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Abstract— In Slovakia, the spatial distribution of precipitation is inhomogeneous, which
is mainly caused by the prevailing airflow of individual synoptic types in combination with
a diverse georelief. The article examines the precipitation conditions of Slovakia for all
northern and southern types of cyclonic situations in the period 1991-2020. In the selected
area we worked with precipitation totals from 798 stations provided by the Slovak
Hydrometeorological Institute. We processed the separate dataset in Microsoft Excel and
created distinct layers of precipitation totals for all the situations studied in ArcGIS
software using a Python script. From the separate datasets, we created precipitation fields
for the average annual precipitation total and fields for the percentage of the average annual
precipitation fallen during all northern and all southern types of cyclonic situations out of
the total average annual precipitation fallen during the whole period under study and for
each decade, respectively. Based on the results obtained, we can observe changes in the
frequency of occurrence and in the spatial distribution of precipitation, especially for
southern, but also for northern cyclonic types of situations. These findings can be used in
practice in several fields, especially in synoptic meteorology, climatology, and hydrology.

Key-words: precipitation conditions, climate change, northern and southern cyclonic
situations, Slovakia
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1. Introduction

In terms of geographical location, Slovakia lies in a temperate climate zone in the
middle of Central Europe (Fig. 1), where different air masses (arctic, polar,
tropical) alternate throughout the year. The distance from the Atlantic Ocean or
the surrounding seas means that Slovakia's climate is transitional between oceanic
and continental. It is, therefore, very important what synoptic situation brings
atmospheric precipitation to our area.
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Fig. 1. Location of Slovakia within Europe. (Source: Freeworldmaps, (2023), own
modification)

Slovakia is a very rugged country in terms of relief. It is made up of the
lowlands of the Pannonian Basin, basins, and the Carpathian Mountains. These
lowlands, basins, and mountain ranges are part of a vertically and horizontally
extensive geomorphological system on the surface of the earth, namely the
Alpine-Himalayan system. This extends from northern Africa, across Europe, into
southern Asia. In terms of geomorphology, Slovakia is divided into sub-systems,
provinces, sub-provinces, areas, units, sub-units, and parts (Mazur and Luknis,
1978).

The orographic conditions and the diversity of the georelief of Slovakia
imply considerable contrasts not only in altitude but also in temperature,
precipitation, soils, geological composition, vegetation cover (Luknis et al.,
1972). We were interested in the different precipitation patterns at the level of
geomorphological units, depending on the altitude and mass of the
geomorphological unit, uneven distribution of precipitation can occur at different
distances from it. Precipitation is a key element of climate that determines the
availability of freshwater, and soil moisture levels and can have a significant
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impact on society (Nikolova et al., 2013). The knowledge gained about
precipitation variability can carry important information about climate change.

In addition, knowledge of the behavior of different types of cyclonic
situations can help us in issuing both meteorological and hydrological warnings.
Therefore, the main aim of article is to investigate the changes in precipitation
ratios and different distributions of precipitation in Slovakia under northern and
southern types of cyclonic situations.

2. Theoretical background

The average annual rainfall is variable, mainly due to the topography, even though
Slovakia is a relatively small country. In Slovakia, the average annual rainfall ranges
from less than 500 mm in town Galanta, town Senec, and the eastern part of riverine
island Zitny ostrov to about 2 000 mm in the High Tatras (SHMIa, 2023).

The spatial distribution, variability, and trends of precipitation have been of
interest to several authors around the world (4rora et al., 2006; Meseguer-Ruiz et
al., 2019). In addition, in recent years, authors have also been interested in the
extremity of precipitation events themselves, which are generally increasing
(Casanueva et al., 2014; Igbal et al. 2019; Markovic et al., 2021)

For our purposes of calculating the share of the average annual precipitation
fallen during different types of cyclonic situations in the total average annual
precipitation, we have prepared a map of the average annual precipitation fallen
during the period 1991-2020 (Fig. 2). Maps of average annual totals can also be
found processed by the authors Fasko and St'astny (2002) for the period from 1961
to 1990 or in the Climate Atlas (Bochnicek et al., 2015) for the period from 1981 to
2010.
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Fig. 2. Average annual precipitation between 1991 and 2020 (Source: SHMI data, own
processing).
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Sobisek et al. (1993) define weather typing as a system of synoptic types that
have been created using daily synoptic maps for meteorological forecasts,
climatological assessments, etc. Classification of synoptic types is the assignment
of a classification type to each day, even if the weather on that day does not meet
the characteristics of that type (Benco, 2009). This is because both the
atmospheric circulation and the synoptic type itself are dynamic and constantly
changing mechanisms.

