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Abstract

Thermal continentality plays an important role not only in the basic characterisation of the
climate in particular regions but also in the phytogeographic distribution of plants and
ecosystem formation. Due to ongoing climate change, questions surrounding the changes of
thermal continentality are very relevant. Therefore, the aim of this study is to investigate the
characteristics of thermal continentality and its temporal changes in the Slovak Republic
between the years of 1961 and 2013. The study was carried out on several meteorological
stations selected in respect to the geographical and geomorphological heterogeneity of
Slovakia. Our results show that the continentality of Slovakia increased in the period 1961 to
2013; however, this trend is not significant. These non-significant trends are confirmed at all
the stations. Nevertheless, it is necessary to be aware of this signal, especially because these

changes could cause changes in ecosystem formation in future.

1 Introduction

Continentality of climate is a basic climatic characteristic of an area. It specifies the influence
of a continent on climate formation. According to the meteorological dictionary (SobiSek et
al. 1993), the most distinctive feature of continentality is the large amplitude of air

temperatures, which is the main characteristic of thermic continentality (Hirschi et al. 2007).

From the point of bioclimatology, geography and ecology, continentality is an important

characteristic of environmental parameters. For example, it assists us in understanding
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complex relationships between plant distribution and geographic position. With the help of
thermal continentality or indices, phytogeography explains the changes in vegetation
conditions from oceans to the interior of continents, gradual transition from forests to steppes
and semi-deserts, as well as postglacial development of vegetation (species spreading in the
Boreal or Atlantic periods) (Shidei 1974, Klotzli 1976, Ellenberg 1988, Plesnik 2004).

In Slovakia, several authors have examined the influences of continentality or oceanity.
Hrudicka (1933) dealt with thermic and ombric continentality. Kvetdk (1983) explained
continentality of Slovakia using several indices. His results (isoline maps of thermal
continentality indices over the Slovakia) permitted spatial interpretation of thermal
continentality over Slovakia. Melo (2002) addressed continentality in Hurbanovo (meteo-
station in the south-west of Slovakia). Brazdil et al. (2009) examined thermal continentality
for the period 1961 to 2005 in the Czech Republic (west of Slovakia) and Wypych (2010) and
Ciaranek (2014) dealt with the thermal continentality of Poland (north of Slovakia) in a wider

European context.

Due to ongoing climate change, a significant increase in air temperature has been recorded
and further warming is projected for the next century (Spinoni et al., 2015). The most intense
changes of air temperature are recorded in terms of summer and winter extremes (Hirschi et
al. 2007, IPCC 2013, Damborska et al. 2015). Since these parameters form the basis of air
temperature amplitude, questions regarding the changes of thermal continentality are very

relevant.

Hirschi et al. (2007) indicated the greater increase of thermal continentality in eastern and
south-eastern Europe during the period 1995 to 2005 in comparison to the period 1948 to
2005. These results were based on NCEP/NCAR surface temperature dataset analyses.
Apostol and Sirghea (2015) presented similar results when dealing with thermal continentality
in Europe. Nevertheless, Hirschi et al. (2007) commented that when using ERA-40 reanalysis
datasets, the change of thermal continentality patterns in eastern and south-eastern Europe
were not observed. Brazdil et al. (2009) corroborated this result (no change of thermal
continentality) when dealing with thermal continentality in the Czech Republic. The same
results as Brazdil et al. (2009) were indicated by Mello (2002) when dealing with potential
changes in thermal continentality based on a dataset from Hurbanovo meteorological station
(south-west Slovakia). Due to these inconsistencies in reported results, it is necessary to
analyse the changes on a smaller scale using station-based data, in respect to specific

geographical and geomorphological characteristics of Slovakia.



O 0 3 O

10

11
12
13
14
15
16
17
18
19
20
21
22
23

24

25
26
27

28

29

Therefore, we decided to analyse the changes of thermal continentality on selected
meteorological stations in the Slovak Republic between the years of 1961 and 2013 to
determine whether thermal continentality increases or decreases during this period.

2 Material and methods
2.1 Temperature data

The analyses presented in this paper are based on monthly mean temperature data from six
selected stations of the Slovak Hydrometeorological Institute (SHMI) between the years of
1961 and 2013. Data homogenisation procedures are applied as standard by the SHMI (SHMI
2008).

