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THE VARIABILITY OF ATMOSPHERIC CIRCULATION OVER
POLAND IN THE YEARS 1950-2021

PIOTR PIOTROWSKI*

Abstract. The Jenkinson and Collison method, originally used to automate the weather type classification developed by Lamb
for the British Isles, was used to develop a catalog of atmospheric circulation types in Poland. Sixteen directional atmospheric
circulation types (ACTs) from this method were used for the characterization of circulation conditions in Poland. They were
determined based on the direction of the geostrophic wind and the distinction between cyclonic and anticyclonic circulation
based on shear vorticity. Both circulation indices were calculated based on data from ERAS5 reanalysis, namely the 850 hPa
geopotential height. Atmospheric circulation types were determined for a total of 195 grid points, including 109 located in Po-
land. The study presents an analysis of spatial and temporal changes in circulation conditions in the years 1950-2021 in Poland,
which indicates an increase in the frequency of anticyclonic circulation in Poland since the 1980s, notably W and NW advec-
tion. The Sc, SWc and Wc types stand out among the cyclonic types with the greatest decrease in frequency across the entire
territory of Poland. The anticyclonic west circulation stands out for its statistically significant increase in frequency in winter
throughout the analyzed area.
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Introduction

Atmospheric circulation is undoubtedly an im-
portant factor in shaping the weather and,
in the long run, also the climate. The territory
of Poland is in the central part of Europe; in this
part of Europe, the direction of the inflow of air
masses changes quite often, which is reflected
in the high dynamics of changing weather condi-
tions over Poland. The frequency of the inflow
of air masses from certain directions may be sub-
ject to long-term changes. This may also result
in changes in weather conditions and even,
in the longer-term, a climate change.

The dominance of lowlands in Poland facili-
tates the zonal flow of air masses. Mountain
ranges are found along the southern border
of the country, modifying to some extent the Me-
ridional air flow and the spatial distribution of pre-

cipitation total on the windward and leeward sides
of mountains. Similar effects of landforms on pre-
cipitation can also be observed in and near
the lakeland belt in the north of the country
and upland areas in the south.

The study uses geopotential height of
850 hPa level to describe circulation conditions.
This choice was selected with the intention
of minimizing the effect of friction on the direc-
tion of air flow and omitting small-scale defor-
mations of the pressure field at a lower level.
Ojrzynska (2012) draws attention to the possibility
of a problem in determining the lower cyclonicity
in mountainous areas when considering data from
the 950 hPa level, so in her study she uses data
from the 850 hPa level.

Multiannual variability of atmospheric circu-
lation in Poland and Central Europe have been
studied using different methods of description
of atmospheric circulation by Osuchowska-Klein
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(1986, 1987), Niedzwiedz (1995), Piotrowski
(2007, 2009), Przybylak and Maszewski (2009),
Filipiuk and Kaszewski (2010), Bartoszek (2017),
Kozuchowski and Degirmendzi¢ (2018) and Nie-
dzwiedz and Ustrnul (2021). All the analyses con-
ducted by Niedzwiedz and Ustrnul (2021) con-
firmed that Poland is significantly affected
by westerly circulation, which has a major in-
fluence on the formation of the climate. From
the end of the nineteenth century to the present
day, it has been found to exhibit large fluctuations
and a generally weak increasing trend.

The analysis of atmospheric circulation va-
riability in Poland (Piotrowski 2017) showed that
significant changes in conditions can occur over
arelatively small area. Therefore, an analysis
of the variability of conditions over Poland was
made based on data from 109 points evenly dis-
tributed across the country. The variability of cir-
culation conditions in the form of climatic fluctu-
ations has prompted many researchers to try to dis-
tinguish circulation epochs (including Osuchow-
ska-Klein 1986, 1987; Degirmendzi¢ et al. 2000).
Kozuchowski (1989), for example, detected ten-
dencies to deviations in 6-, 8- and 10-year periods.
Kozuchowski (1993) also attempted to assess
the links between the frequencies of the macro-
types distinguished by Girs (1948) with Osuchow-
ska-Klein atmospheric circulation types and no-
ted the recurrence of multi-year trends in
the course of frequencies of certain atmospheric
circulation patterns. An example of the analysis
of atmospheric circulation variability in the annual
cycle can be found in the studies of Osuchowska-
-Klein (1973) and Kaszewski (1983). Kaszewski
distinguished, based on Litynski classification,
eight periods of the year that differ in terms of at-
mospheric circulation. Nowosad (1998, 2004) also
conducted similar analyses.

