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Abstract The relationship between heat stress and mortal-
ity in the federal state of Vienna (Austria) was analyzed
from 1970 to 2007. Long-term trends of mortality data and
short-term adaptation to heat stress were considered by two
complex approaches. The evaluation is based on the human
biometeorological parameter, physiologically equivalent
temperature. The results revealed a significant impact of
heat stress on the human health, with a significantly higher
sensitivity on women compared to men. Additionally,
higher risks of deaths due to cardiovascular and respiratory
diseases were found. During the long period of 38 years,
some significant decreases of the sensitivity were found,
especially in the medium heat stress levels. This could
indicate active processes of long-term adaptation to the
increasing heat stress.

1 Introduction

In summer of 2003, it was shown that there was a strong
association between thermal stress and human health. Two
heat waves occurred in June and August 2003 with the known
effects of many thousands of deaths (Koppe et al. 2003; WHO
2003; Heudorf and Meyer 2005; Díaz et al. 2006; Robine
et al. 2007), especially among older people (Díaz et al. 2002;
Flynn et al. 2005; Laaidi et al. 2006; Barnett 2007; Hajat
et al. 2007). The heat wave happened almost all over

Western and Southern Europe. Although the effect of the
heat waves in Austria was not found not to be extraordinary
(Muthers et al. 2010a), still 130 additional deaths (Hutter
et al. 2007) occurred during that time in Vienna.

After the heat waves in summer 2003, many countries in
Europe forced to initiate the development of heat health
warning systems (HHWS) in order to early inform and
protect their citizens. An HHWS consists of different
components. In general, in a meteorological aspect it is
responsible for the identification of heat wave events with
serious health impacts. In the public health arena, it initiates
and coordinates measurements to mitigate the most serious
health outcomes due to the heat wave effect (WHO 2004).
The identification of heat wave effect on human health
requires deep knowledge of the relationship between heat
load and mortality in the specific region as it differs among
various countries (Keatinge et al. 2000; Gosling et al. 2007;
Kovats and Shakoor 2008; Lin et al. 2010), but is
connected to the mean climate conditions of a specific
region (Iñiguez et al. 2010). Moreover, social factors such
as the demographic structure of the population or the state
of the health systems need to be taken into account. Hence,
the development of an HHWS should firstly involve an
analysis of the specific relationship for this region, which
identifies useful parameters, thresholds and the intensity of
the heat load impact.

A brief description of HHWSs in Europe and the used
meteorological factors or parameters is described in Koppe
and Becker (2009). In most of the countries, a combination
of daily air temperature (min, max, or mean) and sometimes
air humidity were taken while a few countries used synoptic
approaches, e. g., Italy. A more sophisticated approach
based on the human energy balance and the derived
perceived temperature (Jendritzky et al. 1979; Jendritzky
1990) is used in Germany. This approach also includes
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short-term adaptation processes in order to assess the
different impacts of heat waves in the spring time or early
summer (Koppe and Jendritzky 2005). Yet, in Austria, only
the National Oceanic and Atmospheric Administration heat
index was used until 2009.

The central idea of developing HHWS is to protect
human lives and reduce health costs, individually and
nationally. Despite the fact that the evaluation of HHWS is
a complex topic, there is some evidence that HHWS were
already able to reduce the health impact of heat waves
(Fouillet et al. 2008; Chau et al. 2009).

In this paper, we present the results of the relationship
between heat stress and all cause mortality in the densely
populated city of Vienna (Austria), using a human
biometeorological index, the physiologically equivalent
temperature (PET).

2 Data and method

2.1 Climate data

The climate station of the Central Institute for Meteorology
and Geodynamics at the “Hohe Warte” in Vienna was
selected to represent the federal state of Vienna. Climatic
parameters, including air temperature (°C), relative humid-
ity (%), wind speed (m/s), and mean cloud cover (octas)
were collected for the observation times of 7, 14 and 19
central European time (CET) during 1950 and 2007.

