VILNIUS UNIVERSITY

Judita Liukaityté

QUANTITATIVE EVALUATION OF BIOMETEOROLOGICAL
CONDITIONS IN LITHUANIA

Summary of doctoral dissertation

Physical Sciences, Geography (06P)

Vilnius, 2011



The doctoral dissertation was prepared during the years 2005 — 2011 in Vilnius
University

Scientific supervisor:
doc. dr. Egidijus Rimkus (Vilnius University, Physical Sciences, Geography —
06P)

Scientific advisor:

prof. habil. dr. Ariinas Bukantis (Vilnius University, Physical Sciences,
Geography — 06P).

The defence of the dissertation will be held in Geography Studies Council of Vilnius
University:

Chairman:
doc. dr. Gintautas Stankanavi¢ius (Vilnius University, Physical Sciences,
Geography — 06P).

Members:

doc. dr. Darijus Veteikis (Vilnius University, Physical Sciences, Geography —
06P);

dr. Saulius Marcinkonis (Lithuanian Institute of Agriculture, Biomedical
Sciences, Agronomy — 06B);

doc. dr. Julius Taminskas (Centre for Natural Sciences, Institutes of Geology and
Geography, Physical sciences, Geography — 06P);

doc. dr. Arvydas Martinkénas (Klaipéda University, Physical Sciences,
Informatics — 09P).

Opponents:

doc. dr. Inga Dailidiené (Klaipéda University, Physical sciences, Geography —
06P)

doc. dr. Ingrida Sauliené¢ (Siauliai University, Biomedical sciences, Botany — 04
B).

The dissertation will be defended at the public session held by Geography Studies Council at
14 p.m. on March 25, 2011 in the 214 Auditorium of the Faculty of Natural Sciences of
Vilnius University

Address: M. K. Ciurlionio st. 21/27, LT-03101 Vilnius, Lithuania

The summary of dissertation was distributed on February 25, 2011.

The dissertation is available at the libraries of Vilnius University and Natural Science
Centre’s, Institutes of Geology and Geography.



VILNIAUS UNIVERSITETAS

Judita Liukaityté

BIOMETEOROLOGINIU SALYGU LIETUVOJE KIEKYBINIS
VERTINIMAS

Daktaro disertacijos santrauka

Fiziniai mokslai, geografija (06P)

Vilnius, 2011



Disertacija rengta 2005 — 2011 metais Vilniaus universitete
Mokslinis vadovas:

doc. dr. Egidijus Rimkus (Vilniaus universitetas, fiziniai mokslai, geografija —
06P).

Konsultantas:

prof. dr. Arlinas Bukantis (Vilniaus universitetas, fiziniai mokslai, geografija —
06P).

Disertacija ginama Vilniaus universiteto Geografijos mokslo krypties taryboje:

Pirmininkas:
doc. dr. Gintautas Stankiinavi¢ius (Vilniaus universitetas, fiziniai mokslai,
geografija — 06P).
Nariai:
doc. dr. Darijus Veteikis (Vilniaus universitetas, fiziniai mokslai, geografija —
06P);
dr. Saulius Marcinkonis (Lietuvos zemdirbystés institutas, biomedicinos mokslai,
agronomija — 06B);
doc. Dr. Julius Taminskas (Gamtos tyrimy centras, Geologijos ir geografijos
institutas, fiziniai mokslai, geografija — 06P);
doc. dr. Arvydas Martinkénas (Klaipédos universitetas, fiziniai mokslai,
informatika — 09P).

Oponentai:
doc. dr. Inga Dailidiené (Klaipédos universitetas, fiziniai mokslai, geografija —
06P)
doc. dr. Ingrida Sauliené (Siauliy universitetas, biomedicinos mokslai, botanika —
04B)

Disertacija bus ginama vieSame Geografijos mokslo krypties tarybos posédyje 2011 m.
kovo 25 d. 14 val. Gamtos moksly fakulteto Didziojoje auditorijoje (214 kab.).
Adresas: M. K. Ciurlionio 21/27, LT-03101 Vilnius, Lietuva

Disertacijos santrauka iSsiuntinéta 2011 m. vasario 25 d.
Disertacija galima perziuréti GTC Geologijos ir geografijos instituto ir Vilniaus
universiteto bibliotekose



Introduction

The effect of weather and climate on health and well-being has been known for
2,500 years. Research carried out in many countries around the world show that weather
not only effects human well-being but also can cause various diseases or disorders.
People have different sensitivities to weather: meteo-labile individuals are quite sensitive
to weather changes (for example, they feel headaches, joint pain, scar pain etc.), some
people do not feel any weather effect (meteo-stabile). A number of studies have been
carried out in order to determine the impact on human health from atmospheric fronts,
various air masses and some geophysical factors.

Weather effects public health with the most frequent extreme natural events
resulting in loss of human life being cold and heat waves. Each year more people die
from “excessive heat events” than from hurricanes, lightning, tornadoes, floods, and
other meteorological disasters combined. It is important to inform people about the
impending disaster in time and explain how they can protect themselves.
Biometeorological forecasts provide preliminary information about the health risks
resulting from the heat and cold waves during sudden or extreme weather changes. They
also cover increased ultraviolet radiation, when prolonged exposure to the sun becomes
dangerous and forecasts of air pollution and pollen.

Biometeorology is still a young science in Lithuania. So far, very little has been
done on the impact of weather on human health. Many aspects of the problem are not yet
completely analyzed. With this research the author hopes to contribute to a wider
cognition of the analyzed problem and to create a basis for dissemination of
biometeorological information through the establishment of forecasting system.

The subject of research

Biometeorological environment of Lithuania

Aim of the research

Determine the weather impact on human health in Lithuania and accomplish
evaluation of biometeorological conditions in the country.

The goals of the research:

1. Carry out a sociological evaluation of weather sensitivity in the Lithuanian

population;



2. Measure the impact of the weather conditions on cardiovascular disease recurrent
in Vilnius;

3. Analyze changes in the Humidex and Wind Chill indices change in Lithuania;

4. Assess the effects of heat on mortality of the population of Vilnius;

5. Perform a calibration of ultraviolet radiation values measured in Kaunas MS;

6. Assess the appropriateness of the STAR model for forecasting of UV radiation

intensity in Lithuania.
Defended statements

1. Weather conditions and their changes affect public health in Lithuania. The
number of cases of cardiovascular disease depends on weather conditions and can
be predicted on the basis of a relationship with meteorological parameters.

2. Thermal indices provide important additional information about
biometeorological conditions of the territory. The Wind Chill index is appropriate
to use for predicting the effects of cold and the Humidex index is appropriate for
predicting the effects of heat.

3. Mortality increases during heat waves. Consequently it is necessary to have a
warning system of heat impact on public health.

4. The STAR model is appropriate to perform the calibration of UV data and can be
used to calculate and forecast the intensity of UV radiation in Lithuania.

Novelty of research

In this research for the first time in Lithuania 1) a sociological survey on the weather

impacts on public health was carried out; 2) the impact of meteorological conditions on
patients with cardiovascular diseases in Vilnius was measured; 3) spatial and temporal
changes in thermal indices were analysed; 4) the effects of heat on mortality of the
population of Vilnius was assessed; 5) the relevance of various biometeorological heat
indicators for warning the inhabitants about heat was estimated; 6) the appropriateness
of the STAR model for forecasting of UV radiation intensity in Lithuania was evaluated.
Relevance of the subject matter
As understanding of climate and weather effects on humans has improved, more and
more attention has been paid to this field, especially in national weather services. Many
of them provide forecasts and information on how to adapt to meteorological conditions

that are unfavorable for health and how to reduce the environmental impact and stress
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caused by it. Forecasting methods discussed in the thesis can be used in the Lithuanian
Hydrometeorological Service under the Ministry of Environment for making
biometeorological forecasts. The research will help to develop the spheres of health
resort medicine and public health. On the basis of this work, improvements can be made
to the existing early warning system of natural disasters, catastrophic and other
dangerous hydrometeorological events. There also is a possibility to create a heat-health
warning system to inform the general public about heat effects on health. This research is
a contribution to studies on climate change impacts on human health and can be used to
improve the strategy of adaptation to climate change.

Extent and structure

The doctoral dissertation is composed of: an Introduction; seven main chapters;
Conclusions; a list of references; a list of individual publications on the dissertation
subject; and an annex. The dissertation comprises 133 pages. It contains 18 tables, 76
figures and 172 references to literary sources.

