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ABSTRACT

Aim of the study
The aim of this study is to assess the variability of the lowest monthly totals of precipitation, and to evaluate
the impact of atmospheric circulation on the occurrence of months with a deficit of precipitation.

Material and methods
Material: The monthly totals of atmospheric precipitation for the years 1951-2017 from 19 meteorological
stations located in the Polish Tatra Mountains and in their foreland. and the calendar of atmospheric circula-
tion types for southern Poland, which was developed by NiedzwiedZ (1981; 2018).

Methods: Standardized Precipitation Index (SPI), the Mann-Kendall test

Results and conclusions

No statistically significant trend at a significance level of 0.05 was noted in the course of the lowest monthly
precipitation totals at any of the meteorological stations. In the 67-year period, all the measuring stations saw
a total of 499 (3.3%) dry months with varying drought severity. The largest number of extremely dry months
occurred in August and April, respectively. In the case of months when the lowest totals of precipitation
occurred in the same month at all or almost all of the meteorological stations, three types of anticyclonic
circulation dominated, i.e. eastern, south-eastern, southern, and the anticyclonic wedge.

Keywords: meteorological drought, lowest monthly precipitation totals, Standardized Precipitation Index

(SPI), atmospheric circulation, the Polish Tatra Mountains

INTRODUCTION

Drought as a randomly recurring extreme phenom-
enon is one of the main natural threats to the envi-
ronment. It is caused by the scarcity of precipitation.
Long-term lack of precipitation may result in the de-
velopment of subsequent phases of soil drought, and
even hydrological drought (Byczkowski and Meyer,
2001) characterized by a significant water deficit in
surface rivers (Mishra and Singh, 2010). The occur-
rence of an atmospheric drought is associated with
losses in the socio-economic sector (Hanewinkel et
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al., 2013; Spinoni et al., 2013; Hanel, 2018). In the
era of climate change, rainwater deficits are increas-
ingly affecting various parts of the world, e.g. the
north-eastern areas of Brazil in 2010-2013 (Gutiér-
rez et al., 2014), significant areas of China in 2010—
—2011 (Xu et al., 2015) with further extreme drought
events in the years 2001 and 2010 (Li et al., 2020),
and the area of the United States in the years 1986—
—1992, 1994, 1996, and 1998 (Wilhite, 2000). A se-
vere drought on a national scale combined with high
air temperature also occurred in 2012 (Heim, 2017).
In Europe, in many years of the 21st century, droughts
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were the result of a shortage of rainwater and were
also associated with the occurrence of high tem-
peratures (Hanel, 2018). For instance, the European
drought in 2003, and then the one in Russia in 2010
caused significant social and economic losses (Fink
et al., 2004; Trenberth and Fasullo, 2012). As shown
by Hanel’s (2018) research, the years 2003 (Schér et
al., 2004; Spinoni et al., 2013; Vido et al., 2015) and
2015 (Brazdil et al., 2016; Ionita et al., 2017) can be
considered extremely hot and dry, against the back-
ground of the last 250 years. In the summer of 2015,
Western, Central, and Eastern Europe experienced
exceptionally high air temperatures, with the max-
imum daily temperatures higher by 2-3°C than the
seasonal average for the years 1971-2000 (Ionita et
al., 2017). The period from the spring to the summer
of 2018 was also hot and dry in Europe (Imbery et
al., 2018; Hénsel et al., 2019). According to Nicholls
(2004), the study of the relationship between precip-
itation and temperature may be more important than
studying changes in precipitation or air temperature
separately.

In the area of the Polish and Ukrainian Carpathi-
ans, there are not only periods with an excess of rain-
water (Mlynski et al., 2018; Kholiavchuk and Cebul-
ska, 2019; Twardosz and Cebulska, 2020), but also
periods with a deficit of rainwater (Cebulska, 2016;
Cebulska, 2018). Atmospheric droughts of varying
severity can occur in this area at different times of
the year. The longest period without precipitation in
the 21st century occurred in October and November
2011 and lasted from 26 to 40 days, covering the
western and southern part of the Polish Carpathians
(Cebulska, 2018).

