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Switzerland offers various types of information on past climates, including early instrumental data, documentary data, tree
rings, and lake sediments. This talk presents climate reconstructions for Switzerland back to the late 17th century, the
culmination of the Little Ice Age, against which recent climatic changes can be compared. The focus is on summer
temperature, which is particularly well captured in reconstructions and for which confidence intervals referring to a 30-yr
average can be constructed. While previous episodes of warming and cooling appear, they all dwarf against the recent
warming signal. In particular, cold summers have been completely absent over the past more than 30 years. Precipitation is
more difficult to reconstruct and summer precipitation shows no clear signal on multi-decadal time scales and no trends.
Wind storms exhibit pronounced multi-decadal changes, but no long term trends. Together, the reconstructions show how
climate in Switzerland transited from the Little Ice Age state to the anthropogenic climate of the present.

15.2
The CH2018 scenarios: evaluation and projection of heat stress in
Switzerland
Ana Casanueva 1, Sven Kotlarski 1, Andreas M. Fischer 1, Cornelia Schwierz 1 & Mark A. Liniger 1
1

Federal Office of Meteorology and Climatology MeteoSwiss, Operation Center 1, CH-8058 Zurich-Airport
(ana.casanueva@meteoswiss.ch)

Future climate change is likely to have important impacts in many socio-economic sectors. In particular, higher summer
temperatures or more prolonged heat waves may be responsible for health problems and productivity losses related to heat
stress. Under hot conditions the human body is able to regulate its core temperature via sweat evaporation, but this ability
is reduced when air humidity is very high. These conditions of high temperature and humidity invoke heat stress, which is a
major problem for vulnerable groups of the population and people exposed to such situations (e.g. working outside or
without appropriate cooling systems).
In the present work we explore present and future heat stress over Switzerland in the context of the CH2018 Swiss climate
scenarios (www.climate-scenarios.ch). Heat stress is expressed through the Wet Bulb Temperature (WBT), which is a
relatively simple proxy for heat stress on the human body and depends non-linearly on temperature and humidity (Stull
2011). Since extreme heat stress conditions occur at sub-daily scale but only daily values are usually available from
regional climate models (RCMs), we analyze the sensitivity of the WBT with respect to the use of different daily-aggregated
values in its calculation, compared to the maximum WBT obtained from observed hourly data. A large ensemble of state-ofthe-art RCM simulations from the EURO-CORDEX initiative (Jacob et al. 2013) is used to produce climate change
projections of the WBT. Since RCMs cannot be directly used in impact studies due to their partly substantial biases, a
standard bias correction method (empirical quantile mapping, Rajczak et al. 2016) is applied to correct the individual
variables that are used to derive the heat stress index. The objectives of this study are twofold, 1) to test the ability of the
separately bias-corrected variables to reproduce the main characteristics of the heat stress index in present climate
conditions and 2) to explore climate change projections of heat stress considering different sources of uncertainty.
Our results show that the separate bias correction of temperature and humidity allows reproduction of the distribution of the
daily maximum WBT. Climate change projections indicate increasing heat stress over Switzerland, which is accentuated
towards the end of the century. Heat stress conditions are projected to become more frequent in the future (Fig.1) but the
increase largely depends on the emission scenario. They might be about 3-5 times more frequent for the strong emission
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scenario than for the mitigation scenario by the end of the 21st century.

Figure 1. Number of summer days with high heat stress (WBT above 22°C) at four Swiss stations for observations (black) and climate
change projections (shadings: 90 % of the model range for the strong emission scenario). The red line shows an individual simulation as
an example.
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In Switzerland a National Centre for Climate Services (NCCS) has been established in 2015 (www.nccs.ch). It aims to
deliver climate information for preparing society to climate change. NCCS targets in principle all economic sectors and
covers a range of topics such as agriculture, water resources, natural hazards, energy, etc. As part of its activities, NCCS
will soon publish the new climate change scenarios for Switzerland (CH2018). The latter will provide the most updated
baseline for climate impact studies.
Impact studies are often implemented in a static way, which may limit their further use. For users interested in exploring in
a more dynamic way the implications of CH2018 we propose to deliver interactive tools. As an example we present here an
app called FuturePheno. The app was developed using Shiny, a programming environment that translates R code into
interactive web apps. With FuturePheno users can investigate how the timing of phenological stages of plant or insect
species will change under different climate scenarios. FuturePheno requires daily minimum and maximum temperature data
provided by the user and applies in a first step an hourly temperature model. Thresholds defining phenological stages can
also be specified by the users. Possibilities how interactive tools can be used to explore effects of climate change using
CH2018 are discussed.

