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Effect of south winds on daily mortality in Athens
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ABSTRACT: The present study investigated the possible effects of south winds on daily mortality in
Athens during the period 1983–1991. The mortality data were assembled from the Athens city
registry and registries of the adjacent municipalities. The mean daily dry bulb and dew point temperature, as well as the wind speed and duration for which the south winds were blowing, were recorded
by the Institute of Meteorology and Physics of the Atmospheric Environment of the National Observatory of Athens. Temperature, dew point temperature, seasonal and long-term patterns, as well as
other potential confounders, have been adjusted for. Synoptic circulation patterns over Athens have
been taken into account. Regression modelling was used for the analysis adjusting for autocorrelation
where appropriate. When the south winds were added to the basic model (adjusting for year, season,
day of the week, temperature, dew point temperature and black smoke), an increase of 3.2% in the
daily mortality (95% CI: 1.4 to 4.8%) was observed on the days when south winds were blowing,
compared to the days without a south wind. When a variable for southwesterly synoptic flow was also
included in the model, the effect of south winds remained approximately the same: a 2.9% increase
in daily mortality (95% CI: 1.9 to 4.7%), whilst the effect of the southwesterly synoptic flow was also
significant and of similar magnitude (a 3.4% increase in the daily number of deaths, 95% CI: 1.1 to
5.8%). Longer duration and higher wind speed were also associated with increased mortality. In
conclusion, adjusting for all known confounders, it was found that the days on which south winds
blow are characterized by increased mortality in Athens.
KEY WORDS: South winds · Mortality · Southwesterly synoptic flow · Temperature · Dew point
temperature · Black smoke
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1. INTRODUCTION
Many studies have reported associations on the influence of the atmospheric environment, and in particular
changes in the weather, with various health effects,
including an increase in mortality (Marmor 1975, The
Eurowinter Group 1997, Keatinge et al. 2000).
The awareness of the effects of weather on health is
rooted in the distant past. Hippocrates was among the
first to associate climatic conditions with health, maintaining that illnesses are induced mainly by seasonal
changes and during the seasons by the alternation of

cold and hot weather. He believed that according
to rain or drought, humidity or dryness of the atmosphere, it is possible to predict disease patterns.
Specifically, he reported that the south winds generate
adverse health conditions (Edelstein 1931, Sigerist 1961).
Following these reports, Galenus, an eminent doctor
of the Roman period maintained that the ‘left wind’ is
the clean wind free of vapours from swamps or sewage
and drains, whilst the unclean wind had negative
effects on health. Later, the sophist Adamantios
referred to the winds and specifically to the pathological effects of the hot and humid south winds in contrast
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to the healthy north winds, stressing at the same time
the importance of the place of origin of the winds,
indicating that this could explain the transmission
of infectious diseases by the moving masses of air
(Olivieri 1935).
Interest in the role of environmental factors on health
subsequently declined. Only in recent years has attention returned to the concept, with the development of
the multifactorial explanations and the formulation of
new ecological models for the determination of the
factors that affect health.
Research has focussed on overall effects of meteorological and climatic factors, using synoptic indices
or categories derived from the synthesis of different
meteorological variables. The whole topic has attracted
greater interest due to the recent concern with climatic
change (Kalkstein 1991, Pope & Kalkstein 1996, Kalkstein & Greene 1997, Curriero et al. 2002). Kassomenos
et al. (2001) found that the southwesterly synoptic flow,
which includes the transportation of warm and humid
air masses from the Mediterranean and North Africa, is
associated with increased mortality in Athens.
The present study investigated the possible effects of
south winds on daily mortality in Athens during the
period 1983–1991, controlling for confounding factors,
including temperature and dew point temperature,
increases in which are characteristic of the south winds
in the area. In this way, it was possible to quantify the
independent effect of the south winds, over and beyond
the reported associations with temperature, dew point
temperature and synoptic weather categories.