Since the thermal environment of the human body includes
many different components—besides the air temperature and
the air humidity also the radiation fluxes, the wind velocity,
and non-meteorological parameters (age, sex, clothing insu-
lation) are of importance—a physiologically relevant descrip-
tion of heat load must be based on human energy balance
models (Höppe 1993). Hence, we selected the human
biometeorological index PET, which provides the simula-
tion of a core and the skin temperature by climatic
parameters in the complex outdoor environment (Mayer
and Höppe 1987). PET is calculated on the basis of the
human energy balance model, Munich Energy Balance
Model for Individuals (Höppe 1984) when considering a
standardized person (male, 35 years; 1.75 m, 75 kg,
clothing insulation of 0.9 clo) being exposed to the
outdoor environment. The estimation was done applying
the RayMan Model (Matzarakis et al. 2007; Matzarakis et
al. 2010). PET describes the thermal situation by the air
temperature of a reference environment, in which the core
and the skin temperature is the same as in the complex
outdoor environment. This reference environment is
defined as a room with a wind velocity <0.1 m/s, a vapor
pressure of 12 hPa and a mean radiation temperature that
equals the air temperature (Mayer and Höppe 1987).

Furthermore, earlier studies have shown that a signifi-
cant difference of the impact of heat waves exists between
early summer and later summer (Kalkstein and Smoyer
1993; Hajat et al. 2002). This difference is probably a result
of short-term adaptation processes. Hence, we used an
approach developed by Koppe and Jendritzky (2005) to
consider this effect. The Heath-Related Assessment of the
Thermal Environment approach is taking different thresh-
olds in categorizing different levels of thermal stress, based
on the thermal conditions of the preceding 30 days. In case
of warmer conditions, the threshold was adjusted upwards.
In case of rather cold conditions, the threshold was lowered.

Threshold determination was according to the classifi-
cation created by Matzarakis and Mayer (1996). Table 1
shows the levels of thermophysiological stress and the
corresponding thresholds.

3 Mortality data

The daily mortality values for the period 1970 to 2007 were
obtained from Statistik Austria. The data is classified by sex
and cause of death according to the International Classifi-
cation of Diseases-10 (ICD-10).

Figure 1 shows the daily absolute mortality in the federal
state of Vienna for the period 1970 to 2007. Generally, the
mortality has been reduced over time. The fitted Gaussian
smooth extract the annual cycle with high values in the
winter time and low values in summer. Additionally, a
pronounced long-term trend from around 70 deaths per day
in the 1970s to 50 in the first years of the twenty-first
century is visible. The smaller segment in Fig. 1 displays
the seasonal cycle for the year 1994 to 1997 and the high
variability while peaks are exhibited in the winter months.

Long-term trends of the mortality data are influenced by
mainly three factors, variations in the size of the population,

Table 1 Ranges of PET in °C for different levels of thermal
perception by humans for 80 W activity and 0.9 clo clothing
(Matzarakis and Mayer 1996)

PET Thermal perception Grade of physiological stress

4 Very cold Extreme cold stress

8 Cold Strong cold stress

13 Cool Moderate cold stress

18 Slightly cool Slight cold stress

23 Comfortable No thermal stress

29 Slightly warm Slight heat stress

35 Warm Moderate heat stress

41 Hot Strong heat stress

Very hot Extreme heat stress
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changes in the expectancy of life, and changes in the age
structure of the population. The first factor was removed by
dividing the absolute daily mortality by the size of the
population. The result is the mortality rate, daily number of
deaths by 100,000 inhabitants.

Therefore, annual information on the size of the
population in the federal state of Vienna was used and the
daily values were assessed by a linear interpolation of the
annual values. The time course of the population size is
shown in Fig. 2. The general size of the population in
Vienna (solid line) was nearly constant during the period of
investigation. For men (dashed line) and women (dotted
line) there is a slightly different trend. Since 1990, there is
a stronger increase in the male population and the
difference between men and women becomes smaller.
The size of the population determines also the quality of
the results; the values are to a high degree influenced by
noise. For a larger population, this noise is more and
more superimposed by other influences, which are then
easier to identify (Pascal et al. 2006). With a mean
population of 1.6 million Vienna is large enough to expect
sufficient results.

The other two disturbance variables are still included in
the mortality rates. A society with a high number of older
people shows higher mortality rates, compared to a younger
society. Hence, the change towards an older society results
in a rise of the mortality rates that could, by mistake, be
assigned to other (external) causes. This fact is of particular

importance since older people are known to be much more
vulnerable to thermal stress than younger people (Flynn
et al. 2005; Kovats and Shakoor 2008).

