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ABSTRACT

Mortality rates are used as a basis for defining a reference value for the risk of being killed from gravitational natural hazards in Switzerland.
We present an updated analysis of these mortality rates as the population and its structure are changing over time. The lowest mortality
rates have been decreasing over the past decades. The reference value for the risk of dying from gravitational natural hazards is now less
than an order of magnitude below the lowest mortality rates.

The average yearly number of fatalities from gravitational natural hazards over the past two decades has been 4. The number of heat-related
fatalities has been a factor of 89 higher but compared to the averaged overall number of fatalities in the age classes, it is still more than an
order of magnitude smaller. We put heat-related fatalities into perspective with fatalities from gravitational natural hazards because heat-

waves are expected to become more intense and more frequent with climate change.

INTRODUCTION

The Sendai Framework for Disaster Risk Reduction is aiming at reducing disaster mortality in their target A (UN, 2015). Furthermore, accord-
ing to PLANAT (2014), “Top priority is given to the protection of persons”. PLANAT has postulated “The average risk of death for human
beings is not significantly increased by natural hazards. The annual risk of being killed as a result of natural hazards is significantly lower
than the average probability of death for the age group with the lowest mortality rate in Switzerland.” (PLANAT, 2014). Hess (2008) has high-
lighted, that the lowest mortality rate is between 10-4 and 10-3 for the population of 10- to 14-year-old. 10-5 has therefore been suggested
to be a reasonable reference value for the unvoluntary risk of death from natural hazards in Switzerland (PLANAT, 2015). Unvoluntary, as
this risk does not include voluntary risk takers like people going off-piste skiing or canyoning. This reference value is common practice for
gravitational natural hazards in Switzerland.

Over the last few decades, the population has been getting older, and its structure has changed. We would therefore like to know, how the
base mortality data has changed since the introduction of the reference value of 10-5. Furthermore, we would like to compare actual data
on fatalities from natural hazards to the reference value. Since heatwaves have become increasingly prominent with climate change, we want

to compare heat-related fatalities to fatalities from gravitational natural hazards.

METHODS

Yearly data on the demographic balance by age and by sex were analysed. These data are available from 1971 until 2021 from the Swiss
Federal Statistical Office and include the population at the beginning of the year and the number of deaths, both by age and by sex, for the
population registered in Switzerland. From these data, we computed the yearly mortality rate by age. Since the mortality rate by age shows a
large annual variability, we computed these mortality rates by decade. Furthermore, we analysed the evolution over time of the 5 age class-
es with the lowest mortality rate in more detail as well as the differences in mortality rates for the female and male population separately.
Several sources had to be used for comparing the number of fatalities from natural hazards and heatwaves to the reference value. The cause
of death statistics from the Swiss Federal Statistical Office cannot be used to derive fatalities from natural hazards or heatwaves because the
final cause of death cannot always be related to the natural hazard. The number of fatalities from natural hazards in Switzerland is collected
based on media information for floods, debris flows, landslides, rockfall, windstorm, lightning, and ice avalanches (WSL, 2019) and based on
information from rescue teams or the police for avalanches (SLF, 2018). We exclude voluntary risk-takers (e.g., fatalities from off-piste skiing
or canyoning) in our analyses. Heat-related fatalities in Switzerland were estimated by Ragettli et al. (2023) since 2000 based on exposure-re-
sponse functions. These estimates are also used for the indicator “heat-related deaths” by the Swiss Federal Office for the Environment. The
estimates are provided for the overall population and for two age classes (younger than 75 years and 75 years and older).

Mortality rates derived from the actual numbers of fatalities from gravitational natural hazards as well as from estimated heat-related fatalities

were compared to the reference value.

RESULTS AND DISCUSSION
Decadal mortality rates by age show a clear tendency to lower mortality rates over time for all age classes (see Fig. 1). Unless heat-related
fatalities or gravitational natural hazard fatalities are specifically mentioned, mortality rates refer to the overall number of fatalities compared

to the entire population in this paper. The lowest mortality rates were about 3*10* in 1971-1980 and about 7*¥107 in 2011-2020. This is a
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reduction of more than a factor of four in four decades. In the 1990s, the decade before the introduction of the reference value of 10-5, the
lowest mortality rates were just above 10-4 (about 1.5*10). In the 2000s, the lowest mortality rates dropped below 10, Even tough decadal
mortality rates are decreasing over time, they are still larger than the reference value of 10”, albeit not by an order of magnitude.

Besides the overall decrease of the lowest mortality rates, the lowest mortality rates also seem to be moving to younger age classes over

time. The age classes with the lowest mortality rates are different every year. They always range between about 5 and 15 years.
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Figure 1 Mortality rates by age per decade from 1971 until 2020 for the population registered in Switzerland. (data source: Swiss Federal Statistical Office)

The temporal trend of decreasing minimum mortality rates is further illustrated by plotting the five lowest mortality rates per year over time

(Fig. 2). Besides the clear decrease in minimum mortality rates, we also observe an increase in the variability of the lowest mortality rates

over time.
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Figure 2 Five lowest mortality rates per year from 1971 until 2020 for the population registered in Switzerland. (data source: Swiss Federal Statistical Office)

Decadal mortality rates for the male and female population registered in Switzerland also show an overall tendency to lower mortality rates
over time (Fig. 3). It seems though, that the lowest mortality rates for the female population do not decrease any further between the two
last decades whereas the mortality rates for the male population have decreased further.

