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Summary
The Federal Statistical Office publishes weekly national
and regional mortality reports online for Switzerland for
the age groups 0 to <65 and 65+ years, which refer to
deaths up to 9 days prior to the publication date. In addi-
tion to observed numbers of death events, expected num-
bers are reported, which allows detection of periods of
excess mortality and its quantification. As with previous
periods of excess mortality, in 2020 the monitoring detect-
ed and quantified excess mortality during the two waves
of the SARS-CoV-2 epidemic in Switzerland. During the
year, the epidemic resulted in well over 10% more deaths
than expected, mainly in individuals aged 65 years and
above. Because of the profound impact of the epidemic,
interest in the weekly mortality publication and its under-
lying methodology increased sharply. From inquiries and
from newspaper and tabloid publications on the matter it
became abundantly evident that the principles of the mor-
tality monitoring were not well understood in general; mor-
tality monitoring was even regularly confused with cause
of death statistics. The present article therefore aims at
elucidating the methodology of national mortality monitor-
ing in Switzerland and at putting it into its public health
context.

Introduction

Since May 2015, the Swiss Federal Statistical Office
(FSO) has published, every Tuesday at 14:00, the weekly
numbers of domestic deaths of Swiss residents, separately
for age groups 0 to <65 and 65+ years, both graphically
and numerically. In April 2020, the FSO has launched an
additional experimental publication, where the same infor-
mation is now also provided for the seven Swiss NUTS-2
(Nomenclature des unités territoriales statistiques) regions
Lake Geneva, Espace Mittelland, Northwest Switzerland,
Zurich, Eastern Switzerland, Central Switzerland, and Ti-
cino. As of February 2021, NUTS-3 (cantonal) data are be-
ing published as well.

From about the middle of 2020 to the middle of 2021 the
FSO online publication on the weekly number of deaths in
Switzerland by age group had become one of the most fre-
quently referenced sources of information on the SARS-
CoV-2 pandemic in Switzerland. As in many other coun-
tries, it became clear that excess mortality encompasses all
causes of death, therefore quantifying the overall impact of
COVID-19 on mortality [1–3]. At the time, a large number

of inquiries from the press as well as from the public were
addressing all aspects of the methodology. Many questions
concerned the differences between the weekly numbers of
deaths and the annual cause of death statistics, the under-
lying data flow and data processing, the calculation of the
expected numbers of deaths and of the confidence inter-
vals around these expected numbers, the reasons for the
unavailability of cause of death statistics for the current
year and the previous year, the reasons for and the extent
of reporting delays, the determination of excess mortality,
and the relationship between excess mortality on the one
hand and of deaths due to SARS-CoV-2 infections on the
other. As became evident in the course of the pandem-
ic, mortality and cause of death statistics were quite often
confused and neither was commonly well understood. The
present contribution therefore summarises the methodolo-
gy underlying the FSO's reporting on the weekly number
of deaths in Switzerland and in addition briefly recapitu-
lates mortality during the pandemic in 2020 to mid-2021.

Collection of mortality data

The collection and reporting of mortality data and cause of
death information entails two processes: a first, relatively
fast process of registering and reporting each case of death
occurring in Switzerland (mortality monitoring), and a sec-
ond, more time-consuming process of collecting and pro-
cessing the corresponding causes of death. Because of the
complexity of the processes, it is worth clarifying the fun-
damental differences in contents and timelines of mortali-
ty monitoring on the one hand and cause of death statistics
on the other. This requires an overview of the underlying
administrative procedures and corresponding data flows,
which are depicted in figure 1 and summarised in the fol-
lowing.

When a person dies in Switzerland, the competent civil
registration office is notified, usually by the attending
physician, by the hospital or nursing home management, or
by relatives of the deceased. Every business day, the FSO
receives notifications on recent cases of death, including
date of death, location and age of the deceased. As of 2005,
this is by the civil registration offices (coordinated by the
Federal Office of Civil Status, FOCS) updating a deceased
person's civil registration record in the national Infostar
database. This first part of the collection of mortality data
is thus centred on registering and processing events and the
corresponding personal data. It is the basis of the weekly
updates through the FSO's mortality monitoring. The focus
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of the present paper is on this fast part of the mortality da-
ta collection and reporting. However, before the details of
this process are addressed, a brief overview will be given
of the second, more time-consuming part, which leads to
the cause of death statistics.

In parallel to the rapid update of the civil status register
database Infostar for a given case of death, the civil regis-
tration office issues a request and form containing the iden-
tification number of the deceased to the attending physi-
cian for providing a medical death certificate. The death
certificate is to be sent directly to the FSO, either on paper
or electronically (currently about 39% of the death certifi-
cates). The medical death certificate comprises different
relevant causes of death: the underlying disease or root
cause, the immediate cause of death or secondary disease
and, if applicable, concomitant diseases. These diseases
are noted in longhand on the medical certificate, and the
FSO then codes them according to the rules of the Inter-
national Classification of Diseases (ICD-10) of the World
Health Organization (WHO). The ICD-coded cases are the
basis of the FSO's annual statistical publication on caus-
es of death. In the last few years, the annual number of
deaths in Switzerland was just below 68,000, the thresh-
old of 70,000 exceeded for the first time only in 2020. As
ICD coding is a complicated and time-consuming process,
requiring specialised personnel and involving collecting of
outstanding death certificates and issuing of queries for un-
clear or missing information, the elaboration of the cause
of death statistics requires a thorough processing of each
individual death certificate. As presumably has become
clear at this point, mortality monitoring (merely consid-
ering the event itself rather than the cause of death) is a
much timelier affair, and updated statistics can be pub-
lished weekly, taking into account deaths from 9 or
more days ago.

