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HIGH TEMPERATURES AND HEAT WAVES IN SLOVAKIA

MILAN LAPIN', PAVEL STASTNY?, MAROS TURNA?, EVA CEPCEKOVA?

" Faculty of Mathematics, Physics and Informatics, Comenius University, 842 48 Bratislava
? Slovak Hydrometeorological Institute, 833 15 Bratislava

Significant warming of climate was observed in the last four decades also in Slovakia. Mean air temperature increased
by about 2 °C since 1981, both in the cold and warm half-years. More over unusual episodes of very high temperatures
occurred during the summer season. In the paper a definitions of significant warm or hot days and heat waves are
presented. Elaboration of data was carried out using mainly measured series from Hurbanovo (115 m a.s.l., lowland in
SW Slovakia), 3 other stations in SW Slovakia and 3 stations in E Slovakia. Here only summer, tropical and super-
tropical days (with daily maximum >25°C, >30°C, >35°C), summer, tropical and supertropical nights (with nocturnal
minimum >15°C, >220°C, >225°C) are analyzed. Daily maximum is considered as the highest temperature from 21 h
MLT of previous day to 21 h MLT of giving day, nocturnal minimum temperature is from 21 h MLT of previous day to
07 h MLT of giving day (MLT is mean local time). The heat wave was defined as of minimum 5-day event with maximum
temperature > 30°C each day and maximum temperature > 35 °C in one day at least (in the warmest part of Slovakia).
Second definition of heat wave is as follows: minimum 5-day event with daily average temperature > 23 °C each day and
daily average temperature >27°C in one day at least (in the warmest part of Slovakia). While the Hurbanovo Obser-
vatory belongs among the warmest Slovak localities, this station is appropriate as a sample according to the definition.

Aj na Slovensku bolo zaznamenané v poslednych 4 desat’rociach vyznamné oteplenie klimy. Priemernd teplota vzduchu
vzrastla asi o 2°C od roku 1981, tak v teplom ako aj v chladnom polroku. V lete sa navySe vyskytli nezvycajné epizody
s vel’mi vysokou teplotou vzduchu. V prispevku venujeme pozornost’ definovaniu vyznamne teplych dni a vin horicav.
Spracovanie udajov bolo hlavne z casovych radov meranej teploty viduchu v Hurbanove (115 m n.m., niZina na JZ Slo-
venska), z 3 d’alSich stanic na JZ Slovenska a 3 stanic na V Slovenska. Analyzujeme tu iba letné, tropické a super-
tropické dni (s dennym maximom >25°C, >30°C, >35°C), letné, tropické a supertropické noci (s noénym minimom
>15°C, >220°C, >25°C). Denné maximd sti definované ako najvyssia teplota od 21. h SMC predosiého diia do 21. h
SMC daného diia, noéné minimum teploty je od 21. h SMC predosiého diia do 07. h SMC daného diia (SMC je stredny
miestny cas). Vina horicav je definovand ako najmenej 5-denné obdobie s dennym maximom teploty vzduchu >30°C
a s maximom teploty >35°C aspoii poas jedného diia (v najteplejSej Casti Slovenska). Druhd definicia vin horicay je
takdto: najmenej 5-denné obdobie s dennym priemerom teploty viduchu >23°C a denny priemer teploty >27°C aspoii
pocas jedného diia (v najteplejSej casti Slovenska). Vzhladom na to, Ze Hurbanovo patri medzi najteplejsie lokality na
Slovensku, je tdto stanica vhodnd ako vzorka spracovania v zmysle definicie.

Key words: heat waves, warm and hot days, warm and hot nights, climate change

INTRODUCTION

Slovakia lies in the Central Europe with moderate climate
having summer (June — August) average temperature about
19°C in the lowlands. The mean annual number of summer
days (with daily maximum temperature >25°C) is above
50 in the lowlands and mean annual number of tropical
days (with daily maximum temperature >30°C) is above
10 in the lowlands. These characteristics are valid for the
periods from 1901 to 1990. Since the late 80™ of the 20"
century a significant warming of summer and warm half-
year seasons was observed (Fig. 1) what resulted also in
the increase of heat wave events and the long spells of sum-
mer and tropical days. Nocturnal minimum temperatures
increased even more than the daily maximum ones, so num-
ber of tropical nights (with minimum temperature >20 °C)
increased significantly as well, mainly in the southwestern
Slovakia. Meteorological stations with climatologic obser-
vations have in Slovakia the terms of temperature measu-
rements at 7, 14 and 21 h of MLT (mean local time), that is

why daily extremes are measured twice a day — at 7 and at
21 h of MLT. The daily temperature maximum and mini-
mum are considered as extremes (highest and lowest values)
between the 21* h MLT of previous day and 21* h MLT of
given day. In our elaboration we changed the definition of
daily temperature minimum to nocturnal temperature mi-
nimum (between the 21 h MLT of previous day and 7" h
MLT of given day). Both methods of temperature minima
are compared only in the period 1971 to 2015 because of
not available nocturnal extremes data in the previous years.
As seen in Figure 2 and 3, the absolute daily maxima of air
temperature and absolute maxima from daily air tempe-
rature minima measured in the meteorological shelter were
frequently much higher in the 1991-2015 period (mainly
in the summer season) compared to the 1961 —1990 one. It is
very probable that the characteristics from the 1961 —1990
period are similar or some colder than from any previous
30-year period since 1870 (Climatic Conditions of Hurba-
novo, 1960, Climatic and Phenological Conditions, 1966,
1968, 1972).
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Figure 1. Mean air temperature in summer (June to August, top) and Heat waves issues are frequently discussed
warm half-year (April to September, bottom) at Hurbanovo, lowland,  also in the WMO (World Meteorological Organiza-
115 m a.s.l., SW Slovakia (11-year moving averages are included, tion) sessions. That is why a publication Heatwaves
2005-2015 is in 2010, by the SHMU data). and Health (2015) was issued by the WMO. The

21'AE°C] heat waves are there generally divided into two
groups: “From a physical meteorology perspective,
23 A

two broad types of heatwave events may be iden-

22 - summer tified. Dry heatwaves are often associated with

stable periods of weather that bring clear skies and
large inputs of solar radiation. Hot and dry condi-
tions may also be accompanied by windy conditions,
which can increase heat stress. Dry heatwaves
usually occur in locations with a continental or
Mediterranean climate or where air is warmed adia-
batically. Moist heatwaves are characterized by
very warm, oppressive, humid conditions through-
out the day and night, often with nocturnal cloud
cover, a feature that prevents loss of heat accumula-
ted throughout the day and thus little night-time
relief. Such heatwaves are often a feature of mid-
latitude temperate and maritime climates and may
be endemic to some regions”.

21 A
20 A
19
18 1
17 1
16
15 1

14

Figure 2. Absolute daily maximum air temperature in the warm half-
year (April to September) at Hurbanovo in two periods 1961 —1990

and 1991 - 2015 by the SHMU data. It means that the simple temperature based de-
T°C) finition of heat waves is usually not fully sufficient
42 for the practical use. Wind speed and air humidity
40 - play very important role there. For example the
38 | NOAA Heat Index definition (2016) is based on air
36 temperature and relative humidity (RH) and four
34 categories: 1) Caution (up to 32°C +40% RH and

27°C + 100% RH); 2) Extreme caution (up to 36 °C
827 +40% RH and 28°C + 100% RH); 3) Danger (up
30 1 to 41 °C + 40% RH and 31°C + 100% RH) and 4)
28 | ——— 1961-1990

Extreme danger (from 42°C +40% RH and 32°C

—— 19912015 +100% RH). In some countries (also in Slovakia)

26

24 A the sultriness conditions (events) are considered as
22 water vapor pressure (VP) values above 18.7 hPa
20 (correspond to 20°C+80% RH and 35°C+33% RH),

Zzzz2>>>>55555555%3 ; ; ; ; XX xxx  somewhere also strong sultriness conditions (events)
MR R R R R RN R R gV >e&g  with VP above 24.0 hPa (correspond to 25°C +75%
RH and 40°C +32% RH), more information can
be found in Climatic and Phenological Conditions

Figure 3. Absolute maximum from daily air temperature minima in . V .
(1966, 1968, 1972), Lapin and Stastny (2006).

the warm half-year (April to September) at Hurbanovo in two periods

19611990 and 19912015 by the SHMU data. Occurrence, duration an intensity of heat wa-
TI°C] ves was investigated mostly using temperature in-
26 dices only. Regarding the methodological approach
24 | there is no one objective and uniform definition
9 | of heat wave. Following Klein Tank et al, (2009)

we can divide extreme temperature indicators into

20 1 four categories: percentile-based, duration-based,
18 A threshold-based, and absolute value-based. Authors
16 - prefer usage of the indices based on percentiles,
14 ] since being site specific, for spatial comparisons.
—— 1961-1990 Spinioni et al. (2015) five or more consecutive warm

121 — 1991-2015 nights (days) define a night-time (daytime) heat
10 1 wave, i.e. it occurs whenever Ty, (Tyay) is above
8 - the 90" percentile for at least five consecutive days.
6 This study was carried out for every grid point of
2’2’2‘2’2’>’>’>’>’;’;‘—';:§'§'§'§'§§='='§'§'§'§'§'§' the Carpathian basin region and time interval

e OO RN SN C P i NS aageNOSEE  between 1961 and 2010. Della-Marta et al. (2007)
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used the percentile-based temperature indices also for June-
August season, 95" percentile of DSMT (Daily Summer
Maximum Temperature) for west Europe since 1980. Ky-
sely et al. (2010) used threshold-based method for daily
maximum air temperature (Tyy,,) for study of heat waves in
central Europe. The criteria with two thresholds were
applied. A heat wave was defined as a continuous period
during which (1) Tyay is higher than T1 in at least 3 days;
(2) mean Ty, over the whole period is higher than TI;
and (3) Ty does not drop below T,. The threshold values
were set to T1=30°C and T2=25°C. For the territory of
Austria Nemec et al. (2013) used for heat waves investi-
gation a “peak-over-threshold” method with tropical nights,
in addition for daily Ty so-called “block-maximum”
method. Here 10" and 90" percentiles were calculated for
a 5-day window centred on each calendar day within a de-
fined base period. Finally, duration index (warm spells
duration index WSDI) was used for periods of persistent
warmth for 1948 —2009. Similar WSDI index used Unka-
Sevi¢ and Tosi¢ (2015) for Serbia in period 1949 to 2012.
The intensity of heat waves was measured in terms of the
cumulative Ty, excess above percentile thresholds. Schev-
cenko et al (2014) used definition of heat wave as a period
of more than 5 consecutive days with Ty, >5 °C above the
mean daily Ty, for the normal climatic period 1961 —1990
and summer months June to August. Number of 13 meteo-
rological stations in Ukraine for the period 1951-2011
was used in this study.

In the presented paper only heat waves and extreme
warm events occurrence based on air temperature are ana-
lyzed and presented in a brief form. From about 35 stations
with complete measurements in 1951 — 2015 we selected
seven for elaboration in the presented paper: Hurbanovo
(115 ma.s.l., lowland in SW Slovakia), Bratislava Airport
(131 ma.s.l., lowland in SW Slovakia), Bratislava Koliba
(286 m a.s.l., hill in SW Slovakia), Piestany (165 ma.s.l.,
valley in SW Slovakia), KoSice (230 m a.s.l., hollow in
E Slovakia), Milhostov (105 ma.s.l.,, lowland in E Slo-
vakia) and Poprad (695 ma.s.l., hollow in NE Slovakia),
Temperature + humidity heat waves and events (including
synoptic conditions) analyses will be published in some of
the next our papers.

METHOD OF ANALYSIS

Characteristic days of the warm season in Slovakia have
been elaborated and presented in many papers and mono-
graphs mainly since 1951 when measured data from the
1901-1950, 19311960, 1951 —1980 and 1961— 1990 were
elaborated, analyzed and presented. Because of occurrence
in the majority of Slovakia predominantly the summer days
and tropical days (with daily maximum >25°C and >30°C)
were important (Climatic Conditions of Hurbanovo, 1960,
Climatic and Phenological Conditions, 1966, 1968, 1972,
etc.). In the mentioned monographs the method of climatic
classification was presented with the definition of warm
region in Slovakia having more than 50 summer days an-

nually as long term average. In Climatic Conditions of
Hurbanovo (1960) it was mentioned that the tropical nights
(with minimum temperature > 20 °C) are very rare, about
1.0 day annually as long term average (only in June, July
and August). Heat waves were not defined and elaborated
for Slovakia in any published paper (brief analysis was
included in the paper by Lapin and Stastny, 2006). In
Hungary an extremely hot day “forr6 nap” is defined as
day with maximum temperature >35°C (Hungarian Me-
teorological Service, 2016), in other central European
countries only tropical day with maximum >30°C and
summer day with maximum >25°C were elaborated
regularly (e.g. Climatic Atlas of Czechia, 2007), in Czech
Republic (and also in some other countries) the heat wave
was defined as several day spell with daily maximum tem-
perature > 30 °C (e.g. Klein Tank et al., 2009; Kysely et al.,
2010). Variability of extreme temperatures and extreme
weather was analyzed also by Fischer et al. (2012) and
Frich et al. (2002).
In our elaboration we decided to define characteristic

days in the warm half-year more detail as follows:

e Summer day (SD), Tropical day (TD) and Super-
tropical day (STD) are events with maximum daily
temperature (SD>25°C, TD>30°C and STD>35°C)
measured from 21%h of previous day to 21" h of
given day.

Summer night (SN), Tropical night (TN) and Su-
pertropical night (STN) are events with minimum
nocturnal temperature (SN>15°C, TN>20°C and
STN>25°C ) measured from 21% h of previous day
to 7" h of given day (all at MLT — mean local time).
The term supertropical was selected because of used
in Slovakia unofficially since 2012 and because of
used in connection with supercella, supersaturation,
supertyphoon etc.).

Heat wave is defined here as an event (5-days’ or
longer) with everyday maximum temperature > 30 °C
and at least one day with maximum temperature
>35°C anywhere in Slovakia.

Heat wave is also an event (5-days’ or longer) with
everyday mean temperature T,,;>23°C and at least
one day with mean temperature T,,>27°C any-
where in Slovakia (mean temperature is calculated as
Tn=(T; + T4 +2.T,)/4 as used in Slovakia). The
values T,,; =23 °C and T,,, =27 °C have been selected
as approximately T,, = upper quartile (75% of dis-
tribution) and T,,=upper two percentile (98% of
distribution) at the Hurbanovo station in the period
1951-2000 (one of the warmest site in Slovakia).
The upper quartile is also upper limit of normal in-
terval and upper two percentile is a limit of extraor-
dinary high mean temperature in top summer season.
In case of heat wave occurrence at least at one station
in Slovakia also other sites have heat waves as well
unless do not meet the definition mentioned above.
It is obvious that combined temperature + humidity
definition of heat wave is more suitable. We will
elaborate this later.
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RESULTS AND DISCUSSION

As seen above the development in heat waves
occurrence and characteristic days for summer and
warm half-year season is ascending. Increase of
mean air temperature results also in rise of heat
waves number and severity. Simple definition of
heat waves (Figs. 4 and 5) has shown after ela-
boration dramatic increase of such > 5-days events
mainly since 1992. The period 1951-1991 had
probably similar number of such heat waves as any
previous longer period in 1801 —1950. The number
of days with high maximum temperature like sum-
mer and tropical ones is in the period 1992-2015
twice or more higher than before 1992, supertro-
pical days occurrence seems regular since 1992 in
comparison with rare occurrence before. Newly
defined summer nights and supertropical nights
bring wider possibility of warmer climate evalua-
tion. Summer nights with the lowest night tempe-
rature >15°C were regular also before 1992, but
only in the southern Slovak lowlands and in lager
cities below 250 ma.s.l. Since 1992 such nights
occur also in the mountains and valleys of northern
Slovakia what enables to grow new plant species in
the gardens and agricultural fields. The events with
air temperature > 15°C are considered in Slovakia
as growing conditions for thermophilic plant spe-
cies. Supertropical nights (with nocturnal minimum
temperature STN>25°C) occurrence is still very
exceptional, but possible, mainly in Bratislava city
center and in such localities as Kuchynia Novy Dvor
and Piestany, i.e. lowland sites behind low moun-
tain ridges in SW Slovakia. Annual maxima of
nocturnal temperature minimum at Hurbanovo were
very seldom above 22 °C before 1992 (Fig. 9).

The difference between daily and nocturnal
minimum air temperature follows from the fact that
prior to the summer cold fronts passage usually
significantly higher temperature occurs than after it.
In case of morning cold front passage a drop of
temperature by 5 to 10 °C can happen. In such cases
the nocturnal temperature minimum is much higher
than the daily minimum from 7 h of MLT to 21 h
of MLT (as it can be seen also from Figure 10 for
Hurbanovo). The Hurbanovo site is specific also
due to lower nocturnal minimum temperature than
at the site round this town. In spite of this very high
nocturnal minimum temperatures occurred in 2012,
2013 and 2015 there (24.4, 24.8 and 24.5°C). In
the same years above 25°C nocturnal minimum
temperatures were measured in Bratislava center,
Piestany and Kuchyna N.D. In 2013 there were
4 supertropical nights and in 2015 as much as 38
tropical nights somewhere in Slovakia. Table 1
shows significant increase of some characteristic
days annual number in 19011950 and two con-
secutive periods 1961—-1990 and 1991-2015 at
Hurbanovo. Mainly increase of tropical nights

6 ‘ Meteorologicky ¢asopis, 79, 2016

mean number by 252.4% and supertropical days by 661.5% is
amazing.

Broader analysis based on elaboration of measured data from
six lowland stations and one mountain hollow station (Poprad) in
Slovakia is presented in the Tables 2—4 and Figures 11—12. It can
be seen that Hurbanovo and Bratislava Koliba are the warmest
stations in case of nocturnal minimum temperature, but the Pies-
tany station has more supertropical nights (5 in the 1996-2015
period, the highest nocturnal minimum was 27.3 °C in 2013). In
case of daily maximum temperature and the heat waves also the
east Slovakia station Milhostov has comparable values as the
warmest localities in southwestern Slovakia. The station Poprad
is significantly colder (695 m a.s.l. altitude) but summer night’s
number increased nearly 3-times in 1996-2015 compared to
1971-1990 and mean tropical day’s number increased to 4.7
in 1991-2015 compared to 1.0 in 1951—-1980. Number of heat
waves was very low in 1964—1991 (one 5-day period as a ma-
ximum in Slovakia), in 1992—-2015 increased heat waves number
nearly to 1.5 events annually and to 4 events as annual maximum
in Hurbanovo and Milhostov. Also the severity of heat waves
increased significantly. In 1961 —-1990 the annual maximum of
tropical days was 13 and supertropical 4, while in 1991 -2015 it
was 38 and 22 resp.

Figure 5. Annual number of heat waves (No, 5 days with daily mean
temperature T>23 °C at least and with one T>27°C at least), annual
number of T>23°C (NoD) and T>27°C (NE) in the selected heat
waves at Hurbanovo in 1951—2015.
Number
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Figure 4. Annual number of heat waves (No, 5 days with daily ma-
ximum temperature TD > 30 °C at least and with one STD >35 °C at
least), annual number of TD > 30 °C (NoD) and STD > 35 °C (NE)
in the selected heat waves at Hurbanovo in 1951—2015.
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Figure 6.

Annual number of tropical days
(TD - with daily maximum
temperature > 30 °C) and
annual number of supertropical
days (STD - with daily
maximum temperature > 35 °C)
at Hurbanovo in 19512015,
power trendlines show
significant increase of TD

and STD occurrence.

Figure 7.

Annual number of tropical days
(TD - with daily maximum
temperature > 30 °C) and
annual number of summer days
(SD - with daily maximum
temperature > 25 °C) at
Hurbanovo in 1951-2015,
power trendlines show
significant increase of TD

and SD occurrence.

Figure 8.

Annual number of tropical
nights (TN - with nocturnal
minimum temperature > 20 °C)
and annual number of summer
nights (SN - with nocturnal
minimum temperature > 15 °C)
at Hurbanovo in 1971-2015,
linear trendlines show
significant increase of TN

and SN occurrence.

Figure 9.

Annual maximum from
nocturnal (from 21 h of MLT
to 7 h of MLT) air temperature
minimum at Hurbanovo in
1971-2015.
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dTd - Differemce of TMin maximum
mdN - Difference of TMin = 20°C number
= dN - Difference of TMin = 15°C number

Figure 10. 8
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Table 1.

Mean April—September air temperature
and mean number of characteristic days

at Hurbanovo in three periods according

to evaluation of daily minimum and daily
maximum air temperature in two m heights
and time from 21° to 21°' h of MLT

and % of days in 19912015 compared

to 1961-1990 (N — no information,

% - calculated from not rounded values).
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Description | 1901-1950 1961-1990 1991-2015| %

Mean temperature Apr.-Sept. [°C] 16.4 16.7 17.9

Supertropical days Tmax 2 35°C N 0.5 4.3 861.5
Tropical days Twax2 30°C 14.8 19.5 32.1 164.2
Summer days Tuax 2 25°C 67.8 74.6 88.9 119.1
Icy days Tumax S 0°C 255 227 175 77.3
Arctic days Tyax < -10°C 0.9 0.3 0

Tropical nights Twmin 220°C 1.0 1.2 4.3 352.4
Summer nights Tumin 2 15°C N 34.8 52.8 151.6
Frosty days Tuin <0°C 96.7 94.2 84.2 89.4
Days with strong frost Twin <-10°C 14.2 10.6 7.0 65.5




Table 2. 20-year mean annual maximum Absolute maximum in
Mean annual maximum and absolute in nocturnal minimum T nocturnal minimum T
maximum of nocturnal minimum 1971- 1991- 1996- D1 D2 1971- 1991- 1996-
temperature at 4 stations in SW 1990 2010 2015 1990 2010 2015
. _ . Hurbanovo 20.70 21.77 22.29 1.07 1.59 23.2 23.8 24.8
Slovakia (Ba = Bratislava) and o
. . .. Piestany 20.79 22.04 22.84 1.25 2.06 23.5 26.0 27.3
3 stations in E Slovakia, in 20-year Ba Airport 20.37 21.54 21.88 1.17 1.52 224 23.2 25.6
periods 19711990, 19912010 Ba K"Fg 2100 2247 2240 1.1 1.39 238 236 251
and 19962015 (D1 and D2 are a rotba ' - - - - - ' -
di . Kosice 18.89 20.18 20.64 1.29 1.75 20.5 229 22.9
lfferences between theperlods Milh 18.72 20.35 20.47 1.63 1.75 20.5 24.4 24.4
19912010 and 19711990, P' ostov oe e 17 Con 12 O o
19962015 and 19711990 resp.). oprad 5.8 6.8 7.08 0 27 7. 8.8 9.
Table 3. 20-year number of 20-year number of 20-year number of
Total number of supertropical. supertropical nights tropical nights summer nights
ical and f P . hp fh 1971-  1991-  1996- | 1971- 1991- 1996- | 1971- 1991-  1996-
tropical and summer nights wit, 1990 2010 2015 | 1990 2010 2015 | 1990 2010 2015
nocturnal temperature minimum Hurbanovo 0 0 0 38 86 118 765 1119 1144
Trsin = 25 °C, Thpin =20 °C and Piestany 0 2 5 24 42 57 548 823 870
Tor > 15°C at 4 stati in SW Ba Airport 0 0 1 25 82 115 737 1214 1280
S arss a."lms n g Ba Koliba 0 0 1 57 146 168 | 935 1276 1285
ovakia (Ba = Bratislava) an Kosice 0 0 0 7 29 44 | 49 829 906
3 stations in E Slovakia, in 20-year Milhostov 0 0 0 4 27 33 489 863 915
periods 19711990, 19912010 Poprad 0 0 0 0 0 0 44 94 112
and 1996 - 2015 and deviations (D) D supertropical nights D tropical nights D summer nights
. Hurbanovo - - - +7 +15 +21 +58 +53 +52
fr?nf the method based on daily Piestany i w2 .2 8 +12 15 71 70 +65
minimum temperature (from 21 Ba Airport : _ +1 +8 +16 +20 +64 +53 +52
to 21 h of MLT). Ba Koliba - - +1 +5 +19 +19 +65 +71 +73
Kosice - - - +1 +9 +11 +34 +45 +49
Milhostov - - - +1 +6 +7 +41 +47 +45
Poprad - - - - - - +15 +21 +21
Table 4. Mean number of heat | Mean number of tropical | Mean number of super-
Mean and maximum annual waves (HW) days in HW tropical days in HW
1951-  1961- 1991- | 1951- 1961- 1991- | 1951- 1961- 1991-
number of heat waves (HW), 1980 1990 2015 | 1980 1990 2015 | 1980 1990 2015
tropical days during HW and Hurbanovo 030 020 124 | 220 147 1112 | 057 030 3.96
supertropical days during HW Plest_any 0.13 0.03 0.56 0.77 0.23 5.56 0.23 0.03 2.24
¢ least 5 davs with T, > 30°C Ba Airport 0.23 0.20 0.76 1.73 1.43 7.36 0.43 0.27 2.64
(a Y ) Max = Ba Koliba 0.13 0.07 0.68 0.77 0.40 6.04 0.27 0.10 2.40
and one day with Ty, > 35°C Kosice 010 007 032 | 057 037 3.04 | 017 007 1.08
for one HW) at 4 stations in SW Milhostov 0.33 0.13 0.56 2.10 0.83 4.80 0.67 0.30 2.16
. _ . Poprad 0 0 0 0 0 0 0 0 0
Slovakia (Ba = Bratislava) and - - :
. . L Maximum of annual Maximum of annual Maximum number of
3 stations in E Slovakia, in the heat waves (HW) tropical days in HW  |supertropical days in HW
periods 1951—1980, 1961 —1990 Hurbanovo 3 1 4 16 10 38 5 3 22
and 1991 -2015. Pieétiany 2 1 3 10 7 32 4 1 17
Ba Airport 2 1 3 11 9 32 4 2 16
Ba Koliba 1 1 3 7 7 31 3 2 16
Kosice 1 1 2 6 6 18 3 1 8
Milhostov 2 2 4 14 13 31 5 4 18
Poprad 0 0 0 0 0 0 0 0 0

CONCLUSIONS

Exceptional weather events are in the center of interest
anywhere in the world. Weather in Slovakia is very variable,
so some apparent weather extremes occur frequently. Con-
sidering statistical definition of exceptional climatic events
(probability p < 0.02) most of such apparent extremes are
not exceptional, but quite common with probability of
occurrence (or average return period) more frequently than
once in 50 years. Another accession is a calculation of
significant climatic values and number of days, like those
presented in this paper. General people like simple infor-
mation on significant weather with understandable terms.
We assume such terms as summer days (nights), tropical
days (nights) and supertropical days (nights) as very sui-

table for such purpose. These characteristic days and nights
can be accompanied also with another exceptional weather
events (drought, heatwave, heavy rain, thunderstorm, tor-
nado, windstorm...), because of high specific air humidity
or high saturation deficit and good thermodynamic condi-
tion for origination of such weather events.

