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Abstract
The zonal index, version for Central Europe (called ‘for Poland’), was proposed by Lityński. He calculated 
the pressure difference between latitudes 40° and 65°N on the zone 0-35°E. This paper presents the 
characteristics of the zonal index based on Lityński’s concept and the NCEP/NCAR grid data. A statistically 
significant increase (1948-2016) occurs in mean values of the zonal index for winter and for the entire year, 
as well as in the standard deviation and 99 percentile of zonal index. The annual course of the zonal index 
is evident.
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Introduction

Extratropical circulation is commonly known 
to be dominated by the westerlies (e.g. Barry 
& Carleton 2001: 263). The intensity of the 
westerlies plays a key-role for the climate 
of Europe (Jacobeit et al. 2001: 220). The pre-
dominant west-to-east movement of weather 
systems is considered the primary factor of the 
climate of Europe (Boucher 2005: 356). The 
western circulation can be quite often charac-
terised by the zonal index (e.g. Makrogiannis 

1984; Sahsamanoglou 1990; Kożuchowski 
1993; Jönsson & Bärring 1994; Jacobeit et al. 
2001; Li & Wang 2003; Michio & Yoko 2004; 
Heino et al. 2008; Vallis & Gerber 2008). The 
zonal index was introduced by Rossby et al. 
(1939) as the intensity of the zonal circulation 
measured by the pressure difference between 
latitudes 35° and 55°N. The zonal index is de-
fined as „a measure of strength of the middle-
latitude westerlies, usually expressed as the 
horizontal pressure difference between 35° 
and 55°N latitude, or as the corresponding 
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geostrophic wind”1. This paper considers the 
second definition, namely the zonal compo-
nent of geostrophic wind. Jönsson and Bär-
ring (1994: 209) emphasised that the latitudes 
may be selected according to the geographi-
cal area in focus.

The zonal index, defined by Lityński (1969, 
1970, 1973) is characterised in this paper. 
Lityński calls the index ‘for Poland’, explaining 
that Poland is located practically in the cen-
tre of the area delimited by 40° and 65°N 
latitude and 0° and 35°E meridians (Lityński 
1973: 24). He used the pressure values from 
the parallels 40° and 65°N latitude for the 
calculation of the zonal index. Lityński revealed 
that the circulation index for the area between 
55°W and 55°E was weakly associated with 
the weather type over Poland. He concluded 
that by limiting the zone to the area 0°-35°E 
provided satisfactory results.

A positive influence of zonal wind on temper-
ature in Poland occurs from September to May, 
and on precipitation from December to May 
(Degirmendžić et al. 2004: 299). The intensi-
fication of the western circulation contributes 
to a decrease in temperature during summer 
(Kożuchowski 2003: 103). Therefore, zonal in-
dex analysis can be a step in time scale inves-
tigations of the climatic conditions in Poland.

The primary objective of this paper is the 
description of the variability of a 69-year se-
ries of the zonal index over Central Europe. 
The study also aims at the determination 
of the annual course of the index, and involves 
the search for the multi-year period trends 
(as well as the search for the lack of trends).

Data and method

The data for this paper are daily SLP (see level 
pressure) values from the NCEP/NCAR data-
base from 30 grid points (15 points from 40°N 
parallel and 15 ones from 65°N parallel) for 
the period 1948-2016 (Kalnay et al. 1996). 
The points are from 0° to 35°E meridians with 
a step of 2.5°.

1 AMS Glossary of Meteorology (http://glossary.
ametsoc.org/wiki/Zonal_index).

The zonal index was calculated for each 
day in the period 1948-2016. The zonal index 
was determined by Lityński (1969: 7; 1970: 
333; 1973: 24) using the well-known formula 
for the velocity of geostrophic wind:

 W
4 8.

sin ϕ
p

n

where: W  zonal index (m ∙ s-1); ϕ  geographic 

latitude (in degree); p

n

  gradient of pressure 

perpendicular to the vector of the index (in hPa 
for one degree of latitude) (Lityński 1973: 24). 
Coefficient 4.8 in the above formula con-
cerns the assumption that air density equals 
1,276 g ∙ m-3 (therefore it refers to conditions 
in which atmospheric pressure p  1,000 hPa, 
and air temperature T  273.15 K) and Earth’s 
rotation speed amounts to 7.29 ∙ 10-5 ∙ s-1 
(e.g. Zwieriew 1965: 107). For the calculation, 
Lityński used the formula:

 W 6 1
25

40 65.
P P

where: P40 is the mean pressure on the par-
allel 40°N in the sector 0°-35°E; P65 is the 
mean pressure on the parallel 65°N in the 
sector 0°-35°E. This article applies the afore-
mentioned formula. If ϕ is adopted as lati-
tude 51°51’ (i.a. latitude of northern dis-
tricts of Łódź), we obtain the value 4.8/sin 
(51°51’)  6.1. It is somewhat southwards from 
parallel 52°30’, located at an equal distance 
from parallels 40° and 65°N. It remains un-
known whether Lityński’s (1969) choice of pa-
ralel 51°51’ for the calculations was based 
on surface area values of the analysed areas2 
separated by the parallel.

