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Ab stract—The char ac ter is tics of cy clones and an ti cy clones (num ber, pres sure in the cen ter, and du -
ra tion) over the ter ri tory of Si be ria (50°–70° N, 60°–110° E) in 1976–2011 ob tained us ing sur face
weather charts are in ves ti gated. The re la tion ship be tween the vari abil ity of these char ac ter is tics and the
vari abil ity of sur face air tem per a ture is re vealed.  
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IN TRO DUC TION

Mi gra tory at mo spheric vor ti ces (cy clones and an ti cy clones) af fect weather and cli mate in extratropical
lat i tudes [9]. This in flu ence is man i fested in the change in the fields of cloud i ness and wind that leads to the 
vari abil ity of ra di a tion con di tions, pre cip i ta tion, and interlatitudinal ex change of heat, mois ture, and mo -
men tum.

The data of the mod el ing of cy clone char ac ter is tics in the chang ing cli mate [3, 5, 7, 10] dem on strate that 
the trend to wards a de crease in the to tal num ber of cy clones and to wards the dis place ment of storm tracks
(the tra jec to ries of pres sure cen ters) to the poles in both hemi spheres will be ob served in the 21st cen tury.
An in crease in the num ber of in tense cy clones is pre dicted for some re gions only. 

The cyclone dynamics was also investigated using the database of surface air pressure observations and
the reanalysis data [13]. The authors of [6] studied the climatology of the Northern Hemisphere winter
cyclones in 1958–1999 using the procedure of automatic tracking based on the NCEP/NCAR reanalysis. It
was revealed that the decrease in the number of cyclones in the mentioned period was observed both for the
hemisphere as a whole and for the Atlantic, Pacific, and Arctic sectors. At the same time, the significant
positive trend was revealed for the number of cyclones in the Arctic sector in whose centers the pressure
did not exceed 980 hPa.

The anal y sis of the Northern Hemi sphere win ter cy clones in 1959–1997 pro vided by the au thors of [8]
dem on strated the sta tis ti cally sig nif i cant de crease in the num ber of mid-latitude cy clones and the in crease
in the num ber of high-latitude cy clones. This means the poleward dis place ment of storm tracks. Be sides, it
was found that the num ber of in tense cy clones in creased in both lat i tude zones. As shown in [1], significant
quan ti ta tive dif fer ences in cy clone char ac ter is tics can be ob served from the anal y sis of cy clonic ac tiv ity.
These dif fer ences are caused by differences both in the meth ods of their iden ti fi ca tion and in the reanalysis
data used as ini tial data. The in suf fi cient grid spac ing in the reanalysis data does not al low reg is ter ing
low-intense cy clones [12]. Al most all the above stud ies note regional dif fer ences in the char ac ter is tics of
cy clones. 

The present paper investigates the dynamics of the characteristics of pressure centers (cyclones and
anticyclones) over the territory of Siberia (50°–70° N, 60°–110° E) for the climatically significant time pe-
riod of 1976–2011 and studies the relationship between these characteristics and surface air temperature
variations. The 1000 hPa weather charts for 00:00, 06:00, 12:00, and 18:00 UTC with the subsequent manual
tracking were used as an initial base.
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METHOD OF ANAL Y SIS

  The method of man ual track ing means that 6-hour 1000 hPa sur face weather charts were con sec u tively
an a lyzed by an op er a tor. The po si tion of the cy clone (or an ti cy clone; here in af ter, cy clone) was iden ti fied
vi su ally from the con fig u ra tion of the first closed iso bar. The cy clone was taken into ac count if its cen ter
was sit u ated ei ther within the ter ri tory un der con sid er ation or out side it, when its well de vel oped pe riph ery
cov ered not less than 25% of the re gion area. 

The tra jec to ries of cy clones in side the ter ri tory un der con sid er ation were not sys tem atized; how ever, the 
di rec tions from which each cy clone en tered the re gion un der study were taken into ac count. 

Such characteristics as the number of cyclones, pressure in their centers, and the duration of the cyclone
presence within the region under study (hereinafter, the presence duration) were considered. 