Approbation of results

The dissertation results were reported at six international and ten republican
conferences: 4th European Conference on Severe Storms (Trieste, Italy, September 10-
14, 2007); two presentations in The Second Saint-Petersburg International Ecological
Forum ,,Environment and Human Health* (Saint-Petersburg, Russia, July 1-4, 2008);
18th International Congress of Biometeorology (Tokyo, Japan, September 22-26, 2008);
Third Biannual NCAR Workshop on Climate and Health (Boulder, CO, USA, July 13-
17, 2009); WMO Planning Meeting on Heat-Health Warning Systems (Shanghai, China,
July 21-24, 2009); 7th BIOMET Conference (Freiburg, Germany, April 12-14, 2010);
republican scientific conference ‘“Meteorology and Hydrology in Lithuania:
Development and Perspective” (Vilnius, March 3, 2005); 4th scientific conference
»3cience at the Faculty of Natural Sciences* (Vilnius, November 23-24, 2006); 9th
conference of young Lithuanian scientists ,,Science is the future of Lithuania (Vilnius,
March 30, 2006); workshop “Climate change: adaptation to its impacts in Lithuanian
coastal area” (Klaipéda, May 4, 2007); 11th conference of young Lithuanian scientists
wdcience is the future of Lithuania®“ (Vilnius, April 3, 2008); LHMT conference
»Weather and climate effect on human health* (Vilnius, April 10, 2008); 12th conference

of young Lithuanian scientists ,,Science is the future of Lithuania“ (Vilnius, April 2,
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2009); VASC workshop ,,Climate change and human health* (Vilnius, September 15,
2009); 13th conference of young Lithuanian scientists ,,Science is the future of
Lithuania®“ (Vilnius, March 25, 2010); 3th national scientific conference ,,Science for
human health* (Kaunas, April 7, 2010).

Publications

The dissertation results were published in 13 scientific articles. Three articles were
published in journals included in the international databases.
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Methods and data

Methods of the research of weather impacts on cardiovascular morbidity in
Vilnius. The first chapter is aimed to evaluate dependence of the incidence of some
disease recurrence on meteorological conditions in Lithuania. Data used in this part are
collected from daily emergency call tables of the Vilnius ambulance station. Analysis
was performed on data from years 2007-2008. Only diseases for which annual incidence
exceeded 300 cases were selected.

Also data were used from Traky Voké meteorological station, obtained from

archives of the Lithuanian Hydrometerological Service. Some variations of parameters



(average, minimal and maximal air temperature, atmospheric pressure, wind speed and
relative humidity) from day to day were calculated. These data were used to establish
the main weather class of the day, which could have impact on human health. This work
utilizes a medical-meteorological weather classification developed in the German
Weather Service (DWD).

Every illness was analyzed using several methods: reviewing annual variations
and correlation with meteorological information; analyzing homogeneity by Student’s
criteria.

Methods of the research of thermal indices. On the basis of thermal indices
national meteorological services present the forecasts of felt temperature and inform
people about comfortability or the level of cold and heat stress outside. The Lithuanian
Hydrometeorological Service under the Ministry of Environment started forecasting the
heat index ,,Humidex* in summer 2008, and the Wind Chill in winter of the same year.

The research: estimated the level of thermal discomfort caused by heat and cold in
Lithuania; assessed dynamics of ,,Humidex* index values in summer and Wind Chill in
winter; determined territorial differences; and estimated the daily rate of the indicator.
Also, the research evaluated the weather conditions that determine extreme values of the
indices.

The research analyzed values calculated by methodology developed by Canadian
scientists for calculation of heat discomfort, so called the ,,Humidex“index. The human
body feels a higher or lower temperature compared to real air temperature depending on
the air humidity. The gradation of possible health effects presented by Canadians was
slightly modified in this research: <27 °C — no discomfort; 27-32 °C — slight discomfort
sensation; 32-37 °C — strong discomfort; 37-42 °C — strong indisposition sensation; >42
°C — serious danger. Heat exhaustion is possible with prolonged exposure and physical
activity when the apparent temperature exceeds 32 °C. Such high temperatures can be
observed from the end of May till the beginning of September in Lithuania. For this
reason only summer months were analyzed in this study. Daily index mean values were
estimated as the average of four daytime measurements (12 AM, 3, 6 and 9 PM).

»Wind Chill“ index (WCT) — describes the temperature and wind effects on
human comfort. The index shows the temperature felt by a person, i.e. a temperature that

will be felt by uncovered body parts at low temperature and wind stronger than 1,5 m/s.
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Although the index includes only these two parameters, wind and air temperature are the
key elements that affect the human thermal comfort during the cold season. A strong
wind blowing during the cold season will lead to a lower felt temperature than real air
temperature. With more than 5 degrees Celsius or wind weaker than 1.5 m / s wind, the
wind does not chill.

Values analyzed in this study were from the period of 1993-2006 in Lithuania.
This fourteen-year period is sufficient to make the original findings of thermal comfort
conditions in different regions of Lithuania.

For the calculation of ,,Humidex* index air temperature and relative humidity data
were used. For Wind Chill the air temperature and average wind speed were used in the
research. Data of the synoptic situation occurring simultaneously with the extreme
indices values were selected on the basis of surface analysis charts and different pressure
levels maps. According to them the weather situation of particular days and the
directions and intensity of advection were identified.

In order to implement a Heat-Health warning system it is necessary to correlate
meteorological data with medical data and determine the most appropriate indicator to
describe the heat stress on humans. There are six heat indicators used in this chapter to
study the relationship with mortality data. Initial data used covered the years 1993-2007
(June—August months) with daily Vilnius (Traky Voké) MS data (relative humidity, air
temperature, wind speed, total cloudiness). Daily mortality data of the same period,
collected by Vilnius City Civil Registry Department, were also analyzed.

Heat indicators used in the research:

- Air temperature. The data of maximum, minimum and mean air temperature are
used to assess the heat stress. There are four danger levels of the heat stress based on
deviations from the average. According to the operating laws of Lithuania heat does not
cause a risk because it is not on the list of the hazardous events. It immediately becomes
a natural phenomenon - swelter (maximum temperature > 30 °C, duration > 10 days)
Unfortunately, its effects on health can not be determined because it has not been in
Vilnius over the entire period of the measurements.

- Humidex index.

- Heat index (HI). This index like "Humidex” is calculated on the basis of air

temperature and humidity values.
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.- Physiological Equivalent Temperature (PET). This index is based on the heat
balance equations and is calculated by "Rayman" program. Calculations already include
more meteorological data: air temperature (°C); relative humidity (%); wind speed (m/s);

total cloudiness (oktas).

Table 1. Levels of danger caused by heat based on mean, maximum and
minimum air temperature, Humidex, HI and PET.

Mean Maximum Minimum | Humidex, | HI, °F PET (°C)
temperature, | temperature, | temperature, °C
°C °C °C
HEAT LEVEL
I POSSr'iZI'g health | 51 53 27-29 15-17 2732 | 80-90 23-29
1. Health risks 2325 29-31 17-19 3237 | 90-105 | 2935
I1. Serious 2527 31-33 19-21 37-42 | 105130 | 35-41
health risks
IV. Emergency > 27 >33 >21 >42 >130 >41
situation

All heat indicators describe stress of the human body caused by heat. Some of
them include into calculations main meteorological elements that cause heat discomfort
and present the results as one value describing the heat stress.

In the next part of the research values of heat indicators are linked to the mortality
data in Vilnius. To find out what effect heat has on human health the probable mortality
of each day was calculated. Probable average mortality for summer periods of years
1993-2007 was calculated using moving average of 31 day. Calculation of this moving
average requires the mortality data of one month before (May) and one month after
(September). Since daily mortality data of the year are only from the period 2003-2007
averages of this period were calculated eliminating very high and very law mortality
values. To avoid the difference in further calculations resulting from the unequal number
of deaths in different year data were standardized. These standardized values were used
to calculate probable mortality of each summer day for the period 1993-2007.

Further research analyzed parameters of description of thermal environment and
heat effect on mortality. The daily number of deaths recorded in Vilnius is changing
from 3 to 28 deaths a day. In order to relate high mortality values with the heat effects

heat periods were identified.
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Heat is considered to be the time period when at least one indicator three
consecutive days and the second indicator at least two consecutive days reached the
second level of the heat alert. A period when two and more indicators comply with these
rules is called the heat wave. Heat wave ends when the last indicator which identifies
the heat wave three consecutive days does not reach the second level of the heat alert.

The heat period includes two days before and two days after the heat wave to
verificate if there was not significant increase in the amount of death before and if effect
does not occur after the heat ends.

The research estimated the increase in mortality (the difference between actual
and expected mortality) during the selected periods of heat. Mortality rate during the heat
period was calculated averaging the proportion between actual and expected mortality of
each day of the heat period.

To find out the mortality changes the averages of deaths were calculated two
days before the heat wave, two days after the heat wave and during the heat wave. As the
heat waves lasted the different amount of days, the average was calculated for days when
at least three heat waves still continued. This method of calculation was also used to find
out the mortality changes according to the different indicators.

Methods of UV radiation data calibration and UV changes in Lithuania.
With difference to the previous chapters this is not intended to justificate
biometeorological forecasting. In Lithuania there are used UVI forecasts given free by
German Weather Service. The more serous problem is faced trying to compare the data.
Measured data differ from forecasted because of spectral sensitivity of measuring
devices and sensitivity errors of angular sensor, it causes difficulties in comparison of
the data. That is why it requires calibration of the data, i.e. determination of systematic
errors. This chapter describes the method of calibration which is appropriate to use in
Lithuania and compares measured and calculated values.