In the past, different synoptic classification of weather situations were used
for territory of Czechoslovakia. The oldest was by Hess and Brezovsky (1952), in
Katalog der Grosswetterlagen Europas. This classification, originally developed
for the western German territory, did not gain widespread acceptance in our local
climatic conditions. Subsequently, several modified synoptic classification were
created by Rein (1959), Bradka et al. (1961), and Cerveny (1965).

At present, the synoptic classification according to the Hydrometeorological
Institute under the then leadership of J. Bradka, described in detail in the
Catalogue of Weather Situations of the Czechoslovak Socialist Republic (Bradka
etal., 1968), is valid for our territory. This contains 25 sample synoptic situations,
of which 10 are anticyclonic and 15 cyclonic. All types are characterized by a
certain flow direction or its short-term changes, the pressure field regime, the way
of transition of individual frontal systems, and the air masses flow or their
alternation. A detailed description of all types of cyclonic situations can be found
on the SHMI website (SHMIb, 2023). Cyclonic situations differ from each other
not only in their characteristics, and the trajectory of movement, but also in the
spatial distribution of precipitation, different intensities of precipitation, and
different occurrences within a calendar year. Since 1991, the Czech and Slovak
sides started to prepare their proposals for the types of situations throughout the
year separately (Czech Meteorological Society, 2023).

The northern types of cyclonic situations are characterized by the
predominant flow from northern directions into our area. NWc (northwest
cyclonic situation) and Nc (north cyclonic situation) bring moisture and
associated precipitation processes to our area mainly from the northeast Atlantic
region. The NEc (northeast cyclonic situation) has a moisture source in the
Mediterranean area, which can be deduced from the prevailing flow in Fig. 3. The
center of the cyclone in this type of situation is generally in the Balkan region,
based on which the prevailing northeasterly flow is in our area.

222



N s e l |— 4

=

Prevailing winds

Low pressure

High pressure

i ‘ cyclone

Fig. 3. Schematic representation of the surface pressure field in Europe during different

northern types of cyclonic situations (Source: SHMI, own processing).

The southern types of cyclonic situations are characterized by the opposite
of the northern types by the flow from the southern directions into our area
(Fig. 4). SEc (southeast cyclonic situation) brings to our area precipitation from
the Adriatic region, where the center of its “controlling” cyclone is generally
located. Situations SWcl, SWc2, and SWc3 (southwesterly cyclonic situation of
type 1, type 2, and type 3) bring moisture to our area mainly from the eastern
Atlantic region. The SWcl situation is more meridional compared to the more
zonal SWc2 and SWc3 situations, which may give rise to shallow frontal waves
in the northern Italy area, which advance northwards across our territory in this

type of situation.
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Fig. 4. Schematic representation of the surface pressure field in Europe during individual
southern cyclonic types (Source: SHMI, own processing).

However, in this case it is a traditional (subjective) classification. Due to
continuous development (objective), algorithmic methods of circulation
classification are commonly used in most European countries. Among a number
of algorithmic methods, the Simulated Annealing and Diversified Randomisation
(SANDRA) classification scheme (Philipp et al., 2007) is a quite reliable and
widely used alternative. SANDRA is based on conventional k-means clustering.
It is numerically less expensive and overcomes many limitations of established
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automatic clustering methods (Hansen and Belusi¢, 2021). Numerous studies
have been developed in Europe, investigating the relationship between
climatological variables and circulation patterns expressed by different
classifications of circulation types. The differences in the construction of various
types lie in their adaptation to the geographical and atmospheric conditions of the
domain or subdomain. A comparison of circulation type classifications from the
COST733 action "Harmonisation and Applications of Weather Types
Classifications for European Regions" can be found in Beck and Phillip (2010).
The use of the traditional subjective method (e.g., in the case of the Czech
Republic and Slovakia) is still applied despite the advanced classification methods
(Rehoi et al., 2020). A comparison of traditional subjective and objective
classification methods analyzed for conditions in Central Europe can be found in
Rehor et al. (2021). The reason for choosing a traditional subjective classification
method was to maintain consistency with previous publications to which this
paper is directly related.