Mortality in 2020 and 2021

Owing to the FSO operation of national-scale mortality
monitoring and of online publishing of the results on a
weekly basis, the type of information contained in figure

Figure 1: Administrative and informational paths leading from a
death notification to the generation of weekly mortality updates
and eventually to cause of death statistics. The Federal Office of
Statistics' (FSO) BEVNAT database receives nightly updates
through the Federal Office of Justice (FOJ) INFOSTAR register, al-
lowing for timely mortality monitoring with weekly reports. Cause of
death statistics require additional processing and coding, implying
a longer publication delay.

2 was available throughout the epidemic, weekly updates
lagging behind the current development by less than 2
weeks. As previously during influenza epidemics and heat-
waves, the mortality monitoring system has demonstrated
its importance as a reliable and timely source of funda-
mental public health information. The FSO also shares the
weekly numbers of deaths in Switzerland with the Euro-
pean Mortality Monitoring Project (EuroMOMO) [4]. This
collaborative network started its operations in 2008 and to-
day provides weekly mortality statistics on 27 European
countries, leveraging the regional and national mortality
monitoring to the international level.

During the SARS-CoV-2 pandemic, the Swiss Federal Of-
fice of Public Health (FOPH) started to publish daily in-
cidence and mortality counts, the latter referring to indi-
viduals who died after a positive test for the virus. The
parallel publications gave rise to questions as to how the
two mortality statistics would relate to each other, ob-
servers frequently failing to grasp the fundamental differ-
ence. Whereas mortality monitoring is based on the con-
tinuous complete inventory of deaths collected through the
civil registration system, irrespective of the cause of death,
the FOPH's daily reports on deaths related to COVID-19
are based on mandatory reports of test-positive cases pro-
vided by physicians, hospitals, healthcare institutions and
laboratories in Switzerland according to WHO rules.

During the first wave of the SARS-CoV-2 pandemic in
Switzerland, from 16 March 2020 (week 12) to 19 April
2020 (week 16), mortality monitoring has received inten-
sive attention by the press and by the public. During these
5 weeks, the numbers of people having died at age 0 to <65
years and at 65 years and above (65+) were more than 12%
and 26%, respectively, higher than expected. The week
with the highest excess mortality during the first wave was
week 14 (30 March to 5 April 2020), when the excess
was 46% in people 65+ years of age. During the second
wave, taking off in week 43 and lasting until week 4 of
2021, 47% more deaths than expected occurred in this age
group, the week with the highest weekly excess mortality
being that of 16 to 22 November 2020 (week 47), when
70% more people than expected died in the 65+ years age
group. During both waves, the time-course of the epidem-
ic differed considerably across regions, with the onset of
the first wave in 2020 ranging from week 11 (Lake Gene-
va region and Ticino) to week 16 (Central Switzerland),
and that of the second wave ranging from week 43 (Es-
pace Mittelland) to week 45 (Northwestern Switzerland).
Likewise, the durations of the two waves were quite differ-
ent among the regions, the first and second wave lasting 1
week and 14 weeks, respectively, in Central Switzerland,
and both waves lasting 9 weeks in the Lake Geneva region.

Observed and expected numbers of deaths

As there is some lag in the registration of cases of death
with the local civil registration offices, the most recent
numbers covered in the weekly publications refer to the
week ending 9 days prior to each new publication. Also,
and for the same reason, the numbers for the most recent
reporting week and for the 4 weeks preceding it are pro-
jections, based on the numbers registered thus far as well
as on the distribution of the registration delays over the
previous one and a half years. Along with these observed
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numbers (albeit, as pointed out, the most recent ones being
projections), the expected numbers of deaths per week are
published.

Mortality monitoring hence not only involves registering
and backward-projecting observed numbers of deaths, but
also forward-predicting future expected numbers of
deaths, the difference between projection and prediction
being relevant for understanding the methodology. Pro-
jecting what the incompletely registered final numbers of
deaths for recent weeks will eventually be once the regis-
tration is completed amounts to estimating what the past
will look like in the future. In contrast, predicting what the
numbers of deaths in future weeks will eventually be is
proper forecasting, amounting to estimating what the fu-
ture will most likely look like.

It might appear that the publication of the weekly numbers
of observed and expected deaths in Switzerland as a whole
and in the regions should be a straightforward enough af-
fair. However, the actual generation of the underlying sta-
tistics involves a few technical aspects, which seem to war-
rant a somewhat more detailed description as provided in
the following, and schematically illustrated in figure 3.
The technical details of the implementation and parame-
terisation of the procedure are described in appendix 1.
Estimating the expected number of deaths in each week
of the present year is not based on a closed formula, but
on a complex algorithm. The procedure is performed for
each NUTS-2 region to determine the expected number of
deaths per calendar week of the ongoing (prediction) year.
Subsequently, the values of the regions are summed up for
the whole of Switzerland.

Overall, the procedure consists of two consecutive passes,
the first pass estimating the overall mortality level of the
present year for which predictions are generated, the sec-
ond pass estimating calendar-weekly numbers of deaths.
Splitting the estimation into two passes allows secular
mortality trends (including demographic changes, popula-
tion growth and increasing life expectancy) to be account-
ed for in the first pass and seasonality in the second.

