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Abstract T he p ap er d iscusses the frequency, persistence  
and  succession  sequence o f  six types o f  a ir m ass during 
the p e riod  1951-2010 . T he study, w h ich  re lied  o n  a  calendar 
o f  a ir  m a s s e s  in  s o u th e r n  P o la n d  p u b l i s h e d  b y  T. 
N iedźw iedź, concludes th a t there is no  sim ple relationship  
betw een  the persistence and  the frequency  o f  specific air 
m asses in  the region. T he study  found  th a t there w as a  great 
varie ty  in  the persistence o f  specific types o f  a ir m ass and  
th a t persistence depended  m ore o n  the d irection  o f  a ir m ass 
advection  than  o n  th e ir frequency  o f  occurrence. T he study 
also failed  to iden tify  any  stric t overall ru le  o f  succession, as 
any  air m ass cou ld  fo llow  after any  other, b u t certain  finer- 
g rained  patterns em erged. In  w in te r and  sum m er, arctic air 
(A ) n ev er fo llow ed  d irec tly  after trop ica l a ir (T ) o r v ice 
versa. A lso , the m o s t frequen t succession  sequence identi
fied w as from  P o lar m aritim e fresh  a ir (m P f) to  P o lar m ar
it im e  o ld  a n d  i t  a c c o u n te d  fo r  th e  v a s t  m a jo r i ty  o f  
successions from  m P f  into any  o ther a ir m ass (6 3  %  annu
ally  and  7 6  %  in  sum m er).

1 Introduction

T he types o f  a ir m ass p resen t over an  a rea  sign ifican tly  
in fluence  the  loca l w eather. T h is in fluence  goes b ey o n d
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specific va lues o f  w ea ther elem ents and  also covers their 
tim ing (N iedźw iedź 1981; Tw ardosz 20 0 5 ; T w ardosz e t al. 
2011a, b ), especially  in  the case o f  dangerous atm ospheric 
phenom ena (Tw ardosz 2010). T he study o f  air m ass variab il
ity has the potential, therefore, to  contribute to b o th  applied 
m e teo ro logy  an d  to  a  b e tte r unders tand ing  o f  th e  causes 
beh ind  con tem porary  clim ate variation , especially  the o b 
served  g ro w th  in  a ir tem pera tu re  (K alk s te in  e t al. 1998; 
T w ardosz and  K ossow ska-C ezak 2012). N evertheless, c lim a
tologists rarely  take up this topic because, as w as aptly  pointed  
ou t b y  U strnul (2007), there is a  severe shortage o f  calendars 
o f  a ir m ass types.

W h a t research  is available is m ain ly  ab o u t the frequency  
o f  occurrence o f  a ir m asses. R e levan t studies perta in ing  to 
the territo ry  o f  Po land  include those b y  R afa łow sk i e t al. 
( 1955), B o łaszew ska and  R eu tt ( 1962), W arakom ski ( 1969), 
and  W ięc ław  (20 0 4 ), w h ile  w orks p u b lish ed  b y  B uchert 
(2006 ) and  N iedźw iedź  (20 0 0 , 2003 ) w en t dow n to the scale 
o f  a  region. A  no tab le  study  by  K aszew sk i ( 1977) identifies 
a  re la tionsh ip  betw een  arctic and  trop ica l a ir advection , on  
th e  one han d , an d  sy n o p tic  s itua tions in  cen tra l-easte rn  
Po land  o n  the other. T he seasonality  o f  a ir m ass frequency  
w as also  s tu d ied  in  o th e r areas, e sp ec ia lly  in  the  U S A  
(Schw artz  1995 ; K alkste in  et al. 1996, 1998). T hese studies 
also detail m ethods for the iden tification  o f  air m ass types.

Persistence is a  characteristic  o f  a ir m ass variab ility  tha t 
is b o th  im portant, especially  for fo recasting  (O suchow ska- 
K lein  1975), and  ra re ly  researched . S tudies into th is char
acteristic  w ere pub lished , am ong o thers, b y  W arakom ski 
( 1969), W ięc ław  (2 0 0 4 ), an d  recen tly  b y  K o tas  (20 1 1 ). 
S tudies on  persistence are, how ever, availab le  fo r circu lation  
types (e.g. K ysely  and  D om onkos 2006 )

In  th is study, the au thors focused  o n  the seasonal and  
annual variab ility  o f  six a ir m ass types in  sou thern  P o land  
during the 60 years spanning  1951-2010 . T hree character
istics w ere taken  into accoun t: frequency, persistence and  
succession  sequence.
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2 Data and methods

The study relies on a calendar of air masses of southern 
Poland during the period 1951-2010 published by 
Niedźwiedź (2011). Air masses identified by Niedźwiedź 
are based on a classification widely adopted in meteorolog
ical services (American Meteorological Society 2000) 
which involves source regions (known as a “geographical 
classification”) and thermal and moisture properties 
(c—continental, m—maritime, w—warm) based on a clas
sification by Bergeron (1928). Niedźwiedź identified six air 
masses:

• Arctic—A
• Polar maritime (fresh)—mPf
• Polar maritime old (transformed)—mPo
• Polar maritime warm—mPw
• Polar continental—cP
• Tropical—T

Niedźwiedź classified days with more than one air mass 
as days with various air masses (vAm). His study area was 
defined as: 49-51°N and 18-24°E (Fig. 1).