3. Material and methods

The analysis of changes in precipitation conditions was based on precipitation
totals from the SHMI precipitation gauging stations throughout Slovakia in the
period 1991-2020. The station network had 798 stations over the 30 years under
study, with precipitation totals measured steadily at approximately 600 stations
each year. Station network was relatively evenly distributed, except for the highest
parts of Slovakia. For the statistical treatment of all northern and southern types
of cyclonic situations, we used a classification of synoptic types based on the
Catalogue of Weather Situations of Czechoslovakia (Brddka et al., 1968)
available in the Calendar of Individual Weather Situations (SHMIb, 2023). Since
1991, the Czech and Slovak sides started to prepare their proposals for the types
of situations throughout the year independently (Czech Meteorological Society,
2023). Therefore, it was important to investigate the issue from 1991 at the
earliest, so that the homogeneity of the data would not be disturbed.

In the Microsoft Excel environment we statistically processed the individual
weather situations studied, for which we used the aforementioned calendar of the
synoptic classification. Based on it, we recorded the number of days with the
occurrence of southern and northern cyclonic situations together but also
individually. Then we created a line graph with a linear trend, which showed the
evolution of the total number of days of all southern and northern types of situations
in the studied period. We further detailed each situation (NWc, Nc, NEc, SEc,
SWcl, SWc2, and SWc3). For each year under study, warm half-year (April to
September) and cold half-year (October to March), we recorded the number of days
with the occurrence of each situation. After then we created a line graph for each
situation that displayed the 5-year moving averages of the number of days with that
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situation in the year, warm half-year, and cold half-year. Because of the huge
variability in the occurrence of individual northern and southern cyclonic
situations, we preferred to work only with the 5-year moving averages, since using
a linear trend would result in a coefficient of determination (R?) close to 0.

However, annual and daily precipitation totals (from 7.00 a.m. to 7.00 a.m.
of the following day) were the subject of the main treatment. Additional but
important data were geographic coordinates, indications, and names of rain gauge
stations. Precipitation totals were sorted in the Microsoft Excel environment based
on the cyclonic types studied according to the calendar of individual weather
situations (SHMIb, 2023). Furthermore, annual and daily precipitation totals were
processed in ArcGIS software using the Topo to Raster interpolation method. The
aforementioned method calculates an estimate of the interpolated value from four
adjacent points using an iterative finite difference method (ArcGIS, 2024).
According to Sercl (2008), the isolines produced by this interpolation most closely
resemble the isolines that would be a map would be drawn by an experienced
expert. In addition, a script in Python environment was used to streamline the
creation of the individual partial raster for spatial distribution of precipitation
(referred to as rasters hereafter). A simplified flowchart of the processing of the
resulting maps is shown in Fig. 5. The detailed methodology can be found in the
work on Precipitation conditions of Slovakia in northern and southern cyclonic
situations (Zaujec, 2022). However, this article is based on adjusted partial rasters
that were created only when processing the average annual precipitation totals of
all individual cyclonic situations (Halaj and Zaujec, 2023).

To create maps of average annual precipitation totals of all northern and
southern cyclonic types, respectively, we summed all partial raster of the entire
period and divided them by the number of years of the period under study (the
entire 30-year period, or 10 years). We then obtained the resulting raster from
which we could create individual maps (Figs. 9 and /0). In each quadrant
representing a decade or the whole period, respectively, we chose the same 8-class
scale with an assignment of the value of the maximum and minimum rainfall totals
in the period under study.

In Figs. 11 and [2 are presented the proportion of the average annual
precipitation fallen during all northern cyclonic types, and southern cyclonic types
out of the total average annual precipitation for the whole period (1991-2020).
We also used similarly processed partial raster for the average annual rainfall in
Slovakia (e.g., Fig. 2, but also for the average annual rainfall in individual
decades) for each decade (1991-2000, 2001-2010, 2011-2020). Similar to the
previous type of results, we divided the resulting maps into 4 quadrants, with each
map consisting of the same 8-class scale with the maximum and minimum
fraction of precipitation of all northern and southern cyclonic situations,
respectively, assigned to the total mean annual precipitation. So, what does the
changes in precipitation ratios and overall distribution of precipitation totals look
like across all northern and southern cyclonic types over the last few decades?
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Fig. 5. Simplified scheme of data processing into map form.