The aim of the work was to make the calibration of quantities measured by the
STARsci model, to make the calibration of the data measured at Kaunas MS in 2001—
2002, to make the matrix of the calibration and to find the single calibration constant. In
Kaunas meteorological station UV radiation is measured by UV — Biometer 501A . The

data from User‘s Guide about spectral and angular sensitivity of the sensor is used in the
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research. Calculations were made using STARsci model in different atmospheric
conditions.

The solar zenith angle is significant with respect to cosine weighting but also to
the spectral composition of the irradiance, and the ozone content shifts the intensity and
thus is significant for spectral weighting. After the analyzing the influence of albedo and
aerosol optical depth on the calibration matrix it has been established that the change of
the parameters has nearly no influence on this matrix, therefore these quantities remain
constant. In the research there were used maximum daily erythemal radiation values,
which were calibrated. So, according to the ozone content value and solar zenith angle at
the moment of maximum separate calibration matrix was applied to every quantity.

However, complete calibration requires not only calibration matrix but also
general constant of calibration. Assuming that the instrument did not change its
characteristics within years of exploitation general constant of calibration was found by
comparison of measured and multiplied by calibration matrix values with simulated
values. It was done on the basis of erithemal radiation indicators of 2001-2002 years,
measured and simulated on clear days. Obtained slope was used as general calibration
constant and in accordance with it calibration of measured indicators was carried out. To
make the complete calibration the peak erithemal radiation data measured by Kaunas MS
is multiplied by calibration matrix and general calibration constant.

After calibration of the data measured in Kaunas MS the comparison of calibrated
and simulated data was accomplished. Erithemal radiation was simulated by two
versions of STARneuro model. The relationship graphs of the data measured by
STARneuro model and the data measured in Kaunas were made.

Comparison of the data was accomplished separately on clear, cloudy and overcast days.

It was verified which version of STARneuro model is better to use on cloudy and overcast days.

Sociological evaluation of human sensitivity to weather
When beginning to publish new specialized weather forecasts or improving the
existing ones, it is very important to find out the needs of their users. In order to improve
the format of presentation of the weather forecasts and to supplement them with
biometeorological forecasts, in 2005-2006 in Lithuania a popular survey was carried out

requesting respondents to assess the presented forecasts and to answer additional
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questions about their sensitivity to weather conditions, their perception of comfortable
weather conditions, etc. For the purpose of obtaining more exact data and performing
qualitative analysis, 500 respondents were surveyed in all the regions of Lithuania.
Respondents were chosen by their age, education, work, living place, etc.

Only 26 % of all respondents said that weather had no impact on their health, or
were not sure if their state of health had ever worsened in response to meteorological
situation. Every second Lithuanian inhabitant considered weather to be influencing the
state of human health. The vast majority of respondents, i.e. about 55 % were of the
opinion that weather had some influence on their health, while some 19 % considered
weather to be influencing their health strongly. The most weather-sensitive were
respondents over 60 years of age. As many as 35 % of respondents felt sensitive to moist
weather, 27 % felt adverse impact on their organism of the weather cooling down and
12 % of respondents felt influence of the stormy weather. It can be stated that people are
most sensitive to weather caused by low-pressure field when the humid, stormy weather
is dominated and after the cold weather front the weather suddenly cools down.

Also it was checked what difference it makes when the weather does not change
for a while or changes constantly and since when the sensitiveness occurs. People were
more sensitive to changeable rather than persistent weather, the most influential being

vast variations of temperature.

B Headache, migraine|
45 1 % Lethargy
O Sleep disturbance
40 :
Limited activ ities
35 ~ @ Joint pain
30 - 8 Irritability
O Depression
25 A
B Vertigo
20 A B Concentration
roblems
15 ain
B Nervousness
10 A B Hy persensitiv ity
5 - O Muscle pain
o B Impaired vision

Fig. 1. Frequency of symptoms of weather-sensitive subjects

Weather impact is mostly associated with joint pain, limited activity, fatigue and

lethargy. Respondents also indicated additional disorders originating from weather
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conditions, such as allergy, coryza, respiratory diseases, change of moods,
nervousness, etc (Fig. 1.).

The results were compared with the similar researches of German and Canadian
scientists. Significant health effects are felt by 19.2 % of German and Lithuanian
population. Some effects occur to 35.3 % of Germans, and even to 55 % of Lithuanians.
The summary of the results shows that 54.5 % of the German population are sensitive to
the weather, 61 % respondents of Canada feel weather effects on their health, and in
Lithuania 74 % of the population feel that the weather affects their health. Lithuanians
are most sensitive to wet and colder weather.

Having analysed responses regarding comfortable weather conditions it was
established that as many as 58 % of responders considered to be comfortable those
summer days with maximum air temperature varying between 23-26 °C and the most
comfortable being from 19 to 22 °C. An interval between 27-30 °C was selected by
merely 14 % of the respondents. Comfortable summer nighttime temperature was
considered to be within 13—-16 °C and 17-20 °C intervals, according to the equal groups
of 40 % Lithuanians. The most favourable weather was considered to be clear or slightly
cloudy with light to moderate winds, in nighttime as well as in daytime. Remaining wind
speed categories were considered to be discomfortable. In the opinion of the most
respondents (42 %), comfortable wintertime conditions comprised prevailing clear and
slightly windy weather with air temperature varying from -5 to -9 °C.

A survey was carried out in order to find out what additional information is still
needed for the Lithuanian people. For more than 50 % of the respondents relevant
information is about air pollution. More than 30% of the respondents would like to
receive information about the weather impact on their well-being. The respondents also
consider information about ultraviolet radiation as being very important (27 %).

Many people consider biometeorological forecasts being necessary, but the start
of the publication of new forecasts should be followed by wide information to the public
about the benefits of such forecasts, where they are published and how to apply them in

everyday life.
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Relationship between human morbidity and meteorological
conditions

Before the publication of medical-meteorological forecasts it is necessary to
determine the dependence of the frequency of diseases recurrence on meteorological
factors in Lithuania. 11 cardiovascular diseases were analyzed according to their
distribution in a year and dependence on meteorological elements or their complexes. In
the period 2007-2008 in Vilnius most recorded cases were of arterial hypertension,
unstable angina and stroke (>5000).

Studies have shown that in many countries cardiovascular diseases have clear
annual course — peak is in cold and decline is in warm season. Winter is unfavourable
season for patients of cardiovascular disease; it could be related with increase in blood
viscosity and vascular stenosis. In summer the number of calls on many of these
diseases decrease, it could be related with warmer climate which has a positive effect on
heart diseases, as well as with increased number of holiday makers in the countryside.

Analysis of the data of ambulance emergency calls in Vilnius shows that the
number of cases of arterial hypertension, cardiopathy, acute miocardial infarction and
paroxysmal tachicardia statistically significantly decrease according to mean, maximum,
minimum and dew point temperature values. The obtained correlation coefficients are
statistically significant. Arterial hypertension is also related with Sunshine duration — the
number of cases decrease, but accordingly to the average wind speed the number of
cases increase. Minimum air humidity is related with increasing of cases of miocardial
infarction, while interday shift of mean and minimum temperature is related with
cardiopathy. Other disorders of permeability statistically significantly correlate only with
air pressure, its increase causes decrease of the cases. Other cardiovascular diseases have
not statistically significant relationship with meteorological parameters.

Using Student's criterion there was checked whether the number of calls does not
increase under certain meteorological parameters values.

In many cases all complex of meteorological parameters has impact on the
diseases. Summarising the data shows that arterial hypertension flares up when the
average temperature is bellow 0 °C and average wind speed is more than 4 m/s. That

means this disease could be stimulated in cold season by decrease of felt temperature
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caused by wind chill. On the other hand, calculations based on multinomial regression
shows that most frequently exacerbations of disease could be caused by complex of
mean daily and dew point temperatures. Regression was influenced by some other
parameters (wind speed, sunshine) but their input into reasoning of total dispersion was
not significant. So, the main elements influencing the disease would be mean and dew
point temperature, it could be stated that the disease depends on hygrothermal
conditions. Blood pressure statistically significantly increases when the weather is
determined by the third weather class (down slide motion at the edge of an anticyclone)
— when after better antyciclonic weather pressure slightly drops and bigger weather
changes approach. Complex relationship between temperature and humidity could also
be explained because when low pressure field approaches humidity increases and
temperature falls.

Cardiopathy cases increase when wind speed is more than 4 m/s, weather
temperature is below -5 °C (increase is also noticeable when mean temperature is 10—
15 °C). For cardiopathy patients the most favourable temperature is 0—5 °C and the days
are without precipitation, then the number of emergency calls decreases. The number of
cases statistically significantly increases with prevailing weather class 9 - easterly air
flow.

Strong relationship was noticed between unstable angina and weather class 9 too.
Multinomial regression showed that exacerbations are influenced by complex of
maximum daily temperature and sunshine duration.

The number of cases of miocardial infarction increases even 29 %, when air
pressure is higher than 1010 hPa. The number of emergency calls increases when
temperature fluctuates between 0 and -5 °C, below -5 °C — their number increases even
more, the number of cases decreases with prevailing mean air temperature 0-10 °C . So,
this disease is related with cold weather determined by higher air pressure field.
Although relationship with any weather class is not found probably there is an affect of
Arctic anticyclones that often determine the weather in winter. One more important
factor should not be dismissed — air pollution, which mostly increases in such weather
conditions and is related with exacerbation of many cardiovascular diseases.