cent municipalities. All deaths occurring in these areas
are routinely recorded in the corresponding municipal
registries (Touloumi et al. 1994).
The mean daily dry bulb and dew point temperature
(°C), the wind direction per hour (south vs. other), wind
velocity (m s–1) and the duration (h) for which the south
winds were blowing, were obtained from the Institute
of Meteorology and Physics of the Atmospheric Environment of the National Observatory of Athens, which
measures on a hill in the centre of Athens (annual
climatological bulletins).
Black smoke (24 h average) was used as an indicator
of ambient particle concentrations; measurements were
taken from 5 monitoring stations run by the Ministry of
Environment, Planning and Public Works (Touloumi et
al. 1994).
Synoptic circulation patterns over Athens have been
examined by Kassomenos et al. (1998, 2001). The classification of the large-scale atmospheric circulation
patterns in the lower troposphere was carried out at
the isobaric levels of 850 and 700 hPa (about 1500 to
3000 m above mean sea level); the isobaric level of
700 hPa was used as auxiliary. These isobaric levels
characterize the large-scale atmospheric circulation,
independent of topographic effects (the mountain tops
around Athens are lower than 1500 m); 8 categories
have been defined a priori according to the general
circulation pattern, the position of the synoptic systems
with respect to Athens, and the orientation of the
trough or ridge axis. These were statistically distinct
with respect to their thermodynamic characteristics
and are shown in Table 1 (Kassomenos et al. 2001).

2. MATERIALS AND METHODS
2.2. Statistics
2.1. Topography and climate
Athens lies in a valley surrounded by 3 mountains
and the sea. The major axis of the valley runs from
northeast to southwest for about 30 km. The climate of
Athens is Mediterranean. The mean daily temperature
during the winter months is 9.9°C, and the minimal
daily temperature falls below 0°C only 2 or 3 times per
year. During the summer months the mean daily temperature is 25.8°C, and the mean value of the maximum daily temperature slightly exceeds 31°C. Insolation is strong, with average daily values of 22 MJ m–2 in
the summer and 8 MJ m–2 in the winter. The prevailing
wind direction is north–northeast at the end of summer, in autumn and in winter, and south–southwest in
spring and at the beginning of the summer (Touloumi
et al. 1994).
Statistics on the daily number of deaths from all
causes for the period 1983–1991 were assembled by
the Athens city registry and the registries of the adja-

Epidemiological time series models were fitted. In
this type of analysis a time period, usually a day, is
the research unit. The change in a health index is
regressed against certain predictor or explanatory
variables (the ‘exposure’ variables and confounders),
which fluctuate on a daily basis. In this type of design,
the short-term effects on health are examined (Schwartz
et al. 1996, Samet et al. 1998, 2000, Katsouyanni et al.
1996, 2001, Touloumi et al. 2006).
The potential confounding variables included in our
analysis were black smoke levels (µg m– 3), temperature (°C), dew point temperature (°C), day of the week
(6 dummy variables), year (8 dummy variables) and
holidays (1 dummy variable).
Two types of analyses were applied:
(1) Multiple regression models using the logtransformed daily number of deaths as the dependent
variable were used. Cosine and sine terms (trigonometric filtering) were included to control for seasonal-
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Table 1. Description of synoptic weather types in the Athens area (from Kassomenos et al. 2001)
Synoptic weather type

Weather conditions

OC
SW
NW
ZN
CC
OA
CA
HL

Northwestern cold, dry winds
Humid and warm air from the sea
Cooler winds during summer, cold during winter, low relative humidity
Weak westerly/southwesterly winds
Strong, dry winds from the north
Persistent weak flows, moderate-to-low relative humidity and enhanced temperature
Humid weak winds and temperature extremes
Moderate to strong northern or northeastern dry winds

Open cyclone
Southwesterly flow
Northwesterly flow
Zonal flow
Closed cyclone
Open anticyclone
Closed anticyclone
Combination between a high
and a low pressure system