2.2 Characteristics of the selected meteorological stations

The meteorological stations were selected in order to generalise geographical and
geomorphological characteristics of Slovakia (Figure 1). Table 1 presents the basic
climatological and geographic characteristics of the selected stations. The warmest station
with annual mean air temperature of 10.4°C is Hurbanovo (situated in the Podunajské niZina
Lowland) followed by the station at Michalovce (Vychodoslovenska nizina Lowland) with
annual mean air temperature of 9.4°C. On the contrary, the coldest station is Skalnaté Pleso
(situated in Tatra Mountains at an elevation of 1788 m a.s.l.) with annual mean temperature of
2.1°C followed by Oravska Lesna (situated in Oravské Beskydy Mountains at an elevation of
780 m a.s.l.) with an annual mean temperature of 5.0°C. Stations Slia¢ and Roznava, which
represent the climate of the intra-Carphatian valleys, have annual mean air temperatures of 8.3
and 8.7°C, respectively. The annual temperature cycle of these stations is depicted in Figure
2. January is the coldest month at all stations, except for the mountain station at Skalnaté

Pleso, and July is the warmest month at all stations.
From a geomorphological point of view the stations can be divided into three groups:

- Lowlands (Michalovce, Hubanovo)
- Valleys (Roznava, Sliac)

- Mountains (Oravska Lesnd, Skalnaté Pleso)
2.3 Thermal continentality indices

Thermal continentality was assessed using five indices:
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1. A simple index of continentality (Ic) following the original definition of Supan applied
by Rivas-Martinez et al. (2011):

Ic = (Tnax — Tinin) 1)

where: Ic is the continentality index, Tmax represents monthly mean temperature (°C) of the
warmest month and Tmin is monthly mean temperature (°C) of the coldest month. Knoch and
Schulze (1952) and Hesse (1966) used the following values of annual temperature amplitude
Ic in order to characterise climate continentality: < 2.5°C equatorial, 2.5-10°C oceanic, 10—

25°C maritime transition zone, 25-40°C continental, > 40°C extremely continental.

2. Gorczynski index (Kg), proposed by Gorczynski (1920) is the most frequently used
index in Europe. It is computed using the equation:
K; = 1.7(A/sin@) — 20.4 2)

where: Kg is the index of continentality in percent, A is the annual amplitude of temperature
in °C and @ represents the latitude in degrees. According to this equation, Gorczynski suggests
three levels of continentality: transitional maritime (K = 0 to 33%), continental (Ke = 34 to
66%) and extremely continental (Ke = 67 to 100%) climate (Mikolaskova, 2009). However,
Ciaranek (2014) argues that this formula is only applicable to areas between the latitudes of
30° N and 60° N (i.e., in the areas dominated by land, while in oceanic areas the index gives

negative values).

3. Conrad’s index (Kc) is a reliable widely accepted formula, which is expressed as:
K; = 1.7[A/(sin6 + 10)]-14 (3)

where Kc represents continentality index in percent (Minetti 1989), A is the annual amplitude
of mean temperature of the warmest and coldest month in °C and @ is the station latitude in
degrees (Snow 2005). Andrade and Corte-Real (2016) created the following categories for
climatic characterisation (in %): Kc from —-20 to 20 is hyper-oceanic, 20 to 50
oceanic/maritime, 50 to 60 is sub-continental, 60 to 80 is continental, 80 to 120 is

extreme/hyper-continental climate.

4. lvanov index of thermic continentality was originally proposed by Ivanov (1959) and
used by Kvetak (1983). The index is expressed as:
K; = 100 (4/0.3360) (4)

where: K; represents the Ivanov index, A is the annual amplitude of mean temperature of the

warmest and coldest month in °C and @ is the station latitude in degrees. Ivanov (1959)
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presents the ten categories of continentality (in %): < 47 is extremely oceanic, 48-56 is
oceanic, 57-68 is moderately oceanic, 69-82 is maritime, 83-100 is slightly maritime, 101—
121 is slightly continental, 122—-146 is moderately continental, 147177 is continental, 178—

214 is strongly continental and > 214 is extremely continental.

