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Abstract—The spatiotemporal variability of surface air pressure and surface air temperature in the
Northern Hemisphere troposphere in 1990–2014 is described. In 2005 the low-frequency component
(LFC) of average air temperature in January averaged over the latitude zone of 32.5°–67.5° N has
stopped its increase that lasted for 35 years (from 1970). The LFC of air temperature in July has continu-
ed growing since 1975 (for 39 years). The anomalies of air pressure and air temperature for thirty-year
periods and the dynamics of LFC of air temperature and air pressure in the atmospheric centers of action 
are analyzed. 
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IN TRO DUC TION

The pub li ca tion of sum ma riz ing re ports on the prob lem of the mod ern cli mate change [5, 17] does not
re duce the in ter est to this is sue. This is re lated both to the in sta bil ity of mod ern cli mate and to its pos si ble
neg a tive and pos i tive ef fects on nat u ral and so cio eco nomic pro cesses. There are dif fer ent opin ions on the
rea sons for the cli mate warm ing. 

The au thors of some pa pers [1, 3, 6, 11, 12, 14] deal ing with the anal y sis of the mod ern cli mate change
note a need in con sid er ing not only anthropogenic fac tors but also the nat u ral ones, such as so lar and vol ca -
nic ac tiv ity, at mo sphere–ocean in ter ac tion, El Ni~no events, etc. In par tic u lar, it is dem on strated in [21] that
in tense cir cu la tion pro cesses re lated to the at mo sphere–ocean in ter ac tion cause sig nif i cant vari a tions (from
interannual to interdecadal) in air tem per a ture in the mid-latitudes in win ter. These vari a tions are su per im -
posed on the gen eral pro cess of global warm ing and con sid er ably mod ify its man i fes ta tion. In view of this,
J.M. Wallace in his latest pa per [20] de fined the pri or ity ar eas of cli mate change in ves ti ga tion in clud ing a
need in study ing its interdecadal vari a tions which are largely caused by the intraseasonal and intraannual
vari abil ity of the cli mate sys tem. Many au thors iden tify and con sider long-period vari a tions in the cli mate
sys tem for ex plain ing its pro cesses. 

According to the data of [7], cyclic variations with the period of 20–25 and 10–11 years are detected in
the different parameters of ocean, ice cover, and atmosphere; in particular, long-term variations are detected
in the North Atlantic Oscillation (NAO) index. It is noted in [4] that the appreciable contribution to the
climate change is made by the natural oscillations whose existence is directly related to the presence either
of ocean patterns or of patterns in the coupled atmosphere–ocean system which have the typical period of
about several decades. The author of [8] associates the pressure wave oscillations in the Atlantic and Pacific 
regions with the cycles of solar activity. N.S. Sidorenkov [15] considers decadal climate changes (the global
anomalies of air temperature and atmospheric circulation) jointly with variations in the Earth angular
velocity, and the authors of [9] assess the statistical correlation between air temperature and precipitation in
Northern Eurasia in the 20th century and the Arctic Oscillation which significantly varied during that period. 
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In the pre vi ous pa per [13] the au thors an a lyzed spatiotemporal vari a tions in tem per a ture and wind in the 
North ern Hemi sphere as a whole and in its mid-latitudes in 1948–2013. Spe cial at ten tion was paid to
long-period vari a tions in air tem per a ture and wind. The pres ent pa per an a lyzes the thermobaric re gime in
the North ern Hemi sphere extratropical lat i tudes in 1900–2014. To re veal the dy nam ics of thermobaric pro -
cesses, they are con sid ered for dif fer ent pe ri ods of time (1900–1929, 1930–1959, 1960–1987, 1988–2000,
and 1988–2014) which are re lated to the ma jor cli mate events. Ac cord ing to the anal y sis of cli mate mon i -
tor ing data pre sented in the re view sec tion of [2], three pe ri ods were sep a rated in the global vari a tions in air
tem per a ture: the warm ing in 1910–1945, the slight cool ing in 1946–1975, and the most in tense warm ing
af ter 1976. 