The purpose of this paper is not only to define cha-
racteristic days and events but also to analyze their tempo-
ral changes, mainly trends in the epoch of climate change.
As mentioned in the paper introduction the mean tempera-
ture increased in Slovakia by about 2°C during the last
135 years, but by the same rate also since 1985 (in spite
of short period analyzed). Rapid increase of mean air tem-
perature conditions results also in rapid increase of such
characteristic days like tropical and supertropical days and
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nights. As seen in Table 1 the increase of tropical days was
by 64.2% and supertropical days by 761.5% in 1991-2015
compared to normal period 1961 —1990. Nearly the same
was also at tropical nights (increase by 252.4%) and at
summer nights (increase by 51.6%). It seems that the cha-
racteristics in two previous normal periods 1931 —-1960 and
1961-1990 are nearly the same (the newer normal period
is slightly warmer). We expect that the new normal period
1991 -2020 will bring serious increase also in annual mean
and maximum number of days and nights with significant
high temperature, at some stations also more than 4-times.
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ANALYSIS OF THE CENTRAL EUROPEAN SEVERE STORMS
USING T-RE PLOTS DERIVED FROM MSG DATA

MICHAL POKORNY, MICHAL ZAK

Charles University in Prague, Faculty of Mathematics and Physics, Prague, Department of Atmospheric Physic,
Czech Republic, mich.pok@seznam.cz

The analysis of plots of temperature (T) versus the effective radius (re) of cloud particles shows the vertical distribution
of the effective particle size in clouds. The plots are computed and constructed from the satellite retrieved data and show
graphically the distribution of cloud particle size focused on convective clouds and convective storms subsequently. The
particle size is related to the updraft strength inside convective clouds and storms developing within the target area and
indirectly represents the severity of the developing storms. This special technique of severe storm analysis and
forecasting, developed by Rosenfeld et al. was tested in several countries around the world. Forecasting and predicting
dangerous phenomena such as hailstorms or tornados that occur in severe storms is the main objective of the technique.
This nowcasting tool is now being tested also in Central Europe. The basic description of the theory is presented in this
paper including the results of our research. Several typical severe storms events in the Czech Republic and its vicinity
are selected and described. Furthermore this paper discusses the possible benefits of this method for the Czech Weather
Service what could be useful for Slovak Weather service as well.

Analyza diagramii teploty (T) a efektivniho poloméru oblacénych Cdstic (re) poskytuje informaci o vertikdalnim rozloZeni
velikosti oblacnych Castic v uZivatelem vybrané oblasti. Tyto diagramy jsou sestaveny na zakladé druZicovych dat a gra-
fickou formou pomdhaji odhalit velikost oblacnych Castic v riiznych hladindch oblacnosti se zaméienim na konvekcni
oblacnost a zejména konvekcni bouie. Velikost oblacnych Cdsti je zavisla na rychlosti a sile updraftu v oblacnosti a ne-
PFimo reprezentuje intenzitu vznikajicich bouvi. Tato zvldstni technika piedpovédi a analyzy konvekcnich bouii, vyvi-
nutd Rosenfeldem a kol., byla ji7 testovana v nékolika zemich v riiznych Castech svéta. Hlavnim uikolem pii testovani této
techniky ve stiedni Evropé bylo piedpovidini nebezpeénych doprovodnych jevii konvekénich bouii, jako jsou kroupy,
torndada apod. Tento Elanek piedstavuje zdakladni popis vychozi teorie pouziti T-re diagramit a také vysledky naseho
vyzkumu. Popsdny jsou nékteré typické silné bouie 7 oblasti Ceské republiky a jejiho okoli. Zminény jsou také nékteré

INTRODUCTION

Severe convective storms occur over Central Europe mostly
in warm season and it seems they are becoming more fre-
quent every year (Tolasz et al., 2007; http://report.bourky.
cz/?page=search). The attention paid to these events is
growing because the accompanying phenomena represent
a big hazard. Hail destroys property and causes damage
worth millions of Euros around Europe. Another issue is
the flash floods occurrence where the majority of flash
flood producing rainfalls (over a relatively small area) is
related to convection (Doswell, 1994). People have ex-
perienced local flash floods in Central Europe in the last
years more frequently (Tolasz et al., 2007). These events
usually last only a few hours or less which makes them
particularly dangerous. Every year tornadoes are also
spotted in Central Europe (e.g. http://www.tornada-cz.cz/,
http://www.tornada.cz/clanky/tornada-v-cesku/pardubice-
tornado-21.6.2011/). These events connected to convective
storms have hit in the last few years also densely populated
regions thus increasing their threat.

potencidlni vyhody poufiti této metody p¥i operativni sluzbé ceské, ale i slovenské meteorologické sluzby.

Keywords: T-re plot, severe storm, cloud particles, satellite observation

Furthermore, the increase of severe events is expected
in the future (http://gnosis9.net/view.php?cisloclanku=
2007020004) so it is essential to be able to forecast the
possible occurrence and impact of these events. There is an
increasing need to issue ample warnings in case of danger
to the population and infrastructure (Beswick et al., 2008).

The main feature (and also the main “problem” for
forecasting) of convective storms is their rapid develop-
ment. Such storms may move over large distances and
variously change their structure. Specific criteria of severe
storm identification had been well described and are
usually based on weather radar observation (Visser, 2001).
The weather radars in the Czech Republic are not currently
(as of 2013) able to distinguish between small and large
hail or tornadoes, only the maximum of the radar reflec-
tivity can be detected in such intensive cases. Therefore it
is necessary to identify an ongoing atmospheric convective
process to be able to predict the severity of developing
storm. Many methods based on updraft strength as a seve-
rity indicator have been developed (Visser, 2001) and it
nowadays is possible to identify the severity of updrafts
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with the help of satellite retrieved products. One of such
products are the so called the 7-re plots. These profiles
express effective cloud particle radius (re) and its tempe-
rature (7) as the vertical coordinate (Rosenfeld and Lensky,
1998; Rosenfeld et al., 2008).

A nowecasting tool based on these plots has been
tested for Central European region and described in this
study. The main aim of this study is to improve the accu-
racy of nowcasting of severe storms to prevent damage and
serious injuries. At this point, we would like to point out
that for our purposes “nowcasting” is used to stress the fact
that the predictions stand typically for less than few hours.
This type of forecasts is especially important for aviation,
the outdoor activities industry or ground transportation
(Wilson et al., 1998).

ROSENFELD’S THEORY OF T-RE PLOTS

Daniel Rosenfeld (Institute of Earth Sciences, The Hebrew
University, Jerusalem, Israel) and Itamar Lensky (Depart-
ment of Geography and Environment, Bar-Ilan University,
Israel) introduced the technique of 7-re profiles (7 - particle
temperature, re - particle effective radius what is a weighted
mean of the size distribution of cloud droplets - the ratio of
the third to the second moment of a droplet size distribu-
tion to aid in the inversion of remotely sensed data) in fore-
casting of severe storms and their accompanying attendant
dangerous phenomena such as hail and tornadoes (Rosen-
feld and Lensky, 1998). This technique was used in diffe-
rent projects (Rosenfeld et al. 2006, Rosenfeld et al. 2008,
Rosenfeld et al. 2009) and tests were carried out and veri-
fied (Lensky and Rosenfeld 2005; Rosenfeld et al., 2006;
Rosenfeld et al. 2009) in several countries, namely Israel,
California, Texas, Brazil and in Africa. MSG (Meteosat
Second Generation) satellite data was used in T-re profiles
testing in Mediterranean Sea area (Lensky and Shiff., 2007).
MSG data enable tracking the cloud particles effective
radius evolution with the cloud top temperature by the T-re
method in Central Europe too. The method of T-re profiles
has never been thoroughly tested in Europe. But because it
works with MSG data, it can be used as a new nowcasting
tool in Central Europe area as well as in the field of dange-
rous weather event forecasting and other meteorological
applications. It was therefore decided to test this tool in
Central European conditions. Based on good results in se-
veral testing processes (Rosenfeld et al. 2009) it is expected
to be confirmed as a new simple auxiliary forecasting tool
in the region of Europe. Its simplicity lies in MSG_RGB
software which was developed especially for T-re profiles
view. All calculations run on the background of the prog-
ram and T-re diagrams are shown as a plot based on several
specifications defined in MSG_RGB software. Therefore
these plots are analyzed in the forecasting tool and no addi-
tional calculations are needed.

For severe storm forecasting the convective available
potential energy (CAPE) together with wind shear in the
lower troposphere are frequently used. Updraft as a mea-
sure of current ongoing convective processes however
plays a crucial role in the identification of cells that are
prone to develop into severe storm (Rosenfeld et al., 2008).
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The updraft speed is the basic indicator of severe storms
and their dangerous attendant phenomena occurrence. The
updraft speed and subsequently the storm severity is fore-
casted with the help of T-re profiles, their shape, steepness
and some of their other specific features.

Precipitation falls from both stratiform and convective
clouds. The vertical updraft speed in clouds is the main fac-
tor in distinguishing between these two cloud types. In stra-
tiform clouds the ascending air speed is low and the cloud
particles usually grow to larger sizes already at lower levels.
In convective clouds the particles have to overcome the
updraft strength to fall out of the cloud to become precipita-
tion (Tokay and Short, 1996). Severe precipitation and winds
occur in convective systems due to the updraft motion. The
small scale and short life time of storms and updrafts are
very difficult to track (Shigiang and Zhemin, 2001).

Taking this into account Rosenfeld designed his
conceptual model of microphysical characteristic of severe
storm cloud. It represents the vertical composition of
effective cloud particle radius influenced by the updraft
speed (Rosenfeld et al., 2008). Graphs of this dependence
help to determine the updraft strength inside clouds and
subsequently estimate the storm severity.

The role of updraft strength is explained as follows.
The higher speed of the updraft delays the cloud particles
growth to larger sizes and postpones their glaciation. In
other words when there is a strong updraft in the clouds the
particles do not have enough time to grow to larger sizes
because they ascend through the cloud very fast upwards.
T-re profiles obtained and computed by the MSG RGB
software from satellite data reflect indirectly the updraft
speed in rapidly growing convective clouds. In case of a
vigorous convection these plots usually show only small
particles near the cloud tops of relevant cumulonimbus
clouds. When updrafts are very intense, the crystals do not
form in the region of heterogeneous nucleation and the
majority is formed by a homogeneous nucleation above the
freezing level. For this reason the size of the crystals in the
cloud top is smaller.

For analyzing the cloud top temperature and cloud
particles effective radius in this work the MSG data and
generated T-re plots are used for the area of Central Eu-
rope. These graphs show some features useful for severe
weather nowcasting. It should be mentioned that the
evolution of the cloud top effective radius (re) with the
cloud top temperature (7) or height for a group of clouds
at a specific time and location is similar to T-re evolution
of each cloud in this specific location. The effective radius
of particles near the cloud top is similar to that inside
other clouds at the same height. This rule is valid before
precipitation starts to fall through these clouds. For deeper
description of the microphysical processes used in develop-
ment of this theory see e.g. (Lensky and Rosenfeld, 2005).

Acquired T-re plot of a convective cloud area is stable
in time according to Rosenfeld and Lensky and depend
mainly on the thermodynamic and aerosol properties of the
air mass (Lensky and Rosenfeld, 2005). These assumptions
make 7-re plot usable for the whole selected area instead
of tracking T-re relationship evolution for each cloud in the
analyzed area. Cumulonimbus clouds have then in lower
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levels nearly the same T-re relation as other convective
clouds that did not reach the stage of Cb yet.

To complete the T-re plot application it is essential to
add the fact that this plot is not only one isolated individual
line but it is a full set of lines (Fig. 1) expressing 5" to
100" percentile of effective particle radius in the interval of
1°C (Rosenfeld and Lensky, 1998). Usually the 15" per-
centile is analyzed since it represents the younger rapidly
growing clouds at the given height (or temperature). Ho-
mogenous freezing threshold represents the temperature of
—38°C and the particle radius size of 14 pm shows preci-
pitation threshold (Rosenfeld and Lensky, 1998). This
particle size (14 um) represents a threshold value above
which the clouds are filled by precipitation size particles
and it is possible to detect them by weather radars (Rosen-
feld and Lensky, 1998). These values are taken into account
when analyzing the cloud plots in the given area. The shape
and steepness of the 15" percentile line in 7-re plot enable
the analysis, while the position of the above described
temperature and size is also a very important sign in the
parsing and forecasting. There are some other values such
as 7/ (temperature of the top of the lower linear zone), 7g
(temperature of the glaciation phase bottom) and their re-
lations that are studied and help to find cloud areas tending
to grow into severe storms. Altogether the shape of T-re
diagrams shows multiple information about the cloud
microphysics and microphysical processes inside clouds
(Rosenfeld and Lensky, 1998). No additional computations
have to be done after gaining a T-re profile to analyze the
cloud development and forecast the storm severity. The
MSG_RGB software provides multispectral information of
MSG channels for generating the T-re profiles. At daytime
two layers of 3.9 um solar reflectance and effective radius
are computed. An automatic correction for the CO, absor-
ption is applied to the 3.9 um solar reflectance by a correc-
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tion tables. The 3.9 um reflectance determinates the cloud
particles size in generated profiles. Smaller cloud particles
are revealed by a higher 3.9 um reflectance. According to
some studies it has been shown that smaller crystals are
really effective reflectors near 3.9 um (e.g. Melani et al.,
2003). The major hypothesis assumes that such detection
of cloud cells with the enhanced 3.9 um reflectivity due
to small cloud particles discloses rapidly developing thun-
derstorms with a high updraft speed inside the clouds. Lind-
sey et al. (2006) also confirms that a connection between
3.9 um reflectivity and the updraft strength exists and it is
used in some nowcasting techniques. The 3.9 um reflec-
tivity may therefore be interpreted as a direct function of
the particle size, and thus also of the upward motion in
clouds (Lindsey et al., 2006).

This paper gives a short overview of the basics of 7-re
analysis only. For more details see e.g. Rosenfeld et al., 2008.

DATA AND METHODS
T-re plot principles

As already mentioned above, tests of the T-re plots were
carried out in several countries on different satellite data
depending on location. Radar, radiosonde measurement
and special cloud scanner aboard jet aircraft helped with
the evaluation of the cloud microphysical constitution
(Rosenfeld et al., 2006; Martins et al., 2007) gained by the
T-re profiles.

The MSG_RGB software provided by its author
Dr Lensky in 2009 uses multispectral information of MSG
channels for generating the 7-re plots. The 3.9 pm reflec-
tance determinates the cloud particles size in generated
plots. Smaller cloud particles are revealed by a higher
3.9 um reflectance. According to some studies it has been
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shown that smaller crystals are really effective reflectors
near 3.9 um (e.g. Melani et al., 2003). The major hypo-
thesis assumes that such detection of cloud cells with the
enhanced 3.9 um reflectivity due to small cloud particles
discloses rapidly developing thunderstorms with a high
updraft speed inside the clouds. Lindsey also confirms
that a connection between 3.9 reflectivity and the updraft
strength exists and it is used in some nowcasting techniques
(Lindsey et al., 2006). The 3.9 reflectivity may therefore be
interpreted as a direct function of the particle size, and thus
also of the upward motion in clouds (Lindsey et al., 2006).

Because of the 3.9 um channel features (Setvak, 1989)
the method is limited to daytime hours only, when the solar
illumination is available. This is the main shortfall of this
tool because many convective storms keep developing
after sunset. Anyway the 3.9 pm channel features has an
extremely useful role in severe weather forecasting (Lind-
sey et al., 2006).

The principles described above were tested on data
from convective seasons for the Czech Republic and its
vicinity on archive data provided by EUMETSAT and
following that on real-time data in days when intensive
accompanying phenomena of convective storms were
reported or expected. These situations were selected and
severity criteria were mainly based on European Severe
Weather Database (ESWD) (http://www.eswd.eu/) operated
by the ESSL (European Severe Storms Laboratory). ESWD
provides an online clear description of severe weather
events in general (http://www.eswd.eu/cgi-bin/eswd.cgi?
action=showdefinitions&lang=en_0) and the list of severe
weather events reported.

At first sight, the obtained profiles are very similar to
those from gained by Rosenfeld so this method seems to be
applicable for severe storm nowcasting in the Czech Re-
public as well. It is however clear that the temperatures and
particle sizes do not match exactly the values from the
plots received in other countries because Central European
conditions are partly different. For example the tempera-
tures of cloud bases are usually lower in Central Europe in
warm season and the cloud particles near the cloud base
are slightly larger compared to profiles from the USA. This
is the reason why we decided to test this method in the
European environment and try to get specific 7-re shapes
for this region. For testing of this method and the subse-
quent description of acquired 7-re plots, two main groups
of storms were selected according to their severity. This
selection is appropriate for distinguishing between severe
and nonsevere situations. From the first group (severe),
three severe situations were selected here for a deep analy-
sis in the Central European region. Dangerous phenomena
and the typical T-re features are described. The situations
mostly include a low pressure area above Central Europe.
That is a quite common synoptic situation favorable for
convective storm development in this region. Analysis of
these situations is shown on Figures 1 to 4 which are based
on RGB Storm product obtained from EUMETSAT archive
and MSG reception station (situated at the Dept. of Atmo-
spheric Physics, Faculty of the Mathematics and Physics,
Charles University in Prague) and processed in MSG_RGB
software (Lensky, 2009).
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Further, from the second group two typical nonsevere
situations and profiles descriptions follow for a comparison
of results with severe storm situations. A nonsevere
situation means that thunderstorms developed without
dangerous attendant phenomena classified according to
ESWD. These situations represent the threshold state for
nonsevere/severe situations. Any other weaker or less
intensive storms revealed even shallower 7-re plots with
larger particles in lower levels and cloud tops not reaching
any significantly high levels over 6 km - typically non-
severe plots.

Data from T-re plots

The MSG_RGB analysis tool performs all calculations
automatically and was developed to generate 7-re plots for
quick decision about storm severity. Additionally a table
(Table 1) of tracked values of the T-re plots gained during
selected severe and nonsevere situations was compiled.
The values of the tracked features mentioned below can be
simply obtained from the numerical listing provided by
the MSG_RGB software. The output has a table form of
temperatures (in 1°C step) and their corresponding radii.
That can be very useful for further computations. Graphi-
cally, the values can be acquired from the generated 7-re
profiles enabled by high resolution of T-re profiles. 77 or
Tg are in fact the break points of the 15th percentile line in
the profile. These values represent the vertical coordinate
of 15th percentile line what makes them easy to be recog-
nized in gained T-re profiles. The graphical output of 7-re
profiles is mostly used for the fast decision of the storm
severity. The MSG_RGB software was designed to be as
easy and fast as possible the main goal of it being to obtain
T-re profiles for the selected area and quickly decide about
the severity of the developing storm. The research revealed
the fact that it is crucial to see the whole plot with all of
its features to be able to create a forecast of severity of
a developing storm. A stand-alone value such as 77 or Tg
without knowing any other features of a T-re plot cannot
provide any relevant information about developing storm
to use in forecasting.

The table is sorted by the events as follows: TOR —
tornado, GR — hail, +RA — heavy rain, LIGHT — damaging
lightning, WIND — strong wind, FC — funnel cloud

The intensity of each event is mentioned when pro-
vided by sources (ESWD) in Table 1. Additional informa-
tion about the date and place of the event is stated as well
as the time of the forecast of severe event made according
to analyzed plots. Analyzed features of T-re plots are pro-
vided as follows:

—cloud particle radius range from the cloud
base to the cloud top,
re base [um]— cloud particle radius range near the cloud
base,
re top [um] — cloud particle radius range near the cloud top,

re [pum]

Tl [°C] — temperature of the top of the lower linear
part of the plot,
Tg [°C] — temperature of the glaciation phase bottom,

T14um [°C] — temperature of level when particles reach
the radius 14 um.



Table 1. Reported severe weather events, nonsevere situations and analyzed values of re, Tl, Tg and T14 um.

. Forecast of
Date Month Country Event 2\:::{ Intensity Tlme[lj);(r:?port dangerous I rem] re[ b:ﬂse r[e trﬁf [Jg;] [Ig] T?fém
eventurg) M uml W
23May 2005 5 PL TOR GR 1800 1300 6-38 6 38 -28.00 -38.00 -28.00
25June 2006 6 D TOR  GR F1T3-3kmx300m,1.5-3cm 1630 1242 7-28 7 28 -28.00 -42.00 -28.00
21June 2011 6 CZE TOR F1T3-9km 1509 1342 (GR) 9-40 9 40 -20.00 -38.00 -15.00
23July2010 7 FR TOR 0.5kmx30m 1600 1112 7-40 7 40 -25.00 -30.00 -30.00
23July2010 7 IT TOR  GR 70 mm 1630 1042 6-40 6 40 -20.00 -30.00 -25.00
29July2013 7 CZE  TOR RA 40 mm/h after 2000 1157 6-36 6 36 -30.00 -40.00 -20.00
20 April 2012 4 CZE GR 2cm 1230 1230 6-33 6 33 -22.00 -30.00 -22.00
23 May 2005 5 A GR 2cm 1700 1300 6-39 6 39 -28.00 -38.00 -28.00
26 May 2007 5 D GR 3cm 1550 1212 6-33 6 33 -24.00 -40.00 -25.00
26 May2007 5 PL GR 3cm 1600 1212 6-28 6 28 -35.00 -48.00 -35.00
22May2010 5 CZE GR 0.5mm 1100-1500 0757 8-40 8 40 -12.00 -32.00 -17.00
10May2011 5 D GR  +RA 1935 1457 5-29 5 29 -32.00 -40.00 -28.00
20 May2011 5 D GR  +RA 60 mm/h, 2 cm 1400-1700 1557 7-38 7 38 -27.00 -35.00 -20.00
20May2011 5 PL GR  +RA 25cm 1400-1800 1457 7-38 7 38 -27.00 -35.00 -20.00
02May2012 5 D GR 25cm 1800 1142 5-32 5 32 -30.00 -38.00 -22.00
03May2012 5 PL GR 2-3¢cm after 1100 0845 6-28 6 28 -28.00 -40.00 -28.00
04 May2012 5 PL GR  +RA 2cm after 1400 0715 6-38 6 38 -20.00 -32.00 -25.00
07 May2013 5 PL GR  +RA 3cm after 1400 0715 7-32 7 32 -25.00 -38.00 -29.00
08 May2013 5 CZE GR  +RA 33 mm/h, 3cm 1350 1100 4-32 4 32 -36.00 -38.00 -28.00
08 May2013 5 PL GR 3cm after 1300 1100 4-32 4 32 -36.00 -38.00 -28.00
09 May 2013 5 PL GR 3cm after 1500 0630 7-20 7 20 -15.00 -38.00 -20.00
25June 2006 6 CZE GR 1600 1242 7-35 7 35 -22.00 -40.00 -23.00
12June 2010 6 PL GR 3-10cm 1840 1427 6-35 6 35 -29.00 -35.00 -29.00
30June 2010 6 CZE GR 0.2-1cm 1330 1142 4-30 4 30 -25.00 -31.00 -27.00
30June2010 6 D GR 3cm 1500 1257 6-33 6 33 -15.00 -41.00 -25.00
30June 2010 6 SVK GR 2cm 1257 5-33 5 33 -12.00 -36.00 -17.00
19 July 2007 7 D GR  +RA 3cm 1500 0804 7-32 7 32 -20.00 -38.00 -27.00
19 July 2007 7 CZE GR 1800 1339 7-33 7 33 -25.00 -38.00 -27.00
19 July 2007 7 PL GR 2000 1204 7-33 7 33 -25.00 -38.00 -27.00
01July2009 7 D GR 2cm 1446 1242 11-38  11.00 38 -12.00 -24.00 -12.00
01July2009 7 PL GR 4cm 1700 1242 11-38  11.00 38 -12.00 -24.00 -12.00
23July2010 7 SVK GR 5-6 cm 1500-1600 1112 8-40 8 40 -20.00 -38.00 -23.00
23July2010 7 A GR  WIND 5-6 cm 1500-1600 1027 6-40 6 40 -20.00 -30.00 -25.00
15 August 2010 8 CZE GR 3-5¢cm 1900 0927 6-35 6 35 -18.00 -38.00 -20.00
23May 2005 5 CZE  +RA 1300 6-39 6 39 -27.00 -38.00 -28.00
27May2010 5 SVK+PL +RA 1500-1700 1342 7-40 7 40 -24.00 -31.00 -27.00
20 May2011 5 CZE +RA 1400-1500 1357 7-38 7 38 -27.00 -35.00 -20.00
31May2011 5 CZE+A+D +RA after 2000 1442 6-33 6 33 -20.00 -31.00 -22.00
07 May2013 5 CZE +RA 20 mm/h after 1500 0715 7-32 7 32 -25.00 -38.00 -29.00
09 May2013 5 CZE  +RA 30 mm/h after 1300 0630 7-20 7 20 -15.00 -38.00 -20.00
12June 2010 6 CZE  +RA 1800 1427 6-35 6 35 -29.00 -35.00 -29.00
20June 2013 6 CZE +RA 2100 1515 6-38 6 38 -13.00 -30.00 -28.00
01July2009 7 D +RA 60 mm/h and more 1425 1242 11-38  11.00 38 -12.00 -24.00 -12.00
15 August 2010 8 D +RA 40 mm/h after 1447 1057 6-35 6 35 -18.00 -38.00 -20.00
02May2012 5 CZE  LIGH 1750 1142 6-32 6 32 -30.00 -38.00 -22.00
12June 2010 6 A WIND 25m/s 1830 1457 6-36 6 36 -16.00 -40.00 -22.00
19July2013 7 A WIND FOTO 1400-1600 1527 7-12 7 12 -12.00 -30.00 -15.00
27May2010 5 CZE FC 50% 1730 1342 7-40 7 40 -24.00 -31.00 -27.00
01July2009 7 D FC 40% 1627 1242 11-38 11.00 38 -12.00 -24.00 -12.00
01July2009 7 CZE FC 50% 1700 1242 11-38  11.00 38 -12.00 -24.00 -12.00
09 August 2011 8 CZE FC 35% after 1900 8-40 8 40 -22.00 -22.00
Nonsevere situations
23 April 2013 4 CZE 8-30 8 30 -25.00 -30.00 25.00
12May2013 5 CZE 9-40 9 40 -22.00 -24.00
05June 2013 6 CZE 8-40 8 40 -15.00 -18.00
07 June 2013 6 CZE 10-40 10 40 -12.00 -31.00 -18.00
20July2013 7 CZE 8-18 8 18 -8.00 -10.00

CZE - Czech Republic, A — Austria, PL — Poland, D — Germany, SVK - Slovak Republic, FR — France, IT - Italy

GR — hail, TOR — tornado, +RA - heavy rain, FC - funnel cloud, WIND - strong wind, LIGH - damaging lightning

The above mentioned features facilitate the analysis
of a plot and a comparison of acquired 7-re profiles with
some reference profiles where available. The reference
profiles shall be included in the training manual for perfor-
ming the 7-re analysis before implementing it for a weather
office usage.

The cloud base particle radius provides the informa-
tion about the starting point of the evolution of clouds. The
smaller the cloud base particle radius is, the more severe
event is to be expected, considering other cloud features
such as 71, Tg etc.

The cloud top particle radius on the other hand provi-
des information about the size of particles in the highest

part of cloud. It helps to uncover the intensity of updraft
reaching the cloud top. Smaller particles near the cloud top
indicate stronger updraft pervading through the whole cloud
cell. Large particles near the cloud top indicate a weakening
of updraft in higher levels.

The temperature of the top of the lower linear part of
the plot and the temperature of the glaciation phase bottom
provide information about the severity of a developing
storm in middle altitudes. The lower these temperatures are
the more intensive phenomena are to be expected. A similar
rule can be used with the difference of 7/ and Tg. The
smaller it is the more extreme events can be expected to
develop in the storm.
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Finally the temperature of the level when particles
reach the radius of 14 um is the temperature of precipita-
tion threshold. Higher level of the particle radius of 14 pm
(the lower the temperature is) indicates stronger updraft
inside cloud. Indirectly it may be deduced that a more se-
vere storm will develop.

