- Case study for canton Aargau. v |- Floods: only sensitivity analysis due to high uncertainty. - Impacts without adaptation.
Partner / WSL - Two scenarios for climate change: - Winter road maintenance: savings of CHF 8 to 13 million in 2060. |_ g4 high level of uncertainty.
2013 'strong' and 'weak’. Basis: IPCC

emission scenarios RCP3PB and
A1B.

One scenario for socio-economic
and demographic change.
Adaptation is not part of the
analysis, only some autonomous
adaptation is included.

Aim of the study: detect areas
where adaptation is most
urgently required.

Results are presented in the form
of two expected values: annual
average and 100-year events.
Assessment of uncertainty on a 3-
point scale.

- Only sensitivity analysis for
floods.

- No analysis of CC impacts via
interdependence of markets
(nationally or internationally).




Vit

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Econcept 2013 [2060 |- Case study for canton Zirich. X |Description of impacts on buildings. - Spotlight on CC impacts in an
- Literature review plus expert urban area.
interviews. - Impacts without adaptation.
- Based on one CH2011 climate - Specific adaptation measures
scenario (A1B) and one socio- are identified and prioritized.
economic scenario.
- Analysis of CC impacts from an
urban perspective.
- Limited to effects on open spaces,
buildings, health.
Schwierz et al. |2071- |- Study encompasses all of Europe. < |- Climate change leads to higher European-wide losses: - Coupling of climate and
2010 2100 |- Coupling of two regional climate Annual expected loss: +44% insurance models is
models with an operational 10 years loss: +23% interesting approach.
insurance loss model. 30 years loss: +50% - Prognosis of impacts of
- Based on IPCC A2 scenario. 100 years loss: +104%. extreme events
- Limited to impacts of winter wind Impact in Switzerland is below European mean: annual expected|_ Only impacts from winter
storms on insurance portfolio. loss: +19% wind storms.
OECD 2015 2060, |- Dynamic CGE model approach v - Buildings an infrastructure: impacts in 2060 very low - Comprehensive study
post (ENV Linkages, AD DICE for post - Dynamic CGE
2060 2060) Methodology well
- World, 25 regions, 35 sectors documented
- One emissions scenario (RCP8.5)
- B&I: damages from storms
included
Boselloetal. |2050 |- Recursive dynamic CGE model v - Buildings an infrastructure: impacts in 2050 very low - Applies LISFLOOD flood
2012 approach (ICES) damage model which

- World, 14 regions, 17 sectors

- One emissions scenario (A1B)

- B&I: river flood damages
modelled

separates CC impacts from
socio-economic factors

LISFLOOD model includes only
EU27
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Energy demand

CHF 0.5 million are not considered
for quantification.

million.

- Change in cooling energy demand through hot spells: increase by
55% (weak) or 140% (strong scenario) from CHF 0.7 million
today.

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
CH2014- 2035 |- The effect of climate change on v |The total effect is expected to be a saving in the range of 0.04% to |Energy part is a very
Impacts 2014 | 2060 | the GDP through energy demand 0.23% of consumption (depending on the global emissions comprehensive overview of
2085 | forindoor cooling and heating is scenario). climate change impacts on
examined with the help of a CGE cooling/heating energy demand
analysis. that includes some adaption
- Past temperature data is effects.
correlated with energy demand Energy efficiency gains are
for heating and cooling to project AEsuTER i fEreRse & &
direct effects on demand. Indirect EREE e,
rebound effects are also
modelled.
Ernst Basler+ | 2060 |- Two climatic scenarios: weak and v/ |Heating is expected to decrease and this effect is not offset by In connection with the case
Partner / WSL strong, based on the RCP3PB and increase of cooling energy demand. studies of the other regions and
2013 A1B IPCC scenarios. an appropriate aggregation, this
- Constant electricity prices are potentially provides a complete
assumed. image of effects on Switzerland.
- The effects of climate change are Indirect (price) or international
compared to status quo, in order effects are left out in the energy
to find areas where adaptation is sector.
necessary.
INFRAS / Egli 2060 |The same basis as the Uri case V4 Quantitative effects considered: In connection with the case
Engineering study, however, there is a - Change in heating energy demand through cold spells: reduced |studies of the other regions and
2014a threshold of costs: effects below by 12% (weak) or 30% (strong scenario) from today CHF 137 an appropriate aggregation, this

potentially provides a complete
image of effects on Switzerland.

Indirect (price) or international
effects are left out in the energy
sector.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
INFRAS / Egli 2060 |The basis is the same as in Ernst v/ |Change of energy demand for indoor heating: Today's cost: CHF In connection with the case
Engineering Basler + Partner et al. 2013. 33.2 million decline by 15% (weak) or 30% (strong scenario). studies of the other regions and
2014b an appropriate aggregation, this
potentially provides a complete
image of effects on Switzerland.
- Indirect (price) or
international effects are left
out in the energy sector.
- Effects on cooling demand not
quantified.
Ecoplan, 2100 |Detailed CGE analysis of four v |- Electricity demand from cooling will increase, while heating will |- Includes adaption to climate
Sigmaplan sectors, including monetization. decrease. change.
2007 Global climatic threshold events - Economic effects included in overall assessment of costs for - Comprehensive economic
were not considered, neither were energy sector (CHF ~750 million can be expected annually by valuation.
local large scale catastrophes and 2050). - Includes projects on future
non-market damages. development of energy prices.
Climate change costs are calculated - Indirect effects (price and
by adaption measures and costs crowding out effects from
that occur through climate change other markets) are not
and c§nnot be prevented by modelled for energy.
adaption measures. - Newer results are available for
space cooling (see CH2014).
Faust et al. 2050 |Gemini CGE model approach with v |- Projects a total welfare gain of 0.2% of consumption due Includes endogenous adaption
2015 28 sectors and 6 regions. decreasing demand amid rising electricity prices (caused by to climate change.
changing runoff regimes and demand patterns).
- Due to decreased demand for heating (only partly offset by
increased cooling demand), welfare gains of 0.19% are projected.
Gonseth et al. [2060 |- CGE model approach (Gemini-E3) v |- With regard to cost/benefit impact, heating energy demand - General equilibrium approach

2015

- Energy demand modelled using
the HDD and CDD methods.

- Main analysis for A1B scenario,
but sensitivity analysis is also
available for A2 and RCP3PD

decrease clearly outweighs cooling energy demand increase.
- Welfare gain is projected to be 733m USD, or 0.16% of
consumption.