DATA AND METHODS

Ini tial data are the time se ries of air tem per a ture and air pres sure at the points of the reg u lar lat i -
tude-longitude grid for the pe riod of 1900–2014 which were pre pared by the Cli ma tic Re search Unit of the
Uni ver sity of East Anglia and by the Met Of fice Hadley Cen tre [16–19] (here in af ter, the CRU dataset). It
should be noted that the au thors had data on air tem per a ture for 1900–2014 and data on air pres sure for
1900–2000.

At first the av er age long-term val ues of air tem per a ture (T) and air pres sure (p) were cal cu lated for
Jan u ary and July for the whole an a lyzed pe riod. Then the dis tri bu tions of av er age long-term val ues of p
and T were mapped as well as the fields of av er age anom a lies for 1900–1929, 1930–1959, 1960–1987,
1988–2000, and 1998–2014 for air tem per a ture and for 1900–1929, 1930–1959, 1960–1987, and 1988–
2000 for air pres sure (the pe riod of 1988–2000 was se lected due to the lim ited air pres sure se ries).

The at tempt was made to clar ify the pos si bil ity of ex tend ing the air pres sure se ries from the reanalysis
data. For this pur pose the co ef fi cients of cor re la tion were com puted be tween the air pres sure se ries from the 
CRU dataset and NCEP-DOE reanalysis for the over lap ping pe riod from 1979 to 2000. It was found that
the high cor re la tion be tween the CRU and reanalysis data is not observed in all re gions of the North ern
Hemi sphere. There fore, to re move the data inhomogeneity for an a lyz ing the anom a lies of air pres sure and
air tem per a ture, the au thors used the CRU data only. How ever, at the most of grid points mainly lo cated in
the North ern Hemi sphere mid-latitudes, in the men tioned pe riod the cor re la tion co ef fi cients for dif fer ent
months vary within 0.96–0.98, and the sam ple means and vari ances do not dif fer at the sig nif i cance level of 
0.05. As a re sult, at these grid points and in the mid-latitude zone as a whole the CRU air pres sure se ries
were ex tended from the reanalysis data to the year 2014 by the lin ear re gres sion method.

The sim i lar ity of the fields of anom a lies was as sessed both vi su ally and us ing the sim i lar ity cri te rion r
cal cu lated at the grid points [10]:

r =
-+ -n n

k

where k is the to tal num ber of reg u lar grid points; n+ is the num ber of grid points where the signs of anom a -
lies of two fields co in cide; n– is the num ber of grid points where the signs of anom a lies of two fields are op -
po site. The val ues of the cri te rion vary within –1 £ £r  1. 

The long-period vari a tions in the se ries of air tem per a ture and in the se ries of air pres sure ex tended to
2014 were ob tained as a re sult of ini tial data smooth ing with the Pot ter low-pass filter. They were an a lyzed
for the at mo spheric cen ters of ac tion. The se ries of cli mate pa ram e ters in the at mo spheric cen ters of ac tion
were con sid ered for the clos est point to the av er age long-term po si tion of these cen ters in 1900–2014. 

To identify the general trend in air temperature in the Northern Hemisphere mid-latitudes (32.5°– 67.5° N)
in 1990–2014 (115 years), the initial gridded data were averaged over the whole latitudinal zone for Janu-
ary and July. The statistical processing was provided for the obtained time series. Figure 1 presents data on
long-term variations in air temperature where, along with the initial data, average values are separated for
1900–1929 (30 years), 1930–1959 (30 years), 1960–1987 (28 years), and 1998–2014 (27 years), i.e., for
the approximately equal time periods. Besides, the initial series were smoothed with the Potter filter: the
low-frequency component (LFC) is presented for estimating the long-period variability, i.e., all waves with
the period of less than 20 years were filtered. 

ANAL Y SIS OF RE SULTS

The analysis of data presented in Fig. 1 reveals that in January every next time period turned out to be
warmer than the previous one. The average values of air temperature for these periods are equal to –4.6,
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–4.2, –4.1, and –3.4°C, respectively, i.e., the value of LFC of average air temperature in January increased
by 1.6°C in 115 years and by 0.95°C in 35 years during the active phase of warming in 1970–2014. In
general, the LFC curve has a trend towards increase during 115 years except for the slight decrease in
1955–1970 and in the last period (2005–2014), when there was a pause in the warming. 