As expected Table 1 shows that no single value (as
Tl, Tg, etc.) can provide any relevant complete information
about the severity of a developing storm. It however can
show values from which the storm can be expected to be
severe but there is no strict boundary in values between
individual severe event values. This confirms the need for
analyzing the 7-re plot as a whole to see all connections
above and under a specific value in the plot.

Some basic statistical quantities were applied to the
values of re base [um], re top [um], T/ [°C], Tg [°C] and
T14um [°C]. The quantities are MEAN, MEDIAN, MODE,
10% PERC. and 90 % PERC. for each severe weather event
and they are presented in Table 2.

Table 2. Statistical values mean, median, mode, 10 % percenti-
le and 90 % percentile for split weather events characteristics
re at the cloud base, re at the cloud top, Tl, Tg and T14um.

- re base re top Tl Tg T14um

Event Statistics (] (] cl rCl Cl
TOR MEAN 6.8 37.0 -25.2 -36.3 24.3
TOR MEDIAN 6.5 39.0 -26.5 -38.0 -26.5
TOR MODE 6.0 40.0 -28.0 -38.0 -28.0
TOR 10 % PERC. 6.0 32.0 -29.0 -41.0 -29.0
TOR 90 % PERC. 8.0 40.0 -20.0 -30.0 -17.5
GR MEAN 6.5 33.8 -23.3 -36.1 239
GR MEDIAN 6.0 33.0 245 -38.0 -25.0
GR MODE 6.0 33.0 -12.0 -38.0 -28.0
GR 10 % PERC. 47 28.7 -32.9 -40.0 -28.3
GR 90 % PERC. 8.0 39.3 -12.0 -30.0 -17.0
+RA MEAN 6.9 348 21.0 -33.8 235
+RA MEDIAN 6.5 36.5 -22.0 -35.0 24.5
+RA MODE 6.0 38.0 270 -38.0 -20.0
+RA 10 % PERC. 6.0 30.8 272 -38.0 -29.0
+RA 90 % PERC. 74 391 -12.9 -294 -19.2
LIGH MEAN 6.0 320 -30.0 -38.0 -22.0
LIGH MEDIAN 6.0 32.0 -30.0 -38.0 22.0
LIGH MODE

LIGH 10 % PERC. 6.0 320 -30.0 -38.0 22.0
LIGH 90 % PERC. 6.0 32.0 -30.0 -38.0 -22.0
WIND MEAN 6.5 24.0 -14.0 -35.0 -18.5
WIND MEDIAN 6.5 24.0 -14.0 -35.0 -18.5
WIND MODE

WIND 10 % PERC. 6.1 14.4 -15.6 -39.0 21.3
WIND 90 % PERC. 6.9 33.6 -124 -31.0 -15.7
FC MEAN 9.3 39.0 17.5 -26.3 18.3
FC MEDIAN 9.5 39.0 17.0 -24.0 17.0
FC MODE 11.0 40.0 -12.0 -24.0 12.0
FC 10 % PERC. 7.3 38.0 234 -29.6 25.5
FC 90 % PERC. 11.0 40.0 -12.0 -24.0 12.0
NONSEVERE  MEAN 8.6 33.6 -16.4 -30.5 9.0
NONSEVERE  MEDIAN 8.0 40.0 -15.0 -30.5 -18.0
NONSEVERE ~ MODE 8.0 40.0 -18.0
NONSEVERE 10 % PERC. 8.0 22.8 238 -30.9 216
NONSEVERE 90 % PERC. 9.6 40.0 -9.6 -30.1 11.0

GR — hail, TOR — tornado, +RA - heavy rain, FC - funnel cloud,
WIND - strong wind, LIGH - damaging lightning

MEAN — The arithmetic mean (or simply “mean”) of
a sample is the sum of the sampled values divided by the
number of items in the sample.

MEDIAN - the median is the number separating the
higher half of a data sample from the lower half. The me-
dian of a finite list of numbers can be found by arranging
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all the observations from the lowest value to the highest
value and picking the middle one.

MODE - the mode is the value that appears most often
in a set of data.

10 % PERC. — 10% percentile is a measure used in sta-
tistics indicating the value below which 10% of observations
in a group of observations fall.

90 % PERC. — 90% percentile is a measure used in sta-
tistics indicating the value below which 90% of observations
in a group of observations fall.

Analyzing statistical quantities showed that there is
no specific value of any quantity which would clearly de-
fine different severe accompanying phenomena of a storm.
The range of any specific value (as Tg, 77 etc.) for each
severe event partially cover each other. Some relation for
example concerning comparing of 77 or Tg for each phe-
nomenon may be found but the rules are not always valid
as the intervals of values overlap each other. It is still faster
and easier to analyze gained T-re plots as an image and not
to do any additional calculation. Some basic features of
severe and nonsevere T-re plots gained from Tables 1 and 2
are mentioned in Results and discussion.

T-RE PLOTS IN THE TERRITORY
OF CENTRAL EUROPE

As already mentioned two groups of convective situations
(severe and nonsevere) were studied and are described
below.

Severe situations
12 June 2010

A low pressure trough moving to south-east was affecting
Central Europe, the temperature maxima in the Czech Re-
public were about 26 °C. After 15 UTC massive Cbs were
observed and thunderstorms developed in the Czech Repub-
lic. In south Bohemia, a supercell formed where the rotation
of the cloud system was observed from the ground by wit-
nesses and a funnel cloud was reported. Later after 17 UTC
hail and heavy rain occurred there. The hail diameter was
about 3 cm. Severe wind gusts were reported at 1830 UTC
followed by heavy precipitation in the south of Moravia.
After 20 UTC further wind gusts were reported in southern
Moravia. The strong wind was observed at about 1830 UTC
in Austria and was followed by a heavy rain. The wind
speed on the squall line was 25 m.s . The analysis of cloud
areas in Figure 1 shows very small particles (less than
15 um in radius) up to the level of temperature of about —
20°C in clouds according to 7T-re plots. This indicates a
strong updraft in the lower part of these clouds, namely in
Area 1 showing a long and nearly linear lower part of plot
that indicates the possibility of a severe weather occurrence
(Rosenfeld et al., 2008). Plots in Figure 1 are similar to the
profiles gained by tests in the USA etc. by Rosenfeld when
hail and other severe weather events were documented.
This is confirmed by a hail report from South Bohemia and
other dangerous phenomena in the vicinity.



As early as 1427 UTC the cloudiness with a
strong updraft about Austria is revealed by the T-re
analysis. The profile starts at 9°C and 6 pm. That
indicates the temperature of cloud base (7h) 9°C
and the effective radius of cloud base particles (rb)
of 6 um. The top of the zone of coalescence (77 -
temperature of lower linear part of the plot) reaches
only —8 °C with the cloud particles radius in that
level (#/) of 8 um but the mixed phase zone steeply
reaches the Tg (temperature of glaciation zone
bottom) of —28 °C and rg (radius at 7g) of 18 um.
That level indicates a full development of the ice
phase inside the cloud and the top of a deep mixed
phase. In such clouds the precipitation is mostly
formed by snow particles and hail. From 1457 UTC
the updraft gets even stronger and fills a vertically
higher area. Its extent is from —9°C (7h) at the
cloud base to the level of =16 °C (7)). The radius of
particles at the cloud base (#b) is 6 um and 7/
(radius of particle at 77) is 8 um. The particles are
rising in updraft so quickly that they do not have
enough time to grow to larger sizes before reaching
that level. The mixed phase zone top reaches the
level of Tg of -40°C with rg of 34 um. The dif-
ference of 7!/ and Tg equals 24 °C which is quite
large. For a high severity of storm that difference
is supposed to be as small as possible. Later the
coalescence zone reaches higher levels and the dif-
ference of 77 and Tg decreases to only 7 °C meaning
that the severity of the developing storm rises. After
1500 UTC larger particles in T-re profiles appear
and the slope of profiles is not as steep as previous-
ly described. A regeneration of updrafts (and 7-re
profiles severity) to previously mentioned values
occurs at about 1600 UTC (Fig. 1 — area 1) but after
1700 UTC the clouds fill with larger particles and
the updrafts weaken again.

The area 2 in Figure 1 shows a coalescence zo-
ne from 0°C and rb of 7 um to —20°C and 13 pm.
The mixed phase follows to the level of —33 °C with
rg of 38 um. The vertical extent of the small partic-
le zone is shallow and particles grow fast to larger
sizes. This profile thus provides information about
a weaker updraft and according to some of the
following images from later hours it did not reach
more power. No severe weather events were reported
from that area.

The cloud base temperature above Slovakia was
12°C and rb of 3 um (Fig. 1 —area 3) at 1612 UTC.
The coalescence zone reaches the level of —26 °C
with 7/ of 17 um. The mixed phase zone top is then
detected at —38°C level with rg of 29 um. Such
profile corresponds with a strong updraft according
to Rosenfeld’s findings. Later at about 1700 UTC
that strong updraft rises to the level of —40°C with
rg of 15 pm. No less than large hail may be pre-
dicted with the help of that cloud profile. Particles
of such small radius in that height reveal a signifi-
cantly severe updraft inside clouds.

25 June 2006

Again a low pressure area was moving to Central Europe from
south-west. In Germany a tornado of F1T3 category was docu-
mented, leaving a path with the length of 3 km while the maximum
path width was 300 m. A funnel cloud and suction vortices were
observed, the hail size was 3 cm in diameter, a heavy rain of
50 mm.h ™' and strong wind gusts 35 m.s~' with a visibility of about
100 m were reported. A large hail was observed also in South
Bohemia at about 16 UTC but its size was not reported.

The analysis of Area 5 in the Figure 2 shows again a very
intensive updraft in a large part of cloudiness. The cloud particles
are growing to larger sizes only very slowly. A strong updraft can
be found in up to the level of temperature of —35 °C. The depicted
T-re plot again correspond to those with a hail occurrence. The
hail prediction was possible even one hour in advance. This is
another case to support the presumption of using 7-re plot theory
for severe weather nowcasting in Central Europe.

Figure 2. Analysis of the situation for 1512 UTC 25 June 2006.
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Re [um] — cloud particle radius, T [°C] — temperature of cloud particle,
Color lines (black to magenta) in profiles are expressing 5" to 100"
percentile of effective particle radius in the interval of 1°C.

Even at 1242 UTC the plots show intensive updraft in clouds
above the Czech Republic and look like hail plots analyzed by
Rosenfeld. The cloud base temperature (7h) shows 7°C and the
radius of particles there was 8 pm. 7/1is —10°C and Tg is —24 °C.
Later at about 1300 UTC the zone of coalescence growth of par-
ticles widens its extent and the profile becomes steeper. That
indicates the strengthening of updraft inside cloudiness. The proba-
bility of severe attendant phenomena occurrence of the developing
storm grows as well. Such evolution continues until 1327 UTC
when 77 reaches —20 °C and the radius of particles at that level (#/)
is13 pm. Taking in account that the cloud top reaches —40°C
and Rosenfeld’s findings the risk of hail occurrence is high. At
1357 UTC and later the profiles markedly remind the pro files
which occurred when a tornado was observed in the USA. They
are only slightly less steep and the cloud base is a little colder.
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These differences result from different thermodyna-
mical features of the storm environment and diffe-
rences of air mass for storms arising in Central Eu-
rope and in the USA. There is just a small difference
of 71 and Tg which provides an additional assump-
tion of severe storm development (Rosenfeld et al.,
2008). At 1427 UTC a far steeper profile was
observed and the updrafts continued to strengthen.

Above Germany the T-re profiles refer to the
risk of hail occurrence at about 1300 UTC. The
cloud base temperature is 10°C and the radius of
particles is 5 um. The coalescence zone top reaches
—13°C and the radius of cloud particles is 14 um in
that level. In higher levels the particles quickly
grow to larger sizes. Already at that time intensive
attendant phenomena of the storm may be pre-
dicted. The figure from 1427 UTC then reminds the
profiles connected to tornado development in the
USA. The particle size of 14 pm is reached at the
level of —25°C which again shows a very strong
updraft in the clouds. Later the updrafts partially
strengthened even more.

3 May 2012

This analysis and forecast was carried out with
areal-time data received by the MSG reception
station. A weak pressure field was analyzed over
Central Europe. The meteorological forecast for the
Czech Republic expected local thunderstorms with
an isolated heavy rain. According to the European
Severe Weather Database (ESWD) Poland ex-
perienced a 2 cm hail at about 1130 UTC. In the
following hours the hail size grew to 2.5 cm and a
hail layer of 10 cm in thickness was reported. Some
heavy rain was reported as well from Slovakia and
Poland.

The analysis shows quite a strong updraft in
the area of the Czech Republic already at 0845 UTC.
The cloud base temperature was 6 °C and the cloud
particles were of 4 um in radius. The updraft rea-
ched the level of —22 °C (71) and the particle radius
was 9 um there. Although the glaciated phase had
not yet developed the plot shows a starting convec-
tion in Central Europe. After 0900 UTC a glaciated
phase formed in the upper part of clouds and the
severity of updraft grew even further.

Considering the shape and position of 7-re plots
it was possible to expect hail even during forenoon
hours as shown in Figure 3. The lower very steep
part of the diagram well left of 15 pm size reaches
from 4°C up to —18°C shows a strong updraft in
clouds which prevents the particles from growing
too fast and confirms convective clouds there.

In later hours the glaciation phase developed
from —-35°C and updrafts reached much higher
levels (Fig. 4) therefore we expected a large hail
or even a weak tornado. The cloud base tempera-
ture was 3 °C with particles having radius of 8 um.
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Coalescence zone reached up to —27 °C with particles having ra-
dius of 15 um. Tg was —37 °C at that time and the difference of Tg
and 77 was only 7 °C.

According to the shape of acquired plots, its position towards
watched values of 77, Tg, etc. and comparing to the profiles from
the USA at least a hail occurrence could be expected since
morning hours. Gradually when updrafts reached significantly
higher even funnel cloud or tornado cannot be excluded.

Later, the weather radar detection of maximum value again
confirms a severe convection in the Czech Republic. Unfortunate-
ly (from the research point of view) there was no tornado reported,
anyway it might have appeared in uninhabited areas.

Comparing Figures 3 and 4 we can clearly see the evolution
of the cloud microphysical composition as well as the updraft zone
extent. With the help of such analysis tool the weather prediction
gains some new possibilities.

Figure 3. Real-time analysis of the situation for 1045 UTC 3 May 2012.
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Figure 4. Real-time analysis of the situation for 1500 UTC 3 May 2012.
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Re [um] — cloud particle radius, T [°C] — temperature of cloud particle,
Color lines (black to magenta) in profiles are expressing 5" to 100"
percentile of effective particle radius in the interval of 1 °C.



Nonsevere (threshold) situations
19 April 2012

A low pressure area influenced Central Europe from north-west.
There were orange color cells on radar; no severe weather was
reported. Nor did the forecast expect any severe or hazardous
weather. An area of updrafts occurs just in a small lower part of
clouds and the plots are completely nonsevere the convection
develops anyway. The cloud base temperature at about 1200 UTC
is —2 °C and the effective radius of cloud particles is about 8 um.
The coalescence zone reaches to the level of —14°C and re is
9 um. The glaciation phase is still absent. The cloud base particles
are gradually growing and the lower part of the graph is nearly
steep but it is very shallow. Later after 1300 UTC the glaciation
phase develops starting at —35 °C with a particle radius larger than
38 pum. There is no further development of the plots and the
particles grow to larger sizes. Non-significant shape of plots and
values mentioned above confirms a non-occurrence of significant
weather conditions. According to the shape of plots only showers
or thunderstorms should be forecasted. There was no significant
updraft inside the clouds and there were no conditions apt to the
severe storm development.

22 April 2013

A ridge of high pressure from south-west started to influence
Central Europe and a convective cloud developed in that area. The
cloud base temperature was 3 °C at 0715 UTC and the radius of
particles was 6 um. The same size of particles can be found in the
level of —12 °C as well. In higher levels the plot tends to lean to the
right side what means that particles grow to re of 12 um in —18°C
level. Later 77 rises to —16 °C with 8 um. From that point the plot
is oriented to the temperature of -20 °C with re of 25 um. Gradual-
ly more particles with a radius larger than 15 um form still below
the level of —25 to —30 °C. The coalescence zone thickness varies

Figure 5. Analysis of the situation for 1445 UTC 22 April 2013.
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by about 20°C. These graphs do not develop sig-
nificantly during the day and may be evaluated as
nonsevere thunderstorm plots. No significant updraft
developed what is clear from the larger radius of
particles in lower levels compared to the profiles
from severe events observation (Fig. 5).

RESULTS AND DISCUSSION

In total 52 situations were analyzed. 35 of those were
accompanied by severe attendant phenomena, while
17 situations may be classified as nonsevere. 11 se-
vere situations were analyzed based on real-time
observations (and the majority of nonsevere situa-
tions as well). Out of all severe situations 24 hit the
Czech Republic. Table 1 summarizes the typical
features of re, TI, Tg etc. of selected situations and
Table 2 provides their statistical processing.

Nonsevere situations

Nonsevere situations, still significant in the terms of
convection which are presented here can be consi-
dered a threshold state from nonsevere to severe
situations. The totally nonsevere situations have
just a small vertical extent and the particles grow to
larger sizes in coalescence zone in lower levels than
in cases presented here. In the nonsevere (threshold)
situations presented here the coalescence zone
thickness usually does not exceed the 20 °C extent
as shown in Table 2. There are mostly large partic-
les in the coalescence growth zone with the radius
of about 15 pm. Near the level of —20°C or lower
the particles start to enlarge their sizes quickly. The
coalescence in nonsevere situations has a larger
effect compared to the severe situation. Slower up-
drafts allow the particles grow to larger sizes as
they stay in a relatively thin area in contrast to seve-
re situations. The radius of about 30 um is usually
reached near the level of temperature of about —
30°C. The particles are freezing heterogeneously
and their sizes enlarge fairly fast in that zone. Cloud
bases very often develop in the level between the
temperatures of 10°C and 0°C, with the highest
frequency between 5 °C and 0 °C temperatures.

Nonsevere thunderstorms with large Cbs can
reach the level of —40 °C. The diagrams show a no-
ticeable bent shape anyway and there is no linear
part of the graph.

It is important to remember that the large
extent of updraft zone and low temperatures near
cloud tops indicate hail or other severe attendant
phenomena. Even if there is a strong updraft in
clouds which is not reaching to very low tempera-
tures, severe storms will not develop.

In the situation when only rain was observed
even the values mentioned above are not reached
and the plots are shaped towards larger particles in
lower temperatures (to the right side).
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Severe situations

T-re plots of severe situations (convective storms with
dangerous attendant phenomena) reach much higher levels
than in the case of nonsevere situations. The plots are
steeper in the thicker zone, mostly in their lower part, with
this zone being frequently linear or nearly linear as the
updraft pushes them higher with a high speed. The radius
of 15 um is mostly reached about the level of temperature
of —20°C or above it, while the clouds include ice par-
ticles. The particles do not grow fast because they do not
stay in the coalescence zone for a long time. When the ice
particles at level near —-40°C are small it indicates vigo-
rously growing cells with a strong updraft inside allowing
a homogenous freezing of particles at those levels. Cloud
droplets freeze homogenously and the radius usually is
smaller than 35 um in this zone. Cloud particles with smal-
ler radius than 15 um often fill the zone of the extent of
30°C or larger.

In case of 2—3 cm hail occurrence the radius of 9 pm
was observed up to the level of =22 °C. In case of 3 cm hail
and 20 mm.h ' rain the radius of 14 pm was identified in
the level of about —28 °C. With a larger hail (4 cm) the
radius of 16 pm reached the level of about —30°C.

It is apparently not possible to determine the exact
threshold values of 7" and re between severe and nonsevere
storms. It is important to analyze the thickness of the zone
with small particles (less than 15 pm), the whole vertical
extent of cloud cells and the shape of plots in all their parts
except the auxiliary values, such as 7/, Tg, 15 um etc.

In general, it can be concluded that the profiles in
Central Europe start in lower temperatures compared to
those from the US (approximately about 5—10 °C) and so
the values Tg and 7/ are observed at higher levels as well.
The crucial point is that the cloud particles diameters are
usually about 3—5 pum larger near the cloud base as well as
at higher levels.

In some cases the plots indicate strong updrafts even
during forenoon but the dangerous events are reported in
the evening. This might be caused by the fact that people
usually are at work during the day and cannot observe and
report severe weather.

For all presented severe situations the mean particle
effective radius at the cloud base is found to be between
6.0 and 9.7 um as presented in Table 2. Tornadic situations
considered as the most severe event reveal the third highest
mean of particle effective radius at the cloud base, what
could be a finding different from Rosenfeld’s meaning that
smaller radius at the cloud base indicate higher probability
of tornado occurrence. There are some indications as well
that the smaller Tg and 7/ difference does not always in-
dicate a greater severity of an event. Situations with funnel
clouds and damaging lightning presented in Table 1 show
a smaller Tg and 71 difference of mean values than tornadic
situations do.

Anyway the temperature of 15 um in tornadic si-
tuations is reached in higher levels compared with other
situations as presented in Table 2.

In cases with the occurrence of a funnel cloud with-
out any other dangerous phenomena of thunderstorms
a fairly steep lower part of plots was observed but it did
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not reach any significantly high levels. It usually ends at
about —20 °C.

Presenting some statistical values apparently does not
always describe the situation of 7-re profiles the best way.
It is crucial to analyze the T-re plots as a unique situation
description because for example not every thunderstorm
has the same 7-re values and not every tornado is the same.
The situations have to be evaluated in the extent of updraft
zone and the cloud top height as well. Statistical values do
strictly not differentiate between particular severe events
because they generalize analyzed values such as Tg or T/
too much.

There was an idea to compile a collection of different
storms with the same cloud top in a specific geographical
area. Such a collection could provide a deeper insight into
storms of comparable parameters and subsequently impro-
ve and facilitate a faster use of 7-re profiles. The cloud
tops of severe storms are usually above the level of =50 °C.
To complete such ensemble there is a need for aircraft
measurement of cloud tops with some special equipment
what is very expensive to carry out.

Table 1 however provides an overview of storms with
similar attendant phenomena in groups and it is clear that
every storm has a slightly different microstructure even
when it is accompanied with phenomena of similar inten-
sity. There is a reasonable assumption that more storms
with the same cloud top height or any other single para-
meter would have a slightly different attendant phenomena.

After the Meteosat Third Generation satellites are
launched, a better resolution and more effective usage is
expected and the full potential of this method will be
reached.

CONCLUSIONS

The satellite observation of clouds in different spectral
channels is the basic principle of the presented theory.
With special software it is possible to generate T-re plots
that represent the microphysical composition of clouds.
These diagrams were previously successfully tested and
verified in different countries (Rosenfeld and Lensky,
1998; Lensky and Rosenfeld, 2005; Rosenfeld et al., 2008;
Rosenfeld et al., 2009). This research tends to confirm their
validity for Central Europe and the possibility of a usable
tool of nowcasting during severe convective storms situa-
tions. Improving our skills in forecasting their dangerous
accompanying phenomena helps to protect property as well
as human lives. The analysis of archived satellite data
selected according to dangerous weather reports as well as
the real-time data from MSG reception station was carried
out and the applicability of this theory was evaluated. Also,
the nonsevere threshold situations were analyzed in order
to confirm the potential of this tool for these, non-threa-
tening cases as well. According to our findings, 7-re plots
are applicable also in Central Europe. Different air mass
types play a crucial role in the thermodynamic condition
above different areas. The profiles from Central Europe
revealed for example that the temperatures of cloud bases
are shifted to lower numbers in Central Europe and the
cloud particles near the cloud base are slightly larger here



compared to profiles from the USA, as mentioned in
chapter 3. Also 7/ and Tg values were usually found higher
what represents lower temperatures than in the USA.

Analyzing cloudy areas from morning hours in days
with expected intensive convection, this tool can help to
reveal the areas apt to produce severe weather phenomena
mostly 1 or 2 hours in advance, sometimes even sooner. It
is very simple software to use and provides quickly the
microphysical preview of clouds. After the familiarization
with some typical 7-re profiles for severe situations a local
forecaster should be able to use it successfully in im-
proving the severe weather nowcasting processes. With the
help of this nowcasting tool a specific and more accurate
weather warnings for particular areas can be issued to
protect property or even lives. Furthermore the effect of
aerosols on cloud formation (Rosenfeld and Lensky, 1998)
and their role in severe weather forecasting can be studied
using MSG_RGB software. A considerable climatological
research in the field of microphysical cloud structure may
be carried out done using satellite data worldwide. The
efficiency of the tool lies not only in forecasting but also in
monitoring and other branches of meteorology.
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In the context of climate change, scientists discuss about the attribution of reference periods to the assessing of climate.
Recently, many studies have been published comparing recent conditions with the last reference period 1961 —1990.
In this paper, the trends of annual, seasonal and monthly average air temperature as well as annual, seasonal and
monthly precipitation totals in the lowlands and southern basins of Slovakia are presented to point on changes, which
will be probably shown in the next reference period 1991 -2020. In the second part of the paper, changes in climate
regions in the south of Slovakia are analysed comparing the spatial distribution of regions in the period 1961 —1990
and in the period 1961 —2010.

V kontexte klimatickej zmeny sa pomerne casto diskutuje o funkcii normalov pri hodnoteni zmeny klimy. V suvislosti
S tym bolo publikovanych viacero $tudii, ktoré porovndvajii sucasné podmienky s podmienkami posledného klimatologic-
kého normalu 1961 — 1990, resp. starSich normdlovych obdobi. V tomto prispevku je prezentovand bilancia mesacnych,
sezonnych a rocnych trendovych analyz teploty viduchu a zrdaZkovych whrnov v niZinnych a juinych kotlinovych po-
lohach Slovenska v snahe poukdzat’ na zmeny, ktoré sa prejavia pri vyhodnoteni nasledujiiceho normdlového obdobia
1991-2020. V druhej Casti prispevku sii analyzované zmeny v priestorovom rozSireni klimatickych oblasti na juhu

UvoD

V suvislosti v dosledkami klimatickej zmeny sa v posled-
nych rokoch vedie diskusia 0 funkcii normalov pri hod-
noteni klimy. Najnovsie existuje viac prikladov, kedy sa
aktudlne pocasie neporovnava s aktualnymi normalmi, ale
iba s poslednym dlhodobym 30-roénym priemerom, ktoré
bolo zaciatkom leta 2015 Svetovou meteorologickou
organizaciou (WMO) odporucané ako najnovsie normalové
obdobie. Cielom tohto prispevku je poukazat na zmeny,
ktoré budu vykazovat normély za obdobie 1991-2020
a zaroven vyjadrit’, Ze v minulosti sa normaly neodliSovali
tak zasadne ako to predpokladdme medzi normalmi 1961 —
1990 a 1991 -2020.

Vypocet dlhodobych priemerov meteorologickych
prvkov aich charakteristik, vratane normalov, pre rdzne
obdobia patri k zdkladnym cinnostiam klimatologie. Nor-
mal je definovany ako aritmeticky priemer klimatického
prvku (napr. teploty vzduchu) za 30-ro¢né obdobie. Sve-
tova meteorologicka organizacia (WMO) stanovila, Ze na
celosvetové porovnavanie sa buda pouzivat’ $tandardné nor-
malové obdobia 1901-1930, 1931-1960 a 1961 —1990.
WMO v roku 2015 pristupila na pouZzivanie posledného
dlhodobého 30-roéného priemeru 1981—2010 ako norma-
lu. Takto jednotne definované podmienky dovol'uji robit’
porovnania Vv $irSom regionalnom meradle, kvantifikovat’
zmeny klimatologickych prvkov a charakteristik oproti

Slovenska porovnanim vysledkov klimatickej klasifikacie v obdobiach 1961 —1990 a 1961 —-2010.