4. Results

Over the 30 years from 1991-2020, all cyclonic types occurred on a total of
6582 days, of which the northern and southern types studied accounted for more
than 42%. However, there has been a decline in the occurrence of cyclonic types
of situations over the period studied, at the expense of an increase in anticyclonic

types (Fig. 6).
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(Source: SHMI data, own processing).
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Of the specific northern and southern types of cyclonic of situations studied,
the NEc situation occurred most frequently, specifically on 720 days. On the
contrary, the SWe3 situation occurred the least, in 250 days. In total, all situations
occurred on 2794 days, of which the northern situations occurred on 1636 days
and the southern situations on 1158 days. The situations studied occurred most
frequently in 2001 (128 days) and in the lowest number of days in 2015 (42 days).
Interestingly, all but the southern and northern situations declined over the study
period (Fig. 7). From the trend line, we can read a more pronounced reduction of
southern over northern cyclonic situations. However, it is worth mentioning the
significant variability in the occurrence of southern and even more northern types
of cyclonic situations from year to year.
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Fig. 7. Number of days with all northern and southern cyclonic situations between 1991-2020
(Source: SHMI data, own processing).

The NWc situation occurred on 577 days during the period under study, with
the lowest occurring towards the end of the first decade and the beginning of the
second decade, respectively, based on 5-year moving averages. Conversely, at the
end of the period under study, this type of situation occurred the most, on an
average of 23 days per year. For the most frequently occurring situation NEc
(720 days per period), we can see that the situation generally occurred most
frequently in the first decade under study, but it was significantly less in the last
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decade as we can see in Fig. 8. Overall, the Nc situation occurred on 339 days,
and similar to the NEc type, the most frequent occurrence was in the first decade
studied and the least frequent occurrence was in the last years studied. For the
NEc and Nc situation, we observed a significant decrease in occurrence over the
study period, which was also reflected in the overall decrease of all northern
cyclonic situation types between 1991 and 2020 (Fig. 7).
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Fig. 8 Number of days with individual northern cyclonic situations between 1991-2020 (rough
curves = 5-year moving averages) (Source: SHMI data, own processing).

The SEc situation occurred on 281 days during the study period, occurring
most frequently in the middle of the first decade studied and least frequently in the
middle of the second decade. The different SWc types occurred differently over the
study period, as can be read from Fig. 9. Of these, the SWc2 situation occurred
most frequently at 352 days, followed by the SWcl situation at 275 days, and the
SWc3 situation occurred least frequently at 250 days. It is worth noting the
significant decrease in the type of SWc3 situation, which occurred on only 14 days
in the last decade, while in 6 years of the mentioned decade, this situation did not
occur even once. In comparison, in the first and second decade, the situation
occurred on 135 and 101 days, respectively. This situation is the main cause of the
overall decline in all southern cyclonic situation types combined (Fig. 7).
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Fig. 9. Number of days with individual southern cyclonic situations between 1991-2020 (rough
curves indicate 5-year moving averages) (Source: SHMI data, own processing).

The average annual precipitation for all northern cyclonic types between
1991-2020 ranged from about 68 mm at the boundary between the
geomorphological units Podunajské pahorkatina and Podunajska rovina, to about
530 mm in the geomorphological unit Tatry (Fig. 10). The decade 1991-2000
(576 days of occurrence) was the driest in terms of average annual precipitation.
In contrast, the decade 2001 to 2010 (589 days of occurrence) was the wettest
decade for all northern cyclonic types. The last decade studied, 2011-2020
(471 days of occurrence), was the most similar to the average over the entire
30-year period studied.
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Fig. 10. Average annual precipitation total for all northern cyclonic types from 1991 — 2020
(full period and individual decades) (Source: SHMI data, own processing).

The average annual precipitation for all southern cyclonic types between

1991-2020 ranged from about 78 mm

in the geomorphological unit

Vychodoslovenska nizina to more than 200 mm in the geomorphological units
Starohorské vrchy, Nizke Tatry, and Tatry (Fig. /7). The decade 1991-2000
(506 days of occurrence) was the wettest in terms of average annual precipitation
for the southern types. In contrast, the driest decade for all southern cyclonic types
was the last decade 2011-2020, when these situations occurred on only 286 days.
The middle decade studied, 2001-2010 (366 days of occurrence), was the most
similar to the average over the entire 30-year period studied.
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Fig. 11. Average annual precipitation for all southern cyclonic types from 19912020 (full
period and individual decades) (Source: SHMI data, own processing).