In this paper, the objective scheme classifica-
tion of atmospheric circulation types offered
by Jenkinson and Collison (1977) issued. Pre-
viously, some circulation indices from this method
(air flow direction and shear vorticity) were used
by Dessouky and Jenkinson (1975) to create
an objective daily catalog of surface pressure,
flow and vorticity indices for Egypt to be used
in  monthly rainfall forecasting. Jenkinson
and Collison (1977) automated the circulation
weather types (CWTSs) that had been distinguished
by Lamb (1972) for the British Isles. Lamb ori-
ginal classification distinguished 27 circulation
weather types based on daily sea-level pressure.
To this end, two circulation indices were used: ge-
ostrophic wind and shear vorticity. The Jenkinson
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and Collison method is quite simple to calculate
and has been widely used to analyze circulation
conditions in various parts of Europe (Jones et al.
1993; Chen 2000; Spellman 2000; Trigo, DaCa-
mara 2000; Linderson 2001; Goodess, Jones 2002;
Post et al. 2002) and other parts of the world (Sar-
ricolea et al. 2018).

The main objective of the analysis is to check
the multiannual variability in frequency of the at-
mospheric circulation types in the years 1950-
—2021 in Poland. For this purpose, the multiannual
variability in the frequency of ACTs was checked
at five selected points in Poland and trends for
the whole of Poland. In addition, the differences
in annual frequency of ACTs between the five se-
lected points in Poland were checked. Statistics re-
lating to the annual, seasonal and monthly fre-
quency of ACTs in selected points in Poland were
also presented.

Data and methods

Circulation conditions were analyzed based on
16 directional types determined using the Jen-
kinson and Collison method (1977). The number
of types distinguished is subjective. A similar di-
vision into 16 types was proposed by Lamb (1972)
with a possible extension to hybrid and unclassi-
fied types. According to Bogucki (1992), on a re-
gional scale, such the division seems to be
the most appropriate. The method of determina-
tion of circulation types used in this paper is based
on two circulation indices — geostrophic wind
and shear vorticity. The direction of geostrophic
wind and shear vorticity were calculated for 195
points (Fig. 1) based on geopotential height of
the 850 hPa level from 32 grid points. In the origi-
nal paper (Jenkinson, Collison 1977), 16 grid
points with a resolution of 5x5 degrees latitude
and longitude were used. For the purposes of this
study, the same resolution of points was used,
while the total number of points was increased
to 32 in order to increase the sample of pressure-
-field data. The same number of points was
considered, but with lower spatial resolution,
in Goodess and Palutikof (1998) and Goodess
(2000). The studies by Piotrowski and Jedruszkie-
wicz (2013) and Bartoszek (2017) present
the method used to calculate the mentioned circu-
lation indices and the distribution of grid points.
Data come from the ECMWEF reanalysis (CDS
2022). In this study, data are used from the ERA5
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Fig. 1. Grid points (at the intersection of parallels

and meridians) used to determine atmospheric
circulation types

Points C, W, E, N, S were used to analyze temporal

and spatial variability of the types of circulation

reanalysis for 1950 to 1978 in a preliminary ver-
sion (Bell et al. 2021), as well as data for the years
1979-2021 (Hersbach et al. 2020). In this study,
the 850 hPa level is chosen to analyze the circula-
tion conditions over Poland because this level re-
presents the middle atmospheric pattern where
surface friction has little or no impact on flow di-
rection.

The data used in the calculations of circu-
lation indices have a spatial resolution of 0.25°x
x(0.25°. The data of geopotential height of 850 hPa
level cover years from 1950 to 2021. The 16 at-
mospheric circulation types were determined for:
00:00, 06:00, 12:00 and 18:00 UTC. The choice
of four terms in a day, instead of daily average va-
lues used in the original study by Jenkinson
and Collison (1977), is motivated by the possibi-
lity of using the data for, e.g., circulation dynamics
analyses. The signature of 16 circulation types re-
fers to the direction of geostrophic wind and cy-
clonic or anticyclonic circulation (e.g., Wa —
— a westerly flow and anticyclonic circulation).
Atmospheric circulation types were determined
for 195 points (among them 109 points in the area
of Poland) with a resolution of 0.50° latitude
and 0.75° longitude (Fig.1). This choice of reso-
lution was preceded by spatial analysis of the com-
patibility of atmospheric circulation types (Piot-
rowski 2017). Out of 109 points located in Poland,
five points were selected whose coordinates are
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indicated by the letters: W, N, S, E and C (Fig. 1),
and these were used for a more detailed analysis
of multiannual variability of ACTs frequency.