- Modelled in Gemini-E3
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Ciscar & - Literature Review X |- Overview of CC impact research in different areas of the Overview over aspects of
Dowling 2014 electricity market. climate impacts in the
- Many sub-areas are still relatively little researched. electricity market that are
well/little researched.
Boselloetal. |2050 |- General equilibrium model (ICES) Electricity demand projected to increase in Europe by 6.91% Worldwide integrated model
2012 - A1B climate scenario (Mediterranean), 0.33% (Northern), 0.15% (Eastern Europe) - No supply side energy effects
considered
- No explicit referral to price
effects
Dowling 2013 |2050 |- Partial equilibrium modelling v |- Generally lower electricity prices in 2050 in most regions Includes modelling of price
(POLES) - Demand side impacts are more significant than supply side effects in electricity markets
- Two climate scenarios: A1B and effects
E1 - The electricity prices are not
the spot prices, but
generation costs. They only
include supply side and not
demand side effects
- Time horizon only 2050
Mima & Criqui {2100 |- Partial equilibrium modelling v |- Climate causes net decrease of energy demand, as decrease in  |Captures both supply and
2015 (POLES) heating is stronger than increase in cooling demand demand side effects.
- Two climate scenarios: A1B and - EIec’Frluty supply |.s expected to decrease, mostly due to a lack of |- While Switzerland is included,
El cooling water during heat waves.
. . e only results for aggregated
- Economic impact is low overall and positive in Northern Europe .
. . . European regions are
(less expenditure for heating), but negative in Southern Europe .
. . ; available.
(higher expenditure for cooling)
OECD (2015) |2060+ |- General equilibrium modelling v |- Worldwide total electricity demand increase from cooling and |- Worldwide simulation

approach
- RCP8.5 climate scenario

decrease from heating will balance out until 2060.

- Uses new RCP scenario

The effect of climate change on
energy supply is not modelled
quantitatively.
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Energy Supply

following:

- Different treatment of
uncertainties.

- Damages and revenues are
assumed to develop linearly to
occurrence of events, even
though there might likely be non-
linear relation.

- Some current cost data is
obtained through interviews
(utility CKW in the energy
section).

- Floods: CHF 50k/yr and CHF 1.3 million of damages for a 100-
year flood (current costs). +5% for weak and +20% for strong
scenario.

- Damages through mudslides: currently CHF 10k/yr and
assumption for a 100-year event: CHF 200k. +5% for weak and
+20% for strong scenario.

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Ernst Basler + [2060 |- Two climatic scenarios: weak and v |- Hydropower total output will increase as more water can be In connection with the case
Partner / WSL strong, based on the RCP3PB and expected from melting of glaciers, but a shift in the seasonal studies of the other regions and
2013 A1B IPCC scenarios. pattern will become evident. an appropriate aggregation, this
- Constant electricity prices are - Water supply will in future also be met, though at a slightly potentially provides a complete
assumed. higher cost. image of effects on Switzerland.
- The effects of climate change are Indirect (price) or international
compared to status quo, in order effects are left out in the energy
to find areas where adaptation is sector.
necessary.
INFRAS / Egli  |2060 |The same basis as the Uri case v |Quantitative effects considered: In connection with the case
Engineering study, however, there is a - Effects on hydropower through floods: Effects on production are |studies of the other regions and
2014a threshold of costs: effects below small and neglected. an appropriate aggregation, this
CHF 0.5 million are not considered - No significant change in hydropower production expected. potentially provides a complete
for quantification. image of effects on Switzerland.
Indirect (price) or international
effects are left out in the energy
sector.
INFRAS / Egli  |2060  [The basis is the same as in Ernst V4 Quantitative effects considered: In connection with the case
Engineering Basler + Partner et al. 2013. The - Change of water regime for hydropower: assumed not to have a |studies of the other regions and
2014b most important differences are the significant effect. an appropriate aggregation, this

potentially provides a complete
image of effects on Switzerland.

- Indirect (price) or
international effects are left
out in the energy sector.

- Not quantified chances for
pump storage through
increasing volatility of
electricity prices and an
increase in melt water from
glaciers.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Ecoplan / 2100 |Detailed CGE analysis of four /|- CC affects hydropower and nuclear power (availability of cooling |- Includes adaption to climate
Sigmaplan sectors, including monetization. water) change.
2007 Global climatic threshold events - Heat spells like in 2003 (in that year nuclear power production |- Comprehensive economic
were not considered, neither were was 4% lower) will increase valuation.
local large scale catastrophes and - Overall additional costs of CHF ~750 million can be expected - Includes projects on future
non-market damages. annually by 2050 (including increased demand for cooling and development of energy prices.
Climate change costs are calculated reduced demand for heating) - Indirect effects (price and
by adaption measures and costs crowding out effects from
that occur through climate change other markets) are not
and cannot be prevented by modelled for energy.
adaption measures. - Historical analysis. No
projections about the future.
- No monetization.
Faust et al. 2100 |Gemini CGE model approach with < |- Decrease in heating energy is economically more significant than |Includes endogenous adaption
2012 28 sectors and 6 regions. the increase in cooling energy. to climate change.
- Increasing loss of nuclear power capacity due to scarcity of Nuclear power capacity loss is
cooling water. estimated with an econometric
model that uses air
temperature as a proxy for
water temperature.
Faust et al. 2050 |Gemini CGE model approach with v |- Hydropower production is projected to decrease by more than |Includes endogenous adaption
2015 28 sectors and 6 regions. 800 GWh due to runoff change (-2.2% average from different to climate change.

climate scenarios), which is compensated by gas and renewable
energy in the model
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Gaudard 2014 [2020- |Statistical forecasting of runoff and v |- Runoff will decrease in the vicinity of 18 to 21% Adaptation through reservoir
50 and |electricity prices. Investment and - Hydropower production will decrease slightly less management.
2070- |reservoir management - Thanks to smart reservoir management, revenue loss is only Extrapolation from a few dams
2100 |optimisation model for a few dams. about half as large as the decrease in runoff only.
- Uncertainty about electricity prices is much greater than
uncertainty in runoff
SGHL/CHy Two The report considers temperature - Overall average temperatures will increase, by up to 3-4.5°Cin  |Comprehensive analysis of cc-
2011 periods |and precipitation, as well as runoff 2085 impacts specific to hydropower
of 30  [from glaciers that affect the - No clear overall trend can be observed for precipitation. The economic analyses are very
years, |amount of power that can be - Extreme events (heat waves and floods) tend to increase (with particular to the case studies
around |produced. Furthermore effects on great uncertainty) and cannot be generalised
2035 [the cost of hydropower production
and through a change in river bed load
2085 |are modelled.
Ciscar & - Literature Review X |- Overview of CCimpact research in different areas of the Overview over aspects of
Dowling 2014 electricity market. climate impacts in the
- Many sub-areas are still relatively little researched. electricity market that are
well/little researched.
Dowling 2013 |2050 |- Partial equilibrium modelling v |- Generally lower electricity prices in 2050 in most regions Includes modelling of price