15.4
HVAC design based on Swiss Climate Scenarios CH2018
Stefan Frehner 1, Matthias Berger 1, Jörg Worlitschek 1
1

Competence Center Thermal Energy Storage, Lucerne School of Engineering and Architecture, Technikumstrasse 21,
CH-6048 Horw (matthias.berger@hslu.ch)

Lucerne University of Applied Sciences and Arts’ campus in Horw/ Switzerland will under scheduled retrofit and three-fold
extension, to be finished by 2025 (Frehner 2018). The new heating, ventilation and air conditioning (HVAC) equipment has
a lifetime of 40 years, serving until 2065. With current building construction norms by the schweizerischer ingenieur- und
architektenverein (SIA) considering the climate normal period of 1981-2010, the related climate data is 70 years in the past.
For dimensioning and design of the HVAC equipment, preliminary results from the Swiss Climate Scenarios CH2018 for
RCPs 2.6, 4.5 and 8.5 have been used to determine future heating and cooling demand (Berger & Worlitschek 2018a,
2018b). Lake Lucerne will be tapped for feeding a low-temperature district heating & cooling network, and the campus is
going to be one of the first clients. Since heating demand is expected to decrease, while cooling demand is increasing, this
opportunity to use ambient energy would represent a testbed for a broader application, as many Swiss cities are located
near the lakeshore. Depending on the scenario, heating and cooling degree days are a useful proxy for the HVAC energy
demand. In the worst case (RCP8.5), the decrease in heating demand until 2065 is substantial (approximately 25 %), which
influences both, necessary peak power and seasonal energy consumption. The opposite behaviour is observed for the
cooling demand. Thermal energy storage technologies together with local solar photovoltaic production will enable a high
level of self-sufficiency in terms of energy.
Due to the large thermal capacity and low temperature of the Lake Lucerne at the extraction point in a depth between 30
and 40 meters, cooling can be realized efficiently, carrying low operational costs. Furthermore, local microclimate conditions
are not negatively impacted, neither in the Lake (Imboden & Wüest 1995) nor on shore. Overall, climate change has
significant consequences for HVAC design, where a strong leverage for GHG reduction and energy efficiency are found.
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Figure 1. Concept of the district heating & cooling network using ambient energy from the Lake Lucerne. [Source: www.ewl-luzern.ch “SeeEnergie”]

Figure 2. Future trends of the annual space heating & cooling demand of the Campus Horw for the three climate scenarios
RCP2.6, RCP4.5 and RCP8.5.