The frequency of ACTs was calculated using
data for all four terms in a day without considering
the sequence of circulation types.

A linear trend was used to analyse variability
of ACTs frequency in Poland in the years 1950—
-2021. The statistical significance of annual
trends in the frequency of individual types of at-
mospheric circulation was checked at a signifi-
cance level of 0=0.05 using the Mann-Kendall
test.

The frequency of atmospheric circu-
lation types

Zonal circulation dominates over Poland in all
seasons of the year; it appears least frequently
in spring (Fig. 2, 3). Over the center of Poland,
in all seasons of the year, anticyclonic circulation
from the W, NW and SW directions occurs most
often. Throughout the year, the total frequency
of advection from these directions reaches 40%.
In winter and spring, advection of air masses from
SW during cyclonic circulation occurs quite often.
The frequencies of advection from the S and N di-
rections are similar to one another for each season,
during cyclonic and anticyclonic circulation alike.
The advection of air masses from the east, north-
-east and south-east appears least frequently —
— 5.5%, 5.9% and 6.1%, respectively. The share
of anticyclonic circulation is greater than that
of cyclonic circulation in all seasons. Anticyclonic
circulation occurs most often in summer and au-
tumn.

The dominant type of Wa circulation occurs
most often in August and September (Fig. 3).
The distinct dominance of the Wa, NWa and SWa
types persists from June to January. From Feb-
ruary, other types of circulation begin to appear
more frequently. It can therefore be concluded that
spring is the most unpredictable season in terms
of circulation. During cyclonic circulation, as with
anticyclonic circulation, advections from the W,
NW and SW directions prevail in all months.
Among the remaining cyclonic types, the Nc
and Sc types stand out. The Nc type most often ap-
pears in February and between April and July.
The Sc type occurs most often in Novem-
ber, which is associated with the shift of the polar
front to the south of Europe. In this month, there
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Fig. 2. Seasonal and yearly relative frequency of atmospheric circulation types in the center of Poland
(point C)
AT — anticyclonic types, CT — cyclonic types, DJF — winter, MAM — spring, JJA — summer, SON — autumn
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Fig. 3. Monthly frequency of atmospheric circulation types in the center of Poland (point C)
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is also an increase in the incidence of the SEc type.
A similar situation appears in April and May.

The variability of atmospheric circu-
lation types in the years 1950-2021

Cumulative deviations from multiannual average
were used to analyze the frequency variability
of individual types of atmospheric circulation
(Fig. 4, 5). This simple method makes it possible
to capture the moment of a more pronounced
change in the frequency in the analyzed period re-
lative to the multiannual average. To analyze
the variability of the frequencies of atmospheric
circulation types, data from point C located more
or less in the center of Poland and four points lo-
cated near the northern, southern, western and
eastern border of the country were used (Fig. 1).

A significant increase in the frequency of an-
ticyclonic circulation from the W and NW di-
rections has been visible since the beginning
of the 1980s, whereas since the beginning of
the 1990s there has been a slightly smaller in-
crease from the E and NE directions. Somewhat
later, in the late 1990s, the incidence of the SWa
type also increased. Almost all types of cyclonic
circulation have appeared progressively less often
in the 21 century. Some types of cyclonic circu-
lation have recorded a decrease in frequency since
the end of the 1970s (NEc, Ec types). The patterns
of cumulative frequency deviations are synchro-
nous at all five analyzed points during all types
of circulation. This synchronicity is somewhat
disturbed between the end of the 1970s and the end
of the 1980s only, and only for anticyclonic circu-
lation from the N direction as recorded at the point
representing the west of the country.

The differences in the frequency of ACTs
between the five selected points are highest during
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Fig. 5. Cumulative deviations from mean of the annual and seasonal frequency of anticyclonic circulation
in the point C
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western and north-western advection of air masses
and lowest during eastern and north-eastern ad-
vection (Fig. 4).

