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ABSTRACT

Few studies in the literature have examined the effect of meteorological factors, especially
temperature, on psychiatric hospitalization and even less on their association with involuntary
admission. This study aimed to investigate the potential association of meteorological factors
with the involuntary psychiatric hospitalization in the region of Attica, Greece. The research
was conducted at the Psychiatric Hospital of Attica "Dafni". This was a retrospective time
series study of 8 consecutive years of data (2010 to 2017) and included 6887 involuntarily
hospitalized patients..Data on daily meteorological parameters were provided from the
National Observatory of Athens. Statistical analysis was based on Poisson or negative binomial
regression models with adjusted standard errors. Analyses were initially based on univariable
models for each meteorological factor separately. All meteorological factors were taken into
account through factor analysis and then, through cluster analysis, an objective grouping of
days with similar weather type was performed. The resulting types of days were examined for
their effect on the daily number of involuntary hospitalizations. Increases in maximum
temperature, in average wind speed and in minimum atmospheric pressure values were
associated with an increase in the average number of involuntary hospitalizations per
day. Increase of the maximum temperature above 23 °C at lag 6 days before admission did
not affect significantly the frequency of involuntary hospitalizations. Low temperature and
average relative humidity above 60% levels had a protective effect. The predominant day type
at lag 1 to 5 days before admission showed the strongest correlation with the daily number of
involuntary hospitalizations. The cold season day type, with lower temperatures and a small
diurnal temperature range, northerly winds of moderate speed, high atmospheric pressure
and almost no precipitation, was associated with the lowest frequency of involuntary
hospitalizations, whereas the warm season day type, with low daily temperature and small
daily temperature range during the warm season, high values of relative humidity and daily
precipitation, moderate wind speed/gust and atmospheric pressure, was associated with the




highest. As climate change increases the frequency of extreme weather events, it is necessary
to develop a different organizational and administrative culture of mental health services.

KEYWORDS: Meteorological factors, weather variables, mental health, mental illness,
psychiatric admissions, involuntary admissions.
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Introduction

Hippocrates at his treatise “About Wind, Water and Places”, mentions that whoever would
study medicine aright must learn of two important subjects. One of these is.the warm and the
cold winds, both of which are common to every country and peculiar to a particular locality.!
More recently, the terms “meteoropathy” and “meteorosensitivity” are being increasingly
used: meteoropathic people develop a specific disorder (group of symptoms and pathological
reactions) or display worsening symptoms of an existing disease, resulting from the impact of
climatic factorsin a certain area; meteorosensitive persons are “biologically susceptible to feel
the effect of particular atmospherical events on mind and body”.?

The health impacts of weather exposure, particularly of temperature and humidity, have
been of interest for centuries. There is a positive association between specific meteorological
factors and calls to emergency services,® emergency: department visits*> and hospital
admission outcomes.®’

As regards the association between particular climatic factors and mental health, studies
have demonstrated significant positive correlations with outpatients’ visits for general
psychiatric and psycho-consultation services,® evaluations in the psychiatric emergency
department®'® and psychiatric hospital admissions."?

Mental health involuntary admissions in Greece are regulated by Law 2071/1992. The
person is examined by two psychiatrists who are on call in a Psychiatric Emergency
Department, in order to undergo a psychiatric evaluation. One of the following requirements
must be met before a patient can be involuntarily admitted: i. the individual must suffer from
a mental disorder, unable to judge what is best for his/her health whereas lack of
hospitalization will deprive him/her of the treatment needed for his/her condition, or ii. the
hospitalization of a patient suffering from mental disorder is necessary in order to prevent
acts of violence against himself or others.'® If at least one of these conditions met, psychiatrists
complete the medical report which is then sent by the police to the public prosecutor's office,
where the order for involuntary admission is issued.

In this study, we aimed to investigate the influences of weather exposures on involuntary
mental health admissions in Attica, Greece, using administrative data of the Psychiatric
Hospital of Attica “Dafni” and to enlighten which meteorological parameters, individually or
in combination, seem to be involved in exacerbating the psychopathology of involuntary
admitted patients.