In July air tem per a ture vari a tions are slightly more com plex be cause the pe riod of ac tive warm ing in
1910–1940 changed into the pe riod of in sig nif i cant cool ing in 1940–1975, and af ter it air tem per a ture rose
con sid er ably. The av er age val ues of air tem per a ture for the re spec tive time pe ri ods are equal to 17.0, 17.3,
17.2, and 17.9°C (the vari a tion is ~0.9°C that is smaller than in Jan u ary). At the same time, the in tense air
tem per a ture rise in 1975–2014 (by 0.95°C for LFC) should be noted. In gen eral, the air tem per a ture rise in
Jan u ary and July was equal to 1.6 and 1.2°C, re spec tively, i.e., the warm ing in the mid-latitudes over the
whole an a lyzed pe riod in win ter is more in ten sive than in sum mer; how ever, the rate of the air tem per a ture
rise dur ing the ac tive phase of warm ing in Jan u ary in 1970–2005 and in July in 1975–2014 is al most the
same. Judging by the LFC vari a tions, the warm ing in Jan u ary started 5 years be fore that in July. 

The av er age sur face val ues of air tem per a ture and air pres sure for Jan u ary and July in the extratropical
zone from 20° N to the North Pole were mapped us ing the gridded av er age val ues cal cu lated for the long-
term pe riod (1900–2014 for air tem per a ture and 1900–2000 for air pres sure). 

In gen eral, the pat tern of fields pre sented on these maps well sim u lates the known cli ma tic reg u lar i ties
of the spa tial dis tri bu tion of an a lyzed me te o ro log i cal pa ram e ters. In par tic u lar, the Ice lan dic and Aleu tian
lows and the Si be rian High are iden ti fied on the map for Jan u ary; the North Pa cific and Azores highs and
the vast Asian Low are ob served for July. 

To ob serve vari a tions in sur face air tem per a ture and air pres sure, the maps of the anom a lies of air tem -
per a ture (DT) and air pres sure (Dp) were con structed. At first, the air pres sure field was an a lyzed: the
gridded val ues of p were av er aged for four pe ri ods: 1900–1929, 1930–1959, 1960–1987, and 1988–2000.
Then the nor mals which were pre lim i nar ily com puted for the whole pe riod (1900–2000) were sub tracted
from these av er aged val ues. As a re sult, eight maps were ob tained rep re sent ing the spa tial dis tri bu tion of air 
pres sure anom a lies in Jan u ary and July for the zone of 20°–90° N. The maps of air tem per a ture anom a lies
were con structed for the pe ri ods of 1900–1929, 1930–1959, 1960–1987, 1988–2000, and 1998–2014.

The anal y sis of these maps for Jan u ary dem on strates that the value of Dp var ies over the ter ri tory un der
study from –3 to 3 hPa in 1900–1929 (Fig. 2a). The vast zone of the pos i tive anom aly up to 3 hPa was ob -
served in the po lar zone and cov ered the most of the Arc tic Ocean, the north ern part of the coast of North
Amer ica and Eur asia, and the North west Pa cific, where the Aleu tian Low and North Pa cific High are sit u -
ated; on the con trary, the zone of the neg a tive anom aly of air pres sure with the core of Dp = –3 hPa was
formed over Green land and the Ice lan dic Low. The vast zone of low pres sure (Dp = –1 hPa) was ob served
over West ern and Cen tral Si be ria and Cen tral Asia. How ever, the most of the ter ri tory un der study is char -
ac ter ized by the pos i tive back ground of air pres sure anom a lies. 
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Fig. 1. The long-term vari a tions (1900–2014) in air tem per a ture in the North ern Hemi sphere mid-latitudes (32.5°–67.5° N) in
(a) Jan u ary and (b) July. (1) Ini tial se ries; (2) LFC with the pe riod of more than 20 years; (3) av er age val ues for 1900–1929,
1930–1959, 1960–1987, and 1988–2014.