The use of man ual track ing poses the prob lem of re li abil ity of the re sults ob tained. The au thors of [11]
es ti mated the er ror of de tec tion of cy clones by the meth ods of au to matic track ing and re vealed that the dif -
fer ences in the es ti ma tion of the num ber of cy clones, for ex am ple, for the North ern Hemi sphere win ter,
may be sig nif i cant for 15 con sid ered ap proaches to the au to matic track ing. The best es ti mates were ob -
tained for the in ten sity of cy clones and for the de tec tion of deep cy clones. 

The most characteristics of cy clones and an ti cy clones an a lyzed in the pres ent pa per were ob tained as a
re sult of the pro cess ing of weather charts by one op er a tor. To de ter mine the level of per mis si ble in di vid ual
er ror, the in de pend ent anal y sis of weather charts for Feb ru ary in 1993 and 2003 was car ried out by four op -
er a tors. The months char ac ter ized by con sid er able dif fer ences in the char ac ter is tics of vor ti ces ob tained
with the man ual and au to matic track ing were se lected for the anal y sis. The av er age num ber of cy clones for
ev ery month was de ter mined by av er ag ing the num ber of cy clones obtained from the data of each of four
op er a tors. In di vid ual de vi a tions from the mean did not ex ceed s » 20% of the mean (the in di vid ual er ror of
one op er a tor). 

One of the study problems was the revelation of significant time trends in the characteristic of vortex ac- 
tivity over the territory under consideration. In view of this, to reduce the effect of high-frequency (two-
and five-year) variations, the low-frequency filtering with the cutoff frequency corresponding to the period
of 10 years was applied to the initial data. Provided that the value of s is constant over the whole time
period, the use of the filter with the prescribed characteristics also allowed the significant (at the significance
level a = 0.1) separation of the years with the extreme values of the average annual number of cyclones:
1995 (the maximum) and 2006 (the minimum). 

The clas si fi ca tion of pres sure cen ters fol low ing the tra jec to ries of their en try to the re gion un der study is 
pre sented in [2]. The au thors of the pres ent pa per com bined pres sure cen ters to three groups: west ern,
north ern, and south ern. 

The group of west ern cy clones in cluded the cy clones mov ing with the west ern com po nent along 60°–
65° N and the west ern cy clones gen er ated on the po lar front wave in the area of Yekaterinburg, Omsk, and
Sam ara. The group of north ern cy clones in cluded the cy clones mov ing both from the Arc tic and from the
Kola Pen in sula area. The group of south ern cy clones in cluded the southwestern cy clones com ing from the
ar eas of the Caspain and Aral seas, south ern cy clones gen er ated in the area of Lake Balkhash, and lo cal cy -
clones formed in the area of the Ob–Irtysh interfluves or in the south of Si be ria. 

The group of west ern an ti cy clones is formed of the anticyclones mov ing from west to east from the Eu -
ro pean part of Rus sia. The north ern group includeds the anticyclones com ing from the Arc tic and gen er ated 
over the Urals. The south ern group in cludes the an ti cy clones gen er ated over the Re pub lic of Tyva, Altai,
and Mon go lia as well as those ar riv ing from the Black and Cas pian seas.

RE SULTS

The tem po ral dy nam ics of the av er age an nual num ber of cy clones and an ti cy clones in 1976–2011 is
pre sented in Fig. 1.

