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Abstract

In Lesko and Lublin, Poland, from 1981 to 2005, the UTCI values were calculated for 8 observation terms a day. The
frequency of the UTCI classes determined as ‘cold stress’ was dominant in Lesko and in Lublin (65-66%). The frequency of
classes determined as ‘heat stress’ was observed in 3% of all situations. On the other hand, restricted to the 12 UTC July
and August term, the frequency of heat stress classes exceeded 40% in Lublin. Correlation between the UTCI in Lesko and
Lublin (Poland) was stronger in spring and autumn than in summer and winter. Correlation between the UTCI and the
meridional circulation index was more significant than between the UTCI and zonal circulation index in the period from
April to November in both stations. The opposite situation occurred in February.
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Introduction

The first objective of this paper was to determine
the frequency of occurrence of the Universal Ther-
mal Climate Index (UTC/) in individual classes
of human organism thermal stress. The second
objective was to determine the correlation of the
UTCI and daily zonal and meridional circulation
indices (calculated following formulas by LityAski
1969, 1970) analysed.

The UTCI resulted from calculations of human
body heat balance. Values of the index depend on

short- and long-wave radiation flux reaching the
human body and long-wave radiation flux emitted
by the human body as well as on ambient temper-
ature, humidity and wind speed. The index values
exceeding 26°C represent heat stress, and val-
ues below 9°C - cold stress. Four classes of heat
stress are distinguished as well as five classes of
cold stress, and a ‘no thermal stress’ class (see
articles in the current issue Btazejczyk et al. 2013;
Brode et al. 2013).
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Material and methods

In this paper, UTC/ values from terms 00 UTC to
21 UTC (every 3 hours) in Lesko and Lublin-Rad-
awiec were used. In Lesko, the IMGW weather
station is located in the south-east part of the
city ($=49°28'N, A=22°21E), at an altitude of
420 m a.s.l. The Sanocko-Turczarskie Mountain
region (the Carpatians) is located in this area. The
IMGW weather station in Radawiec (p=51°13"N,
A=22°24’E) is located within the Betzyce Plateau
areaq, at an altitude of 238 m a.s.l. The north area
of the meteorological station grounds borders the
grassy airport Aeroclub of Lublin Radawiec. The
Lublin-Radawiec station is located on flat land.
Lesko, on a local scale, has a convex relief form.
On the other hand, the Lesko station situated in
the mesoscale, has a concave relief form. The
mountain ridges are about 120-200 m higher than
the meteorological station and these ridges are
situated 4-8 km SW and NE from Lesko (Nowo-
sad 2007).

The analysis covered the period from 1981 to
2005. The values were calculated with the appli-
cation of BioKlima 2.6 software (Btazejczyk 2011).

Daily values of zonal and meridional circulation
indices (ZI and MI) were calculated following for-
mulas by LityAski (1969, 1970). These indices are
published on the Internet (Nowosad 2012). They
are based on daily values of surface level pressure
(SLP) available from NCEP/NCAR reanalysis (Kal-
nay et al. 1996). Calculations of ZI were based on
differences in mean SLP on parallels 40° and 65°N
(between 0° and 35°F with 2.5° step). Calculations
of Ml were based on differences in the average
pressure on 35°E and 0° meridians (between 40°
and 65°N, also with 2.5° step). Hence, ZI and Ml
characterize the daily large-scale pattern of gen-
eral circulation valid for Poland and are the base
of a synoptic climatology (Litynski 1969, 1970;
Nowosad 2011).

The frequency of occurrence of specific thermal
stress classes (according to the UTCI) in individual
months in Lesko and Lublin was determined. Ther-
mal stress classes proposed earlier, were adopted
(see articles in the current issue Btazejczyk et
al. 2013; Brode et al. 2013). Frequencies corre-
sponding to 12 UTC are presented in Table 1.

Linear correlation coefficients were calculated
between UTC/ values in Lesko and Lublin. Correla-
tion coefficients for the same observation term at
both stations, were calculated. Correlation coef-
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ficients were also calculated for the situation in
which observation terms at both stations were dif-
ferent. Calculations covered the entire year (the
9,131 days of the 25 years), and all 4 seasons of
the year (MAM, JJA, SON, DJF).