Methods

Study area

Study was conducted in Psychiatric Hospital “Dafni” in Attica region, Greece. Attica is located
in the southern mainland of Greece, between 37°39' N and 38°20' N and between 23°07’ E
and 24°05' E. Generally, the climate of the area is characterized by long dry and short wet
periods.'® Psychiatric Hospital of Attica “Dafni” is the largest psychiatric hospital in Greece,
receiving annually the largest number of involuntary hospitalization?® from all over the
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country, as hospital’s services are not sectorized.'®

Procedure

The research proposal of the study was formally approved by the Hospital Board and the Ethics
Committee of the Hospital. Patient’s demographic data and diagnoses were retrieved from
hospital’s electronic registry. Data were anonymised before being included in the study’s
database and any member who took part in this procedure had no access to individuals’
personal data.

Research design

This is a retrospective study of 8 years’ (2922 days) time series data (from January 1% 2010 to
December 31% 2017) on the daily numbers of involuntarily hospitalized patients. Data points
correspond to days the hospital was on duty (882 days).

Meteorological data

Values of daily meteorological parameters were provided by eight meteorological stations of
the National Observatory of Athens (NOA)' and included temperature (°C), precipitation
(mm), relative humidity (%), dew point (°C), atmospheric pressure (hPa), chill and heat index
(°C),*® along with wind speed (Km/hr), wind gust (Km/hr) and dominant wind direction (N, S,
E, W).

Meteorological data at the regional unit of residence level and during the day of
hospitalization were available for 5578 (81.1%) cases whereas for the remaining 1299 (18.9%)
cases, meteorological data were available only. from other regional units (at least three) of the
Peripheral Unit of Attica. In general, meteorological data for every day of the study period
were available from meteorological stations in the regional units of East Attica (Lavrio), North
Athens (Psyhiko) and Central Athens (Athens). For the remaining regional units of West Attica
(Aspropyrgos), West Athens (Ano Liosia), South Athens (Nea Smyrni), Islands of Attica
(Spetses) and Piraeus (Korydalloes), daily meteorological data were available from 1/1/2015,
18/6/2011, 21/2/2012, 12/6/2012 and 18/12/2014, respectively, until the end of the study
period (31/12/2017).

Participants

During the study period, 6877 participants, residents of the Region of Attica, were examined
and involuntarily. hospitalized in the Psychiatric Hospital of Attica "Dafni" with a mental
disorder diagnosis. Patients aged less than 18 years old and those with insufficient information
on their residence (e.g. homeless, unknown of residence, migrants and refugees) were
excluded from the study (n=3302). Discharge diagnosis was assigned by the psychiatrist
responsible for the care of the patient, using the ICD-10 criteria. The ICD10 codes of the
diagnoses included in the study were: FO0-F09, F10, F11-F19, F20-F29, F30-F39, F40-F48, F50-
F59, F60-F69, F70-F79, F80-F89, G90-G99.

Statistical analysis

Categorical variables are summarized through their absolute (N) and relative (%) frequencies
while for continuous ones mean and standard deviations (SD) are used unless their
distribution was deviating from normality in which case medians and interquartile ranges
(IQR) are used.

Associations between daily number of hospitalization and meteorological parameters
were investigated using Poisson regression or negative binomial regression (in case of
significant overdispersion) models. In all cases robust standard errors were used to adjust
them for potential violations of models’ assumptions.



Initial univariable analyses were performed using grouped data at the day and regional
unit of residence level thus the logarithm of the total population of each regional unit (based
on the 2011 National Census) was used as an offset term. Nonlinear effects of meteorological
parameters were allowed in these models through the use of natural cubic splines with 3 knots
but for some crude assessment of the strength of the associations, linear versions of the same
models were also fitted. Delayed effects of meteorological parameters on the incidence of
involuntary hospitalizations were also investigated by using lagged values of these parameters
or averages over consecutive lagged values. Each meteorological parameter entered as
current day value, lagged value (best lag model shown) or average of lagged values (+1, +2, or
13 days around best lag value; shown only if better than best lag model). Optimal lag values
were chosen based on the Akaike Information Criterion (AIC). AIC is an estimator of the
relative quality of comparable statistical models and is often used for model selection. That s,
the model with the lowest AIC value is considered as having the optimal trade-off between
goodness of fit and complexity.