Seasonal and annual values of the average 
as well as standard deviation was computed 
for each year and for each season3 (spring 
1948, summer 1948 and so on) from daily 
data. Linear trends for the 69-year period for 

2 Distance between meridians on 65°N is smaller 
than on 40°N.

3 Each season is defined as three full months: spring 
MAM, summer JJA, autumn SON and winter DJF.
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the entire year as well as for spring, summer 
and autumn (for winter for a period of 68 
seasons) were estimated. To check the sta-
tistical significance of the linear trends, the 
Mann-Kendall test was applied (Salmi et al. 
2002). The annual course of the mean zonal 
index was smoothed by the low-pass filter for 
daily data proposed by von Storch and Zwiers 
(1999: 388)4.

The frequency of occurrence of the zonal 
index was calculated in intervals of 0.5 m ∙ s-1 
(from > -9.5 to -9.0; from > -9.0 to -8.5 and 
so on, until the interval from > 15.5 to 16.0). 
The frequencies were also calculated in refer-
ence to three 23-year subperiods (1948-1970, 
1971-1993, and 1994-2016).

Long-term fluctuations 
of the zonal index

The courses of the mean values of the zonal 
index are shown in Figures 1, 2, and 3. The lin-
ear trends for the mean values are statistically 
significant for the entire year, as well as in win-
ter on the level  0.05 and in spring on the 
level of only  0.1. No statistically significant 
trends occur either in summer or in autumn.

The mean annual value of the zonal index 
for the entire period is equal to 1.41 m ∙ s-1, 
and for the seasons: spring 0.58 m ∙ s-1, sum-
mer 0.57 m ∙ s-1, autumn 1.94 m ∙ s-1, and winter 
2.57 m ∙ s-1.

Marosz (2016) considered a zone between 
47.5° and 57.5°N parallels and 10.0°-27.5°E 
meridians, and obtained the following values 
of the western component of geostrophic wind 
(1951-2014): for the entire period 1.8 m ∙ s-1, 
and for the seasons: spring -0.1 m ∙ s-1, sum-
mer 0.4 m ∙ s-1, autumn 2.7 m ∙ s-1, and winter 
4.3 m ∙ s-1. The differences between results 
obtained by Marosz and those in the present 
study seem to particularly result from differ-
ences in the size of zones considered in both 

4 The symmetric filter is defined as follows: f (a0)  
-0.01518a-9 - 0.03003a-8 - 0.03684a-7 - 0.02820a-6 
+ 0.04625a-4 + 0.10288a-3 + 0.15769a-2 + 0.19744a-1 
+ 0.21196a0 + 0.19744a1 + 0.15769a2 + 0.10288a3 
+ 0.04625a4 - 0.02820a6 - 0.03684a7 - 0.03003a8 
- 0.01518a9.

articles. In the study by Marosz concerning 
a smaller area, a higher mean value of the 
western component of geostrophic wind was 
obtained in reference to the entire year, con-
siderably higher in reference to winter and 
autumn, and lower in reference to spring and 
summer.

In this paper the linear trend for the en-
tire year of the mean value shows an increase 
in the index equal to 0.08 m ∙ s-1 per 10 years 
(Fig. 1 black line). The highest mean annual 
index was recorded in 1990 (2.69 m ∙ s-1), 
and the second highest in 1983 (2.59 m ∙ s-1). 
Periods of several years with a high annual 
index are 1981-1983 (mean 2.05 m ∙ s-1), 1998-
2000 (2.04 m ∙ s-1), and eight-year long period 
1988-1995 (1.99 m ∙ s-1). The lowest mean an-
nual index was calculated for 1960 (0.07 m ∙ s-1) 
and 1996 (0.17 m ∙ s-1). Periods of several years 
with a low index are 1958-1960 (0.54 m ∙ s-1) 
and 1963-1966 (0.68 m ∙ s-1). It should be em-
phasised that the mean annual zonal index 
was positive for each year. This means that 
in each of the analysed years, the western 
component of atmospheric circulation domi-
nated over the eastern component.