The relationship between the UTC/ and cir-
culation indices was analysed by determining
partial correlation coefficients and creating mul-
tiple regression models in relation to individual
months. Analysis of this correlation was based
on UTCI values from 6, 12, and 18 UTC, as well
as 24 UTC (i.e. 00 UTC of the following day; Tab-
le 3). Such an approach results from the situation
in which the circulation index is specified for the
entire day, and it is difficult to justify analysis of
UTCI dependency at 0 UTC on circulation which
occurs later.

Multiple linear regression models were con-
structed in relation to individual months, where
independent variables are zonal and meridonal
circulation indices, and the dependent variable is
the UTCI (in Lesko and Lublin, respectively).

In the preparation of this article, Statistica 10.0
as well as Excel 2007 software was used.

Frequency of occurrence of UTCI
classes in Lesko and Lublin

During the summer (JJA) there were days which
had a no thermal stress” UTCI class. Dominance
of this class in summer concerned all of the
8 terms analysed. The ‘no thermal stress’ class
was recorded in the summer in Lesko from 49%
at 3 UTC in June to 89% at 18 UTC in July and
August, and in Lublin from 52% at 3 UTC in June
to 88% at 18 UTC in June. This class was also
dominant (both in Lesko and Lublin) from 9 UTC
to 18 UTC in May and September. The frequency
of occurrence of the ‘no thermal stress’ class was
significant in April and October from 9 to 15 UTC
(from 32% to 48%). Frequencies corresponding to
12 UTC are presented in Table 1.

Classes representing heat stress did not occur
from 21 to 3 UTC. At 6 UTC, they occurred with
insignificant  frequency from May to August
with the maximum occurring in July (11% in Lesko
and 16% in Lublin). At 9, 12, and 15 UTC, the
classes were recorded from April to September.
In October, occasional cases of heat stress were
recorded at 12 UTC (Lesko and Lublin) and at
9 UTC (Lesko). A single occurrence of heat stress
was also observed in March (Lesko at 12 UTC).
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Table 1. UTCI frequency in Lublin-Radawiec and Lesko at 12 UTC (1981-2005) in %.

A. Lublin-Radawiec I Il Il v \% \ VI VIl IX X X Xl | Year
Very strong heat stress 0.1 0.1 0.0
Strong heat stress 1.5 39| 107 9.8 0.3 2.2
Moderate heat stress 25| 170 239| 304 | 309 100 1.0 9.7
No thermal stress 21| 147 | 480| 62.5| 61.7| 533 | 554 | 672| 450| 9.0| 0.3 351
Slight cold stress 750 156 276 252| 145 9.6 54 32| 189 302 | 252 841 159
Moderate cold stress 48.5| 46.2 | 401 | 197 | 44| 09 0.1 06| 36| 225| 479| 516 237
Strong cold stress 403 | 324 | 164 | 45 0.1 13| 16.8| 36.5| 12.3
Very strong cold stress 3.6 3.7 1.2 0.1 1.1 3.2 1.1
Extreme cold stress 0.1 0.0
Resume 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

B. Lesko | Il il I\ \ \ VII VI IX X Xl Xl Year
Very strong heat stress
Strong heat stress 0.8 3.5 6.1 6.2 0.1 1.4
Moderate heat stress 0.1 09| 11.0| 168 272 299 | 10.3 1.5 8.2
No thermal stress 2.3 61| 163 | 444 | 652| 678| 60.8| 581 | 624 | 48.0| 18.0| 2.5| 378
Slight cold stress 1721 184 | 285 300 18.8| 10.8 50 57| 224 288 | 261 | 157 | 189
Moderate cold stress 447 | 432 388 19.9 41 1.1 0.9 0.1 48| 201 | 420 471 221
Strong cold stress 30.7 | 28.0| 156 4.7 0.1 16| 131 314 104
Very strong cold stress 4.5 40| 0.7 0.1 0.8 3.2 1.1
Extreme cold stress 0.6 0.3 0.1 0.1
Resume 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