Analyzing input of specific parameters to exacerbations of paroxysmal

tachycardia it was found that high air pressure >1010 hPa has negative input, while with
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temperature values 0-5 °C there was recorded the least number of cases. The number of
emergency calls increases when the weather gets colder. According the model of
multinomial regression paroxysmal tachycardia is influenced by complex of minimum
daily temperature, the amount of precipitation and the shift of maximum daily
temperature. Patients of this disease should be careful with weather class 3, when it is
prevailing the number of cases statistically significantly increases. Thus, the disease
responds into starting weather changes when high pressure starts falling but the weather
stays cold.

Atmospheric pressure has an impact on exacerbations of Cardiac permeability
disorders. When pressure is lower than 980 hPa, a number of emergency calls increases,
under the conditions of pressure higher than 1010 hPa it decreases. Complex weather
Impact on exacerbations of Cardiac permeability disorders has not been established.

When the atmospheric pressure drops below 980 hPa, a number of emergency
calls for atrial fibrillation or flutter significantly increases (12 % of the total average).
Wind of average speed more than 4 m/s has negative impact on exacerbations of the
disease. The number of cases of atrial fibrillation or flutter statistically significantly
increases under the conditions of weather type 10, i.e. when the weather remains stable
for a longer period of time and after it is determined by a lower pressure field. So, most
probably this disease has an incubation period after which it develops in a few days
when cyclone centre moves away from Lithuania.

Heart insufficiency is little influenced by atmospheric processes. Statistically
significant relationship was obtained only with an increase in the number of emergency
calls and more than 8 mm precipitation per day. Wet weather has effects on the increase
of brain infarction. More emergency calls are recorded when precipitation is more than
8 mm per day, with relative humidity >80 %. A number of brain infarction increases
under the conditions of weather class 5, which is described as ,,warm cyclone sector. At
that time the weather is usually wet and warmer than it was before.

A number of stroke cases is not statistically significantly related with any of
meteorological elements. It statistically significantly increases only under the conditions

of weather class 4 (,,warm air advection in front of a cyclone )
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After the calculations it became clear that chronic ischemic heart disease has not
direct correlation with any of meteorological parameters. Statistically significant

relationship was not found even after evaluation by the model of multinomial regression.

Thermal indices changes and their application in Lithuania
Heat index changes in Lithuania in 1993-2006. High-average "Humidex" index
values are recorded in all over Lithuania during the period from July the second till
August the first five-day period. Last three five-days of this period are preeminent when
the maximum of average values stabilise (the largest in Panevezys, 26.1 °C). The index
values in different cities of Lithuania which are further from the sea differ very little and

fluctuate very simultaneously.
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Figure 2. The difference between the measured air temperature and Humidex
during the summer months in Vilnius, Kaunas and Klaipeda in 1993-2006

The difference between "Humidex" index value and the measured temperature of the test
period during the summer months in major Lithuanian cities is not significant. In Vilnius
modal interval is 1-2, in Kaunas and Klaipeda, 2-3 °C. In Klaipeda more often than in
other areas this difference is more than 4 °C (> 15 % of cases). This is due to
significantly higher values of air humidity in the daytime at the seaside. In rare cases,
this difference can exceed 8 degrees. In Vilnius there were recorded the most cases
(14.2 %), when index value coincided with an air temperature. Coast moisture content is
higher, so in Klaipeda there were just 3.2 % of cases, when felt temperature did not

exceed the measured in summer days.
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Adverse health effects or discomfort are caused by felt temperature increase to 27
°C. It was found that the number of days on which at least in one of the measurements
terms the threshold value is reached, is an average from 22 % (Klaipeda) to 31 %
(Panevezys) of the total number of days in the summer. Greater impact on health and
which poses severe discomfort higher than 32 °C are less frequent: approximately 4.5 to
8.8 % of the total number of days. Hazardous to health temperatures (> 37 degrees C) do
not occur every year and accounts for only 0.8 to 1.4 %. Throughout the whole period
there were recorded 18 episodes (32 days), when in one or more analyzed areas the index
values were above 37 °C. During the analysed period a felt temperature was higher than
health-threatening 42 °C twice.

Maximum number of days with extremely high values recorded in July (22
days), in June and August such events are relatively rare (respectively 4 and 6 days).

After the weather analysis of those days it appears that in many cases, high
"Humidex" index values were fixed when at 500 hPa isobaric surface over Lithuania
were high-altitude anticyclone ridge (56 % of cases). High-altitude Anticyclone caused
such weather in 31 % of the cases, while the remaining 13 % of the cases are associated
with high-pressure field (high-altitude anticyclone periphery).

On the surface even 18 days, extremely high-index values were recorded in the
front periphery of the approaching cyclone. At that time in the altitude of 850 hPa
isobaric surface heat ridge is formed, hot, humid tropical air is swept from the south, the
air temperature in the altitude is more than 15 degrees, while the maximum heat zone is
slightly southward of Lithuania.

Higher-pressure field caused such weather five times. At that time the anticyclone
centre was eastward of Lithuania. As in a previously discussed case, in the altitude of
850 hPa isobaric surface heat ridge was formed, warmth of 13 to 15 degrees Celsius was
brought from the south.

9 days such weather was caused by Anticyclone, centred in the north-east of
Lithuania. Anticyclone centre was at 500 hPa isobaric surface over Lithuania. Although
in the altitude of 850 hPa isobaric surface the heat ridge was formed, the temperature
was much lower than in case of cyclone periphery or a higher-pressure field.

Cold index changes in Lithuania in 1993-2006. Low average Wind chill values

are recorded in Lithuania during the period from January the forth to December of the
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first five-days, also low-value was determined on the fifth five-days of January.
Minimum average index values occur in many cities during this period (the lowest
average Wind Chill in Vilnius -10.2 °C). Wind Chill values in the cities of Lithuania
which are further from the sea differ very little and fluctuate very simultaneously.

The difference between the Wind Chill and measured temperatures in the
analysed winter months in major Lithuanian cities usually is not small. In Vilnius modal
interval is -3 ...- 4 °C, in Kaunas and Klaipeda -4 ...- 5 °C. In Klaipeda much more
frequently than in other areas, the difference exceeds 5 °C (~ 40 % of cases). In rare

cases, this difference can exceed 10 degrees (Fig. 3.).
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Figure 3. The difference between the measured air temperature and Wind Chill
during the cold season in Vilnius, Kaunas and Klaipeda in 1993-2006

It was found that the number of days on which at least in one of the measurement
time-limits is reached the threshold value -10 °C, is an average of 23 % (Klaipeda) and
36% (Vilnius) of the total number of days in the cold season. When the minimum air
temperature drops below -25 °C there is achieved the criteria of dangerous phenomenon
- cold. The cases when the Wind Chill Temperature is below this threshold are less
frequent: approximately 0.8 to 3% of the total number of days in the cold season.

The absolute minimum of the reference period was recorded December 27, 1996
in Vilnius -38.6 ° C. At that time, a very low index values were fixed in other cities too.
In all cases, when there were recorded the lowest values of Wind Chill, weather in
Lithuania was resulted by arctic anticyclones, which centre was over or close to

Lithuania.
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The effects of heat on mortality in Vilnius in 1993-2007. There were analyzed
daily mortality data of three summer months of the 1993-2002 period, and daily data for
the entire year of the period 2003-2007 in Vilnius. During the period, there were
identified 23 periods of heat. Four years were without heat periods, in other years there
were from 1 to 5 heat periods per year. In all cases, one of the indicators was the PET
index, however, this index indicate the heat waves even when the other indices did not
indicate them. To avoid many false alerts, Lithuania heat levels by PET should be
distinguished only from 29 °C, and category of average physiologically heat stress
should be split into two parts. There occurred only 11 HI values of the second level (hot)
and no one higher. In addition, the index indicated and other hot periods, when it was a
danger of level 1. PET and HI indices could be used in the heat warning systems after
changing the heat levels of risk. The "Humidex* index has identified a number of heat
periods, it is quite good and precise indicator.

Values of the extreme levels for the minimum, maximum and average
temperatures were distinguished on the basis of values repetition in period 1993 - 2007.
The minimum temperature reached level of extreme > 21 °C on 2 days, maximum >
33°C — on 12 days, mean > 27 °C - on 3 days. Extreme values of indices were
determined according to their heat alert levels.

In the paper daily mortality is associated with the expected mortality of the
reference period. The expected mortality rate indicates the average number of people
dying during the analyzed period in Vilnius. In accordance with it there is possible to
determine whether mortality increases during the heat waves.