Grouping of all days of the study period into a small number of different types with similar
weather conditions included the following steps: a) averaging meteorological parameters’
values across all meteorological stations b) performing a factor analysis to construct
orthogonal factors and reduce the number of parameters for the analysis c) choosing the
optimal number of clusters and d) performing a cluster analysis to assign each study day to a
specific day type. Steps b, ¢ and d above were performed separately for the cold (16/10 to
15/4, 1458 days) and warm (16/4 to 15/10, 1464 days) period of the year.

Factor analysis was based on the method of principal components and a varimax
orthogonal rotation, after verifying the suitability of the data for such an analysis using
Bartlett's test for sphericity and Kaiser-Meyer-Olkin Measure of Sampling Adequacy.’® The
minimum eigenvalue used to choose the number of factors was set to 0.75 instead of the
typical value of 1 to maximize the percentage of explained variation (i.e., achieve values
>90%). The choice of the optimal number of clusters was based on the results from three
different methods: a) “Jump” method,*® b) “Slopes” method?! and c) “Gaps” method.*? Cluster
analysis was based on the “Kmeans” method which maximizes the Euclidean distance
between clusters.??

P-values less than 0.05 were considered as indicating statistical significance. All analyses
were performed using Stata version 14 and R version 4.2.1.

Results
Characteristics- of study participants are summarized overall and by availability of
meteorological data at the regional unit of residence level in Table 1.

As shown in Supplementary Table 1, lowest (i.e., better) AIC values were found for mean
wind speed and atmospheric pressure and highest % relative changes for relative humidity
and temperature. Assuming linear effects, associations of daily number of involuntary
hospitalizations with temperature and atmospheric pressure were positive while those with
relative humidity and wind speed were negative.

Results from selected univariable models using cubic splines for some selected
meteorological parameters’ effects are shown in Figure 1 for exploratory and illustrative
purposes. The choice of the models included for presentation in Figure 1 is based on the
optimal AIC value within each set of temperature, relative humidity, atmospheric pressure
and wind speed related parameters (see also Supplementary Table 1). As shown in Figure 1a,
increase of the maximum temperature from 0 °C to 23 °Cis associated with a clear increase in
the average number of involuntary hospitalizations per day whereas further increase of the
maximum temperature does not seem to affect the frequency of involuntary hospitalizations
significantly. Mean relative humidity (Figure 1b) seem to have a protective effect but only for
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values over 60%. Minimum atmospheric pressure (Figure 1c) seems to have an inverted U-
shaped association with the frequency of involuntary hospitalizations, with the highest values
corresponding to the 1010 to 1020 hPa range. Finally, increases in mean wind speed (Figure
1d) from 0 to approximately 7 km/h seem to increase the frequency of involuntary
hospitalizations but further increases seem to be associated with a strong protective effect. It
is also noteworthy that the best fitting models were found for lagged values of the examined
meteorological parameters ranging from 2 days before the hospitalization day (for mean
relative humidity) to 12-14 days before the hospitalization day (for minimum atmospheric
pressure).

In any case, the aforementioned univariable associations should be interpreted with
caution as meteorological parameters are more or less correlated with each other.
Meteorological data are summarized separately for the cold and hot periods of the year in
Table 2. Details of the distribution of meteorological parameters by day.type are given in
Supplementary Table 2. Figure 2, summarizes the main meteorological characteristics of each
day type in the cold and hot periods of the year.