  The anal y sis of the map of air tem per a ture anom a lies for this pe riod (Fig. 3a) re veals that al most over
the whole an a lyzed ter ri tory air tem per a ture is be low the nor mal for 1900–2014, i.e., the pe riod was cold,
and the max i mum val ues of neg a tive anom a lies of air tem per a ture are reg is tered in the Arc tic zone, in the
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Fig. 2. The anomalies of air pressure (hPa) in (a, c, e, g) January and (b, d, f, h) July in (a, b) 1900–1929, (c, d) 1930–1959,
(e, f) 1960–1987, and (g, h) 1988–2000.



po lar re gions of Can ada and Eur asia. For ex am ple, DT = –2°C over Green land. The val ues of the pos i tive
anom a lies of air tem per a ture are small. 

Thus, the trend to wards the high val ues of sur face air pres sure pre vailed in the early 20th cen tury,
whereas the trend to wards low val ues dom i nated in the air tem per a ture field that was caused by the cool ing
at the be gin ning of the cen tury. 
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Fig. 3. The same as in Fig. 2 for air tem per a ture (°C).



The pe riod of 1930–1959 was char ac ter ized by in sig nif i cant de vi a tions of air pres sure from the nor mal
in Jan u ary (Fig. 2c). For ex am ple, the value of Dp reached 1 hPa over East ern Eu rope, Eur asia, and North
Amer ica; the slightly in creased back ground of air pres sure was reg is tered over the North At lan tic, in the
area of the Ice lan dic low. In the North Pa cific and ad join ing po lar re gions in clud ing the most of the Arc tic
Ocean ba sin, the neg a tive anom a lies of air pres sure were ob served (to –1 hPa). Thus, the air pres sure drop
is reg is tered at first in the po lar re gion and in the west ern part of the Pa cific Ocean, and later the prev a lence
of air pres sure rise is ob served in the lower lat i tudes (Fig. 2c).

The strongly pro nounced warm ing in the Arc tic re gion (up to 1.5°C), North At lan tic, and Pa cific Ocean
was ob served in the field of air tem per a ture dur ing that pe riod. At the same time, air tem per a ture de creased
(DT = –1°C) over the most of Eur asia and over the seas ad join ing it in the east. In gen eral, air tem per a ture
was be low the nor mal in the most of the East ern Hemi sphere; on the con trary, the air tem per a ture rise was
reg is tered in the West ern Hemi sphere ex cept for the north ern and west ern parts of North Amer ica (Fig. 3c).

Thus, in 1930–1959 in Jan u ary, high air tem per a ture (the anom aly up to 2°C) was ob served in the po lar
re gions and in the Rus sian sec tor of the Arc tic, and low tem per a ture was reg is tered in Eur asia; in the po lar
re gion the air pres sure back ground was rel a tively slightly low (the anom a lies in the cen ter and east of the
Arc tic were equal to –1 hPa). 

In 1960–1987 in Jan u ary, the most of the North ern Hemi sphere was char ac ter ized by the low air pres -
sure, and against its back ground the high pres sure zone with the pro nounced cen ters over Green land, Ice -
land (Dp = 3 hPa) and north ern China (up to 3 hPa) stretched from the west ern coast of North Amer ica to
north ern China. The zone of the ex tremely neg a tive anom aly of air pres sure equal to –3 hPa was reg is tered
over the North Pa cific High (Fig. 2e). 

In that pe riod the air tem per a ture pat tern is more com plex (Fig. 3e); in Jan u ary the air tem per a ture
anom aly up to 1°C is ob served over the Ca na dian Arc tic and fur ther to the east over the Pa cific Ocean; at
the same time, the anom aly is neg a tive (to –1.5°C) fur ther to the south, over North Amer ica; the sig nif i cant
neg a tive anom aly of T is also ob served in the north ern part of the North At lan tic and in the west ern sec tor
of the Arc tic: on the vast ter ri tory from Green land to the East Si be rian is lands and in the ar eas of North ern
Eur asia ad join ing the Arc tic Ocean. The vast zone with the pos i tive anom aly of T cov ers Cen tral Asia,
Eastern Si be ria, the Far East, and the North Pa cific, where the max i mum of DT equal to 1°C is reg is tered in
the area of the Aleu tian Low. 