The to tal num ber of cy clones de tected over the ter ri tory un der study in 1976–2011 is 1704 with the av -
er age an nual value equal to 47; the re spec tive num bers of an ti cy clones are 1398 and 39. The ra tio of the
num ber of cy clones to the num ber of an ti cy clones is 1.2 : 1. The num ber of cy clones which fol lowed the
northern, south ern, and west ern tra jec to ries is 731, 613, and 360, re spec tively; av er age an nual val ues were
equal to 20, 17, and 10, re spec tively. For anticyclones the distribution is as follows: 441 anticyclones
moved on the northern trajectories, 595 anticyclones, on the southern, and 362 anticyclones, on the western 
trajectories; average annual values were 12, 17, and 10, respectively.
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The variability of the number of cyclones was analyzed using the linear trends. The statistically significant 
increase was revealed in the number the northern cyclones only (1.4 event/10 years). The positive trend was 
also revealed for the total number of cyclones (1.3 event/10 years); however, it was statistically
insignificant. The total number of anticyclones statistically insignificantly decreased (–0.4 event/10 years)
due to such trends for the northern and southern anticyclones. It is clear from the comparison of Figs. 1a
and 1b that the pattern of the characteristic peaks of the number of cyclones in 1991–2003 is basically
formed due to the cyclones of northern direction. To reveal the nature of these peaks, it is necessary to
broaden the study area by including the North Atlantic and the Arctic and to provide the detailed trajectory
analysis. It should be noted that the local cyclogenesis does not make considerable contribution to the
formation of these peaks: the number of local cyclones is 200 (the total number of cyclones is 1704), and
they are included to the number of cyclones following the southern trajectories. 
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Fig. 1. The num ber of cy clones and an ti cy clones over Si be ria in 1976–2011. (a) The to tal num ber of cy clones (the solid line)
and an ti cy clones (the dash line); (b–d) the to tal num ber of cy clones which fol lowed the north ern, south ern, and west ern tra -
jec to ries, re spec tively. Here and in the other fig ures, the smooth curves are the val ues smoothed with the 10-year win dow. 



The anal y sis of intraannual vari a tions in the num ber of cy clones and an ti cy clones av er aged over the pe -
riod of 1976–2011 re vealed the ex is tence of sea sonal vari abil ity. The num ber of cy clones in creases from
Jan u ary to May and reaches the ab so lute max i mum (more than four events) in May. Then it de creases from
May to the ab so lute min i mum in July (a little more than three events). In Au gust to De cem ber the num ber
of cy clones does not vary con sid er ably and cor re sponds to the av er age level be tween May and July. 

Tem po ral vari a tions in the av er age an nual value of air pres sure in the cen ters of cy clones and an ti cy -
clones are pre sented in Fig. 2a. Air pres sure in the cen ter av er aged over the whole time pe riod was equal to
1001.2 hPa for cy clones and 1029.9 hPa for an ti cy clones. The vari abil ity of av er age an nual air pres sure in
the cen ters of cy clones fol low ing the north ern, south ern, and west ern tra jec to ries is ob served in Figs. 2b,
2c, and 2d. The av er age air pres sure over the pe riod un der con sid er ation is 994.9 hPa for the north ern cy -
clones, 1006.5 for the south ern cyclones, 999.4 hPa for the west ern cyclones; for the northern anticyclones,
1028.5 hPa, for the southern anticyclones, 1032.6 hPa, and for the western anticyclones, 1028.3 hPa. 

The min i mum air pres sure in the group of north ern cy clones is reg is tered in the cen ters of north west ern
cy clones com ing from the Kola Pen in sula; the same cy clones dom i nate over the re gion un der study in the
cold sea son, whereas south ern and west ern cy clones pre vail in the warm sea son. The anal y sis of data on air
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Fig. 2. Air pres sure in the cen ters of cy clones (the solid line) and an ti cy clones (the dash line) over Si be ria in 1976–2011. (a) For
all cy clones; (b–d) for the cy clones which fol lowed the north ern, south ern, and west ern tra jec to ries, re spec tively.



pres sure in the cen ters of an ti cy clones re vealed that its min i mum is ob served in the cen ters of north ern an ti -
cy clones and its max i mum is reg is tered in the cen ters of south east ern an ti cy clones. 

The analysis of intraannual distribution of air pressure in the centers of cyclones and anticyclones
revealed that the maximum of surface air pressure is registered in May in the centers of cyclones and in
February in the centers of anticyclones. The minimum values of air pressure are observed in January in the
centers of cyclones and in July in the centers of anticyclones. The periods of strengthening and weakening of
the Asian High are clearly observed from the intraannual distribution of air pressure in the pressure centers.
For example, in winter, when the Asian High strengthens and is stationary, the minimum values of air pres-
sure are observed in the centers of cyclones and the maximum values are registered in the centers of anticy-
clones. On the contrary, in summer, when the Asian High weakens, the maximum values of air pressure are
observed in the centers of cyclones and the minimum values are registered in the centers of anticyclones.