Figure 3. Annual accumulated heat load curves for the climate scenarios RCP2.6 (left) and RCP8.5 (right).
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Climate change will profoundly alter production conditions for agriculture in Switzerland, making the need for adaptation
unavoidable. Feedbacks of agricultural management adaptations on the hydrological system were not studied in
Switzerland so far – leaving a potential risk of maladaptation unevaluated.
In this study, we apply a coupled modelling system (crop-hydrological-hydrogeorological) to an aquifer catchment in the
Bernese Seeland (1) to evaluate impacts of climate change on future water demand for irrigation and on groundwater
resources, (2) to evaluate combined effects of climate change and irrigation on groundwater resources, and (3) to explore
which alternative adaptation strategies could reduce the risk of maladaptation in the long term (e.g. shifts in crop mixtures,
allocation of cultivation zones).
For the most pessimistic emission pathway RCP8.5, the model results suggest that until 2099, crop productivity for most
arable crops will be severely affected. Thereby, limitations through increasing temperatures are more severe than water
limitations – making a shift in the varietal choice (towards varieties with higher temperature requirements) unavoidable.
Considering that varieties will be adapted to increasing temperatures, net irrigation requirements will increase by up to 60%
in annual mean until the end of the century. Expected impacts on agricultural production are accompanied by projected
reductions in ground- and surface water resources. While annual streamflow into the aquifer catchment (Aare Hagneck) will
remain on today’s level until 2070, a decrease by 13 % in comparison to (1985-2009) is projected for the end of the century
(2075-2099). Thereby, a strong decrease in summer and autumn streamflow (-46% and 30%, respectively) could not be
compensated by the increases during winter (+39%) and spring (+13%). Regarding changes in groundwater resources, a
decrease by about 50 cm in groundwater heads in summer is projected for the most pessimistic scenario (RCP8.5). Further
investigations will show how sceanrios of agricultural intensification and extensification would influence ground- and surface
water bodies as well as agricultural production.
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In the context of the CH2018 Swiss climate scenarios (www.climate-scenarios.ch) empirical quantile mapping (QM) has
been employed to bias-correct and downscale raw climate model output. The resulting data products are directly applicable
in climate impact research. We here present the overall CH2018 QM approach as well as exemplary results. The approach
consists of two different QM setups that target two different spatial scales: the local station scale and a high-resolution 2 km
grid covering the whole of Switzerland (Fig. 1). All setups produce transient time series (1981-2099) of several
meteorological variables at daily resolution and for all climate model chains considered in CH2018.
The evaluation of QM yields a satisfactory performance in the historical reference period. Systematic climate model biases
of seasonally averaged quantities are largely removed, and spatial climate variability at climatological time scales is
properly represented by the QM data. As a consequence of removing intensity-dependent climate model biases, QM can
slightly modify the raw models’ climate change signals. But the overall consistency with the raw model output and, hence,
with further CH2018 products is maintained.
The QM-derived scenario-data products can ultimately be employed by climate impact studies over the Swiss terrain but, at
the same time, are subject to a number of caveats and limitations. These need to be properly assessed by users for each
specific application.

Figure 1. The two QM setups employed in the context of CH2018.
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The new CH2018 climate scenarios allow re-estimation of the impact climate change will have on the hydrological regime
in Switzerland. With new tools and methods, the uncertainty derived from the natural variability of climate, and its
propagation throughout the catchment response is studied. The methodology consists of a distributed weather generator, a
physically-based hydrological model, and is set in a stochastic (simulation) framework.
First, using a two-dimensional stochastic weather generator model, AWE-GEN-2d [Peleg et al., 2017], an ensemble driven
by the new CH2018 scenarios of future climate variables (e.g. precipitation, near-surface air temperature and incoming
shortwave radiation) is generated for three Swiss catchments (Thur, Maggia and Kleine Emme). The model was calibrated
with observations from weather stations, a weather radar system and satellite images to reproduce the current-climate on
sub-kilometre and hourly resolutions (e.g. rainfall annual totals and monthly temperatures, Fig. 1 and 2 respectively) and
was then re-parameterized to simulate climate variables for future periods (2020-2099) based on the new CH2018
scenarios using the factors of change method [Fatichi et al., 2011].
Second, the climate ensemble is used to feed the physically based distributed hydrological model Topkapi-ETH, in order to
characterize the future hydrology of the catchments and to quantify the uncertainties in climate and hydrology under
different emission scenarios and climate models. The modelling chain allows us to focus the analysis of impacts of climate
change on a range of inter-related hydrological processes distributed in space (e.g. evapotranspiration, snow cover
dynamics, high and low flows), providing information on elevation dependencies, catchment size effects, etc. A comparison
is made between the impacts of the old and new Swiss climate scenarios on the hydrological regime and the changes that
are of relevant for the policy makers are studies, with emphasize on extreme climatic and hydrological events.

Figure 1. Simulated (µsim) and observed (µobs) mean annual rainfall (in mm) for the Maggia catchment.