5. Khromov continentality index (Kkn ) calculated by the equation (Khromov, 1957):
Kyn, = 100[(A — 5.4sin8)/A] (5)

where Kkn is the index of continentality in %, A is the annual amplitude of temperature in °C,
6 is latitude in degrees. Khromov and Petrosyan (2001) argue that the Kkn index show how
much (in %) of the annual air temperature amplitude at a given point is caused by the
presence of land around the globe (i.e., the contribution of land to continentality). Hence, the
influence of continents in the Southern Pacific area is < 10%, in the North Atlantic area is >
25%, on the Western European coast is 50—75% and in Central and Northeast Asia is > 90%.
Thus, according to the annual temperature amplitude, even the most maritime climate in the
continent is still more influenced by the continent than the ocean. Based on this feature, the

continentality of Central Europe has relatively high values of 80% (Kvetak 1983).

These indices were selected due to their wide use in the literature (Kvetak 1983, Khromov
and Petrosyan 2001, Melo 2002, Hirschi et al. 2007, Brazdil et al. 2009, Wypych 2010,
Ciaranek 2014) and because the most distinctive feature of continentality is the large
amplitude of air temperatures, which is the main characteristic of thermic continentality
(Sobisek et al. 1993, Hirschi et al. 2007). Although these indices are based on the air
temperature amplitude, their sensitivity to regional climatological patterns is different. This

permits confirmation of whether different indices provide varying results.
2.4 Trend analyses

Time series of air temperature as well as time series of the applied continentality indices were
fitted by linear regression. These linear trends were tested for significance using the Student t-
test.

3 Results and discussion
3.1 Changes of the temperature conditions in the period 1961-2013

In order to explain the characteristics of thermal continentality, it is necessary to consider the
temporal development of the mean, minimum and maximum temperature over the study

period at all the meteorological stations described in Section 2.2. In this case, temporal trends
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of annual mean temperature and monthly temperature means of the coldest and the warmest
months were analysed by linear regression (Figure 3). The main result was a significant
increase of the annual mean temperature at all stations (Table 2). Interestingly, air temperature
trends were recorded with the same significance level (p < 0.001) at all stations, including
mountain stations. Temporal trends of the mean temperature of the warmest months

experienced significant increase at all stations (p < 0.001).

The temporal development of the mean temperature of the coldest months also showed an
increasing trend; however, these trends were less significant in comparison to the mean
temperature of the warmest months. In addition, these trends were non-significant at two
stations (Hurbanovo and Slia¢). Trends significant at p < 0.05 were observed only at two
stations (Michalovce and RoZnava). This finding of overall temperature increase corresponds

with Damborska et al. (2015) and Lapin et al. (2009).
3.2 Characteristics of the thermal continentality in the period 1961-2013

Based on the indices described in Section 2.3, thermal continentality of the analysed stations
was characterised by mean values of the applied indices for the period 1961 to 2013. A

complete overview of the thermal continentality indices is provided in Table 3.

The basic index Ic showed that the highest annual amplitude of air temperature was found for
Michalovce (24.2°C), which is the lowland station situated in eastern Slovakia. The difference
between Ic for Michalovce and Hurbanovo (lowland station situated in western Slovakia) is
1°C. An interesting finding was that the annual amplitude of air temperature of the stations
situated in valleys was also high: RoZnava (23.7°C) and Slia¢ (23.6°C). This is probably
caused by their temperature inversion positions with relatively low air temperatures in winter
half-years and high summer air temperatures. The lowest value of Ic was found at the
mountain station of Skalnaté Pleso (18.0°C) followed by another mountain station of Oravska
Lesna (21.6°C). From a statistical point of view, the amplitude is a rather conservative
parameter. The value of its standard deviation is almost equal for all stations (2.2-2.6). Our
results confirm the opinion of Kvetak (1983) that continentality decreases with increasing
elevation and that from the point of thermic continentality the area of Slovakia still belongs to
the 3rd maritime transition zone (Ic = 10.1-25.0 °C).

Based on the values of Gorczynski index, all stations except Michalovce (eastern Slovakia)
belong to the transitional maritime climate (Ke < 34%). Michalovce station belongs to the

continental climate (Kg = 34.2%); however, the index value for this station exceeded the limit



O© 00 N O U1 H»H W N

—_
o

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33

by only 0.2%. Based on the results we can conclude that eastern Slovakia is a border of
climatic influence of the Eastern European plain (Sarmatic plain). We assume that this area is
more influenced by the climate of the Sarmatic plain than by the climate of the Panonnian
Basin because K¢ for other stations was not higher than 34%. This result corresponds with the
findings of Ciaranek (2014) regarding decline of the maritime influence on the climate from
the west towards the east of the European continent. The comparison of Ic with Ke showed
that the second index is more sensitive to large-scale (continental and sub-continental scale)
influences of huge geomorphological units on climate formation in specific areas. These
findings correspond with the results of Kvetak (1983) about the temperature continentality

border between the maritime and continental climate in Eastern Slovakia.