Using the type of day as a predictor for the daily number of involuntary hospitalizations
we found that the most prevalent day type during the previous 5 days was associated with
the best AIC values. Modelling results suggested the presence of significant overdispersion
thus a negative binomial regression model was preferred instead of a Poisson one. Results of
this model (Supplementary Table 3) revealed that day type C2, in the cold period, was
associated with the lowest frequency of involuntary hospitalizations. C2 is characterized by
the lowest temperatures with low range between minimum and maximum, northern winds of
moderate intensity, high atmospheric pressure and almost no rainfall. In the cold period, day
types C4, C5 and C6 were associated with statistically significantly more involuntary
hospitalizations (estimated relative increases, compared to day type C2, 19% to 21%). In the
warm period, day types H2 to H6 were all associated with increased frequency of involuntary
hospitalizations compared to day type C2 (estimated relative increases 19% to 39%).

The day type associated with the highest frequency of involuntary hospitalizations was
H5 (Incidence Rate Ratio-IRR vs. C2:1.39; 95% Cl 1.17-1.66; p<0.001). It is noteworthy that the
H5 day type had the 2" lowest average daily mean temperature (21.2 °C) during the warm
period but also the lowest range between minimum and maximum daily temperatures
(average 5.8 °C). At the sametime, H5 is associated with the highest values of relative humidity
and daily rainfall and moderate wind speed/gust and atmospheric pressure.

Estimated IRRs-with the corresponding 95% Cls from the final negative binomial
regression model are shown graphically in Figure 3.

Discussion
This study has used an eight-year dataset of 6877 involuntary admitted patients, in order to
explore the association with climatic factors in Attica, Greece.

Our results from univariable analyses indicated that increase of the maximum
temperature from 0 °C to 23 °C associated with a clear increase in the average number of
involuntary hospitalizations. Findings from a survey in Italy, showed that temperature
(maximum and medium) significantly correlated with involuntary admission.?* Another study
from Greece, mentioned that increasing major psychiatric diseases total admissions are
associated with increasing temperature.? Researchers from Switzerland found that the
hospitalization risk increased linearly by 4.0% for every 10 °C increase in mean daily
temperature.?® Evidence from a research in USA showed that higher temperature (high, low,
and average) was significantly correlated with the number of emergency psychiatric
evaluations.?”’



Our study’s statistical analyses showed mainly negative association of daily number of
involuntary hospitalizations with relative humidity. On the opposite, research findings from
Italy showed that humidex index significantly associated with involuntary admission,?* while
in a Brazilian study relative humidity did not present any risk for total mental health
admissions.?®

Study’s evidence, that low temperatures might be a protective factor for involuntary
admission, strength the results of previous studies from Berlin and Lisbon for total psychiatric
evaluations® and admissions,?® on the contrary research evidence from a study in Shanghai
found no effect of cold weather on mental health hospital admissions.*°

Although our findings from the univariable analyses showed that further increase of the
maximum temperature above 23 °C at lag 6 days before admission did not seem to
significantly affect the frequency of involuntary hospitalizations, other studies from Portugal
(27 °C, lag 0-1 and lag 0-2),% China (24.6 °C, lag 0-1),%° and Hong Kong (28 °C, lag 0-2)*!
indicated a significant positive association between high daily temperature and total
psychiatric hospitalizations.

The statistical analysis showed that the minimum atmospheric pressure (lag 12-14) and
the mean wind speed from 0 to approximately 7 km/h (lag 5-11) increased the frequency of
involuntary hospitalizations, whereas further increase of the wind speed appeared to have a
strong protective effect. This evidence is quite similar with the results from a study in
Germany, indicated that low pressure and windiness predicted the number of emergency
psychiatric evaluations for up to 7 days, although no protective effect of increased wind speed
was reported. ®

The predominant day type during the last five  days before admission showed the
strongest correlation with the daily number of involuntary hospitalization. The C2 day type of
cold season, characterized by the lowest temperatures, was associated with the lowest
frequency of involuntary hospitalizations. On the other hand, the H5 day type of warm season,
characterized by relatively low average daily mean temperature and the lowest range
between minimum and maximum/daily temperatures, was associated with the highest
frequency of involuntary admissions. A study from Sweden underlined that temperature
associated with increase in.emergency psychiatric visits during the warm (14% at lag 0-3 and
22% for lags 0-14, statistically significant) and cold (25% and 18% at lags 0—14 and 0-21
respectively, not statistically significant) season.3?