In the light of the research by Wypych et al.
(2018), precipitation in the Polish Carpathians does
not demonstrate any substantial trend and is charac-
terized by high variability from year to year. Also the
warming, particularly pronounced in this area over the
last few decades, will continue in the years to follow
(Wypych et al., 2018).

The aim of this study is to assess the variability of
the lowest monthly totals of precipitation and to assess
the impact of atmospheric circulation on the occur-
rence of months with a deficit of precipitation. These
periods were determined using the Standardized Pre-
cipitation Index (SPI).
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STUDY AREA, DATA, AND METHODS

The study area is the Polish Tatra Mountains and their
foreland, which is part of the Western Carpathians.
88% of the area of the Polish Carpathians belongs
to the Western Carpathians, with the highest peak of
Mt. Rysy (2499 m asl), and 12% of the area belongs
to the Eastern Carpathians, with the highest peak of
Mt. Tarnica (1346 m asl) (Warszynska, ed., 1995).
The highest peaks of the Polish Tatra Mountains are
included in the cold zone and characterized by an
average annual air temperature from —2°C to —4°C,
while the lower parts of the Tatra Mountains belong
to the cool zone with an annual average temperature
from 2°C to 4°C. In the lowest location of the study,
the temperature ranges from 6°C to 4°C (Hess 1965).
In the Polish Tatra Mountains, only in June and July,
the average precipitation in these months, determined
from the years 1951-2017, is over 200 mm, while in
other meteorological stations in these months the av-
erage precipitation range is 100-187 mm. However,
over the entire research area, in the months from No-
vember to March, the average precipitation is below
100 mm.

The study of the variability of months with a defi-
cit of precipitation was made taking into account the
monthly totals of precipitation in the years 1951—
2017 from 19 measuring stations (see: Fig. 1) located
in the Polish Tatra Mountains and in their foreland.
These data were obtained from the Institute of Mete-
orology and Water Management - National Research
Institute. The work includes only those measuring
stations for which it was possible to develop a da-
tabase of monthly precipitation totals for the longest
common period. On the basis of the developed da-
tabase, the lowest monthly precipitation total was
selected from each station in each year of the multi-
year period 1951-2017. The lowest monthly totals
of precipitation at individual measuring stations in
the 67-year period were examined to see whether
a trend occurs. To this end, the Mann-Kendall test
was applied (Kendall, 1975; von Storch and Zwiers,
2002; Mtynski et al., 2018; Kholiavchuk and Cebul-
ska, 2019precipitation, sunshine hours, nebulosity,
relative humidity and wind speed were investigat-
ed. The Mann-Kendall nonparametric trend test was
used in order to find statistically-significant trends,
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whilst the magnitude of trends was estimated using
the Kendall-Theil method. The results point to sig-
nificant climatic changes at annual scale in Romania.
The most drastic change regards the air temperature,
which is increasing at all stations. The number of
sunshine hours follows a similar pattern, increasing
at most stations — except in the mountainous regions
of Meridional and Curvature Carpathians. The wind
speed presents a significant decreasing signal at the
majority of the locations, in agreement with the over-
all tendency of terrestrial stilling. The annual precip-
itation amount is rather stable, with increasing trends
North-Western Romania and decreasing trends in the
Danube Delta (South-East).

Periods with a deficit of precipitation were identi-
fied on the basis of the Standardized Precipitation In-
dex so in order to make that determination, it was nec-
essary to transform probability distribution of monthly
precipitation into standarized normal distribution. SPI
values were calculated based on a historical record of
monthly precipitation totals at each meteorological
station, from the following formula (McKee et al.,
1993, 1995; Labedzki, 2006, 2017):
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where:

f(P)= 3P — transformed normalized sum of preci-

_ pitation, mm;

f(P) — mean value of the normalized precipitation
sequence, mm;

d, — standard deviation of the normalized precipi-
tation sequence, mm.