Figure 2: Monthly mean (dashed lines), and 5th-95th quantile range (transparent shade) of temperature for the simulated (blue) and
observed (black) temperature in the Lucerne (LUZ, left), Napf (NAP, centre), and Pilatus (PIL, right) weather stations in the domain of the
Kleine Emme catchment.
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Changes in runoff regimes have impacts on many different sectors such as agriculture, energy production, water
management, etc. Thus, assessing future changes in runoff is very crucial for adaptation planners and decision-making
authorities. Under the comprehensive framework Hydro-CH2018 (coordinated by the Swiss Federal Office for the
Environment), we are simulating future runoff for the period 1980-2099 in Switzerland. The study uses the new transient
Swiss climate change scenarios CH2018 (will be published by end of 2018) with different emission pathways (RCP2.6,
RCP4.5 and RCP8.5) as input for the hydrological model. The hydrological simulations are based on the semi-distributed
hydrological model PREVAH (Viviroli et al., 2009). Changes in the glacier extent are incorporated from external simulation
of glacier development for the next century. Over 180 catchments distributed over Switzerland covering a wide range of
different catchment characteristics are simulated and analyzed. The project determines potential runoff regime shifts under
climate change. The transient property of the climate change scenarios enables the study to focus on the time of
emergence of potential regime shifts. Further, analyzing trends in low flow (e.g. Q347) and high flow (e.g. flood frequency)
indices provides a comprehensive perspective on the hydrological responses to climate change in Switzerland.
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15.9
Resilience of arable cropping systems against climate change – Drought
Simulation - Part I Soil Physical parameters
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Over the last 30 years, Swiss temperature has increased with an annual average warming rate of 0.35°C per decade. In
addition, models project a higher frequency of extreme events and greater climate instability, with a mean reduction in
Swiss summer precipitation by mid of the century of around 15% (CH2011).This, together with the increase in
evapotranspiration associated with warming, will subject crops to more severe drought periods. Within the 3 years research
project RELOAD (Resilience of Organic and Conventional Production Systems to Drought, Mercator Schweiz Stiftung) we
investigate the resistance and resilience of important arable cropping systems to simulated summer drought. For this, we
make use of the long-term Farming system and Tillage experiment (FAST) comparing since 2009 four main cropping
systems: conventional cropping with intensive tillage and no tillage and organic cropping with intensive tillage and reduced
tillage. Summer drought was simulated on field in two consecutive years with rainout shelters installed at the plot level. Our
focus crop was Maize, since it is a crop particularly sensitive to drought (Daryanto et al. 2016) and therefore a good
indicator to investigate the potential damages of the predicted increase in summer drought. Crop yield, nutrient uptake and
grain quality are compared to a control, uncovered, part of the plots. These variables are coupled with other three research
fronts; the plant water uptake dynamics, plant-soil microbial interaction and nitrogen related functions, by three PhD
projects running in parallel at the field trial.
Precipitation balance and the amount of rain excluded were assessed, however, these are not directly translated to water
accessibility, and could be influenced by soil properties and farming practices (Hatfield 2011). Therefore, as an initial step to
better understand the potential occurrence of drought stress for crops, we investigate not only the spatial suitability and
climatic conditions but also the interaction of soil properties and climate. In the FAST trial, we have the advantage of
working on a long-term experiment, in which farming systems have been managed for 9 years under standardized
conditions. Besides focusing on tillage effects on soil physical properties, we investigated the potential build-up of soil
hydraulical properties due to different managements. To date, studies have shown the importance of soil management on
root architecture and water accessibility (Moreno et al. 1997, Colombi et al. 2018) but it is not clear how different farming
practices (i.e. Organic and Conventional with intensive and conservation tillage practices) respond to the eminent threat of
summer droughts and related limitations in water accessibility. Therefore, coupling all the research fronts of this project, our
results will contribute to i) a better understanding of important processes taking place at different cropping systems, and ii)
formulating pro-active responses to climate change, allowing for gradual and informed adaptation to better meet agricultural
goals. Here, we present the summary of the soil physical properties and plant water availability of the targeted cropping
systems.
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Figure 1. Up: Aerial photo of field trial with shelters installed in plots (Photo: Raphael Wittwer); and bottom picture, roof
design at plot, with maize crop.
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Snow in the Alps is affected by climate change with regard to duration, timing and amount. This has implications with
respect to important societal issues as drinking water supply or hydropower generation. In Switzerland, the latter received a
lot of attention following the political decision to phase out of nuclear electricity production. An increasing number of
authorization requests for small hydropower plants located in small alpine catchments was observed in the recent years.
This situation generates ecological conflicts, while the expected climate change poses a threat to water availability thus
putting at risk investments in such hydropower plants. Reliable high-resolution climate scenarios are thus required, which
account for small-scale processes to achieve realistic predictions of snowmelt runoff and its variability in small alpine