Seasonal, biological, psychological, and social factors are implicated in the causation of
mental health  disorders.>® Season may increase the risk of psychiatric patients
hospitalizations,>® especially for manic®*3® and schizophrenia episodes.’”*® As our study
coincided with the Greek financial crisis, available researches worldwide indicated that
consequences of economic crisis increased the risk of exposure to weather variations,® caused
a negative impact on mental health3® and might be associated with higher rates of admissions
in psychiatric hospitals.*

As we mentioned above, one of the criteria of involuntary admission in Greece is
dangerousness.™ Involuntarily admitted patients commonly present dangerous behaviours,*
meteorological factors are associated with increase of acts of violence and emergency
psychiatric visits*? and hospitalizations.** Therefore, dangerousness and acts of violence and
their positive correlation with meteorological factors are likely to be an independent
parameter that significantly influences the association of involuntary hospitalization with
these factors.

Modern people live in closed and air-conditioned spaces, which reduce body’s self-
regulation mechanisms and natural adaptation ability to respond to different environmental
conditions and sudden weather changes.** Various climatic parameters could affect biological
mechanisms, which are associated to the pathophysiology of mental health, such as
dysfunction of synaptic neurotransmission,* elevations of extracellular serotonin in the
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hypothalamus,*® changes of serotonin precursor L-tryptophan concentration in plasma*’ and
platelet serotonin.?

Recent studies reported that extreme temperature and precipitation had a significant
effect on mental health hospitalization.*®*° As the increasing frequency of extreme events
caused by global climate change has made floods, droughts, and heat waves more likely,*® we
should pay more attention to the development of a different scientific, professional and
operational culture in the management of mental health services.

Strengths and limitations

The strengths of the present study include its longitudinal design, based on an eight-year
retrospective time series study with a large number of involuntary admissions and
meteorological parameters. To the best of our knowledge, the current study is one of the
fewest worldwide investigating the relationship between meteorological factors and
involuntary admissions.

One main limitation is the ecological fallacy due to the design of the study. We regarded
all admissions as discrete episodes and a patient could potentially be counted more than once.
All data obtained was for patients requiring involuntary hospitalization and the impact of
meteorological factors may differ from those who are voluntary admitted. Factors could
contribute to the onset of an acute psychiatric episode have not been taken into
consideration.

Conclusions
The findings of this study underline that certain meteorological factors as well as specific types
of weather affect the frequency of involuntary hospitalizations.

There are positive associations of daily number of involuntary admissions with
temperature and atmospheric pressure and negative with relative humidity and wind speed
are negative. Low temperatures might be a protective factor, while further increase of the
maximum temperature above 23.°C/(at lag 6 days) does not affect significantly the frequency
of involuntary hospitalizations. Minimum atmospheric pressure (at lag 12-14 days) and mean
wind speed from 0 to 7‘km/h (at lag 5-11 days) increase the frequency of involuntary
hospitalizations, further increases of wind speed have a strong protective effect. The lowest
frequency of involuntary hospitalizations were noticed on C2 day type (low temperatures and
low range between minimum and maximum temperature, northern winds of moderate
intensity, high atmospheric pressure and almost no rainfall) of the cold season, whereas the
highest frequency on H5 day type (lowest average and range of daily mean temperature
during the warm season and the daily highest values of relative humidity, rainfall and
moderate wind speed/gust and atmospheric pressure) of the warm season (both at lags 1 to
5 days).

Further studies should be carried out in the future, including diagnostic and
sociodemographic characteristics, in order to clarify the impact of meteorological parameters
on involuntary admitted patients and investigate the possible causative factors.
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Table 1. Demographic and clinical characteristics of study participants by availability of
regional unit of residence specific meteorological data.