The es ti ma tion of tem po ral vari abil ity of air pres sure in the cen ter of pres sure for ma tions us ing the
lin ear trends did not re veal sta tis ti cally sig nif i cant trends for all cy clones and an ti cy clones. As to dif fer ent
tra jec to ries, the sta tis ti cally sig nif i cant pos i tive lin ear trend in air pres sure (0.6 hPa/10 years) is ob served
for the south ern cy clones only. 

The data on the number of days during which cyclones and anticyclones were observed over the territory
under study were analyzed (Fig. 3). If several, for example, cyclonic vortices were registered over Siberia,
the total duration of their presence was determined. 

Over the re gion un der con sid er ation a cy clone is ob served for 7 days and an an ti cy clone, for 11 days on
average (Fig. 3). The av er age du ra tion of pres ence of both cy clones (0.3 day/10 years) and anticyclones
(0.7 day/10 years) has a pos i tive trend; it is sig nif i cant for an ti cy clones (the sig nif i cance level a < 0.05). 

The du ra tion of pres ence of the northwestern cy clones com ing to Si be ria from the Kola Pen in sula area 
is 9 days and that of lo cal cy clones is 3 days. The short-term pres ence of lo cal cy clones over Si be ria is
caused by the fact that these cy clones are formed di rectly in the re gion un der study and they are most of -
ten manifested in the form of one closed iso bar (i.e., they are low and un sta ble for ma tions and, hence, dis si -
pate rapidly). The du ra tion of pres ence of the western an ti cy clones com ing to the ter ri tory un der study
from the Eu ropean part of Rus sia is 10 days and that of the southwestern an ti cy clones gen er ated in the area
of the Black and Caspain seas is 7 days. 

The intraannual dis tri bu tion of the du ra tion of pres ence of cy clones was an a lyzed; the anal y sis re vealed
that the max i mum is ob served in Oc to ber and the min i mum is reg is tered in May. The spring max i mum may 
be ex plained by the fact that the du ra tion of pres ence of the great num ber of cy clones pass ing over the ter ri -
tory is in sig nif i cant in tran si tion sea sons. The au tumn max i mum in di cates that in Oc to ber syn op tic con di -
tions are rather sta ble and this pe riod is not char ac ter ized by the fre quent change in air masses and pres sure
cen ters. The max i mum du ra tion of pres ence of an ti cy clones is ob served in January, and the min i mum is
reg is tered in Au gust; the win ter max i mum is an ef fect of the sta tion ary Asian High over the re gion un der
study in the cold sea son. 

The results of the investigation of average long-term characteristics of different types of cyclones and
anticyclones in 1976–2011 (see the table) were analyzed. The analysis revealed that the average number of
cyclones and anticyclones varies from 3 to 12 and from 4 to 10, respectively. The value of air pressure (p) 
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Fig. 3. The av er age du ra tion of pres ence of cy clones (the solid line) and an ti cy clones (the dash line) over the ter ri -
tory of Si be ria.



in the centers of pressure formations varies within 994.2–1012.3 hPa for cyclones and within 1027.4–
1035.3 hPa for anticyclones. The average duration of presence (t) over the region under study is 7 days
for a cyclone and 11 days for an anticyclone.

Al though the cy clones mov ing with the west ern com po nent along 60°–65° N and the west ern cy clones
have sim i lar gen e sis, their long-term char ac ter is tics dif fer. In view of this, it is rea son able to di vide them
into two sep a rate types. For ex am ple, the cy clones mov ing with the west ern com po nent are ob served much
more rarely and are deeper than the west ern cy clones. The north west ern cy clones com ing from the Kola
Pen in sula are char ac ter ized by the max i mum val ues of all the char ac ter is tics con sid ered (as com pared not
only with the north ern cy clones ar riv ing from the Arc tic but also with other types of cy clones). The lo cal
cy clones have a min i mum value for all in ves ti gated char ac ter is tics (see the ta ble) ex cept for fre quency and
the max i mum value of pres sure in the cen ters. This is in dic a tive of their small depth and, hence, their poor
de vel op ment and short life time. So, the con clu sion is cor rob o rated that these pres sure for ma tions are very
un sta ble and are sub jected to rapid de cay. The south west ern cy clones mov ing from the Cas pian and Aral
seas and the south ern cy clones gen er ated in the area of Lake Balkhash, in the ar eas of Ashkhabad and
Tashkent, or in the interfluve of the Amu Darya and Syr Darya rivers, are char ac ter ized by the me dium val -
ues of cli ma tic pa ram e ters. 