Daily mortality

in the model appropriate autoregressive error terms
ity. Different formulations were used to model the
(lagged residual series) (Schwartz et al. 1996, Brumeffect of temperature on mortality, such as linear or
back et al. 2000, Touloumi et al. 2004).
double quadratic, with the nadir at various temperaThe effect of south winds on mortality was assessed
tures between 20 and 30°C, and the best fit (using the
using 3 variables, one indicating the presence of south
minimum mean square error [MSE] criterion) was
winds during a particular day (blowing for 1 h or more),
obtained when 25°C was the turning point and 2 quaanother for the duration (h) and a third representing
dratic terms were used. Thus, temperature (T ) was
the wind speed for 24 h (m s–1). The synoptic category
included in the model by introducing 2 variables (hot)2
2
and (cold) , where hot = 0 if T < 25 and hot = T – 25 if
characterized by southwesterly flow is associated with
T ≥ 25, and cold = 25 – T if T < 25 and 0 otherwise. No
daily mortality (Kassomenos et al. 2001), and it was
transformation was necessary for dew point temperaincluded in the models in order to investigate the
ture. Climatic variables included in the model were 1 d
extent to which south winds affect health over and
lagged. Black smoke levels were introduced after log10
beyond the other variables.
transformation and without lag, because this variable
had the best fit (using the minimum MSE criterion)
when compared with a linear term and lags of 2 to 5 d.
3. RESULTS
The residuals were tested for the presence of autocorrelation, and autoregressive terms were introduced as
Fig. 1 shows average daily mortality. There is a seaappropriate.
sonal cycle, with a reliable peak in the winter months
(2) We repeated the analysis using generalized addiand more erratic shorter term peaks during summer
tive models, accounting for overdispersion (quasimonths. In July 1987, mortality in Athens more than
likelihood used), in R software (Wood 2000). We first
doubled when a heat wave struck Greece. This month
fitted the base model, i.e. a model including the above
was excluded as an outlier.
potential confounders, and checked the
residuals and then preceded with the
introduction of the exposure variables in
220
the model. We used penalized splines to
200
control for seasonal and long-term trends.
180
The degrees of freedom were chosen
160
using the partial autocorrelation function
(PACF) minimization criterion proposed
140
by Touloumi et al. (2006). This procedure
120
indicated 29 degrees of freedom to ade100
quately control for seasonal and long80
term trends. Temperature was also modelled using penalized splines. In this case,
60
the degrees of freedom were chosen
40
using the generalized cross-validation
20
(GCV) criterion, and 8 degrees of free0
dom were found to be appropriate. In
1983
1984
1985
1986
1987
1988
1989
1990
1991
these models we also checked for autoFig. 1. Daily number of deaths during 1983–1991 in the Athens area
correlation in the residuals and included
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Fig. 2. Residuals of the fitted base model for the daily number of deaths
adjusted for temperature, dew point temperature, year, season, day of the
week and black smoke concentrations. Each circle represents the residual
of one day

Table 2. Results of regression models investigating the association of the
daily number of deaths with temperature, dew point temperature and black
smoke concentration (adjusted for year, season and day of the week)

Temperature (per 10°C change)

(Hot)2
(Cold)2

Dew point temperature (°C)
Log (Black Smoke) (95th vs. 5th percentile)

Relative
risk

Confidence
interval

1.094
1.004
1.002
1.070

1.082–1.106
1.003–1.006
0.988–1.016
1.043–1.099

The base model identified temperature
as an important predictor of daily mortality
(Table 2). There was no additional effect of
dew point temperature on mortality. The
estimated relative risk for mortality on a
day with black smoke at the 95th percentile
(172 g m– 3) versus a day with levels at the
5th percentile (28 g m– 3) was 1.07. The introduction of second-order autoregressive
terms was necessary to adjust for autocorrelation in the residuals. In Fig. 2 the plot of
the residuals is shown, where no remaining
pattern is evident.
Interactions between the presence of
south winds and their duration and speed
were also considered (Table 3). South
winds were significantly associated with
increased mortality by 3.2%. When the
duration of south winds and the speed
were considered, higher values of both
variables were associated with increased
mortality. When the presence of southwesterly synoptic flow was added to the
base model including south winds and
their interaction with duration, both the
presence of south winds and of the southwesterly synoptic flow had a highly significant effect. The final model presented in
Table 3 includes only the base model confounders, the presence of south winds and
that of southwesterly flow. The results
show that mortality increases by 2.9% in
days with south winds relative to days
without south winds and by 3.6% in days

Table 3. Relative risks (RR) and 95% confidence intervals (CI) for mortality from alternative second-order autoregressive models
for variables indicating south winds or southwesterly flow when added to the base model (year, season, day of the week, temperature, dew point temperature and black smoke concentration) using 2 modelling approaches. Model 1: multiple regression model
with log-transformed daily number of deaths as dependent variable, trigonometric filtering to adjust for seasonality, (hot)2 and
(cold)2 for temperature, where hot = 0 if T < 25 and hot = T – 25 if T ≥ 25, cold = 25 – T if T < 25 and 0 otherwise, and second order
autoregressive error terms. Model 2: generalized additive models, accounting for overdispersion, using penalized splines (29 df)
to adjust for seasonal and long-term trends and temperature (8 df) and second order autoregressive error terms