Before the final expected numbers of deaths in each week
of the current (i.e., the to be predicted) year are obtained,

Figure 2: Federal Statistical Office web publication on the weekly
number of deaths in Switzerland by age group (with completed
years of life), from week 1, 2020 to week 29, 2021. The connected
dots represent numbers of observed deaths per week; the bands
are two-sided 99% confidence intervals around the predicted num-
bers for the corresponding weeks (data status 03 August 2021)
[5].

separately for age groups 0 to <65 and 65+ years as well as
for all of Switzerland and for different regions, predicted
numbers are thus in fact estimated twice over.

In the first pass, estimates are from a regression model to
predict the total number of deaths in the current year from
the annual numbers of deaths over the past 5 years, after
reducing random year-to-year variation by smoothing over
these annual numbers. A period of data consisting of the 5
previous years is considered, which strikes an experiential
balance between reflecting ongoing trends with sufficient
precision, while still being sensitive to short-term changes
when they occur. This first pass of the estimation process
is conducted separately for the 7 NUTS-2 regions and for
11 age groups, to account for regional differences and for
secular trends, which may impact certain regions and age
groups more than others. Because of this stratification, the
estimates reflect changes in mortality over time caused in
part by changes in the size and age distribution of the pop-
ulation.

The second pass estimates are weekly median numbers of
deaths obtained over the past 10 years, separately for age
groups 0 to <65 and 65+ years, and smoothed over the
course of the current year. Ten years of data are required to
provide stable weekly estimates in the second pass. Day-
to-day estimates for the current year are obtained subse-
quently from these smooth weekly medians, taking into ac-
count the mapping of the weekdays onto the calendar dates
of the days of the current year. The daily estimates are fi-
nally weighted, based on the first-pass annual estimates,
such that their sum corresponds with the first-pass expecta-
tion for the current year. The so calibrated daily estimates
are finally aggregated by calendar weeks, and regional es-
timates are further aggregated to yield national-level esti-
mates. Finally, confidence intervals are calculated for the
weekly age group-specific expected numbers, both at the
national and the regional level.

In more detail, the procedure to estimate expected numbers
of deaths for each week of the current (i.e., the to-be-pre-
dicted) year consists of the following 13 steps:

Step 1: Deaths in the past years are counted, separately for
each of the 11 age groups (0 to <5 years; 5 to <15; 15 to
<30; 30 to <65; 65 to <70; 70 to <75; 75 to <80; 80 to <85;
85 to <90; 90 to <95; 95+).

Step 2: The numbers of deaths per age group (fig. 3a) are
smoothed across calendar years (fig. 3b) through locally
weighted regression [6].

Step 3: The number of deaths per age group for the predic-
tion year is estimated by Poisson regression based on the
past 5 years (fig. 3c).

Step 4: Separately for the 0 to <65 and 65+ year age
groups, the predicted numbers of deaths for the prediction
year (first-pass estimates) are aggregated across the initial
11 age groups.

The subsequent steps are conducted separately for the two
resulting age groups 0 to <65 and 65+ years:

Step 5: Deaths per calendar week are counted for the past
10 years.

Step 6: Median numbers of deaths are calculated for each
calendar week (fig. 3d).
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Step 7: The median numbers of deaths per calendar week
are smoothed over the year through locally weighted re-
gression (fig. 3e).

Step 8: Each calendar week's smoothed medians are divid-
ed by 7 to obtain per-day expected numbers of deaths.

Step 9: Per-day expected numbers of deaths are allocated
to the calendar weeks of the prediction year.

Step 10: The number of deaths expected for the prediction
year (second-pass estimates) is obtained by aggregating the
per-day expected numbers of deaths.

Step 11: The first-pass predicted deaths (step 4) are divided
by those estimated in the second pass (step 10).

Step 12: The expected deaths allocated to the calendar
weeks of the prediction year in step 9 are multiplied by the
factor determined in step 11 (fig. 3e).

Step 13: For each calendar week, a 99% Poisson confi-
dence interval is determined for the final number of ex-
pected deaths as calculated in step 12 (fig. 3f).

It should be noted that the expected mortality counts for
the weeks of the current calendar year (the prediction peri-
od) and, by implication, of the number of excess deaths is

Figure 3: Schematic of the calculation of the expected number of
deaths for a given age group in each week of the present year of
mortality monitoring. In the first pass, observed numbers of deaths
(a) are smoothed across the previous 5 calendar years (b) and the
expected number for the current (prediction) year is estimated (c;
years indicated by vertical bars). In the second pass, the weekly
median numbers of deaths (dotted line) are calculated (d), then
smoothed and calibrated to correspond to the expected level esti-
mated in the first pass (e). Finally, a confidence band is deter-
mined for the weekly numbers of expected deaths of the current
(prediction) year (f).

contingent on the estimation methods being used. A con-
siderable number of statistical approaches have been used
by various institutions, including time-series analysis, fit-
ting sine and cosine functions to account for the seasonal
variation, and parametric as well as robust regression
methods explicitly accounting for population growth and
demographic changes. Additional data processing methods
have been deployed in various combinations, such as
smoothing adjacent data points through spline functions
or locally weighted regression and models for short-term
projections of observed numbers of deaths for recent peri-
ods with registration delays. Methods also differ with re-
spect to how confidence intervals are calculated, including
the use of traditional frequentist, Bayesian, or resampling
methods. Other differences across models include the num-
ber of past years used to predict the mortality of the current
year, the definition of the event date (death vs registration
of death), and the degree of precision for calculating confi-
dence intervals. Often, some implementation of an overdis-
persed Poisson generalised linear model with spline terms
is used, which was initially proposed by Farrington et al.
[7] and improved by Noufaily et al. [8], for example by
the US Centers for Disease Control and Prevention (CDC)
[9]. EuroMOMO [10], reanalysing the data of all member
states for comparability, uses a Poisson time-series regres-
sion with the number of weekly deaths regressed on a lin-
ear trend term over 3 to 5 years and, for age groups of 15
years and above, on a sine function term reflecting annu-
al cyclical seasonality. Prediction intervals are calculated
based on the standard deviation of the model residuals.