Using his calendar, the authors identified the average 
frequency and persistence of air masses in separate seasons 
and in the whole year and their confidence intervals. Strings 
of days with a given air mass interrupted by a single day

with a different air mass were still counted as one. Strings 
that straddled across a seasonal divide were included in the 
season where a larger portion of the days fell or, where these 
numbers were equal, the string was included in the earlier 
season. The study also investigated the variability of fre
quency and of persistence through the period.

For each air mass type, the study identified the numbers 
of strings of different persistence, their frequencies and the 
proportion of the total days in strings of a given length in the 
overall total number of days with that air mass in the period.

The frequency of succession sequences was also identi
fied, i.e. the occurrence after a given air mass of another air 
mass. The research topic of succession deals with qualitative 
data, such as air masses. In this study, succession was 
approached in two ways: (1) by investigating the frequency 
of the total variability (all instances of succession from one 
air mass to another representing 100 %) and (2) by investi
gating the frequency of succession from a given air mass to 
another given air mass (where the frequency of all instances 
of succession from the former air mass represent 100 %).

3 Frequency

Air masses in southern Poland feature a whole range of 
thermal and humidity characteristics. During the 60-year

Fig. 1 Location of study area
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Table 1 Frequency (in percent) 
of air masses over southern 
Poland and its 95 % confidence 
interval (1951-2010)

Air masses Spring Summer Autumn Winter Year

Arctic-A 11.6± 1.8 3.1±1.0 8.6±1.4 8.9±1.6 8.0±0.8
Polar maritime (fresh)—mPf 13.6±1.6 25.6±2.2 16.6±1.8 14.0±1.6 17.5±1.2
Polar maritime old (transformed)—mPo 31.1 ±3.0 35.4±2.4 31.4±2.4 32.9±2.4 32.7±1.8
Polar maritime warm—mPw 6.6±1.2 3.7±1.0 10.2±1.6 9.3±1.6 7.4±0.8
Polar continental—cP 23.5±2.6 18.6±2.6 20.1±2.8 23.6±3.4 21.4±1.6
Tropical—T 3.7±1.0 4.3±1.2 3.3±1.0 1.0±0.6 3.1±0.6
Various air masses—vAm 10.0±2.0 9.3±1.8 9.8±1.8 10.5±2.0 9.8±1.8

study  p eriod , the  m o s t freq u en t a ir  m ass w as th e  P o lar 
m aritim e o ld  (transform ed) a ir w h ich  accoun ted  fo r app rox 
im ately  one th ird  o f  all days, includ ing  35 %  in  sum m er and 
31 %  in  spring  and  au tum n (Table 1 ). T h is is com patib le 
w ith  an  earlier study  b y  B o łaszew ska and  R eu tt ( 1962), w ho 
concluded  th a t th is a ir m ass type  w as th e  m o s t frequent 
across P o land . P o lar con tinen tal a ir w as the second  m ost 
frequent a t 24 %  in  w in te r and  spring and  19 %  in  sum mer. 
S um m er w as also  the season  w hen  m P f  increased  in  fre
quency  to  26 %. O ther a ir m asses w ere less frequent, espe
cially  the ones o rig inating  ou tside the m oderate  latitudes, 
and fo llow  seasonal patterns. P o lar m aritim e w arm  air is 
nearly  2.5 tim es m ore frequent in  au tum n (10 % ) th an  in  
sum m er (4 % ); A rc tic  a ir p eak s  in  freq u en cy  in  sp ring  
(12 % ) and  reaches its low  in  sum m er (3 % ); trop ical a ir is 
a t its  m o s t freq u en t in  su m m er (4 % ) an d  a t th e  le a s t 
frequent in  w in ter (1 %). F inally , there are abou t 10 %  o f  
days w ith  a ir m ass change in  all seasons.

