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UTCI - FIRST TEST IN THE CZECH REPUBLIC

UTCI - Pierwsze testy w Republice Czeskiej

Streszczenie. UTCI (Universal Thermal Climate Index) to nowy wskaznik, ktéry opi-
suje wplyw warunkéw termicznych na standardowe ludzkie cialo. Wskaznik ten byt
testowany w skrajnych warunkach pogodowych w Czechach w ciagu kilku ostatnich
lat — w najzimniejsze dni w sezonie zimowym 2009/2010, w najgoretsze dni lata 2010 r.
i podczas przechodzenia orkanu ,Kyrill“ (18—-19.01.2007 r.). Wyniki sa prawidiowe w
przypadku obu badanych okreséw ze skrajna temperatura (najzimniejszego i najgoret-
szego), ale wystapily problemy z warto$ciami UTCI w czasie skrajnie wietrznych dni
(orkan ,Kyrill“). Nietypowe warto$ci UTCI rozpoczynaly sig, kiedy predkos¢ wiatru
przekraczata 20 m-s.
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gnozy biometeorologiczne, UTCI
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INTRODUCTION

An assessment of thermal comfort/discomfort is important for a human
biometeorological application including a biometeorological forecast (BMF).
The BMF model in the Czech Republic doesn't include an appropriate descrip-
tion of the complex action of the air temperature, humidity, wind and radiation
fluxes on the human body. The CHMI debated about an application of indices
pair — Wind Chill Temperature Index (WCTI) and Heat Stress Index (HSI)
a few years ago. Both indices are calculated from two factors only. The WCTI
uses air temperature and wind speed, the HSI uses air temperature and hu-
midity. The definition of developed Universal Thermal Climate Index (UTCI)
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satisfied BMF requests (Jendritzky et al. 2002). Development of the Universal
Thermal Climate Index (UTCI) was finished in the frame action COST 730 in
last year (2009).

MATERIALS AND METHODS

The concrete UTCI values were calculated through the use of a web cal-
culator (www.utci.org/utcineu/utcineu.php). Most of inputs in the calculator
form are directly measured at ordinary meteorological stations (air tempera-
ture at 2 m level, relative humidity at 2 m level and wind speed at 10 m level).
The mean radiation temperature (T_ ) isn‘t measured but value of this vari-
able (respectively a difference between this variable and the air temperature)
is possible to assess from other meteorological (sunshine duration and/or
sunshine intensity, cloudiness) and astronomical (solar height above the ho-
rizon) data. There were used a meteorological data from three selected sta-
tion: Praha-Karlov and Brno-Zabovresky as classical urban stations for Bohe-
mia (Praha) and southern Moravia (Brno) and Bedrichov as mountain station
— see tab. 1.

Table 1. Geographical information about used meteorological stations
Tabela 1. Polozenie geograficzne wybranych stacji meteorologicznych

Name of station Latitude Longitude Altitude
Praha — Karlov 50°04'03" 14°25'07" 303 m asl
Brno — Zaboviesky 49°13'00" 16°33'58" 235 m asl
Bedfichov 50°48'55" 15°09'35" 780 m asl

The significant situations were selected for tests of the UTCI behaviour. The
first situation (December 20, 2009) is the coldest day at Praha-Karlov station
during the whole last winter season (2009-2010). The second situation (July 16,
2010) is the hottest day of last summer in the Czech republic. Data from all
three stations were used for this date because difference between an urban
areas and mountains is interesting in a hot summer especially. The third situa-
tion (January 18-19, 2007) is an extremely windy episode known as “Kyrill*

All situations were studied with using a high time resolution. There were
used 15 minutes meteorological data (10 minutes for 2010-07-16). The dif-
ferencies between T and air temperature (T) was assessed from solar duration
data. The calculation UTCI values was added by UTCI__values for the “Kyrill*
episode and 2009-12-20. The UTCI__ is UTCI which is calculated from max-
imal windgust Fmax for each 15 minutes interval. The maximal stress in this
interval was determined by this method.
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RESULTS AND CONCLUSIONS

The first situation (Fig. 1) is an example of a day without a significant wind-
gusts, the differences between windspeed (F) and maximal gusts (F_ ) are
similar during the whole day. Nevertheless, this difference is enough for an
improve stress for a human body. The minimal values of the UTCI agree with
the category “very strong cold stress“ (Blazejczyk et al. 2010) but UTCI__ is
lower. The minimal values of the UTCI__ are in match with “extreme cold
stress”. A dependence of the UTCI on wind speed is marked — daily amplitude
of the air temperature was 5°C, the amplitude of the UTCI was above 20°C. The
UTCI values haven't reached the category “extreme hot stress” even on the hot-
test day of this year (Fig. 2), at both urban stations they were in the “very strong
heat stress“ category and at Bedfichov station they were “strong heat stress”
only.
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F, Fmax [mps]
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Fig. 1. The UTCI [a function of the air temperature (T), relative humidity (h), difference
between T and mean radiant temperature (AT_ ) and wind speed at 10 m (F)] and the
UTCI__ [a function of the air temperature (T), relative humidity (h), difference between
T and mean radiant temperature (AT _ ) and maximal wind speed (gust) at 10 m (F__ )]
during the coldest day of the winter season 2009/2010 (2009-12-20) at Prague (at
Praha-Karlov station)