The fluctuations of 1, 50, and 99% percen-
tiles from the zonal index over Central Europe 
in the entire year are shown in Figure 1. The 
course of 50% percentile (median) is similar 
to that of the arithmetic mean. The statisti-
cal significance of the trend concerning the 
median is approximate to the significance 
of the trend referring to the arithmetic mean. 
An increase in the index, based on the median 
trend, amounts to 0.06 m ∙ s-1 per 10 years, 
i.e. it is slightly lower than that in a situation 
based on the mean arithmetic trend.

Percentiles concern sets of 365/366 ele-
ments. The first and 99 percentile inform 
on 3-4 lowest (highest) value of the zonal 
index in a year. The mean value of the first 
percentile amounts to minus 4.92 m ∙ s-1, and 
99 to 9.71 m ∙ s-1. The linear trend of the first 
percentile is not statistically significant. The 
trend of the 99 percentile draws attention. 
It is significant on the level   0.01, and 
the mean increase in the percentile equalled 
0.22 m ∙ s-1 per 10 years. Considering the 
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Figure 1. Time series of 1 (blue line), 50 (green line), 99% (red line) percentiles and average (black line) 
from zonal index over Central Europe in the entire year

Figure 2. Time series from the zonal index over Central Europe in spring, summer and autumn
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Figure 3. Time series from the zonal index over Central Europe in winter
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subperiod 1966-2016, the increase averaged 
even 0.28 m ∙ s-1 per 10 years.

Spring is a season with low values of the 
zonal index. The linear trend shows an in-
crease in the index (on average 0.11 m ∙ s-1 
per 10 years). The highest mean spring in-
dex was recorded in 1990 (2.55 m ∙ s-1), fol-
lowed by those in 1967 (2.03 m ∙ s-1) and 2015 
(1.99 m ∙ s-1). Two successive springs occurred 
(1967 and 1968) with a high index (mean 
1.93 m ∙ s-1). Three-year periods with a high 
index are 1981-1983 (mean 1.28 m ∙ s-1) and 
1948-1950 (1.23 m ∙ s-1). The lowest mean 
spring index represents 1960 (-1.57 m ∙ s-1). 
That spring finished the four-spring period 
with prevalence of eastern circulation over 
the western one (1957-1960 mean index 
–0.62 m ∙ s-1, see Fig. 2).

Summer is a season with the lowest vari-
ability of the mean values of the zonal index 
(s  1.755). No significant linear trend occurs. 
The highest mean summer index was record-
ed in 1961 (1.53 m ∙ s-1), and a similar value 
in 1998 (1.51 m ∙ s-1). The period 1978-1994 
is significant, because the mean index for sev-
enteen summer seasons (0.74 m ∙ s-1) is higher 
there than the mean value for the entire peri-
od. The lowest mean summer zonal index was 
recorded in 1997 (-0.63 m ∙ s-1), and the second 
lowest value in 1955 (-0.49 m ∙ s-1).

No significant linear trend is observed 
in autumn either. The highest mean autumn 
index value occurred in 1986 (3.90 m ∙ s-1), and 
a somewhat smaller one in 1983 (3.87 m ∙ s-1) 
and 1978 (3.77 m ∙ s-1). A five-year period oc-
curred with a high autumn index (1969-1973 
mean value 2.76 m ∙ s-1), as well as a three-
year period 2004-2006 (2.56 m ∙ s-1). The 
lowest mean autumn index was identified for 
1993 (-0.38 m ∙ s-1), followed by values for 1960 
(0.06 m ∙ s-1), 2016 (0.32 m ∙ s-1), and 2014 
(0.33 m ∙ s-1). A five-year period with a low au-
tumn index was 1958-1962 (the mean index 
value of 0.87 m ∙ s-1).

Winter is a season with the highest stand-
ard deviation s of values (average 3.67), 