N o sta tistically  sign ifican t seasonal variab ility  w as found 
in  the m o s t frequent a ir m asses, i.e. m P o and  cP, as th ey  are 
typ ica l o f  the clim ate zone o f  the study  area w ith  its consis
ten t p revalence o f  zonal circulation. T he rem ain ing  four air 
m asses d isp lay  clear seasonalities. T here is also a  g rea t deal 
o f  year-to -year variab ility  o f  the sam e a ir m asses. F or ex 
am ple, arctic a ir m ay  n o t occur in  the spring o f  1 y ear bu t 
m ay  p ers is t for 30 %  o f  days in  the sam e season  o f  the 
fo llow ing y ear (Table 2 ).

4 Persistence

4.1 A verage persistence

In  so u th e rn  P o lan d  a ir  m asses  p e rs is t in  s trin g s o f  2 .2  
consecutive days o n  average. T here is a  go o d  deal o f  d iffer
ence betw een  each  type, how ever, such  as 1.6 days for m P w  
in  sum m er and  4.3 days for cP  in  w in te r (Table 3). T he m ost 
frequent a ir m ass o f  all, m Po, m ain ta ined  a  consisten t aver
age persistence in  a ll seasons a t 2 .6  days. A  m u ch  shorter 
average persistence w as ca lcu lated  for m P f  and  m P w  a ir at 
approxim ately  1 day  each. In  sum m er, the tw o types d iffered  
sign ifican tly  a t 2 .2 ± 0 .1  day  for m P f  and  1 .6 ± 0 .2  day  for 
mPw . In  the rem ain ing  seasons, any  differences betw een  
these types w as insign ifican t a t a = 0 .05 . T he re la tive ly  short 
persistence o f  m P f  and  m P w  a ir m asses w as a  resu lt o f  the 
rap id  m ovem en t o f  depressions across Poland  accom panied  
b y  ex tensive system s o f  fronts and  a  subsequen t tran sfo r
m ation  o f  these m asses into m Po. T his type  o f  transfo rm a
tio n  is th e  q u ic k e s t in  w in te r  and  in  sp ring , w h en  th e  
tem pera tu re  d iffe ren tia l be tw een  the  A tlan tic  O cean  and  
land  in  E urope is a t its greatest. A t th a t tim e, its average 
persistence stands a t 1.7 days. In  sum m er, th is transfo rm a
tion  p rocess is m u ch  slow er and  the persistence  extends to
2.2 days o n  average.

A m ong  the six types o f  a ir m ass, cP  a ir stands o u t w ith  its 
lo ngest average  pers istence  o v e r th e  w ho le  y ea r and  no

Table 2 Range of frequency variability (a) minimum and (b) maximum (in percent) of air masses in southern Poland (1951-2010) (number of 
extreme occurrences in brackets)

Air masses Spring Summer Autumn Winter Year

a b a b a b a b a b

A 0.0 (1) 30.4 (1) 0.0 (20) 14.1 (1) 0.0 (1) 24.2 (1) 0.0 (2) 22.0 (1) 2.5 (1) 17.0 (1)
mPf 3.3 (1) 32.6 (1) 8.7 (1) 55.4 (1) 4.4 (1) 33.0 (2) 1.1 (1) 26.7 (1) 10.7 (3) 29.0 (1)
mPo 13.0 (1) 70.7 (1) 20.7 (1) 63.0 (1) 13.2 (1) 53.8 (2) 14.4 (1) 51.1 (1) 19.7 (1) 53.7 (1)
mPw 0.0 (2) 20.7 (1) 0.0 (11) 16.3 (1) 1.1 (1) 30.8 (1) 0.0 (3) 26.7 (1) 0.8 (1) 14.8 (1)
cP 2.2 (1) 46.7 (1) 0.0 (1) 44.6 (1) 2.2 (2) 48.4 (1) 1.1 (1) 57.8 (1) 8.8 (1) 38.9 (1)
T 0.0 (20) 15.2 (2) 0.0 (17) 19.6 (1) 0.0 (17) 17.6 (1) 0.0 (42) 11.1 (1) 0.0 (2) 10.1 (1)
vAm 0.0 (6) 26.1 (1) 0.0 (6) 22.8 (1) 0.0 (8) 25.3 (3) 0.0 (6) 31.1 (1) 0.0 (3) 24.4 (1)
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Air masses Spring Summer Autumn Winter Year
Table 3 The average persis
tence of air masses (in days) and 
their 95 % confidence intervals 
(1951-2010) A 2.50±0.22

mPf 1.73±0.10
mPo 2.52±0.16
mPw 1.66±0.14
cP 3.83±0.36
T 2.00±0.30
vAm 1.29±0.06
Avg. 2.30±0.08

1.94±0.26 2.29±0.20
2.17±0.14 1.91±0.14
2.51±0.16 2.63±0.18
1.56±0.18 2.01±0.20
3.32±0.32 3.95±0.46
1.86±0.20 1.90±0.26
1.26±0.06 1.22±0.06
2.20±0.08 2.30±0.08