Key words: temperature, precipitation, trend analysis, Koncek’s climate regions classification, lowlands of Slovakia

predchadzajiicim normalovym obdobiam, a objektivne zhod-
notit’ stav a variabilitu klimy.

Klimatické pomery jednotlivych lokalit a oblasti sa
od seba odlisuju, iné maju podobny raz. Z praktickej potre-
by zmapovat rozdielnost’ a pribuznost’ jednotlivych oblasti
na Zemi, su zavadzané rozne klimatické klasifikacie. Takto
sa vycClenuju rozliéné typy a podtypy klimy podl'a ur¢itych
kritérii. Castejsie s pouzivané tzv. efektivne (konvenéné)
klimatické Kklasifikacie, ktoré st zalozené na hodnoteni
vplyvu klimy na okolité prirodné prostredie. Klimu klasi-
fikuji podl'a vyraznych geomorfologickych a vegetaénych
javov alebo znakov v prirodnom prostredi a ich zmien
pocas roka, ktoré st podmienené pretrvavanim urcitych
klimatickych podmienok. Hranice medzi jednotlivymi
klimatickymi oblastami s charakteristickymi klimatickymi
typmi st uréené na zaklade konvencne zvolenej velkosti
klimatickych alebo inych prvkov, prip. ich kombinacie, bez
ohl'adu na podmienky tvorby podnebia.

Pri takychto klasifikaciach sa vymedzuje vacsi pocet
klimatickych typov, aby vystihli r6znorodost’ klimy daného
uzemia. Hranice medzi jednotlivymi klimatickymi typmi
¢i podtypmi st urené na zaklade konvenéne zvolenej
vel’kosti klimatickych alebo inych prvkov, pripadne ich
kombinacii, bez ohl'adu na podmienky tvorby podnebia.
Zauzivanou a akceptovanou konvencnou klimatickou kla-
sifikdciou pre podmienky Slovenska je tzv. Koncekova
klasifikacia (Koncek a Petrovic, 1957).

Meteorologicky ¢asopis, 19, 2016, 23-33 | 23



METODIKA

Teplota vzduchu

Pri spracovani prispevku sme vychadzali z mesacnych
priemerov teploty vzduchu zo 6-tich meteorologickych
stanic (pod¢iarknuté stanice) na izemi Slovenska za obdobie
rokov 1931-2014 (Obr. 1). Vyber stanic bol podmieneny
kompletnym ¢asovym radom merania a pozorovania. Dos-
tupné udaje z databazy SHMU, zo Zbornika prac SHMU
&.23 (Petrovi¢ a Soltis, 1984) boli opravené na zéklade
kontroly homogenity klimatickych prvkov softvérovym
produktom MASHv3.03 (Szentimrey, 2003). Tym sa odha-
lili azaroven odstranili diskontinuity, ku ktorym docha-
dzalo najmé pri zmene polohy stanic, zmene pozorovatela
alebo vymene pristrojového vybavenia stanice.

Vybrané meteorologické stanice reprezentujil nizinné
oblasti a juzné kotlinové polohy nasho tizemia. Udaje prie-
mernej mesacnej teploty vzduchu boli pre kazda stanicu
zhomogenizované. Nasledne boli tieto udaje v mesacnom,
sezoénnom, polroénom a ro¢nom kroku tabelarne a graficky
spracované. V grafickom spracovani bol pouzity linearny
trend pre obdobie 1931-1990, 19912014, 1931-2014.
Signifikantnost’ trendu bola testovana F-S$tatistikou na
urovni a = 0,05.

Na demonstraciu zmien teploty vzduchu v jarnych
a zimnych mesiacoch 1931-2014 boli na meteorologickej
stanici Hurbanovo analyzované aj charakteristiky poctu
letnych, tropickych, I'adovych a arktickych dni. Za letny den
povazujeme v meteoroldgii den, kedy maximalna denna tep-
lota vzduchu (Tmax) je rovna alebo vyssia ako 25 °C. Tro-
picky den je definovany vztahom Tmax>30 °C, l'adovy deii
Tmax < 0°C, arkticky defi Tmax <—10 °C (Sobisek, 1993).

Na vybranych meteorologickych staniciach (Hurba-
novo, Bratislava-letisko, KoSice-letisko, Kamenica nad
Cirochou) boli analyzované aj pocty rekordov maximalnej
dennej teploty vzduchu prekonanych za obdobie 1991 —
2014 v porovnani s normalovym obdobim 1961—1990.
To bolo napomocné pri ¢iastoénom zhodnoteni dynamiky
otepl'ovania v priebehu poslednych priblizne 25 rokov.

Priestorova hodnota charakteristik teploty vzduchu
bola potitana ako priemer z celej vahy 11 meteorologic-
kych stanic a z 1/10 vahy horskych stanic (Lomnicky Stit,
Skalnaté Pleso, Strbské Pleso) zobrazenych na obrazku 1.
Uvedeny vypocet plne koreSponduje so zauzivanym vypoc-
tom priestorovej hodnoty charakteristik teploty vzduchu
pre izemie Slovenska (Lapin a kol., 1995).

Atmosférické zrazky

Priestorovym thrnom zrazok moézeme jednou hodnotou
charakterizovat' zrazkové pomery urcit¢ho regionu. Pre
uzemie Slovenska boli metédou dvojitého vazeného prie-
meru spracované mesacné uhrny zrazok z poctu 203 zraz-
komernych stanic. Vysledkom boli priestorové hodnoty
mesacnych Ghrnov zraZzok pre celé uzemie Slovenska, kto-
ré predstavuji pomerne konzervativnu hodnotu, vhodnt na
analyzu vyvoja zrazkovych pomerov (Samaj a Valovi¢,
1982).

Udaje mesaénych uhrnov atmosférickych zrazok boli
pre stbor stanic v mesacnom, sezénnom, polrocnom a roc-
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nom kroku tabelarne a graficky spracované. V grafickom
spracovani bol pouzity linearny trend pre obdobie 1931—
2014. Signifikantnost’ trendu bola testovana F-statistikou
na trovni a = 0,05.

Klimaticka klasifikacia uzemia Slovenska

Pre izemie Slovenska je zauZzivanad tzv. Koncekova kli-
matickd klasifikdcia (Koncek a Petrovi¢, 1957). Tato me-
toda berie ohl'ad na teplotné, ako aj vlahové pomery, ¢o
umoziuje lepsie vystihntt’ celkovy klimaticky raz tizemia.
Zakladné delenie je podla teplotnych kritérii, ktoré vy-
Clenuje tri hlavné oblasti — teplu, mierne teplu a chladnu.
Tepla oblast’ mé hranicu totoznl s izociarou priemerného
poctu 50 letnych dni. Mierne tepld oblast’ pokracuje nad
teplou oblastou a je zhora ohraniend izotermou prie-
mernej julovej teploty rovnej 16°C. Do chladnej oblasti
teda patria izemia, v ktorych priemerna julova teplota
vzduchu nedosahuje 16°C. Dalsie delenie na klimatické
podoblasti je na zaklade Koncekovho indexu zavlazenia
(Iz). Konéekov index zavlazenia je empiricky urceny uka-
zovatel' vlahovej bilancie vo vegetanom obdobi v tvare
Iz=0,5R + Ar— 10T — (30 + V).

Do jeho vypoctu vstupuji klimatické prvky: thrn
zrazok vo vegetatnom obdobi (R), kladna odchylka uhrnu
zrazok v zime od 105 mm (Ar), priemerna teplota vzduchu
vo vegetatnom obdobi (T) a priemerna rychlost vetra
0 14:00 h vo vegetacnom obdobi (v). Vyhodou indexu je,
ze berie do tivahy najma letné zrazky, ktoré st rozhodujice
pre vegetaciu a zo zimnych zrazok uvazuje len ich pre-
bytok, ktory zvySuje letnt bilanciu. V rdmci vyclefiovania
klimatickych okrskov sa do uvahy okrem Koncekovho
indexu zavlaZenia berii aj priemerna teplota vzduchu
V januari, priemerna teplota vzduchu v juli a nadmorska
vyska. Vyslednd mapa klimatickych regionov vznikla
nalozenim méap spominanych klimatickych charakteristik.
Téato klasifikdcia bola pouzitd napr. aj v Atlase krajiny
(2002) pre obdobie 1961-1990, s ktorého vysledkami
porovname aj najnovsie vysledky klasifikacie.

Nase porovnanie sa zameriava na zmeny v nizinnych
oblastiach a na zmeny rozSirenia teplej oblasti. Tepla
oblast’ je ohraniend priemernym ro¢nym vyskytom 50
a viac letnych dni. V rdmci oblasti rozliSujeme okrsky na
zaklade rozdielov v teplotnych podmienkach pocas zimy
arozdielov vlhkostnych podmienok na zaklade Iz. Pre
zimné podmienky je rozhodujlicim kritériom priemerna
mesacna teplota v januari, pricom hrani¢nou hodnotou st
—3°C. Uzemia s nizSou priemernou januirovou teplotou
vzduchu st oznacované ako okrsky s chladnou zimou, a
naopak s miernou zimou pokial’ je tato charakteristika nad
hrani¢nou hodnotou. Vlhkostné podmienky rozdel'uju
okrsky od vel'mi suchého s 1z<-40 az po vlhky s 1z>60.
Musime vSak zdoraznit, ze mapa klimatickych regionov
Vv Atlase krajiny (2002) bola vytvorena bez pouzitia GIS
softvéru a digitalizovana dodato¢ne. Preto malé odchylky
v hraniciach jednotlivych okrskov mézu byt sposobené
rozdielnou interpolacnou technikou. Na druhej strane od-
chylky v okrskoch, ktoré budii popisané v nasledujlcej
kapitole, st tak vyrazné, ze je evidentny ich pdovod v Kli-
matickej zmene.



Obrazok 1.

Vybrané meteorologické
stanice na uzemi Slovenska
(nepodéiarknuté stanice
boli pouZité len do vizem-
ného priemeru teploty
vzduchu).

Figure 1.
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average temperature).
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Tabul’ka 1. Linedrny trend teploty vzduchu v °C za dekdadu v obdobi 1931—2014 na uizemi Slovenska (hrubo vyznacené hod-

noty su Statisticky vyznamné).

Table 1. Linear trend of average monthly, seasonal and annual temperature in °C per decade in the period 1931—-2014 (bold

values are statistically significant).

Stanica | [ moow V.oVIoviovim X X X XIl| Rok Jar Leto Jesei Zima| TP CHP
Bratislava-Letisko 036 023 025 o019 016 018 0,8 019 000 008 009 o010| 017 020 018 006 023 015 0,7
Hurbanovo 037 026 025 021 016 013 015 015 -002 008 o010 011, 017 021 014 006 025 013 0,19
Kamenica n/Cirochou| 0,38 021 024 019 012 013 017 015 -003 007 006 004/ 015 048 015 003 022 012 0,16
Kosice-Letisko 032 023 025 023 015 017 021 018 002 009 008 000 016 021 019 006 018| 016 0,15
PieStany 027 016 020 014 012 o010 0,14 017 -003 006 006 006 012 015 014 003 016 011 0,13
Rimavska Sobota 037 023 020 021 015 o026 017 021 -004 009 004 009 016 019 018 003 023 014 0,16
Slovensko 035 022 022 019 014 015 017 017 003 008 008 006| 015 018 016 004 021 013 0,15
Tabul’ka 2. Priestorové hodnoty priemernej teploty viduchu v réznych obdobiach pre Slovensko.

Table 2. Spatial values of average air temperature in Slovakia in different periods.

Obdobie | [ moow vV.ooviooveovim X X Xl XI| Rok Jar Leto Jesei Zima| TP CHP
19311960 42 25 1,9 77 129 161 179 171 134 78 29 13 05! 75 170 81 27| 142 0,7
1961—1990 38 16 24 78 129 158 173 167 130 80 26 19| 74 77 166 79 -24| 139 10
1961-2010 32 14 2,6 82 132 163 180 173 130 8,1 29 19 78 80 17,2 80 21| 143 1,2
1991-2014 23 12 3,0 89 138 172 190 183 133 83 36 -16 84 86 182 84 17| 151 1,6

VYSLEDKY v Hurbanove, az o 1,1°C na staniciach Bratislava-letisko

Teplota vzduchu

Obdobie 1991-2014 sa vyznacuje vzostupnym trendom
teploty vzduchu. Doteraz sa véc¢Sina analyz tohto druhu
robila pre ¢asové rady na jednotlivych meteorologickych
staniciach bez komplexného priestorového porovnania.
Nasou snahou a motivaciou bolo zistit’, ¢i vyraznost’ vzos-
tupného trendu bude porovnatelnd v nizinnych a juznych
kotlinovych polohéach izemia Slovenska.

Napriek existencii vdcsej oceanity klimy na zapade
a vicsej kontinentality klimy na vychode nasho uzemia,
ako aj teplejSej klimy na juhu a chladnejSej klimy na severe
Slovenska, st vysledky analyzy jednoznaéné. Prejavili sa
porovnatel'né vzostupné trendy priemernej rocnej teploty
vzduchu vo vsetkych analyzovanych casovych radoch na
vsetkych staniciach.

Priemerna ro¢na teplota vzduchu v obdobi 1991 -2014
vzrastla v porovnani s obdobim 1961—-1990 0 0,9 °C (Pies-
tany, Kamenica nad Cirochou, Rimavska Sobota), o 1,0 °C

a Kosice-letisko. Detailnejsi prehlad néarastu priemernej
teploty vzduchu na jednotlivych staniciach za obdobie
19312014 poskytuje tabul’ka 1.

Vysledky z jednotlivych meteorologickych stanic
koreSponduju aj s priestorovou hodnotou priemernej ro¢nej
teploty vzduchu pre uzemie Slovenska, ktora v obdobi
1991-2014 vzrastla o viac ako 1,0 °C v porovnani s obdo-
bim 1961 —1990 (Tab. 2), ¢o ilustruje aj obrazok 2.

Pri porovnani normalov priemernej ro¢nej teploty
vzduchu na analyzovanych meteorologickych staniciach
v obdobiach 1931-1960 a1961—-1990 dosiahol rozdiel
maximalne 0,1°C. To znamena, ze oteplenie v obdobi
1991-2014 dosiahlo az 1,0 °C.

Ak berieme do ivahy ro¢ny rezim teploty vzduchu,
tak v jednotlivych mesiacoch bola miera vzostupu priemer-
nej mesacnej teploty vzduchu rézne vyrazna (Tab. 2). Naj-
vyraznejsia bola v mesiaci januar, jun, jil a august. To sa
prejavilo vo vyslednej hodnote rozdielu medzi porovna-
vanymi referenénymi obdobiami. Priestorova hodnota prie-
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mernej mesacnej teploty vzduchu v obdobi 1991-2014
vV porovnani s obdobim 1961—1990 vzrastla v januari
01,5°C, vjuni o 1,4°C, v juli a v auguste o 1,7 resp. 1,6 °C.
Pri porovnani tridsatroé¢i 1931-1960 a1961-1990 do-
siahli priestorové hodnoty v tychto mesiacoch rozdiel naj-
viac 0,9°C v absolutnych hodnotach vo februari a 0,6 °C
v juli a decembri.

V prechodnych ro¢nych obdobiach, na jar a jesen,
v obdobi 1991-2014 v porovnani s obdobim 1961 —-1990
su rozdiely priemernej mesacnej teploty vzduchu vo véac-
Sine mesiacov menej vyrazné ako v zime a v lete, ¢o do-
kumentujeme aj na obrazku 3. Vynimku tvoria mesiace
april, maj a november.

Vyraznej$i rozdiel zaznamenany v aprili by sa dal
zdovodnit’ ubtdajucim poctom dni so snehovou pokryvkou
a jej menSim priestorovym roz$irenim v marci (Pecho
a kol., 2010a). To umoziuje na jar v procese oteplovania
rychlejsie ohrievanie zemského povrchu, ktoré sa potom
prejavuje vysSou teplotou vzduchu v druhej polovici jari.
Z toho vyplyva dolezité konStatovanie, Ze snehova pokryv-
ka pdsobi ako zabrana pri jarnom otepl'ovani v niZinnych
polohach. V ¢ase nepritomnosti snehovej pokryvky je
vyraznost’ otepl'ovania rovnaka aj napriek existencii vacsej
oceanity klimy na zapade a vacsej kontinentality klimy na
vychode nasho uzemia.

Porovnatel'ny vzostup teploty vzduchu ako v aprili
jeaj v dalsom jarnom mesiaci - maji. Je znamych viac
pripadov, kedy uz na zaciatku maja boli zaznamenané
kratke obdobia s tropickou teplotou vzduchu. Ich vyskyt
bol zachyteny niekolkokrat v obdobi od poslednej dekady
20. storocia. V minulosti boli takéto pripady ojedinelé
a vzt'ahovali sa prevazne na jednotlivé dni. NajnovSim

Obrazok 3. Priemernd priestorovda mesacna teplota viduchu
V jarnych a jesennych mesiacoch v obdobi 1931-2014 na
uzemi Slovenska.

javom st epizodické pripady horucav, alebo jednotlivych
dni s horGiavou uz na konci aprila a zaCiatkom maja.
Opakovane boli zaregistrované na Slovensku na zaciatku
druhej dekady 21. storocia (Vyberci, 2012). Vhodnym
prikladom s pocty letnych (Tmax > 25 °C) a tropickych
(Tmax > 30°C) dni na meteorologickej stanici Hurbanovo,
kde je najnapadnejsi jednoznacny prirastok tropickych dni
v maji, po¢nuc druhou polovicou poslednej dekady 20. sto-
rocia (Obr. 4). V pripade poctu letnych dni je najpozoru-
hodnejsi nérast takych méjov, kedy nadpolovi¢na vicsina
dni v tomto mesiaci mala maximalnu dennu teplotu vzdu-
chu rovnu alebo vacsiu ako 25°C. Od roku 1991 bolo
takychto majov pat’ (1993, 2000, 2001, 2003, 2012), kym
za predchadzajucich 60 rokov (1931-1990) bol zaregistro-
vany iba jeden takyto m4j (v roku 1958).

Obrazok 2. Priestorova priemernd rocnd teplota viduchu
V obdobi 19312014 na uzemi Slovenska.

Figure 2. Spatial average annual temperature in Slovakia in
the period 1931-2014.
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Figure 3. Spatial average value of monthly temperature in
March to May and in September to November in Slovakia in
the period 1931-2014.
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Obrdazok 4. Pocet letnych dni (Tmax > 25 °C, vl’avo) a tropickych dni (Tmax > 30 °C, vpravo) v obdobi 1931 -2014 na meteo-

rologickej stanici Hurbanovo v mesiacoch april a mdj.

Figure 4. Number of summer days (Tmax > 25°C, left) and tropical days (Tmax > 30°C, right) in months April and May in Hur-

banovo in the period 1931 -2014.
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Najvyssi rozdiel medzi priemernymi aprilovymi tep-
lotami medzi obdobiami 19912014 a 19611990 bol na
meteorologickej stanici Bratislava-letisko, kde dosiahol
hodnotu 1,3°C. Podobne vzrastla dlhodoba priemerna
mesacna teplota vzduchu v mesiaci april aj na staniciach
Hurbanovo a Kosice-letisko 0 1,2°C. Tento vzrast je ilu-
strovany aj na ¢asovom rade aprilovych priemerov teploty
vzduchu (Obr. 5). Podobny rozdiel je na meteorologickych
staniciach aj v mesiaci maj (o 1,1 °C).

V letnych mesiacoch jul a august vzrastla priemerna
mesacna teplota vzduchu vo vyssSie uvadzanych porovna-
vanych obdobiach na vSetkych analyzovanych staniciach
01,6°C, az 0 1,8 °C. Priklad vzrastu teploty vzduchu v lete
na staniciach Piest'any a Kamenica nad Cirochou je doku-
mentovany na obrazku 6.

Ak by sme hodnotili dynamiku otepl'ovania v priebehu
poslednych priblizne 25 rokov, tak mozeme konstatovat’,

ze v poslednych rokoch je akceleracia oteplovania v regio-
noch vychodného Slovenska eSte vécSia ako v regionoch
zapadného Slovenska. V nizinach juhozapadného Slovenska
bol v procese oteplovania prelomovym obdobim zaciatok
90-tych rokov 20. storofia. Na vychode Slovenska sa
podobny stav prejavil neskor, az v priebehu prvej a druhej
dekady 21. storocia. Peknym prikladom je pocet rekordov
maximalnej dennej teploty vzduchu pre jednotlivé dni roka
prekonanych v obdobi 1991-2014 na vybranych stani-
ciach Slovenska oproti obdobiu 1961—-1990 (Obr. 7). Na
zaCiatku obdobia vyrazného vzostupu teploty vzduchu sa
vyskyt rekordov maximalnej dennej teploty vzduchu sustre-
doval predovsetkym do regiénu juhozapadného Slovenska.
V sucasnosti sa vyskyt tychto rekordov sustred’uje v re-
gionoch vychodného Slovenska. Pozoruhodné je, ze ich
vyskyt je eSte vyssi ako bol v predchadzajucich rokoch
dosiahnuty v tradicne teplych oblastiach juhozapadu SR.
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Obrazok 7. 30
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Rozna vyraznost' trendov priemernej mesacnej tep-
loty vzduchu v jednotlivych mesiacoch sa prejavila aj
v ro¢nych obdobiach, v chladnom a teplom polroku (Tab.1).
Vplyvom nevyrazného zostupného, resp. nevyrazného
vzostupného trendu v mesiacoch september a oktdber je na
Slovensku malo preukédzatelny vzostup teploty vzduchu
V jeseni. Pri¢iny uvedenych trendov vo vicsej Casti jesene
treba pravdepodobne hladat’ vo velkopriestorovej cirku-
lacii vzduchu v SirSom priestore Eurdpy. Jar, ako ro¢né
obdobie, vykazuje ovel'a va¢si vzostup priemernej teploty
vzduchu ako jesen, a to vd’aka tomu, ze v aprili a méaji je
oteplenie vel'mi vyrazné. Tento vzostup je z Casti kompen-
zovany iba vel'mi slabym oteplenim v marci. Podobne je
tomu aj vzime, kedy januar vykazuje vzostup teploty
vzduchu porovnatelny s letnymi mesiacmi. AvSak mesiac
december vykazuje iba nepatrny vzostup teploty vzduchu.
Dosledky sa prejavuju napriklad aj v pocte ladovych
(Tmax <0°C) a arktickych (Tmax <-10°C) dni, ktoré v
Hurbanove v analyzovanom obdobi zaznamenali najzre-
telnejsi pokles prave v mesiaci januar. V tejto suvislosti
treba zdoraznit, ze naposledy bol v Hurbanove arkticky
den zaregistrovany v roku 1987 (Obr. 8).

Uvedené analyzy dobre koresponduju s vysledkami
inych klimatologickych prac z meteorologickych merani

KoSice-letisko
Polynomicky (Hurbanovo)
Polynomicky (KoSice-letisko)
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X

na konci 20. storocia a zaciatku 21. storocia (napr. FaSko
akol., 2013). Z nich vyplyva, Ze sa malo prejavuju pre-
chodné ro¢né obdobia. V priebehu zimy je paradoxne ¢asto
relativne vel'mi teplo prave v obdobi, kedy by zima u nas
mala vrcholit. Citelnym dosledkom byvaji potom vy-
raznejSie prechody pocasia v priebehu kratkeho ¢asového
obdobia pocas jesene, kedy sa charakter pocasia moze
zmenit' z neskoro letného az na takmer zimny. Obdobné
stavy su zname aj na jar, kedy zimny charakter pocasia na
konci marca a na zaciatku aprila pomerne ¢asto strieda let-
ny charakter pocasia v druhej polovici aprila (Pecho a kol.,
2010a).

Najvyssie rozdiely teploty vzduchu medzi obdobiami
1991-2014 a 19611990 boli jednoznacne zaznamenané
v lete (1,6°C), a to na celom tzemi Slovenska. Rozdiel
V porovnani s jeseiiou dosiahol az 1,1°C pri priestorovej
hodnote. Tak, ako ma dominantné postavenie v naraste
teploty vzduchu medzi roénymi obdobiami leto, tak je
dominantny aj teply polrok v porovnani s chladnym polro-
kom (Tab. 2), ¢o ilustruje aj obrazok 9. V teplom polroku
st sustredené vSetky mesiace, ktoré mali najvyraznejsie
vzostupné trendy priemernej mesacnej teploty vzduchu
(april, m4j, jan, jul, august), kym v chladnom polroku je
takymto mesiacom iba januar.

Obrazok 8. Poéet Padovych (Tmax <0 °C, vlavo) a arktickych dni (Tmax < —10 °C, vpravo) v obdobi 19312014 na meteoro-
logickej stanici Hurbanovo v mesiacoch janudr, februdr, december.

Figure 8. Number of ice (Tmax <0 °C, left) and arctic days (Tmax <10 °C, right) in months December, January and February

in Hurbanovo in the period 1931 -2014.
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Obrdzok 9. TrC]
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Atmosférické zrazky

V dalSej Casti prispevku sa pozrieme na to, aké su na Slo-
vensku v normalovych obdobiach od roku 1931 zachytené
trendy pri atmosférickych zraZzkach. Atmosférické zrazky
vykazuju zlozitejSie spravanie, ¢i uZ v ro¢nom rezime, ako
aj v priestorovej premenlivosti.

Pri normaloch a dlhodobych priemeroch priestorovych
uhrnov zrazok boli medzi jednotlivymi analyzovanymi ob-
dobiami vyraznejsie rozdiely iba v juli (Tab. 3), ¢o ilustruje
aj obrazok 10.

Na konci 20. storocia a zaciatku 21. storo¢ia bolo
Vtomto mesiaci zaregistrovanych niekol’ko zrazkovo
vyznamnych poveternostnych situécii, ktoré vyustili az do
povodni. Ddlezita ulohu zohravali v tomto mesiaci prav-
depodobne aj vicsie priestorové rozsirenie burok a ich
intenzita, ¢oho doésledkom su tzv. bleskové povodne, napr.
v roku 1997, 1998, 1999, 2001, 2004, 2005 (Fasko a Kol.,
2006).

Rozdiely medzi normalmi, resp. dlhodobymi prie-
mermi thrnov zrazok pre jednotlivé zraZkomerné stanice
vykazuju v analyzovanych obdobiach uréité zvlastnosti.
Tie st, okrem iného, podmienené polohou zrazkomernej
stanice vo¢i vzduchovym hmotdm prindSajicim zrazky, ale
aj zoslabenim, resp. zvyraznenim prislusného zrazkovo
vyznamného poveternostného typu (Lapin a kol., 1995).
Prikladom tychto javov je skuto¢nost’, Ze na konci prvej a
na zaciatku druhej dekady 21. storoCia sa zacali podiel'at’
na celkovom thrne zrdzok na Slovensku viac ako pred
tym, poveternostné situacie, ktoré mali pévod v tlakovych
nizach tvoriacich sa v Stredomori. To spdsobilo, Ze v roku
2010 boli zaznamenané rekordné ro¢né Uhrny zrdzok v
juznych oblastiach Slovenska (Pecho a kol., 2010), ¢o je
dokumentované na obrazku 11.

1981
1991
2001
2011
1931 4
1941 A
1951
1961
1971
1981
1991
2001
2011

V désledku vyskytu obdobnych synoptickych situacii
sa zimna sezéna 2012/2013 vyznacovala vydatnymi
zrazkami na juhozapadnom Slovensku a v juznej polovici
stredného Slovenska. V niektorych castiach tychto regio-
nov bolo v uvedenej zimnej sezéne aj mimoriadne vela
snehu (Matejovi¢ a Pecho, 2013).