It is necessary to assess after how many days of continuous heat the health effects
start. Summarizing the data of all 23 periods, it was obtained that the heat effect already
starts on the second day of a heat wave, then the first peak of mortality occurs, the
number of deaths increases by 15 %. Later mortality rates remain higher than expected,
while the second peak occurs after 7 consecutive days of the persistent heat, the number
of deaths increases by 24 %. After a heat wave during the next two days mortality is
decreasing, on the second day it already become lower than expected mortality. On this
basis, it can be said that if the heat lasts for at least two days, it is necessary to announce

the heat alert as there is a hazard to health.
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Figure 4. Mortality changes according different indicators (%), 2 days before heat
wave, in heat wave period and 2 days after heat wave in 1993-2007

Thermal sensitivity of the scale should be changed for ,,Humidex "index too, if
you want to use it as a key indicator to announce the heat alert. Extreme risk to health
should be announced when the “Humidex” index reaches 37 °C. The minimum
temperature is quite a good indicator, but it would be appropriate to use in conjunction
with the maximum temperature. During the heat wave the biggest health risk occur when
there is very hot in day and not cool enough at night, then there is no time for the body to
recover. In all cases the average temperature indicated heat similarly to the maximum
temperature. Since the maximum air temperature is easier to predict, and it is presented
in all the weather forecasts, it would be the most appropriate to indicate the heat waves.

Heat-healt Warning Systems (HHWS) in Europe. The paper provides
information about the heat-warning systems existed in Europe in 2009. Data was
obtained from the National Hydrometeorological Services (NHMS) sites or receiving the
information in official letters. Information was collected about what indicators are used
in the countries to announce the heat alert, what are the risk levels, the differences of
criterions of the heat risk in the different regions of the country, what is the period to
announce the heat warnings.

30 countries declared heat warnings in 2009. Most of HHWS provide warnings to
the whole country, except Italy and the United Kingdom (UK). In Italy the warnings are
provided to the cities with more than 200 000 inhabitants, while Meteorological Service

of UK provides them only to Wales and England. An important indicator is led time, i.e.
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how long before the people and authorities are informed of the expected heat wave. Most
often the warning is provided 24-72 hours before, but there are countries where the
warnings are provided earlier — Spain, the Netherlands and Belgium provide the
warnings with led time of 5 days. HHWS often works only in summer, because then
there is the risk of the heat waves. In Germany and Serbia it starts working in April, in
other countries — in May-June, it usually finishes in September. The longest period the
system is activated in Serbia — till the end of October. In many countries there is no
defined period of time the system works, just if there is a heat danger then the warnings
are posted.

The maximum temperature is a key indicator by which the heat warnings are
provided in most of the countries: Belarus, Greece, Latvia, Estonia, Ireland, Croatia,
Czech Republic, Luxembourg, the Netherlands and Serbia. Only values differ which are
announced as a risk in particular countries. The lowest threshold temperature is in
Ireland, in the northern part of the country the first level heat risk is announced at 23 ° C,
while in Greece the warning is provided only when the maximum temperature rises to 39
° C. Estonia, Latvia and the Netherlands require that the heat episode would last of the
certain number of days. The Netherlands provide the heat warning if maximum
temperature of 25 °C is forecasted for 5 days consecutively, Latvia -  if maximum
temperature rises to 27 °C 6 days consecutively or one day it rises to 33 °C. Czech
Republic and Estonia require two days of maximum air temperature of 30 °C. Czech
Republic also announces heat risk if the maximum temperature of one day is 35 °C.

Portugal has quite unique HHWS system with a number of indicators of the heat
alert for the announcement of warnings. Although mostly it is based on the maximum
values of temperature, ICARO index and many other methods are used during the heat
waves. Even if the threshold temperature values are not reached in cases of fire, high
UVI or other factors forecast centres can announce the heat hazard.

Luxembourg alerts to the health sector, if the next four days temperature is
expected higher than 29 °C, moreover, the night temperature should remain fairly high.
Hungary uses the mean temperature as an indicator of the heat danger to be announced.
If three consecutive days the mean temperature reaches 25 °C or for one day 27 °C, the

heat risk is announced.
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Another widely used method is the combination of minimum and maximum
temperatures. On this basis, the alerts are provided in Belgium, the United Kingdom,
France, Poland and Spain. Only if both parameters reach a threshold temperature value,
the country provides a heat alert warning. The minimum temperature range for the heat
risk announcement differs from 15 °C in some regions of the United Kingdom to 25 °C
in some regions of Spain. Accordingly, maximum temperature differs from 28 °C to 41
°C. In Belgium and the UK a risk of heat is announced, if the threshold values are
exceeded by two or more days. In France the moving average of minimum and
maximum temperatures of three days is counted.

What concerns Belgium HHWS there should be mentioned that in this country
warnings are provided not only by Belgium Meteorological Institute. This institution
provides warnings based on minimum and maximum temperature values, which
threshold differ according to the region. Other warnings are provided on the basis of the
ozone data given by Federal Public Service (FPS) Health, Food Chain Safety and
Environment in co-operation with Belgian Interregional Environment Agency and The
Royal Meteorological Institute of Belgium,.

More complicated techniques are used in Italy (Synoptic approach (based air
mass)) and Germany (perceived temperature - PT). Simple temperature-humidity indices
are used in 6 countries: Italy, some cities use Apparent Temperature, Austria and
Switzerland - the Heat Index. Malta and Romania have their indices: Malta — Heat stress
index, Romania — ITU (temperature humidity index).

Currently in Lithuania "Humidex" heat index forecasts are designed to provide
people information about the health risks, but they are not the basis of informing certain
services that appropriate action would be taken to reduce the effects of heat. In Lithuania
heat is when daily maximum temperature rises more than 30 degrees C and it continues
not less than 10 days. Then the extreme situation must be announced. Thou, there have
not been such cases during the whole period of the measurements.

In Lithuania it is necessary to update the criterions for heat alerts on the basis of
the research. It is also necessary to evaluate the health effects of the previous heat
waves. The previous chapter states that the best criterions for the announcement of heat
risk are maximum temperature, the complex of maximum and minimum temperatures or

“Humidex” index. It is required to choose one of the following criteria and with
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exception of the risk levels to begin officially inform of the hazards of heat. It is
necessary to complete and implement a functioning warning system of the heat impact
on public health which could timely inform the residents and particular services of the

risk of heat, thereby preventing heat casualties.

Measurements and forecasting of ultraviolet radiation in Lithuania

In Lithuania UVI fluctuates from 1 to 8,5 (according to the measurements of
LHMS in period of 2001-2008), and reaches maximum values in June-July months.

Every year German Weather Service performs YVI forecast verifications to
different cities of Europe. Though, in different areas verifications are slightly different
summarising verifications of 14 European cities shows that approximately half of the
provided forecasts were absolutely correct, i.e., the difference was close to 0 UVI. While
UVI measured in Kaunas MS is higher than forecasted in even 93 % of cases in 2008. In
most of the cases (35 %) measured value is bigger by 2 UVI.

The comparison of ozone and UVI data of year 2001 and 2008, showed that
ozone values were similar, while UVI was significantly increased. Measured levels of
UV radiations differ in 2 UV index values, similar value was found during verification of
UVI forecast. The main reason of these differences could be possible changes of spectral
or angular sensitivity, or even of both of them, that is why the measured UVI values are
higher.

Calibration the data, i.e., the inclusion of the systematic amendments should be
made continually. Various devices have their systemic amendments, it is necessary to
take them into account and correct measured values. In Kaunas UV radiation is measured
by UV-biometer. Devices of this type have different spectral and angular sensitivity.
Therefore, depending on difference between their and CIE spectrum and ideal cosinusoid
adequate amendments should be included.

To determine the Kaunas MS data systematic errors, i.e., to calibrate the data, it is
necessary to establish the calibration matrix and to calculate it’s constant. Sensible to do
so using the data of the beginning the exploitation while it had not lost those qualities,
which are indicated by the device manufacturer. The year 2001-2002 were chosen for

measurements as it was the beginning of device exploitation.
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Figure 5. “Real” calibration matrix calculated for the following atmospheric
characteristics: O3 —270 DU, 05,n<30°, AOD - 0.2, albedo — 3%

"True" values of matrix calibration that will be applied to calibration of
erythemal radiation measured in Kaunas MS by Solar Light instrument, fluctuate from
0.9 to 1.55. To assess the amendments that may occur in case of application of the
maximum or minimum rather than the average value of spectral sensitivity the deviations
between the "true" matrix and calibration matrix were calculated with minimum and
maximum spectral sensitivity value. In both cases, the maximum deviation was of 7%

when the solar zenith angle was > 80 °, with the ozone concentration of about 500 DU.
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Figure 6. Relation between the calculated (STAR model) and by the calibration
matrix multiplied values of maximum intensity erythemal radiation (W/m,) measured by
Kaunas MS in 2001-2002 during cloudless days
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General calibration constant is 1.1282 and it is multiplied with all the values
measured in Kaunas MS and multiplied with calibration matrix (Fig. 6.). In further
research it is compared with simulated data.

This method can be used to calibrate the UV data measured in Kaunas, but it is
necessary to perform the calibration of the device and to determine the current values of
the spectral and angular sensitivity. Recovery of the totally accurate data is no longer
available, but assuming that the device deterioration was gradual the data of quite high-
quality reconstructed sequence can be obtained.

In the last chapter maximum daily erythemal radiation data (2001-2002 year)
measured and calibrated in Kaunas MS are compared with the calculated by STARneuro
model, using the versions STARneuro0 and STARneurol.