2.12±0.20 2.27±0.12
1.67±0.10 1.90±0.06
2.64±0.18 2.57±0.08
1.93±0.16 1.83±0.08
4.25±0.44 3.83±0.20
1.56±0.30 1.88±0.14
1.33±0.06 1.27±0.04
2.30±0.08 2.27±0.04

sign ifican t seasonality  ( a = 0 .05). W arakom ski ( 1969) and  
W ięcław  (2004 ) found  cP  to  be  the m o s t pers isten t in  the 
w hole o f  Poland , w h ich  m ust be a ttribu ted  to the v ery  great 
stab ility  o f  the eastern  c ircu lation  from  w here  th is type  o f  air 
m ass com es (O suchow ska-K lein  1975).

Tw o a ir  m asse s  th a t a rriv e  in  so u th e rn  P o lan d  from  
outside m oderate  latitudes, i.e. T  and  A , stand ou t w ith  their

longest springtim e persistence a t 2 and  2.5 days, respective
ly. It is th e ir effect th a t is beh ind  the typ ica lly  h ig h  w eather 
variab ility  in  springtim e, w h ich  ranges from  frosty  spells to 
hea t w aves, as m erid ional c ircu lation  increases its share at 
the cost o f  long itud inal c ircu lation  (N iedźw iedź e t al. 2009 ). 
A -type a ir m asses arrive in  Po land  in  connection  w ith  h igh  
pressure system s, w h ich  tend  to  be  m ore stable. F inally, air

Table 4 Number of strings of days with individual air masses (NS), frequency (in percent) of strings (FS), and the proportion (in percent) of each 
string length in the total number of days with that air mass type (FD) (1951-2010)

Air Strings of days
masses

1 2 3 4 5 6 7 8 9 10 11-15 16-20 21-30 2

A NS 301 233 118 63 32 15 10 4 2 1 2 - - 781
FS 38.5 29.8 15.1 8.1 4.1 1.9 1.3 0.5 0.3 0.1 0.3 - - 100
FD 17.0 26.3 19.9 14.2 9.0 5.1 3.9 1.8 1.0 0.6 1.2 - - 100

mPf NS 1,118 496 233 101 61 20 15 3 4 4 6 - - 2,061
FS 54.2 24.1 11.3 4.9 3.0 1.0 0.7 0.1 0.2 0.2 0.3 - - 100
FD 28.5 25.3 17.8 10.3 7.8 3.1 2.7 0.6 0.9 1.0 1.9 - - 100

mPo NS 1,230 605 360 232 131 104 63 40 18 11 34 8 - 2,836
FS 43.4 21.3 12.7 8.2 4.6 3.7 2.2 1.4 0.6 0.4 1.2 0.3 - 100
FD 16.9 16.6 14.8 12.7 9.0 8.6 6.0 4.4 2.2 1.5 5.5 1.8 - 100

mPw NS 510 217 101 33 19 16 4 2 2 2 1 - - 907
FS 56.2 23.9 11.1 3.6 2.1 1.8 0.4 0.2 0.2 0.2 0.1 - - 100
FD 30.7 26.1 18.2 7.9 5.7 5.8 1.7 1.0 1.1 1.2 0.7 - - 100

cP NS 301 271 195 103 113 58 31 45 31 24 38 15 5 1,230
FS 24.5 22.0 15.9 8.4 9.2 4.7 2.5 3.7 2.5 2.0 3.1 1.2 0.4 100
FD 6.4 11.5 12.4 8.7 12.0 7.4 4.6 7.6 5.9 5.1 10.1 5.6 2.6 100

T NS 188 95 46 24 5 2 2 - - 1 1 - - 364
FS 51.6 26.1 12.6 6.6 1.4 0.5 0.5 0.0 0.0 0.3 0.3 - - 100
FD 27.5 27.8 20.2 14.0 3.7 1.8 2.0 - - 1.5 1.6 - - 100

vAM NS 1,157 244 50 16 3 - - - - - - - - 1,470
FS 78.7 16.6 3.4 1.1 0.2 - - - - - - - - 100
FD 61.7 26.0 8.0 3.4 0.8 - - - - - - - - 100

Total NS 4,805 2,161 1,103 572 364 215 125 94 57 43 82 23 5 9,649
FS 49.8 22.4 11.4 5.9 3.8 2.2 1.3 1.0 0.6 0.4 0.8 0.2 0.1 100.0
FD 21.9 19.7 15.1 10.4 8.3 5.9 4.0 3.4 2.3 2.0 4.5 1.8 0.6 100.0

The largest values given in italics
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m ass change is found  to  be  largely  lim ited  to  single days and 
averages 1.3 days.