Figure 2 shows that the age structure of the society of
Vienna changes significantly within the period of investi-
gation. The figure presents the dependency rate (points) for
specific years and the fraction of older people (60 years and
more) relative to the number of people between 15 and
60 years for the period 1961 to 2008. At the beginning of
the 1970s, the population in Vienna had a large fraction of
old people, which decreased till the end of the 1990s. From
then on, the fraction increased once again.

The effect of the changing age structure was removed by
the use of a complex approach to calculate the baseline
mortality (Koppe and Jendritzky 2005). Additionally, this
approach removes the influence of the increased expectancy
of life, which increased by 0.293 years per year for the men
and 0.258 years for the women since 1970 (Gisser 2005).
The approach makes use of a Gaussian smooth of a half
year, which is not defined at the beginning and the end of
our period of examination. Consequently, the first half of
1970 and the second half of the year 2007 is removed from
our study period. The baseline mortality builds the basis to
calculate the deviations of the daily mortality rates from this
baseline. The deviations were described on a percentage
basis relative to the baseline to consider long-term changes
in the baseline level. These values are called relative
mortality in the following.

Fig. 1 Time series of the mor-
tality data including a Gaussian
smooth with a length of a half
year

Fig. 2 Size and dependency
rate of the population of
Vienna in the period
of examination
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The vulnerability of a population is a result of the
combination of sensitivity (i.e., thermal comfort) and
exposition (intensity and time of thermal stress situations)
(Koppe 2005). The sensitivity is driven by demographic
and physiologic factors and by behavioral processes. By the
use of the complex approach to calculate the baseline
mortality, the demographic component can be mostly
excluded.

3.1 The relationship between heat stress and mortality

The relationship between thermal stress and human health
was analyzed based on the levels of thermal stress
mentioned above. In a first step, the full PET range was
used. For each level, the mean value on the day, with
thermal stress as well as on the following days and during
heat waves, was assessed. Additionally, the confidence
interval (CI) for the mean values was calculated, and the
differences between the values were tested for significance
using t tests. Later, the PET range was reduced to the
thermal stress levels, relevant in the summer month, when
heat stress is an issue. To include also early and late
summer heat events, the summer months were defined by
the period of April to October. For the identification of
trends in the relationship between thermal stress and
mortality, linear regressions were fitted and the significance

was tested by t test for the slope of the regression line and
the non-parametric Mann–Kendall test (Helsel and Hirsch
2002). For all the statistical tests used, a significance level
of 95% was chosen, if not mentioned otherwise. All steps
were done for the overall mortality (all causes of death and
full population) as well as for men, women, and the cause
of death group, cardiovascular and respiratory diseases
(C+R).

4 Results

4.1 Climatic trends

Between 1971 and 2007 (1970 is not considered, since the
observation time in the evening changed between 1970 and
1971 from 21 to 19 CET), the daily mean air temperature in
Vienna amounts to 10.5°C (PET, 7.9°C). Assuming a linear
development, the increase per decade was 0.37°C (PET,
0.45°C), which is mainly an effect of an air temperature
increase in the months of April to October. According to
Böhm (2009), this could be a result of a north shift of the
subtropical belt of high pressure, which is characteristic for
the Alpine region.

Consequently, there is also an increase in the days with
heat stress, especially of days with strong (PET ≥30°C) and

Fig. 3 Number of days per year for three heat stress levels for the period 1950–2007 (gray) including a linear regression line. The period of
investigation is highlighted by the colored data points

Fig. 4 Scatter plots of the input
data. Left side: PET of 14 CET
together with the relative mor-
tality of the same day. Right
side: same mortality data, but
together with the PET of 4 days
before. In both figures, a lowess
smooth is overlaid (green line)
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extreme (PET ≥35°C) heat stress. Given the months April
to October and the PET of 14 CET, a significant increase in
the number of days per year is found for all heat stress
levels (Fig. 3). In the period of investigation, the mean
number of days with moderate heat stress was 36 days per
year with an increase of 0.21 days per year (CI, 0.002;
0.419), 19 days with strong heat stress were found (trends,
+0.16 days per year; CI, 0.092; 0.413), and 3 days with
extreme heat stress (trend, +0.18 days per year; CI, 0.066;
0.302). For the period since 1950, the trend is clearly
smaller. For days with moderate heat stress an increase of
0.01 days per year (CI, −0.093; 0.121) was found,
respectively, 0.08 days per year for days with strong heat
stress (CI, −0.009; 0.175), and 0.06 days with extreme heat
stress per year (CI, 0.002; 0.122).