Erythemal radiation simulation on clear days is carried out only with
STARneuro0 model, because this version is designed to simulate radiation of clear day.
On clear days of the year 2001-2002 the relationship between the measured calibrated
radiation and simulated by STARneuroO model was very strong and statistically reliable,
the correlation coefficient - 0.985.

On overcast days there were used versions of models STARneuroO and
STARneurol. STARneuroO calculations did not assess the effect of cloud cover, because
this version is best to use on a clear day, so dissemination of the data is very high. Model
STARneurol version calculates the average amount of radiation that reaches the earth's
surface on overcast days, because we lack the data on the cloud layers and types. But at
the time of measurement of maximum daily erythemal radiation, clouds may be very thin
and greater amount of erythemal radiation may reach the surface. In many cases the data
calculated by STARneurol model remains lower than measured.

On cloudy days when the data on radiation erythemal daily peak values are
available, but there are no data on the cloud layers and their thickness STARneuro0
version is more suitable for use. The correlation coefficient between measured data and
simulated by STARneuro0 is — 0,973, and by STARneurol — 0,775.

STARneuro0 can be used on clear days and on overcast or cloudy days when
there are the data of erythemal radiation daily peak values, but there are no specific data

on the cloud layers and their thickness.
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In order to carry out verification of the UVI index forecast without the former
data of UVI on that day STARneuroO version can be used to calculate the UV levels.
Also in those days, when the accuracy of the data is misdoubt, but the weather conditions
are known, it is possible to calculate the expected values of UVI. If necessary, the model

can be used in forecasting UVI.

Conclusions

1. Results of the sociological survey of Lithuanian population revealed that 55 % of
respondents feel little weather impact on their health, while 19 % feel a big
impact. Respondents over 65 feel the strongest weather impact on their health.
People are more sensitive to changeable weather. It was found that weather
changes cause drowsiness, fatigue and joint pain for 35 % respondents.

2. Most cardiovascular diseases show seasonality — in Vilnius the number of cases
rises in winter and decreases in summer. The main meteorological indicators,
which determine the number of cases, are: the atmospheric pressure and its
change, air temperature, air humidity and amount of precipitation.

3. The number of cases of arterial hypertension has the strongest relationship with
weather conditions: statistically significant relationships are found with a number
of meteorological elements or their complexes. Meteo-sensitive diseases may
also include cardiopathy, acute myocardial infarction and paroxysmal tachycardia.
Other investigated diseases are less dependent on current meteorological
conditions. Most often disease exacerbations are associated with the third weather
class — when after a longer period of prevailing anticyclonic weather pressure
begins to fall and a big weather change starts; or when there is a predominant
eastern transfer in anticyclones and cyclone — ninth weather class.

4. In Lithuania maximum "Humidex" index values are usually recorded in late July
and early August. Their maximum is in Panevezys where the average index value
of five last days of July reaches 26,1 °C. The maximum average difference
between the “Humidex” values and the measured air temperature is recorded in
Klaipeda. Due to higher air humidity here in late July and early August than
elsewhere in the country the index values in Klaipeda are an average of 4 °C

higher than the measured air temperature.

29



. It was found that, on average, 22 % (Klaipeda) and 31 % (Panevezys) of summer
days have the maximum "Humidex" index value exceeding the discomfort trigger
threshold of 27 °C. During the 1993-2006 period there were 32 days in summer,
when in one or more of the analyzed Lithuanian cities, the index value exceeded a
high health hazard threshold of 37 °C. The absolute maximum of the period of the
research - 43,4 °C - was recorded on 30 July 2002 in Panevézys.

. 56 % of cases of high "Humidex” 'index values occurred when an anticyclonic
ridge formed in the 500 hPa isobaric surface over Lithuania. An upper anticyclone
caused such weather in 31 % of the cases, and remaining 13 % were related to
high-pressure fields (high-altitude anticyclone periphery). In 56 % of cases extra
high index values were recorded in the front periphery of the approaching
cyclone. In 28 % of cases such weather resulted from anticyclones and 16 % from
a higher-pressure field. In all cases, a coincident thermal ridge was formed in the
850 hPa isobaric surface level and temperature was higher than 15 °C.

. All over Lithuania the lowest average Wind Chill index values are recorded
between the end of December and early January and during January over the last
decade. The lowest Wind Chill value in winter, -10.2 °C, was found in Vilnius.
In winter months in Lithuania 3-5 °C difference is usually fixed between the
measured temperature and wind chill, in rare cases, this difference can exceed
even 10 degrees.

. In all cases analyzed, when the lowest wind chill values were recorded the
weather in Lithuania was governed by Arctic anticyclones. At the level of 850
hPa isobaric surface air temperature was below -15 °C. An absolute wind chill
minimum for the investigation period, of -38,6 °C, was recorded on 27 December
1996 in Vilnius. Wind Chill temperatures below dangerous levels of -25 °C occur
on average on 0.8 to 3 % of days during the cold season.

. During the 1993-2007 investigation period 23 periods of heat were identified.
There were four years without an occurrence of heat periods, in other years heat
periods were found to have occurred one to five times per year. Health effects of
heat are felt on the second day of the period, when mortality increases by 15 %.
Considering this, heat warnings should be made in cases when high temperatures

or high thermal index values are forecasted for two consecutive days. "Humidex"
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index, the maximum temperature and a complex of maximum and minimum
temperature are the most appropriate indicators to describe the heat risk.

10. After calibration of Kaunas MS measured erythemal radiation data it was found
that the "true™ calibration matrix values that were applied to calibration of
erythemal radiation measured by Kaunas MS Solar Light instrument ranged from
0,9 to 1,55. The general relative correction of calibration linked to the sensitivity
of the sensor is 1.1282.

11. 1t was found that the version of STARneuro0 model is best suited for use on clear
days (correlation coefficient - 0.985) compared to overcast (correlation coefficient

- 0.982) or cloudy (correlation coefficient - 0.956) days.
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BIOMETEOROLOGINIU RODIKLIU PRITAIKYMAS LIETUVOJE

Santrauka

Orai veikia visuomenes sveikatg, taiau dazniausiai pasitaikantys ir daugiausia
7zmoniy auky pareikalaujantys ekstremaliis gamtiniai reiskiniai. Svarbu laiku informuoti
Zmones apie artéjancig nelaimeg, galimg poveikj sveikatai ir kaip nuo to apsisaugoti.
Biometeorologin¢ informacija suteikia iSankstinius perspéjimus apie sveikatai gresiant]
pavojy, kaip meteorologiniy salygy kompleksas veiks zmoniy sveikatos bukle ar
komfortiSkumg. Autoré tikisi savo darbu prisidéti prie platesnio analizuojamos
problemos pazinimo ir sukurti pagrindg biometeorologinés informacijos sklaidos ir
prognozavimo sistemos Lietuvoje sukiirimui.

Darbo objektas

Lietuvos biometeorologingé aplinka

Darbo tikslas

Nustatyti ory poveikj Lietuvos gyventojy sveikatai ir atlikti biometeorologiniy
salygy Salies teritorijoje vertinimag

Darbo uzdaviniai

1.  Atlikti Lietuvos gyventojy jautrumo orams sociologinj vertinima;

2. nustatyti ory saglygy poveikj Sirdies-kraujagysliy ligy kartojimuisi Vilniuje;

3. iSanalizuoti ,,Humidex* ir Vé&jo zvarbumo indeksy kaita Lietuvoje;

4. jvertinti kar$¢io poveik] Vilniaus gyventojy mirtingumui;

5.  atlikti Kauno MS iSmatuoty ultravioletinés spinduliuotés dydziy kalibracija;

6. jvertinti modelio STAR tinkamumg ultravioletinés spinduliuotés intensyvumo
Lietuvoje prognozei.

Ginami teiginiai
1. Ory salygos ir jy pokyciai veikia visuomenés sveikatos bikle Lietuvoje.
Susirgimy Sirdies-kraujagysliy ligomis skai¢ius priklauso nuo ory salygy ir gali biiti
prognozuojamas remiantis rySiais su meteorologiniais rodikliais.

2. Terminiai indeksai teikia svarbig papildoma informacija apie teritorijos
biometeorologines sglygas. Biometeorologiniam Sal¢io poveikiui prognozuoti tinka Véjo

zvarbumo indeksas, kars¢io poveikiui — ,,Humidex* indeksas.
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3. Gyventojy mirtingumas padidéja karS¢io bangy metu. Tod¢l bitina karScio
poveikio visuomenés sveikatai perspéjimo sistema.
4, STAR modelis yra tinkamas atlikti ultravioletinés spinduliuotés duomeny
kalibracija ir gali biiti panaudotas UV spinduliuotés intensyvumo skaiCiavimui ir
prognozavimui Lietuvoje.