The pe riod of 1988–2000 was char ac ter ized by the low air pres sure in Jan u ary in the vast zone of the
Arc tic re gion, over the north ern part of Green land and Can ada (Fig. 2g). The dra matic weak en ing of the Si -
be rian High with the anom aly Dp = –5 hPa was ob served in Asia; the zone with the anom aly Dp = –5 hPa
was also formed over China. The low-pressure zone was reg is tered over North Amer ica, in the area of the
North Pa cific High, and the high-pressure zone was ob served over the cen tral part of the North Atlantic,
Southern Eu rope (the anom aly up to 3 hPa), and the Med i ter ra nean re gion. At the same time, the con sid er -
able air tem per a ture rise (the anom aly up to 2°C) rel a tive to the long-term nor mal (Fig. 3g) occurred over
Eurasia, North Amer ica, and the North Pa cific. On the con trary, air tem per a ture dropped by 1°C in the
west ern part of the Arc tic and in Green land. The es pe cially in tense warm ing was ob served in Eu rope (the
air tem per a ture anom aly up to 2°C), Si be ria, and the Far East. 

In 1988–2014 al most the whole ter ri tory of the North ern Hemi sphere extratropical lat i tudes was oc cu -
pied by the sig nif i cant anom a lies of air tem per a ture. The most sig nif i cant air tem per a ture rise was ob served 
in Cen tral and East ern Eu rope, in the east of Eur asia and Can ada (the anom a lies up to 2°C, Fig. 3g). The
warm ing was most strongly pro nounced over the North ern Hemi sphere con ti nents.

Thus, the air tem per a ture field var ied less sig nif i cantly in win ter in 1990–1929, when the cool ing em -
braced al most the whole North ern Hemi sphere, and in 1988–2014, when the in ten sive warm ing also oc cu -
pied the whole North ern Hemi sphere. Rather ho mog e nous pat terns were ob served. In the po lar re gions
win ters were cold in the first pe riod, whereas they were ex tremely warm in the last pe riod. The op po site
pat tern was ob served for air pres sure: in the po lar re gions and in the area of the Aleu tian Low, the high val -
ues of air pres sure in the early 20th cen tury changed to the lower val ues in the late 20th cen tury. Air tem per -
a ture and air pres sure var ied in the op po site phase.

It should be noted that the air pres sure anom a lies of op po site signs were formed in the At lan tic and Pa -
cific parts of the Arc tic in 1990–1929, 1930–1959, and 1960–1987. These anom a lies were less pro nounced
in 1988–2000 dur ing the phase of ac tive warm ing. 

Let us consider the spatial distribution of anomalies Dp in July (Figs. 2b, 2d, 2f, and 2h). In 1900–1929
the zone of high air pressure (Dp = 5 hPa) was situated over the Arctic, and the second zone with Dp = 3 hPa 
was formed over northern China (Fig. 2b). The abnormally high air pressure was observed almost over the
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whole Northern Hemisphere except for some regions. In 1930–1959, the low-pressure zone (the anomaly
of –1 hPa) situated inside the high-pressure zone was observed over Europe (except for its southwestern
part), Siberia, Central Asia, and the territory adjoining India (Fig. 2d). In 1960–1987 (Fig. 2f), the most of the
Northern Hemisphere was occupied by the negative background of air pressure anomaly (Dp = –1 hPa), and 
only the North Atlantic and the most of Europe (expect for the southwestern part in the zone of 40°–70° N)
were occupied by the high-pressure zone (Dp = 1 hPa). In 1988–2000 (Fig. 2h), the pattern of air pressure
anomalies becomes less uniform. The Arctic zone is occupied by the low-pressure zone (Dp is to –3 hPa), and
the northern part of Europe, Canada, and the Pacific Ocean are situated in the high-pressure zone (the
anomaly is 1 hPa). The zone with the negative anomaly up to –3 hPa is identified over northern China.
Thus, the field of air pressure anomalies in July is less contrast, and the anomaly zones are not so vast and
intensive. 