catchments. We therefore used a novel model chain by coupling a stochastic 2-dimensional weather generator (AWE-GEN2d) with a state-of-the-art energy balance snow cover model (JIM). AWE-GEN-2d was applied to generate ensembles of
climate variables at high temporal and spatial resolution, thus providing all climatic input variables required for the energy
balance modelling. The landsurface model JIM was used to describe spatially variable snow cover accumulation and melt
processes. The JIM was refined to allow applications at very high spatial resolution by specifically accounting for smallscale processes, such as a subgrid-parametrization of snow covered area and snow redistribution. For the present study,
simulations were shown for a small alpine mountain catchment. 40-year of monitoring data for snow water equivalent,
snowmelt and snow-covered area for entire Switzerland was used to verify snow distribution patterns at coarser spatial and
temporal scale. Subsequently, predictions of Snow Water Equivalent and snow melt were generated using CH2018 climate
scenarios until the end of this century, addressing uncertainty sources associated with scenario uncertainty, climate model
uncertainty and natural variability. The ability of the model chain to reproduce current climate conditions in small alpine
catchments makes this model combination an outstanding candidate to produce high resolution climate scenarios of
snowmelt in small alpine catchments.
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Our previously undertaken qualitative research with sectoral experts in Swiss administration highlighted that the climate
knowledge exchange between practitioners and scientists is, in Switzerland, not formally organised. This leads to a
knowledge flow disruption, as people attend different events and discuss new knowledge products in different circles. As
such, both practitioners and scientists remain too often unaware of new climate knowledge items. We conclude that not
only the type of climate information itself can be a barrier for practitioners, but that also the format of climate knowledge
flow is a barrier for climate information achieving its aim of supporting public and private decision-making. Which type of
information the new CH2018 Swiss climate scenarios should contain has already been researched in MeteoSchweiz
(2016). However, the question of the format of climate knowledge flow has not been addressed, both internationally nor
nationally.
In order to address this issue in the new CH2018 Swiss climate scenarios, we have run various stakeholder engagement
activities alongside the larger modelling efforts. Taking the specific challenge of urban heat, we ran two workshops in
autumn 2018, one in the city of Schaffhausen and one in the city of Zurich. We invited experts from the sectors “urban
greens”, “building technology”, “spatial planning” and “health” as well as CH2018 producers to discuss two questions: (i)
what are the climate knowledge products used and climate events attended by all participants? And (ii) what are the
sectoral challenges faced by practitioners, and what support can CH2018 scientists provide in meeting those adaptation
challenges?
This presentation offers further insights into how the knowledge exchange between practitioners and scientists took place
during these two workshops. We’ll close by highlighting the final workshop discussion, on how the knowledge exchange
flow could be improved, so that CH2018 and other climate information products achieve their aims of informing Swiss
adaptation and mitigation decisions.
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When climate scientits issue new scenarios on the future development of regional climate conditions, many other
disciplines are interested in assessing the impacts of such projections on particular parts of the natural system such as
rivers, forests, glaciers or agriculture. In the case of hydrology (Speich et al., 2015), such projections serve as the input for
a hydrological model which is run to generate runoff time series representing future climate conditions. Such time series
can be used to analyze different aspects related to the hydrological system such as sediment transport (Raymond Pralong
et al. 2015), fish habitats (Junker et al., 2015) or hydropower generation (Schädler et al., 2011).
MeteoSwiss andC2SM are in in the last phase of preparing such climate scenarios for Switzerland (CH2018 ) and has
provided selected users with access to these scenarios (via http://www.ch2018.ch/en/home-2/). In the framework of the
Hydro-CH2018 program initiated by the Swiss Federal Office for Environment, we used these new scenarios to look at their
impact on different parts of the hydrological system. The use of the new scenarios in hydrological impact studies, however,
required some updates of the modeling system PREVAH used in previous studies (CCHYDRO, FOEN, 2012). First, the
model had to be adjusted such that it can be used on transient simulations generated by 39 climate model chains
consisting of different combinations of: a) global circulation model, b) regional circulation model and c) target of CO2
emissions (RCP2.6, RCP4.5 and RCP8.5). Second, the glacier fields used for simulating glacier melt had to be adjusted in
order to represent future glacier extents and volumes. This contribution presents highlights from generating the glaciohydrological inputs needed to update the hydrological model PREVAH and presents a selection of preliminary technical and
scientific findings from the application of these scenarios in Swiss catchments.
The general message of previous hydrological impact assessments might not change with respect to previous assessments
(Figure 1), however, the use of transient simulations will allow for a more realistic representation of the variability in the
hydrological system as compared to previous experiments relying on the “delta-change” methodology, which used observed
temporal patterns for representing the variability of individual climate variables. A better representation of the variability in
hydrological variables is expected to be of particular importance when interested in changes in drought indicators such as
the frequency and duration of dry spells.