Darbo naujumas

Siame darbe pirma karta Lietuvoje: 1) vykdyta ory salygy poveikio visuomenés
sveikatai sociologiné apklausa; 2) jvertintas meteorologiniy salygy poveikis sergantiems
Sirdies-kraujagysliy ligomis Vilniuje; 3) iSanalizuota terminiy indeksy kaita laike ir
erdvéje; 4) jvertintas karS¢io poveikis zmoniy mirtingumui Vilniaus mieste; 5) jvertintas
jvairiy biometeorologiniy kar§¢io indikatoriy panaudojimo gyventojy perspéjimui apie
kar§Cius tinkamumas; 6) jvertintas STAR modelio tinkamumas UV spinduliuotés
Lietuvoje prognozei.

Darbo aktualumas ir pritaikomumas

Did¢jant supratimui apie klimato ir ory poveiki Zmogui, $iai sri¢iai vis daugiau
démesio yra skiriama ir nacionalinése ory tarnybose. Daugelis jy teikia informacijg ir
prognozes, kaip prisitaikyti prie nepalankiy sveikatai meteorologiniy saglygy ir sumazinti
aplinkos poveikj bei keliamg stresg. Darbe aptariami prognozavimo metodai gali biiti
naudojami Lietuvos hidrometeorologijos tarnyboje prie Aplinkos ministerijos
biometeorologinéms prognozéms sudaryti. Atlikti tyrimai padés plétoti kurortologijos ir
visuomenés sveikatos sritis. Remiantis Siuo darbu, galima tobulinti egzistuojancig
iSankstiniy  persp¢jimy apie stichinius, katastrofinius ir Kitus pavojingus
hidrometeorologinius reiSkinius sistemg. Taip pat galima kurti kar§¢io poveikio
visuomenés sveikatai perspéjimy sistema, informuojancig apie kars¢io poveikj sveikatai.
Tai indélis ir ] klimato kaitos poveikio Zmogaus sveikatai tyrimus, ir gali biti

naudojamas tobulinti prisitaikymo prie klimato kaitos strategija.

Darbo rezultatai

Medicininés-meteorologinés prognozes svarbiausios zmonéms, kurie jaucia didelj
ory daromg poveikj sveikatai. Ypac Sios prognozés svarbios vyresniems kaip 60 mety
amziaus zmonéms, nes kas treiam i$ jy pasireiSkia stiprus poveikis sveikatai. Lietuvos

gyventojai mano esg jautris ir atskiry meteorologiniy elementy pokycCiams, ir viso
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elementy komplekso pasikeitimams. Lietuviai jautriausi besikei¢iantiems orams, kai Sie
blina drégni, Saltéja, Siltéja ar biina audringi. Apklausos rezultatai yra labai artimi
gautiems Vokietijoje. Daugelis apklaustyjy laiko reikalingomis prognozes, kurios
informuoty apie ory poveikj sveikatai, taip pat noréty gauti informacijag apie oro
uzterStumg ir UV spinduliuote.

Norint pradéti skelbti medicinines-meteorologines prognozes, prie§ tai biitina
nustatyti ligy kartojimosi daznumo priklausomyb¢ nuo meteorologiniy veiksniy
Lietuvoje. Darbe analizuota 11 Sirdies ir kraujagysliy ligy pasiskirstymas per metus ir
priklausomybé nuo meteorologiniy elementy ar jy kompleksy. Vilniuje 2007-2008
metais daugiausia uzfiksuota arterinés hipertenzijos, nestabilios krutinés anginos ir
insulto atvejy (>5000). Sirdies bei kraujagysliy ligos turi aigkia meting eiga — ligy pikas
Saltuoju mety laikotarpiu, o sumazéjimas — Siltuoju. Meteorologiniai parametrai
statistiSkai reikSmingai siejasi ne su visomis Sirdies ir kraujagysliy ligomis. Taciau
daugelis ligy yra meteotropinés ir susirgimy skaicius statistiSkai reikSmingai padidéja
esant nepalankioms meteorologiniy elementy reikSméms. Pagrindinis meteorologinis
elementas, su kuriuo siejasi greitosios pagalbos iSkvietimai, yra vidutiné paros
temperatiira, rasti statistiSkai patikimi rySiai su 5 ligomis: arterine hipertenzija,
kardiopatija, imiu miokardo infarktu, Sirdies veiklos nepakankamumu ir paroksizmine
tachikardija. Kitas svarbus rodiklis, su kuriuo galima sieti atsirandan¢ius negalavimus,
yra atmosferos slégis. StatistiSkai patikimi rySiai gauti sSu Gminiu miokardo infarktu,
Sirdies laidumo sutrikimais, paroksizmine tachikardija ir prieSirdziy virpéjimu bei
plazdéjimu. Tyrimo metu buvo nustatyta, jog iskvietimy skaicius iSauga artéjant
didesnes ory permainas nesanc¢iam ciklonui.

Darbe jvertintas kar$¢io ir $al¢io keliamo terminio diskomforto dydis Lietuvos
teritorijoje, atliktas ,,Humidex* indekso reikSmiy dinamikos vasaros metu, o ,,V¢jo
zvarbumo* Saltuoju mety laiku vertinimas, nustatyti teritoriniai skirtumai, jvertinta
rodiklio paros eiga. Be to, darbe vertinamos sinoptinés salygos, lemiancios ekstremalius
indeksy dydzius.

Skirtumas tarp ,,Humidex* indekso dydzio ir iSmatuotos temperatiiros tiriamojo
laikotarpio vasaros ménesiais didziuosiuose Lietuvos miestuose dazniausiai néra didelis.
Vilniuje modalinis intervalas 1-2, Kaune ir Klaipédoje 2-3 °C. Klaipédoje ir daug

dazniau nei kitose vietovése skirtumas virsija 4 °C (>15 % atvejy). Tai sietina su Zymiai
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didesnémis oro drégnumo reikSmémis pajliryje dienos metu. Retais atvejais §is skirtumas
gali virSyti ir 8 laipsnius. Vilniuje uzfiksuota daugiausia atvejy (14,2 %), kai indekso
reikSmé sutapo su oro temperatira. Tokiy atvejy daugiausia buvo vasaros pradzioje ir
pabaigoje. Pajiiryje drégmés kiekis yra didesnis, tod¢l Klaipédoje vos 3,2 % atvejy
jutiminé temperatiira vasaros dienomis nevirsijo iSmatuotos.

,»Humidex* indekso reikSmiy paros eiga yra labai panaSi | oro temperatiiros.
Maksimali vidutiné indekso reikSmé matavimo terminais fiksuojama 15 valandg ir kinta
nuo 21,6 °C (Klaipédoje) iki 22,7 °C (Panevézyje). Vidutinis skirtumas tarp indekso
reik§més ir oro temperatiros kinta nuo 1,8 °C (6 val.) iki 2,4 °C (21 val.). Dazniausiai
didelis analizuojamy temperatiros reiksmiy skirtumas visoje Lietuvoje buvo fiksuojamas
Siltojo fronto utnugaryje plasteléjus karstam ir drégnam tropiniam orui.

Skirtumas tarp v¢jo zZvarbumo ir iSmatuotos temperatiiros tiriamojo laikotarpio
ziemos ménesiais Vilniuje dazniausiai yra -3...-4 °C, Kaune ir Klaipédoje -4...-5 °C.
Retais atvejais Sis skirtumas gali virSyti ir 10 laipsniy. Atvejy, kai véjo zvarbumo ir
iSmatuotos temperatiiry skirtumas virSijo 10 laipsniy, Vilniuje uzfiksuota 10, Kaune —
29, Klaipédoje pasitaiké net 41 atvejis. Pagrindinis komponentas, turintis poveikio
atsirasti tokiems skirtumams, yra stiprus véjas. Saltasis sezonas Lietuvoje pasizymi
aktyvia ciklonine veikla, o didZiausi skirtumai uZfiksuoti tada, kai orus léme ciklono
uznugaris. Tuomet j Lietuva ima plasti Saltas oras ir pucia stipriausi véjai.

Kuriant kar$¢io poveikio visuomenés sveikatai perspéjimy (KPVSP) sistemag
dazniausiai naudojami mirtingumo duomenys. Jie siejami su oro temperatiira ar kitais
kars¢io poveikj sveikatai nusakanciais indikatoriais. Norint jvertinti kar$¢io poveikj
mirtingumui Vilniuje buvo iSskirti kar$¢io periodai pagal 6 karS¢io indikatorius:
minimalig, maksimalig ir viduting temperattra, HI, PET ir ,,Humidex* indeksus.

Karscio poveikis pasireiSkia jau antrgja karScio bangos dieng, tuo metu pasireiskia
pirmas mirtingumo pikas, miréiy skaicius iSauga 15 %. Véliau mirtingumas islicka
didesnis uz tikéting, o antrasis pikas jau 7 dieng i§ eilés besitgsiant karS¢iui, mirciy
skaiCius iSauga 24 %. Po kar$¢io bangos sekanciy dviejy dieny metu mirtingumas
mazeja, antrgja jis jau tampa mazesnis uz tikéting mirtinguma. Remiantis tuo galima
teigti, kad jei karstis tesiasi bent dvi dienas, yra butina skelbti kar$¢io pavojy, nes kyla

pavojus sveikatai.
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Darbe pateikiama informacija apie 2009 metais veikusias kar$¢io perspéjimo
sistemas Europoje. Tuo metu jau 30 Europos S$aliy skelbé kar$¢io perspéjimus.
Maksimali temperatiira yra pagrindinis indikatorius, kuriuo remiantis kar§¢io perspéjimai
pateikiami daugumoje Saliy. Dar naudojama vidutiné temperatiira, maksimalios ir
minimalios temperatiiros kompleksas, paprastieji temperatiiros-drégmés indeksai, kaip
,Humidex‘ prognozuojami 6 salyse, dvi Salys naudoja kompleksinius indeksus.