Variable Unavailable Available Overall p-value
n=1299 n=5578
N=6877 (100%)
(18.89%) (81.11%)

Sex 0.018
— Male 828 (63.74%) 3357 (60.18%) 4185 (60.86%)
— Female 471 (36.26%) 2221 (39.82%) 2692 (39:14%)
Age (years) - Median  43.8 (34.4, 45.6 45.3

<0.001
(IQR" 53.8) (35.6, 55.8) (35.4, 55.3)
Diagnosis (ICD10) 0.130
— F0O0-F09 45 (3.46%) 264 (4.73%) 309 (4.49%)
- F10 46 (3.54%) 147 (2.64%) 193 (2.81%)
- F11-F19 88 (6.77%) 345 (6.19%) 433 (6.30%)
— F20-F29 834 (64.20%) 3537 (63.41%) 4371 (63.56%)
— F30-F39 224 (17.24%) 935 (16.76%) 1159 (16.85%)
— F40-F48 2/(0.15%) 11 (0.20%) 13 (0.19%)
— F50-F59 0 (0.00%) 4 (0.07%) 4 (0.06%)
— F60-F69 23 (1.77%) 127 (2.28%) 150 (2.18%)
— F70-F79 25 (1.92%) 101 (1.81%) 126 (1.83%)
— F80-F89 1 (0.08%) 16 (0.29%) 17 (0.25%)
— G90-G99 2 (0.15%) 14 (0.25%) 16 (0.23%)
— Other 9 (0.69%) 77 (1.38%) 86 (1.25%)
Regional unit of

<0.001
residence
— East Attica 0 (0.00%) 619 (11.10%) 619 (9.00%)
— North Athens 0 (0.00%) 691 (12.39%) 691 (10.05%)

— West Attica

— West Athens

179 (13.78%)

222 (17.09%)

145 (2.60%)

902 (16.17%)

324 (4.71%)

1124 (16.34%)
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— Central Athens 0 (0.00%)

— South Athens 208 (16.01%)
— Islands 58 (4.46%)
— Piraeus 632 (48.65%)

2045 (36.66%) 2045 (29.74%)

682 (12.23%) 890 (12.94%)

101 (1.81%) 159 (2.31%)

393 (7.05%) 1025 (14.90%)

*: Interquartile range

Table 2. Distribution of meteorological parameters by cold and warm period of year.

Variable

Cold

Warm

Average temperature (°C)
Maximum temperature (°C)
Minimum temperature (°C)
Average heat index (°C)
Maximum heat index (°C)
Minimum heat index (°C)
Average wind chill factor (°C)
Maximum wind chill factor (°C)
Minimum wind chill factor (°C)
Average relative humidity (%)
Maximum relative humidity (%)
Minimum relative humidity (%)
Average dew point (°C)
Maximum dew point (°C)
Minimum dew point (°C)
Average atmospheric pressure (hPa)

Maximum atmospheric pressure (hPa)

n=433 (49.09%)
13.4 (3.0, 25.2)
16.4 (4.5, 28.0)
10:4/(0.2, 23.1)
29.0 (28.4, 29.5)
29.6 (28.9, 30.4)
28.2 (28.0, 28.5)
7.1(0.2, 9.6)
8.1(2.1,9.7)
6.3 (-3.0, 9.6)
70.4 (36.9, 89.5)
82.1(50.1, 93.7)
57.2 (26.6, 80.9)
7.8(-5.0, 19.5)
9.8 (0.0, 21.2)
5.7 (-8.0, 17.0)
1017 (992, 1033)

1019 (1002, 1036)

n=449 (50.91%)
24.7 (13.1, 34.0)
28.5 (14.4, 40.8)
21.1(9.4, 29.6)
29.2 (27.1, 33.5)
30.6 (27.1, 39.0)
28.0(27.1, 29.7)
8.1(8.1,8.1)
8.1(8.1,8.1)
8.1(8.1,8.1)
55.0 (30.2, 88.6)
69.3 (40.0, 93.9)
41.3(19.0, 85.4)
14.4(2.3,21.7)
16.7 (4.9, 23.8)
11.9(-2.5,19.2)
1012 (993, 1026)