The proportion of the average annual precipitation fallen during all northern
cyclonic types out of the total average annual precipitation during the period
1991-2020 ranged from less than 12% in the geomorphological units Zvolenska
kotlina and Horehronské podolie, to more than 32% in the geomorphological units
Cergov and Busov (Fig. 12). In general, the highest proportion of average annual
precipitation falling during all northern types of cyclonic situations out of the total
average annual precipitation was in the second studied decade from 2001-2010,
where it was also more than 40% in Cergov. In the geomorphological units in the
north of the territory, especially in the border area with Poland, the significantly
increased percentage of the average annual precipitation fallen during all northern
types of cyclonic situations from the total average annual precipitation can be
attributed to the enhanced windward effect of the individual mountain ranges.
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Fig. 12. Percentage of average annual precipitation fallen during all northern cyclonic types out
of the total average annual precipitation for the whole period (1991-2020) or for each decade
(1991-2000, 2001-2010, 2011-2020). (Source: SHMI data, own processing).

The percentage of the average annual precipitation fallen during all southern
cyclonic types out of the total average annual precipitation in the period 1991—
2020 ranged from less than 10% in the geomorphological units Oravské Beskydy,
Podbeskydska brazda, Podtatranska brazda, SkoruSinské vrchy, SpiSskd Magura,
and Pieniny, to more than 18.5% in the geomorphological units Revicka
vrchovina, Stolické vrchy, and Zvolenska kotlina (Fig. 13). The highest
percentage of the average annual precipitation fallen during all southern cyclonic
types out of the total average annual precipitation of cyclonic situations was
during the first studied decade in the period 1991-2000, where in most of the
geomorphological units of the southern half of Slovakia the mentioned percentage
was more than 20%. This was due to the very frequent occurrence of southern
cyclonic types in this decade (506 days of occurrence). On the contrary, in the
following decades, a significant decrease in the studied situations was recorded,
which was also reflected in the actual decrease of the percentage of the average
annual precipitation falling during all southern types out of the total average
annual precipitation.
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Fig. 13. Percentage of average annual precipitation fallen during all southern cyclonic types out
of the total average annual precipitation for the whole period (1991-2020) or for each decade
(1991-2000, 2001-2010, 2011-2020). (Source: SHMI data, own processing).

5. Discussion and conclusion

In terms of statistical processing, we can conclude that all northern cyclonic types
(NWc, Nc and, NEc) occurred in 1636 days between 1991-2020, while all
southern types (SEc, SWcl, SWc2, and SWc3) occurred in 1158 days. In both
cases, there was a decrease in the occurrence of weather events over the study
period, but the decrease 1s more pronounced for the southern types (Fig. §). Such
results confirm the changes in the general circulation of the atmosphere in our
area and help to capture trends or predictions of the future climate on the territory
of Slovakia. The North Atlantic Oscillation (NAO) may be one of the reasons for
the decrease in days with the occurrence of the studied situations, especially
meridional types. In recent decades, its positive phase prevails over the negative
phase, as confirmed by Leskova et al. (2012), and even the frequency of the
extremely positive phase could increase in the winter months in the future,
according to McKenna and Maycock (2022). When the NAO is in the negative
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phase, the flow is more meridional. On the contrary, when the phase is positive,
the flow is more zonal (Labudova et al., 2013).

Noting the resulting maps of mean annual precipitation for all northern and
southern types of cyclonic situations from the total average annual precipitation,
respectively, we see only small areas of intervals for the highest precipitation
totals for the northern types of cyclonic situations (NWc + Nc + NEc) compared
to large areas of intervals for the lowest precipitation totals (mainly the southern
half of Slovakia). In contrast, there was almost no difference between the size of
the areas representing the areas of the intervals for the highest and lowest
precipitation totals for the southern types of cyclonic situations (SEc + SWcl +
SWc2 + SWc3). This is probably due to the absence of significant vertically and
horizontally massive mountain ranges in the southern part of Slovakia. Because
of this, from the southern directions, these types of situations are not weakened
by mountain ranges further north and are even often precipitation amplified by
outflow movements in the central part of Slovakia (suitably located mountain
ranges with respect to the flow direction) and are thus not weakened as in the case
of the northern types, which "crash" into higher geomorphological units already
at the border with Poland.