According to Conrad’s index all analysed stations in Slovakia belong to the oceanic/maritime
zone (Kc ranged from 20 to 50). Relatively high index values, indicating continentality, were
found for the stations: Michalovce (Kc = 34), Hurbanovo (Kc = 32.8), Roznava (Kc = 33.2)
and Slia¢ (Kc = 33.1); in comparison to mountain stations of Skalnaté Pleso (Kc = 21.7) and
Oravska Lesna (Kc = 28.6). Although our study revealed relatively low differences in Kc
between particular stations (except for mountain stations), we included this index because it is

most frequently used index of all continentality indices (Oliver 2005).

The values of the Ivanov thermal continentality index (Ki) divided the evaluated stations into
three thermal continentality zones. The first zone is characterised by continental climate
(values of K; from 147 to 177%). Four stations belong to this climate: Michalovce (K, =
151.1%), Hurbanovo (K; = 148.5%), Roznava (K| = 148.3%) and Slia¢ (K, = 148.3%). The
second zone has moderately continental climate (values of K| rang between 122 and 146%), to
which the mountain station of Oravska Lesna belongs (K= 132.8%). Finally, the third zone is
a zone of slightly continental climate (K, range between 101 and 121%). From these results
we can see a decrease of thermal continentality with increasing elevation (mountain stations;
Oravska Lesna with an elevation of 780 m a.s.l. and Skalnaté Pleso with an elevation of 1,778
m a.s.l.). Although all remaining stations (except mountain stations) belong to only one zone
of moderately continental climate, the shift toward the more continental climate from west to
east could still be seen (West: Hurbanovo K| = 148.5% and East: Michalovce K, = 151.1%).

The Khromov index of continentality examines how much (in %) of the annual air
temperature amplitude at a given point is caused by the presence of land around the globe.
From this point of view the whole area (all analysed stations) of Slovakia is under significant

dominance of continental climate (values of Kkn range between 76.9 to 83 %). The lowest
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value of Kkn was recorded for the mountain station of Skalnaté Pleso. When analysing Kkn
dependence on latitude, we see very slight decrease (0.3%) of the influence of the continent
toward the Atlantic Ocean coast (from east to west) (Hurbanovo: Kkn = 82.7%, western
Slovakia; Michalovce: Kkn = 83.0%, eastern Slovakia). We argue that this index is less
suitable for characterisation of continentality compared with the Gorczynski index due to its
low sensitivity at a meso-climatic scale. This finding corresponds with those of Kvetak (1983)
who analysed use of the Khromov index in Slovakia.

Based on the analysis of five thermal continentality indices we conclude that: (1) the climate
in southern parts of Slovakia is more continental in comparison to northern Slovakia, which
are mostly mountainous areas and a typical example of Alpine continentality (Plesnik 2004);
(2) thermal continentality increases from west to east in Slovakia, implying a greater
influence of the Eastern European plain (Sarmatic plain) in eastern Slovakia compared with
the West; (3) high values of continentality indices were also found in the valleys (stations
Slia¢ and Roznava), which is probably caused by their temperature inversion positions with
relatively low air temperatures in winter half-year, and high summer air temperatures and (4)
the Gorczynski index seems to be the most suitable for the analyses of thermal continentality

in Slovakia due to its sensitivity to both longitude and elevation.

Although we identified Gorczynski index as the most suitable, temporal development of all

the indices was also analysed.

3.3 Changes of the thermal continentality in Slovakia between the years 1961—
2013

The recorded increase of air temperature as described above raised the questions as to how
and to what extent thermal continentality has changed in Slovakia. This was examined via
linear analysis of the temporal trend of indices described in Section 2.3: the simple index of
thermal continentality (Ic), Gorczynski index (Kg), Conrad’s index (Kc), Ivanov index (Kj)
and Khromov index (Kkn). Detailed outputs of linear trend analyses of particular indices for
each station are described in Table 4. All studied indices showed insignificant trends toward
higher continentality. The highest trend was recorded at the valley station of Slia¢ by all
indices. The result could due to the afore-mentioned temperature inversion characteristics of
the valley. On the contrary, the smallest change of thermal continentality was recorded in

Michalovce, in eastern Slovakia (except for Kkn). To facilitate comprehension all results are
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depicted in Figure 4. Almost no trends were recorded in our analyses because of increasing

temperatures of both the warmest and coldest months, as described in Section 3.1.