The north west ern and west ern an ti cy clones are sim i lar in tra jec to ries but dif fer in the type: the north -
west ern an ti cy clones are of the block ing type in the area of the Urals whereas the west ern an ti cy clones
mov ing from the Eu ro pean part of Rus sia pass over the Urals and con tinue their move ment. Be sides, these
two types of an ti cy clones dif fer much in their num ber: the block ing an ti cy clones are reg is tered by al most
three times less of ten. The south east ern an ti cy clones com ing from the Re pub lic of Tyva, Altai, and Mon-
golia are char ac ter ized by the max i mum value of pres sure in the cen ters, and the south west ern an ti cy clones
ar riv ing to the re gion un der study from the Black Sea area have the min i mum du ra tion of pres ence. The
north ern an ti cy clones com ing from the Arc tic are char ac ter ized by me dium val ues for al most all cli ma tic
pa ram e ters. 

The pres sure cen ters grouped according to their tra jec to ries were an a lyzed. To pro vide the more de -
tailed assessment, the cy clones mainly mov ing with the west ern, north ern, and south ern com po nents were
separated. It was found that the great est num ber of cy clones came to the ter ri tory of Si be ria fol low ing the
north ern tra jec to ries and their num ber over the pe riod un der study is 731 (the num ber of such cy clones
considerably in creased since the early 1990s). The small est num ber of cy clones (360) came to the ter ri tory
un der study fol low ing the west ern tra jec to ries. The interannual vari a tions in the num ber of cy clones
grouped ac cord ing to their tra jec to ries and in the to tal num ber of cy clones are com pa ra ble. The trend in the
num ber of west ern cy clones is neg a tive (–0.1 cy clone/10 years); the trend in the num ber of north ern cy -
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Av er age long-term val ues of cli ma tic pa ram e ters of cy clones and an ti cy clones over the ter ri tory of Si be ria
in 1976–2011

Type of pres sure cen ters n p, hPa t, day

Cy clones
  north ern
  north west ern
  mov ing with the west ern com po nent
along 60°–65° N
  west ern
  south west ern
  south ern
  lo cal
An ti cy clones
  north ern
  north west ern
  west ern
  south west ern
  south east ern

8.2 (3.7)
12.1 (4.8)

3.1 (3.8)

6.9 (3.0)
6.1 (3.2)
5.3 (3.4)
5.6 (4.0)

8.3 (2.9)
3.9 (2.5)

10.1 (3.7)
7.0 (5.0)
9.6 (3.5)

996.5 (3.5)
994.2 (3.9)
996.5 (6.1)

1001.0 (4.0)
1001.8 (3.2)
1003.4 (2.6)
1012.3 (5.2)

1027.4 (2.7)
1030.0 (4.5)
1028.0 (3.1)
1028.7 (4.3)
1035.3 (3.9)

6.2 (1.9)
8.7 (2.4)
6.1 (2.1)

6.8 (2.2)
5.4 (2.1)
4.7 (1.7)
2.8 (1.1)

8.8 (3.0)
10.2 (4.9)
10.2 (3.9)

8.0 (2.3)
9.2 (2.9)

Note: The stan dard de vi a tion (s) of cli ma tic pa ram e ters of pres sure cen ters is given in brack ets.



clones is pos i tive (1.0 cy clone/10 years) and sig nif i cant; the trend in the num ber of south ern cy clones is
pos i tive (0.3 cy clone/10 years).