Vyvoj zrazkovych pomerov na Slovensku je zlozity.
Pri bilancii roénych thrnov zrazok za normalové obdobia sa
moze zdat', ze sa ni¢ mimoriadne nedeje (Tab. 3, Obr. 12).
Rocny reZzim hodndt ¢asovych radov zraZok sa vSak meni.
V obdobiach vyskytu zrazok CcastejSie prsi, resp. snezi
S vySSou intenzitou, v porovnani s minulostou. Toto ma
vplyv na to, ze zainaju pribudat mesiace s mimoriadne
nadnormalnymi a mimoriadne podnormalnymi whrnmi
zrazok, na ukor mesiacov s normalnymi zrazkami (Fasko,
2012; Faltan a kol., 2014). Kontrastnej$ie potom vyznieva
porovnavanie zrazkovych a bezzrazkovych obdobi.

Obrazok 10. Priestorovd suma atmosférickych zraZok v juli
V obdobi 19312014 na uzemi Slovenska.

Figure 10. Spatial precipitation totals in July in the period
1931-2014 in Slovakia.
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Tabul’ka 3. Priestorové hodnoty charakteristik atmosférickych zrazok v réznych obdobiach pre Slovensko.
Table 3. Spatial average values of average precipitation totals in Slovakia in different seasons.

Obdobie l Il [} [\ \ Vi vl Vi IX X X XiI| Rok Jar Leto Jeseii Zima TP CHP
19311960 44 44 45 48 76 93 95 82 53 59 63 52| 754 169 270 176 139 | 447 306
19611990 44 42 4 53 79 93 80 78 57 51 63 55| 734 172 251 171 139 | 440 203
1961—-2010 44 42 44 54 79 92 89 79 61 54 62 54| 752 177 259 176 139 | 453 299
1991-2014 47 42 49 52 81 91 104 7 66 58 57 51| 775 182 272 181 142| 471 308

Obrazok 12. Priestorovd roCnd suma atmosférickych zraZok
V obdobi 1931 — 2014 na uzemi Slovenska.

Figure 12. Spatial annual precipitation totals in Slovakia in
the period 1931 — 2014.
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Obrazok 13. Priestorovd suma atmosférickych zrdaZok v no-
vembri v obdobi 1931 — 2014 na iizemi Slovenska.
Figure 13. Spatial precipitation total in Slovakia in November
in the period 1931 — 2014.
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Obrazok 14. Mapa mesacného thrnu atmosférickych zrazok
na uzemi Slovenska za november 2011.

Figure 14. Monthly precipitation totals in November 2011 in
Slovakia.
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Jednotlivé zrazkovo vydatné situdcie z hl'adiska svoj-
ho priestorového dosahu maju v naSich geografickych
podmienkach svoje Specifikd. Pri vyskyte dlhsich bez-
zrazkovych obdobi, alebo v obdobi s nedostatkom zrazok
sa v porovnani s minulostou rozsiruje ich priestorovy roz-
sah aj do tradi¢ne vlhkejSich oblasti Slovenska (Matejovic,
2011). Prikladom méze byt mesiac november 2011, ktory
sa vyznaCoval extrémnym nedostatkom zrazok na celom
uzemi Slovenska (Obr. 13 a 14).

Klimaticka klasifikacia uzemia Slovenska

Z porovnani rozlozenia klimatickych oblasti na Slovensku
medzi dvoma porovnavanymi obdobiami 1961 —1990 (Atlas
krajiny, 2002) a 1961 —2010 (Klimaticky atlas Slovenska,
2015) vyplyva, ze doslo k vyraznej$im posunom pri niek-
torych klimatickych oblastiach a okrskoch. Ked'Ze sa tento
¢lanok zameriava najmd na nizinné a juzné kotlinové uze-
mia Slovenska, ktoré patria do teplej oblasti, popisané budi
posuny prave okrskov v ramci nej. Tie boli zaznamenané
najmd v dosledku zmien teplotnych pomerov v predmet-
nych uzemiach. Priemernd januarova teplota vzduchu
v Hurbanove sa pri porovnani obdobi zmenila z —1,5°C na
—1,0°C. Podobné zmeny boli pozorované aj na staniciach
Rimavska Sobota, Kosice, Kamenica nad Cirochou a i.
K zmene medzi uvedenymi obdobiami dos$lo aj pri prie-
mernej julovej teplote vzduchu, ktora vzrastla z 20,2°C
na 20,8 °C v Hurbanove, z 19,4 °C na 20,2 °C v Rimavskej
Sobote a z 19,0°C na 19,6 °C v KoSiciach. Menil sa aj
priemerny pocet letnych dni podas roka. Ich narast pred-
stavoval od $tyroch v Hurbanove a Kamenici az po $est” dni
v okoli Ziliny (z priemernych 48 dni v obdobi 1961 —2010
na priemerny pocet 54 dni v obdobi 1981 —2010) a sedem
dni v okoli Rimavskej Soboty.

Tepla oblast’ sa vysunula Povazim od Ilavy az po Zi-
linu a Zvolenskou kotlinou az za Bansku Bystricu vplyvom
teplejsich podmienok v lete. Region stredného Povazia ma
vsak stale dostatok zrazok, ¢o udrzuje hodnoty Iz kladné,
a tymto vysunutim teplej oblasti tu vznika klimaticky okrsok
T8, ktory tu nebol v predchadzajucom obdobi zastipeny.
Rovnaka situdcia je v zapadnej Casti Horehronia a severo-
vychodne od Kamenice nad Cirochou. Januarové teploty su
na tomto uzemi stale nizke, ¢o po rozsireni teplej oblasti do
tychto regionov podmienilo zastiipenie d’alSieho teplého
klimatického okrsku T9.

Doslo aj k zmenam v rozdeleni okrskov vo vnutri
oblasti. Najsuchsi okrsok T1 sa rozsiril smerom na sever
a v obdobi 1961 —2010 uz zaberal celti Podunajska nizinu
(Obr. 15), s vynimkou Hronskej a Ipel'skej pahorkatiny.



Obrazok 15. Klimatické okrsky na Podunajskej nizine a Zahorskej niZine v obdobi 1961 — 1990 (hore)
a v obdobi 1961 — 2010 (dole).

Figure 15. Climate sub-regions in the Podunajska niZina lowland in the period 1961 —1990 (Landscape
Atlas of the Slovak Republic, 2002) (top) and in the period 1961 — 2010 (bottom).
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Obrazok 16. Klimatické okrsky na Juhoslovenskej a Vychodoslovenskej nifine v obdobi 1961 — 1990 (hore) a v obdobi

1961 — 2010 (dole).

Figure 16. Climate sub-regions in the Juhoslovenskd niZina lowland and Vychodoslovenskd nizina lowland in the period

19611990 (Landscape Atlas of the Slovak Republic, 2002) (top) and in the period 1961 —2010 (bottom).
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Ako sme uz uvadzali v predchadzajucej podkapitole, nie je
to dosledkom poklesu uhrnov zrazok v teplom polroku, ale
rastiicou teplotou, ktora podmienuje vyssi vypar. To zapri-
cinuje pokles Koncekovho indexu zavlaZenia v porovnani
s obdobim 1961 —1990. Z tych istych dovodov sa vysusuje
aj vychodna polovica Zahoria, kde bol mierne vlhky okrsok
T6 nahradeny mierne suchym okrskom T4.

Zmena teplotnych pomerov, konkrétne narast priemer-
nych januarovych teplot, popisany vyssie v Clanku, bol
preukdzany na vsetkych analyzovanych meteorologickych
staniciach. Na Vychodoslovenskej niZine doslo k zmene za-
¢lenenia z teplého, suchého okrsku s chladnou zimou T3, do
teplého, suchého okrsku s miernou zimou T2. Rovnaka situ-
4cia nastala aj v $irSom okoli Lucenca, v dolnej Casti povo-
dia Rimavy a Slanej (Obr. 16). V Rimavskej Sobote stupla
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priemernd januarova teplota vzduchu z —3,7°C v obdobi
1961-1990 na —3°C v obdobi 1961 -2010. Kombinaciou
zmien v Iz a v teplotnych pomeroch vznikli zmeny v klasifi-
kacii aj v celej Kosickej kotline. Narastom teploty vzduchu
Vv teplom polroku doslo k vysuSovaniu Uizemia, narastom
priemernych januarovych teplot vzduchu v Kosiciach na
hodnotu —2,9°C (-3,5°C v obdobi 1961-1990) doslo
k zmene charakteru zimy z chladnej na mierne tepla. Teply,
mierne vlhky okrsok s chladnou zimou (T7) sa nachadza uz
len v najsevernejsej Casti kotliny. Vyrazne bolo zmensené
aj uzemie rozsirenia teplého, mierne suchého okrsku s chlad-
nou zimou (T5), ktory bol v okoli Moldavy nad Bodvou
nahradeny teplym, mierne suchym okrskom s miernou
zimou (T4) a uzemie dolného toku Hornadu je zaradené
dokonca do teplého, suchého okrsku s miernou zimou (T2).



ZAVER

Analyza ¢asovych radov charakteristik teploty vzduchu z me-
teorologického observatoria v Hurbanove (Fasko a Svec,
2013) bola podnetom pre uvahy, ¢ podobné tendencie
existuju aj v asovych radoch teplotnych charakteristik na
ostatnych meteorologickych staniciach Slovenska. Trendy
Z hurbanovského ¢asového radu sa preukazali aj v ostatnych
nizinnych a juznych kotlinovych polohach Slovenska. Vyssi
vyskyt rekordov na vychodnom Slovensku indikuje mozné
vyraznejsie vzostupné trendy v priebehu 21. storo€ia v regio-
noch vychodného Slovenska ako v oblasti juhozapadu
Slovenska. Na juhozapadnom Slovensku boli tieto vyrazné
vzostupné trendy zaregistrované uz na konci 20. storoc¢ia
(Bochnicek a kol., 2015).

Atmosférické zrazky v porovnani s teplotou vzduchu
maju trendy svojich charakteristik zlozitejSie. Prejavuju sa
V nich regionalne zvlastnosti, oceanita, resp. kontinentalita
klimy, typ roéného rezimu zrazok, zonalita, resp. meridio-
nalita pri prideni vzduchovych hmot prinaSajucich vlahu
a zrazky. Pri celkovom pohl'ade na atmosférické zrazky sa
popri zvysSenej medziro¢nej variabilite v poslednych 20-
tich rokoch dostava do popredia najméd zmena ich ro¢ného
rezimu avel'mi kontrastné striedanie obdobi bohatych
a chudobnych na zrazky (Fasko, 2012).

Mapa klimatickych oblasti podl'a regionalnej konven-
¢nej Koncekovej klasifikacie je osvedcenou klasifikaciou
pre nase uzemie, dostatoéne podrobne popisujucou jed-
notlivé klimatické podoblasti a okrsky. Dokumentované
uzemné zmeny okrskov pre dve rozdielne spracované
obdobia svedc¢ia o tom, Ze tato klasifikdcia sa dd pouZit aj
pri sledovani klimatickej zmeny na Slovensku. V nizin-
nych polohach zipadného Slovenska boli pozorované
vysusné tendencie, ktoré nie su sposobené poklesom thrnu
zrazok, ale narastom teploty vzduchu, ktord podporuje
narast evapotranspiracie. Zmeny v rozlozeni klimatickych
okrskoch st spdsobené narastom teploty vzduchu v janudri,
¢o je najviac viditelné na vychode a juhu stredného
Slovenska. Zistené zmeny mozu do urcitej miery vyplyvat
z rozdielnej metodiky tvorby mapy klimatickych oblasti
v Atlase krajiny SR (2002) a Klimatickom atlase Sloven-
ska (2015). Av8ak pozorované zmeny v priemernej teplote
vzduchu Vv jednotlivych mesiacoch st tak vyrazné, Ze ich
vplyv na vysledné rozsirenie klimatickych oblasti a okrs-
kov vyrazne prevysuje vplyv metodiky tvorby ich mapy.
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OPTICKE VLASTNOSTI ATMOSFERICKYCH AEROSOLOV
V ULTRAFIALOVE) OBLASTI SLNECNEHO SPEKTRA

PETER HRABCAK

Slovensky hydrometeorologicky ustav, Aerologické a radiacné centrum Ganovce, 058 01 Poprad-Ganovce,
peter.hrabcak@shmu.sk

Submitted study is focused on the optical properties of atmospheric aerosols in the ultraviolet solar spectrum, mainly
on their optical depth. It was determined since 2003 for wavelengths 306.3 nm, 310.1 nm, 313.5 nm, 316.8 nm and
320.1 nm by using Brewer ozone spectrophotometer measurements at Ganovce near town of Poprad. Results for this
location offer an overview of inter-annual changes and monthly variability during the year. The optical depth of the
aerosols for mentioned wavelengths was compared with the optical depth of the total atmospheric ozone. Ground
measurements of aerosol optical depth were further compared with satellite data. Moreover, satellite measurements of
optical depth were supplemented by parameter of single scattering albedo and they are available for the same area and
for wavelengths 342.5 nm and 388 nm since 2004. The study also includes a detailed description of cloud screening
which provides a selection of only such measurements that are not affected by clouds.

Predkladand prdca je zamerand na optické viastnosti atmosférickych aerosolov v ultrafialovej oblasti slnecného spektra,
najmd na ich optickii hrubku. Ta bola urcena od roku 2003 pre vinové dl'Zky 306,3 nm, 310,1 nm, 313,5 nm, 316,8 nm
a 320,1 nm pomocou merani Brewerovho ozonového spektrofotometra v Ganovciach pri Poprade. Vysledky pre daniu
lokalitu pontikajit prehl’ad medziroénych zmien a medzimesacnej variability v priebehu roka. Opticka hribka aerosélov
pre jednotlivé vinové dizky bola porovnand aj s optickou hriibkou celkového atmosférického ozénu. Pozemné merania
optickej hrubky aerosélov boli d’alej porovnané so satelitnymi udajmi. Satelitné merania optickej hribky boli navysSe
doplnené o parameter albeda jednoduchého rozptylu a st k dispozicii pre rovnakii oblast’ a pre vinové ditky 342,5 nm
a 388 nm od roku 2004. Prdca obsahuje aj detailny popis vyberu vhodnych uidajov, ktory zabezpecuje vyber iba takych

merani, ktoré nie st ovplyvnené oblacnost’ou.

UvoD

Svetovd meteorologickd organizicia pojem aerosoly
definuje ako suspenziu pevnych Castic, kvapalnych castic
alebo pevnych akvapalnych castic v plynnom médiu
(WMO, 2008). Jednou zo zakladnych charakteristik, ¢i uz
kvapalnych alebo tuhych aerosolov je velkost' castic.
Polomer takychto castic sa pohybuje od niekol’ko nm do
stovieck pm. Su vicSie nez typické atmosférické iony,
ktorych priemer je zvycajne okolo 0,5 nm. Mézu tiez byt’
rovnako velké ako kvapky tvoriace oblaky. V principe je
mozné tvrdit, Ze rézne zdroje produkuju aj Castice rdznej
velkosti, ktoré k nim prisluchaju. Experimentalny limit
pre zber aerosdlov najmensich rozmerov je ich velkost,
ktorej spodnt hranicu charakterizuje polomer 1,5 nm.
Tato hranica tiez oddel'uje velké molekuly na jednej strane
amalé aerosoly na strane druhej. VSetky castice s polo-
merom mensim ako 0,5 um byvaji niekedy oznacené ako
jemné Castice (fine mode particles) a vSetky Castice vécSie
ako 0,5 um ako hrubozrnné astice (coarse mode partic-
les) [1].

Dalsou vyznamnou charakteristikou je zloZenie aero-
solov podla ich povodu. Rozlisujeme tu niekolko tried:
morskd sol, minerdlny prach, sulfaty, nitraty, organicky
uhlik, sadze, no vo vicSine pripadov sa stretdvame so

Key words: atmospheric aerosols, optical depth, single scattering albedo

zmieSanymi aerosOlmi. Je tiez dolezité ¢i ide o prirodzeny
alebo antropogénny zdroj. Obsah aerosdlov v atmosfére je
determinovany najmé blizkostou zdroja a atmosférickou
cirkulaciou. Z tychto dovodov je globalna a regionalna
distriblicia Castic vel'mi variabilnd s ¢asom a je tiez neho-
mogénna v priestore.

Niet pochyb o tom, Ze aerosdly maji vyznamny vplyv
na fyzikalne a chemické procesy prebiehajuce v atmosfére.
Ovplyviiuju najmi chemické zlozenie troposféry (v urcitych
pripadoch aj stratosféry, najmé pokial’ ide o vel'ké sopecné
erupcie, pripadne lety lietadiel v stratosfére), su schopné
znizovat' viditelnost, a v mnohych pripadoch vyznamne
vplyvaju aj na l'udské zdravie. Pritomnost’ aerosdlov v atmo-
sfére ma tiez dopad na energeticku bilanciu Zeme, a to pria-
mym, polopriamym a nepriamym spdsobom. Pod priamym
sposobom je mysleny rozptyl a absorpcia kratkovinného
a dlhovinného ziarenia. Absorpcia ziarenia nasledne vedie
k otepl'ovaniu tych casti atmosféry, kde sa aerosoly nacha-
dzaji (najmé hranicnej vrstvy atmosféry), pricom vysSia
teplota nasledne vedie k vyparovaniu obla¢nych vrstiev.

Poslednou vetou bol v struénosti popisany polo-
priamy spdsob, ktorého nasledkom je vicsia hustota toku
slne¢ného Ziarenia dopadajuceho na zemsky povrch. Vyssia
teplota moze tiez viest k zmene teplotného zvrstvenia
atmosféry, ¢o nasledne ovplyviuje vertikalne a horizon-
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talne pohyby vzduchu v atmosfére. Nepriamy efekt sa tyka
schopnosti aerosolov posobit’ ako kondenzacné jadra alebo
ako Tadové jadra, co ovplyviuje mikrofyzikalne a optické
vlastnosti oblakov. Ide pri tom o zmenu ich radia¢nych
vlastnosti, d’alej zmenu vlastnosti atmosférickych zrazok,
a tieZ sa meni aj doba zivota oblakov (De Bock et al., 2010).
Plati, ze zvySenie poctu obla¢nych kondenzacnych jadier
vedie k rastu pocetnosti obla¢nych kvapiek a k zmenseniu
ich velkosti pri danych podmienkach obsahu vody v atmo-
sfére, o sposobuje rast albeda a doby Zzivota oblaku (Ma-
renco et al., 2002).

V poslednej dobe sa viacero $tudii venovalo priamemu
ucinku atmosférickych aerosolov na ultrafialové slnecné
ziarenie (Wilawan et al., 2015; Kumharn et al., 2012). Hus-
tota toku slne¢ného Zziarenia sa vplyvom aeros6lov Casto
signifikantne zniZuje, najmi v tejto oblasti spektra (Solo-
mon et al., 2007). Bolo zistené, ze vo vel'mi zne€istenych
urbanizovanych oblastiach mo6Zu antropogénne aerosoly
znizit’ ultrafialové slne¢né Ziarenia dopadajiice na zemsky
povrch az o viac ako 50% (Krotkov et al.,1998; Sellitto
et al., 2006). NavySe, v neurbanizovanych oblastiach in-
dustrializovanych krajin slne¢né UV ziarenie pre oblast’
vinovych dizok 280—315 nm (UV-B) pokleslo od priemys-
elnej revolicie occa 5—18 % ako dosledok znecistenia
ovzdusia (Liu et al., 1991).

Hlavnym cielom tejto prace je prezentovat’ vybrané
vlastnosti atmosférickych aerosélov v ultrafialovej oblasti
slneného spektra pre lokalitu Ganovce pri Poprade. Udaje
boli ziskané pomocou pozemnych merani Brewerovym
ozonovym spektrofotometrom a satelitnych merani prostred-
nictvom pristroja Ozone Monitoring Instrument. Merania
Brewerovho ozonového spektrofotometra boli spracované
jednou z dostupnych metodik a vypocitané hodnoty optickej
hribky aerosolov st prezentované v Casti Vysledky. Stano-
venie hodnot optickej hrabky celkového ozonu predstavuje
vedl'ajsi ciel tejto prace. Porovnanie zoslabenia ultrafialo-
vého slne¢ného ziarenia aeros6lmi a ozénom pre jednotlivé
vinové dizky poukazuje na nezanedbatelny prispevok
atmosférickych aerosélov pri zoslabovani slne¢ného UV
ziarenia. V Casti Vysledky st d’alej uvedené ziskané hod-
noty optickej hribky aerosélov aalbeda jednoduchého
rozptylu, ktoré su vysledkom satelitnych merani. Prezen-
tované je aj vzdjomne porovnanie pozemnych a satelitnych
merani.

METODIKA
Pouzité pristroje
Brewerov ozonovy spektrofotometer

Brewerov ozonovy spektrofotometer (model MKIV) je
vedecky pristroj, ktory pracuje v ultrafialovej a viditel'nej
oblasti slne¢ného spektra. Merania priameho slne¢ného
ziarenia v UV oblasti vykonava na tak vybranych vinovych
dizkach, aby na zéklade rozliénej absorpcie Ziarenia po
prechode atmosférou bolo mozné odvodit’ celkové mnoz-
stvo ozénu a celkové mnozstvo oxidu siri¢itého. Tento
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princip merania pomocou pasivnej atmosférickej diferen-
cialnej spektroskopie je znamy ako tzv. DOAS metoda
(Differential optical absorption spectroscopy). Pristroj
pomocou svojho optického systému rozklada slnecné
ziarenie dopadajuce na zemsky povrch a z ultrafialovej
Zasti jeho spektra vybera vopred stanovené vlnové dizky
so silnou a slabSou absorpciou O; a SO,. Naslednou
porovnavacou analyzou v matematickom modeli, ktory
popisuje prenos ziarenia v atmosfére, je mozné urcit
celkové mnozstvo O3 a SO, vo vertikalnom stipci atmo-
sféry medzi jej hornou hranicou a zemskym povrchom.
Principidlne podobnym spdsobom je mozné pomocou
Brewerovho spektrofotometra odvodit’ aj celkové mnoz-
stvo NO,. V tomto pripade pristroj pracuje vo viditelnej
oblasti spektra. Takéto merania sa v Gdnovciach vykona-
vaju iba zriedkavo. Pravidelne sa okrem merani celkového
mnozstva ozénu a celkového mnozstva SO, vykonavaju
aj spektralne merania globalneho ultrafialového Ziarenia
vrozsahu od 286,5nm do 325 nm. Merania priameho
slne¢ného Zziarenia je mozné vyuzit aj na urcenie optickej
hribky aerosolov (aerosols optical depth — AOD). V ultra-
fialovej oblasti slnecného spektra je to realizovatelné
pre vlnové dizky 306,3 nm, 310,1 nm, 313,5 nm, 316,8 nm
a320,1 nm. Hodnoty celkového mnozstva O; a SO, je
potrebné poznat’ pre nasledny vypocet AOD.

Presnost’ pristroja pri urCovani vlnovej dizky je
0,006 = 0,002 nm na jeden krok (Sci-Tec, 1999). Po tech-
nickej stranke je plynuly chod pristroja zabezpeceny
pravidelnymi testami, kontrolami a servisnou profylaktikou
pocas kalibracii. Pristroj je kalibrovany voci svetovej re-
ferencnej skupine (Brewer Triad), udrziavanej v Environ-
ment Canada, prostrednictvom cestovného referenéného
pristroja €. 017. Od zafiatku merani (18.8.1993) pristroj
&. 097, ktory vlastni SHMU, prechadza pravidelnymi
2-ro¢nymi kalibraciami a dennymi testami pomocou inter-
nych lamp (ortutova a Standardna lampa), takze z technic-
kého hl'adiska mozno povazovat’ rad merani za homogénny
(Misaga, 2012; Sci-Tec, 1999).

OMI — satelit AURA

Ozone Monitoring Instrument (OMI) je sucastou satelitu
AURA, ktory je prevadzkovany spolocnostou NASA. Na
obeznt drahu Zeme bol vypusteny 15.7.2004. Tento satelit
ma polarnu drahu letu a je synchronny so Slnkom, takze
ponad rovnik preleti viackrat denne a stile v rovnakom
miestnom slne¢nom Case. Jeho vzdialenost' od zemského
povrchu je 708 km az 710 km a jeden oblet Zeme mu trva
priblizne 99 minut. Celi Zem zosnima za jeden den a preto
nad ur¢itym miestom na povrchu sa za ten ¢as nachadza
iba raz. Pristroj OMI sluzi na dialkové meranie plynov
0;, NO,, SO,, BrO, OCIO, ale deteguje aj atmosférické
aerosoly. Ked'Ze je tato praca zamerana na uréovanie AOD
pre UV oblast’ slne¢ného spektra, budi pouzité satelitné
merania AOD pre dve vinové dizky v tejto oblasti, ato
342,5nm a 388 nm. Udaje st k dispozicii s priestorovym
rozliSenim 0,25° (to zodpoveda Stvorcu srozmermi cca
28x 28 km) [2] [3].



Opis lokality merania

Pristroj Brewerov 0zénovy spektrofotometer je umiest-
neny na streche budovy Aerologického aradia¢ného
centra SHMU v Génovciach pri Poprade. Jeho suradni-
ce su 49,03° s. z. § a20,32° v. z. d. a nadmorska vyska
je 706 m n.m. Merania poskytuju informacie a atmo-
sférickych aerosoloch ,,bodovo* nad danym miestom.
V pripade udajov zo satelitu uz nie je mozné hovorit
o bodovej informacii, ked'ze celkova plocha z ktorej
pochddza ma takmer 800 km’. Tu preto pdjde skor
o mikro-regionalny pohl'ad na vybrané optické vlas-
tnosti aerosolov, pri ktorom uz mdze dochadzat’ k strate
niektorych lokalnych Specifik.

Obsah aerosélov v ovzdusi, ¢i uz celkové mnoz-
stvo alebo aj druhové zloZenie, determinuju na jednej
strane lokalne zdroje a na strane druhej atmosférické
prudenie, ktoré dokéaze urcitii vzduchovu hmotu spolu
s aeros6lmi premiestnit’ aj o niekol’ko tisic kilometrov.
Vo vel'mi ojedinelych pripadoch tu méze ist’ napriklad
aj o transport saharského prachu alebo sopecného
popola z Islandu. Medzi vyznamnejsie lokdlne zdroje
v oblasti Ganovce patria produkty spalovania dreva
a uhlia v okolitych obciach (najmé v chladnom polroku)
a pol'nohospodarstvo, ked’ze v tesnej blizkosti stanice
st rozsiahle polnohospodarsky obrabané plochy. Casto
dochadza k odvievaniu holej suchej pody alebo aj
rastlinnych produktov vetrom, ked’ze lokalita je po-
merne veterna. Aj blizkost’ mesta Poprad (cca 1,5 km)
sasi 53000 obyvateImi a roéznymi priemyselnymi
aktivitami zohrava svoju tlohu.