Figure 1. Landscape Davos: Preliminary visualization of simulated discharge (RGES, mm/month) obtained by using RCP8.5 forcing from
the new CH2018 climate scenarios. Large blue boxes show the situation for 1981-2010 using bias corrected forcing. Lightblue boxes:
situation 2005-2035. Orange boxes: situation 2035-2065. Green boxes: situation 2061-2099. Red-framed boxes are assigned in case of
significant change. This figure is presented with the courtesy of and in aggreement with the providers of the CH2018 scenarios.
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Drought is a phenomenon that results from persistent deficiency of precipitations over an extended period of time
compared with long-term average condition. Morever, Climate change is susceptible to alter the rainfall deficiency patterns
and thus impact on the occurrence of drought events and/or their intensity.
The use of drought indices is convenient for tracking droughts and for providing a quantitative assessment of the severity,
location, timing and duration of such events (Hayes 2011). For instance, the widely used meteorological index Standardized
Precipitation Index (SPI; McKee et al. 1993) employs historical precipitation records and can easily compute the occurrence
and magnitude of droughts for various timescales. Lower SPI values indicate dryer conditions.
The impact of climate change on the drought occurrence based on the SPI values has been analyzed and applied to the
Canton of Valais in Switzerland. The new Swiss scenarios CH2018 (Swiss Climate Scenarios CH2018, 2018) have been
used to assess how climate change is expected to affect drought occurrence in the Valais. The CH2018 data employed are
the daily precipitation projections at different stations of the Valais region, issued from different climate models and
Representative Concentration Pathways (RCP2.6, RCP4.5, and RCP8.5). Data spans both the historical (1981-2010) and
future horizons (2011-2099) of the simulation.
Based on this information, the SPI has been calculated for the complete 1981-2099 period to contrast the impact of climate
change. The occurrence of drought events has been identified for the entire study region and contrasted with the conditions
of the 1981-2010 period. In addition, a trend analysis using the Mann-Kendall test was performed to the SPI values, the
duration of the events detected and the drought intensity1. It provided a general perception of how these values are
expected to change until the end of the 21st century.
For each station, the SPI series have been computed for all the possible combinations of climate models and RCPs.
Results show an important scattering and are sensible to the choice of the climate model, the RCP and the SPI timescale.
No general trend can be confirmed towards lower or higher SPI values. Among the cases with a significant trend (about
30% of the total):
Only 5% of the cases present decreasing SPI values while 95% present positive trend fro the RCP2.6.
35% present decreasing SPI values while 65% present positive trend fro the RCP4.5.
47% present decreasing SPI and 53% increasing values over the study period for the RCP8.5.
Regarding the duration and intensity of drought events obtained based on the criteria defined by McKee et al. (1993) no
significant variations have been detected, except for some specific cases (in particular for the RCP8.5 scenario, cf. Figure
1).
Preliminary conclusions are thus not conclusive on the evolution of drought conditions in the future. Since temperatures are
expected to increase with climate change, more reliable results have to been obtained using indices that rely on both
precipitation and temperature variables, e.g. the Standardised Precipitation-Evapotranspiration Index (SPEI; VicenteSerrano et al., 2010).
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The intensity of a drought is the positive sum of the SPI for each month during the drought event, divided by its duration.
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Figure 1. Example of evolution of the drought Intensity vs Duration relation of events according to the CLMCOM.CCLM4.HADGEM.EUR11
climate model under the RCP8.5 scenario (left to right: period 1981-2010, 2011-2040, 2041-2070, 2071-2099).
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