5 It is the arithmetic mean value from 59 standard 
deviations representing particular years.

as well as with a visible linear trend (mean 
increase in the index 0.21 m ∙ s-1 per 10 years). 
Two out of three highest mean winter zonal 
indices evidently described two successive 
winters – 1988/1989 and 1989/1990 (mean 
index values 6.17 and 5.80). The other highest 
values of the mean zonal index concern win-
ters 1999/2000 (5.94 m ∙ s-1) and 1994/1995 
(5.55 m ∙ s-1). Periods with several winters 
with a high zonal index are 1988/1989-
1992/1993 (mean value 4.80 m ∙ s-1), 
1996/1997-1999/2000 (4.15 m ∙ s-1), 
2013/2014-2015/2016 (4.05 m ∙ s-1), and 
1972/1973-1975/1976 (3.89 m ∙ s-1). Winters 
with a negative mean zonal index also oc-
curred: 2009/2010 (-0.87 m ∙ s-1), 1962/1963 
(-0.64 m ∙ s-1), 1995/1996 (-0.46 m ∙ s-1), and 
1968/1969 (-0.25 m ∙ s-1). It should be em-
phasised that the mean value for the ten 
winters 1961/1963-1971/1972 equals only 
1.04 m ∙ s-1. Jönsson and Bärring (1994: 214) 
observed a low winter zonal index over the 
area 40°W-5°E and 45°-65°N (the North At-
lantic area) during the somewhat similar peri-
od 1955-1970. Periods with a low mean winter 
index are 1984/1985-1986/1987 (0.88 m ∙ s-1) 
and 1976/1977-1979/1980 (1.17 m ∙ s-1).

As mentioned in chapter “Data and meth-
od”, standard deviation was computed for 
each year and for each season from daily 
data, e.g. standard deviation s for spring 1948 
was calculated based on daily values from 
1 March 1948 to 31 May 1948, etc.

The linear trends of the course of standard 
deviation s values were analysed. An increas-
ing trend of s for the entire year occurs, av-
eraging 0.04 m ∙ s-1 per 10 years (on the level 
 0.01). It also occurs for winter (on the  level 
 0.05) and spring (on the level  0.1). 
No statistically significant trends occur for 
summer and autumn. This result suggests that 
the variability of mean annual zonal index val-
ues is increasing, especially in winter.

The correlations between the courses 
of the mean zonal index values for the period 
of 1948-2016 were calculated. The highest 
correlation coefficient amounting to 0.69 
refers to the courses for the entire year and 
spring. Correlations between the courses for 



422 Marek Nowosad

Geographia Polonica 2017, 90, 4, pp. 417-430

the entire year and for separate months show 
that the highest values concern correlation 
with January (0.66), March (0.59), as well 
as December (0.47) and February (0.47). The 
correlation between the courses in particular 
months is lower, and usually statistically insig-
nificant. Only the courses concerning February 
are significantly correlated (level of at least 
 0.05) with those in January (0.36), March 
(0.35), November (-0.32), and September 
(-0.31). It is difficult, however, to present the 
cause-and-effect dependency of the negative 
correlation between the course in February 
and courses in months representing the fol-
lowing autumn. 

Annual course of zonal index

The western component of the atmospheric 
circulation over Central Europe dominates 
over the eastern one almost throughout the 
year, especially in the cold half-year (Fig. 4). 
The mean value of the zonal index is positive 
incessantly from 3 June to 19 April. The low-
est mean values6 concern 8 May (-0.49 m ∙ s-1) 
and 25 April (-0.47 m ∙ s-1). Mean index for the 
six-day period from 7 to 12 May is -0.39 m ∙ s-1. 
Mean zonal index for the entire May is nega-
tive (-0.13 m ∙ s-1). It is also negative for the pe-
riod from 20 April to 2 June (-0.12 m ∙ s-1). No-
tice an increase in the zonal index during June 
(to the local maximum value of 1.04 m ∙ s-1 
on 19 June), and a decline through June and 
in the beginning of August (to the local mini-
mum value of 0.19 m ∙ s-1 on 8 August). The 
increase in the index in June can be associat-
ed with the intensification of circulation from 
the west, called ‘return to (surface) wester-
lies’ (e.g. Lamb 1953: 176; Lamb 1972: 295), 
‘European monsoon’ (e.g. Brooks 1946; Lamb 
1950: 421; Kossowska-Cezak 1994) or ‘onset 
of the European monsoon’ (Lamb 1972: 295).

The autumn increase in the zonal in-
dex takes place from the first half of Au-
gust to the end of November. The an-
nual maximum of the zonal index occurs 

6 The values in this section are simple long-term 
daily means (before filtering).

on 4 December (4.02 m ∙ s-1). Mean daily val-
ues are higher than 1.70 m ∙ s-1 from 17 Oc-
tober to 12 February. Notice that the mean 
zonal index for the period of 9-15 January 
is equal to 3.37 m ∙ s-1. A general decrease 
is observed from the first part of February 
to the second part of April, especially in the 
beginning of this period (from 3.06 m ∙ s-1 
on 4 February to 0.84 m ∙ s-1 on 14 February 
and 0.81 m ∙ s-1 on 17 February). The spring 
fall seems steeper than the autumn increase 
(Fig. 4).