The highest occurrence frequency of biothermal
stress having a heat stress quality (total frequency
of moderate, strong, and very strong heat stress)
was in July and August (at 9 and 12 UTC in Lesko
and Lublin, at 15 UTC in Lublin). The maximum fre-
quency exceeded 40% at 12 UTC (in Lublin both in
July and August). Classes representing heat stress
occurred at 9 and 12 UTC in May in 12-19% of
the situations, and in June in 20-28% of the situa-
tions. ‘Moderate heat stress’ was recorded in both
stations from April to October (in Lesko one case
on March, 19 1990). ‘Strong heat stress’ occurred
from 15 May to 1-3 September. It was recorded at
9, 12, and 15 UTC. The highest frequency of the
‘strong heat stress’ class was recorded in Lublin in
July at 12 UTC (11%). ‘Very strong heat stress’ did
not occur in Lesko. It was recorded in Lublin twice,
onJuly 31, and August 2, 1994.

Cold stress (the total contribution of classes
from ‘slight cold stress” to ‘extreme cold stress’)
occurred in all months in each of the 8 observa-
tion terms. In January and February from 18 UTC
to 6 UTC, only classes representing cold stress
were recorded. From 9 to 15 UTC, cold stress
frequency amounted to 98-100% (January) and
94-100% (February). The lowest occurrence fre-
quency of cold stress was in July and August (from
9 to 15 UTC), amounting to 4-6%. ‘Slight’ and
‘moderate cold stress” were observed in Lesko and
Lublin throughout the year. ‘Strong cold stress’
occurred in Lublin from 1 October to 9 May.
In Lesko, it even occurred in summer (June 15,
1982; July 5, 1984 and June 15, 1985). ‘Very
strong cold stress” occurred from 3 November to
12-14 April. The highest frequency of such biother-
mal stress was recorded in January and Febru-
ary (7-9% of situations). ‘Extreme cold stress” was
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recorded sporadically, from 30 November (Lesko)
and from 16 December (Lublin) to 18 February.

Analysis of all of the 8 observation terms from
the 25 year period, revealed that situations deter-
mined as having ‘no thermal stress’ occurred with
a 31% frequency in both stations. ‘Heat stress’
classes occurred with a frequency of 4% in Lublin
and 3% in Lesko. The values for ‘cold stress’ situa-
tions were 65% in Lublin and 66% in Lesko.

When taking only noon (12 UTC) into considera-
tion, ‘no thermal stress’ occurred with a frequency
of 35% in Lublin and 38% in Lesko, ‘heat stress’
12 and 10%, respectively, and ‘cold stress’ 53 and
52%, respectively (Tab. 1).

Correlation between the UTCI
in Lesko and Lublin

Correlation coefficients between the daily UTC/
values in Lesko and Lublin, calculated with the
same term in mind, amounted to 0.88-0.92. The
correlations, calculated with a time shift from 3
to 21 hours, are also strong and statistically sig-
nificant (correlation coefficients 0.82-0.92). The
coefficients, calculated based on 9,131 data pairs
(daily values from the 25 year period), showed
a highly significant correlation between the UTC/
in Lesko and Lublin.

Correlation coefficients between UTCI val-
ues in Lesko and Lublin were also calculated by
individual seasons of the year (MAM, JJA, SON,
DJF). High covariance occurred for both spring
and autumn. In spring, at the same time in both
stations, the correlation coefficient amounted to
0.81-0.87, and in autumn 0.80-0.87. With a time
shift from 3 to 21 hours, the correlation coeffi-
cient reached values of 0.69-0.86 and 0.72-0.86,
respectively.

In summer, covariance of the UTCI in Lesko
and Lublin, turned out to be lower than in spring
and autumn. Correlation coefficients calculated
for the same terms in summer varied from 0.67
to 0.78, and with a time shift from 3 to 21 hours,
from 0.38 to 0.77. Relatively low values of correla-
tion coefficients were obtained for winter. For the
same terms, they varied from 0.57 to 0.67, and
with a time shift, from 0.42 to 0.64.

The observed correlation between the UTCI in
Lublin and Lesko, was stronger in transitional sea-
sons (spring, autumn) than in summer and winter.
An underlying trend was revealed. For example,
ambient temperature markedly increased from
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March to May and thus, improved the correlation,
whereas the data dependent trends were less dis-
tinct in summer and winter.