Vypocty

Vypocet optickej hrubky aerosolov a celkového
ozonu pre Brewerov ozonovy spektrofotometer

Vsetky charakteristiky ziskané z Brewerovho ozoéno-
vého spektrofotometera st vypocitané pre obdobie od
14.6.2003 do 31.8.2015. Dévod preo sme nepouzili
aj starSie merania poc¢nic rokom 1993 (pristroj je
v prevadzke od roku 1993) je nasledovny: pre vypocet
optickej hribky aerosolov je nevyhnutné poznat tzv.
extraterestrialne konstanty pre kazdu vlnova dizku
zvlast. Dané konStanty si pristrojovo zavislé a urcuju
sa pri kalibracii pristroja raz za dva roky, ale aZ od roku
2003. Pomocou metddy Langley plot (Kirchhoff et al.,
2001) je mozné extraterestridlne konstanty dopocitat
aj pred rokom 2003, ale to uz je Uplne ind metodika.
Nami pouzitd metodika pouziva iba extraterestrialne
konstanty ur¢ované pri oficialnej kalibracii pristroja.
Samotny vypocet optickej hrubky bol vykonany
pomocou softvéru Brewer Spectrophotometer Aerosol
Optical Depth Calculator - Os;Baod v. 5.0 by Martin
Stanek [5]. Teoreticky zaklad pre tento softvér tvori
praca Marenco et al. (2002). Pouzity softvér hodnoty
utlmu neutral density (ND) filtrov pouziva zvlast pre
kazda vinovi dizku. Tieto filtre Brewerov spektro-
fotometer vybera automaticky vzhladom na aktudlnu
hustotu toku slnecného ziarenia. ND filtrov a aj vlno-

vych dizok je 5, takze sthrnne pouzivame 25 Gtlmovych hod-
nét. Utlmové hodnoty danych filtrov sa uruja pri kalibracii
pristroja a je nutné surové udaje upravit’ so zretelom na vy-
brany ND filter. Pouzity softvér iidaje koriguje aj vzhl'adom na
kazdodenné testy pomocou Standardnej lampy, ktoré su navyse
naviazané na dvojro¢ny kalibracny interval.

Na vypocet AOD v pripade pozemnych merani (pri sate-
litnych meraniach je to podobné, ale zlozitejsie) je potrebné
aplikovat’ Beerov-Bouguerov-Lambertovho zakon. Pre mera-
nia spektralnej hustoty toku ultrafialového slne¢ného Ziarenia
Brewerovym spektrofotometrom plati:

—-mt, — L Th 00—y T o =T 0 —Hso, T
Sy =S e " =Sy pe Hatra Tt Tt oy Taso, (1)
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Zo vztahu 2 sa nasledne vyjadri opticka hrubka aerosoélov ako:
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§580,, je hustota toku slne¢ného Ziarenia pre vybrani vinova

diZku vyjadrena pottom fotonov za jednotku &asu na
zemskom povrchu, resp. nad atmosférou (extrateres-
trialna konstanta),

Ta:T2,0,5Tar%T4a @ T1,50, je celkova optickd hrubka, nasleduje

opticka hrubka pre O;, Rayleightov rozptyl, aerosoly

a SOz,
m, je celkova relativna opticka hmota,
Ho, je relativna optickd hmota ozénovej vrstvy,

a(4,T) je absorpény koeficient pre ozon pre vinova dizku A

a teplotu T,

Q je celkové mnozstvo ozonu v Dobsonovych jednotkach,

3

My je relativna optickd hmota atmosféry pre Rayleightov
rozptyl,

B(A)  jenormalizovand (pre $tandardny tlak vzduchu a verti-
kalny stipec) opticka hribka pre Rayleightov rozptyl,

P je tlak v mieste pozorovania (pouziva sa vac$inou
jeho dlhodoby priemer),

Py je Standardny atmosféricky tlak (101 325 Pa),

y7 je relativna opticka hmota aerosdlov,

Hso,  je relativna optickd hmota pre SO,,

y(A4,T) je spektralny absorpény koeficient pre SO,,

Qso2 je celkové mnozstvo SO, v Dobsonovych jednotkach.
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Prispevok SO, sa v mnohych pripadoch zanedbava
a vtedy sa rovna nule. Pouzity softvér ho ale nezanedbava.
Vidime tu teda rozdiel oproti ¢lanku Marenco et al. (2002),
ktory tvoril teoreticky podklad pre pouzivany softvér.
Celkova relativna optickd hmota sa vypocita ako:

S (4)
cosé

kde & je zdanlivy zenitovy uhol Slnka na oblohe. Detaily
ohladne vypoctu relativnej optickej hmoty atmosféry pre

jednotlivé komponenty Ho,> 4> Hso, a Ha su pristupné

v publikacii Marenco et al. (2002). Extraterestrialna kon-
Stanta sa v priebehu roka okolo svojej strednej hodnoty
meni vzhladom na vzdialenost Zeme od Slnka. Pouzity
softvér na tito zmenu prihliada. Pouziva sa nasledujtci
korekény vztah:

s :1+0,033cos32”f . (5)

]

kde j je juliansky den (poradové Cislo dna v roku) as je
Ciselny faktor, ktorym sa upravuje extraterestrialna kon-
Stanta v priebehu roka. Hl'adani hodnotu AOD ziskame
z vy$$ie uvedenej rovnice 3 iba za predpokladu poznania
vSetkych spomenutych ¢lenov. Vypocitané hodnoty AOD
su v praci porovnané aj s hodnotami optickej hribky 0z6-
nu. Jej vypocet je uvedeny v nasledujlicej rovnici:

71,03 = a(ﬂ,, DQO} = NO-(]V, T)03 V=
=10(4,T)0,Q0, (6)

kde N je poget molekul v jednotkovom objeme, o(4,T )03
je ucinny absorpény prierez molekuly ozénu (zauzivané
je ho vygisPovat’ vzhladom na 1 cm?), Vje objem plynu
vo vertikalnom stipci jednotkového prierezu (1 cm?) an
je pocet molekul v objeme urcenom 1 DU (Dobsonovou
jednotkou) a 1 cm’, pre O; je to konstanta s hodnotou
n=2.69:10" (Schwartz and Warneck, 1995). Hodnotu
celkového mnozstva ozénu ziskame pomocou merani
Brewerovho spektrofotometra. Uinny absorpény prierez

molekuly ozonu o(4,T )03 bol ziskany na zéklade merani

University of Bremen [4], Gorshelev et al. (2014) a Ser-
dyuchenko et al. (2014).

Pri vypocte jednotlivych charakteristik sme postupo-
vali nasledovne: denné priemery AOD su vypocitané ako
aritmeticky priemer vSetkych hodnét daného dna (z mi-
nimalne jednej hodnoty). Mesacné priemery st pocitané
ako aritmeticky priemer tych dni v danom mesiaci, pre
ktoré je k dispozicii hodnota AOD. Rocné priemery st
pocitané ako vazeny aritmeticky priemer z jednotlivych
mesacnych hodndt. V pripade jasnej oblohy a satelitnych
merani je ro¢ny priemer vypocitany ako priemer vsetkych
dni vroku, pretoze v niektorych mesiacoch bol nulovy
pocet merani. Horny, resp. dolny extrém priemernej varia-
bility je dany ako stcet, resp. rozdiel priemeru z mesac-
nych priemerov daného mesiaca v celom rade pozorovani
a priemernej smerodajnej odchylky.
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Satelitné merania

Satelitné idaje optickej hribky aerosolov a albeda jedno-
duchého rozptylu pre vlnové dizky 342,5nm a 388 su
s dennym rozliSenim pre naSu Stidiu k dispozicii od
1.10.2004 do 31.8.2015. Uz vo findlnej verzii si volne
pristupné na web stranke projektu GIOVANNI [3]. Kom-
pletna dokumentacia spolo¢ne s vedeckymi publikaciami
a algoritmami vypoctu jednotlivych produktov ziskanych
pomocou Ozone Monitoring Instrument (OMI Algorithm
Theoretical Baseline Documents [6] ) je pristupna na webe.
Vypocet optickej hribky je v porovnani s pozemnymi
meraniami zloZitej§i. Z pochopitelnych doévodov ho tu
nebudeme uvadzat’. Podrobnosti si zdujemca moze najst’ na
spomenutej web stranke.

V pripade albeda jednoduchého rozptylu plati, Ze tato
optickd vlastnost’ atmosférickych aerosolov je definovana
ako podiel bezrozmernej ucinnosti rozptylu a bezrozmernej
Gginnosti utlmu pre dant vlnova dizku. Celkovy utlm
energie je sumou rozptylenej a pohltenej energie aerosol-
mi. Dand charakteristika ndm napomdha pri urcovani
druhového zlozZenia aeros6lov. Pomocou tohto parametra je
mozné detekovat’ vyskyt ¢ierneho uhlika (sadzi) v atmosfé-
re, pripadne aj kvantifikovat’ jeho podiel v ramci celkového
druhového spektra aerosélov v atmosfére.

Vyber vhodnych udajov

Klucovou zalezitostou pri urCovani optickych vlastnosti
atmosférickych aerosélov je z nameranych udajov odstra-
nit’ tie, ktoré st ovplyvnené oblacnostou. V anglickom
jazyku je pre tato ¢innost’ zauzivané slovné spojenie cloud
screening. Brewerov ozonovy spektrofotometer je pocas
prevadzky véacsinou v manudlnou rezime, a takmer vsetky
merania priameho slnecného Ziarenia zaddva operator. Je
stanovené robit’ ich kazd(i polhodinu. Pokial’ to ale pod-
mienky nedovol'uji, snahou je vystihnit' vhodny okamih
ked’ je priame slne¢né ziarenie neovplyvnené alebo ¢im
menej ovplyvnené oblacnost'ou. Obcas sa takéto merania
uskutocnia aj cez tenkdl homogénnu obla¢nost, pretoze
princip stanovenia mnozstva celkového ozonu to umoziuje
a pristroj je primarne ureny pre tito Cinnost. Z tohto
dovodu je potrebné vel'ké mnozstvo nameranych tdajov za
pouzitia cloud screeningu odstranit. Tento proces bol
vykonany postupnost'ou jednotlivych krokov nasledovne:

a)  Meranie priameho slne¢ného Ziarenia (DS — prikaz
zadavany operatorom) sa vykonava iba pri relativnej
optickej hmote mensej ako 4 a trva priblizne 2,5 mi-
naty. Za tento Cas sa hustota toku slne¢ného Ziarenia
pre kazdt z piatich vinovych dizok zmeria patkrat.
Ak doSlo v priebehu merania k vyraznejSej zmene
hustoty toku slne¢ného ziarenia v dosledku oblac-
nosti, meranie nie je akceptované na zaklade tychto
dvoch kritérii: Po prvé: st odstranené vsetky DS
merania, ktoré vykazuju zvySenu variabilitu hustoty
toku slnecného ziarenia, ¢o sa nasledne prejavi pri
vypocte celkového mnozstva ozénu. Odstranené su
tie DS merania, u ktorych Standardnd odchylka pre
celkovy o0zon je rovna alebo presahuje 2,5 DU. Po
druhé: st odstranené merania u ktorych Standardna



odchylka AOD pre aspoii jednu vinovii dizku je rovna
alebo presahuje 0,025. Ako uz bolo vyssie spomenuté,
posledné dve kritéria je mozné vykonat’ vd’aka tomu,
ze jedno DS merania pozostava v skutocnosti z pia-
tich merani priameho slne¢ného Ziarenia. Preto mame
k dispozicii pre kazda vinova dizku 5 hodnét optickej
hrubky, pricom vysledna hodnota je dana ich prie-
merom, pokial’ si splnené obidve kritéria.

b)  VSetky hodnoty, ktoré presli vyberom a) su v tejto
Casti d’alej overované. Od zaciatku prevadzky pris-
troja ma jeho operator za lohu komentovat’ aktualny
stav na oblohe. Pri kazdej zmene stavu, zadd novy
komentar. Pomocou tohto komentaru boli odstranené
tie DS merania, ktoré nesplituju kritérium ,,Cistého
Slnka“ (,,¢isté Slnko* - slne¢ny koti¢ nie je zaclone-
ny oblac¢nostou) a neboli vzaté do tvahy aj merania
s dymnom.

c) Ajpo aplikdcii kritérii v Castiach a) a b) sa nasli hod-
noty optickej hrabky, ktoré boli neakceptovatelne
vysoké. Z tohto dovodu bolo potrebné stanovit’ limitni
hodnotu optickej hrubky aerosdlov, ktora este moze
byt akceptovana. Napriklad, v praci De Bock et al.
(2010) st vzaté do tivahy iba hodnoty AOD, ktoré
su menSie ako 2. V nasej praci sme sa rozhodli pouzit
eSte prisnejSie kritérium. Maximalna hodnota pre
individudlne DS meranie nesmela dosiahnut’ a pre-
kroc¢it' 1,5. Toto kritérium bolo aplikované aj pre
satelitné udaje.

Iba ta opticka hrabka aerosolov z individualnych DS
merani, ktord presla vysSie popisanym vyberom, bola
nasledne vyuzita pri vyslednej analyze udajov.

VYSLEDKY

Obrazok 1 znazoriiuje porovnanie AOD pre vsetkych pat
vlnovych dizok vo vieobecnom pripade (bez akychkolvek
podmienok, ale po aplikacii cloud screeningu) a v pripade
jasnej oblohy. Vyclenenie podmienok jasnej oblohy bolo
mozné vd’aka manuélnej obsluhe pristroja a komentovaniu
stavu oblohy. Graf zndzorfiuje viacrocné priemery. Je moz-
né si vS§imnut' priamo Gmernu zavislost AOD od vinove;j
dizky. Rovnaku zavislost' prezentuje aj praca Silva and
Kirchhoff (2004) na zaklade merani v Brazilii. V minulosti
pre stanicu Poprad-Génovce spracovala AOD Pribullova
(2002) pre obdobie 1993—-2001. Vjej praci podobnu
zavislost nendjdeme. Maximum AOD uvadza pre vinova
dizku 310,1 nm, minimum je zhodné s nasimi vysledkami
a prislicha pre 306,3 nm. V porovnavanej praci bola ale
pouzitd odliSnd metodika vypoctu, a tieZ nebol zaritany
vplyv ND filtrov, ktoré Brewerov spektrofotometer vybera
automaticky vzhl'adom na aktualnu hustotu toku slne¢ného
Ziarenia.

Na obrazku 2 je graf znazornujuci vyvoj priemernych
roénych hodnét AOD pre dvojicu vlnovych dizok. Evi-
dentne doslo k poklesu AOD a poklesol aj rozdiel medzi
vybranou dvojicou vinovych dizok. Pri¢iny tychto javov s

zatial’ nejasné. V pripade priemernych ro¢nych hodnét AOD
pre jednotlivé vinové dizky bol odakavany skér slaby a ne-
vyznamny pokles, pripadne stagnacia, vSetko s vyraznou
medziroénou variabilitou.

Obréazok 3 ilustruje ro¢ny chod vybranych charak-
teristik pre vlnovii dizku 320,1 nm. Nage vysledky su
blizke zisteniam prace Pribullova (2002). Zhoduju sa vo
vyskyte rocného minima v chladnom polroku, rovnako
pozorujeme dvojvrcholovy ro¢ny chod, ale v naSom pri-
pade je druhy vrchol — absolitne maximum v mesiaci jal,
v porovnavanej praci je to v mesiaci august. Aj v pripade
hodndét mesaénych priemerov vidime blizku podobnost.
Pozorujeme aj zhodu vyskytu roéného maxima variability
pre mesiac jul.

Z grafu na obrazku 4 vyplyva dominancia Utlmu
ultrafialového slne¢ného Ziarenia ozoénom pre kratsie vino-
vé dizky, pricom v pripade dvojice najdlhsich dochadza
naopak k slabej dominancii aerosolov. Tieto vysledky
poukazuju na nezanedbatelny vplyv atmosférickych aero-
solov pri redukcii Skodlivého ultrafialového slnecného
ziarenia dopadajiceho na zemsky povrch.

Obrizok 1. Priemerné AOD pre piiticu vinovych difok za
podmienok jasnej oblohy abez Specifikacie podmienok
v obdobi 2004 — 2014 pre Brewerov spektrofotometer.

Figure 1. Average of AOD for five wavelengths under con-
ditions of clear sky and without specifying of conditions in the
period of 2004 — 2014 for Brewer spectrophotometer.
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Obrazok 2. Priemerné rocné AOD v obdobi 2004 — 2014 pre
Brewerov spektrofotometer.

Figure 2. Average annual AOD in the period of 2004 — 2014

for Brewer spectrophotometer.
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Obrazok 3. Priemerné mesacné maximum a minimum (Ciary),
priemernd variabilita (obdliniky) a priemer (stred obdini-
kov) pre vinovii di¥ku 320,1 nm v obdobi jiil 2003 —august
2015 pre Brewerov spektrofotometer.

Figure 3. Average monthly maximum and minimum (lines),
average variability (rectangles) and average (middle of rec-
tangles) for wavelength 320.1nm in the period of July 2003 —
August 2015 for Brewer spectrophotometer.
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Obrazok 4. Porovnanie dlhodobych rocnych priemerov optic-
kej hrubky pre ozon a aerosély v obdobi 2004-2014 pre
Brewerov spektrofotometer.

Figure 4. Comparison of long-term annual averages of optical
depth for ozone and aerosols in the period of 20042014 for
Brewer spectrophotometer.
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Obrazok 5. Priemerné rocné AOD pre 388 nm a 342,5 nm
zo satelitu a pre 320,1 nm 7 Brewerovho spektrofotometra
v obdobi 2005 —2014.

Figure 5. Average annual AOD for 388 nm and 342.5 nm from

satellite and for 320.1 nm from Brewer spectrophotometer in
the period of 2005 —2014.
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V tabulke 1 je zosumarizovany priemerny pocet dni
s tdajmi po aplikacii cloud screeningu. V pripade ro¢ného
chodu je evidentny ubytok merani v zimnych mesiacoch,
¢o je sposobené hlavne kratkym trvanim dna a Castymi
inverziami spojenymi s nizkou obla¢nost'ou. Z tabulky je
d’alej evidentny nizky pocet dostupnych dni pre satelitné
merania. V porovnani s pozemnymi je ich v ro¢nom prie-
mere az 11 krat menej. Nizky pocet satelitnych udajov je
v dosledku polohy miesta merania v miernych zemepis-
nych Sirkach a v blizkosti hor. Pre taktito oblast’ je typicky
Casty vyskyt oblacnosti, ktora znemoziuje meranie optickej
hrabky aeroso6lov. Svoju tlohu zohrava aj to, ze satelitné
meranie sa pre danu lokalitu vykonava iba jedenkrat za den.

Tabulka 1. Priemerny pocet dni s uréenou AOD pre rok
a mesiace po aplikacii cloud screening.

Table 1. Average number of days with AOD intended for year
and months after the application of cloud screening.

Rk 1 2 3 4 5 6 7 8 9 10 11 12

Brewer |210,5 133 12,8 17,9 19,9 17,5 20,1 231 226 20,1 17,9 146 12,1
Brewer-| 161 47 14 31 23 03 04 12 12 17 20 09 05
jasno

Satelit | 185 02 02 1,3 1,9 15 1,0 16 23 41 39 07 04

Obrazok 5 znazorluje porovnanie satelitnych a po-
zemnych merani. V prvom pripade je evidentnd vyrazni
medzirocnd variabilita sdvoma minimami. V druhom
pripade je pozorovany vyznamny pokles. Ro¢né priemery
hodnét AOD su pre kratsiu vinova dizku 342,5 nm vo
vSetkych sledovanych rokoch vyssie v porovnani s hodno-
tami pre dlhsiu vinova dizku 388 nm. Grafy na obrazku 1
a obrazku 2 nam dokumentujt, Ze v pripade pozemnych
merani je to takmer vzdy opacne, a vyssie hodnoty AOD su
charakteristické pre dlhsie vinové dizky.

Vzajomna korelacia pre satelitné a pozemné merania
je ilustrovana na obrazku 6. Za celé sledované obdobie
bolo mozné porovnat’ 201 dni. Z porovnania vyplyva slaba
vzajomna korelacia. Pravdepodobne je to spdsobené Si-
rokym satelitnym zdberom, a aj tym, Ze denny priemer
v pripade satelitnych merani je tvoreny stadle iba jednou
hodnotou, ktora nemusi vzdy spravne reprezentovat’ pod-
mienky urcitého dna.

Tabul'ka 2 znazornuje vybrané charakteristiky albeda
jednoduchého rozptylu pre dvojicu vinovych dizok (satelit-
né merania). Rozdiel je minimalny a mézeme konstatovat’,
ze aerosOly v nasej oblasti v dlhodobom priemere pohlcuju
priblizne iba 3 % energie priameho slne¢ného Ziarenia pre
dant dvojicu vinovych dizok. Obsah sadzi v atmosfére bol
teda v sledovanom obdobi vel'mi malo vyznamny.

Tabul’ka 2. Charakteristiky albeda jednoduchého rozptylu zo
satelitu: oktober 2004 — august 2015.

Table 2. Characteristics of single scattering albedo from sa-
tellite: October 2004 — August 2015.

Vinova Absolutne Dlhodoby roény Absolutne
dizka maximum priemer minimum
342,5 nm 0,971 0,969 0,963
388,0 nm 0,971 0,968 0,960




Obrazok 6. Porovnanie dennych priemerov AOD pre 342,5 nm
zo satelitu a pre 320,1 nm z Brewerovho spektrofotometra
v obdobi oktober 2004 — august 2015.

Figure 6. Comparison of daily averages of AOD for 342.5 nm
from satellite and for 320.1 nm from Brewer spectrophoto-
meter in the period of October 2004 — August 2015.
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ZAVER A DISKUSIA

Vysledky predlozenej prace vo viacerych pripadoch pri-
niesli otazky na ktoré zatial nepozname jasni odpoved.
Tyka so to najmé vyrazného poklesu AOD za sledované
obdobie 2004—-2014. Rovnako nevysvetleny je zatial aj
pokles rozdielu AOD medzi najkratSou a najdlhSou vlno-
vou dizkou. Pouzitd metodika vypoétu vyzadovala znalost
mnozstva parametrov, ¢i uz pristrojovych alebo aj prirod-
nych, preto je mozné, ze mohla nastat’ chyba pri urceni
niektorého znich. Jednym =z klaCovych parametrov su
extraterestridlne konstanty (ETC) pre jednotlivé vinové
dizky (rovnica 3). Pouzita metodika vypotu pouziva ETC
konStanty urcené pri kalibracii. Kalibracia sa vykonava iba
raz za dva roky. Je mozné, ze je to prilis dlha doba a ETC
konstanty sa pocCas nej menia, o nasledne vplyva na
presnost’ uréenia AOD. Dalej je mozné, e tieto konstanty
neboli pri kalibracii uréené dostatone presne, €o sa v ta-
komto pripade neskdr odzrkadli na ziskanych vysledkoch.
Vdaka novym pristrojom, ktoré boli koncom roka 2014
nainstalované na pracovisku Poprad-Géanovce, bude mozné
priamo porovnat merania dvoch Brewerovych spektrofo-
tometrov a slne¢ného fotometra, z ¢oho prameni potencial
d’alsicho vylepSovania merani, metodiky vypoctu, a nako-
niec aj vysledkov. Pouzitd metodika je jedna z kI'icovych
veci, ktoré vplyvaji na presnost’ vysledku, preto mame
v plane porovnat’ viaceré z nich a ndjst’ optimalnu. Rovna-
ko sa planuji pomocou tzv. Langley plot metody dopocitat’
nezname extraterestridlne konStanty pred rokom 2003
a cely rad vyrazne prediZit’ o star$ie merania od roku 1993.
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AKTIVITY SLOVENSKEHO HYDROMETEOROLOGICKEHO
USTAVU PRI RIESENi NASLEDKOV HAVARIE JE CERNOBY
NA UZEMIi CESKOSLOVENSKA

STEFAN SKULEC

The Slovak Hydrometeorological Institute (SHMU) has traditionally their competencies mainly in monitoring and

forecasting of weather, climate and hydrological conditions in Slovakia. In sixties of the 20" century the competencies
of the SHM. U were extended by monitoring of air quality and radioactivity. In consequence of developing nuclear power
plants in the former Czechoslovakia, the SHMU also developed complex system for providing of meteorological data and
methods which were necessary for all phases of building and operation of nuclear power plants. The central working
Place for these activities was placed in Jaslovské Bohunice.

After receiving of the first unofficial information on the nuclear accident in Chernobyl, the working team of the SHMU
specialists in Jaslovské Bohunice analysed situation and started calculation of the trajectories of radioactive clouds
emitted from damaged nuclear power plant Chernobyl. After announcing of the first successful results the specialists of
the SHMU were involved in the Central Evaluation Group in Prague. The results of trajectorial analysis were success-
fully used after that in monitoring and describing the contamination of the territory of Czechoslovakia by radionuclids
emitted from crashed nuclear power plant Chernobyl.

Experience obtained during the Chernobyl campaign were linked very closely with next development of methods of
emergency management in Czechoslovakia and Slovakia and with the development and building of the Early Warning
System of Slovakia for Nuclear Accidents. The Chernobyl event became a very strong argument supporting idea of the
Early Warning System. Reflecting experience with the Chernobyl accident 30 years ago it would be desirable to stress
that the SHMU was and stays a very important part of the emergency management of the Slovak Republic. The unique
infrastructure, software and skill of specialists create potential to participate actively in any type of accidents in
atmosphere. Especially the trajectorial analysis could be good instrument for managing of accident not only for long
range transport in the atmosphere but also in local range.

Tradiéné kompetencie Slovenského hydrometeorologického vistavu (SHMU) spocivali hlavne v monitorovani a pred-
povedani pocasia, klimy a hydrologickych podmienok na tizemi Slovenska. V 60. rokoch 20. storocia boli kompetencie
SHMU rozsirené o monitorovanie kvality ovzdusia a rdadioaktivity. V reakcii na budovanie jadrovych elektrarni vo
vtedajsom Ceskoslovensku, SHMU vyvinul komplexny systém pre meteorologické zabezpecovanie jadrovych elektrdrni
vo vSetkych fazach budovania a prevadzky jadrovych elektrarni. Stredisko tohto systému bolo umiestnené v Jaslovskych
Bohuniciach.

Po ziskani prvych neoficidlnych informdcii o jadrovej nehode v Cernobyle, analyzoval tim $pecialistov SHMU v Jaslov-
skych Bohuniciach vzniknuti situdciu a zacal vypocty trajektorii radioaktivnych oblakov, emitovanych z poSkodenej
jadrovej elektrarne v Cernobyle. Po ozndmeni prvych tispesnych vysledkov boli Specialisti SHMU zaradeni do Centrdlnej
vyhodnocovacej skupiny v Prahe. Vysledky trajektoriovej analyzy boli uspeSne pouZité pri monitorovani a popise konta-
mindcie tizemia Ceskoslovenska radionuklidmi, emitovanymi 7 havarovanej jadrovej elektrdrne v Cernobyle. Skiisenosti,
ziskané pocas Gernobyl'skej epizédy boli vyuzité pri d’alSom vyvoji metéd havarijného manaimentu v Ceskoslovensku
a na Slovensku, a pri vyvoji a budovani Systému véasného varovania pre jadrové nehody Slovenskej republiky.

Key words: accident, NPP (Nuclear Power Plant) Chernobyl, radionuclides, monitoring, SHMU, trajectory, trajectorial
analysis, emergency management, Project ATMES, Early Warning System for Nuclear Accidents

Slovensky hydrometeorologicky ustav (SHMU), ako
je vSeobecne zname, ma dlhodobu tradiciu v monitorovani
a predpovedani pocasia, klimy a hydrologickych podmie-
nok na uzemi Slovenska. Od 60. rokov 20. storocia boli
kompetencie SHMU rozsirované postupne o monitorova-
nie radioaktivity atmosférického spadu a neskor aj kvality
ovzdusia.