RR

Model 1
CI

RR

Model 2
CI

Deviance explained
(%)

South winds (yes vs. no)

1.032

1.014–1.051

1.030

1.014–1.048

33.4

South winds (yes vs. no)
Duration of south winds (per 10 h)

1.019
1.001

0.998–1.040
1.000–1.003

1.014
1.002

0.995–1.034
1.001–1.003

33.5

South winds (yes vs. no)
Wind speed (m s–1)

1.014
1.006

0.987–1.041
0.999–1.014

1.005
1.010

0.982–1.029
1.003–1.016

33.4

South winds (yes vs. no)
Duration of south winds (per 10 h)
Southwesterly flow (yes vs. no)

1.020
1.001
1.032

1.000–1.042
1.000–1.002
1.008–1.056

1.016
1.001
1.016

0.996–1.036
1.000–1.003
0.996–1.036

33.7

South winds (yes vs. no)
Southwesterly flow (yes vs. no)

1.029
1.036

1.011–1.047
1.013–1.060

1.028
1.040

1.011–1.045
1.018–1.062

33.7
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with southwesterly flow relative to days without.
Table 3 also shows the results of the second analysis
method, which are almost identical.

4. DISCUSSION
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mortality due to cold was 2003 per 1 million population
and that due to heat was 217 per 1 million (Keatinge et
al. 2000).
Concerning the effects of humidity, a study in Spain
showed that the humidity levels might explain the observation that unusual temperature changes have a greater
effect on mortality in the winter than in the summer
(Saez et al. 1995). The effects of humidity are marked in
tropical regions such as Sri Lanka, where seasonal
fluctuations in mortality are associated with rainfall
(Motohashi et al. 1996). In Australia, deaths increase
with the colder and less humid weather associated with
winds from a westerly direction (Auliciems et al. 1997).
In Athens, another major factor linked with south
winds is atmospheric pollution, which is associated
with increased morbidity and mortality (Katsouyanni
et al. 2001). Within the framework of the present study,
we adjusted for the concentration of suspended particles (the most important indicator of pollution associated with health effects) (Samet et al. 2000, Katsouyanni et al. 2001), and it was apparent that the
association between south winds and mortality was
independent of pollution, but we cannot exclude a
certain degree of residual confounding.
However, in the present study, the effect of south
winds on the increase in mortality was independent of
the effects of high or low temperatures and dew point
temperature, and of increased atmospheric pollution —
as recorded by measurements of black smoke. These
observations pose new questions about the interpretation of the phenomenon. What other factors, besides
the above, associated with south winds, could be
responsible for increased mortality? The answer to this
question is beyond the scope of the present paper. Following the evidence provided here, which indicates
that south winds are an independent predictor of mortality, and based on further study of cause-specific
mortality and the pathogenic mechanisms of the diseases revealed to be most closely associated with mortality during south wind episodes, it will be possible to
formulate specific hypotheses for further investigation.

South winds — in terms of direction, duration and
speed — might not be the ‘cause’ of adverse health effects, but they may be associated with other environmental factors (meteorological or not) that affect human
health. In the present study, we adjusted for meteorological variables and other factors that affect mortality
and found that the presence of south winds has an
additional association with mortality in Athens. Thus,
adjusting for temperature, dew point temperature,
long-term trends, season, day of the week and synoptic
weather categories was not adequate to remove the
independent effect of south winds. We, therefore, conclude that other characteristics associated with the
prevalence and severity of south wind affect mortality
in the Athens area. These characteristics may be linked
to the origin of these winds and/or to interactions with
other environmental variables that are not completely
understood and need further investigation.
Kassomenos et al. (2001) have pointed out the effect
of the southwesterly synoptic category on daily mortality (10% increase in the daily number of deaths; CI: 6.1
to 13.9%). The influence of this synoptic category is
linked to a rapid rise in temperature and relative
humidity in the lower troposphere above the Aegean
Sea, due to the differential between the hot, humid
masses coming from North Africa over the Mediterranean Sea and the relatively dry, cool air masses
above Greece. The resulting high temperatures for the
time of year and the increased humidity apparently
produce discomfort. Particularly when this occurs during the winter months, the southwesterly type hot,
humid weather is in marked contrast to the prevailing
and expected weather conditions (Kassomenos et al.
2001). This result is related to our findings that the
presence and intensity of south winds has a further
independent effect on the daily number of deaths.
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