The considerable number of methodological options and
the various ways in which mortality monitoring is being
conducted currently gives rise to the question as to how
good the Swiss mortality monitoring is by international
standards. Unfortunately, quality indicators of the mortal-
ity monitoring systems as implemented in different coun-
tries are, to put it mildly, hard to come by. Although this
makes a head-to-head comparison difficult, it is still possi-
ble to assess the quality of the Swiss mortality monitoring
in absolute terms. Table 1 contains the annual numbers of
observed and model-based expected deaths, separately for
the two age groups 0 to <65 and 65+ years of age.

The assessment of the results shown in table 1 has to take
into account that the absolute and relative differences be-
tween observed and predicted numbers do not reflect the
net model performance, but are obviously also affected
by periods of excess or deficit mortality, in either or both

Table 1:
Performance characteristics of the Swiss national mortality monitoring based on the proximity of the annually expected and the observed numbers of deaths in the period of
2010 to 2019.

Age group: 0 to <65 years 65+ years

Year Observed Expected Difference % difference Observed Expected Difference % difference

2010 9679 9623 56 0.6 52,359 51,719 640 1.2

2011 9343 9501 –158 –1.7 52,077 52,591 –514 –1.0

2012 9432 9242 190 2.1 53,916 52,670 1246 2.4

2013 9336 9144 192 2.1 54,881 54,109 772 1.4

2014 8910 9047 –137 –1.5 54,135 55,526 –1391 –2.5

2015 9339 8981 358 4.0 58,726 56,621 2105 3.7

2016 8796 8785 11 0.1 55,293 57,298 –2005 –3.5

2017 8768 8648 120 1.4 57,119 57,073 46 0.1

2018 8798 8562 236 2.8 57,271 57,583 –312 –0.5

2019 8472 8530 –58 –0.7 58,338 57,741 597 1.0
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age groups. For example, in 2015 there was a substantial
influenza epidemic in Switzerland, having led to more
deaths than expected for the year. Consequently, the dif-
ference between observed and expected numbers of deaths
was the highest over the 10-year period, the magnitude not
pointing at a poor fit of the mortality prediction but rather
at its high sensitivity to periods of excess mortality. Ag-
gregated across the whole 10-year period, the deviance is
0.9% and 0.2% in the age groups 0 to <65 and 65+ years,
respectively, the grand total deviance being 0.3%. Based
on this, it appears to be rather difficult to disagree on the
flat out excellent performance of the Swiss mortality mon-
itoring statistical prediction methodology.

Discussion

The FSO's operation of monitoring the mortality on a
weekly basis is a fundamental and highly informative cor-
nerstone of public health surveillance in Switzerland. It
provides continuous information on the time course of
mortality at different levels of temporal, spatial, and demo-
graphic resolution: over years, months, and seasons, within
years, in recent weeks, in the total population, in different
age groups, nationwide, as well as regionally. It provides
guidelines for evaluating deviations of the weekly number
of deaths from the statistically expected number in terms of
whether the magnitude of the deviation is more likely ran-
dom or rather due to a substantial population-wide change
in mortality. Furthermore, mortality monitoring supports
identification of demographic and geographic focal points,
thus facilitating the planning of public health countermea-
sures and the identification of possible causes for excessive
mortality if it occurs.

From a methodological point of view, mortality monitoring
rests on two epistemologically different pillars. Firstly, it
is based on actual numbers of deaths. More than 85% of
deaths are usually registered after 9 days, 97.5% after 40
days, and the remaining 2.5% of reports usually arrive
within a year, mostly within the year of death. Even with
the actual numbers of deaths in the most recent 5 weeks
partially based on projections, the actual (observed) num-
bers of deaths per week thus essentially represent measure-
ments, i.e., empirical facts, for all practical intents and pur-
poses.

Secondly, mortality monitoring also rests on predicted
numbers of deaths. Predictions are built on actual historical
mortality, but they certainly also rest on statistical mod-
elling. Due to that modelling part, predicted numbers are
method-dependent expectations, i.e., quantitative hypothe-
ses, rather than empirical facts. The actual predictions
made by a statistical model reflect two fundamental
methodological decisions, one being the choice of the pre-
diction model and its parametrisation, the other the cred-
ibility requested for the predictions. Although certainly
considering the state of the art, arbitrariness still lies in
the choice of the type of the statistical model (e.g., re-
gression, resampling, stochastic simulation, etc.) and in the
methodological details actually deployed for making the
model-based estimations. These details include (but are
not restricted to) the subset, stratification (for example, by
age groups), and the temporal resolution of the historical
data used; the specifications of the deployed data mod-
el (e.g., linear, polynomial); the degree of smoothing im-

posed on the historical data points; the loss function and
the optimisation method selected for estimating the model
parameters; the choice of methods for consolidating sub-
models.