Transformation function f(P) is used in reference
to precipitation sequence, which does not follow nor-
mal distribution. Most often, periodical sums of pre-
cipitation (monthly, annual) conform to the gamma
distribution. (Labedzki, 2006, 2017). According to the
developed criterion, negative SPI values represent dry
conditions, i.e. the lower the SPI, the drier the given
period of time (Hayes 2006). An extremely dry period
was one with an SPI value of <-2.0, a very dry period
with an SPI value of € (2.0 +~ —1.50), and a moder-
ately dry period with an SPI value of € (—1.50 +-1.00)
(McKee et al., 1993, 1995).

20 km

Fig. 1. Location of the meteorological stations in the study area (station altitude above sea level)
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In the study area, the highest average annual pre-
cipitation of 1759 mm occurs at Kasprowy Wierch.
Even though this part of the Polish Carpathians has the
highest precipitation, in the era of climate change, dry
periods with varying drought severity were also re-
corded in this area. They were identified and assessed
for their incidence. The reasons for the occurrence of
atmospheric drought in the area of the Polish Tatra
Mountains and their foreland were sought in the types
of atmospheric circulation..

To this end, the calendar of atmospheric circulation
types for southern Poland, which had been developed
by Niedzwiedz (1981; 2018), was consulted. It com-
prises a list of 21 types of atmospheric circulation (N,
E, NE, SE, S, SW, W, NW), which are marked with
the letter symbols of advection direction, with “a”
standing for anticyclonic systems and “c” for cyclonic
systems. The next 4 types, namely: Ca, Ka, Cc, and
Bec, constitute a non-supplementary situation with dif-
ferent directions of advection. The 21st type of this
classification includes situations that cannot be clas-
sified into the other distinguished types of circulation
and baric saddles. It was marked with the symbol “X”
(Niedzwiedz, 1981).

RESULTS AND DISCUSSION

Verification of the significance of the trend in the
lowest monthly precipitation totals

the lowest monthly totals of atmospheric precipitation
identified at individual measuring stations were exam-
ined for possible trends. Based on the Mann-Kendall
statistical test (Kendall, 1975; von Storch and Zwiers,
2002; Mtynski et al., 2018; Kholiavchuk and Cebuls-
ka, 2019; Fathian et al., 2020precipitation, sunshine
hours, nebulosity, relative humidity and wind speed
were investigated. The Mann-Kendall nonparametric
trend test was used in order to find statistically-signif-
icant trends, whilst the magnitude of trends was es-
timated using the Kendall-Theil method. The results
point to significant climatic changes at annual scale
in Romania. The most drastic change regards the air
temperature, which is increasing at all stations. The
number of sunshine hours follows a similar pattern,
increasing at most stations - except in the mountain-
ous regions of Meridional and Curvature Carpathians.
The wind speed presents a significant decreasing sig-

58

nal at the majority of the locations, in agreement with
the overall tendency of terrestrial stilling. The annual
precipitation amount is rather stable, with increasing
trends North-Western Romania and decreasing trends
in the Danube Delta (South-East), their statistical
significance was examined at significance levels of
0.05 and 0.1. At none of the meteorological stations
was there a statistically significant trend at a signifi-
cance level of 0.05 recorded in the course of the low-
est monthly precipitation totals. A growing tendency
proving the variability of the precipitation, statistically
significant at a significance level of 0.1, was shown
by the lowest monthly totals of precipitation in the
analysed period only in Poronin (0,85mm/10 years).
The lowest monthly precipitation totals (Cebulska and
Twardosz, 2010; Twardosz and Cebulska, 2020), as
well as the highest daily precipitation totals (Mtyns-
ki et al., 2018), and the highest monthly totals (Kho-
liavchuk and Cebulska, 2019; Twardosz and Cebuls-
ka, 2020) show extensive variation in the values over
a long-term course. A statistically significant trend of
the highest daily precipitation totals in the upper Vis-
tula basin, significant at a level of 0.01 was observed
in almost 4% of all precipitation stations; and in 12%
of the stations at a significance level of 0.05 (Mlyns-
ki et al., 2018), while in the course of the highest
monthly precipitation totals, trends significant at lev-
els of 0.05 and 0.1 were also noted in the Polish and
Ukrainian Carpathians. The only significant trend at a
level of 0.05 was observed at 3 measuring stations, i.e.
in Stroza, Grybow, and Gorki Wielkie (Kholiavchuk
and Cebulska, 2019). Also in Slovakia, Zelenadkova et
al. (2017) noted upward trends in precipitation time
series at numerous measuring stations. Downward
trends were detected in the northern part of Slovakia
in December, while upward trends were recorded in
the central and southern parts. Increasing precipitation
trends were observed in the summer season, especially
in July at most stations (Zelenakova et al., 2017).