In the next part of the results, we investigated the percentage of the mean
annual precipitation fallen during all northern and southern cyclonic situations,
respectively, out of the total average annual precipitation. Noting the result maps
of this part of the results alone, we see higher differences between the maximum
and minimum percentages for the northern types of cyclonic situations (NWc¢ +
Nc + NEc) than for the southern types (SEc + SWcl + SWc2 + SWe3). One reason
for this may be the more pronounced windward and leeward effect for the northern
types of cyclonic situations partly mentioned in the previous paragraph. Another
cause is the more frequent occurrence of northern types of cyclonic situations. For
the southern types, there was a significant decrease in the proportion of total
precipitation out of the total mean precipitation over the decades, which correlated
with a rapid decline in the number of days with southern types of cyclonic
situations. For the northern types, we also observed a decrease in the number of
days between the first (1991-2000) and the last decade (2011-2020), but the
percentage of total precipitation increased for these types in the last decade
studied. This suggests to us that the average daily precipitation for the northern
cyclonic types was higher than in the first decade under study (if we consider a
minimal change in the total average annual precipitation). This may be due to the
higher air temperature in the near-surface layer of the atmosphere caused by
global warming, which directly affects the ability of the air to take up water
vapour (there is an increase in water vapour content of about 6—7% per 1 °C for
the same relative humidity) (Pecho and Fasko, 2010). However, as Lapin et al.
(2010) point out, higher average air temperature does not only cause a higher risk
of heavy precipitation under cyclonic weather conditions or intense convection
but also a higher risk of drought under anticyclonic weather conditions. Droughts

235



are particularly accentuated by increasing evapotranspiration due to rising
temperatures and increasing frequency of heat waves in central Europe (Lapin et
al., 2015; Tomczyk and Bednorz, 2016).

Climate change has resulted in a change in the occurrence of more extreme
weather events (Ministry of the Environment of the Slovak Republic, 2018). For
example, the period 1980-2016 was characterized by high variability in rainfall
(152% of normal in 2010, 74% of normal in 2003), which caused episodes of
severe drought on the one hand and local or regional floods on the other (Grida
et al., 2017). One of the adverse consequences of this change is that it can cause
changes in hydrological processes, thereby increasing the likelihood of extreme
events such as droughts and floods (De Sa Silva et al., 2022). Therefore, we also
consider it very important to study changes in precipitation ratios for different
types of cyclonic situations in an attempt to understand, prepare for, or adapt to
ongoing and also incoming climate change.

Although works of similar focus in Slovakia can be found in the earlier past
(Brazdil and Fasko, 1993). Hoy et al. (2014) investigated large-scale synoptic
types in relation to precipitation in Europe and concluded that changes in
precipitation totals are related to changes in the frequency of synoptic types, but
predominantly during the winter half-year. However, similar work can also be
found in neighboring Poland where the variability of precipitation in relation to
individual situations was addressed in the area of the High Tatras and they
identified 3 types of cyclonic situations (namely 2 of them are Nc and NEc), which
are responsible for the most extreme precipitation in the mentioned area
(Niedzwiedz et al., 2015). However, the first work in Slovakia that set up a
systematic treatment of precipitation totals in different types of cyclonic situations
was by Mészaros (2015), focusing on situations from southerly directions. In
addition, Mészdaros (2019) developed this work with results for windward and
leeward positions and the occurrence of different types of southern cyclonic
situations. A similar methodology has been developed in the works by Kasza
(2018) - northern directions and Halaj (2019) - western directions. The subject of
the work was mainly the average annual rainfall totals during the different
situations studied. The identified precipitation total and the cumulative
precipitation total forecast from the ECMWF model (European Centre for
Medium-Range Weather Forecasts) were confronted by Polcdk and Mészaros
(2018) on the example of a specific cyclonic situation. The aforementioned work
was followed by Zaujec (2020), where the influence of georelief on the
precipitation totals of the Podunajské nizina under NWc and SEc situations was
investigated in detail. Based on a 40-year period, windward, leeward and neutral
positions were identified for all northern and southern cyclonic situation types
using an innovative methodology (Zaujec, 2022). A partially new output was the
grouping of cyclonic situations based on their prevailing flow (Mészdros et al.,
2022). As the methodological approach was adopted in the then work and
encountered its limitations, it had to be modified. This occurred in the
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comprehensive treatment of all classified types of cyclonic situations, including
those with ambiguous trajectories (Halaj and Zaujec, 2023). Based on the
chronological arrangement of all published works, one may consider the issue
closed, but the opposite is true. The topic of the spatiotemporal distribution of
precipitation under different weather situations can be further developed by
applying the findings so far and searching for new connections in further works
and related fields — in conjunction with synoptic meteorology, operational
hydrology but also still in climatology. In conclusion these and other results will
help to improve climate projections for the region and inform the development of
water management policies. This is important because atmospheric circulation is
a major source of uncertainty in climate change projections (Shepherd, 2014;
Oudar et al., 2020).
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