The other fundamental decision regards the degree of cred-
ibility one requires the model-based predicted numbers of
weekly deaths to have. As the process of dying is, at least
at the real-world scale of scrutiny, far from being deter-
ministic (for example, by not exclusively depending on
age) but entails a substantial stochastic component, the
number of deaths occurring in a given week comprises
an irreducible random component. Thus, and due to the
shortcomings of the selected model and the details of its
specification, even a model-based hindcasting of historical
deaths inevitably results in some degree of deviation of
the expected from the observed weekly numbers of death.
Based on this deviation, it is possible to determine the de-
gree of precision of the model-based point estimates. This
precision (the standard error) can in turn be used to calcu-
late a confidence interval around the weekly numbers of
deaths estimated with the model, as pointed out above. The
more certain one desires to be with regard to the point esti-
mate being within the limits of the confidence interval, the
wider the interval necessarily becomes. As absolute cer-
tainty entails infinite width, fixing the desired level of cer-
tainty implies a trade-off and thus an unavoidable choice,
and one unfortunately beyond the realm of statistical meth-
ods at that. The choice of the desired degree of certainty re-
garding the confidence interval of the predictions is impor-
tant, as the excess mortality determined from the observed
and the predicted numbers depends on its width.

Would one naively trust the model predictions, this would
have two crucial implications. Firstly, there would be zero
percent certainty that the point prediction is correct; sec-
ondly, any number of observed deaths beyond the predict-
ed level would have to be considered to represent excess
mortality. This would of course entirely neglect the de-
scribed random variation that comes with the phenomenon
at hand, and thus the inevitable lack of precision of the pre-
diction. The Swiss mortality monitoring uses a 99% and
thus rather conservative (i.e., fairly wide) confidence in-
terval to minimise the false alarm rate, not least because
the overall false alarm rate depends on the total number of
assessments conducted each week in different age and re-
gional subsets. Only when in a given comparison the ob-
served number of deaths exceeds the upper limit of the
99% confidence interval of the corresponding predicted
number, is excess mortality detected. Of note, although the
decision as to whether or not excess mortality is declared
depends on the width of the confidence interval around the
predicted number, the magnitude of the excess mortality
(once it is declared) itself does not. The reason is that, if
excess mortality is detected, it is always quantified by the
difference between the observed and the expected number
of deaths, irrespective of the upper limit of the confidence
interval.

Given that it considers all cases of death, the mortality
monitoring is comprehensive. At the same time, its sen-
sitivity to dynamic mortality variations is limited by its
temporal resolution, which results from downsampling the
daily flow of registered events to weekly numbers. Conse-
quently, mortality monitoring is per se not a panacea for
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detecting all kinds of changes in population mortality, its
dynamic range being clearly optimised for detecting medi-
um fast changes. Based on the sampling rate of 52 dis-
crete data points per year, mortality monitoring sensitively
detects mortality changes manifesting over a biweekly or
somewhat less than biweekly period (the Nyquist-Shannon
theorem). At the low frequency end of its dynamic range,
mortality monitoring is also capable of detecting trends
manifesting in less than a year. The passband for detectable
changes in mortality results from both the mortality trend
over the recent 5 years as well as the annual seasonal-
ity being considered in the prediction method. By com-
bining both trajectories, the confidence band of expect-
ed deaths smoothly traces the actual mortality through the
weeks of a year. However, the ability of the procedure to
detect trends deteriorates as soon as mortality deviates only
slightly from the predictions from week to week. Smaller
changes that only accumulate over several weeks may well
go undetected if the trend is not so strong that its weekly
manifestations exceed the upper confidence interval limits
of the predictions.

A limitation of mortality monitoring, inherent in the re-
porting delays, is its limited timeliness. Based on reporting
delays observed during the previous one and a half years,
current delayed reporting is compensated for by adjusting
the figures for the 5 most recent reporting weeks. However,
to avoid excessive uncertainty, such projections are not un-
dertaken for the week directly preceding the current cal-
endar week. Consequently, the last reported week always
ends 9 days before the update on Tuesday of the current
calendar week. Population-level exposures that affect mor-
tality are therefore not detected by mortality monitoring
earlier than 1 to 2 weeks after the event. Depending on the
nature of the event, this may be too slow for timely public
health interventions. In the SARS-CoV-2 pandemic, mor-
tality-based monitoring lagged 3 to 6 weeks behind the ac-
tual infections.

Although mortality monitoring is an important, valuable
and reliable statistical routine operation, the methodolog-
ical development is by no means concluded. In 2020, we
started increasing the regional resolution of the process,
first by now also monitoring NUTS-2 regions and subse-
quently by extending the scope to NUTS-3 regions (i.e.,
cantons). In the future, the monitoring might be able to
cover the level of districts and possibly communities, even
though it remains to be seen how reliably mortality can be
predicted as the size of the regional aggregates decreases
and the signal-to-noise ratio consequently increases.

The year 2020 was remarkable also with regard to the es-
tablished prediction methodology. Periods of increased
mortality have in the past never appeared to substantially
impact the mortality predictions of subsequent years, but
this has recently changed. During the SARS-CoV-2 pan-
demic, Switzerland has suffered a toll well in excess of
10% more deaths than expected. When running the de-
scribed algorithm to predict the expected numbers of
deaths per week for 2021, we were surprised to note that
the previous year's tremendous excess mortality had in-
deed led to an implausible upward jump of the predicted
mortality trajectory throughout 2021. To sustain the mor-
tality monitoring process amidst the second wave of the
pandemic, we had no better option than to reuse the 2020

prediction for 2021 also. Naturally, we are now further de-
veloping the mortality prediction method so that it can ab-
sorb shocks of the magnitude experienced in 2020 with-
out producing implausible forecasts for subsequent years.
A practical approach appears to be replacing the observed
numbers of deaths by the predicted ones for periods of ex-
cess mortality. As in the past, it is the precision of the fore-
casts over time by which the revised method will then have
to be assessed.