Variation of the lowest monthly precipitation
totals

the region of the Polish Tatra Mountains is an area with
high amounts of monthly and annual precipitation on
a country-wide scale. However, research has shown
that this area may have months with no precipitation.
Such a situation may occur especially in the months
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from October to March. In the years 1951-2017, in
the high mountain part of the Polish Tatra Mountains,
no month in which no precipitation occurred was re-
corded. However, at all of the measuring stations in
this area in March 1974, October 1951, and November
2011, precipitation did not exceed 11 mm. It account-
ed for less than 10% of the average precipitation in the
studied period. During the 67-year period of observa-
tions, only in Jablonka in November 2011 and Szaflary
in October 1951 was there no precipitation.

The lowest monthly totals in June constitute most,
i.e. over 30%, of the long-term average. On the other
hand, the lowest percentage share of this precipitation
in the long-term average (below 2%) is visible in No-
vember. In the foreland of the Polish Tatra Mountains,
the highest of the lowest monthly precipitations occurs
most frequently in July, but at many stations in this
area, it occurs in June. The lowest precipitation in this
region constitutes just over 40% of the average precip-
itation for the studied multi-year period.

In the yearly course, the lowest monthly totals of
precipitation may occur in each month, but they are
most frequent from October to April. In January, Feb-
ruary, and October, they account for over 15%. Occa-
sionally, the lowest precipitation occurred from May
to September, and its percentage share in the analysed
period did not exceed 5%. At all of the measuring sta-
tions, the lowest total monthly precipitation occurred
in the same month for two consecutive years, while at
some of the stations there were cases where it occurred
in the same month for three or four consecutive years.
This happened in Banska Wyzna for four consecutive
years in January from 1990 to 1993, at Hala Ornak — in
February from 1978 to 1981 (see: Fig. 2), and also in
Kro$cienko — in January from 1955 to 1958.

The Polish Tatra Mountains are represented by
five measuring stations located above 1,100 m asl, in
which the course of the lowest monthly precipitation
totals varies. Such precipitation does not occur at all
of the stations in June, while it does in May only at
Morskie Oko, Hala Gasienicowa, and Dolina Pieciu
Stawow (see: Fig. 2). Most often, the lowest monthly
totals of precipitation in this area occur in January and
February. At all of the measuring stations, except for
Kasprowy Wierch, their percentage share in the stud-
ied period exceeded 15%. According to research in
some regions of Poland or Europe, the lowest monthly
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totals are subject to long-term changes (Schonwiese et
al., 2003; Tromel and Schonwiese, 2007).

In the entire study area, the lowest totals of month-
ly precipitation occur most often at individual stations,
however, during the entire studied period, years in
which this precipitation covered the entire study area
were recorded. They occurred only in the month of
October in 6 different years (see: Table 1), i.e. in 1951,
1962, 1965, 1977, 1995, and in 2001. However, the
lowest monthly totals appeared at all of the stations in
the studied area in 2 years in January, February, and
in December. In January, the lowest monthly totals
occurred in 1971 and 1997, in February in 1954 and
1994, and in December in 1972 and 2004.

The course of periods of atmospheric drought

In the 67-year yearly course, there was a deficit of pre-
cipitation in each month and at each meteorological
station. At each station, on average, there was a dry
month with a varying severity of drought every 3 years.
However, the highest frequency of dry periods fell in
June and January — almost 17%. On the other hand, in
the other months of the studied area, the incidence of
dry periods with a varying severity of drought ranged
from 13% in March to 16% in February. The greatest
number of moderately dry periods for which the deter-
mined SPI index ranged from —1.0 to —1.50 occurred
at all of the weather stations. The highest number of
such months occurred in January — 152 (12%), and the
lowest in August — 82 (6.4%) (see: Fig. 3).