Thus, the num ber of north ern cy clones in creased by the end of the pe riod un der study, air pres sure in
their cen ters al most did not vary, and the presence duration decreased (i.e., they be came more fre quent and
less du ra ble). The num ber and du ra tion of pres ence of west ern cy clones de creased by the end of the pe riod
un der study, and air pres sure in their cen ters al most did not change (i.e., they be came less fre quent and less
du ra ble). These data cor rob o rate the con clu sion made by other au thors that in the re cent de cades the tra jec -
to ries of pressure centers have dis placed north ward. The num ber of south ern cy clones, air pres sure in their
cen ters, and the presence duration increased. This means that south ern cy clones be came less deep, more du -
ra ble, and more fre quent by the end of the pe riod un der study. 

It was revealed that the duration of presence of cyclones increased by the end of the period under con-
sideration for the southern cyclones (from 6 to 8.5 days) and decreased for the northern and western
cyclones (from 4.5 to 3.5 days).

To investigate the activity of anticyclones, they (as well as cyclones) were grouped according to the trajec- 
tory. The analysis revealed that the largest number of anticyclones (595) over the period under considera-
tion came to the territory of Siberia following southern trajectories; their number as well as the number of
cyclones increased since the early 1990s. The smallest number of anticyclones (362) as well as of cyclones
arrived to the region under study following western trajectories. The interannual variations in the number of 
anticyclones grouped according to their trajectories and in the total number of anticyclones are comparable. 
The trend in the number of western anticyclones is positive (0.2 anticyclone/10 years) and the trend in the
number of northern and southern anticyclones is negative (–0.1 and –0.4 anticyclone/10 years, respecti-
vely). By the end of the period under study air pressure in the centers of anticyclones of all types decreases
in a greater degree for northern and southern anticyclones and to a lesser extent for western anticyclones.
The analysis of duration of presence of pressure centers revealed that the opposite pattern was obtained for
anticyclones as compared to cyclones. By the end of the period under study the average duration of
presence of anticyclones increased for northern and western anticyclones (from 5 to 7.5 days) and
decreased for southern anticyclones (from 7.5 to 7 days). 

Thus, the number of northern anticyclones almost did not vary at the end of the period under study as
compared with its beginning, air pressure in their centers dropped, and the presence duration increased (i.e., 
they became less intense and more durable). The number of western and northern anticyclones almost did
not change by the end of the period under study, air pressure in their centers decreased but not as
significantly as for northern anticyclones, and the duration of presence increased (i.e., western anticyclones 
as well as northern ones became less intense and more durable). The number of southern anticyclones, air
pressure in their centers, and the presence duration decreased (i.e., they became less intense and less durable).

The char ac ter is tics of cy clones and an ti cy clones were com pared with the vari abil ity of av er age an nual
sur face air tem per a ture (Fig. 4).

The relationship between the characteristics of cyclones and anticyclones and air temperature variations
has been studied before. The author of [4] revealed that positive and negative trends in air temperature in
the Northern Hemisphere are related to the increase and decrease in the number of both cyclones and
anticyclones. These conclusions contradicting model simulations were criticized in [8]. The authors of
[8] studied the dynamics of the Northern Hemisphere winter cyclones for 1959–1997 and revealed that
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Fig. 4. The vari a tions in av er age an nual air tem per a ture over the ter ri tory of Si be ria in 1976–2011.



mid-latitude cyclones are characterized by the negative correlation (–0.58) between their number and air
temperature, and the high-latitude cyclones are characterized by the positive correlation (0.38). The positive 
correlation (0.25) was revealed between air temperature and the intensity of high-latitude cyclones, and the
negative correlation (–0.13) was obtained for  mid-latitude cyclones.

