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Supplementary Information

1. Datasets used for the climate impact modelling

Table S1: Datasets used for the climate impact modelling.

Mortality Labour Productivity

Hazard
CH2018 climate scenarios data [1]

(Tmax)

CH2018 climate scenarios data [1]

(Tmin; Tmax)

Exposure
Population statistics

(STATPOP 2018 [2])

Companies’ structure statistics

(STATNET 2017 [3])

Vulnerability RR functions from Ragettli et al (2017) [4] Empirical studies (see Table 1 in paper)

2. Infer temperature inside buildings

To compute indoor temperature values, we use a dynamic thermal model. To be able
to retrieve the operating temperature inside the building, we have to perform the
energy analysis. We use the CH2018 climate scenarios for indoor climate data for the
station of Zurich as input, considering dry bulb and dew point temperatures, relative
humidity, atmospheric pressure, horizontal infrared radiation intensity from sky, direct
and diffuse normal and horizontal radiation, wind direction and speed. The model
represents a simplified office building with the typical thermal transmittance (see
Table S2) located in the city area of Zurich. The extent of the area and the thermal
properties of the building used in the model correspond to averages computed on the
basis of the building stock constructed between 2001 and 2005 in Zurich. These are
assumed to be valid also for the rest of Switzerland.).

3. Calculation of the Wet Bulb Globe Temperature at Stations

We calculate the Wet Bulb Globe Temperature (WBGT) at 45 stations, for 6 years
in 2035 and 2060 under an RCP2.6 and RCP8.5 scenario. We use the R package
HeatStress [6]. This package provides tools to calculate the WBGT from meteorological
variables. Two functions are available: one to calculate WBGT based on temperature,
humidity, radiation and wind speed based on Liljegren et al. (2008) [18], and the
other one assuming no direct radiation and constant wind speed based on Bernard et
al. (1999) [17]. We consider the equation by Liljegren et al. (2008) to model WBGT
outside in the sun and in the shadow, by considering direct sun exposure or not. In
order to calculate WBGT inside buildings, we first estimate the temperature inside
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using a building model as detailed in section 4 and then calculate the hourly WBGT
based on the equation by Bernard et al. (1999) provided in the HeatStress R package,
considering that the humidity is the same as outside the building.

Table S2: Assumptions at the basis of the dynamic thermal model.

Surface area 206 m2

Windows area 109 m2

Thermal

properties

U-value wall 0.3 W/m2K

U-value window 1.4 W/m2K

U-value ground 0.4 W/m2K

U-value roof 0.3 W/m2K

4. Prediction model of WBGT

As the CH2018 gridded datasets is available for minimum and maximum temperature,
we predict the WBGT based on the WBGT previously calculated at stations. We use
the minimum and maximum temperature, as well as the hour of the day as predictors
and train three random forest regression (WBGT in the shadow, in the sun and inside
a typical office building). Only days with maximum temperature reaching 22 ℃and
hours between 8:00 and 18:00 are considered as these are used as input for the model.
We cross validate the three models, separating the datasets in training and testing data.
The distribution of possible WBGT for a given hour, and minimum and maximum
daily temperature is then used in the Monte Carlo simulation.



Supplementary Information 3

20
60

-08
-01

20
60

-08
-05

20
60

-08
-09

20
60

-08
-13

20
60

-08
-17

20
60

-08
-21

20
60

-08
-25

20
60

-08
-29

20
60

-09
-01

Date

18

20

22

24
W

BG
T

WBGT inside
WBGT inside predicted

(a)

20
60

-08
-01

20
60

-08
-05

20
60

-08
-09

20
60

-08
-13

20
60

-08
-17

20
60

-08
-21

20
60

-08
-25

20
60

-08
-29

20
60

-09
-01

Date

16

18

20

22

24

26

28

30

W
BG

T

WBGT shadow
WBGT shadow predicted

(b)

20
60

-08
-01

20
60

-08
-05

20
60

-08
-09

20
60

-08
-13

20
60

-08
-17

20
60

-08
-21

20
60

-08
-25

20
60

-08
-29

20
60

-09
-01

Date

16

18

20

22

24

26

28

30

32

W
BG

T

WBGT sun
WBGT sun predicted

(c)

Figure S1: Calculated and predicted WBGT at the Zurich Kaserne station in August
for a statistical year corresponding to a 2060 climate under an RCP8.5 scenario inside
a building (a), in the shadow (b) and in the sun (c). Only days with maximum
temperature reaching 22 ℃and hours between 8:00 and 18:00 are shown.