4.2 The relationship between heat stress and mortality

Figure 4 (left) displays the relationship between the PET
of 14 CET and the mortality of the same day for the
period 1970 to 2007. The cloud of data points reveals a
high variability over the whole PET range, but the lowess

smooth (Cleveland and Devlin 1988) extracts the general
tendency towards higher mortality values with higher
PET. Additionally, a large range of thermal acceptability
is visible, where the relative mortality is slightly below
the baseline. With greater time lags, the rise of the lowess
smooth for cold values becomes larger; Fig. 4 (right)
displays the PET and the relative mortality of 4 days
later.

The reaction of the human body to heat stress is more
direct compared to cold stress (Keatinge 2002; Grass and
Cane 2008; Muggeo and Hajat 2009). Hence, in the next
step, the temporal reaction of mortality to different levels of
thermophysiological stress is analyzed. The results are
shown in Fig. 5, again based on the PET of 14 CET.

A pronounced increase of the relative mortality was
found on days with strong and extreme heat stress (day 0).
For the same day, the mean mortality reaches values of
12.3% (CI, 10.2; 14.4) and 5.6% (CI, 4.7; 6.6) for extreme
and strong heat stress respectively. On the following day,
the values are still higher (13.2% and 5.8%), but not
significantly. From the third day onwards, the relative
mortality decays and with day eight, the differences to the

Fig. 5 Development of the
mean relative mortality after
different levels of thermal stress.
The thermal conditions on day 0
builds the basis for the classifi-
cation, afterwards the mean rel-
ative mortality for the days
following the exposition was
calculated

Fig. 6 Development of relative
heat-related mortality during
heat waves (multiple days in a
row with PET of 14 CET ≥35°C
(solid line, point) or ≥41°C
(dashed line, triangle))
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baseline are no longer significant. For moderate heat stress,
the values are only slightly above the baseline.

On days with slight heat stress a relative mortality below
the baseline was found (in the mean of 2.0%, with three
significant days), the same applies to the days without
thermal stress (1.3%, 4 days), slight (3.1%, 3 days), and
moderate cold stress (1.4%, 5 days). Days with strong cold
stress do not differ significantly from the baseline.
Remarkable is the significantly positive peak around
10 days after a day with slight cold stress that can only
be explained by random variations in the data set. The
relative mortality after days with extreme cold stress stays
significantly above the baseline for 20 days, without a
pronounced variation. The mean relative mortality during
this 20 days amounts to 0.6%.

Figure 5 does not differentiate whether a day with
extreme heat stress is the first or the fifth day of a heat
wave. Therefore, Fig. 6 displays the development of mean
relative mortality during heat waves of different lengths.

In Fig. 6, the mean relative mortality including confidence
intervals during heat waves with a PET at 14 CET ≥35°C
(solid line, point) and ≥41°C (dashed line, triangle) is shown.
For heat waves with multiple days of PET ≥35°C in a row,
the mean relative mortality on the first day is significantly
above the baseline (2.6%; CI, 1.4; 3.8) and increases in the
following days. The maximum is reached at the sixth day
with 15.6% (CI, 10.1; 21.2), afterwards the mean relative
mortality decreases and the confidence intervals become
very large due to the low number of events (10-day
events occurred nine times in the period of examination).
During heat waves with PET ≥41°C, mortality increases
also with the length of the event. On the first day, mean
values of 8.9% (CI, 6.4; 11.5) were found and the
maximum is reached on the fourth day with 27.4%
(CI, 13.6; 41.3).

Very high relative mortality values in Vienna occur on
and after days with moderate, strong, and extreme heat
stress. Since our analysis focuses on heat stress and since
extreme cold stress is not a problem in the summer months,
there exists a large range from strong cold stress to slight
warm stress with a relative mortality below the baseline.
Hence, only four levels are examined in detail in the

following: the three heat stress levels and a large level of
thermal acceptability with a PET <29°C. Additionally, to
remove the day to day variability and since the mortality of
some levels rises on the second day, running 2-day mean
values of the mortality are used.