Although we observed slightly increasing temporal trends toward higher continentality in all
indices at all stations, none of these trends were significant. This finding corresponds with
those of Brazdil et al. (2009) who dealt with thermal continentality changes expressed by the
Gorczynski index. Nevertheless, although our study, based on data from the period 1961 to
2013, showed insignificant changes of thermal continentality, the signal of possible changes
should be studied in terms of the projected future changes of temperature regime Especially
because this changes could cause changes in ecosystem formation in future (Mind’as et al.
1996).

4 Conclusions

Due to ongoing climate change, possible changes of thermal continentality are widely
discussed in literature. Some signals referring to potential changes in thermal continentality
are directly linked to areas of east and south-east Europe we decided to analyse thermal
continentality and its changes at six selected stations in Slovakia between the years of 1961
and 2013.

The meteorological stations used in this paper were selected in order to represent typical
geographic and geomorphological landforms of Slovakia (i.e., lowlands, valleys and
mountains). In addition, these stations were selected with respect to the elongated shape of the
country from west to east. In order to obtain relevant results, we used five widely used
thermal continentality indices. Based on the analyses we can conclude that the influence of
land on thermal continentality increases with longitude toward the east. In addition, elevation
also has a great influence on thermal continentality. We recorded decreasing thermal

continentality with increasing elevation.

From the point of temporal development of thermal continentality during the period 1961 to
2013, changes in continentality were anticipated due to the recorded signals of the
temperature increase. However, we found only a slight insignificant increase of continentality
over time, based on the employed thermal continentality indices. The reason for this is
because although the temperature of the warmest month increased by 2.39 to 3.13 °C at the
stations during the observed period, the temperature of the coldest month increased by 0.73 to
2.14 °C. Disparity of these trends are reflected in rising but non-significant trends toward

higher thermal continentality. The highest, though insignificant, trend toward continental
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climate was observed at the valley station of Slia¢ situated in central Slovakia. We assume
that this is because of the strong temperature inversion characteristics of the climate in this
valley. Although we did not reveal any significant changes of thermal continentality during
the studied period, researchers should be aware of these changes, even from the insignificant
trends, especially because these changes could cause the changes in ecosystem formation in
future. Therefore, the study of the projected changes in temperature variability related to the

changes in thermal continentality will be carried out in future.
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Figure 1. Location of the meteorological stations used in the study.
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Figure 3. Linear trends of the annual mean temperature (Tann), monthly mean temperatures of
the coldest (Tmin) and warmest month (Tmax) at stations used in the study
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Figure 4. Linear trends of the thermal continentality indices within the period 1961 to 2013



1 Table 1: Main characteristics of meteorological stations and temperature variables: annual
2 mean temperature (Tann), monthly mean temperatures of the coldest (Tmin) and warmest month
3 (Tmax) in degrees Celsius; o is standard deviation

Station Michalovce Hurbanovo RoZnava Sliac¢ Oravslfa Skalnate
Lesna Pleso

Geographic

factors

Elevation (m 112 115 289 313 780 1778

a.s.l)

Latitude 48°45° 47°52° 48°39° 48°39° 49°22° 49°11°

Longitude 21°57° 18°12° 20°32° 19°08° 19°11° 20°14°

Landform Lowland Valley Mountain

1961- 1961- 1961-
Observed period 2013 1961-2013 2013 2013 1961-2013
1961-2013

Climatic variables

Tann (°C) 9.4 10.4 8.7 8.3 5.0 2.1

Mean o 0.8 0.8 0.8 0.7 0.7 0.8

Tmin (°C) -35 -1.9 -3.9 -4.4 -6.4 -7.2

Mean o 2.1 1.9 1.8 2.1 2.2 2.1

Tmax (°C) 20.7 21.4 19.8 19.3 15.2 10.8

Mean o 1.4 1.4 1.4 1.4 1.3 1.3




1 Table 2: The linear trend values ((°C)/year; (°C)/observed period) and statistical significance
2 levels of annual mean temperature, monthly mean temperatures of the coldest and warmest
3 month, for the six meteorological stations