5. Categorisation of the activity classes

The category low physical activity consists primarily of knowledge workers, such
as accounting and servicing, which do not require to perform any major physical
effort during the working day (metabolic rate of 200W ). The jobs of the category
moderate physical activity are for example industry activities, which demand a moderate
physical effort (metabolic rate of 300W ). The category high physical activity refers
to occupations that are particularly demanding on a physical level (metabolic rate of
400W ), with agriculture and construction being the predominant sectors.

Table S3: Subdivision of the activity classes in the three occupation categories: low
(L), moderate (M ), and high (H ) physical activity. In the third column of the table
it is specified whether the tasks of each activity class are mostly carried out indoor
(I ) or outdoor (O). Swiss average hourly salaries are indicated in the last column,
expressed in CHF/h. We calculate these from mean monthly gross salaries of 2018 for
Switzerland [7].
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Activity class
Occupation

category

Work

setting

Average

hourly salary

[CHF/h]

Agriculture, hunting, and related activities H O 26.50

Forestry and timber harvesting H O 45.02

Fishing and aquaculture H O NaN

Coal mining H O 41.50

Extraction of oil and gas H O 41.50

Ore mining H O 41.50

Extraction of stone and soil, other mining activities H O 41.50

Supply of services to the mining and quarrying industry H O NaN

Manufacture of food and feed products M I 36.57

Beverage production M I 43.39

Tobacco processing M I 74.94

Manufacture of textiles M I 37.03

Manufacture of clothing M I 33.21

Manufacture of leather and related products M I 32.52

Manufacture of wood, plaiting, wicker, and cork products

(without furniture)
M I 38.98

Manufacture of paper and paperboard and articles thereof M I 41.64

Manufacture of printed matter; Duplication of recorded sound,

image, and data carriers
M I 40.51

Coke and mineral oil processing M I 49.33

Manufacture of chemical products M I 54.37

Manufacture of pharmaceutical products M I 71.06

Manufacture of rubber and plastic products M I 40.04

Production of glass and glassware, ceramics, processing of

stones and soils
M I 41.98

Metal production and processing M I 40.57

Manufacture of metal products M I 40.22

Manufacture of data processing equipment, electronic and

optical products
M I 47.84

Manufacture of electrical equipment M I 46.31

Machinery manufacture M I 46.57

Manufacture of automobiles and automobile parts M I 39.66

Other vehicle manufacture M I 46.96

Furniture manufacture M I 39.86

Manufacture of other goods M I 43.36

Repair and installation of machinery and equipment M I 43.65

Energy supply M O 55.69
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Water supply M O 46.43

Wastewater disposal M O 41.61

Collection, treatment and disposal of waste; Recovery M O 40.46

Pollution abatement and other disposal M O NaN

Building construction H O 42.79

Civil engineering H O 43.91

Preparatory construction site work, building installation and

other finishing trades
H O 39.89

Trade, maintenance, and repair of motor vehicles M I 39.87

Wholesale trade (except of trade of motor vehicles) M I 53.26

Retail trade (except of trade of motor vehicles) M I 33.57

Land transport and transport by pipeline M O 42.14

Shipping M I 40.29

Aviation M I 46.86

Warehousing and support activities for transportation M I 45.46

Postal, courier and express services M O 39.14

Accommodation M I 29.41

Gastronomy M I 28.85

Publishing industry L I 50.16

Production, distribution and sale of films and television

programs; Cinemas; Sound studios and music publishing
L I 42.46

Broadcasters L I 53.73

Telecommunications L I 59.39

Supply of information technology services L I 60.02

Information services L I 86.68

Supply of financial services L I 73.12

Insurance, reinsurance, and pension funding (excluding social

insurance)
L I 64.12

Activities auxiliary to financial and insurance services L I 67.61

Real estate and housing L I 47.35

Legal and tax advice, auditing L I 56.62

Administration and management of companies and enterprises;