Frequency of occurrence of some 
values of the zonal index

As was observed earlier, the mean zonal in-
dex value amounted to 1.41 m ∙ s-1 (a positive 
value indicates advection from the west), and 
extreme values were 15.8 m ∙ s-1 (12 January 
1993) and -9.4 m ∙ s-1 (2 February 1956). The 
highest frequency of occurrence of the zonal 
index value (in reference to 0.5 m ∙ s-1 intervals) 
concerns the interval > 0.5-1.0 m ∙ s-1 (more 
than 7% – Fig. 5). More than half of the ana-
lysed days (51.9%) was characterised by a zon-
al index from the interval from > 0 to 5 m ∙ s-1. 
Negative zonal index values (prevalence of the 
eastern component) occurred on somewhat 
more than 1/3 of days (34.8%).

The frequency of zonal index values rep-
resenting the prevalence of the eastern 
component over the western one for the 
period 1948-1970 amounted to almost 37% 
(Tab. 1). It is more than 2.5-3.2% higher than 
the analogical frequencies for periods 1971-
1993 and 1994-2016. The difference is the 
most evident in the case of values from -4 
to -5 m ∙ s-1. The turn of the 20th and 21st 
century was characterised by somewhat 
higher frequency of the zonal index in refer-
ence to values higher than 8 m ∙ s-1 (Fig. 6). 
The highest index values occurring on aver-
age once per 100 days in the analysed pe-
riod of 69 years (W > 10.28 m ∙ s-1) occurred 
in the first of the three designated multian-
nuals approximately 2.5 times more seldom 
that both in the multiannual 1971-1993 and 
1994-2016 (Tab. 1).
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Figure 4. The annual course of zonal index over Central Europe (1948-2016). The values shown by green 
line are smoothed with the filter for daily data proposed by von Storch and Zwiers (1999: 388)
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Figure 5. Frequency of occurrence of some values of zonal index over Central Europe (1948-2016)
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Discussion

As specified in chapter „Data and method”, 
data for this article were obtained from the 
NCEP/NCAR reanalysis (Kalnay et al. 1996). 
Attention is drawn to the fact that data from 
reanalyses should be approached very care-
fully (e.g. Brower et al. 2012: 169; Rutgersson 
et al. 2015). Among others Harnik and Chang 
(2003) noticed the intensification of storm 
tracks during the 1960’s to 1990’s. The com-
parison of results obtained by means of radio-
sondes and based on data from the NCEP/
NCAR reanalysis showed that the actual inten-
sification was weaker than suggested by data 
from reanalysis. The issue of homogeneity 
of reanalysis results was the subject of the 
paper by Sterl (2004), where the comparison 
of two reanalyses revealed a lot of inhomoge-
neities. Bąkowski and Woyciechowska (2006) 
compared data obtained from the NCEP/
NCAR reanalysis with those from aerologi-
cal measurements in three stations in Poland. 
High homogeneity was obtained in reference 
to pressure levels between 500-850 hPa and 
above 250 hPa. Considerable differences were 
determined for the zone between 250 and 
300 hPa. Miętus et al. (2009: 11) determined 
that both the delineation of the shoreline and 
land relief used in the NCEP/NCAR reanalysis 
are largely simplified. For example, from the 
perspective of the reanalysis, the Baltic Sea 
is a closed sea with surface area twice smaller 
than in reality. A general comment presented 
by Trenberth et al. (2010) concerns inhomo-
geneities of reanalysis data resulting from 
problems in quality and homogeneity of the 

basic observations. Brower et al. (2012: 169) 
shared an opinion that reanalyses bring poor 
results where a sharp wind gradient occurs. 
An important remark is included in the Fifth 
Assessment Report of the Intergovernmental 
Panel on Climate Change. Changes in the 
observational systems are among the causes 
of potential errors in reanalyses (Hartmann 
et al. 2013). Rutgersson et al. (2015: 72-73) 
undertook discussion on inhomogeneities 
concerning the NCEP/NCAR reanalyses data. 
It referred to among others the lack of data 
over oceans before the introduction of satel-
lites. Stryhal and Huth (2017) compared 5 at-
mospheric reanalyses, including NCEP/NCAR 
(referred to as NCEP-1 in the article) in terms 
of frequency of occurrence of circulation 
types in selected parts of Europe in winters 
1961-2000. Their research generally suggests 
that both the differences between reanalyses 
and the effect of the choice of reanalyses 
on results are underestimated in synoptic 
climatology.