Monitorovanie radioaktivity atmosférického spadu bolo
iniciované hromadenim radioaktivnych prvkov — produktov
pokusnych jadrovych vybuchov v atmosfére a naslednym
zvySovanim radiacnej zataze v globalnom meradle. Série

pokusnych vybuchov v atmosfére, uskutociované bez akej-
kol'vek regulécie jadrovymi ve'mocami v 50. a na zaciatku
60. rokov vytvorili hrozivy stav Girovne radioaktivity atmo-
sféry. Viedlo to k uzavretiu dohody a zastaveni pokusov
a k vytvoreniu kontrolného monitoringu v globalnom me-
radle. Na podnet kompetentnych institicii v Ceskoslovensku
bolo zorganizované v ramci vtedajSiecho Hydrometeorolo-
gického ustavu na vybranych meteorologickych staniciach
na uzemi celého Ceskoslovenska monitorovanie sumarnej
beta radioaktivity atmosférického spadu, ktoré bolo usku-
tocfiované az do zaciatku 90. rokov.
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Na konci 50. rokov sa v Ceskoslovensku zagala budo-
vat’ prva jadrova elektraren A 1 v Jaslovskych Bohuniciach.
SHMU bol povereny rozpracovanim podkladov pre re-
guldciu vypustania radioaktivnych emisii do atmosféry,
vznikajucich na jadrovej elektrdrni (JE) pri normélnej
prevadzke. Ciel'om bolo vyuzit' optimalne podmienky pre
rozptyl v atmosfére a redukovat’ tak potencialnu radia¢na
zat'az obyvatel'stva v okoli JE. Systém bol prevadzkovany
pocas celej &innosti A 1 na meteorologickej stanici SHMU
v Jaslovskych Bohuniciach.

V 70. a 80. rokoch sa rozvinula vystavba jadrovych
elektrarni v lokalitach Dukovany, Mochovce a Temelin.
V Jaslovskych Bohuniciach preto SHMU vybudoval pra-
covisko s celostatnou pdsobnostou (v ramci Ceskosloven-
ska), ktoré¢ sa zaoberalo komplexne rozvojom metod pre
poskytovanie meteorologickych informacii, potrebnych pre
prevadzku JE. Na pracovisku sa Studovali a vyvijali meto-
dy monitoringu atmosféry pri prevadzke JE a matematické
modely pre popis rozptylu radioaktivnych latok v atmosfére
s nadvdznostou na vypocet radiatnej zataze obyvatel'stva
pri normalnej prevadzke a pri havarijnych situaciach.

Je zname, ze vykonné JE st zdrojom odpadového
tepla, ktoré, podl'a typu chladenia, je odvadzané do atmo-
sféry alebo hydrosféry. V Ceskoslovensku boli vyuZivané
atmosférické chladiCe, konkrétne chladiace veze mokrého
typu s prirodzenym t'ahom, a preto sa na pracovisku SHMU
v Jaslovskych Bohuniciach rozvijali aj metédy monito-
ringu a hodnotenia potencidlnych klimatickych efektov
emisii tepla a vody do atmosféry.

Pracovisko SHMU v Jaslovskych Bohuniciach sa
postupne zapojilo do vagsiny klucovych aktivit v Cesko-
slovensku, suvisiacich s vyhodnocovanim vplyvu na
zivotné prostredie vo vSetkych fazach budovania jadrovych
elektrarni astalo sa vyznamnym subsystémom monito-
rovacieho systému a havarijného manazmentu pre jadrové
havérie na izemi Ceskoslovenska.

V 80. rokoch sa v stvislosti s rozvojom havarijného
planovania zvySovali naroky na hodnotenie skuto¢nych
a potencidlnych havarijnych situdcii. Rozvijali sa preto
sofistikované matematické modely pre operativne alebo
post-operativne vyuzitie a diskutovali sa spésoby hodno-
tenia rozptylu radioaktivnych emisii v lokalnom meradle
a na stredné a velké vzdialenosti.

Limitujucimi faktormi pri tychto aktivitich v pod-
mienkach uzavretej ekonomiky vychodného bloku, ktorej
sucastou bolo aj Ceskoslovensko, boli nedostatok, mala
vykonnost’ a nespolahlivost’ vypoctovej a meracej tech-
niky, ktort sme mali k dispozicii na naSich pracoviskach.

Objektivnym limitujiicim faktorom pri posudzovani
prenosu radioaktivnych emisii na stredné a vel'ké vzdiale-
nosti, a zvlast,, ked’ islo o viacnasobny cezhrani¢ny prenos,
bola vtedajSia Urovenn dostupnosti relevantnych meteoro-
logickych informacii aich ¢asového a priestorového roz-
liSenia. Tak ako v sucasnosti boli zdrojom tychto udajov
globalne systémy, prevadzkované Svetovou meteorolo-
gickou organizaciou. Ziskavanie udajov pre modelovanie
prenosu emisii na velké vzdialenosti bolo vzhladom na
vtedajSiu uroven meracej, vypoctovej a telekomunikacnej
techniky aj na Spickovej svetovej Grovni neporovnatelne
naroc¢nejsie ako v stucasnosti a niekedy aZ nemozné.
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Dalsim nedostatkom koncepcného charakteru bolo,
7e systémy havarijného planovania v Ceskoslovensku, ale
aj vinych krajinach, pocitali len s havariami s dosahom
v lokdlnom alebo regiondlnom meradle (niekol’ko desiatok
kilometrov od zdroja). Havaria, pri ktorej by bolo konta-
minované uzemie niekol’kych Statov, bola hodnotena ako
extrémne malo pravdepodobnd, oficialne havarijné plany
juignorovali anebola ani precvicovana. Tato skutocnost’
vysvetluje aj vysoku mieru improvizécie, ktorou boli
poznacené post-havérijné aktivity v okoli havarovane;j
elektrarne v Cernobyle, ale aj na uzemi ostatnych dotknu-
tych krajin.

Napriek tomu mozno retrospektivne konstatovat’, Ze
v druhej polovici 80. rokov bol na SHMU Jaslovské Bo-
hunice pripraveny originalny komplex nastrojov (metodik,
matematickych modelov, vypoétovych programov) a ski-
seny tym Specialistov, ktori boli schopni reagovat’ na Siro-
ké spektrum situacii, vratane Sirenia radioaktivnych emisii
v atmosfére pri vel'kych havaridch jadrovych zariadeni.

Ako je zname, situacia po vzniku havarie na JE Cer-
nobyl’ a aj niekol’ko dni potom bola vel'mi neprehl'adna.
Charakterizovala ju totdlna absencia informacii z miesta
havarie anejasné azamerne dezorientujuce vyjadrenia
domacich médii, ktoré boli usmeriiované politickymi
$pickami a nie odbornikmi. Ako sa neskdr ukézalo, havaria
a destrukcia reaktoru 4. bloku JE v Cernobyle sa stala asi
83 minat po polnoci dna 26. aprila 1986 miestneho casu.
Prvé signaly o vzostupe hodnoty radioaktivity a podozrenie
o Uniku radionuklidov z nezndmeho zdroja sa objavili vo
Svédsku diia 27. aprila. Po prevereni potencialnych do-
macich zdrojov uniku bola vzhl'adom na smer aktualneho
vzdusného pridenia nad Skandinéviou v podozreni najprv
sovietska (vtedy) JE Ignalino (Litva). Neskor, po prevereni
snimok americkych satelitov bol potvrdeny ako zdroj JE
CernobyT..

Vlada CSSR spociatku zaujala vy&kavaciu taktiku.
Sovietskou vladou bola o havérii informovana oficialne az
30. aprila 1986. Po potvrdeni sprav o havarii na JE Cerno-
byl bola zvoland Vlddna havarijnd komisia a v Centre
hygieny zafeni Institutu hygieny a epidemioldgie v Prahe
bola zriadena pracovna skupina pod nazvom Centralna
vyhodnocovacia skupina Vladnej havarijnej komisie, ktora
dostala mandat pre riadenie a vyhodnocovanie monito-
rovacich prac, spojenych s havériou JE Cernobyl’ na izemi
celého Ceskoslovenska. Skupina bola zloZend zo $picko-
vych odbornikov v oblasti radiacnej hygieny a havarijného
manazmentu.

Prakticky vSetky pracoviskd na uzemi Ceskoslo-
venska, ktoré boli vramci svojho profesného zamerania
schopné vykonavat meranie radioaktivity, po oznameni
havarie bud’ pokracovali vo svojich kontinualnych moni-
torovacich aktivitach alebo aktivovali svoje zariadenia.

Po prvych spravach o havarii zo zahrani¢nych médii
bol dita 28. 4. zhromazdeny tym 3pecialistov SHMU v Jas-
lovskych Bohuniciach a zac¢ali sme spracovavat’ informacie
o havarii na JE Cernobyl’. Boli zhromazdené vietky do-
stupné udaje o JE Cernobyl. Vzhladom na absolutny
nedostatok informacii o emisii radionuklidov (mnozstvo,
vySka a cCasovy priebeh emisie) zhavarovanej JE bolo
rozhodnuté, Ze sa nebude pocitat’ rozptyl a koncentracie
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oblaku v atmosfére, ale len trajektorie centier oblakov,
emitovanych v pravidelnom intervale 12 hodin. ktoré by
umoznili charakterizovat zakladné tendencie v Sireni
potencidlnych emisii radionuklidov. Bol dalej prijaty
predpoklad, Ze emisia radionuklidov z havarovanej JE
pokracovala aj v d’al'Sich hodindch a dioch po vzniku ha-
varie. Po diskusiach o moZnom charaktere a teplote emisii
z havarovanej JE bola vybrata ako vyska Sirenia emisii
v pociato¢nej faze hladina 850 hPa (asi 1500 m).

Pre vysvetlenie vzniknutej situdcie uvadzame niekol-
ko faktov o chovani radionuklidov v atmosfére. Radio-
nuklidy, emitované do atmosféry st prenasané priadenim
vzduchu a zriedované atmosférickou diftiziou. Procesmi
gravitacného usadzovania a suchého spadu st radionuklidy
kontinudlne usadzované na zemskom povrchu. Atmo-
sférické zrazky, ak sa vyskytuju, vymyvajii a usadzuji
radionuklidy z atmosféry na zemsky povrch. Spolo¢nym
pOsobenim procesov gravitatného usadzovania, suchého
spadu a vymyvania zrazkami sa Cast’ radionuklidov usa-
dzuje na povrchu a po prechode oblaku vytvara radioak-
tivnu stopu (Obr. 1). Hodnoty koncentracie radionuklidov
v oblaku teda primarne zavisia na velkosti emisie a se-
kundarne na di’ke aintenzite pdsobenia zriedovacich
a usadzovacich procesov, pdsobiacich v atmosfére. Dizka
trajektorie atym aj trvanie zriedovacich procesov preto
vyznamne ovplyviiuje koncentracie v oblaku.

Podla neskorsie publikovanych odhadov [1] bolo z ha-
varovanej elektrarne emitovanych do atmosféry celkove asi
2.10" Bq. V prvy defi havarie (26. aprila) to bolo asi 25 %
celkovej hodnoty, v dalSich diioch emisia klesla, ale v 7.,
8., 9. a 10. deni po vzniku havarie (2., 3., 4. a 5. maja) opat’
vyrazne stipla. V 11. dni (6. maja) po vzniku havarie bola
emisia z havarovanej JE takmer ukoncena vdaka poso-
beniu zachranarskych timov na havarovanej JE (Obr. 2).

Podl'a predpokladaného scenara udalosti na havaro-
vanej JE bola kontinudlna emisia radionuklidov rozdelo-
vana podl'a meniaceho sa smeru pradenia ovzduSia do
réznych smerov. V okoli sa preto sformovali oblaky radio-
nuklidov, ktoré boli d’alej prendSané na velké vzdialenosti
od zdroja a transformované alebo separované podla lo-
kalnych podmienok v atmosfére. Trajektorie centra oblaku,
pocitané v pravidelnych intervaloch, umoznovali odhado-
vat’ pohyby realnych oblakov.

Vypocitané trajektorie sa primarne hodnotili z hl'adiska
mozného zasahu uzemia Ceskoslovenska. Pre vypocet tra-
jektorii bolo potrebné zhromazdit’ a pouzit’ udaje o pradeni

Obrazok 2: MnoZstvo radionuklidov, emitovanych z havaro-
vanej JE Cernobyl’ v prvych diioch havarie.

Figure 2. The quantity of radionuclides released from crashed
NPP Tchernobyl in first days after initiation of accident.
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vzduchu z okolia zdroja emisii a d’alej z Gzemi, v ktorych
sa oblaky pohybovali. V spolupraci s kolegami z predpo-
vednej sluzby SHMU v Bratislave sa zhromazd'ovali Gidaje
o prudeni vzduchu nad strednou a vychodnou Eurépou
z Globalneho telekomunikacného systému Svetovej meteo-
rologickej organizicie (vtedy sa prenasali len d’alekopismi).

Vypodty trajektorii na SHMU zadali aj bez oficial-
neho poverenia 29. aprila. Spétne boli vyhodnotené trajek-
torie s pociatkom o 0,00 h GMT 26.4. a d’alej s intervalom
12 hodin.

Vypocty trajektorii oblakov radioaktivneho materialu
z Cernobylu boli operativne konfrontované s meraniami
sumarnej beta-aktivity atmosférického spadu, ktoré sa
dlhodobo vykonavali na SHMU aktoré zaznamenali
vyznamny a neobvykly vzostup hodnét radioaktivity dila
29. aprila. Dobry suhlas trajektorii s tymito udajmi bol
potvrdenim, ze vysledky trajektoriovej analyzy popisuji
procesy realisticky.

Ako sa neskor potvrdilo, prvy vzostup radioaktivity
na uzemi CSSR bol zaregistrovany 29.4. 1986 na vetkych
pracoviskach, ktoré monitorovali radioaktivitu. Pomerne
dobre to vysvetluje trajektoria centra oblaku, emitovaného

z Cernobyl'u o polnoci dita 27.4., ktory vnoci z29.4.
na 30.4 prenikol cez severni hranicu na uzemie Cesko-
slovenska a pokracoval juznym smerom. Z trajektoriovej
analyzy je zrejmé, ze oblaky emitované z Cernobylu na
konci 1. dna havarie kontaminovali atmosféru nad strednou
¢astou Ceskoslovenska uz v popoludiajsich hodinach
29.4. Ako sa neskor ukazalo, tento oblak priniesol ma-
ximalne hodnoty koncentracie radionuklidov v ovzdusi
nad izemim Ceskoslovenska, spdsobené &ernobyl’skou
havériou a namerané diia 30.4. aj v rdmci monitorovacicho
systému Statu. V noci pocas prechodu tohto oblaku sa
vyskytovali v severnom pohrani¢i Moravy burky. Kom-
binacia intenzivneho dazd’a a vysokych koncentracii
v atmosfére prispela k depozicii radionuklidov na povrchu
a vytvorila v tejto oblasti lokality snajvy$§imi koncen-
traciami radionuklidov v povrchovom depozite na uzemi
Ceskoslovenska.

Podl’a trajektoriovej analyzy boli zaznamenané celko-
ve 3 prechody centier oblakov radionuklidov nad izemim
Ceskoslovenska. Prvy, uz komentovany vnoci z29. na
30. aprila, druhy 3. a 4. maja a treti 7. maja. Dobre to do-
kumentuju aj obrazky 3—5.
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Obrizok 3. Trajektorie oblaku rddioaktivneho materidlu, unikajiiceho z JE Cernobyl’ diia 27. 4. 1986 a undSaného pridenim

ovzdusia. Pociatky a jednotlivé fizy trajektorii sii vyjadrené v letnom SEC. Podiatok emisie:

2h; ———14h.

Figure 3. The trajectories of windborne puffs of radioactive material released into the atmosphere from NPP Tchernobyl on the
27. April 1986. The starting time and separate phases of trajectories are expressed in summer CET.

The starting time of emissions: 02 hrs;— — — 14 hrs.
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Obréazky trajektorii st povodné a neupravované, tak
ako boli generované v realnom ¢ase v diloch po havarii.

Aj ked’ v tomto prispevku prezentujeme len niekol’ko
ukazok trajektoriovej analyzy, naznacuje trajektoriova ana-
lyza postupné formovanie radiacnej situdcie nad Eurdpou
v zéavislosti na zlozitosti a dynamike vzduSnych prudeni.
Tato zlozitost dokumentuje napriklad vyvoj z prvého dna
havarie. Pocas celého dna boli emisie z havarovanej JE
unasané prevladajicim juhovychodnym prudenim priblizne
na severozapad. Emisie z prvej polovice dila boli unaSané
priblizne rovnakym smerom do severnej ¢asti Skandinavie,
ale emisie z druhej polovice dia boli nad Baltskym morom
zachytené severovychodnym az severnym pradenim a po-
stupovali priblizne do strednej Europy.

O realizicii trajektoriovej analyzy a jej vysledkoch na
SHMU boli informovani 3pecialisti v Centre hygieny za-
feni Institutu hygieny a epidemiologie v Prahe, ktori riadili
monitorovaci systém Ceskoslovenska. Pracovnici SHMU
boli nésledne pozvani Centralnou vyhodnocovacou sku-
pinou do Prahy, kde sa presunuli 3. méja a pokracovali vo
vypocte trajektorii. Aj v Prahe bol potvrdeny dobry suhlas
vysledkov trajektoriovej analyzy s priebeznymi vysledkami

merania kontaminécie ovzdu$ia v rdznych castiach Gizemia
Ceskoslovenska.

Vysledky trajektoriovej analyzy umoznili lepSie po-
chopit’ casovy priebeh formovania kontaminacie ovzdusia
a radioaktivnej stopy na povrchu Ceskoslovenska v zavis-
losti na pohybe jednotlivych oblakov. Poziadavky na celo-
plosné monitorovanie uzemia Ceskoslovenska presahovali
svojim rozsahom Standardné aktivity hygienickej sluzby
a vyzadovali preto mimoriadne nasadenie vSetkych zloziek
monitorovacieho systému. Vyhodnotit’ vSetky mozné cesty
pdsobenia radionuklidov nie je jednoduchy proces, ¢o na-
znacuje aj obrazok 6. Prechody d’al$ich oblakov prispievali
k rychlemu vyvoju situdcie a z havarovanej elektrarne
neboli doveryhodné podklady pre prognézovanie d’alSicho
vyvoja situacie. Vysledky trajektoriovej analyzy preto
pomohli aj v tejto zlozitej situacii ziskat’ prehl'ad o dote-
rajSom a budiicom vyvoji radiacnej situacie.

K racionalizacii postupu monitorovania havarie JE
Cernobyl’ na tzemi Ceskoslovenska prispeli 3pecialisti
SHMU v ramci Centralnej vyhodnocovacej skupiny aj ope-
rativnym vyhodnocovanim zrazkovej aktivity nad celym
tizemim Ceskoslovenska. Kazdodenne bol vykonany zber
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Obrizok 4. Trajektorie oblaku rddioaktivneho materidlu, unikajiiceho 7 JE Cernobyl’ diia 26. 4. 1986 a undSaného priidenim

ovzdusia. Pociatky a jednotlivé fizy trajektorii sii vyjadrené v letnom SEC. Pociatok emisie:

2h; ———14h.

Figure 4. The trajectories of windborne puffs of radioactive material released into the atmosphere from NPP Tchernobyl on the
26. April 1986. The starting time and separate phases of trajectories are expressed in summer CET.

The starting time of emissions: 02 hrs; — — —14 hrs

Meteorologicky &asopis, 19, 2016 | 47



informécii o vyskyte a mnoZstve zrdZok zo vSetkych praco-
visk hydrometeorologickej sluzby na uzemi Ceskosloven-
ska a na zaklade mapy vyskytu zrazok bolo optimalizované
d’alSie nasadenie monitorovacich kapacit.

Aj neskorSie hodnotenia potvrdili vyznam meteo-
rologickych informdcii najmi pri operativnom zvladnuti
monitoringu a organizacii naslednych opatreni. Stali sa
impulzom pre dalsi vyvoj metdod na SHMU Jaslovské
Bohunice a prispeli aj k zlepSeniu materialnych podmienok
na pracoviskach na celom ustave. PokraCovalo sa intenzivne
vo vyvoji matematického modelu pre hodnotenie Sirenia
radioaktivnych emisii v lokalnom, regionalnom a cezhranic-
nom meradle. Tieto prace vrcholili tastou tymu z SHMU
Jaslovské Bohunice v medzindrodnej porovnavacej Studii
ATMES (Atmospheric Transport Model Evaluation Study),
ktord v rokoch 1987-1991 organizovala Medzinarodna
komisia pre atomova energiu v spolupraci so Svetovou
meteorologickou organizaciou /2/. Studie sa zu¢astnilo so
svojimi modelmi 21 rieSiteI'skych tymov zo 14 krajin.
V ramci $tudie bol vykonany vypocet Sirenia rddionuklidov
zhavarovanej JE Cernobyl' v celoeuropskom meradle

s vyuzitim dovtedy zhromaZzdenych tdajov o emisii z JE
Cernoby!’ a realnych meteorologickych podmienkach nad
Eurépu v dobe havarie. Vysledky boli porovnavané s na-
meranymi hodnotami v réznych ¢astiach Europy.

Uspesné aktivity SHMU pri riedeni Gernobyl'skej ha-
varie boli tiez podnetom pre zaradenie ¢lena tymu SHMU
do skupiny expertov Svetovej meteorologickej organizacie,
ktora navstivila ako jedna z prvych zahrani¢nych skupin
lokalitu havarovanej JE Cernobyl v marci 1988, kde sa
zoznamila so stavom sana¢nych prac v lokalite.

Skusenosti, ziskané v operativnom nasadeni pocas
havarie JE Cernobyl boli na SHMU vyuzité aj pri rozvoji
systému meteorologického zabezpeCovania jadrovych
elektrarni a pri rozvoji havarijného manazmentu Slovenske;j
republiky. Priebeh udalosti po¢as havérie vyrazne posilnil
aj v Ceskoslovensku nazory o potrebe vybudovania systé-
mu vcasného varovania pre jadrové havarie. S vyuzitim
komunikaéného systému SHMU a vd’aka iniciative a sku-
senostiam expertov SHMU sa tento systém podarilo na
Slovensku uviest’ do prevadzky na zaliatku 90. rokov. Pre-
vadzkovatel'om tohto systému je aZ do stii¢asnosti SHMU.

e

Obrizok 5. Trajektorie oblaku ridioaktivneho materidlu, unikajiiceho 7 JE Cernobyl’ diia 4.5.1986 a undSaného pridenim

ovzduSia. Pociatky a jednotlivé fizy trajektorii sii vyjadrené v letnom SEC. Pociatok emisie:

2h; ———14h.

Figure 5. The trajectories of windborne puffs of radioactive material released into the atmosphere from NPP Tchernobyl on
the 4. May 1986. The starting time and separate phases of trajectories are expressed in summer CET.

The starting time of emissions: 02 hrs; — — —14 hrs
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Obrazok 6. Cesty posobenia radioaktivnych latok, vypustenych do ovzdusia na ¢loveka.

Figure 6. The ways of exposure to people caused by radioactive material released into the atmosphere.

Ak v kontexte s ,,Cernobyl'skymi“ aktivitami SHMU
pred tridsiatimi rokmi posudzujeme sucasny stav v oblasti
havarijného manazmentu na Slovensku ana SHMU, je
potrebné v prvom rade konstatovat’, ze SHMU so svojimi
su¢asnymi kompetenciami predstavuje aj dnes nenahra-
ditelnt komponentu havarijného manazmentu Slovenske;j
republiky. Nie je fiou len ako pasivny zdroj kvalitnych
udajov o stave a vyvoji atmosféry a hydrosféry, ale aj ako
zdroj sofistikovaného know-how a $pickovych expertov.
Skusenosti z ¢ernobyl'skej epizody, ale aj z d’alSich uda-
losti v oblasti havarijného manazmentu naznacuju vyznam
dobrej pripravy, ale aj schopnosti improvizacie pri rieseni
konkrétnych pripadov. Poskytovanie komplexnej informa-
cie pre havarijny manazment v ramci svojich kompetencii
je pre SHMU predmetom sluzby verejnosti, tak ako je
poskytovanie predpovedi pocasia.

Mimoriadny pokrok mozno konStatovat’ v oblasti
pripravy dat, charakterizujucich atmosféru. Vd’aka rozvoju
telekomunikaénych a pocitacovych technolégii, ale aj vd’a-
ka rozvoju systémov pre numericki predpoved’ pocasia,
st k dispozicii udaje o atmosfére s vysokym priestorovym
a Casovym rozliSenim. KonStrukcia trajektorii, vratane
predpovede trajektorii, sa preto stala rutinnou procedirou.
Ako nadstavba pre systémy na predpoved’ pocasia su
v ramci medzinarodnej komunity zdiel'ané aj kapacity pre
vypocet koncentracii v okoli potencidlneho zdroja na tizemi
¢lena komunity.

Nie vzdy su vSak pocas havarijného uniku k dispozi-
cii spolahlivé tidaje o emisii. Trajektorie centra hypotetic-

kého alebo realneho oblaku ostavaji preto dobrym néstro-
jom pre posudzovanie situacie pocas havarii a krizovych
situdcii apri organizovani néslednych opatreni. Aj ked
vSeobecne sa trajektorie a trajektoriovd analyza vnimaji
ako nastroj pri prenose na stredné alebo velké vzdialenosti,
maju trajektorie velky operativny vyznam aj v lokalnom
meradle. Sucasnd Uroven priestorového rozliSenia udajov
o veternom prudeni v systémoch pre predpoved pocasia
umoziuje konstruovat lokalne trajektorie (aktualne a aj
predpovedné) prakticky hocikedy a hocikde na tUzemi
pouzivanej domény. Takéto udaje mézu zasadne ovplyv-
flovat’ operativne rozhodnutia havarijného manazmentu
pri formulovani a vykonévani néslednych opatreni v kon-
krétnych situaciach. Bolo by preto uzito¢né, aby postup
pre pripravu trajektorii v lokalnom, regionalnom a nad-
regionalnom meradle a skusenosti s ich interpretaciou boli
Standardnou vybavou predpovednej sluzby.
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INFORMACIE
INFORMATION

KLIMATICKY ATLAS SLOVENSKA
VYSIEL KNIZNE

Podklady pre Klimaticky atlas Slovenska
vznikali v rokoch 2010—-2015 v rdmci pro-
jektu ,,Vyvoj technologie priestorového
spracovania udajov o klimatickom systé-
me*, ktory bol spolufinancovany Eur6pskou
uniou z Eurdpskeho fondu regionalneho
rozvoja, ITMS kod: 26220220102. Miestom
realizacie projektu boli regiondlne pobocky
Slovenského hydrometeorologického Ustavu
v Banskej Bystrici, Kosiciach a Ganovciach.
Na odbornej stranke atlasu sa podielalo
17 klimatoldgov, tim 14 Tudi tvoril technic-
ka podporu projektu a kartografické a GIS
spracovanie atlasu zabezpecovala firma
ESPRIT, s.r. 0. z Banskej Stiavnice.

V d’alsom procese bola pripravena
knizna publikacia Klimaticky atlas Sloven-
ska, ktora tvori suborné kartografické atlasové dielo,
obsahujuce klimatické mapy. Z hl'adiska ¢asopriestorovych
suvislosti je doplnené grafmi a tabulkami. Grafické casti
atlasu tematicky dopliia sprievodny vysvetlujuci text
v slovenskom aj anglickom jazyku.