G enerally , there  is no sim ple relationsh ip  b e tw een  the 
persistence o f  ind iv idual types o f  a ir m ass and  their frequen
cy. It is the d irection  o f  advection  w h ich  p lays a  sign ifican t 
ro le here  and  eastern  c ircu lation  tends to  supply  a ir m asses 
th a t p ers is t for a  longer tim e. T his is particu larly  true o f  the 
cP  m ass, th e  m o s t freq u en t a ir  m ass a rriv in g  w ith  th is  
c ircu lation  (N iedźw iedź 1981). N orthern  c ircu lation  favours 
A -type m asses and  the ir h ighes t frequency  is in  springtim e.

4.2 S trings o f  days w ith  a ir m asses

The sim ilarity  o f  the average seasonal persistence betw een  
various air m ass types m ean t th a t in  the search  for d iffer
ences the study  h ad  to  tu rn  to  annual pa tterns (Table 4 ). 
Seasonal va lues w ere  on ly  com pared  in  term s o f  m ax im um  
persistences (Table 5).

T he p e rs is ten ce s  ra n g e d  from  sin g le  d ay s to  3 0 -day  
strings (Tables 4 and  5). S ing le-day  persistences w ere a  clear 
m a jo rity , e sp ec ia lly  in  th e  “v a rio u s  a ir  m a ss” ca te g o ry  
(79 % ) and  the trop ica l a ir (52 % ). S ing le  days w ere the 
m ost frequent in  all types o f  a ir m ass and  rep resen ted  the 
largest p ropo rtion  o f  days w ith  a  g iven  air m ass w ith  the

excep tion  o f  cP  air. H ere too , P o lar con tinen tal a ir occurred  
m ost frequently  on  single days, b u t the to ta l num bers o f  
days w ith  th a t a ir m ass in  o ther string  persistences (2, 3, 5 
and  11-15  day  strings) w ere  g reater th an  th a t in  single day 
occurrences.

O verall, the  g rea test num ber o f  strings w ith  a  single air 
m ass type  ranged  from  1 to  3 days long, w h ich  w as typ ical 
o f  the ir variab ility  in  b o th  sou thern  Po land  and  in  the w hole 
coun try  (W arakom ski 1969). A t the o ther end  o f  the spec
trum , there w ere  long  spells th a t som etim es even  involved  
air m asses o rig inating  from  outside m odera te  latitudes. For 
exam ple, there w ere tw o long  spells o f  A  lasting  for 11 
consecu tive  days (1 0 -2 0  A pril 1977 and  2 -1 1  F ebruary  
2004) (Table 5). A lso , T  tended  to  persist for longer periods 
and peaked  a t 11 days one au tum n (Table 5).

Po lar con tinen tal a ir has the w idest range o f  persistences 
w ith  the lo n g est string  lasting  fo r 30 days (3 O ctober-1  
N ovem ber 1951) (Table 5). A s a  resu lt o f  th a t particu lar 
spell o f  P o la r con tinen ta l advection , th is  p a rt o f  E u rope  
suffered  an  acute prec ip ita tion  deficit, includ ing  a  com plete 
lack  o f  p rec ip ita tion  a t m an y  w eather stations (C ebu lska  and 
T w ardosz 2010 ).

L ong  persistence  o f  a  g iven  cP  air m ass is linked  w ith  a 
stagnation  o f  h igh  pressure system s over sou thern  Poland,

Table 5 The maximum duration of air masses (1951-2010)

Air masses Spring Summer Autumn Winter

Duration Data of the 
beginning 
and end

Duration Data of the 
beginning 
and end

Duration Data of the 
beginning 
and end

Duration Data of the 
beginning 
and end

A 11 10-20 April 
1977

8 1-8 June 1962 9 13-21 September 
1977, 21-29 
October 1997

11 9-19 February 
2004

mPf 8 21 -28 May 
1960, 27 
February-6 
March 1990

13 13-25 August 
1961, 2-14 
July 2003, 2-14 
August 2006

11 24 September-4 
October 1997, 
26 October-5 
November 1998

6 23-28 December 
1954, 14 -19 
January 1984

mPo 16 23 March-7 
April 1951, 
18 April-3 
May 2006

16 10-25 June 1989 16 1 -16 November 
1959, 10-25 
October 1980

19 20 December 1960
7 January 1961

mPw 11 26 February- 
8 March 1959

7 25 June-1 
July 2009

10 7-16 October 
1976, 18-27 
October 1989

9 30 November- 
8 December 2000

cP 22 11 March-1 
April 1956

19 23 May-10 
June 1963

30 3 October-1 
November 1951

21 12 December 1969
1 January 1970

T 11 27 April-7 
May 1969

7 7-13 July 
2006, 21-27 
July 2006

10 4-13 October 
1966

4 15-18 December 
1964, 19-22 
February 1966

vAm 5 21 -25 March 
1970, 23-27 
March 1992

5 7-11 June 2009 4 8-11 November 
1979, 20-23 
October 1986

4 6-9 February 1981, 
1-4 February 1983, 
23-26 December 
1983, 20-23 
February 1995
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Table 6 Frequency (in percent) 
of overnight change of air 
masses during the year