Although this article only uses SLP data, 
and they largely consider the area of land, and 
although the majority of the study area has 
very high density of meteorological stations, 
earlier evidence encourages caution in the 
interpretation of the obtained results. This 
particularly concerns comparisons from the 
1950’s and 1960’s with the remaining part 
of the study period.

The obtained values of the zonal index con-
stituting a component of zonal geostrophic 
wind seem to be relatively low. This results 
from the consideration in the applied method 
of data concerning a major part of Europe. 

Table 1. Frequency (in %) of occurrence of exceedance of selected percentiles and negative and positive 
zonal index values over central Europe in the periods 1948-1970, 1971-1993, 1994-2016, and 1948-2016

W < -5.27 m ∙ s-1

(1 percentile 
for 1948-2016)

W < 0 m ∙ s-1 W  0 m ∙ s-1 W > 0 m ∙ s-1
W > 10.28 m ∙ s-1

(99 percentile 
for 1948-2016)

1948-1970 1.23 36.82 0.01 63.17 0.45

1971-1993 0.87 33.58 0.02 66.40 1.26

1994-2016 0.90 34.08 0.05 65.87 1.27

1948-2016 1.00 34.83 0.03 65.14 1.00
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Mean geostrophic wind speed calculated 
for the analysed area (1948-2016) amounts 
to 3.9 m ∙ s-1. Marosz (2016: 9) considered 
a smaller area, and obtained mean geostroph-
ic wind speed of 7.4 m ∙ s-1. Even higher mean 
values for geostrophic wind were obtained 
in reference to 16 regions of Poland, namely 
from 8.0 to 10.2 m ∙ s-1 (1971-2008) (Marosz 
& Miętus 2012: 96).

Lityński (1969, 1970, 1973) adopted a co-
efficient of 4.8 for geostrophic wind speed 
in the simplified version of the formula. With 
such an assumption, he considered air den-
sity of 1,276 g ∙ m-3, corresponding to temper-
ature of 273.15 K. Zonal index is an impor-
tant component of the popular classification 
of circulation types developed by Lityński 
(1969, 1970, 1973) and broadly applied in Po-
land. According to Kaszewski’s (2001) opin-
ion, Lityński classification was used in about 
15% of synoptic climatology papers written 
by Polish authors. Therefore, for the compa-
rability of this article with other papers us-
ing the said classification, the same criteria 
were used as those applied by Lityński. Due 
to the dependency of geostrophic wind on air 
temperature and atmospheric pressure, 
however, the obtained results should be con-
sidered as approximate. This particularly 
concerns chapter „Annual course of zonal 
index”, where Figure 4 presents a somewhat 
overestimated annual course (the presented 
annual amplitude is somewhat too high). 
Calculations of components of geostrophic 
wind speed by Marosz and Miętus (2012: 92) 
adopted air density of 1,255.7 g ∙ m-3, 
i.e. lower than that adopted by Lityński. The 
density was computed based on mean an-
nual air temperature estimated for Poland 
(7.95°C  281.1 K). Geostrophic wind speed 
is known to be directly proportionate to air 
temperature (e.g. Kopcewicz 1959: 68). This 
suggests that indices calculated in this arti-
cle based on the assumptions of Lityński will 
constitute, due to adopting lower tempera-
ture in comparison to that adopted by Ma-
rosz and Miętus (2012), approximately 97.2% 
of analogical values obtained in the afore 
cited paper (100 ∙ 273.15 ∙ 281.1-1%  97.2%).

The annual course of the zonal index for 
standard latitudes for the North Atlantic was 
characterised based on the period 1899-1980 
with two maximums (primary in January and 
secondary in July), and two minimums – pri-
mary in May and secondary in September 
(Sahsamanoglou 1990: 398). The annual 
course shown in Figure 4 is characterised 
by partly similar features. The secondary ex-
tremes are indistinctly marked, and the sec-
ondary minimum takes place earlier (in the 
beginning of August).

The zonal index analysis for the Northern 
Hemisphere (Kożuchowski 1993) showed 
a strong decrease in the value of the index 
between January and March. A similar situa-
tion is observed in Figure 4. The North Atlantic 
Oscillation is commonly considered to be the 
major factor determining the European zonal 
circulation between December and March. 
Another way to define the index describing 
zonal inflow (progression index) was proposed 
by Murray and Lewis (1966). The method has 
been slightly modified twice by Niedźwiedź 
(1978, 2000). After the second modification, 
the index was named the zonal index W. This 
version of the index is the sum of daily scores 
ascribed to selected directions of air flow: 
+2 or W, +1 for NW and SW, -2 for E, and -1 for 
NE and SE (Niedźwiedź 2000: 380). The Mur-
ray and Lewis method with Niedźwiedź’s mod-
ification was used by Kaszewski and Filipiuk 
(2003) for the Hess-Brezowsky classification 
for the summer season, as well as by Nowo-
sad (1998) for Niedźwiedź’s catalogue of the 
South Poland circulation types for the annual 
course.