The mean mortality for the four relevant levels is shown
in Fig. 7. For the overall mortality (all causes of death and
men and women together) the mean relative mortality on
days with thermal acceptability (PET <29°C) is significant-
ly negative (−1.8%; CI, −2.1; −1.5). In the heat stress
levels, the mean relative mortality is higher in all cases,
with 0.9% (CI, 0.4; 1.4) on days with moderate heat stress,
5.8% (CI, 5.0; 6.5) on days with strong heat stress, and
13.0% (CI, 11.1; 14.7) on days with extreme heat stress.

Besides the overall mortality, the mean mortality for
men, women, and the cause of death group cardiovascular
and respiratory diseases (C+R) is shown in Fig. 7. A
slightly higher sensitivity to heat stress was found for
women compared to men and C+R compared to the overall
mortality. The mean relative mortality for all groups and
levels is summarized in Table 2.

The mean values for the period 1970 to 2007 as shown
in Fig. 7 and Table 2 were not constant during the period of
investigation. As shown in Fig. 8, the variability between
the years is very high and in all levels a trend towards lower
values exists, as highlighted by the linear regression line,

Fig. 7 Relative mortality including confidence intervals for different
thermophysiological stress levels and different investigation groups
for the period 1970 to 2007

Group PET <29°C PET 29–35°C PET 35–41°C PET ≥41°C

All causes −1.8±0.3 0.9±0.5 5.8±0.7 13.0±1.7

Women −2.1±0.4 0.8±0.7 6.6±0.9 15.3±2.3

Men −1.3±0.4 1.0±0.7 5.0±1.0 10.4±2.1

C+R −1.8±0.4 1.1±0.7 6.7±1.0 15.7±2.2

Women −2.0±0.7 1.1±1.2 7.3±1.6 17.2±3.6

Men −0.8±0.8 1.0±1.4 5.7±1.9 12.6±3.9

Table 2 Mean relative mortality
and confidence interval (per-
cent) between 1970 and 2007
for different investigation
groups (C+R cardiovascular and
respiratory diseases) and differ-
ent levels of thermophysiologi-
cal stress (Muthers et al. 2010b)
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including confidence interval. This trend is significant in
the levels of moderate and strong heat stress. For moderate
heat stress, the mean relative mortality decreases by −0.83%
per 10 years (CI, −0.68; −0.97; p value of the slope of the
regression line 0.006; Mann–Kendall, 0.018) and for
days with strong heat stress by −0.96% (CI, −0.77; −1.16;
p value, 0.016; Mann–Kendall, 0.006).

Responsible for this decrease is mainly a change in the
sensitivity of women. The analysis for women reveals
significant trends in the levels of moderate and strong heat
stress, whereas the decrease for men is only significant in
the levels of moderate heat stress and only on a significance
level of 90%. For the C+R group, significant trends for
moderate and strong heat stress were found too.

For an assessment of the absolute impact of the different
heat stress levels during the summer, the mean relative
mortality per level has to be combined with the number of
occurrences for each level. This is done by a multiplication
of the mean number of days (including confidence interval)
and the mean relative mortality (including confidence

interval). The product, the cumulated heat-related mortality
describes the cumulated deviations of the relative mortality
from the baseline for 1 year.

As seen in Fig. 9, the mean number of days for each
level in the period of examination shows the opposite
pattern compared to the mean relative mortality: the level
with the highest occurrence is characterized by the lowest
relative mortality and vice versa.

Based on the whole period of investigation, the days with
strong heat stress are responsible for the majority of deaths
(167%; CI, 132; 203), followed by the days with extreme heat
stress (96%; CI, 62; 136). The days with thermal acceptability
are on the other site characterized by pronounced negative
cumulated heat-related mortality that does not compensate for
the heat-related mortality. The same relation was found for
men, women, and C+R. On a decadal basis (not shown), the
days with strong heat stress become less important due to the
decreasing relative mortality of this level. For the period
2001–2007, the level of extreme heat stress obtains the
highest cumulated heat-related mortality.