Skirtingai nei ankstesnés darbo dalys, paskutiné disertacijos dalis néra skirta
biometeorologinio prognozavimo pagrindimui. Lietuvoje naudojamos Vokietijos
meteorologijos tarnybos pateikiamos nemokamos UVI prognozés. Dél UV matuojanciy
prietaisy spektrinio jautrumo ir kampinio jutiklio jautrumo paklaidy iSmatuoti duomenys
skiriasi nuo prognozuoty, todél sunku juos ir tarpusavyje palyginti, atlikti prognozés
verifikacijg. Tam yra reikalinga duomeny kalibracija, t. y. sisteminiy paklaidy
nustatymas. Lietuvoje tinkamas naudoti kalibracijos metodas aprasomas S$ioje darbo
dalyje, palyginami iSmatuoti ir apskaic¢iuoti dydziai.

Norint nustatyti Kauno MS duomeny sistemines paklaidas, t. y. kalibruoti
duomenis, bitina sudaryti kalibracijos matricg ir apskaifiuoti jos konstanta.
Tikslingiausia tai atlikti panaudojus prietaiso eksploatacijos pradzios duomenis.
Skaic¢iavimams pasirinkti 2001-2002, prietaiso eksploatacijos pradZios metai.

Norint atlikti UVI indekso prognozés verifikacijg neturint duomeny apie tadien
buvusj; UVI galima naudoti STARneuroO versija apskaiciuotus UV kiekius. Taip pat ir
tomis dienomis, kai abejojama duomeny tikslumu, bet Zinomos meteorologinés salygos,
galima apskaiCiuoti tikétinas UVI reikSmes. Esant bitinybei, modelis gali biti

naudojamas ir UVI prognozavimui.

ISvados

1. Atlikus Lietuvos gyventojy sociologing apklausg paaiskéjo, jog 55 %
apklaustyjy orai daro nedidelj poveikj sveikatai, o 19 % — didel;. Didziausig poveiki
jaucia vyresni nei 60 mety Salies gyventojai. Labiausiai savijautg veikia besikeiCiantys
orai. Nustatyta, kad net 35 % respondenty ory poky¢iai sukelia mieguistuma, nuovargj ir
sanariy skausma.

2. Dauguma Sirdies ir kraujagysliy ligy yra sezoniSkos — susirgimy Vilniuje

skaicius iSauga ziemga, o sumazg¢ja vasarg. Svarbiausi meteorologiniai rodikliai, nuo kuriy
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priklauso susirgimy skaicius, yra oro temperatiira, oro drégnumas, atmosferos slégis bei
jo kaita ir krituliy kiekis.

3. Arterinés hipertenzijos atvejy skaiCius geriausiai siejasi su ory salygomis:
statistiSkai reikSmingi rySiai nustatyti su daugeliu meteorologiniy elementy ar jy
kompleksais. Prie meteojautriy ligy taip pat galima priskirti kardiopatija, @iminj
miokardo infarkta, paroksizming tachikardijg. Kitos tirtos ligos maziau priklauso nuo
esamy meteorologiniy salygy. Dazniausiai ligy paiméjimai siejami su 3 ory klase — Kkal
po ilgesnj laikg vyravusiy anticikloniniy ory slégis ima kristi ir art¢ja didesnés ory
permainos arba esant 9 klasés orams — vyraujant ryty pernasai anticiklone ir ciklone.

4. Didziausios ,,Humidex“ indekso reikSmés Lietuvos teritorijoje fiksuojamos
liepos pabaigoje ir rugpjucio pradzioje. Maksimalios jos PanevéZyje, kur paskutinj liepos
penkiadienj vidutiné maksimali indekso reikSmé siekia 26,1 °C. Didziausias vidutinis
skirtumas tarp ,,Humidex* indekso reik§Smiy ir iSmatuotos oro temperatiiros uzfiksuotas
Klaipédoje. Liepos pabaigoje ir rugpjucio pradzioje dél didesnio nei likusioje Salies
dalyje oro drégnumo indekso reik§més Klaipédoje yra vidutiniSkai 4 °C aukstesnés nei
1Smatuota oro temperatira.

5. Nustatyta, jog dienos, kuriy metu maksimalios ,,Humidex* indekso reikSmés
virSija diskomfortg sukelian€ig 27 °C ribg, vidutini§kai sudaro nuo 22 % (Klaipedoje) iki
31 % (Panevézyje) bendro vasaros dieny skaiciaus. Tiriamuoju 1993-2006 mety
laikotarpiu buvo 32 vasaros dienos, kai viename ar keliuose analizuojamuose Lietuvos
miestuose indekso reikSmés virSijo didelj pavojy sveikatai keliancig 37 °C riba.
Absoliutus tiriamojo laikotarpio maksimumas uzfiksuotas 2002 mety liepos 30 dieng
Panevézyje — 43,4 °C.

6. 56 % atvejy aukstos ,,Humidex* indekso reikSmés nustatytos tada, kai 500 hPa
1zobariniame pavirSiuje vir§ Lietuvos susidarydavo aukStuminio anticiklono giibrys.
Aukstuminis anticiklonas tokius orus lémé 31% atvejy, o likusieji 13 % siejami su
auksto slégio lauku (aukStuminio anticiklono periferija). Priezeminiame lauke net 56 %
atvejy ypac aukstos indekso reikS§més buvo fiksuojamos priesakinéje artéjancio ciklono
periferijoje. 28 % atvejy tokius orus léme anticiklonas ir 16 % — aukStesnio slégio
laukas. Tuo metu 850 hPa izobarinio pavirSiaus lygyje buvo susiformaves Silumos

giibrys. Temperatiira Siame lygyje visais atvejais buvo aukstesné nei 15 °C.
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7. Zemiausios vidutinés Véjo Zvarbumo indekso reikimés visoje Lietuvoje
fiksuojamos nuo gruodzio pabaigos iki sausio pradzios ir sausio paskuting dekads.
Zemiausia véjo Zvarbumo reik§mé Ziema nustatyta Vilniuje, -10,2 °C. Tarp i§matuotos
temperatiiros ir véjo Zvarbumo dazniausiai Ziemos ménesiais Lietuvoje fiksuotas 3—5 °C
skirtumas, retais atvejai Sis skirtumas gali vir§yti ir 10 laipsniy.

8. Visais analizuojamais atvejais, kai buvo fiksuotos zemiausios véjo zvarbumo
reikSmes, Lietuvos orus lémeé Arkties anticiklonai. 850 hPa izobarinio pavirSiaus lygyje
oro temperatira budavo Zemesné nei -15 °C. Absoliutus tiriamojo laikotarpio véjo
zvarbumo minimumas uZfiksuotas 1996 mety gruodzio 27 d Vilniyje, -38,6 °C. V¢jo
Zvarbumo temperatiira Zemiau pavojingos ribos -25 °C ribos pasitaiko vidutiniskai 0,8—3
% nuo bendro Saltojo sezono dieny skaiciaus.

9. Tiriamuoju 1993-2007 mety laikotarpiu buvo isskirti 23 kars¢io laikotarpiai.
Ketverius metus kar§cio periody nepasitaike, o kitais tiriamo laikotarpio metais karS¢iai
buvo nustatomi nuo 1 iki 5 karty per metus. Kar$¢io poveikis sveikatai pasireiSkia jau
antrgjg laikotarpio dieng, kai mirtingumas padidéja 15 %. Dél to karSCio perspéjimai
turéty biiti sudaromi tais atvejais, jei dviem dienom 1§ eilés prognozuojama auksta
temperatira ar didelés terminiy indeksy reikSmés. ,,Humidex*“ indeksas, maksimali
temperatira ir maksimalios bei minimalios temperatiiros kompleksas yra tinkamiausi
indikatoriai kar$¢io pavojui nusakyti.

10. Atlikus Kauno MS iSmatuoty eriteminés spinduliuotés duomeny kalibracija,
nustatyta, jog ,tikrosios* kalibracijos matricos reik§més, kurios buvo taikomos Kauno
MS Solar Light instrumentu iSmatuotai eriteminei spinduliuotei kalibruoti, svyruoja nuo
0,9 iki 1,55. O bendroji kalibracijos su jutiklio jautrumu susieta santykiné pataisa yra
1,1282.

11. Nustatyta, jog STARneuro0 modelio versija geriausiai tinka naudoti tiek
giedromis dienomis (koreliacijos koeficientas — 0,985), tiek apsiniaukusiomis
(koreliacijos koeficientas — 0,982) ir debesuotomis (koreliacijos koeficientas — 0,956)
dienomis. Ji tinkama naudoti atlieckant UVI indekso prognozés verifikacija ar

prognozuojant UVI.
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