(POLES)
- Two climate scenarios: A1B and
El

Demand side impacts are more significant than supply side
effects

effects in electricity markets

- The electricity prices are not
the spot prices, but
generation costs. They only
include supply side and not
demand side effects

- Time horizon only 2050
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
McDermott & |- - Examination of German - Electricity price increases by 0.277% with every percent of Coefficients could help to
Nilson 2012 electricity market data of 2002- temperature increase (only above threshold of 25° C water estimate climate change effects
2009 to find effects of cooling temperature) on electricity prices.
water scarcity and temperatures - Water scarcity: ~1% price increase for 1% water level decrease. |German power data only
on electricity prices (day-ahead - Demand increase of 1% leads to 6% price increase.
spot prices), through regression
analysis.
- Electricity production function
incorporates efficiency effects for
water availability and
temperature.
Mideska & - - Physical model to simulate daily X |- Exposure depends strongly on cooling technology type (once- - Could be useful to model
Kallbekken river flows and water through vs. Recirculation) European electricity supply
2010 temperatures (probability - Summer average power capacity is expected to decrease by 13- side effects.
distribution function) on the base 19% (A1-B2) in Europe for once through power-plants. - Fesed o 6l @miesen
of climate scenarios A2 and B1. - Recirculation power plants useable summer capacity is expected | ¢canarios
- The mean number of days to decrease by 4.4-5.9% (A1-B2). - Doesn't model price effects
exceeding 23°C for Europe was - Some of the modelled power
calculated, the threshold from plants might be taken out of
which production is required to operation during the
be throttled. examined period."
- This data is then combined with
35 power-plant specific cooling
data (11% of electricity
production covered).
Mima & Criqui {2100 |- Partial equilibrium modelling v |- Climate causes net decrease of energy demand, as decrease in  |Captures both supply and
2015 (POLES) heating is stronger than increase in cooling demand demand side effects.

- Two climate scenarios: A1B and
El

- Electricity supply will decrease, mostly due to a lack of cooling
water during heat waves.

- Economic impact is low overall and positive in Northern Europe
(less expenditure for heating), but negative in Southern Europe
(higher expenditure for cooling)

- While Switzerland is included,
only results for grouped
countries are available.




[44)

to find supply side impacts of
future climate on power
production

- Demand, future installed
capacities, electricity exchange
capacities are based on
(exogenous) scenarios of the
European Network of
Transmission System Operators
for Electricity (ENTSO-E)

- A2 climate scenario

- As a consequence, higher wholesale prices are projected for
most countries (except Sweden and Norway).

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Van Vilet et al. [2060 |- Simulations of daily river flows v |- Both thermoelectric and hydropower generating potential are - Time horizon 2060
2013 and water temperatures are used expected to decline in most of Europe. - Could be useful to model

some European supply side
effects.

Only considers water related
constraints.

Water management

Partner et al.
2013

strong, based on the RCP3PB and
A1B IPCC scenarios

cost.

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Ernst Basler + |2060 |Two climatic scenarios: weak and v |Water supply will in future also be met, though at a slightly higher |In connection with the case

studies of the other regions and
an appropriate aggregation, this
potentially provides a complete
image of effects on Switzerland.

Some effects are not quantified

(e.g. drinking water quality).
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
INFRAS / Egli {2060 |The same basis as the Uri case v |- No quantitative effects considered. In connection with the case
Engineering study, however, there is a - From 'normal’ flood events, no damages are expected. A 300- studies of the other regions and
2014a threshold of costs: effects below year event could cause drinking water contamination, but the an appropriate aggregation, this
CHF 0.5 million are not considered service provider is prepared for such an event. potentially provides a complete
for quantification. - Strong precipitation events are expected to increase, which image of effects on Switzerland.
might put additional strain on waste water treatment facilities  |No quantitative effects
- No significant effects from dry spells are expected considered.
- No chances are identified, but the risks from CC on water
management are rather small.
INFRAS / Egli {2060 |The basis is the same as in Ernst V4 Quantitative effects considered: In connection with the case
Engineering Basler + Partner et al. 2013. The - Damages on infrastructure through flood events: +5% (weak) or |studies of the other regions and
2014b most important differences are the +20% (strong scenario), from today CHF 0.5 million (average an appropriate aggregation, this
following: annual events) and CHF 5.5 million (100-year event). potentially provides a complete
- Different treatment of - Damages through mudslides: + 10% (weak) to +30% (strong image of effects on Switzerland.
uncertainties scenario), from today CHF 170k (average annual event) and CHF  |some effects are not quantified
- Damages and revenues are 7 million (100-year event). (e.g. drinking water quality).
assumed to develop linearly to - Damages on infrastructure through hail/thunderstorms: No
occurrence of events, even changes
though there might likely be non- - Maintenance of water supply/quality in case of dry spell: no
linear relation. change (weak) or +10% (strong scenario) from today CHF 50k
(annual average) and CHF 120k (100-year event).
- Overall: The additional costs are rather low.
Ecoplan / 2100 |Detailed CGE analysis of four v |- Ground water level is probable to decreased, while demand is Includes adaption to climate
Sigmaplan sectors, including monetization. likely to increase in summer. change.
2007 Global climatic threshold events, - Exploitation of new water resources might become necessary to

large scale catastrophes and non-
market damages were not
considered.

Climate change costs are calculated
by adaption measures and costs
that occur through climate change
and cannot be prevented by
adaption measures.

ensure security of supply.
- While costs of measures are uncertain, it is likely that they are
relatively low.