The FSO's mortality monitoring has become one of the
most widely quoted statistics during the pandemic, with
a focus of public interest on excess mortality. Not all of
the interpretations were entirely adequate, which is unsur-
prising, given the underlying conceptual and methodolog-
ical complexities. For example, it is easy to overlook the
fact that the level of mortality (and hence excess mortal-
ity) observed at a given time depends on previous levels.
People whose death has been advanced, for example by
an infection during a pandemic, are simply unavailable to
contribute to the death count in any subsequent period, the
phenomenon being referred to as “mortality displacement”
or "harvesting effect" [11]. Also, while mortality monitor-
ing quantifies excess deaths in certain regions and time pe-
riods due to these deaths occurring earlier than expected, it
does not quantify the amount of lifetime lost.

In spite of this, the biggest advantage of mortality over
other population health indicators is its completeness and
apparent simplicity; all deceased cases make up the final
mortality count. However, this straightforwardness is in-
deed deceiving. Mortality in general and excess mortality
during a pandemic in particular are conglomerates of many
factors. Excess mortality comprises not merely the imme-
diate and direct effects of the virus, but also its delayed
and indirect effects, the latter including the dynamic spread
of the virus, both influenced by as well as in turn influ-
encing transmission-relevant behaviour. Other factors in-
clude environmental effects (e.g., season, temperature), the
age and health of the population, as well as the intended
and unintended effects of counter-measures at the individ-
ual (e.g., immunisation, masks, distancing) and population
level (e.g., contact restrictions, lockdowns), including the
adherence patterns in the population. Quantifying the ef-
fects of counter-measures on mortality is complicated by
the fact that these measures are pleiotropic by having more
effects than merely reducing the transmission of the tar-
geted virus. Although these effects may in principle in-
clude unintended ones, most of the unspecific effects might
very likely contribute to reducing mortality more broadly,
for example by possibly reducing the number of accidents
(traffic and otherwise) and by lowering the transmission of
infectious diseases in general (including the seasonal in-
fluenza).

For these reasons, quantifying the virus-specific epidemic
death toll is not viable solely based on excess mortality.
Likewise, the mortality prevented by specific public health
counter-measures cannot be derived through mortality
monitoring alone. To achieve the former, in addition to the
numbers also the causes of deaths are required. The latter
question can only be tackled by comprehensive compara-
tive analyses of various types of data collected during the
pandemic, with the data obtained through mortality moni-
toring certainly playing an important role.
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Appendix 1  
Technical and Statistical Details 
Technical and statistical details are provided on (i) the projection of the numbers of deaths in the most 
recent weeks with delayed registration, (ii) the annual prediction of weekly numbers of deaths based on 
trend and seasonality modeling, and (iii) the methods of estimating excess mortality. Table A1 at the end 
of the text lists definitions of abbreviations, variables, functions and statistics. 

Notation 

A = {1,2,..,11} indexes age groups X = {xa:a∈A} = {0..<5, 5..<15, 15..<30, 30..<65, 65..<70, 70..<75, 
75..<80, 80..<85, 85..<90, 90..<95, ≥95} years such that the age group in X corresponding to the image of 
A=a is a(i) = xa. Likewise, A' = {1,2} indexes age groups {<65,≥65} years, S = {1,2,..,7} level-two (NUTS-2) 
territorial subdivisions {Lake Geneva, Espace Mittelland, Northwestern Switzerland, Zurich, Eastern 
Switzerland, Central Switzerland, Ticino}, and D = {1,2,..,7) ISO 8601 weekdays {Monday, 
Tuesday,…,Sunday}. Index sets with values corresponding to those of their codomains are years Y = 
{…,2010,2011,…,2022}, months M = {1,2,…,12} weeks W = {1,2,…,53}, and days T = {1,2,…,366} of a year. 
J = J(y,w,d) is the Julian day indexing the date specified by (y,w,d), J = J(y,t) is the Julian day indexing the 
date specified by (y,t), J = J(date) is the Julian day indexing the date specified as a calendar date, and 
y(J), w(J), d(J), t(J), and date(J) are inverses of Julian day J, expressed as year, week, weekday, day of 
year, and calendar date, respectively. The year, week, and weekday when the current report on weekly 
mortality is issued is current year γ, current week ω, and current weekday 2 (Tuesday), with the Julian 
day of the corresponding date C being J(C) = J(C) = J(γ,ω,2). The most recent week reported on each 
Tuesday when a report is issued, referred to as reference week, is the week having ended on the Sunday 
9 days prior to the current reporting date C, i.e., on day J(C)-9. Likewise, the Julian day of a calendar date 
V of death is denoted as J(V) and the Julian day of the calendar date R when a case of death is registered 
as J(R), the inverses being V = date(J(V)) and R = date(J(R)), respectively. The days between the date C of the 
current report and the date V of death is δ = δC = J(C) - J(V), hence V = date(J(C) - δC). The number of 
observed deaths in age group a and territorial subdivision s, registered as having occurred on a certain 
date V, is denoted as OasV = Oas,J(V) = Oas,y(J(V)),w(J(V)),d(J(V)) = Oas,y(J(V),t(J(V)). Another example of redundant 
indexing is Oas,J(V),δ. Sparse indexing indicates varying levels of aggregation, as in Oy = ∑Oa'y; Oa'y = ∑Oay; 
Oay = ∑Oasy; Oasy = ∑Oasyw; Oasyw = ∑Oasywd.  