The largest values given 
in italics

Air mass Air mass on given day

A mPf mPo mPw cP T vPm

Air mass on following day A 56.0 4.4 3.1 2.5 1.2 1.2 14.7
mPf 4.0 47.4 11.0 18.8 2.8 17.4 33.2
mPo 18.8 33.4 61.1 13.4 12.1 13.2 16.8
mPw 2.8 5.4 5.4 45.5 1.7 3.1 7.8
cP 14.2 2.5 10.3 2.1 73.9 3.7 3.7
T 0.2 1.4 1.8 3.8 1.5 46.8 2.2
vAm 4.1 5.6 7.2 13.8 6.8 14.8 21.6

especially  in  autum n, w h en  they  are p resen t for up  to 60 %  
o f  the tim e o n  average (T w ardosz e t al. 2011a, b ). U sing  the 
c ircu la tion  ca lendar b y  N ied źw ied ź  ( 1981, 2011), it  w as 
estab lished  th a t in  O ctober 1951 the dom inan t c irculation  
w as anticyclonic w ith  air advection  from  the east o r southeast, 
w hich  b rough t in  the cP  m asses.

5 Succession

S uccession  is a  very  im portan t characteristic  o f  a ir m asses, 
especially  from  the perspective o f  app lied  m eteorology. A ir 
m asses can  succeed one ano ther b y  rep lacem ent (as a  resu lt 
o f  the p assage  o f  a  front) o r th rough  transform ation , b u t th is 
d iv ision  is beyond  the scope o f  th is study.

In  an  average y ear o f  the study  period, 1 951 -2010 , air 
m asses w ere  rep laced  o r transfo rm ed  on  161 days, o r every

2.3 days. D ifferences in  frequency  betw een  w in te r (39 days) 
and  sum m er (41 days) are n o t due to  d ifferen t persistences 
o f  the air m asses (on average approx. 2.3 days, Table 3), b u t to 
the different persistences o f  the seasons. A n  analysis o f  suc
cession  starts w ith  show ing overn igh t changes in  air m asses. 
E ach  o f  the six air m asses under consideration  has show n 
itse lf to  be  m ore likely  to  rem ain  the sam e o n  the follow ing 
day  than  to  be  succeeded b y  another a ir m ass (Table 6). For 
exam ple, in  74 %  o f  all days w ith  cP, this air m ass continued to 
a t least the fo llow ing day  and  on ly  in  26 %  cases w as it 
replaced. O nly  the category  o f  a  “day  w ith  various air m asses” 
(vA m ) show ed a  reversed pattern  w ith  there being  ju s t a  22 %  
chance o f  rem aining the sam e on  the follow ing day  (it w as 
also the m ost likely  to  be  replaced b y  m P f  air).

T he issue o f  succession w as considered  bo th  in  the w hole 
year and seasonally. F or the w hole year the to ta l succession 
frequency w as used  (all cases o f  succession account for 100 %

Table 7 Frequency (in percent) 
of air mass succession during 
a year: (A) total frequency and 
(B) frequency of succession 
from a given air mass to another

Air mass Air mass on given day

A mPf mPo mPw cP T vAm

A
Air mass on following day A - 1.8 2.3 0.4 0.6 0.1 2.9

mPf 0.7 - 8.3 3.2 1.4 1.2 6.5
mPo 3.5 13.5 - 2.3 5.9 0.9 3.3
mPw 0.5 2.2 4.1 - 0.8 0.2 1.5
cP 2.6 1.0 7.8 0.4 - 0.3 0.7
T 0.0 0.6 1.4 0.7 0.7 - 0.4
vAm 0.7 2.3 5.5 2.4 3.3 1.0 -

B
Air mass on following day A - 8.4 7.9 4.6 4.6 2.2 18.8

mPf 9.1 - 28.3 34.5 10.7 32.7 42.4
mPo 42.6 63.4 - 24.6 46.2 24.7 21.4
mPw 6.4 10.2 14.0 - 6.7 5.8 9.9
cP 32.3 4.7 26.5 3.9 - 6.9 4.7
T 0.4 2.6 4.7 7.1 5.7 - 2.8
vAm 9.2 10.6 18.6 25.4 26.1 27.7 -