An increase in the frequency of anticyclonic
circulation on an annual basis has been visible
since the mid-1980s, but a slightly greater increase
has been visible for the last 11 analyzed years
(Fig. 5). In spring and summer, the pattern of an-
ticyclonic circulation frequency is very similar;
its increase was slow from roughly the mid-1980s
and has accelerated over the last 11-12 years.
The increase in frequency in summer in the years

1986-2021 was 0.32% per year, whereas in spring
it was lower (0.11% per year). In autumn, the in-
crease in frequency of anticyclonic circulation ap-
peared as late as in 2003; however, this increase
has been interspersed with years in which its fre-
guency has been below the multi-year average.
Earlier, in the years 1989-2003, there had been
a sharp decrease in the frequency of anticyclonic
circulation by 0.29% per year. In winter, there was
a persistent and marked increase in the frequency
that prevailed for the years 1989-2008.

B Statistically significant trends

IRRNRREET |

Fig. 6. Annual and seasonal trends of the frequency of the anticyclonic circulation types
DJF —winter, MAM — spring, JJA — summer, SON — autumn
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A more detailed spatial analysis of the annual
trends of changes in frequency allowed the pace
of these changes in the analyzed area to be veri-
fied. The increase in the annual frequency of anti-
cyclonic circulation is statistically significant
across almost all of Poland, with the exception
of its eastern parts (Fig. 6). The greatest increase
in the frequency of anticyclonic circulation occurs
in spring in the western and south-western part
of the country; however, it is statistically signifi-
cant only at a few points. A smaller increase
in the frequency of anticyclonic circulation is re-
corded in winter, but it is statistically significant
at more points in the above-mentioned parts of Po-
land. In summer, an upward trend in anticyclonic
circulation is also visible throughout Poland, but
itis statistically significant only at a few points
in the south of the country. No significant statisti-
cal trends have been observed in autumn; no up-
ward trends in the frequency of anticyclonic circu-
lation have been observed in the southern half
of Poland.

The largest area of Poland is subject to a si-
gnificant downward trend in the annual frequency
of Sc and SWec types (Fig. 7). Among anticyclonic
types, the Wa type (northern part of the country)
and the NWa type (in the central and south-eastern
parts of the country) are distinguished by a signifi-
cant increase in frequency in a large area of Po-
land.

For the analysis of statistical significance
of frequency trends in seasonal terms, the types
of atmospheric circulation selected were those
whose number of points at which statistically
significant changes were found is the highest
in a given season (Fig. 8).

In winter, the increase in the frequency
of the Wa type is statistically significant at all ana-
lyzed points. In spring, in the eastern half
of the country, a significant decrease in the fre-
guency of the Sa type is visible, while in summer
most of Poland is subject to a significant decrease
in the frequency of the NEc type. In autumn, si-
gnificant decreases in the frequencies of Na, NEc
and Wc types appear at only a few points.

B Statistically significant trends

Fig. 7. Annual trends of the frequency of the atmospheric circulation types
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Conclusions and discussion

The results of the frequency analysis of atmos-
pheric circulation types and their variability over
time are difficult to compare against other studies
due to differences in their typological criteria
and numbers of types. For example, Niedzwiedz
classification for the upper Vistula River basin
comprises 21 types (1981). In his classification,
the annual average frequency of occurrence of air
advection from west in the period 1951-1990 is
6.6% lower (Nowosad 1998) compared to the fre-
quency calculated in this study for the same period
at point S (Fig. 1). On the other hand, a confirma-
tion of the generalized patterns of atmospheric cir-
culation over Poland, e.g. the domination of zonal
circulation in winter and summer, can be found
in the study by Kozuchowski (2003). Other exam-
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ples of the influence that methodological differen-
ces, input data and length of analyzed period have
on the frequency of atmospheric circulation types
can be seen in the results of Piotrowski (2007)
and Bartoszek (2017), whose analyses are based
on the same Jenkinson and Collison method. Piot-
rowski used a method developed to automate
the classification of atmospheric circulation types
of Osuchowska-Klein (1978, 1991) and mean sea-
-level pressure (MSLP) data from NCEP-NCAR
Reanalysis. This method differs from the classifi-
cation of the number of circulation types presented
in this paper, the methodological assumptions
related to spatial coverage, the input data,
and the period on which basis it was developed.
For example, the course of frequency variability
over the same period (1958-2005) of comparable
types (Wa, Sc, SEc, SWc) is similar at 850 hPa
and MSLP levels, despite different data sources.
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Differences occur only in the frequency of types
due to differences in typology. Bartoszek (2017)
partially employs assumptions proposed by Lityn-
ski (1969) to describe atmospheric circulation
for East-Central Europe based on 23 circulation
types and data of daily mean obtained MSLP from
The Twentieth Century Reanalysis version 2
(20CRV2). The distribution of the frequency direc-
tional circulation types in the present paper shows
the dominance throughout the year of circulation
from a westerly direction, while in the Bartoszek
study it appears only in the winter months. Dif-
ferences in frequency of circulation types are due
to different the lengths of the analysis periods,
pressure levels, the number of circulation types
and perhaps also input data.