The multiple regression analysis
for UTCI with the circulation indices

In order to analyse the extent of the effect of zonal
and meridional circulation indices on the UTC/
value, partial correlation coefficients were deter-
mined for the UTC/ with Ml and ZI as independent
variables (Tab. 2). The coefficients measured the
actual correlation between UTCI and Ml as well
as UTCI and ZI, after elimination of the latter cir-
culation index’s influence.

An example scatterplot shows (Fig. 1) that the
linear relation between the UTCI and the circula-
tion index (here MI) is not very strong. The signifi-
cance of the linear correlation coefficient (at the
level &=0.05) allows for the drawing of a regres-
sion line on the chart. April was chosen as an
example because in this case, one variable was
non-significant and the graph could be represent-
ed on the surface.

The Universal Thermal Climate Index is sig-
nificantly positively correlated with the Ml in all
months, in both stations. The highest correlation
was observed from April to September. Therefore,
an increase in intensity of advection from the
south is accompanied by an increase in the aver-
age UTCI value. The positive correlation of the Ml
and UTCI can be explained by the fact that advec-
tion from the south results in an increase in air
temperature, and from the north - its decrease.
The annual course of the meridional circulation
index was presented by Nowosad (2011). Positive
average values of this index occurred from mid-
September to mid-April, and negative average
values were from approx. 10 April to the end of
August.

Partial correlation coefficients between the
UTCI and the zonal circulation index adopted the
highest positive values, and significant in Janu-
ary, February, and March. In those months, an
increase in the average UTC/ values was observed
with intensified advection from the West. How-
ever, in July, significant negative correlation was
observed between the UTCI and ZI. A decrease
in the average UTCI values particularly occurred
with intensified advection from the West, which
could probably be associated with the cooling
effect of maritime air masses originating from
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Table 2. Partial correlation coefficients between the UTC/ in Lublin and Lesko at 12 UTC and circulation indices Ml
and ZI (in bold - significant at the level @=0.05).

S leol| 5 Month
= SE| o
S |e>D| =
2] | Il 1l [\ \ VI VII VIII IX X Xl Xl
6 Zl 0.33 | 0.44 | 0.24 0.01 | -0.03 0.06 | -016 | -0.00 | 0.08 0.14 0.19 019
Ml 018 | 0.20 019 [ 036 [ 032 | 037 [ 044 | 034 | 0.31 | 0.21 | 0.23 0.16
1 Zl 0.26 0.41 | 0.26 0.05 | -0.02 0.03 [-0.21 | -0.01 0.08 | 0.20 | 0.26 | 0.22
£ Ml 0.27 | 0.30 | 0.29 | 043 | 033 | 045 | 049 | 042 | 041 | 0.39 | 040 | 0.29
o)
3 18 Zl 0.34 | 0.50 | 0.30 0.06 0.03 0.06 | -015 | -0.01 0.10 019 | 0.25 | 0.26
Ml 022 [ 020 | 0.26 | 043 | 0.38 | 0.44 | 051 | 042 | 041 | 0.23 | 0.31 | 0.20
2 ZI 0.34 | 046 | 0.28 | 0.09 0.02 0.01 |-0.21 | -0.03 | 0.09 018 | 0.22 | 0.23
Ml 0.22 0.21 | 0.26 | 0.45 | 0.43 | 0.48 0.51 | 0.45 0.41 | 0.23 | 0.32 | 0.20
6 Zl 0.21 | 0.31 0.15 | -0.01 0.00 | 0.09 |-010 | 0.08 012 | 0.09 | 0.07 0.07
Ml 0.23 018 | 0.26 | 0.38 | 0.29 | 0.34 | 0.37 | 0.30 | 0.36 | 0.23 | 0.30 0.19
1 Zl 013 | 0.23 0.18 0.03 0.06 010 |-014 0.06 013 | 0.09 010 |-0.03
° Ml 031 [ 0.26 | 0.36 | 0.44 | 0.34 0.41 | 044 | 040 | 040 | 0.40 | 0.42 | 0.35
Bt 18 Zl 0.20 | 0.31 | 0.24 0.06 | 0.08 0.07 |-0.13 0.05 | 0.09 0.13 0.10 012
MI 0.23 016 [ 020 [ 042 | 031 | 035 | 043 | 0.27 | 0.33 | 0.26 | 0.33 | 0.22
94 Zl 0.23 | 0.30 0.15 0.03 0.05 0.03 |-0.18 0.01 0.10 013 | 0.09 0.10
Ml 0.26 018 [ 024 | 041 | 032 | 032 | 042 | 0.32 | 035 [ 0.30 | 0.34 | 0.22
40 T T T
! ! !
30— fommod -
| | |
| | |
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Figure 1. Scatterplot of Ml and the UTC/ in Lublin at 12 UTC in April (1981-2005).