Station Michalovce Hurbanovo RozZnava Slia¢ Oravslfé Skalnaté
Lesna Pleso
Elevation (m a.s.l.) 112 115 289 313 780 1778
Annual mean temperature
(°C)/year 0.031 0.030 0.030  0.031 0.028 0.028
(°C)/observ. period 1.617 1.590 1.590 1.659 1.479 1.505
Significance Kok Kok Kok Kook Kook Kok
Monthly mean temperatures of the coldest month
(°C)/year 0.040 0.035 0.037 0.014 0.039 0.032
(°C)/observ. period 2.136 1.844 1.940 0.726 2.056 1.717
Significance* * NS * NS + +
Monthly mean temperatures of the warmest month
(°C)/year 0.045 0.049 0.048  0.059 0.046 0.045
(°C)/observ. period 2.390 2.576 2,528  3.127 2.417 2.401
Significance® Kokk Kok Kook ok *k ok

*Significance: + p < 0.1, * p <0.05, #* p < 0.01, *** p < 0.001; NS - not significant



1  Table 3: Mean, standard deviation (o) and coefficient of variation (cv) of five continentality
2 indices: Continentality index (Ic), Gorczynski (Kg), Conrad (Kc), Ivanov (Ki) and Khromov
3 (Kkn) for the period 1961 to 2013

Station Michalovce Hurbanovo Roznava  Sliac¢ O{:Z;l;é Sl;aller;ité
aE_lg)atiO“ (m 112 115 289 313 780 1778
Ic Mean 24.2 23.3 23.7 23.7 21.6 18.0
o 2.5 2.1 2.2 2.5 2.6 2.4
v 10.4 9.1 9.1 10.4 12.0 13.1
Ke Mean 34.2 33.0 33.2 33.2 27.9 20.1
o 5.7 4.9 4.9 5.6 5.8 5.3
v 16.7 14.7 14.7 16.7 20.7 26.4
Kc Mean 34.0 32.8 33.2 33.1 28.6 21.7
o 5.0 4.3 4.3 4.9 5.1 4.7
v 14.7 13.0 12.9 14.8 17.8 21.5
Ki Mean 151.1 1485 1483 1483 132.8 1112
o 15.8 13.5 13.5 15.4 15.9 14.5
v 10.4 9.1 9.1 10.4 12.0 13.1
Kkn Mean 83.0 82.7 827 827 80.7 76.9
o 1.7 1.6 1.6 1.8 23 3.2
v 2.0 1.9 1.9 2.2 2.9 41
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Table 4: The linear trend values (units/year; units/observed period) and statistical significance
levels of five continentality indices: Continentality index (Ic), Gorczynski (Kg), Conrad (Kc),
Ivanov (Ki) and Khromov (Kkn) for the period 1961 to 2013

Station Michalovce Hurbanovo RoZfiava Slia¢ Oravslfé Skalnate
Lesna Pleso
Altitude (m. a.s. |.) 112 115 289 313 780 1778
Simple thermal continentality index (I¢)
(°C)/year 0.0049 0.0138 0.0111 0.0336 0.0068 0.0128
(°C)/observ. period 0.2597 0.7314 0.5883 1.7808 0.3604 0.6784
Significance® NS NS NS NS NS NS
Gorczinski index (Kg)
(%)/year 0.0110 0.0317 0.0252 0.0761 0.0152 0.0288
(%)/observ. period 0.5830 1.6801 1.3356 4.0333 0.8056 1.5264
Significance” NS NS NS NS NS NS
Conrad’s index (Kc)
(%)/year 0.0097 0.02778 0.0222 0.0669 0.0134 0.0254
(%)/observ. period 0.5141 1.47234 1.1766 3.5457 0.7102 1.3462
Significance” NS NS NS NS NS NS
Ivanov index (Kj)
(%)/year 0.0306 0.0883 0.0698 0.2105 0.0418 0.0792
(%)/observ. period 1.6218 4.6799 3.6994  11.1565 2.2154 4.1976
Significance” NS NS NS NS NS NS
Khromov index (Kkn)
(%)/year 0.0076 0.0119 0.0121 0.0260 0.0064 0.0202
(%)/observ. period 0.4028 0.6307 0.6413 1.3780 0.3392 1.0706
Significance’ NS NS NS NS NS NS

*Significance: +p<0.1, * p<0.05, ** p < 0.01, *** p < 0.001; NS - not significant