In the years 1951-2017, in the area of the Polish
Tatra Mountains and their foreland, most of the very
dry months, i.e. with an SPI index in the range of
(-2.0 + —1.50), were observed in April, June, Septem-
ber, and October — more than 60 months (ca. 5%). The
fewest of such months were observed in November
— 37 (2.9%). Extremely dry periods, for which SPI <
—2.0 were selected in each month in the annual course
of the considered research period. However, most of
them occurred in August and April — 47 (3.7%) and 42
(3.3%) months, respectively.

In the Polish Tatras and in their foreland, the most
severe drought occurred in November 2011, with the
SPI value ranging from —3.07 in Bukowina Tatrzanska
to —5.22 in Jabtonka. However, the lowest SPI values
at the measuring stations, which indicate the intensity
of drought, were noted not only in November 2011,
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Fig. 2. Occurrence of the lowest monthly totals of precipitation at the meteorological stations within the Polish Tatra Moun-

tains (1951-2017)

but also in March 1974, especially in the central part
of the study area. At all weather stations, atmospher-
ic drought of varying severity covered 3 consecutive
months of the year at the most. In the 67-year period,
such cases were identified from 2 in Chyzne, Banska
Wyzna, Biatka Tatrzanska, and Hala Ornak, to 5 cas-
es in Harkabuza and Kowaniec. In the studied area,
except for Kasprowy Wierch (1991 m a.s.l.) and Hala
Gasienicowa (1520 m a.s.1.), there was an atmospheric
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drought of varying intensity in February, March and
April 1986. On the other hand, the area of Kasprowy
Wierch, which is located highest in the studied area, is
also characterized by a deficit of precipitation. The dry
period, which covered 3 consecutive months, occurred
in this area only 3 times and covered the following
months: August, September, and October in 1982,
September, October, and November in 1986, as well
as January, February, and March in 2017 (see: Fig. 4).
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Fig. 4. Occurrence of dry periods of varying drought severity at selected stations

www.acta.urk.edu.pl/pl 61



Cebulska, M. (2021). Atmospheric drought in the Polish Tatras and their foreland in the years 1951-2017. Acta Sci. Pol., Formatio

Circumiectus, 20 (1), 55-67. DOI:

Over the long-term course of precipitation, its
deficit most often occurred in June, in subsequent
years. The longest such dry period covered four
consecutive years. June in 2014, 2015, 2016, and at
some stations also in 2017 turned out to be dry in
most of the studied area. In the 67-year period, all
the weather stations saw a total of 499 (3.3%) dry
months with varying drought severity. The greatest
number of dry months occurred at individual stations
(146 in total), while the least number concerned all
or at nearly all weather stations. In the entire area of
the Polish Tatra Mountains and their foreland, only
in March, April, and also in October, November,
and December, was there an extreme atmospheric
drought observed, which covered the entire area (19
stations) or nearly the entire area (18 stations). On
the other hand, no month was singled out in which
the entire area or nearly the entire area could be con-
sidered moderately dry or very dry according to the
adopted criterion (see: Fig. 5). The whole of the stud-
ied area, distinguished by a diversified topography
in the entire 67-year period, was struck by extreme
atmospheric drought only 3 times (see: Fig. 5). This
took place in October 1951, November 2011, and in
December 1972. In these months, the highest amount
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of precipitation was 13 mm (December 1972) in the
Dolina Pigciu Stawow Polskich (Five Polish Ponds
Valley), 10.5 mm (October 1951) on Kasprowy
Wierch, and only 2.6 mm (November 2011) in Bans-
ka Wyzna. The standardized precipitation index val-
ues in these months at all weather stations were be-
low —2.0. These months would have been considered
dry (SPI<-1) with the monthly precipitation below 70
mm (see: Fig. 6) — this value was determined from
equation (1) through its transformation.