Management consultancy
L I 75.01

Architecture and engineering offices; Technical, physical,

and chemical analysis
L I 49.20

Research and development L I 70.32

Advertising and market research L I 48.89

Other freelance, scientific, and technical activities L I 50.11

Veterinary services L I 41.73

Rental of movable goods L I 42.19

Placement and transfer of workers L I 37.77



Supplementary Information 6

Travel agencies, tour operators, and other reservation services L I 39.99

Guard and security services, detective agencies L I 35.81

Building management; Gardening and landscaping H O 35.38

Supply of economic services to enterprises and individuals n.e.c. L I 42.77

Public administration and defence; Social insurance L I 53.67

Education and teaching L I 55.25

Healthcare L I 46.47

Homes (excluding recreational and holiday homes) L I 38.69

Social services (without homes) L I 41.63

Creative, artistic and entertainment activities L I 41.96

Libraries, archives, museums, botanical and zoological gardens L I 46.66

Gaming, betting, and lottery L I 36.41

Supply of sports, entertainment, and recreational services L I 42.64

Interest groups, church and other religious associations

(excluding social services and sport)
L I 49.03

Repair of data processing equipment and consumer goods L I 37.56

Supply of other predominant personal services L I 28.79

6. Sampling of the impact functions for mortality

6.1. Polynomial function

We assume the impact functions for mortality (RR functions) to be polynomial functions
of the third order, with equation:

f(x) = ax3 + bx2 + cx + d (1)

6.2. Sample distribution of probable impact functions for mortality

22 24 26 28 30 32 34 36 38 40
Tmax [ C]

0

1

2

3

4

5

6

RR
 (R

el
at

iv
e 

Ri
sk

s o
f d

ai
ly

 m
or

ta
lit

y)

mean
2.5th percentile
97.5th percentile

(a)

22 24 26 28 30 32 34 36 38 40
Tmax [ C]

1

2

3

4

5

RR
 (R

el
at

iv
e 

Ri
sk

s o
f d

ai
ly

 m
or

ta
lit

y)

mean
2.5th percentile
97.5th percentile

(b)

Figure S2: Distribution of functions describing the relationship between daily maximum
temperature and relative risk of daily mortality for (a) the people below the age of 75
and (b) with or above the age of 75. The mean curve and the confidence interval are
taken from the study of Ragettli et al (2017) [4].
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7. Sampling of the impact functions for labour productivity

7.1. Sigmoid function

We assume the impact functions for labour productivity to be sigmoid functions, as
for example some of the ones used in CLIMADA [8]. Also in other studies assessing
the impact of heat on labour productivity sigmoid functions are used [9, 10]. The
functions developed for the present study are logistic functions, with equation:

f(x) =
L

1 + e−k(x−x0)
(2)

where x stands for the WBGT values and f(x) is the percentage of labour productivity
that get lost due to heat. L indicates the curve’s maximum value (i.e. the maximum
percent of labour productivity loss), k stands for the logistic growth rate (i.e. the
steepness of the curve), and x0 refers to the x-value of the sigmoid’s midpoint.

7.2. Sample distribution of probable impact functions for labour productivity
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Figure S3: Distribution of impact functions describing the relationship between WBGT
and percentage of labour productivity loss for people working at a (a) low physical
activity, (b) moderate physical activity, and (c) high physical activity.
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8. Sources of uncertainties and shape of their distributions

8.1. Overview table

Table S4: Summary of the sources of uncertainties in both model and shapes of their
distributions. The first group of uncertainties shows those which are common to both
models, while the second shows the additional uncertainties which are embedded in
the labour productivity model.

Source of Uncertainty Distribution

Common

Uncertainties

Climate Model Uniform

Natural Variability Uniform

Impact Functions Normal

Labour Productivity

Uncertainties

hourly WBGT values Normal

Sun Exposition Uniform

9. Sensitivity Analysis

The sensitivity analysis is performed for the labour productivity model, as shown in
Figure S4. In the variables common to both models, the uncertainties stemming from
the climate data (climate simulations and natural variability) play the most important
role. In the example in Figure S4, the influence of the climate simulations can be up
to 52% below and 41% above the median costs (95% confidence interval). The impact
functions have a smaller contribution, with the impact being up to 28% below and
8% above the median costs. For the labour productivity model, the estimation of the
WBGT contributes the most to the the uncertainty, where the cost can be up to 112%
and 76% below the median estimate.
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Figure S4: Sensitivity analysis for the labour productivity model. Results for the
category high physical activity in the year 2050 and under the RCP8.5 scenario. The
median is indicated by the orange line. The rectangles contain values from the 25th to
the 75th percentile. The vertical lines span throughout the 95% confidence interval.