The water management sector
is not monetized.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
FOEN 2025 |Based on a survey of the cantons. X |With appropriate planning, water will be sufficiently available May serve as a starting point to
2014 No quantitative part. despite climate change. find relevant areas of action and
future issues related to drinking
water management.
- Temporal scope
- No economic effects or
quantified data.
CH-2014 2035 |- Based on CCHydro, amended with X |- The various catchments can be divided into seven response Swiss water catchment areas
Impacts 2014 |2060 the effects of different GHG types. grouped by subtypes, which
2085 scenarios and detailed - They have in common that runoff decreases in summer and allows a better generalisation.
examination of model increases in winter, but stays approximately the same averaged |Ng economic valuation.
uncertainties. over the course of a year.
- Socio-economic effects are not - River groundwater temperatures are very likely to increase and
modelled. therefore quality maybe affected due to increased
microbiological activity, as well as potential issues with pumping
systems.
Perroud & 2010 |Basically a collection of time series X |- Climate change is clearly evident in Switzerland. Contains a comprehensive

Bader, 2013

data of various indicators related to
climate change.

- Average temperatures have increased by 1.7°C between 1864
and 2011, which is higher than the northern hemisphere average
of 1.1°C.

- Average precipitation does not show a clear trend.

overview over climatic changes
that already have accrued up to
today on a large number of
indicators. Also contains a list of
climate mitigation measures
and policies.

- It's all about the past. There
are no projections about the
future.

- No monetization, also because
it is hard to clearly attribute
monetary effect to climate
change as the sole cause.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
FOEN 2012a |2100 |- Swiss climate scenarios are the X |- Water flows will increase slightly in glaciated regions due to Very detailed water flow model,
foundation. increased melting. In the long term a slight decrease is expected. |with CC impacts on the physical
- High resolution overall water flow - Glacial areas will have disappeared almost completely by 2100. |equilibrium.
model with the incorporation of: - Shift in seasonal stream flow pattern: increase in winter and - Focus is clearly on scientific
- glacier melting decrease in summer. examination on hydrological
- snow melting - Flooding season will shift from summer to winter, vice versa for balance in Switzerland, no
- floods and low water events low water events. economic effects
- precipitation changes. - Precipitation increase in North, decrease in South. - For high-precipitation events,
- Increased possibility of droughts, due to decreased melt water, no projection is possible
precipitation and higher temperatures in summer. - Uncertainty in underlying
climate models is high
- Projections for the Alps are
not possible.
Faust et al. 2050 |Gemini CGE model approach with v |- The production price of water increases by 28% to 149.4% Includes endogenous adaption
2015 28 sectors and 6 regions. (depending on scenario), even a decrease by 32.8% is possible to climate change.

Differentiates between different
models that have different
adaption capabilities. All scenarios
but one are based on the same
climate scenario (ETHZ, A1B).

(SMHI scenario) in the industrial sector

- Price increase for drinking water is projected at 7.3% to 39.7%,
while the SMHI climate scenario proposes a decrease by 8.8%.

- The production price of the raw water resource (as an input
factor) is projected to increase by 68.5% to 222.6%, while in the
SMHI climate scenario a decrease by 79.9% is suggested.

- A scenario in which water availability is restricted arbitrarily by
20% projects even steeper price increases than the top end
values above.

It does not offer a global
assessment of the impact of
climate change as it only partly
considers changes in seasonality
and does not integrate extreme
events like floods and droughts.
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Agriculture

Partner / WSL
2013

- Literature analysis for each area

of impacts, then quantitative

analysis for those with high

impact.

Quantified indicators: changes in

yields and production costs due

to changes in temperature and

precipitation

Financial losses derived by hail

insurance payments

- Losses due to overcoming of
different natural hazards.

Change in temperature leads to increase in revenue, decrease in
summer precipitation to a decrease.

Yields today: CHF 650 million -> scenario 2060-weak: CHF 675
million, scenario 2060-strong: CHF 610 million.

Effective change difficult to quantify and depends on emission
scenario.

Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Ecoplan/ 2100 X |- Qualitative statements only.
Sigmaplan - Climate-induced impacts -2050 not of large relevance.
2007
CH2014- 2035 |Three case studies: X |- Performance of dairy cows suffers under heat stress: as warm Quantitative analysis of
Impacts 2014 |2060 |- Animal production: dairy cows' spell days increase, heat stress increases, progressive decline in  [responses to CC of 3 aspects of
2085 performance is quantified using milk production. agricultural production.
the temperature-humidity index. - Pest management in apple production: risk of second —and a Partial analysis.
- Pest management in fruit smaller for third — generation of larval emergence start of the
production: specifying a sigmoidal codling moth.
response function to changes in - Viticulture: by 2035 climate change beneficial, more different
temperature. grapes could grow. By 2060 and 2085 extremes in temperature
- Plant production (viticulture): could lead to negative impacts.
Huglin index.
Ernst Basler + {2060 |- Based on CH2011 scenarios v |- Through approach for monetization rough direction is derived Approach for monetization.

Only direct impacts for
economic valuation.
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Publication

Temp.
scope

Methods

Econ.
valua-
tion

Main results

Usability / caveats for this
project

INFRAS / Egli
Engineering
2014b

2060

- Methodology as in Aargau study
but extension with respect to
uncertainty margins.
Uncertainty includes costs of
inflation and land improvement.
- Today's cost are linearly
projected into the future,
uncertain margins account for
possible non-linear relations
(considering changes in hazards).
Impacts only for agricultural
production and their productive
area: impacts on agricultural
infrastructure in section
'infrastructure and buildings'.
Quantified indicators (risks and
effects): avalanches, intense
snowfall, floods, mudflow, heat
waves, rockfall, change in
temperature.
If no reliable projection possible:
sensitivity analysis.
- Qualitative analysis of
interference of animal wellbeing.

- Expected costs for each hazard derived.

- Cost savings of CHF 24,000 to 48,000/yr through change in
avalanches, snowfall, rockfall.

- Yields of CHF 0.7-1.4 million/yr through increase in temperature

- Floods, mudflow, droughts: costs of CHF 110,000 to 400,000/yr.

- Net increase in yields of CHF 0.6 to 1 million/yr.

Assessment of uncertainty
margins.

Faust et al.
2015

2050

CGE modelling approach for
different degrees of sector-
specific adaptation concerned
with the impact of changes in
water availability.

- Raw water as a production factor
for irrigation in the agriculture
sector.

- Production price of irrigation water is projected to increase by
37.9 % (high agricultural adaptation) to 240.1 % (low agricultural
adaptation)

CGE modelling approach.