The cor re la tions be tween the num ber of cy clones and an ti cy clones (nc and na) and air pres sure in their
cen ters (pc and pa), and sur face air tem per a ture (T) were de ter mined for the re gion un der study. The data de -
ter mined from the smoothed val ues for the ter ri tory of Si be ria in 1976–2011 are pre sented be low:

Char ac ter is tics

Cor re la tion co ef fi cient

nc, T

–0.30*

na, T

–0.25

pc, T

–0.25

pa, T

–0.28

(*the cor re la tion co ef fi cient is sig nif i cant at the level of 95%).
The neg a tive cor re la tion was re vealed be tween air pres sure in the cy clone cen ters and air tem per a ture;

i.e., as air tem per a ture rises, air pres sure in the cen ters of cy clones drops and they be come more in tense.
Such type of cor re la tion be tween air tem per a ture and the in ten sity of cy clones for the Eur asia mid-latitudes
was also noted in [8]. The cor re la tion be tween the num ber of an ti cy clones and air tem per a ture is sim i lar to
that typ i cal of cy clones but is slightly lower. The cor re la tion be tween air pres sure in the cen ters of an ti cy -
clones and air tem per a ture is sig nif i cant and pos i tive in the pe riod of 1976–1990 and is in sig nif i cant and
neg a tive over the rest of the time pe riod.

The anal y sis of vari abil ity of av er age an nual air tem per a ture (Fig. 4) re vealed the pres ence of two dif fer -
ent time pe ri ods. The first pe riod (1976–1990) is char ac ter ized by the rapid in crease in air tem per a ture
(0.06°C/year) and by the sig nif i cant cor re la tion with vari a tions in the num ber of cy clones (–0.74 cy -
clone/year) and an ti cy clones (–0.41 an ti cy clone/year) as well as vari a tions in air pres sure in the cen ters of
cy clones (–0.13 hPa/year) and an ti cy clones (0.08 hPa/year). In the sec ond time pe riod (1991–2011) the
trend in av er age an nual air tem per a ture is equal to zero, i.e., the pause in the warm ing oc curred on the ter ri -
tory un der con sid er ation sev eral years ear lier than the pause in the global warm ing start ing from 1998. Dur -
ing that time pe riod the trend in the num ber of cy clones is pos i tive (0.21 cy clone/year) and the trend in the
num ber of an ti cy clones is neg a tive (–0.41 an ti cy clone/year). Air pres sure in the cen ters of cy clones and an -
ti cy clones rose by 0.12 hPa/year for cy clones and by 0.05 hPa/year for an ti cy clones. 

CON CLU SIONS

The peculiarities of long-term dy nam ics of at mo spheric cir cu la tion over Si be ria in the late 20th–early
21st century were analyzed as well as the relation between atmospheric circulation and surface air
temperature. The results led to the fol low ing con clu sions. 

Over the whole pe riod un der study the num ber of cy clones de fin ing cli ma tic con di tions in Si be ria is
greater than the num ber of an ti cy clones (by 1.5–2 times in some years).

The to tal num ber of cy clones over the pe riod un der study sta tis ti cally in sig nif i cantly in creases (1.3 ev-
ent/10 years), and the num ber of an ti cy clones sta tis ti cally in sig nif i cantly de creases (–0.4 event/10 years).
The num ber of north ern cy clones in creases sta tis ti cally sig nif i cantly (1.4 event/10 years). The av er age
long-term value of air pres sure in the cen ters of cy clones over the ter ri tory of Si be ria dur ing the pe riod un -
der study var ies within 997.4–1006.0 hPa, and that in the cen ters of an ti cy clones var ies within 1026.3–
1034.2 hPa. By the end of the pe riod un der study cy clones be came deeper and an ti cy clones be came less
intense. The av er age presence duration over the ter ri tory of Si be ria in the pe riod un der con sid er ation was
7 days for a cy clone and 11 days for an an ti cy clone. 

The cor re la tion be tween char ac ter is tics of cy clones and an ti cy clones and air tem per a ture is the high est
in 1976–1990, when air tem per a ture rose rap idly. In that pe riod the sta tis ti cally sig nif i cant neg a tive cor re -
la tion was re vealed be tween air tem per a ture and the num ber of cy clones and an ti cy clones as well as air
pres sure in the cen ters of cy clones; the sta tis ti cally sig nif i cant pos i tive cor re la tion was re vealed be tween air 
tem per a ture and air pres sure in the cen ters of an ti cy clones.
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