Fig. 8 Mean relative mortality
per year for different levels of
thermal heat stress. The blue
line represents the fitted linear
regression, including confidence
interval. Additionally, the slope
of the regression line (in percent
per 10 years) and the Pearson
correlation coefficient is shown
in the lower left corner of each
plot (according Muthers et al.
2010b)

Fig. 9 Mean number of days
per year and level of thermal
stress (left side) and mean cu-
mulated heat-related mortality
(right side)
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5 Discussion

A significant relationship exists between heat stress and the
mortality of the population of Vienna, but the sensitivity
changed in the last decades. The sensitivity changes are
only significant in the levels of moderate and strong heat
stress, but not in the level of extreme heat stress. The
absence of significant trends in this level may be due to the
fact that the absolute and mean thermal stress values
increase in this level during the period of investigation
contrary to the other heat stress levels.

Sensitivity changes were also found for other regions
(Davis et al. 2003; Koppe 2005; Tan et al. 2007; Donaldson
and Keatinge 2008). To some extent the decrease of
sensitivity can be explained by the spread of air condition-
ing and fans (Braga et al. 2001; Davis et al. 2003;
Donaldson et al. 2003).

A great advantage of this analysis was the use of a long
period of investigation, which enabled the identification of
long-term trends. Trends in the mortality data can be
influenced by different demographic factors. These influ-
ences were removed by the use of a complex approach to
calculate the baseline mortality and extract the relative
mortality. Nevertheless, the demographic factors are of
importance since they determine the height of the baseline.
In the 1970s, Vienna’s society had a large amount of older
people and in the average, about 80 deaths per day
occurred. In the following decades, the dependency rate
changed towards more balanced values and the daily deaths
decreased. For the future, the dependency rate is predicted
to rise again (Statistik Austria 2009) and will reach the level
of the 1970s in the year 2040. This is of importance for the
absolute mortality values which are masked by the relative
mortality in this study.

Additionally, the increase of heat stress situations is
likely and Muthers et al. (2010b) therefore assessed the
impact of climate change on the heat-related mortality in
the twenty-first century by the use of regional climate
model data. In any case, with and without long-term
adaptation, an increase in the heat-related mortality is likely
to occur mainly due to the days with extreme heat stress.
Hence, further adaptation measurements are needed.
HHWS can build a promising tool to reduce the impact
heat waves.

A topic discussed, which is controversial, is the
existence of short-term displacement of mortality
(harvesting effect). In this analysis, no evidence for the
existence of this effect was found, but it was also not the
focus of this work. In Fig. 5, a short-term displacement
could be visible by a significant decrease of the mortality
curve below the baseline, which was not found. Never-
theless, this topic should be analyzed with appropriate
means more in details.

Moreover, other confounding variables, e.g., air pollu-
tion are known to be connected to the heat-related mortality
(Hajat et al. 2002; O’Neill et al. 2005); however, air quality
data suffers from the lack of long-term time series with
acceptable data quality. Another important factor for the
recovery after heat stress is the nighttime conditions
(Nastos and Matzarakis 2008). An additional factor can be
the location of the used station which is affected by the
urban climate.

The first part of the analysis showed that the cold-related
mortality is characterized by a longer time lag between
exposure and reaction, and that the days with extreme cold
stress are only characterized by a slight, but significant,
higher mortality (+0.6%). Nevertheless, due to the large
number of days with extreme cold stress (∼40%) in Vienna,
this fact is of particular importance, also in the context of
climate change.

6 Conclusion

The use of long-term climate and mortality data, in
combination with human biometeorological methods,
which are more reliable because they include thermophysi-
ology, revealed a clear relationship between heat stress and
mortality. In addition, the long periods allow the determi-
nation of long-term trends in the sensitivity concerning heat
stress.

The results show that further adaptation is needed to
mitigate the impact of heat stress on the human health,
especially in the context of climate change. Some positive
developments, the long-term decrease in the thermal
sensitivity, were already found for the past decades. The
results build the basis for an implementation of a heat
health warning system for Vienna. Further research should
focus on the nighttime conditions, which are of particular
importance for the regeneration of the human body after
heat load. The use of human biometeorological parameters
as well as the inclusion of short-term adaptation is
recommended to achieve a realistic characterization of the
thermal environment affecting the human body.
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