Considers only irrigation.
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Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Nelson etal. |2030, |[They use a combination of general |/ - Crop area projected to increase for almost all models + CGE modelling approach.
2014 2050 |circulation models, crop modelling - Yield reductions projected for all models, magnitudes differ - Only one emission scenario
suites, CGEs and partial equilibrium - Prices projected to increase across all models, significant inter- modelled
models (for agricultural sector) model variation
Rosenzweig et (2020, |Model intercomparison of crop X - Models agree on sign of yield effects (negative)
al. 2014 2050, |models, forced with four different - Mid-latitude sign still uncertain
2090 |emission scenarios
Wiebe etal. |2050 |Model intercomparison of climate|./ - Modelled for agricultural yields, area, production, consumption, [+ CGE modelling approach
2015 and economic models using shared prices and trade for coarse grains, rice, wheat, oilseeds and sugar [+ impacts on yields and prices

socioeconomic pathways (SSP 1, 2
and 3)

crops
- Impacts from climate change similar for SSP 1 — 3

given
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Forestry

(?)

spruce and beech, derived by 6
species distribution models for
each species. Maps represent
climatic potential of tree species.
Forest dynamics: models forclim
and landclim to get appropriate
sensitivity to climate with high
local resolution.

- Ecosystem services: simulated
with landclim and forclim in Saas
(VS) and Dischma (GR) ->
comparison of impacts on these
two different ecosystems.

Bark beetles: estimate changing
infestation potential.

projected for low and intermediate elevations and in warm-dry
areas. High-elevation forests and cool-wet areas robust to CC.

- Bark beetles: increase in populations due to warmer and drier
climate; this might lead to increased susceptibility to bark beetle
attacks of forests.

Publication Temp. |Methods Econ. [Main results Usability / caveats for this

scope valua- project
tion

Ecoplan/ 2100 X |Qualitative statements only, climate-induced impacts until 2050

Sigmaplan not of large relevance.

2007

CH2014- 2035, |- Growth of Norway spruce: X |- Growth of Norway spruce: strongly reduced if mean T > 15C and [Comprehensive quantification

Impacts 2014|2060, relationship between radial stem P < 600mm during growing season, for RCP-3PD moderate of impacts on forestry: studies
2085/ | increment and mean temperature warming stimulates growth. In A1B and A2 droughts can have on growth of Norway spruce,
Land- and precipitation sum over severe impacts e.g. in central Valais. climatic suitability, forest
Clim growing season. Sample of 156 - Climatic suitability: SDMs predict unsuitability of some large dynamics, ecosystem services
and trees from 11 sites. Potential areas - in contrast to empirical growth projections. and bark beetles.
For- impacts discussed for Biel and - Forest dynamics: minor changes in near future, major changes
Clim: Goppenstein. only for A1B and A2 in after 2050.
2300 |- Climatic suitability: distribution of - Ecosystem services: trends diverse. Large negative impacts
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Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Ernst Basler + |2060 |- Based on CH2011 scenarios. v |- Slight positive economic impact for 2060-weak, negative for - Smart forester assumption
Partner / WSL - Literature analysis for each area 2060-strong. (adaptation of tree species-
2013 of impacts, then quantitative - High uncertainties concerning change in growth rates of different| distribution).
analysis for those with high tree species and quantity of damaged wood due to dryness, - Not quantified impacts larger
impact. storms and bark beetles. than quantified ones.
- Quantified indicators: yields, Only direct impacts for
production costs, financial losses economic valuation.
(e.g. through storm damages).
INFRAS/Egli 2060 |- Forest damages through storms v |- Rise in temperature -> rise in timberline: increase of potential - Approach for monetization.
Engineering guantified. growth area. - Benefits > costs.
2014b - Further aspects qualitatively - Increase of forced usage due to extreme meteorological events
investigated. (600,000 to 1,350,000 CHF/yr).
- Benefits > costs.
Biodiversity
Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion
Ecoplan/ 2100 X |- Qualitative statements only Rough direction of impacts on
Sigmaplan - How CH flora and fauna will behave with climate change -> biodiversity
2007 species loss and immigration of foreign plant and animal species
from warmer regions. CH flora and fauna will become more
similar to those of southern regions.
- Impacts of agriculture and other land uses will affect biodiversity
more than CC.
- Changes in extremes might have big impacts locally.
CH2014- 2020 |- Analysis of distribution of bird X |- Changes in species composition of birds and vascular plants Comprehensive quantification
Impacts 2014 |2050 and vascular plants - Uncertainty in turnover decreases wrt different climate models |of impacts on biodiversity (birds
2090 |- Use of species distribution in the further future / as impacts become stronger and vascular plants).
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Publication Temp. |Methods Econ. [Main results Usability / caveats for this
scope valua- project
tion

models (SDMs), calibrated with - Low-elevation cantons among the most highly impacted by Immigration of new species into

European data of climate and climate-driven changes in species distributions CH not considered.

known locations of occurrences, - 79 bird and 135 plant species could be analysed (auc 2 0.7): of

then validated with Swiss these only few have suitable climate at high elevations / most

(independent) data (e.g. Swiss species find suitable conditions in low elevation of CH /

biodiversity monitoring program). substantial of both species

Application to maps of projected

future climate of CH.

- Susceptibility of current species

assemblages to cc: comparing

simulated current and future

species composition (Sorensen

similarity index)
Ernst Basler + |2060 |Kessler-index for level of X |- Only qualitative analysis / discussion, e.g. Insects as winners of  [Rough direction of impacts on
Partner / WSL biodiversity of respective area. cc, mobile species less affected biodiversity.
2013 - Potential for conflict between climate protection and biodiversity

protection
- Biodiversity “more affected by growing settlement, leisure,
agriculture and forestry
INFRAS/ Egli  |2060 |Qualitative analysis. X |- Strong negative effects in alpine altitudinal belt. Insights for alpine altitudinal
Engineering - Socioeconomic development is important. belt.
2014b
INFRAS/ Egli  |2060  |Biodiversity and green areas X |- Highly adaptive species in cities, water ecology. Insights for urban biodiversity.
Engineering qualitatively analysed. - Spread of invasive alien species: impact of socioeconomic factors
2014a > impact from CC.
- Dry habitats less endangered than moist habitats.

SCNAT 2008 Assess synergies and conflicts X |Potential for synergies largest in management of terrestrial

between biodiversity and climate.

ecosystems.
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Tourism

2012a

model GEMINI-E3.