The lack of unification of the description
of atmospheric  circulation  associated  with
the subjective approach to the description of at-
mospheric circulation can, on the one hand, pro-
mote the appearance of problems in comparative
analysis, while on the other hand, it creates oppor-
tunities to seek the best possible typological solu-
tions.

The progressing global warming poses new
challenges for climatologists while also providing
new material for research. The relationships be-
tween atmospheric circulation and weather bear
the character of interdependencies. On the one
hand, atmospheric circulation affects individual
elements of weather, while, on the other hand,
changes in the substrate temperature may affect
the pressure field and, consequently, the frequency
of the inflow of air masses from a specific direc-
tion (Czaja, Frankignou 1999; Zhao et al. 2001).
An analysis of changes in the thermal and humi-
dity characteristics of air masses flowing over
the territory of Poland, especially air masses from
the Arctic, where the temperature increase is
the most visible, may also be an interesting direc-
tion for research.

There is statistically significant increase
in the frequency of Wa type throughout the ana-
lysis area in winter. The reason for the more
frequent occurrence of Wa type in winter can
be seen in the shifting of the Azores High towards
the European landmass (Falarz 2019). According
to Marsz (2002), such a situation appears when
pressure drops in the Icelandic Low and,
at the same time, pressure rises in the Azores
High. This situation often favors westerly anticy-
clonic circulation over Poland.

At point S, the increase in Wa type frequen-
cy over the last decade is invisible compared
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to the other points, while the Wc type frequency
over the entire study area shows a marked de-
crease over this period. This course is very simi-
lar to those of Niedzwiedz and Ustrnul (2021)
analysis. The authors noted that the annual de-
creasing trend in the westerly circulation index
is an effect of significant weakening of the Wi in-
dex in summer months.

If the Gulf Stream does not significantly
change its position in the Atlantic and the upward
trend in the frequency of the most frequent Wa
type continues, warm winters with a small propor-
tion of snowfall should be expected in the near fu-
ture. The impact of the Gulf Stream on air tem-
perature in Poland is evidenced by a correlation
analysis conducted by the Marsz (2007). Values
of linear coefficients of the correlation between
the index of climatic Gulf Stream activity pro-
posed by Marsz and annual air temperature in Po-
land range from about 0.3 in the south-west of Po-
land to more than 0.4 in the north. The results
of the analysis indicate that the correlation be-
tween index of climatic Gulf Stream activity
and air temperature is unstable in time. The results
presented by Marsz and Styszynska (2021) indi-
cate that the changes in the annual sea surface tem-
perature values in the North Atlantic explain
about 46% of the annual air temperature and sum
of sunshine duration variance in Poland, 27-30%
of the relative humidity and wind speed variance,
and 12—-23% of the annual variance of cloud cover,
sum of precipitation and sea-level pressure.

In winter, a significant increase of warming
in the period 2081-2100 is forecast (Filipiak et al.
2012). Another future projection (using data from
the RACMO2 model for the period 2021-2050)
indicates in winter far more frequent cyclonic cir-
culation from the west and south-west (Jgdrusz-
kiewicz, Piotrowski 2012).

An increase in the frequency of anticyclo-
nic circulation since the mid-1980s visible.
The same period also exhibited an increase in air
pressure at the station in Cracow (Bielec-Bagkow-
ska, Piotrowicz 2019). The increasing trend of an-
ticyclonic circulation in the western and central
parts of Poland is a cause for concern, because an-
ticyclonic circulation may contribute to a decrease
in precipitation totals in areas where water scarcity
is observed, especially in the growing season
(Labedzki, Ostrowski 2018).



Piotr Piotrowski

References

Bartoszek K. 2017. The main characteristics of at-
mospheric circulation over East-Central Eu-
rope from 1871 to 2010. Meteorology and
Atmospheric Physics 129: 113-129. https://
doi.org/10.1007/s00703-016-0455-z

Bell B., Hersbach H., Simmons A., Berrisford P.,
Dahlgren P., Horanyi A., Thépaut J.N. 2021.
The ERA5 global reanalysis: Preliminary
extension to 1950. Quarterly Journal of the
Royal Meteorological Society 147(741):
4186-4227.