In nearly the entire study area, an extreme drought
occurred in March 1974 and April 2009, and covered
18 meteorological stations (excluding the station in
Kro$cienko, which is located the lowest). On the
other hand, in February 1976 an extreme drought af-
fected 17 weather stations (excluding the stations in
Kroscienko and Kowaniec). In the studied area, in
the years 1951-2017, the greatest number of moder-
ately dry months occurred, i.e. up to 77 at Kasprowy
Wierch and on Hala Gasienicowa. Far fewer very dry
months occurred in this area, i.e. up to 42 in Kosciel-
isko-Kiry. In the case of extremely dry periods, more
than 15 such months occurred at each meteorological
station, but most of them, i.e. 24 months, were re-
corded in Biatka Tatrzanska. In the yearly course, in
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Fig. 6. Precipitation limits (mm) below which a selected month can be considered dry

the entire 67-year period, there were no months that
could be considered extremely dry, i.e. in January in
Bukowina Tatrzanska, Chyzne, Jabtonka, in the Do-
lina Pieciu Stawow Polskich, Kowaniec, Harkabuza,
on Kasprowy Wierch, in Kroscienko and in Banska
Wyzna; in February only in Kroécienko; whereas in
May in Bukowina Tatrzanska, Chyzne, Jabtonka, on
Gubatowka, Hala Gasienicowa, in Koscielisko-Kiry,
Harkabuza, Poronin, and on Kasprowy Wierch.
During the entire studied period, also June in Bu-
kowina Tatrzanska, July in Banska Wyzna, Biatka
Tatrzanska, Hala Ornak, Koscielisko-Kiry, Poronin,
Zakopane, Kroscienko, and September in Kowan-
iec were not considered extremely dry. The weather
stations located in the Polish Tatra Mountains had
a total from 17 months of extremely dry weather in
the Dolina Pigciu Stawow Polskich, to 23 months on
Hala Ornak.

Relationship of dry periods with atmospheric
circulation

Atmospheric circulation is a factor conducive to
the achieving of the lowest and the highest values
by meteorological factors. This is reflected in nu-
merous publications (e.g. Niedzwiedz et al., 2015;
Valerianova et al., 2017; Mtynski et al., 2018;
Twardosz and Cebulska, 2020), in which the authors
examine the relationship between the types of atmo-
spheric circulation and extreme values of meteoro-
logical elements. In the Polish Tatra Mountains and
in their foreland, in the case of months when the low-
est totals of precipitation occurred in the same month
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at all or nearly all meteorological stations, three
types of anticyclonic circulation dominated, i.e. east-
ern (Ea), south-eastern (SEa), southern (Sa), and the
anticyclonic wedge (Ka). In total, nearly 60% of days
occurred with these types of atmospheric circulation
in these months. A much lower incidence of days in
the circulation types was observed for Na — 0.5% and
NWa—1.1%. On the other hand, the incidence of days
in the types of cyclonic circulation did not exceed
6%. In November 2011, atmospheric drought cov-
ered the entire study area, with only the anticyclonic
type of situation dominating at that time. For 30% of
days, there was a non-advective situation (Ka), while
nearly 50% of the days in that month were influenced
by the anticyclonic circulation from the west (Wa)
and from the south (Sa). In October 1951, however,
more than 80% of the days occurred in three types of
anticyclonic circulation, i.e. eastern (Ea), south-east-
ern (SEa), and southern (Sa). In December 1972, for
over 32% of the days, the non-advective situation
(Ca) dominated, and slightly over 32% of the days
in that month were influenced by the anticyclonic
circulation from the south-east (SEa) and south-west
(SWa). In the years 1951-2017, in the studied area,
the greatest number of dry periods occurred in the
yearly course in January and June. In January, in the
long-term period, almost 55% of days occurred in the
anticyclonic situation, including 13.3% in the west-
ern anticyclonic situation (see: Fig. 7). Conversely,
in June, 47% of the days were under the influence of
the anticyclonic situation, of which for 13.6% of the
days the non-advective situation (Ka) dominated.
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Fig. 7. Synoptic situation in the months with the highest incidence of dry periods, 1951-2017

CONCLUSIONS

In the area of the Polish Tatra Mountains and in its
foreland, the lowest monthly precipitation totals in
the yearly course occur with the highest incidence
from October to April. During the entire studied peri-
od, months when this precipitation covered the entire
studied area were noted. Only in the month of October,
lowest precipitation occurred in 6 years, i.e. in 1951,
1962, 1965, 1977, 1995, and in 2001. At all meteoro-
logical stations, in the course of the lowest monthly
precipitation totals, no statistically significant trend
at a significance level of 0.05 was observed, which
would indicate the variability of this precipitation.