Climatic scenarios from the
ENSEMBLES project.

8 scenarios: with, without and
with high adaptation, low and
high elasticities of consumption,

high snow decrease with, without

and with high government
subsidies.

USD, 0.01% to 0.03% decrease in final household consumption.
- Adaptation changes drastically the size of the welfare impacts.

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Faust et al. 2012 {2050 - CGE model GEMINI-E3 using V|- Endogenous adaptation reduces CC costs but is not sufficient to |- Comprehensive and very
ENSEMBLES simulations compensate for the whole costs. Public measures are necessary. | detailed study. Extensive
- 3 tourism segments modelled: - Lower altitude ski areas see their activity reduced. simulations with adaptation
winter overnight tourism, one- - Higher altitude ski areas benefit from CC due to a reallocation of | and multiple scenarios.
day winter tourism and other tourist flows. - Clear and detailed
forms of tourisms - Positive gain for households' welfare: 83 million CHF. methodology.
- 6 scenarios for winter tourism - Winter tourism adaptation costs for lower ski resort: 7.9 million |- Model includes international
CHF (4 million CHF for artificial snow). interdependencies.
- For higher ski resort 56.8 million CHF (39 million CHF for artificial |_ Evironmental costs not taken
snow). into account (for example for
- If artificial snowmaking is subsidised, this reduces welfare gains the production of artificial
by 10 million CHF due to distorted allocation of investments. snow)

- Regional disparities not taken
into account: aggregated
results only.

- Catastrophic events not
considered.

Gonseth & Vielle|2050 - Simulation performed with CGE v |- Moderate impacts on the Swiss economy, from 24 to 122 million |- Description of the Swiss

tourism sector (weight, CC
impacts, and adaptation
measures).

Detailed model (multi-
country, multi-sector,
recursive) and results,
including production, natural
and artificial snow,
employment and
consumption
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Publication

Temp.
scope

Methods

Econ.
valua-
tion

Main results

Usability / caveats for this
project

No analysis of the economic
and technical feasibility of
snowmaking in a future
warmer climate.

Regional disparities not taken
into account: aggregated
results.

Catastrophic events not
considered.

Gonseth 2013

2005/
06 to
2008/
09

- Linear panel regression model
describing the number of skier
visits.

- Data from a sample of 70 Swiss
ski areas across the winter season
2005/06 to 2007/08 and 62 ski
areas during the 2008/09 winter
season.

- Higher snowmaking investment lowers the effect of snow
conditions on skier visits.

- Competitive interactions between lower and higher lying ski
areas located in the same tourism regions: better snow
conditions in lower ski stations reduce visitation rates in higher
ski stations.

- Sunny conditions have a positive impact on skier visits.

- Quantitative analysis of
artificial snow influence on
skier visits.

- Wide range of indicators and
variables that influence ski
tourism and their effects on
skier visits.

- No economic valuation.

- No future projections.

- No quantitative information
about neighbouring countries.

- No analysis of the economic
and technical feasibility of
snowmaking in a future
warmer climate.

Matasci et al.
2014

- Online survey directed of Swiss
tourism stakeholders

- Economic and social feasibility barriers are important
impediments to the adjustment process; acceptability among
inhabitants and willingness to act of stakeholders is less critical

- Adaptation can be facilitated with better information about the
regional consequences of CC and feasible adaptation measures,
by some top-down leadership and coordination and by providing
financial support

Detailed description of the
barriers to CC adaptation
- Ranking of these barriers

- No economic valuation

- No future projections: current
barriers. Perceptions could
change in the future.




VET

Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Ecoplan / 2100 |- Static equilibrium model that v |About 0.10% GDP loss for tourism in 2100 but wide margin of - Comprehensive study.
Sigmaplan includes several countries. uncertainty, so the loss could range between 0% and 0.95%. - Direct and indirect effects
2007 - Direct and indirect effects taken taken into account, as well as
into account as well as international economic
international interdependencies. interdependencies.
- Monte Carlo simulation to deal - Only winter tourism, no
with uncertainties. summer tourism.
- High uncertainty.
- Adaptation costs not taken
into account.
Miller & 2030 |- Model of the impacts of CC on v |- 200 million CHF revenue loss for Bernese Oberland alpine - Include a wide range of
Weber 2007 alpine tourism. tourism. ecological impact, such as
- Several scenarios: with or without - Lower altitude ski resorts more impacted because one-day ski scenic beauty.
adaptation. tourism more affected. - Only Bern, no
- Adaptation could save about 50 million CHF. interdependencies between
- Summer tourism: 80 million CHF gain regions.
- Time horizon is 2030.
Meier 1998 2050 |- Impacts derived from the NRP 31 v |CC cost: between 1800 and 2300 million CHF for alpine tourism,

"Climatic changes and natural
hazards"

Economic valuation based on 20
studies that use General
Equilibrium Model, Input/Output
Model or Partial Equilibrium
Model

including between 1600 and 2100 million CHF for winter tourism

- Outdated data.

- Partial equilibrium model:
cross-sector and international
relations not included.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
CH2014- 2035 |- Climate projections using 3 GHG X |- Skitourism is projected to face serious challenges under the - Detailed study: 3 GHG
Impacts 2014 |2060 scenarios, 3 future time periods scenario A2 for 2060 but ski areas at high elevations might scenarios, 3 time period, 3
2085 and 3 climate uncertainty levels. benefit from CC by increasing their market share. levels of uncertainties.

- Impacts shown with respect to

the reference period 1980-2009.

- Impacts on ski tourism modelled
with 'SkiSim 2.0".

- Snowmaking is an important option to mitigate economic losses.

- Around 90% of the glacier ice volume is projected to melt and
large areas are glacier free by the end of this century under the
A1B scenario.

- Increase in the number of summer days and emergence of new
lakes: opportunities for tourism.

- Quantitative description:
number of summer days, of
tropical nights, % of glacier
melting, etc.

- No economic valuation, for
example indicators used to
assess ski tourism provide
information about the snow
cover.

- No study of the skier market,
so no information about the
relative vulnerability of ski
destinations.

- Only one canton studied.

- Summer tourism almost

absent.

Complicated to translate

impacts on scenic beauty

(glacier melting) in economic

terms.