1013 (1003, 1027)
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Minimum atmospheric pressure (hPa)
Daily rainfall (mm)

Average wind speed (Km/hr)
Maximum Wind Gust (Km/hr)
Dominant wind direction

-N

- NNE

- NE

- ENE

— ESE
-SE

—SSE

-Ssw
-Sw
- Wsw
-wW

- WNW

1014 (985, 1032)
2.2 (0.0, 68.1)
6.5 (0.4, 19.0)

13.1(1.8, 28.0)

1(0.23%)
32 (7.39%)
6 (1.39%)
24 (5.54%)
36 (8.31%)
38 (8:78%)
50/(11.55%)
59 (13.63%)
61 (14.09%)
50 (11.55%)
30 (6.93%)
22 (5.08%)
13 (3.00%)

11 (2.54%)

1011 (984, 1024)
0.4 (0.0, 20.5)
6.8 (1.6, 16.6)

13.7 (5.8, 29.8)

3(0.67%)
38 (8.46%)
4(0.89%)
20 (4.45%)
35 (7.80%)
42 (9.35%)
71 (15.81%)
79 (17.59%)
63 (14.03%)
43 (9.58%)
20 (4.45%)
13 (2.90%)
15 (3.34%)

3(0.67%)

*Cold period 16/10 to 15/4, Warm period 16/4 to 15/10.

*All values are averaged over regional units. Data refer to days with at least one involuntary

hospitalization. All figures are mean (min-max).
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Figure 1. Estimated (95% Cl) Incidence Rate Ratios (IRR) for involuntary hospitalizations by a)
max temperature, b) mean relative humidity;.c) min atmospheric pressure and d) mean wind
speed. Reference values for IRR denoted with vertical dashed line (temperature 23°C, relative
humidity 55%, atmospheric pressure 1013 hPa, mean wind speed 6.5 Km/hr). Estimates based
on univariable Poisson models. Results shown for lagged values or average of lagged values
associated with optimal AIC values:
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Figure 2. Distribution (box-plots) of selected meteorological parameters by day type. All values
are standardized (i.e., z-values: difference with mean divided by standard deviation). Day
types C1 to C6 refer to the cold period (16/10 to 15/4) and H1 to H6 to the warm period (16/4
to 15/10).
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IXTOPIKO APOPOY: MNopahndOnke 15 Askepfpiov 2022/ AvaBewpnBnke 18 Maptiou 2023 /
AnpootetBnke Atadiktuokd 12 Maiou 2023