In 1900–1929 in July the pat tern of sur face air tem per a ture anom a lies (Fig. 3b) is rather uni form (ex cept 
for the small low-intensity zones in Asia), and the anom a lies are neg a tive (in the po lar re gion DT = –1°C),
i.e., the cold phase is ob served al most on the whole ter ri tory. In 1930–1959, the field of anom a lies DT
changed (Fig. 3d): the North At lan tic, Green land, North ern and Cen tral Eu rope, and the cen tral and south -
ern parts of North Amer ica were oc cu pied by the pos i tive anom aly of 0.5°C; the east ern Arc tic, Si be ria, and 
the North Pa cific were char ac ter ized by the neg a tive back ground of DT (–0.5°C). In 1960–1987, air tem -
per a ture was be low the nor mal over the most of the North ern Hemi sphere; only the area stretched from the
coast of north ern Canada through the Arc tic to West Si be ria was char ac ter ized by the pos i tive anom aly.
How ever, in 1988–2000 (Fig. 3h) and es pe cially in 1988–2014, air tem per a ture was above the nor mal: for
ex am ple, DT = 1°C in Can ada, Si be ria, and the Arc tic. In 1988–2014, only pos i tive anom a lies of air tem -
per a ture were reg is tered: 1.5°C in Can ada and 1°C in South ern Eu rope, North Af rica, and the Near East.
Thus, the sig nif i cant warm ing as com pared with the ref er ence pe riod (1900–2014) was ob served both in
Jan u ary and July. 

To assess the geometric similarity of patterns of air temperature and air pressure anomalies for different
periods, the similarity criterion r was used [10].  The values of r calculated for different time periods of the
20th and 21st centuries for the anomalies of air pressure and air temperature in the zone of 27.5°–67.5° N
are presented in the table. It should be noted that the parameter r was also computed for other latitude zones:
17.5°–87.5°, 27.5°–67.5°, 52.5°–67.5°, and 27.5°–47.5° N (not presented). 

The highest level of the statistical relation of air temperature in January (r = –0.80) is observed for
1900–1929 and 1988–2014, when the air temperature anomalies have opposite signs at the most of grid
points. The periods of 1960–1987 and 1988–2000 are poorly interrelated (r = 0.08). At the same time, the
high level of similarity of air temperature anomalies is registered in 1988–2000 and 1988–2014 (r = 0.85),
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The values of the similarity criterion of patterns of air temperature and air pressure in different periods
 (27.5°–67.5° N)

Period
January July

I II III IV V I II III IV V

Air temperature anomalies

I
II
III
IV
V

1     
0.26

–0.12
–0.67
–0.80

1     
–0.30
–0.46
–0.41

1     
0.08
0.04

1     
0.85 1

1     
0.07
0.22

–0.59
–0.72

1     
–0.17
–0.28
–0.18

1     
–0.20
–0.43

1     
0.70 1

Air pressure anomalies

I
II
III
IV

1     
–0.39
–0.69

0.06

1     
0.28

–0.28
1     

–0.27

1 –
–
–
–

1     
–0.13
–0.70
–0.31

1     
–0.13
–0.27

1     
0.38 1

–
–
–

Note: I is 1900–1929; II is 1930–1959; III is 1960–1987; IV is 1988–2000; V is 1988–2014.



when the uniform process of modern climate warming was observed. In July the numerical values of r are
slightly smaller than in January. For example, the highest negative relation is observed between the air
temperature anomalies in 1900–1929 and 1988–2014 (r = –0.72), i.e., the processes in the early 20th
century and at the turn of the 20th and the 21st centuries are oppositely directed; the values of the similarity
criterion are high for 1988–2000 and 1988–2014 (r = 0.70). 

There is a rather strong re la tion be tween the pe ri ods of 1900–1929 and 1960–1987 for the pat terns of air 
pres sure anom a lies in Jan u ary (r = –0.69). The air pres sure anom a lies at the be gin ning and end of the 20th
cen tury are al most not in ter re lated (r = 0.06). In July the pe ri ods of 1900–1929 and 1960–1987 are also
char ac ter ized by the strong cou pling, when r = –0.70, i.e., the air pres sure anom a lies of dif fer ent signs pre -
vailed at the con sid ered grid points. 

It was in ter est ing to con sider long-term vari a tions in the time se ries of air tem per a ture and air pres sure
smoothed with the Pot ter fil ter (the low-frequency com po nent with the pe riod of more than 20 years) for
the North ern Hemi sphere at mo spheric cen ters of ac tion for 1900–2014. 