- New opportunities like the
emergence of lakes not
quantified.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
INFRAS / Egli  |2060 |Same basis as in Ernst Basler + v |- Summer tourism: between 0.5 and 2.5 million CHF gain per year. |- Common methodology with
Engineering Partner et al. 2013. Some - Winter tourism: between 1.5 and 3 million CHF loss per year. other cantonal reports.
2014b differences: - Economic valuation of

- Different treatment of summer and winter tourism.
uncertainties. - Only canton of Uri studied.

- Damages and revenues assumed - Socio-economic development
to develop linearly to occurrence (demographic development,
of events. leisure trend...), international

- An additional degree of influences and adaptation not
uncertainties for very low modelled.
uncertainties introduced.

- Socio-economic scenarios only
treated qualitatively.

- Some current cost data obtained
through interviews.

INFRAS / Egli - Same basis as in INFRAS/ Egli v |Tourism impacts not quantified. - Common methodology with
Engineering Engineering 2014b. other cantonal reports
2014a - Some difference: Threshold of - Only canton of Basel-Stadt
costs: effects below 0.5 million studied.
CHF n?t‘ co.nsidered for - No result for tourism (lower
quantification. than 0.5 million CHF)
Ernst Basler + [2060 |- 2 climate scenarios, based on the v |Low impact for tourism in the canton of Aargau because low - - Common methodology with

Partner / WSL
2013

RCP3PB and A1B IPCC emission
pathways.

Constant electricity prices
assumed.

- The effects of CC are compared to
status quo to find areas where
adaptation is necessary.
Adaptation measures are thus not
included into the CC effects.

climate sensitivity.

other cantonal reports

- Only canton of Aargau
studied.

- Only qualitative results for
tourism because impacts are
low in the canton of Aargau
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
ClimAlpTour - Case studies on 22 pilot sites in X |List of adaptation strategies and policy recommendations - Comprehensive list of
2011 Europe: SWOT analysis, product depending on the characteristics of the ski area. adaptation strategies.
portfolio development including - Vulnerability assessment for
vulnerability analysis, workshops different tourism products,
to develop adaptation strategies. and not only winter activities.
- Delphi expert survey to learn - No economic valuation.
about adaptation strategies. - No future projections.
- No comprehensive model,
only pilot sites.
- Vulnerability estimated, and
not based on a model.
Serquet & 2100 |- Literature review. X |- Temperature increase will cause an elevation shift of the snow  |Gather in a same study several
Thalmann - Interviews. line, glaciers and permafrost melting and heat waves. environmental impacts related
2012 - In Verbier, summer ski had to be stopped due to the melting of |to winter tourism (such as
the Tortin glacier and to the lack of snow in the summer season. |glacier melting, biodiversity,
water and natural disasters) as
well as adaptation measures
- No economic valuation.
- Mainly qualitative
information.
Koenig & - Case study using 3 consecutive X |- Skiareas at higher altitudes benefit from the lack of snow in - Interesting results for the
Abegg 1997 snow-deficient winters at the end lower areas. snow reliability of Swiss ski

of the 1980s.

Statistical analysis: comparison of
the transport facilities altitude
with the minimum altitude
corresponding to the line of snow
reliability (1200m under current
climate condition, 1500m with a
2°C temperature rise).

- Snow reliability of Swiss ski fields:
- 85% under current climate
- 63% with a 2°C temperature rise.

fields

- No economic valuation.
- No model and no projection:
use of data from the 80s.
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Scott & Literature review. X |Inventory of CC adaptation options in the ski industry. - Detailed inventory of
McBoyle 2007 adaptation measures.
- No economic valuation.
- No model of the adaptation
measures.
Grét-Regamey, - Calculation of visual magnitude X |- AGIS-based approach to predict scenic beauty preferences is Interesting methodology to
Bishop & Bebi (VM) thanks to a 3 dimensional viable. The height of standing objects should be included in the |predict scenic beauty
2007 GIS. model. preferences using a GIS-based
- Evaluation of scenic preferences - The visual magnitudes of the land-cover areas is correlated with [approach.
using a web-based survey in the willingness-to-pay (WTP) values expressed by the - Only 3 types of land-use
Davos region. respondents of the study. changes included: raising of
- Willingness-to-pay (WTP) the treeline, new ski runs, and
responses used to identify urban expansion.
preferrgd Iandscapes. - Study only in Davos region:
- Regression analysis between VM validity restricted to similar
and WTP to test if the GIS-based cases.
variables could be used to predict - Prototypical approach: needs
scenic beauty preferences to be further tested.
Rixen et al. 2030 |- Study on 3 tourism destinations in X |- Energy and water consumption in snowmaking - Results could be replicated
2011 2050 the Swiss Alps: Davos, Scuol, - Snow days for each location (regression analysis) in function of  |_ Only 3 locations, different
Braunwald altitude and temperature equations for each location
- Regression model - Number of possible snowmaking days depending on altitude for
- Possible snowmaking days based each location
on dew point temperature
Olefs et al. 1948- |- Calculation of wet-bulb X |- Wet-bulb temperature increase between +1.5°C and 3.1°C - Relation between
2010 2007 temperature (temperature, results in a snowmaking days per season decrease by -20 to -34 snowmaking potential and

humidity)
- Threshold of -2°C for artificial
snow production
- Data from 14 Austrian stations
- Linear regression

wet bulb temperature

- Does not take into account
technological progress
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Tranos & 2071- |- Impact = Exposure x Sensitivity X |- Maps with impacts on winter tourism in Europe - Interesting methodology
Davoudi 2014 (2100 |- Exposure based on scenarios: - Impacts for Europe
SRES A1B - Only winter tourism
- Sensitivity based on number of - Only Europe
beds in hotels - No relation between the
impact and the demand
change
Serquet & 1997- |- Statistical analysis using data X |- Significant correlations between the number of night spent in - Correlation coefficients for
Rebetez 2011 |2007 from 40 Swiss Alpine resorts mountain resorts and hot temperatures at lower elevations, overnight stays in relation
- Calculation of the correlation especially in June with temperature / sunshine
duration, for 40 Swiss Alpine
resorts
- Short-term reaction; no
information about long-term
behaviours
FIF 2011 - Literature review X |- Ecological consequences on tourism: change in snow - Good qualitative overview
precipitation (more snow in high altitude, less in low altitude),
permafrost degradation, glacier melting, emergence of new
lakes, - No economic valuation
- Adaptation measures: change in offer (diversification), risk
minimization, communication
Abegg, Steiger {2035 |- Literature review X |- Deterioration of natural snow condition could partially be offset |- Good description of effects on
& Walser 2013 |2060 |- Snowpack simulation with SkiSim by snowmaking but it requires high investment; improvement of | tourism
2085 2.0 model climatic conditions for summer tourism; expected development |- Evolution of climatic variables

of demand (comparative advantages in Grison for winter
tourism, climatic benefits for summer tourism); adaptation is
context-specific; tourism responsible for significant CO2
emissions