Bielec-Bakowska Z., Piotrowicz K. 2019. Trwa-
to$¢ uktadow wysokiego cisnienia nad Eu-
ropg w latach 1901-2018. In: L. Kolendo-
wicz, E. Bednorz, A.M. Tomczyk (eds)
Zmiennos¢ klimatu Polski i Europy oraz jej
cyrkulacyjne uwarunkowania. Bogucki Wyd.
Naukowe, Poznan: 31-52.

Bogucki J. 1992. Typy cyrkulacji atmosfery w Po-
znaniu. Badania Fizjograficzne nad Polskg
Zachodnig. Seria A: Geografia Fizyczna 44:
5-18.

CDS (Climate Data Store). 2022. Online:
https://cds.climate.copernicus.eu (last access:
22.12.2022)

Chen D. 2000. A monthly circulation climatology
for Sweden and its application to a winter
temperature case study. International Jour-
nal of Climatology 20: 1067-1076.

Czaja A., Frankignoul C. 1999. Influence of the
North Atlantic SST on the atmospheric circu-
lation. Geophysical Research Letters 26(19):
2969-2972.

Degirmendzi¢ J., Kozuchowski K., Wibig J. 2000.
Epoki cyrkulacyjne XX wieku i zmienno$¢
typow cyrkulacji atmosferycznej w Polsce.
Przeglgd Geofizyczny 45 (3-4): 221-238.

Dessouky T., Jenkinson A. 1975. An objective
daily catalogue of surface pressure, flow
and vorticity indices for Egypt and it’s use
in monthly rainfall forecasting. Meteorologi-
cal Research Bulletin, Egypt 11: 1-25.

Falarz M. 2019. Azores High and Hawaiian High:
correlations, trends and shifts (1948-2018).
Theoretical and Applied Climatology 138(1-
-2): 417-431.

Filipiak J., Biernacik D., W¢jcik R., Migtus M.
2012. Scenariusze zmian warunkow termicz-
nych w Polsce w skali XXI wieku w opar-
ciu o model downscalingu statystyczno-

-empirycznego. In: Z. Bielec-Bakowska,
E. Lupikasza, A. Widawski (eds) Rola cyrku-
lacji atmosfery w ksztattowaniu klimatu. Ka-
tedra Klimatologii, Wydziat Nauk o Ziemi,
Uniwersytet Slaski, Sosnowiec: 419-434,

Filipiuk E., Kaszewski B. M. 2010. Wieloletnie
zmiany cyrkulacji pétnocnej nad Europa
Srodkowa w latach 1881-2007 (na podstawie
klasyfikacji Hessa-Brezowskiego). In: L. Ko-
lendowicz (ed) Klimat Polski na tle klimatu
Europy. Warunki cyrkulacyjne i radiacyjne.
Studia i Prace z Geografii i Geologii 14, Bo-
gucki Wyd. Naukowe, Poznan: 39-51.

Girs A.A. 1948. K voprosu izucheniya osnovnykh
form atmosfernoy tsirkulyatsii. Meteoro-
logiya and Gidrologiya, 10(3): 56-74.

Goodess C. M. 2000. The construction of daily
rainfall scenarios for mediterranean sites
using a circulation-type approach to down-
scaling (PhD Thesis). University of East
Anglia, Norwich.

Goodess C.M., Palutikof J.P. 1998. Development
of daily rainfall scenarios for southeast Spain
using a circulation-type approach to down-
scaling. International Journal of Climatology
18: 1051-1083.

Goodess C.M., Jones P.D. 2002. Links between
circulation and changes in the characteristics
of Iberian rainfall. International Journal of
Climatology 22(13): 1593-1615.