Ryc. 1. UTCI [w funkcji temperatury powietrza (T), wilgotno$ci wzglednej (h), rézni-
cy miedzy T i $rednia temperaturg promieniowania (AT, )i predkosci wiatru na 10 m
(F)] i UTCI___[w funkcji temperatury powietrza (T), wilgotnosci wzglednej (h), réz-
nicy miedzy T i $rednia temperatura promieniowania (AT, ) i maksymalnej predko-
$ci wiatru (poryw) na 10 m (F__ )] podczas najzimniejszych dni w sezonie zimowym
2009/2010 (20.12.2009) w Pradze (Praha-Karlov)
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Fig. 2. The UTCI [°C], air temperature T [°C] and AT =T _ - T [K] during the hot-
test day of the summer 2010 in the Czech republic at selected stations (2010-07-16)
Ryc. 2. UTCI [°C], temperatura powietrza T [*C] i AT_ =T _ - T [K] podczas naj-
goretszych dni lata 2010 r. w Czechach na wybranych stacjach (16.07.2010)

In figure 4 is showed the dependence of the UTCI on a wind speed but this
graph is for wind speed to 10 m-:s! only. However, average wind speed above
30 m-s~! and windgusts over 40 m-s~ were measured during the “Kyrill“ episode.
The time behaviour of the UTCI and UTCI__ (Fig. 3) has detected a problem
with UTCI calculate for wind speed over 20 m-s™ (see gray selected area in
Fig. 3). If the wind speed crosses a 20 m-s™' border, values of the UTCI begin to
increase. This situation would be normal if wind had warm effect but it's false.

The results of the UTCI (UTCI_ ) forced us to study a dependence of the
UTCI and wind speed for wider range of the wind speed values. The UTCI was
tested with this conditions: T = 5°C, h = 70% and T .= T. Figure 5 shows
a strange behaviour of the UTCI for wind speed values between 20 to 30 m-s™,
the problematic interval is marked by the gray area.

A big problem occurs for wind speed over 30 ms™ too. The UTCI values
begin to quickly descend (Fig. 5 and 6) with increasing wind speed and they are
falling under absolute zero (0 K) limit!
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Fig. 3. The UTCI and the UTCI __during “Kyrill“ episode (January 18—19, 2007). The
selected area is an example of the UTCI strange behaviour (the UTCI increases with
rising wind speed)
Ryc.3. UTCIi UTCI __podczas orkanu ,Kyrill“ (18-19.01.2007 r.). Zaznaczony obszar
jest przykladem nietypowych wynikéw UTCI (wzrost warto$ci UTCI ze wzrostem
predkosci wiatru)
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Fig. 4. The cooling effect of the wind speed for range < 0;10 m-s™ > in the UTCI con-
struction for air temperatures in the interval from —10 °C (lower line) to +30 °C (upper
line) with step 5 °C
Ryc. 4. Efekt chlodzenia przy predkos$ci wiatru w przedziale < 0; 10 m-s™ > w konstru-
owaniu wskaznika UTCI w temperaturze powietrza w przedziale od —10°C (dolna
linia) do +30°C (linia gérna) z krokiem co 5°C



324 Martin Novik

012 4 5 6 7 8 9 1011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30

UTCI[°C]

-20

-25

-30

-35

-40

wind speed [mps]

Fig. 5. The relation between UTCI and wind speed (for T = 5°C, h = 70 %, AT __ = 0K)
for wind speed F in interval from 0 to 30 m-s~. The area of the UTCI strange behaviour
is selected (gray)

Ryc. 5. Zwiazek miedzy UTCI i predkoscia wiatru (przy T = 5°C, h = 70%, AT _ =
0 K) przy predkosci wiatru F w przedziale 0-30 m-s~'. Obszar nietypowych wartosci
UTCI zaznaczono kolorem szarym

30 33 36 37 38 39 40

200 0K (-273,15 °C)

-400

-600

o

< 800

]

E

2
-1000
-1200
-1400
-1600

wind speed [mps]

Fig. 6. The relation between UTCI and wind speed (for T = 5 °C, h = 70%, AT =0 K)
for wind speed F in interval from 30 to 40 m-s™. The area of the UTCI strange behaviour
(fall under 0 K!) is selected (gray)

Ryc. 6. Zwiazek miedzy UTCI i predkoscia wiatru (przy T = 5°C, h = 70%, AT _ =
0 K) przy predkosci wiatru F w przedziale 30-40 m-s~'. Obszar nietypowych wartosci
UTCI (spadek ponizej 0 K!) zaznaczono kolorem szarym
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The UTCI is index which is designed for an operational use (Jendritzky et
al. 2009). Such index has to be defined for extreme situations too but the current
version of the UTCI don't fulfil this requirement for all situations. This situation
has a provisional resolution — it is possible to substitute the wind speed values
over 20 m-s~! by constant value 20 m-s~.
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