- Interesting methodology with
SkiSim 2.0 model
- Consistent with CH2014

- No economic valuation
- Only one canton studied
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
NELAK 2013 - Cost benefit analysis using an X |- Emergence of new lakes benefits tourism but also glacier retreat |- Deal with landscape changes,
enhanced, integrated risk (new via ferratas and trails) glacier retreat, new lakes and
management approach that also - But negative effect for scenic beauty scenic beauty
includes secondary (operation - More difficult to groom ski runs at high altitude due to glacial - Interesting methodology
failure) and tertiary (damage to routes changes, and natural hazard (rockfalls) due to melting - Example of how it is possible
reputation) damage and loss permafrost to adapt to landscape changes
factors - Planning, organisational and construction measures needed to  |_ gne case study, mainly
- Case study manage conflicts qualitative data
- Complicated to reproduce at
the Swiss scale
- Not enough information to
link landscape change and
economic impacts
Koberl et al 2065 |- Dynamic multiple regression v |- Negative impacts on winter tourism and positive impacts on - Interesting methodology
2014 models to quantify sensitivity of summer tourism, net impact negative - Model includes temperature,

overnight stays towards weather
Apply the resulting sensitivities
on CC and socio-economic
scenarios

- Transform the resulting impacts
into monetary terms using
average tourist expenditures
Evaluate the effects of the
tourism impactsin a
macroeconomic CGE model

Resulting spillover effects to other economic sectors are higher
than the impacts on tourism

snow conditions and
precipitation

- Regional sensitivity takes into
account the differences
between regions

- Includes winter and summer

tourism

Results implemented in a CGE

model

- Only Austria, the sensitivity
should be calculated for each
Swiss regions to reproduce
the methodology

- Does not take into account
international effects
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Hamilton, 2100 |- Model of international tourist X |- Simulation model of tourist flows, including tourists departure - Interesting model
Maddison & flows from and to 207 countries and tourists arrival, in function of Area, Length of Coast, - No economic valuation
Tol 2005 - Climate change scenarios: SRES Temperature, per capita income - Calibration year: 1995
scenarios derived with the FUND - Globally, tourism will grow. Low impacts due to CC - Callismatias] witlh surmE:
model. Spatial patterns taken - In Switzerland, CC has a positive impact on market share of tourism
from the COSMIC model arrivals - Do not include tourist
preferences and behaviour.
- Constant income elasticity,
ignoring possible saturation
Bigano, 2100 |- Updated and extended version of v |- HTM model extended to include domestic tourism, length of - Interesting model
Hamilton & Tol the Hamburg Tourism Model stay, tourism expenditures - Calibration year: 1995
2007 developed by Hamilton, - CC would shift patterns of tourism towards higher altitudes - Calibrated with summer
Maddison & Tol 2005 - Domestic tourism may double in colder countries and fall by 20% | tourism
in warmer countries - Do not include tourist
preferences and behaviour
Berrittellaet |2050 |- CGE model: GTAP v |- Variation of tourist flows affect regional economies: global - Example of implementation of
al. 2006 - Change in tourism flow based on welfare loss tourist flows variation
the Hamburg Tourism Model calculated in the Hamburg
(Hamilton et al 2005) Tourism Model
- Impact modelled by shocking - Tourist flows data
specific exogenous variables in - Annual variation (no
the model: change in the summer/winter)
structure of final consumption - CGE model aggregation
and international income different than GEMINI-E3
transfers
Boselloetal. [2050 |- CGE model: ICES v |- Redistribution of tourism flow: northern Europe benefits from CC|- Example of implementation of
2012 - Change in tourist flows from the while Mediterranean Europe endures economic loss tourist flows variation

Hamburg Tourism Model (Bigano
et al 2007)

Impacts modelled by exogenous
variations in the households'
demand and adjustment of
national incomes

- Global tourism GDP loss about 0.1% in 2050

calculated in the Hamburg
Tourism Model

Annual variation (no
summer/winter)

- CGE model aggregation
different than GEMINI-E3
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Publication Temp. |Methods Econ. |Main results Usability / caveats for this
scope valua- project
tion
Scott et al 2050 - Tourism Climate Index calculation X |- Evolution of TCl in North America - Interesting methodology
2004 2080 |- Scenarios CGCM2-B2, HadCM3- - Only North America
A1F1 - No link TCI / tourist flows
Perch-Nielsen [2071- |- Adjusted Tourism Climatic Index X |- Southern Europe's suitability for sightseeing tourism drops in the |- Interesting Methodology
et al. 2010 2100 (Temperature, sunshine, summer but is partially compensated by improvements between |- TCI for Europe
precipitation, wind...) calculated October and April - No link TCl-tourist flows
in Europe - Climate resource in Northern and Central Europe improves - Aggregation: 8 European
- Comparison of the evolution of regions, Switzerland included
TCl in the Alps
- Scenario SRES A2
Roson & 2065 |- CGE model X |- Increase in income and welfare thanks to more incoming tourists |- Use of TCI to evaluate tourist
Sartori 2014 - TCl indicator of climate suitability - Expansion of services induce a decline in agriculture and flows changes
for tourism: Elasticity value of manufacturing - Implementation in a CGE
TCl-tourist flows for Mallorca, - The lower demand for water due to agriculture decline model
assumption same for all countries counteracts the additional demand for water coming from - Focus on costalltourism and
- Scenario A1B tourists, overall lower water consumption Mediterranean countries
- High uncertainties: elasticity
value of TCI-tourist flows only
for Mallorca
Barrios & 2100 |- Hedonic valuation of climatic v |- Climate dimension plays a significant role in explaining hedonic |- Detailed hedonic model of
Ibafiez Rivas conditions combining hotel price valuations of tourism services recreational demand
2014 information and travel cost - Southern EU Mediterranean countries GDP loss of 0.45% per

estimations

Hedonic price regressions include
temperature, humidity,
precipitations

Scenarios for adaptation of
holiday in terms of frequency and
duration

year due to lower tourism revenues
- Northern European countries GDP gain of 0.32% per year

Only EU