above the Atlantic Ocean. Logically consistent
with the opposing effects in winter and July, no
significant effect could be determined in April and
only non-significant or very weak effects in May
and June (depending on the time of observation
and place). There was an increase in the correla-
tion in the remaining months of the year, starting
from the usually non-significant correlation in
August.

In the period from April to November, the UTC/
was more significantly affected by meridional than
zonal circulation. In February, zonal circulation

prevailed. In December, January, and March, the
partial correlation coefficients were significant,
however, they differed only slightly between ZI and
MI and the prevailing dependence varied with the
specific time (Tab. 2).

Multiple linear regression models were also
constructed for specific months in both stations
based on observations at 12 UTC.

The models explain from 11% to 20% (Lesko)
and to 26% (Lublin) of the original UTC/ variability
based on MI and ZI values (Tab. 3). Atmospheric
circulation indices Ml and ZI explain (by means of
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multiple linear regression models) the least UTC/
variability in May (11-12%), and the most in July
(20-26%).

Table 3. Percent of UTC/ (at 12 UTC) variance (coef-
ficient of multiple determination) explained by regres-
sion models of Ml and ZI values.

Month
P[PPIV V[ VEIVIFVII X X[ XX
Lublin 1323|1319 11]|21{26|18|17[18]|20(13
Lesko {11 [15[19(12]18|20|17|18|16|18] 12

Station

Four example models from months represent-
ing consecutive seasons of the year based on the
UTCl values from Lublin are presented below.

The multiple regression formula

UTCl, =-12.23,

+0.38

+ 0.82(

+0.10

|+ 0.84(i0v07)~ZI + (1)
: ‘Ml (+8.48)

explains 23% of the UTCI variability in Febru-
ary. The predictive value of the model is not very
high, because a large proportion of UTC/ variance
does not result from changes in circulation indi-
ces, but from other factors not analysable by the
model. All variables included in the model are sig-
nificant, and errors of estimated parameters and
error of the entire model are minor.

Estimated positive regression coefficients indi-
cate thatanincrease in indices Zl and Ml by 1 m-s™,
results, on the average, in an increase in UTC/ by
0.84°C and 0.82°C, respectively.

The last component in the formula presented
above, is the standard error of estimate (Stanisz
2007). This means, the predicted (using the for-
mula) UTCI values vary from the values observed,
on the average, by 8.48°C. Parameters obtained
in the regression model are accompanied by aver-
age errors of their estimate in brackets. Index 0.84
with variable ZI was estimated with an average
error of 0.07, which constitutes approx. 8% of the
value of the estimate, and suggests high precision
of estimation. Similarly, an estimate of the slope
coefficient with Ml of 0.82 involves an average
error of 0.10 which constitutes approx. 12% of
the estimated value. An estimate of the constant
term of -12.23 involves an average error of 0.38,
which means only 3% error in the estimation of
this parameter (Stanisz 2007).
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In April, due to an insignificant effect of zonal
circulation, the model is reduced to simple regres-
sion (Fig. 1)

UTCI,, = 6.88,,,, + 1.86,0,,-MI (+9.95) (2)

The above model explains 19% of UTCI vari-
ance. An increase in index Ml by 1 m-s™ results
in an increase in the UTCI, on average, by 1.86°.

In July, the multiple regression formula is as fol-
lows

+0.14

uTCl,, = 25.80,

+0.29

+2.39,

+0.15

084,27+ ()
MI (£6.54)

and it explains 26% of UTCI variance. In this
month, a decrease in western and an increase in
southern circulation by 1 m-s' is accompanied by
an average increase in UTCl by 0.84° and 2.39°,
respectively.