Table 8 Frequency (in percent) o f air mass succession during the seasons

Air mass Air mass on given day Air mass Air mass on given day

A m Pf mPo mPw cP T vArn A m Pf mPo mPw cP T vArn

Spring Autumn

Air mass on A - 12.6 10.6 7.5 8.1 5.1 20.8 Air mass on A - 8.8 8.6 4.9 2.1 3.1 23.6
following day m Pf 5.4 - 24.5 30.7 7.2 25.2 40.0 following day m Pf 9.7 - 26.2 33.5 10.9 31.3 34.8

mPo 45.5 59.6 - 22.4 45.3 29.3 19.5 mPo 39.1 58.8 - 23.9 44.0 22.9 23.4

mPw 5.8 10.36 14.4 - 4.8 6.1 10.5 mPw 8.2 12.9 17.3 - 14.4 12.5 12.0

cP 33.5 4.5 26.6 4.8 - 11.1 6.6 cP 36.2 4.1 24.4 2.8 - 6.3 2.4

T 1.2 2.7 5.7 8.3 5.4 - 2.6 T - 3.1 4.4 9.9 3.9 - 3.8
vArn 8.6 10.3 18.3 26.3 29.1 23.2 - vArn 6.8 12.3 19.2 25.0 24.6 24.0 -

Summer Winter

Air mass on A - 3.9 3.8 - 2.8 - 6.0 Air mass on A - 10.6 9.3 4.2 5.1 - 23.8
following day m Pf 18.4 - 35.2 40.2 15.2 42.9 60.1 following day m Pf 9.1 - 26.2 36.1 9.8 19.4 35.8

mPo 52.9 76.1 - 18.9 38.0 19.5 22.7 mPo 38.7 53.6 - 30.0 57.9 36.1 20.3

mPw 1.1 5.3 8.5 - 4.1 0.8 3.7 mPw 7.4 14.5 16.8 - 4.0 5.6 13.1

cP 17.2 5.6 29.9 4.5 - 2.3 4.0 cP 33.0 4.3 24.6 3.8 - 13.9 5.6

T - 3.6 5.9 8.3 11.7 - 3.4 T - 0.7 2.5 2.3 1.3 - 1.3

vArn 10.3 5.6 16.7 28.0 28.2 34.6 - vArn 11.7 16.3 20.6 23.6 21.9 25.0 -

The largest values given in italics

Variability 
of 

air 
m

ass 
occurrence 

in 
southern 

Poland 
(1951-2010)



622 P. Kotas et al.

Table 7a) as w ell as the breakdow n o f  succession  o f  a  g iven air 
m ass (100 % ) b y  o ther air m asses (Table 7b). The seasonal 
analysis considered  on ly  the latter b reakdow n (Table 8).

A  sum m ary o f  the annual succession frequency (Table 6a) 
show s th a t each air m ass can be succeeded b y  any  other. The 
m ost frequent succession is from  m P f to  m Po a t 13.5 %  o f  all 
successions (1,307 succession days). I t can  be  attributed to  a 
natural resu lt o f  the circulation processes presen t in  the study 
area, involving a  transform ation  o f  a  fresh air m ass as it arrives 
from  the A tlantic O cean  and  ventures deeper over the conti
nent. O ther frequent successions include from  m Po to m P f 
(8.3 %  successions in  a  year), m P o to cP  (7.8 % ) and  cP  to 
m Po (5.9 %). O verall, there is a  greater likelihood o f  w arm  air 
being rep laced  b y  coo l a ir than  v ice versa. The least frequent 
are m u tu a l su ccessio n s o f  tw o  a ir  m asses o rig in a tin g  
ou ts ide  m o d era te  la titudes: A  to  T (0.1 % , th ree  cases) 
and  T to A  (0 .2  % , e ig h t cases), w h ich  is due  to  the 
lo w  frequency  o f  th e  a ir m asses them selves, especia lly  
o f  T. D irec t successions b e tw een  these  tw o  ty p es  o f  a ir 
can  also  h ave  b io m eteo ro lo g ica lly  adverse  effects, due 
to  th e ir  ex trem ely  d iffe ren t p h y sica l p roperties.