At first, let us consider the following circulation couple: the Icelandic Low and the Azores High. The
LFC of air temperature and air pressure slightly varied in the area of the Icelandic Low in January in
1900–2014 (Fig. 4a). Since the 1980s air temperature rose by about 1.2°C and was equal to –6.5°C, and air
pressure reached the maximum in 1965 (~1004 hPa), started dropping, and was equal to 999 hPa at the end
of the analyzed period. Certainly, the air pressure curve exhibits more complex dynamics than the air
temperature curve. In July air temperature (Fig. 4c) from 1990 till now is in the active phase of increase (by
LFC): it rose from 5.5 to 7.3°C; before that, air pressure and air temperature varied in the opposite phase
(1910–1960), whereas air pressure was slightly rising and reached 1011 hPa in the concluding period. It
should be noted that in the Icelandic Low air pressure reached its minimum (1008 hPa) in 1925. 
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Fig. 4. The long-term vari a tions in (1) air pres sure and (2) air tem per a ture in the area of (a, c) the Ice lan dic Low and (b, d)
Azores High in (a, b) Jan u ary and (c, d) July.



In Jan u ary the pat tern ob served in the area of the Azores High was more com plex than that in the area of
the Ice lan dic Low: the wavy vari a tions in LFC of air pres sure and air tem per a ture took place. Air pres sure
rose from 1018 hPa in 1965 to 1024 hPa in 1990 and started drop ping af ter wards; air tem per a ture rose from
15.6°C (1975) to 16.4°C (2005) at first and started de creas ing af ter wards. In July (Fig. 4d) vari a tions in
ther mo dy namic pa ram e ters were small and gradual. Air tem per a ture in sig nif i cantly rose since 1980 and
reached 22.4°C in 2014, and, on the con trary, air pres sure slightly dropped and was equal to 1025.6 hPa at
the end of the an a lyzed pe riod. 

The anal y sis of LFC of air tem per a ture and air pres sure in the North Amer i can cou ple (the Aleu tian Low 
and the North Pa cific High) re vealed that the most pro nounced vari a tions in the area of the Aleu tian Low in
Jan u ary are the air pres sure drop by 7.5 hPa (from 1005.0 to 997.5 hPa) in 1910–1930 and the air tem per a -
ture rise by 1.2°C in 1910–2014 (the fig ure is not pre sented). In July the ap pre cia ble air tem per a ture rise by
about 1°C was observed from 1950 till now. The low-frequency com po nent of air pres sure var ies with the
small am pli tude. The com par i son of tem po ral vari a tions in the air pres sure LFC in the ar eas of the Ice lan dic 
and Aleu tian lows in di cates the antiphase pat tern of these vari a tions.

In the area of the North Pa cific High both in Jan u ary and July thermobaric pro cesses are rather sta ble,
and there are no sig nif i cant tem po ral vari a tions. Only the slight air tem per a ture de crease and air pres sure
rise may be noted in Jan u ary in re cent de cades, and the in sig nif i cant de crease both in air pres sure and air
tem per a ture has been ob served in re cent years in July. 

The Si be rian High was char ac ter ized by the dra matic air pres sure drop, from 1039 to 1030 hPa, that oc -
curred in Jan u ary from the late 1960s till 1994. Then air pres sure started ris ing and reached 1036 hPa. Air
tem per a ture var ied in the phase opposite to the air pressure phase, and its con sid er able rise was reg is tered
from the 1930s till 1990 (from –25.6 to –22.2°C). Dur ing the con clud ing phase (since 1990), an in sig nif i -
cant de crease in air tem per a ture LFC was ob served. 

Thus, the anal y sis of LFC of air tem per a ture and air pres sure in the con sid ered re gions al lows as sess ing
their long-period vari a tions caused by the su per po si tion of a num ber of phys i cal fac tors: the cloud i ness and
sea sur face tem per a ture, the heat and mois ture ex change be tween the en vi ron ments, the at mo sphere and
ocean cir cu la tion, etc. [4, 9, 11, 21]. To study in more de tail the con di tions for the for ma tion of low-fre-
quency vari a tions in the anom a lies of air pres sure and air tem per a ture in the North ern Hemi sphere, the au -
thors plan to in ves ti gate the dy nam ics of re gional cir cu la tion pat terns and vorticity us ing the well-known
cir cu la tion in di ces: NAO, PNA, EA, SCAND, etc.
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