In order to illustrate the dependency of the
UTCI on circulation indices in autumn, the follow-
ing regression model for November was deve-
loped, accounting for 20% total UTC/ variance

UTCl =701 0, + 07100 21 + (4)
+1.08, 55 M1 (£8.61)

+0.09

The average increase in the UTC/ with
increased indices ZI or Ml by 1 m-s" amounts to
0.71 and 1.08, respectively.

Discussion and conclusions

The Universal Thermal Climate Index reflects the
impact of a variety of meteorological variables on
the human body heat balance in a thermo-physi-
ologically exact manner. Thus, the index enables
general meteorological information to be trans-
formed into evidence for human-biometeorologi-
cal applications, e.g., for assessing tendencies to
heat load or to cold stress.

The daily UTCI values from 25 years, calculat-
ed for several terms, in two distant places - Lesko
and Lublin, are strongly correlated. This result pos-
itively answers the question about whether corre-
lation of circulation indices and the index based
on human body thermal balance is justified. Lesko
and Lublin belong to the same large-scale climatic
region. The main features of seasonal courses in
meteorological elements, especially of ambient
temperature and short- and long-wave irradian-
ces, are more or less comparable and contribute
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with high amounts to the overall variability. These
features cause relative high correlation coeffi-
cients in linear regression.

The circulation indices MI and ZI have an
important role in the formation of weather con-
ditions in Poland and are the base of a synoptic
climatology (e.g. LityAski 1969, 1970), ie., they
are linked with typical deviations from long-term
seasonal climatology. The impact may vary with
the season, e.g. the warming effect of the Atlan-
tic air masses in winter and cooling in summer.
Multiple linear regression models indicate that Ml
and ZI can explain 11 to 26% of UTCI variability
in individual months. On the one hand, the UTC/
can significantly reveal the thermo-physiologically
based phenomena linked with the synoptic scale,
which is the subject of this paper. On the other
hand, regional, and in particular local conditions,
were responsible for 74 to 89% of the variance
observed in the UTCI. For example, Ml and ZI are
defined as the speed of geostrophic wind (Lityniski
1969, 1970): on the regional and local level
these indices influence on wind speed observed
1.5 m above ground and relevant for the UTC/ is,
among others, strongly modulated by the rough-
ness length of the surface layer. The roughness
regionally is higher in the more mountainous ter-
rain around Lesko.

The study on UTCI variability in Lesko and
Lublin, and variability of atmospheric circulation
indices (Ml and ZI) led to the following conclusions:

Both in Lesko and Lublin, classes represent-
ing ‘cold stress’ (65-66% of all situations and
52-53% of situations at 12 UTC) were dominant.
‘Heat stress” was recorded in 3% of all situations
(10-12% of situations at 12 UTC). ‘No thermal
stress” occurred in 31% of all situations (35-38% of
situations at 12 UTC).

The highest occurrence frequency of biother-
mal stress with a heat stress character, was
recorded in July and August at 9 and 12 UTC (in
Lublin also at 15 UTC). The maximum frequency
exceeded 40% (Tab. 1).

In January and February, almost only the situ-
ations determined as ‘cold stress’ can be expect-
ed. At 9, 12, and 15 UTC, ‘cold stress’ frequency
amounted to 94-100%. In the remaining terms
(from 18 to 6 UTC), only ‘cold stress’ classes were
recorded.

The correlation between the UTCI in Lublin
and Lesko was higher in spring and autumn than
in summer and winter.

A positive, statistically significant correlation
in all 12 months between the UTCI and MI was
observed. Values of the partial correlation coef-
ficient between the UTCI and MI are higher from
April to September than in the period from Octo-
ber to March (Tab. 2).

A positive, statistically significant correlation
between the UTCI and ZI were found in January,
February, and March. Advection from the west
was usually accompanied by an inflow of rela-
tively warm air, which can be reflected in UTCI
values calculated during that time. Positive values
of partial correlation coefficients were also typi-
cal of the period from September to December
(although the coefficients are not always signifi-
cant at the level @=0.05). In April, May, June, and
August, correlation either did not occur or was
weak. In July, negative correlation was observed,
i.e. an increase in intensity of circulation from the
west resulted in a decrease in the UTCI.

In the period from April to November, the UTCI
was affected more by meridional than zonal circu-
lation. In February, the UTCI was affected more by
zonal than meridional circulation.
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