Furthermore, a clear difference between mortality rates for the male and female population is visible. Especially for age classes of 20 to 30,

the mortality rates for men are clearly higher than for women (see Fig. 3).
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Figure 3 Mortality rates by sex and by age per decade from 1971 until 2020 for the population registered in Switzerland. (data source: Swiss Federal Statistical Office)

The number of fatalities from gravitational natural hazards since 2000 has been ranging between zero (in 2010) and 21 (in 2000) with an
average of about four. Assuming the entire Swiss population at risk (about 7.2 mio in 2000 and 8.6 mio in 2020), the total number of fatalities
from gravitational natural hazards has always been much smaller than the reference value of 10°.

Heatwaves have been receiving increasing attention, especially as they are expected to become more frequent and more intense with cli-
mate change. As the elderly are particularly vulnerable to heatwaves, the number of heat-related fatalities is receiving increasing attention in
discussions on heatwaves. The number of heat-related fatalities in Switzerland is estimated to be about 1’400 in 2003 and about 750 in 2015.
The average number of estimated heat-related fatalities in Switzerland is 384 per year for the period 2000-2021. In comparison, the yearly
average number of fatalities from gravitational natural hazards for 2000-2021 was about 4. Heatwaves have therefore caused about 89 times

more fatalities in Switzerland in the period 2000-2021.

We used the estimates of heat-related fatalities to calculate heat-related mortality rates from 2000 until 2021 by comparing the estimated
heat-related fatalities to the overall population. We therefore assume, the entire population being exposed to heatwaves. This calculation
was performed once for the overall population and separately for the two age classes, the heat-related fatalities are available for (younger
than 75 years and 75 and older).

For the overall population, the yearly mortality rates for heat-related fatalities were above 10-° for all years from 2000 to 2020 (Fig. 4). They
therefore exceeded the reference value used for the risk of dying from gravitational natural hazards. For the population younger than 75
years, the yearly heat-related mortality rates were larger than 10° until 2006, about 10-° from 2007 to 2015 and strongly declined since,
dropping below 107 since 2016 (Fig. 4). For the population of 75 years and older, the yearly heat-related mortality rates have been varying
between 10 and almost 2*10-3 with no clear trend. Only in 2021 the heat-related mortality rates for the population of 75 years and older

have dropped below all previous values.
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Figure 4 Mortality rates calculated from estimated heat-related fatalities compared to the overall population for the entire population and for two age classes: younger than 75 years and
75 years and older. (data sources: SwissTPH and Swiss Federal Statistical Office)
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The reference value of 10° which is an established reference value for gravitational natural hazards, was frequently exceeded for yearly
heat-related mortalities in the past two decades. Alternatively, we can adjust the basic idea behind the reference value: we investigate
whether the mortality due to the particular hazard is an order of magnitude lower than the overall mortality in the same age class, instead
of comparing to the lowest mortality of all age classes. The total number of heat-related fatalities should therefore be at least an order of
magnitude smaller than the overall number of fatalities. Such a comparison can only be performed based on the entire population or for the
two age classes (younger than 75 years and 75 years and older) because the estimates of heat-related fatalities are not provided at a finer
granularity. We can therefore only compare to the number of overall fatalities of the same age class. The number of heat-related fatalities
has always been at least an order of magnitude smaller than the overall number of fatalities for the past two decades. It was mostly two
orders of magnitude smaller, for the overall population and for each of the two age classes, even for the elderly of 75 years and older (Fig.
5). The latter is due to the high overall mortality in the age class of 75 years and older. Even during the heatwave of 2003, the number of
heat-related fatalities is estimated to account for only about 2.1% to 2.3% of all fatalities. The heat-related mortality rate was therefore about

a factor of 50 smaller than the overall mortality rate in 2003.
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Figure 5 Number of heat-related fatalities compared to the overall number of fatalities in Switzerland for the years 2000 until 2021. (data sources: SwissTPH and Swiss Federal Statistical
Office)

CONCLUSIONS

We present an updated set of base data for the discussion on the reference value for the risk of dying from gravitational natural hazards.
The basis for this reference value are the lowest mortality rates in the population, which are changing over time. As the population and
its structure are likely to change in the future, we propose a regular update of the analysis of mortality rates. This allows to always have
the most up-to-date base data at hand for the discussion on possible adjustments to the reference value for the risk of dying from natural
hazards and the interpretation thereof. It will be interesting to see, how the mortality rates will be evolving in the future and whether they
will reach or even drop below the current reference value of 10°. From the mortality rates of the female population, we see a possibility
that the lowest mortality rates are levelling off. Another possibility is, that the levelling off is a temporary artifact and that they will continue

to decrease in the future.

The number of heat-related fatalities exceeds the number of fatalities from gravitational natural hazards in Switzerland by far (a factor of
89). The estimated mortality rates for heat-related fatalities are therefore mostly above the reference value used for the risk of dying from
gravitational natural hazards.

If we compare the number of fatalities to the exposed population instead of the entire population (e.g. urban centres for heat-related fatal-
ities or mountain population for gravitational natural hazards), the mortality rates for would certainly be higher.

The number of heat-related fatalities is almost two orders of magnitude smaller than the overall number of fatalities when comparing the
fatality numbers of the corresponding age groups. This also applies to the elderly of 75 years and above, which is the most vulnerable group
of the population. This is due to the high overall mortality in the age group of 75 years and above. Hence, the heat-related mortality rates are
more than an order of magnitude lower than the overall mortality rates. They are not an order of magnitude lower than the lowest mortality

rates, on which the reference value of 10-5 for the risk of dying from gravitational natural hazards is based.

Base data as presented in this paper and its comparison to actual heat-related fatalities and fatalities from gravitational natural hazards
provide an important decision support for the discussion on the level of accepted risk and consequently the optimum measures needed

to protect lives from unwanted deaths.
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