F ro m  the perspective  o f  w ea th e r fo recasting , it is the 
frequency  o f  successions betw een  certa in  a ir m asses th a t is 
m ore im portant. A s cou ld  have  b een  expected , there is a 
v ery  h igh  like lihood  th a t a  day  w ith  m P f  w ill be  fo llow ed  by  
a  day  w ith  m Po, w h ich  accoun ted  for 63 %  o f  m P f  succes
sions b y  any  o ther a ir (Table 7b ). T his is caused  b y  the 
c ircu lation  effect m en tioned  earlier. N o  o ther a ir m ass has a  
com parab le  like lihood  o f  succession  b y  ano ther specific air 
m ass (m ore th a n  50 % ). m Po is a lso  th e  m o s t frequen t 
successo r to  A  an d  cP, b u t w ith  less th a n  50 %  lik e li
hood . D ays w ith  m P o , m Pw , T, o r v A m  are m o s t like ly  
to  b e  fo llo w e d  b y  m P f  (a t 28 , 35 , 33 a n d  4 2  %, 
respective ly ).

T he seasonal succession  frequency  (Table 8) d isp lays 
sim ilarities w ith  the annual pa ttern  described  above. There 
is a  h igh  like lihood  o f  a  day  w ith  m Po after a  day  w ith  m Pf, 
rang ing  from  54 %  in  w in te r to  76 %  in  sum m er. T here is a  
grow ing  frequency  o f  a  day  w ith  m P o after A  in  sum m er at 
53 %  an d  a fte r cP  in  w in te r a t 58 % . A ll cases o f  the 
succession  o f  T  after A  occurred  in  spring. N o cases o f  
d irec t m utual succession  betw een  A  and  T, in  any  direction , 
w ere reco rded  in  w in te r and  sum m er.

6 Conclusions

T he study  d iscusses the variab ility  o f  occurrence o f  six air 
m ass types in  southern  P o land  look ing  a t th e ir annual and  
seasonal frequencies, persistence, and  succession  patterns 
du ring  the period  1951-2010 .

T he m ost frequen t a ir m asses in  Po land  include m Po at 
approx  33 %  days and  cP  a t approx  21 %  days. T hese are

typ ica l a ir m asses o f  the study  a rea ’s clim ate zone and  they  
show  no  sign ifican t seasonality. T he o ther four types o f  air 
m asses, on  the o ther hand, are clearly  seasonal in  their fre
quency  variabilities, especially  the exotic ones (A  and  T).

D espite considerable seasonal differences in  the frequency 
o f  occurrence, the average persistence o f  a ir m asses is sim ilar 
for m ost o f  them  at ca. 2 days. Significant differences are only 
v isible in  the m Pf, w hich  ranges from  1.7±0.1 days in  w inter 
and  spring to 2 .2± 0 .1  days in  sum mer. T his m eans th a t there 
is no  sim ple dependency  betw een  the persistence o f  each 
particular air m ass and  its frequency. T here is, how ever, a  
h igh  degree o f  seasonal difference betw een  the air m asses in 
their average persistence ranging from  1.6 days in  sum m er 
(1.6 days o f  m P w  and  3.2 days o f  cP) to  2.9 in  w in ter (1.6 o f  T 
and  4.3 o f  cP). T he greatest variability  in  persistence is found 
in  cP  air, w h ich  reaches 30 days in  autum n.

T he persistence o f  a  g iven  air m ass is linked  m ore to  the 
d irection  o f  its advection  th an  to  the frequency  o f  occu r
rence. E astern  an ticyclon ic  c irculation , k now n  for its stab il
ity, is particu larly  conducive  to  longer persistences and  th is 
is w h y  cP  air tends to persist for longer. M aritim e a ir from  
the w est tends to  be  qu ick ly  transfo rm ed  over the con tinen t 
and  does n o t las t for as long. T his transfo rm ation  p rocess is 
a t its qu ickest in  w in ter and  spring and  a t its slow est in 
sum m er, a  resu lt o f  seasonal variab ility  in  cyclon ic  activity.

T he study  o f  succession  be tw een  air m asses has show n 
th a t each  a ir  m ass  can  b e  re p la c e d  b y  an y  o th e r type , 
a lth o u g h  there  w ere  no  reco rd ed  cases o f  d irec t m u tua l 
succession  o f  A  and  T air m asses in  w in te r and  sum m er.

T here is also a  very  h igh  likelihood th a t a  day  w ith  m P f  air 
w ill be  fo llow ed b y  a  day  w ith  m P o air. Indeed, th is pattern  
accounts for 63 %  o f  successions o f  the form er b y  any  other 
air and  in  sum m er the proportion  is 76 %. T his pattern  is a 
natural resu lt o f  circulation  processes in  the tem perate clim ate 
zone involving a  transform ation o f  m aritim e air m asses over 
the con tinen t. N o  o th er a ir m ass is succeeded  w ith  such  
frequency b y  any  o ther specific a ir m ass type (m ore than  
50 %). Finally, the study has confirm ed an  expectation that 
the m ost frequent successions w ou ld  involve the a ir m asses 
w ith  the m ost frequent occurrence.
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