Nowosad (1998: 38) analysed the period 
1951-1990 and found the highest value of the 
progression index between 9 and 13 Decem-
ber, and low values between 15 April and 
4 June. Such results are similar to the image 
presented in Figure 4. The sudden decrease 
in the zonal index in the middle of February 
is detectable by means of both methods. The 
annual maximum of the index occurs approxi-
mately one week earlier in the present paper 
(of course the period 1948-2016 discussed 
here is a little longer). The beginning of the 
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spring minimum period is shown four days 
later using the zonal index analysed in the 
present paper, and the end of the minimum 
is the same (3/4 June).

The fluctuations of the zonal index for 
the entire year (Fig. 1) are similar (it applies 
to the period 1958-1970) to the fluctuations 
of the index calculated for a slightly different 
area – from 35° to 55°N and (for the area 
named „B”) from 10° to 40°E (Makrogiannis 
1984: 47). For example low index values are 
determined for 1959 and 1960, an increase 
for 1961, a decrease for 1964, and a decrease 
for 1967-1969. The similarity between mean 
annual hemispheric zonal index (Kożuchowski 
1993: 857) and the zonal index over Central 
Europe shown in the present paper is evident 
(e.g. a decline in 1948-1950, an increase 
in 1951-1952, a decrease in 1956-1958, 
a maximum in 1961). Some extremes of the 
two courses of these indices are shifted by one 
year. According to Kożuchowski (1993: 854), 
the highest annual value of the hemispheric 
zonal index (for the period of 1889-1990) was 
observed in 1990. The maximum of the index 
calculated in the present paper for the period 
1948-2016 also took place in 1990 (Fig. 1).

Kożuchowski et al. (2000: 31) designat-
ed periods with similar zonal circulations: 
1938-1956 (weak zonal circulation through-
out the year, some years with intensified zonal 
circulation, and some years with weak winter 
zonal circulation), 1957-1970 (weak zonal cir-
culation throughout the year, some years with 
weak winter zonal circulation, and some years 
with intensified zonal circulation throughout 
the year), 1971-1986 (weak zonal circulation 
throughout the year, some years with intensi-
fied zonal circulation, some years with strong 
winter zonal circulation, and some years with 
weak winter zonal circulation), and the last 
period 1987-1998 (intensified zonal circulation 
throughout the year, some years with strong 
winter zonal circulation, and some years with 
weak zonal circulation throughout the year). 
They named these the circulation epochs. 
Mean zonal index for these periods according 
to Lityński’s method is as follows: 1.34 m ∙ s-1 
(1948-1956), 0.97 m ∙ s-1 (1957-1970), 

1.43 m ∙ s-1 (1971-1986), and 1.71 m ∙ s-1 (1987-
1998). The boundaries of such ‘epochs’ are 
not clearly visible in Figures 1, 2, and 3. The be-
ginning of the last period can be defined one 
year later (the zonal index for 1987 is equal 
to 0.93 m ∙ s-1 and lower than the mean value 
for the period 1948-2016). The period 1988-
1995 with the mean index of 1.99 m ∙ s-1 has 
been mentioned earlier. On the other hand, 
it is noticeable that the mean index for the 
period 1988-2000 (except 1996) is equal 
to 1.97 m ∙ s-1.

The zonal index for the North European 
area was analysed by Jönsson and Bärring 
(1994). According to the authors, the zonal 
index has shown an upward trend since the 
end of the 1960’s. The linear trend based 
on this study limited to data for the period 
1960-1992 is statistically significant on the 
level of at least   0.05, and the mean 
increase in the index is equal to 0.35 m ∙ s-1 
per 10 years (while it equals only 0.08 m ∙ s-1 
per 10 years for the entire period 1948-2016 
– see Fig. 1).