V obdobi pred 2. svetovou vojnou bol najucelenejsim
atlasovym dielom v CSR narodny Atlas Republiky Cesko-
slovenskej (1935), obsahujuci aj klimatické mapy. Prvym,
a pre tizemie Slovenska zaroven do dnesnych ¢ias jedinym
klimatickym atlasom, bol Atlas podnebia Ceskoslovenskej
republiky (1958) spracovany za obdobie 1901-1950.
V publikacii Agroklimatické podmienky CSSR (1975)
bolo mapovo spracované Standardné normalové obdobie
1931 — 1960 pre mnohé¢ klimatické prvky a ich charakteris-
tiky. Atlas SSR (1980) bol subornym atlasom a v kapitole
Ovzdusie a vodstvo obsahoval vybrané klimatické a feno-
logické mapy. Atlas krajiny Slovenskej republiky (2002)
mal v sekcii 4.3 OvzduSie mapovo spracované vybrané
klimatické prvky a ich charakteristiky.

KLIMATICKY ATLAS SLOVENSKA
CLIMATE ATLAS OF SLOVAKIA

Ciel'om Klimatického atlasu Slovenska bolo pokraco-
vat’ v tradiciach predchadzajucich mapovych diel, a najma
nadviazat’ na Atlas podnebia Ceskoslovenskej republiky,
a to po tematickej ako aj ¢asovej stranke.

Referenénym obdobim pre spracovanie udajov bolo
obdobie 1961 —-2010. Pri niektorych klimatologickych prv-
koch sa vSak vramci Klimatického atlasu Slovenska,
vzhl'adom na dostupnost’ udajov, akceptovali aj kratSie
obdobia 1965 — 2010, pripadne 1981-2010.

Udaje pre atlas pochédzajii zo stani¢nych sieti SHMU.
Namerané a napozorované udaje presli niekol’kostupiiovou
manuélnou a automatizovanou kontrolou. Mesa¢né hodno-
ty klimatologickych (resp. fenologickych) prvkov a charak-
teristik presli procesom homogenizacie dlhych ¢asovych
radov. Homogenizacia bola realizovana v prostredi MASH
(Szentimrey, 1999), vktorom prebichala aj kompletizacia
casovych radov. Subory udajov pre jednotlivé mapy boli
individualne spracované v prostredi geografickych infor-
macnych systémov.
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V atlase boli spracované najdolezitejSie charakteris-
tiky meteorologickych prvkov nielen z hl'adiska vlastnosti
dané¢ho prvku, ale aj zhladiska klimatologickej praxe.
V ramci kazdej kapitoly su publikované mapy roénych,
vybranych mesa¢nych, pripadne sezoénnych hodnot. V ka-
pitolach je aj Casovy priebeh prvkov pocas referenéného
obdobia, extrémne a priemerné hodnoty klimatickych
prvkov a charakteristik. Mapy, grafy a tabulky su doplnené
sprievodnymi textami v slovenc¢ine a angli¢tine, v ktorych
je, okrem iného, opisany ro¢ny, pripadne denny chod
prvku, jeho priestorové rozlozenie na izemi Slovenska na
zéklade zemepisnej $irky, dizky, nadmorskej vysky. V texte
meranych hodnotach.

Obsah Klimatického atlasu SR je rozcleneny na 11
hlavnych odbornych kapitol, v 12. kapitole sa nachadzaju
zoznamy pouzitych klimatologickych, zrazkomernych
a fenologickych stanic. Odbornym kapitolam predchadzaju
uvodné kapitoly, ktoré pridavaji atlasu ramec geograficky,
historicky a metodicky.

Odborné kapitoly maji nasledovné ¢lenenie:
e Teplota vzduchu
e Atmosférické zrazky
¢ Sneh a snehova pokryvka
e Vlhkost’ vzduchu
e Oblacnost, slne¢ny svit a slne¢né ziarenie
o Tlak vzduchu a vietor
e Meteorologicka charakteristika vyssej atmosféry
o Nebezpecné atmosférické javy
e Fenologické charakteristiky
e Teplota a premfzanie pody
o Klasifikacia klimy

V kapitole ,,Teplota vzduchu* sa okrem S§tandardnych
map priemernych mesacnych, sezonnych a roc¢nej teploty
vzduchu nachadzaju mapy priemerného trvania obdobia,
priemerného nastupu a konca s dennou teplotou vécSou
alebo rovnou 5°C, 10°C a 15°C, mapy priemernych poc-
tov charakteristickych dni (letnych, tropickych, bez mrazu,
s mrazom, ladovych a arktickych), pre mrazové dni su tu
aj mapy ich priemerného prvého a posledného dna ich
vyskytu.

Druha kapitola je venovana atmosférickym zrazkam.
Okrem rocnej, sezonnych a mesacnych map priemerného
uhrnu atmosférickych zrazok, s tu aj mapy zndzornujiuce
priemerné poCty dni so zrdzkami >0,1 mm, 1 mm, 5 mm
a 10 mm, priemerné rocné maxima dennych, dvojdennych
a patdennych zrazok. Ku kapitole je priradena aj proble-
matika sucha, ktorého epizody st zhodnotené vo viacerych
mapach podla roznych indexov (Palmerov Z-index, SPI,
relativny PDSI).

Charakteristiky snezenia a snehovej pokryvky su
obsahom tretej kapitoly. Tato kapitola obsahuje mapy
vyjadrujuce priemerny mesacny a sezonny pocet dni so
snezenim, priemerny sezénny pocet dni s novou snehovou
pokryvkou >5cm, 10cm al5cm, priemer sezénnych
thrnov vysky nového snehu, priemerny datum prvého
a posledného snezenia. Druha cast’ kapitoly je venovana
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charakteristikdm celkovej snehovej pokryvky, si tu mapy
priemernych sezonnych a mesa¢nych poctov dni so sne-
hovou pokryvkou, priemerny sezénny pocet dni s celkovou
snehovou pokryvkou >10 cm, 20 cm a 50 cm, mapy prie-
mernych sezénnych a mesanych maxim vysky snehovej
pokryvky, priemer sezénnych maxim vodnej hodnoty sneho-
vej pokryvKky a priemerny datum vyskytu prvej a poslednej
snehovej pokryvky.

Kapitola ,,Vlhkost vzduchu“ nie je venovana len
charakteristikdm vlhkosti vzduchu, ale aj vyparu. V kapi-
tole st mapy relativnej vlhkosti vzduchu, tlaku vodnych
par asytostného doplnku (priemerné ro¢né a priemerné
mesacné, pripadne priemerné sezénne) a spracovana je aj
mapa priemerné¢ho poc¢tu dusnych dni. Pre vypar boli spra-
cované mapy: priemerny uhrn vyparu z vodnej hladiny,
priemerné mesacné aroCny uhrn potencialnej evapotran-
spirdcie a priemerné mesacné a priemerna ro¢nd hodnota
klimatického ukazovatel'a zavlaZenia.

V d’alsej kapitole su obsiahnuté charakteristiky oblac-
nosti, slne¢ného svitu a slneéného Ziarenia. Nachadzaju sa
tu mapy priemernej ro¢nej obla¢nosti, priemerného poctu
jasnych azamraCenych dni, priemerny ro¢ny a mesaény
slnecny svit a priemerné rocné a mesacné sumy globalneho
Ziarenia.

Siesta kapitola je venovana tlaku vzduchu a vetru.
Pre tlak vzduchu st v Klimatickom atlase Slovenska spra-
cované mesacné arocnd mapa tlaku vzduchu reduko-
vaného na hladinu mora a pre vietor su spracované sezonne
arocna mapa priemernej rychlosti vetra. Nachadza sa tu aj
mapa, v ktorej st zakreslené veterné ruzice na vybranych
staniciach.

Meteorologické charakteristiky vysSej atmosféry,
konkrétne teplota vzduchu, tlak vzduchu a geopotencialna
vyska, vlhkost’ vzduchu, tropopauza, medziro¢né kolisanie
teploty vzduchu a geopotencidlu a celkovy atmosféricky
0z04n, st spracované v siedmej kapitole.

Z nebezpecnych atmosférickych javov je v 6smej ka-
pitole spracovany vyskyt burok, krupobitia, hmly, silného
a burlivého vetra na naSom Gzemi.

Deviata kapitola je venovana vybranym fenologic-
kym charakteristikdm. Nachadzaju sa tu mapy priemerného
datumu zaciatku kvitnutia liesky obyc€ajnej, Ceresne vtacej,
priemerného datumu vzchadzania, klasenia a plnej zrelosti
pSenice ozimnej a jamena jarného.

Mapy priemernej maximalnej hibky premfzania pody
a priemerného poctu dni s premfzanim pdody a nachadzaju
v kapitole ,,Teplota a premfzanie pody*.

Jedenasta kapitola je venovana klimatickej klasifi-
kacii podla Konceka, kde je okrem mapy klimatickej
klasifikacie za referencné obdobie, publikovana pre po-
rovnanie aj mapa klimatickej klasifikacie za $tandardné
normalové obdobie 1961 — 1990.

Okrem map sa v texte nachddza mnozstvo grafov
a tabuliek, ktoré obsahuju d’alsie informacie o prezentova-
nych klimatickych prvkoch a ich charakteristikach. V kapi-
tolach nechybaju ani fotografie pristrojov a javov.

Klimaticky atlas Slovenska je obsahovo aj graficky
profesiondlne spracované dielo. Je dostupny v tlacenej
aj elektronickej verzii (CD). Na www stranke Slovenského



hydrometeorologického tstavu su dostupné aj on-line apli-
kacie, kde s vybrané mapové produkty vol'ne dostupné.

Klimaticky atlas Slovenska (tlacent + CD verziu) je
mozné si objednat’ na www stranke SHMU.

Katarina Mikulova
SHMU, Bratislava

KONFERENCIA ,,CERNOBYI 1986 —
MINULOST, DOSLEDKY, VYCHODISKA“

Tridsiate vyrocie Cernobyl'skej havarie bolo podnetom na
usporiadanie vedeckej konferencie, ktora by sa na thto tra-
gickt udalost’ v dejinach mierového vyuzivania atdmovej
energie pozrela z pohl'adu technického, ale aj socialneho
a historického. Organizatormi boli Ustav pamiti naroda, Slo-
vensky hydrometeorologicky ustav a Slovenska akadémia
vied. Konferencia sa konala v den vyrocia 26.4.2016 v Zrkad-
lovej sieni Primacidlneho palaca za ucasti oficialnych hosti,
takmer dvadsiatky prednasajtcich a odbornej verejnosti.

V tvode konferencie vystupil vel'vyslanec Rakuskej
republiky pan Helfried Carl, za UPN pan Ondrej Krajiak,
za SHMU pan Martin Benko a pani Daniela Jezova za SAV.

Terézia Melicherova z SHMU prezentovala historiu
asucasnost’ radiatného monitoringu prevadzkovaného
odroku 1963 v SHMU. Uviedla priklady z rozsiahleho
archivu radia¢nych dat, ktoré poukazuju na skutocnost’, ze
uplne najvyssie hodnoty radioaktivity v atmosfére boli na
nasom uzemi namerané v 60. rokoch v dosledku globalnej
kontaminacie nadzemnymi skiskami jadrovych zbrani.

Stefan Skulec, byvaly generalny riaditel SHMU,
informoval o d’aliej ¢innosti SHMU v ¢ase havirie: o vy-
pocte modelov Sirenia kontaminovanych vzduchovych mas
nad Europou a osobitne nad nasim tizemim.

Pavel Povinec z Katedry jadrovej fyziky FMFI UK
hovoril zo svojej bohatej odbornej praxe o environmental-
nom dopade havarie na Eurdpu a svet.

Martina Dubni¢kova z Uradu verejného zdravotnictva
ozrejmila poslanie Odboru ochrany zdravia pred Ziarenim.
Na vysledkoch z ¢ias havarie ukazala, ze doslo ku kontami-
nacii zloziek zivotného prostredia a potravinového ret'azca,
ale Ze to boli hodnoty, ktoré si nevyZiadali zavedenie roz-
siahlych ochrannych opatreni.

Aj Helena Cabanekovd a Denisa Nikodemova zo
Slovenskej zdravotnickej univerzity prezentovali svoju
osobnu skiisenost’ s monitorovanim v ¢ase havarie a rov-
nako poukazali na to, Ze uroven kontaminacie bola naozaj
pozorne sledovana a boli urobené potrebné opatrenia na
zabezpeCenie ochrany obyvatel'stva, aj ked’ sa o nich vo
vtedajSich médiach dostato¢ne neinformovalo.

Vladimir Slugeit zo STU sa venoval problému ha-
varie podrobne technicky a poukazal aj na sucasny stav
kultary bezpecnosti na jadrovych elektrarinach.

Mikula$ Turner z Uradu jadrového dozoru prezen-
toval kroky medzinarodného spolocenstva, ktoré¢ su
vysledkom pouceni zjadrovych havarii, a st dokladom
zvySujucej sa bezpecnosti jadrovych elektrarni.

SAV prispela k programu konferencie prispevkami
Jana Salaja a Martina Hajducha, ktori sa dlhoro¢ne venuju
vyskumu bezpecného pestovania plodin v kontaminova-
nych oblastiach.

Konstantin Nikolajevi¢ Loganovsky z Narodného
vyskumného centra radiaénej mediciny v Kyjeve sa podelil
o vysledky svojich dlhoro¢nych lekarskych vyskumov
v oblasti radiobiolégie a psychologie na pacientoch postih-
nutych ionizujucim Ziarenim pocas havarie.
kove zhodnotila dopad havarie na Zivot postihnutej krajiny.

Sergej Reznicenko pridal do programu konferencie
svoju osobnu sktisenost’. Pracoval pri likvidacii havarie ako
vodi¢ nakladného auta. Odniesol si nielen zdravotné na-
sledky, ale aj trpku skiisenost,, Ze mu nebola zo strany §tatu
poskytnuté primerana starostlivost’.

Franz Kossler, byvaly korespondent rakuskej ORF
v Moskve, zaspominal na problémy so Sirenim informdcii
v podmienkach sovietskeho rezimu.

Jan Kalous z Ustavu pre §tadium totalitnych rezimov
v Prahe sa vo svojom vystupeni pozastavil nad nezmy-
selnostou presunu Casti cyklistickych Pretekov mieru do
oblasti Kyjeva a snahe vtedajSich Statnych predstavitelov
bagatelizovat’ rozsah havarie.

Prispevky pracovnikov UPN Petra Jaseka a Frantiska
Neupauera boli venované hodnoteniu informovanosti o ha-
varii ajej dosledkoch v podmienkach totalitného rezimu.
Peter Blazek z Ustavu pre §tidium totalitnych rezimov
v Prahe sa zase zameral na stvislost’ medzi havariou a opo-
zi¢nym hnutim v Ceskoslovensku.

Osobitny pohl'ad na havariu priniesla Michaela Bu-
Sovska, ktora pracuje ako delegatka cestovnej kancelarie
poriadajicej zajazdy do kontaminovanej oblasti havaro-
vanej elektrarne.

Konferencia mala rozsiahly medialny ohlas, nazory
odbornikov boli prezentované v roznych formach. Naviac,
Ustav pamiti naroda v spolupraci s SHMU pripravuje
monografiu, v ktorej buda §irSie rozpracované témy pred-
nasok z konferencie. Spojenym usilim zainteresovanych
sa podarilo otvorit problém jadrovej havarie z pohladu
viacerych disciplin a podat’ naozaj komplexny pohl'ad na
jednu z najvaznejSich priemyselnych havarii naSich no-
vodobych dejin.

Terézia Melicherova
SHMU, Bratislava
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ZA ING. OTAKAROM MALYM

V méji toho roku by sme si pripomenuli devitdesiatiny
Ing. Otakara Malého. No Ing. Maly sa ich uz nedozil.
Zomrel 2. marca 2016.

Narodil 11. méja 1926. Rodiskom mu bola Nitra, av§ak
od Siestich rokov az do konca zivota bol v Bratislave. Na
vysoku skolu zacal chodit’ v roku 1945. Este pred skonce-
nim §tadia na Slovenskej vysokej Skole technickej na odbore
konstruktivne, dopravné avodné hospodarstvo, nastipil
v januari 1952 do svojho prvého zamestnania. Jeho prvym
pdsobiskom bol Vyskumny ustav hydrologicky, oddelenie
povrchovych vdd. Na tomto pracovisku, ktoré v tom case
viedol akademik Oto Dub, bol druhym vysokoskolakom,
po RNDr. Jurajovi Paclovi, CSc. Ich spolupraca pretrvala
po dlhé roky a osobné kontakty este dlhsie.

Po uspesnom ukonceni vysokoskolskych §tadii nasta-
pil na dvojro¢ni vojensku prezenént sluzbu v Dukle Praha.
V roku 1954, ked’ sa vratil na tstav, hydrologicka sluzba sa
reorganizovala a hydroldgia sa stala suc¢astou Hydrometeo-
rologického ustavu so sidlom v Prahe. Hned po prichode
na pracovisko cakal prikaz podplukovnika Jozefa Zitka,
vtedajsieho riaditela HMU, odist do Brna a do Prahy na
zacvik v odbore podzemnych vod. S Ing. Otakarom Malym
sa pocitalo do funkcie vediiceho oddelenia podzemnych
vod. V Brne sa na zacvik dostal k Ing. Dr. Miroslavovi
Cermakovi. V Prahe sa priucal u Ing. Papouska na HMU
u Ing. Slepitku a Dr. Zajitka na VUV. Vyzbrojeny novymi
poznatkami prevzal oddelenie podzemnych vod, kde zavie-
dol nové pracovné postupy a metddy. Najprv prebudoval,
¢i skor vybudoval, novi pozorovaciu siet’ podzemnych vod
a nahradil zardaZané trubky vrtmi. Pod jeho taktovkou sa
vysledky rozSirujuceho monitoringu zverejnili v prvych
ro¢enkach podzemnych vod.

Spolu s RNDr. Janom Subom navrhli zalozenie Hydro-
fondu, ako hydrologicky pendant ku Geofondu. V spolu-
praci s Ing. Dankovou s Prahy a s Ing. Otevieclom z Brna,
vypracovali vSetky dokumenty potrebné na jeho realizéciu.
Tymto krokom sa v oblasti podzemnych véd HMU zaradil
medzi progresivne Ustavy Eurdpy.

PERSONALIE
PERSONALS

Od roku 1969 bol Ing. Maly menovany do funkcie
namestnika pre hydrologiu. V tejto funkcii naplno zarocil
najmid svoje organizaéné schopnosti a mimoriadny cit
a intuiciu pre riadenie a rozvoj praktickej hydrologie a pre
jej modernizaciu. Slovenska hydrolégia pod jeho vedenim
uplatnila najnovsie trendy pri budovani monitorovacich
sieti, zacalo sa celoploS$ne s vyuzivanim modernej vypoc-
tovej techniky pri hromadnom spracovani udajov, pracov-
nici hydrolégie na SHMU sa v nebyvalej miere zapajali
do rieSenia aplika¢nych vyskumnych tloh a projektov
nielen doma, ale aj v zahrani¢i. Za vSetky inovacie, ktoré
zaviedol do hydrologickej praxe, mozno spomenut’ na-
priklad snimkovanie snehovej pokryvky a stanovovanie
jej vodnej hodnoty.

Ing. Maly inicioval zaloZenie metodickych porad jed-
notlivych hydrologickych odborov. Tie priniesli postupné
zjednotenie metodickych postupov, mnohé smernice na
celoStatnej urovni, vymenu a zlepSovanie pracovnych
postupov dennej praxe nielen v teréne, ale aj v pracach pri
vyhodnocovani a spracovani materidlov. Tieto stretnutia
priniesli mnoho neformalnych spoluprac, ¢o sa v podstate
odrazilo na skvalitneni sluzby aj na celkovom vyvoji
hydrolégie.

Okrem mnohej priekopnickej prace v obore nielen
podzemnych vdd, ale v celej hydrologii Gistavu, mal velké
zasluhy aj vinych veciach, ktoré srozvojom ustavu si-
viseli. Napriklad, stavby obidvoch novych budov tstavu na
Kolibe nesti vyznamné znamky jeho spoluprace.

Aj podporu vyvoja dial’kového prenosu tdajov z vo-
domernych stanic spajame sjeho menom. Najviac vSak
spominame na jeho velkorysost’ ku kolegom, najmi vSak
k mladym ambiciéznym pracovnikom, pre ktorych vytvaral
maximalne mozny priestor a vSestranni podporu.

Za vysledky svojej prace dostal zlaté medaily CHMU
aj SHMU, ako aj rezortné a $tatne ocenenia ,,Budovatel
vodného hospodarstva® a ,,Za vynikajucu pracu®.

Obraz Ing. Otakara Malého dotvéra jeho U¢inkovanie
v $porte. Nielen v zamestnani, ale v celom jeho zivote mu
ucarovala voda. Zacinal ako plavec vo svojich patnastich
rokoch. Skoro nechal zavodné plavanie auZz vo svojej
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dvadsiatke bol velmi aktivny a speSny plavecky tréner.
Vysledky jeho prace s mladezou sa odzrkadlili na uspe-
choch vtedajSicho Slovenského plaveckého klubu. V tom
dase to bol trvalo suverénny vitaz majstrovstiev CSR
v mladeznickych kategoriach. Preto sa mu dostalo cti viest’
ako tréner ¢s. plavcov na Olympijskych hrach v roku 1952
v Helsinkach. Po navrate z Helsink nastapil ako tréner
plaveckého oddielu Dukla Praha. Ked koncil vojenska
sluzbu dostal vel'mi vel'a pontk na trénersku pracu, no pre
kariéru trénera sa nerozhodol. Vratil sa k hydrologii a Sport
mu d’alej zostal konickom. Neskor zacal sa venovat’ d’al-
Siemu Sportu, opat’ spojenému s vodou. V roku 1955 bol
spoluzakladatel Yacht Clubu Slovan Bratislava a ¢lenom
jeho vyboru bol vyse 50 rokov. Od roku 1959 do roku
1993 bol &lenom vyboru Cs. zvizu jachtingu, zviéda vo
funkcii predsedu Trénerskej rady. ESte po osemdesiatke
pracoval v predsednictve Slovenského zvdzu jachtingu
a v kolégiu Fair play Slovenského olympijského vyboru.

Ako v préci, aj v Sporte jeho aktivna ¢innost' bola
ocenend mnohymi vyznamenaniami — Zlatym odznakom
CSTV a SZTK, titulom zaslizily tréner, je drZitelom
»Striebornych olympijskych kruhov Slovenského Olym-
pijského vyboru, drzitel' ceny Fair play a d’al§ich uznani.
Za ocenenie ,,Vzorny dobrovolny pracovnik v telovychove®
v roku 2002 dostal ako jediny Slovdk od Medzindrodného
olympijského vyboru v Zeneve Bronzovi sosku, atd si
cenil snad’ najviac.

Ing. Otakar Maly v poslednych rokoch statocne
bojoval so svojou chorobou. Ani v poslednych tyzdinoch
a ditoch nestracal svoju mysel, dokonca ani zmysel pre
humor. Ked” som sa snim dohovarala o ¢lanku k jeho
jubileu, chcel si ho precitat vopred. A pri poslednom
stretnuti ma poziadal odovzdat’ pozdravy vSetkym byvalym
kolegom a kamaratom. SI'ibila som mu to. Bohuzial, tych
okrahlin sa uz nedozil. A ja plnim svoj slub touto spo-
mienkou na mimoriadne vzacneho, priatel'ského a prajného
cloveka.

Ol'ga Majercakova

ZIVOTNE JUBILEUM
ONDREJA HYBKEHO

V defi, ked’ som nastupoval do zamestnania na SHMU
stretol som na ,,naSej* chodbe stretol ¢loveka, budiceho
kolegu, ktory sa prave chystal oslavit’ svoje 50. narodeniny.
Na prvy pohlad vyzeral prisne a zaroveit skiimavo, poda-
nie ruk vSak bolo srdecné.

Tento rok som na SHMU dvadsat’ rokov, a Ondrej
Hybky sa dozil krasnych 70 rokov, pri tejto prileZitosti som
si uvedomil, Zze pred 20 rokmi vtedy pre miia neznameho
¢loveka som mal moZnost’ spoznat’ sluZobne aj stikkromne.
Je pre mna ctou, ze som stretol ¢loveka, ktory mi bol,
a stale je, priatelom, poradcom, a o ktorom mozem napisat’
zopar slov.
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Ondrej Hybky sa narodil 1. marca 1946 na uzemi
Mad’arska (Nagyléta) ako tretie dieta do slovenskej rodiny
zijucej mimo Slovenska. Zanedlho sa spolu s rodi¢mi
a svojimi d’al§imi 3 surodencami prestahovali na stredné
Slovensko, k dedinke Pstrusa na Podboky. Tu zil odma-
licka v uzkom kontakte s prirodou, k ¢omu ho viedol aj
jeho otec, ktory sa staral o kone a v okoli bol znamym
veterinarom hospodarskych zvierat. Ako typicky chlapec
stravil detstvo predovsetkym vonku, v prirode. Od malicka
tu spozndval slovensku fléru aj faunu a poméhal otcovi
pri zvieratach. To predurcilo celt jeho profesijni orien-
taciu.

Prirodzeny bol vyber strednej Skoly Stredna priemy-
selna $kola lesnicka v Banskej Stiavnici Tu ziskal nielen
teoretické vedomosti, ale aj praktické zrucnosti, zaujimavé
a dolezité pre zivot ¢loveka spitého s prirodou.

Po maturite pokracoval v Studiu na Vysokej Skole
lesnickej a drevarskej vo Zvolene, kde sa venoval ochrane
lesov a polovnictvu. Popri §tidiu a mnoZstve zdujmov sa
venoval aj tancu v subore I'udovych tancov Polana, kde
spoznal aj svoju budiicu manzelku Kvetoslavu. Stadium
vSak z rodinnych dévodov nedokon¢il.

18.8.1969 prekrocil prah Slovenského hydrometeo-
rologického ustavu v Bratislave a zostal mu verny az do
odchodu do dochodku.

Cely svoj profesijny zivot zasvitil budovaniu meteo-
rologickej stani¢nej siete, starostlivosti o kvalitu merani
meteorologickych stanic, vd’aka svojim, pedagogickym
a l'udskym schopnostiam dokézal vychovat mnoZstvo po-
zorovatel'ov a zaSkolit” mnozstvo revizorov v rdmci celého
Slovenska.

Podiel’al sa na tvorbe mnohych metodik a predpisov
v oblasti merani, spracovani a revizii nameranych meteo-
rologickych 1dajov. Bol spoluautorom vnutroStatnej
koédovanej spravy INTER, Navodu pre dobrovolnych
pozorovatel'ov zrazkomernych stanic, aktivne sa podiel’al
na preklade Navodu pre pozorovatel'ov meteorologickych
stanic CSSR do slovenéiny, podiel'al sa na optimalizacii
klimatologickej a meteorologickej stanicnej siete.

Napriek tomu, ze mal dlhoro¢né skusenosti a vedo-
mosti z klimatologického monitoringu, nad nikym sa
nepovysoval, Vzdy bol pripraveny poradit, pomoct kaz-
dému, kto o to prejavil zdujem, alebo Ondrej na to nejakym
Siestym zmyslom priSiel, Ze pomdct’ jednoducho treba.

Aj po odchode do dochodku je Ondrej v ramci svo-
jich moznosti, lebo dochodcovia st vel'mi zaneprazdneni ,
ochotny prist’ a poradit’ v odbornej oblasti, alebo iba do-
behnut’ na obycajne l'udské slovo.

Chcem mu aj touto cestou nie len za seba, ale aj jeho
byvalych kolegov pod’akovat’ za vsetko, ¢o pre nas vyko-
nal, znamenal a do d’alich rokov zivota chcem Ondrejovi
zo srdca popriat’ nadalej pevné zdravie, vela radosti
z vnucat, Gispechov pri zdhradniCeni a neutichajici elan
a spokojnost’ v osobnom Zivote.

Dalibor Galo
SHMU, Bratislava
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