Hersbach H., Bell B., Berrisford P., Hirahara S.,
Horanyi A., Munoz-Sabater J., Nicolas J.,
Peubey C., Radu R., Schepers D., Sim-
mons A., Soci C., Abdalla S., Abellan X.,
Balsamo G., Bechtold P., Biavati G.,
BidlotJ., Bonavita M., De Chiara G,
Dahlgren P., Dee D., Diamantakis M., Dra-
gani R., Flemming J., Forbes R., Fuentes M.,
Geer A., Haimberger L., Healy S., Ho-
gan R.J., Holm E., Janiskova M., Keeley S.,
Laloyaux P., Lopez P., Lupu C., Radnoti G.,
de Rosnay P., Rozum I., Vamborg F., Vil-
laume S., Thépaut J.N. 2020. The ERAS
global reanalysis. Quarterly Journal of
the Royal Meteorological Society 146: 1999-
-2049, https://doi.org/10.1002/q;.3803.

Jenkinson A.F., Collison F.P. 1977. An initial cli-
matology of gales over the North Synoptic
climatology. Synoptic Climatology Branch
Memorandum 62: 18.

Jedruszkiewicz J., Piotrowski P. 2012. Atmos-
pheric Circulation Influence on the Winter
Thermal Conditions in Poland in 20212050
based on the RACMO2 Model. Contempo-
rary Trends in Geoscience 1(1): 13-20.



The variability atmospheric circulation over Poland in the years 1950-2021

Jones P.D., Hulme M., Briffa K.R. 1993. A com-
parison of Lamb circulation types with an ob-
jective classification scheme. International
Journal of Climatology 13: 655-663.

Kaszewski M. 1983. Proba wydzielenia natural-
nych okreséw synoptycznych na podstawie
czestosci typow cyrkulacji nad Polska. Prze-
glgd Geofizyczny 28(2): 195-207.

Kozuchowski K. 1989. Makrotypy ogdlnej cyrku-
lacji atmosfery a temperatura powietrza
w Polsce. Przeglgd Geofizyczny 34(4): 427-
-435.

Kozuchowski K. 1993. Makrotypy ogdlnej cyrku-
lacji atmosfery a gtéwne typy cyrkulacji nad
Polska. Przeglgd Geofizyczny 38(3-4): 241-
-246.

Kozuchowski K. 2003. Cyrkulacyjne czynniki kli-
matu Polski. Czasopismo Geograficzne 74(1-
-2): 93-105.

Kozuchowski K., Degirmendzi¢ J. 2018. Zmien-
no$¢ form cyrkulacji srodkowotroposferycz-
nej wedtug klasyfikacji Wangenheima-Girsa
i ich relacje z polem ci$nienia na poziomie
morza. Przeglgd Geofizyczny 1-2: 89-122.

Lamb H.H. 1972. British Isles weather types and
a register of daily sequence of circulation pat-
terns 1861-1971. Geophysical Memoirs
(116). Great Britain Meteorological Office,
London.

Linderson M.L. 2001. Objective classification of
atmospheric circulation over southern Scan-
dinavia. International Journal of Climato-
logy 21: 155-1609.

Litynski J. 1969. A numeral classification of cir-
culation and weather types for Poland. Prace
PIHM 97: 3-15.

Labedzki L., Ostrowski J. 2018. Precipitation pre-
venting a deficit of readily available soil wa-
ter in arable soils in Poland. Atmosphere 9(4):
121. https://doi.org/10.3390/atm0s9040121

Marsz A.A. 2002. Wprowadzenie (istota NAO, hi-
storia, wskazniki). In: A.A. Marsz, A. Sty-
szynska (eds) Oscylacja Potnocnego Atlan-
tvku i jej rola w ksztattowaniu zmiennosci
warunkow klimatycznych i hydrologicznych
Polski. Akademia Morska w Gdyni, Gdynia:
11-29.

Marsz A.A., Styszynska A. 2021. Zmiany stanu
termicznego Atlantyku Poélnocnego a prze-
bieg wybranych elementéw klimatycznych
charakteryzujacych klimat Polski. Przeglgd
Geofizyczny 66 (3-4): 161-186.

Niedzwiedz T. 1981. Sytuacje synoptyczne i ich
wplyw na zréznicowanie przestrzenne wy-

87

branych elementéw klimatu w dorzeczu gor-
nej Wisty. Rozprawy habilitacyjne Uniwer-
sytetu Jagiellonskiego, Krakow.

Niedzwiedz T. 1995. Wieloletnia zmienno$é¢
wskaznikéw cyrkulacji atmosfery nad Polska
potudniows. Wspoitczesne Badania Klimato-
logow Polskich w Kraju i za granicqg. Sympo-
zjum z okazji 40-lecia Zaktadu Klimatologii
IGiPZ PAN, Radzikow, 7-8.11.1994 r., Con-
ference Papers 23: 7-18.