Observed and Projected Numbers of Deaths 

For recent period 1 < δC ≤ 40, registration-based counts Oa'sV are replaced by projected values O(P)
a'sV = 

Oa'sVδ·ua'sδ, weights ua'sδ compensating for the expected proportion of delayed registrations of δ days. 
Historic registration delays δH = J(R) - J(V) refer to dates of death from 1 September of year γ-2 to 31 
August of year γ-1, i.e., to Julian days J(1) and J(2), respectively. For J(V) for which J(1) ≤ J(V)

 < J(2), ua'sδ = 1/ ha'sδ 
is calculated over the distribution of δ = δH. The relative frequency of deaths having occurred between 
J(1) and J(2) with registration delay δ is calculated as ha'sδ = Oa'sδ / ∑Oa'sδ, summation being over the range 
δ = (0..365). Every Tuesday, i.e., on dates C (γ,ω,2), for a number or recent years, currently {y: γ-10≤y≤γ}, 
weekly age group-specific numbers of deaths by regional subdivision Oa'sy(J(V))w(J(V)) are obtained by 
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aggregation and downsampling the day-by-day succession of deaths. The resulting equidistant time 
series of the frequencies of weekly events is reported up to w(J(C)-9). Likewise, age group-specific 
country-wide numbers of deaths are reported such that Oa'y(J(V))w(J(V)) = ∑Oa'y(J(V))w(J(V)),s.  

Predicted Numbers of Deaths 

For each of the previous five years, i.e. years (γ-5) ≤ y(J(V)) ≤ γ-1, Oasy = ∑Oasyw is determined. Through 
locally-weighted linear regression (LOESS; Cleveland, 1979), smooth values O(sm)

asy are calculated to 
correspond with the conditional expectation E[Oasy|Y=y] = β�0,asy+β�1,asy·y. The weighted least squares 
regression coefficient estimates are derived as Argmin(β0,asy,β1,asy)= ∑ Wi

n
i=1 (

yi-y
λ(y)

)·(Oasyi
− {β0,asy +

β1,asy·yi})
2 from the data points in the neighborhood of y. This neighborhood is defined as set Nk(y) = 

{yi∈Y: |yi-y|<k} with number of data points n = |Nk(y)|. The bandwidth k = α·|Y| is controlled by the 
smooth parameter α (set to 0.5 in the present analyses) such that {α:0<α≤1}, i.e., by the proportion of 
the data points in Y for which a local regression line is fit, smoothing increasing as α approaches unity. 
Wi(t) = (1-|t|3)3 is Tukey's tricube weight function with Wi(t) = 0, unless |t|≤1. In the argument of Wi(t), 
the distance between yi and y is normalized by the distance of y to its furthest neighbor in Nk(y), i.e., by 
λ(y) = max|yi-y|. With O(sm)

a'sy = ∑O(sm)
asy and now including the current calendar year γ, a Poisson 

regression model of O(sm)
a'sy on y is fit such that the number of expected deaths Ea'sγ in the current year γ 

in age group a' and territorial subdivision s is E(1)
a'sγ = E[Ln(Oa'sγ)|Y=γ] = β�0,as+β�1,as·γ.  

While the expectation of deaths for the current year E(1)
a'sγ (the first-pass estimation) accounts for 

mortality trends across the five years preceding the current year, it does not account for seasonal 
variations within years. Seasonal variation of deaths is almost exclusively a phenomenon among 
individuals in the 65+ age group. In this age group, however, it is both robust and substantial across 
years, with the number of deaths at the winter mortality peak about one-third larger than at the 
summer (June to September) mortality trough. Accounting for seasonal variation is achieved by 
generating a second expectation E(2)

a'sw: Across the previous ten years y such that (γ-10) ≤ y(J(V)) ≤ γ-1, 53 
weekly medians Mda'sw of Oa'syw values are determined, separately for age group a' and territorial 
subdivision s. Through locally-weighted linear regression, smooth medians Md(sm)

a'sw are determined to 
correspond with the conditional expectation E[Mda'sw|W=w] = β�0,a'sw+β�1,a'sw·w. Average numbers n(d)

a'sw 
for each single day of week w are derived through upsampling from weekly smooth medians such that 
n(d)

a'sw = Md(sm)
a'sw / |D|.  

To determine the total number E(2)
a'sγ of deaths expected in the current year γ, separately for age groups 

a' and territorial subdivisions s, the expected numbers of deaths for each day t of year γ, E(2)
a'sγt, must be 

aggregated. While mostly E(2)
a'sγ,t = n(d)

a's,w(J(γ,t)), this is not always correct for the first and/or the last week 
of year γ. Since calendar week 1 of a year γ always incudes its first Thursday, one or more of the first few 
days of that year might belong to the week before week 1, i.e., to the last week w[J(γ,1)-1] of the 
previous year γ-1, which is week 52 or week 53 (if year γ-1 starts on a Thursday or is a leap year starting 
on a Wednesday). Thus, with τ = Min(t[J(γ,w,1)]) the first Monday of year γ, for {t: d[J(γ,t<7)] > d[J(γ,τ)]}, 
E(2)

a'sγ,t = n(d)
a's,w[J(γ,1)-1]. The age group and territorial subdivision-specific total number of expected deaths 

for the current year γ is then obtained by accumulating over the days of the year such that E(2)
a'sγ = 

∑E(2)
a'sγ,t. 
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While specifically accounting for seasonality, other than estimate E(1)
a'sγ, second-pass estimate E(2)

a'sγ of 
expected deaths does not consider mortality trends across the years, and therefore does not reflect 
contemporary population growth, right-shift in the age-distribution, nor any other secular developments 
possibly impacting mortality. A correction factor is thus calculated such that Fa'sγ = E(1)

a'sγ/E(2)
a'sγ, by which 

the daily estimates E(2)
a'sγ,t are multiplied to yield corrected daily estimates E(3)

a'sγ,t = E(2)
a'sγ,t·Fa'sγ of 

expected deaths. National corrected daily estimates are obtained such that E(3)
a'γ,t = ∑E(3)

a'γt,s. By 
aggregating over territorial subdivisions, weekly country-wide estimates of expected deaths are 
obtained from the weekly territorial subdivision-specific corrected estimates such that E(3)

a'y,w(J(y,t)) = 
∑E(3)

a'y,w(J(y,t)),s.  