Some results of the present paper are simi-
lar to those of Niedźwiedź (2000). Niedźwiedź 
analysed the period 1880-1999. Mean annual 
zonal index reached the maximum for 1990. 
The maximum zonal index calculated us-
ing Lityński’s concept also occurred in 1990 
(Fig. 1, black line). On the other hand, accord-
ing to Niedźwiedź (2000), the greatest inten-
sity of westerly flow also occurred from 1983 
to 1994. The period is not clearly represented 
in the present paper. Negative index values 
were emphasised by Niedźwiedź for 1963, 
1972, and 1996. Low values were recorded 
for 1963 and 1996 using the present paper’s 
method.

The geostrophic wind vector for the area 
of Poland (calculated using gradients for the 
area between 45°-60°N and 10°-30°E) was 
presented by Degirmendžić et al. (2004) and, 
with very little difference (from 15° to 30°E), 
by Kożuchowski (2004). The time series of the 
westerly component of the geostrophic wind 
vector showed deep minimums in 1959-1960, 
1968-1969, 1996, as well as maximums 
in 1983 and 1989-1990 (Degirmendžić et al. 
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2004: 298). The same extremes are shown 
in Figure 1 (black line).

Similar minimums of the spring zonal index 
are observed for South Scandinavia, South Po-
land, and Central Europe (Jönsson & Bärring 
1994: 211; Niedźwiedź 2000: 384; this pa-
per Fig. 2) – in 1960, 1974 (except South Po-
land), 1980, and 1984, as well as maximums 
for South Scandinavia and Central Europe 
in 1961, 1967-1968, 1982, and 1990.

Kaszewski and Filipiuk (2003) pointed 
to the period of 1971-1998 as one with the 
least intensive westerly zonal circulation (ac-
cording to summer). Low values of the sum-
mer Central European Zonal Index since 1960 
were shown by Jacobeit et al. (2001: 227). This 
situation was not confirmed by the analysis 
based on the method used in this paper (see 
Fig. 2). On the other hand, some extreme sum-
mer indices are similar in Kaszewski and Fil-
ipiuk (2003) and the present paper (e.g. the 
minimums in 1969 and 1997 and the maxi-
mum in 1974).

The three unequivocal maximums (1978, 
1983, 1986), and the clear minimum (1976) for 
the autumn index are visible for South Scandi-
navia and Central Europe (Jönsson & Bärring 
1994: 211; present paper Fig. 2). These ex-
tremes are not shown by Niedźwiedź’s method 
(2000: 386).

A common feature of some characteristics 
for the winter season is an increase in the zon-
al index during the second half of the 1980’s 
(Jönsson & Bärring 1994: 211; Niedźwiedź 
2000: 383; Jacobeit et al. 2001: 226; Heino 
et al. 2008: 38; this paper Fig. 3).

Conclusions

A statistically significant increase in the zonal 
index in the period 1948-2016 was determined 
for winter and for the entire year. No trends 
were found for summer and autumn. An in-
creasing trend for spring is observed on a low 
significance level. Comparisons of trends 
based on reanalyses, however, should be ap-
proached with high caution. Lack of data 
from satellite images in earlier years and 
application of the data in reanalyses in the 

following years can lead to inhomogeneities 
in comparisons.

A pronounced increase in the winter zonal 
index took place between 1984/1985 and 
1988/1989 (Fig. 3). This result is similar to the 
those published in other papers.

The variability of the mean zonal index, de-
scribed by the standard deviation, is the high-
est in winter, and the lowest in summer.

A significant increasing trend of stand-
ard deviation (s) was observed for the entire 
year, as well as a significant increasing trend 
of 99 percentile. This suggests an increase 
in the variability of the zonal index calculated 
by Lityński formula, and an increase in the 
highest annual values of the index (westerly 
component of atmospheric circulation) in the 
analysed years.

The zonal index calculated for the area 
of Central Europe according to Lityński’s 
assumptions is characterised by a clear an-
nual course (Fig. 4). Mean positive index val-
ues occurred during the period from 3 June 
to 19 April, with a maximum at the beginning 
of December. The steep fall of the index is ob-
served from February to April, especially in the 
middle of February.

Each mean annual zonal index value 
in the period 1948-2016 was positive. This 
suggests the prevalence of the westerly 
component of atmospheric circulation over 
the easterly one. Such prevalence occurred 
on approximately 65% of days of the multi-
annual. On more than half of days, the zon-
al index adopted values in a range from 0 
to 5 m ∙ s-1.

The frequency of the zonal index concern-
ing values exceeding 8 m ∙ s-1 was higher after 
1993 in comparison to the frequency in ear-
lier years. The frequency of zonal index val-
ues concerning negative values (representing 
the easterly component) exceeded 1/3, and 
was on average more than approximately 3% 
higher before 1971 than in later years.
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