10. Spatially explicit results for mortality

Figure S5: Map showing the spatial impact for mortality in percentage compared to
the total exposure value for the year 2050, the RCP8.5 scenario, and the category of
elderly people.
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(a)

(b)

Figure S6: Maps showing the relative changes in number of heat-related deaths
compared to the baseline for the year 2050 under an RCP2.6 (a) and an RCP8.5
scenario (b) for the category of elderly people.
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11. Results at cantonal level

Baseline (2020) RCP2.6 RCP8.5

2050 2080 2050 2080

canton

Aargau 58 62 62 82 133

Appenzell Ausserrhoden 2 2 2 3 6

Appenzell Innerrhoden 0 0 0 1 1

Basel-Landschaft 28 29 30 39 64

Basel-Stadt 16 17 17 22 36

Bern 81 87 87 116 193

Fribourg 21 23 23 31 51

Genève 42 46 44 61 100

Glarus 2 2 2 3 6

Graubünden 11 13 13 18 33

Jura 6 7 7 9 16

Luzern 28 30 30 40 67

Neuchâtel 10 11 11 15 25

Nidwalden 3 3 3 4 7

Obwalden 2 2 2 3 5

Schaffhausen 7 7 8 10 17

Schwyz 8 9 9 12 21

Solothurn 26 27 28 36 59

St. Gallen 33 34 35 46 76

Thurgau 20 21 22 28 46

Ticino 42 43 43 56 91

Uri 2 2 2 3 5

Valais 28 31 30 43 73

Vaud 55 58 58 77 125

Zug 7 7 7 10 16

Zürich 105 111 112 147 242

Total 653 695 698 925 1526

Table S5: Median estimate for the number of heat-related deaths for each canton for
the baseline (2020, RCP8.5), and the years 2050 and 2080 under the climate scenarios
RCP2.6 and RCP8.5.
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Baseline (2020) RCP2.6 RCP8.5

2050 2080 2050 2080

canton

Aargau 48.12 54.11 60.39 79.52 156.64

Appenzell Ausserrhoden 2.31 2.54 2.91 3.76 7.76

Appenzell Innerrhoden 0.73 0.82 0.92 1.19 2.56

Basel-Landschaft 22.47 24.66 27.61 37.18 71.32

Basel-Stadt 26.66 27.73 31.43 44.20 81.74

Bern 74.67 79.91 90.67 120.04 242.53

Fribourg 18.41 20.44 22.76 30.13 61.66

Genève 56.00 61.26 69.50 93.46 179.30

Glarus 2.21 2.45 2.68 3.61 7.97

Graubünden 12.29 14.36 14.81 21.25 48.61

Jura 5.10 5.47 6.21 8.22 16.27

Luzern 30.04 32.65 36.01 48.35 100.25

Neuchâtel 11.19 11.82 13.42 18.08 35.49

Nidwalden 2.77 3.03 3.30 4.38 9.27

Obwalden 2.35 2.70 2.88 3.76 8.77

Schaffhausen 6.12 6.82 7.62 10.20 19.60

Schwyz 9.33 10.23 11.40 15.21 32.11

Solothurn 19.71 21.69 24.68 31.83 62.76

St. Gallen 32.26 35.09 38.91 52.16 107.82

Thurgau 16.77 18.71 20.61 27.75 55.71

Ticino 36.32 39.29 44.21 58.53 116.02

Uri 1.75 2.06 2.18 2.90 6.81

Valais 22.38 26.82 27.08 39.60 85.91

Vaud 59.69 64.08 72.67 98.36 191.21

Zug 13.56 14.18 16.11 22.07 44.02

Zürich 131.34 139.30 159.67 217.50 425.55

Total 664.57 722.22 810.65 1093.26 2177.66

Table S6: Median estimate of the losses in labour productivity (in million CHF) for
each canton for the baseline (2020, RCP8.5), and for the years 2050 and 2080 under
the climate scenarios RCP2.6 and RCP8.5.
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