NEPIAHWH
Mel€teg £xouv Selfel TN OUOYETLON OUYKEKPLUEVWY UETEWPOAOYLIKWY TIOPOUETPWY HE TNV

BvnoLUOTNTA KOl T CWUOTLKEG AoDEVELEC, ALlyOTEPQ OTOLXELOL UTTIAPYOUV YLl TNV CUCXETLON
TOUG He TIG PUXLKES SLaTAPaXEG. TKOTIOC TNG POV oo LEAETNG eival va Slepeuvroel Bavn
CUCYXETLON TWV. LETEWPOAOYLKWVY TAPAYOVIWV HE TNV akolola voohAeia. H épeuva SLe€nyxdn
oto Wuylatpikd . Nocokopeio AttkAg «Aadvin. Mpokeltal yla ovadpoplk UEAETN
Xpovooelpdg Sedopévwy 8 cuvamntwy etwv (2010 £wg 2017) kat meptAapPavel 6887 akouoiwg
VOONAEUOUEVO TIEPLOTOTIKA. Ol TIHEC TWV NUEPNOLWV HETEWPOAOYLKWY TIAPAUETPWVY
TipoEpxovTal amo to EBvikd Acotepookomeio ABnvwyv. H otatlotikr avaluon Baoclotnke os
povtéAa Poisson r apvnTLKAC SLwVULKAG aAVEpounong Le dtopbwpéva Tumikd odaipata.
OL avaAloelc Baoiotnkov opxLKA OE LOVOTIAPOYOVTIKA UOVTEAQ YLa KAOE PETEWPOAOYLKO
mapdayovta wplotd. OAoL oL petewpoloyikol mopdyovieg eAndOnoav umodn péow
TIAPAYOVTIKAG aVAAUONG KoL HECW OVAAUONG KOTA OUOTOAOEC E€YLVE  QVTLIKELUEVLKNA
opodomnoinon NUEPWV He MOPATMAACLO TUTO KalpoU. Ot TUMoL NUEPWV ToU Tpogkuav
g€eTAOTNKAV WG TIPOC TNV EMISPACN TOUC OTOV NUEPNOLO aplBud voonAewwv. AbEnon tng
Héylotng Bepuokpaociag amod toug 0 ewg 23 °C, au€noelg tng péong taxutnTag avéuou amno 0
£w¢ 7 Km/h kat Tpég g ehdxlotng atpoodalplkng mieong petaéy 1010-1020 hPa,
ouvbéovtal pe avénon tou pécou aplBuol voonAelwv ava nuépa. AvEnon tng MEyLotng
Beppokpaoctog mavw amno 23 °C, pe BEATIotn mepiodo uoTépnong epdAavIong 6 NUEPECS TIPLV TNV
gloaywyn, 6ev emnpedlel oNUAVTLKA TV cUXVOTNTA TwV VvoonAelwy. H xapunAn Bspuokpaocia
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Kol n Héon OXeTKR uypacia uPnAdtepn amd 60%, £€xouv TPOOTATEUTIKN emibpoon. O
ETUKPOATECTEPOG TUTIOG NUEPAG €UDAVIOE TNV EVIOVOTEPN OUCYETLON Eemidpaong HE Tov
nNUePnaoLo aplbud voonAelwy, 1 ewg 5 nuépeg mptv TV voonAeia. O TUTOC Népag tng Yuxpng
TIEPLOBOU, UE XaUNAOTEPEG OEPUOKPACLEG, UIKPO NUEPHOLO BEPUOKPOCLAKO VP0G, BOPELOUC
QVEHOUG METPLOC ToxutnTag, uyPnAn atpoodalplky Tmieon Kat €AdxLotn Bpoxomtwaon,
OXETIlETAL HE YAUNAOTEPN CUXVOTNTA VOONAELWY, EVW QVTIOETWC O TUTIOC NUEPAG TNG OEPUNG
TEPLOSOU, PE XaunAn nueprnola Bepuokpaoio Kol HLKPO NUEPNOLO BEpUOKPACLAKO €UPOC
KOTA TNV Slapkela tng Bepung mepltodou, UPNAEG TIUEG OXETIKNAG LYPOOLAC KAl NUEPHOLAG
Bpoxomtwong, HETPLO TaXUTNTO/PUT QVEUOU Kal aTHoodOlpLKAC Tiieong, oxetiletal pe
vPnAodtepn. KabBwg n  kAwotiky aMayn €xel au€foel TNV ouxvotnta akpaiwv
HETEWPOAOYLKWV Palvopévwy, elval avaykaia n avamtuén SLadopeTIKG OPYAVWTLKAG Kot
SLOLKNTLKNAG KOUATOUPOG TWV UTINPECLWY PUXLKNG UYELag.

NEZEIZ EYPETHPIOY: MetewpoloyLkol mapdyovTeg, Kalplkeg petaPAnteg, WuyLkn vyeia,
Puxikn aobevela, PuyLATPLKEG ELOAYWYES, AKOUGOLEG VOONAELEG.

ErmupeAntig ouyypadéag: lwavvng PiZapag, Wuylatplkd Noookopelo ATTLKN G «Aadvin,
Newdopog ABnvwv 374, 12462 Xaidapt, ABriva, EAAASa, Email: irizavas@yahoo.gr
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