Niedzwiedz T., Ustrnul Z. 2021. Change of At-
mospheric Circulation. In: M. Falarz (ed) Cli-
mate Change in Poland. Springer Climate:
123-150. https://doi.org/10.1007/978-3-030-
70328-8_6

Nowosad M. 1998. Annual variability of circula-
tion types: the example of the Upper Vistula
River Basin. Wyd. Uniwersytetu Marii Cu-
rie-Sktodowskiej, Lublin.

Nowosad M. 2004. Z metodyki wydzielania sezo-
now cyrkulacyjnych. In: A. Bokwa, Z. Ust-
rnul (eds) Zastosowanie wybranych metod
statystycznych w klimatologii. Uniwersytet
Jagiellonski, Instytut Geografii i Gospodarki
Przestrzennej, Krakow: 101-120.

Ojrzynska H. 2012. Automatyczny kalendarz cyr-
kulacji atmosferycznej dla Sudetow — zatoze-
nia i metody konstrukcji opartym na systemie
GRASS. Przeglgd Geofizyczny 2: 171-183.

Osuchowska-Klein B. 1973. Analiza rocznych
przebiegdw czgstosci wystepowania w Pol-
sce makrotypow cyrkulacji atmosferyczne;.
Przeglgd Geofizyczny 18/26(3-4): 223-242.

Osuchowska-Klein B. 1978. Katalog typow cyr-
kulacji atmosferycznej. IMGW, Wyd. Komu-
nikacji i L.acznosci, Warszawa.

Osuchowska-Klein B. 1986. O czestosci wystepo-
wania typéw cyrkulacji atmosferycznej
w Europie (cze$¢ I: zima). Materialy Badaw-
cze IMGW. Seria Meteorologia 12.

Osuchowska-Klein B. 1987. Zmienno$¢ cyrkula-
cji atmosferycznej w Europie w biezacym
stuleciu. Przeglgd Geofizyczny 1: 49-55.

Osuchowska-Klein B. 1991, Katalog typow cyr-
kulacji atmosferycznej (1976-1990). IMGW,
Warszawa.

Piotrowski P. 2007. Zmienno$¢ cyrkulacji atmos-
ferycznej w Polsce w latach 1958-2005. In:
M. Migtus, J. Filipiak, A. Wyszkowski (eds)
200 lat regularnych pomiarow i obserwacji
meteorologicznych w Gdansku. IMGW, War-
szawa: 184-192.

Piotrowski P. 2009. Obiektywna metoda klasyfi-
kacji cyrkulacji atmosferycznej dla Polski.



Piotr Piotrowski

Acta Universitatis Lodziensis. Folia Geogra-
phica Physica 10.

Piotrowski P. 2017. Przestrzenna i czasowa
zmienno$¢ cyrkulacji atmosferycznej na ob-
szarze Polski. Przeglqd Geofizyczny 1-2: 45-
-54.

Piotrowski P., Jedruszkiewicz J. 2013. Projections
of thermal conditions for Poland for winters
2021-2050 in relation to atmospheric cir-
culation. Meteorologische Zeitschrift 22(5):
569-575.

Post P., Truija V., Tuulik J. 2002. Circulation
weather types and their influence on tem-
perature and precipitation in Estonia. Boreal
Environment Research 7(3): 281-289.

Przybylak R., Maszewski R. 2009. Zmienno$¢
cyrkulacji atmosferycznej w regionie byd-
gosko-torunskim w latach 1881-2005. Acta
Agrophysica 14: 427-447.

88

Sarricolea P., Meseguer-Ruiz O., Martin-Vide J.,
Outeiro L. 2018. Trends in the frequency
of synoptic types in central-southern Chile
in the period 1961-2012 using the Jenkinson
and Collison synoptic classification. Theore-
tical and applied climatology 134: 193-204.
https://doi.org/10.1007/s00704-017-2268-5

Spellman G. 2000. The use of an index-based re-
gression model for precipitation analysis
on the Iberian Peninsula. Theoretical and Ap-
plied Climatology 66: 229-239.

Trigo R.M., DaCamara C.C. 2000. Circulation
weather types and their influence on the pre-
cipitation regime in Portugal. International
Journal of Climatology 20: 1559-1581.

Zhao M., Pitman A.J., Chase T. 2001. The impact
of land cover change on the atmospheric cir-
culation. Climate Dynamics 17(5): 467-477.