Excess Numbers of Deaths 

The weekly reports on dates C = date[J(γ,ω,2)] present the observed along with the corrected expected 
numbers of deaths (i.e., O and E, superscript variable specifications and indexes dropped for 
simplification) per week and age group, both country-wide and by territorial subdivision. The deviation 
∆ of the observed weekly number from the expected number of deaths, ∆ = O-E with expectation E[∆] = 
0, more often than not comes up as ∆ ≠ 0. In particular when ∆ > 0, the question arises as to whether or 
not the deviation is explained by chance or rather reflects some population-level causal phenomenon 
leading to excess mortality proper. There is no way to deduce which is which form the information 
provided from mortality monitoring alone. Any such data-driven conclusion must thus necessarily be 
conjectural, resting entirely on induction, based either on fixed or on probabilistic cut-points. To deploy 
the former approach, excess mortality would be declared when a certain pre-defined percentage U of ∆ 
is exceeded, such that ∆/E > U/100. For the latter approach, the stochastic distribution of the weekly 
number of deaths must be considered. Assuming O and E are approximately normal distributed, either 
upfront or after some normalizing transformation, ∆ can be standardized by division by the standard 
deviation s of the number of deaths over a period of time (e.g., the past five years) such that z = ∆/s, 
z~N(0,1). This approach has been proposed by Farrington et al. [7] and has been implemented by 
EuroMOMO [4]. Excess mortality is determined as soon as z exceeds some threshold value zcrit such that 
the probability of the phenomenon occurring entirely by chance is less than a pre-defined probability 
threshold α, i.e., Pr(z>zcrit) < α. The probabilistic approach implemented by the FSO is based on the 
estimated weekly number of events E following a Poisson distribution with both its mean μ and variance 
σ2 estimated by E. As with E > 20 the standard error of the estimate E of μ is approximately √E, a two-
sided Wald confidence interval (CI) for the number E of expected cases is constructed around E such 
that CI(1-α)% = E ± z1-α/2·√E. To keep the local (comparison-wise) false alarm rate in check such that 
Pr[(O-E) > E+α·√E | there actually is no Excess Mortality] ≤ 0.5%, the type I (false positive) error level α is 
fixed at 1%.  
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Table A1: Definitions of abbreviations, variables, functions and statistics. 
 

Notation Label 

A Age groups A = {1,2,..,11} indexing age groups {0..<5, 5..<15, 15..<30, 30..<65, 
65..<70, 70..<75, 75..<80, 80..<85, 85..<90, 90..<95, ≥95} years 

A' Age groups A' = {1,2} indexing age groups {0..<65, ≥65} years 

C Date of current FSO weekly mortality report 

D Weekdays D = {1,2,..,7) indexing ISO 8601 weekdays 
{Monday,Tuesday,…,Sunday} 

E Expectation 

F Correction factor 

J Julian day 

M Months M = {1,2,…,12} 

Md Median 

O Number of observed deaths 

P Projected number of actual deaths (observed but not yet reported) 

R Registration date of death 

S Level-two territorial subdivisions S = {1,2,..,7} indexing NUTS-2 regions {Lake 
Geneva, Espace Mittelland, Northwestern Switzerland, Zurich, Eastern 
Switzerland, Central Switzerland, Ticino}  

sm Smooth values obtained by locally-weighted linear regression  

T Days T = {1,2,…,366} of a year 

U Multiplicative weights for registered observed deaths, to compensate for 
delayed registrations in the most recent period of ≤ 40 days 

V Date of death  

W Weeks W = {1,2,…,53} 

Y Years Y = {…,2010,2011,…,2022} 

δ Days between two dates 

hδ Relative frequency of registration delay δ based on the one year-period up to 
last year's August 

γ Current year 

ω Current week 

d=2 Current weekday d=2 (Tuesday) 
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Appendix 2 
Historical Background 
Collecting data on deaths has a long history, both in Switzerland and internationally. Its roots can be 
traced back to 19th century England. The epidemiological legacy of the English (partially Swiss-trained) 
physician-epidemiologist William Farr (1807-1883) includes the concept of incidence, the period 
mortality table (used to calculate life expectancy at different ages, including at birth) as well as the 
death certificate, the standardized mortality rate, and the WHO's International Classification of Diseases 
(ICD) [12]. After a smallpox epidemic between 1837 and 1839, Farr noted in 1841, based on his analysis 
of the civil registration data, that during the “march of the epidemic through the kingdom”, little 
disturbed by the changing seasons, a succession of local “smaller epidemics” occurred, each 
characterized by a near symmetric rise and fall in mortality. The recent SARS-CoV-2 pandemic, the 
impact of which on the mortality in Switzerland in 2020 and 2021 is easily discernible from figure 2, has 
demonstrated to be no exemption to that rule, today known as “Farr’s law”. In 1876, in connection with 
the introduction of compulsory civil marriage, in Switzerland church registration was transferred to the 
new cantonal civil registration offices, which also registered all deaths. Consequently, monthly numbers 
of deaths are available for Switzerland from 1877 onwards. As of 1969, the FSO has been collecting the 
daily numbers of deaths in Switzerland. 

 