In the yearly course in the 67-year period, there
occurred a deficit of precipitation in each month and
at each meteorological station. The highest incidence
of dry periods was recorded in June and January, i.e.
almost 17%. Then again, in the other months of the
studied area, the incidence of dry periods with varying
drought severity ranged from 13% in March to 16%
in February. During the study period, all of the weath-
er stations saw a total of 499 (3.3%) of dry months
with varying drought severity. The greatest number of
dry months occurred at individual measuring stations
(146 in total), while the lowest number occurred at all
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of the stations or nearly all of the meteorological sta-
tions. In the entire area of the Polish Tatra Mountains
and their foreland, only in March, April, and also in
October, November, and December, was there an ex-
treme atmospheric drought recorded, which covered
the entire area (19 stations) or almost the entire area
(18 stations). However, there was no month in which
all or nearly all of the area could be considered dry
or very dry. In the case of months with a deficit of
precipitation, which covered all or almost all of the
meteorological stations, three types of anticyclonic
circulation dominated, i.e. eastern (Ea), south-eastern
(SEa), southern (Sa), and the anticyclonic wedge (Ka).
In total, nearly 60% of the days with these types of
atmospheric circulation occurred in these months.
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SUSZA ATMOSFERYCZNA W TATRACH POLSKICH I NA ICH PRZEDPOLU

W LATACH 1951- 2017

ABSTRAKT

Cel pracy

Ocena zmiennos$ci najnizszych miesigcznych sum opadow atmosferycznych, a takze ocena wptywu cyrkula-
cji atmosferycznej na wystapienie miesigey z niedoborem opadow atmosferycznych
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Materiat i metody
Materiat: miesigczne sumy opadow atmosferycznych z lat 1951-2017 z 19 stacji meteorologicznych poto-
zonych w polskich Tatrach i na ich przedpolu,. Uwzgledniono rowniez kalendarz typow cyrkulacji atmosfe-
rycznej dla Polski potudniowej, ktory opracowany zostat przez Niedzwiedzia (1981, 2018).

Metody: wskaznik standaryzowanego opadu (SPI), test statystyczny Manna-Kendalla

Wyniki i wnioski

We wszystkich stacjach meteorologicznych w przebiegu najnizszych miesigcznych sum opadéw nie dostrze-
zono trendu istotnego statystycznie na poziomie istotnosci 0.05. Wykazano, ze w 67-leciu we wszystkich
stacjach pomiarowych tacznie wystapito 499 (3.3%) miesigcy suchych o réznym stopniu nasilenia suszy.
Najwigcej miesigcy suchych wystapito na pojedynczych stacjach pomiarowych (facznie 146), natomiast naj-
mniej na wszystkich stacjach lub prawie wszystkich stacjach meteorologicznych. W kazdej stacji $rednio co
3 lata wystgpuje miesiac suchy o r6znym nasileniu suszy. Najwigcej miesigcy ekstremalnie suchych wystapi-
o w sierpniu i w kwietniu - odpowiednio 47 (3.7%) 142 (3.3%). W przypadku miesigcy, w ktorych najnizsze
sumy opadow wystapity w tym samym miesiagcu na wszystkich lub prawie wszystkich stacjach meteoro-
logicznych, dominowaty trzy typy cyrkulacji antycyklonalnej — wschodniej (Ea), potudniowo-wschodniej
(SEa), potudniowej (Sa) oraz w klinie antycyklonalnym (Ka). Lacznie, w tych miesiacach przy tych typach
cyrkulacji atmosferycznej wystapito blisko 60% dni.

Stowa kluczowe: wskaznik standaryzowanego opadu (SPI), najnizsze miesieczne sumy opadow, cyrkulacja
atmosferczna, polskie Tatry
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