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Abstract. Variations of cyclone frequency in the different regions of the
Northern Extratropics on timescales of decades are analyzed in alongside with
variations of leading atmospheric circulation modes and magnitude of the weterlies
in certain latitudinal belts. A possible manifestation of the well-known thesis
cocerning the poleward displacement of storm tracks during warming in the
statistics of cyclones is discussed.

It is shown that for the Northern Hemisphere as a whole, long-period changes in
the frequency of cyclones in winter are irregular fluctuations on scales of several
decades, with no apparent trend. In summer, interdecadal changes are weak, but
there is a noticeable trend, significant at the 5% level. In the northern and southern
parts of the North Atlantic in winter, the frequency changes contain significant
counterphase components with a period of about 10 years, which correlate well
with changes in the NAO index (the correlation is positive in the northern half; the
coefficients are significant at the level of 0.1%). Long-term changes in the
frequency of cyclones in the North Pacific are basically similar to changes in the
Trenberth-Hurrell North Pacific Index (but in counterphase).

The analysis of the linear regression model demonstrated that in the winter
season circulation modes of the Atlantic-European sector: SCAND, NAO, EA, EA/
WR contributed significantly to the change in the frequency of cyclones in the
regions of northern Europe  Western Siberia and the north of European Russia
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(ER) (but the contribution of the EA/WR mode is insignificant for the north of
Europe  Western Siberia). In summer, for the north of ER and Western Siberia, the
SCAND and EA/WR circulation modes contributed significantly.

Analysis of the accompanying changes in of the zonal wind at 700 hPa in the
area of the main storm tracks in winter revealed that for the hemisphere as a whole
(0-360°) in the latitudinal zone of 45-55N, as well as in the zone of 55-65N zonal
wind changes are mainly associated with changes in the frequency of cyclones in
the northern part of the North Atlantic and closely follow changes in the NAO.
However, in more southerly latitudes (35-45N), changes in the hemispherical zonal
wind are observed, similar to long-period changes in the North Pacific Index in
counterphase, the nature of which is unclear (since they are not manifested in the
Pacific sector itself).

The poleward shift of storm tracks, expected during warming, is observed only
for the northern branch of the Atlantic storm track during the periods of NAO
growth between 1960 and mid-1990. and after 2010. For the whole period since
1976, an insignificant trend of about 0.07° latitude per decade was observed.

Keywords. Cyclone frequency, modes of atmospheric circulation, long-period
variations, zonal wind, stormtrack.
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 1.        
 Barnston, Livezey, 1987:  ( )   ( );   

 (Trenberth, Hurrell, 1994) 
 11-    ( , )      [1,3,5,6,5,3,1] ( )

Figure 1. Time series of seasonal circulation indices for the Atlantic sector according to Barnston 
and Livezey, 1987: winter (a) and summer (b); North Pacific ST Index (Trenberth, Hurrell, 1994)

Shown 11-year moving average (a, b) and weighted average with weights [1,3,5,6,5,3,1] (c)
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Figure 2. Changes in the frequency of occurrence (the average seasonal number of cyclones for one 

period) in the temperate latitudes of the Northern Hemisphere (35-75°N) in winter (above) 
and in summer (below).
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Figure 3. Changes in the frequency of occurrence in winter in the northern (55-75 . ., N, above) 
and southern (35-55 . ., N, below) parts of the temperate latitudes of the Northern Hemisphere

 Shown 11 year moving average and linear trend for the entire period. The main estimates are given: 
e– average for the entire period, b – coefficient of linear trend [year-1], 

R2 – coefficient of determination
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Figure 4. Frequency of cyclones in the northern (a) and southern (b) parts 
of the North Atlantic in winter (1952-2017)

Colored lines – moving averages: blue – 11-year, purple – 5-year. The linear trend and the average 
for the entire period are also shown. The main estimates are given: e – average for the entire period, 

b – coefficient of linear trend [year-1], R2 – coefficient of determination
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Figure 5. Average zonal wind on the isobaric surface of 850 hPa in positive and negative SAH phases 
according to NCEP/NCAR CDAS1 reanalysis data (Kalnay, Coauthors, 1996)
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Table 1. Correlations between the frequency series of cyclones in the northern (CAc) and southern 
(SAu) parts of the North Atlantic and with the NAO index (winter season) 

The correlations of the original unsmoothed series and smoothed by moving 
5- and 11-year averaging are given

5-  . 11-  .

0.70 0.77 0.83
-0.82 -0.59 -0.87 -0.71 -0.89 -0.83
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 6.         (1952-2017)
    – 11-   ,  –   

  (   ,   )

Figure 6. Frequency of cyclones in the North Pacific in winter (1952-2017)
The bold black line is the 11-year moving average, the blue is the moving average of the North Pacific 

Index (right ordinate, increasing from top to bottom)
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Figure 7. Zonal wind in winter at 700 hPa (m×s-1) over the North Atlantic between west longitude

in the latitudinal zone 45-55°N. (a), 30-40°N. (b), as a whole for the Northern Hemisphere in the zone 
45-55°N. (c) and 35-45°N. (d), and in the latitudinal zone 55-65°N. in the pacific sector (e)

11-year moving average is also shown
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Figure 8. Changes in the frequency of cyclones in the 0-90  E sector between 35-55  N (a) 
and 55-75  N (b)
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 11.      -  
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  Ew(j) ( , )    Fmax ( , )

Figure 11. Changes in position characteristics for the distributions of the zonal-averaged recurrence 
of cyclones in the winter season in the Atlantic sector (0-60° W) in latitudinal 

zones 54-66° N. (a, b) and 38-54° s.sh. (c, d)
weighted average latitude Ew (j) (a, c) and maximum latitude Fmax (b, d)
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Figure 12. Same as in fig. 11, but only Fmax for the zone 54-62° N. sectors 30-90° east longitude
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