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Abstract. Potential blocking episodes in the Northern Hemisphere (40-75°N)
are determined from analyzing deviations of H500 geopotential at regular grid
points from their mid-latitudinal values. Seasonal/annual overall duration of
blocking episodes is considered as a blocking  index TD. 

Spatial distribution of seasonal/annual TD indices and their anomalies in 2020 is
analyzed. The highest values of the annual TD index in 2020 were observed on the
European continent in the 50-57.5°N belt (up to 160 days). TD index anomalies in
European Russia and Western Siberia were to +30 days, and in the northern regions
of Eastern Siberia, these were over +40 days.  In the Western hemisphere, positive
anomalies of the annual TD index were recorded in the eastern Pacific Ocean, south
of 50°N (over +50 days).  Negative anomalies were recorded in the central regions
of North America (to -80 days).

According to assessments obtained for active blocking sectors, in the first half
of 2020, blocking in the European sector (10°W-60°E; 50-65°N) was weaker than
the mean long-term value.  This region experienced positive anomalies of blocking
indices in the summer and autumn seasons. Negative anomalies were recorded in
the North America sector (100-160°W; 50-65°N) in all seasons except for spring.  

Linear trends of TD blocking indices are estimated for the periods 1949-2020
and 1976-2020. At the average, the negative trend is prevailing in each season, but
the spatial distribution of trend coefficients changes from season to season. A trend
of annual duration of blocking episodes in the latitude belt of 50-65°N is -1.0 day/
decade and is statistically significant at the one-percent level.  

Keywords. H500 geopotential, blocking episodes, seasonal blocking indices,
geographical distribution, linear trend. 
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Figure 1. The meridional course of the seasonal duration of blocking episodes in 2020 
(black vertical segments), its long-term mean and maximum values 

for 1976-2019 (green curves) along 55 N 
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Figure 2. Spatial distribution of seasonal anomalies (autumn, 2020) of the total duration of blocking 
episodes in the latitudinal belt 40-75 N (top) and relative anomalies of sunshine duration on the 

territory of the Russian Federation (bottom)
Anomalies of both variables were calculated relative to the period 1981-2010
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Figure 3. The meridional course of the annual duration of blocking episodes 
in 2020 (black vertical segments) and its long-term average 

for 1976-2019 (green curve) along 55 N
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Figure 4. Estimates of the linear trend (for the period 1976-2020) of the seasonal duration of blocking 
episodes along the 55 N: b (days/decade) is the trend coefficient, 

D (%) is the trend contribution to variance
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Figure 5. Estimates of the linear trend (for the 1976-2020) of the annual TD blocking index along 
the 55 N: b (days/decade) – trend coefficient; D (%) – the trend contribution to variance 
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Table 1. Statistical estimates of the seasonal and annual duration of blocking episodes 
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 : E –  , S –  , b – -
  , D –    ;    

 ,  – ;   (   5%) –  . 

    (20-60° . .),  1976-2020 .   
     (b=-2.3 /10 ,  ~5%), 

        . 
     b=+3.4 /10 , 
  1%-  .        -

 

(55  . .)

1949-2020 . 1976-2020 .

E, S, b, 
/10 D, % E, S, b,

/10 D,%

20-60 29.9 11.9 0.3 0.3 30.2 10.9 -0.1 0.0
60-100 26.1 13.0 -0.1 0.0 26.2 13.8 -0.0 0.0
100-140 2.5 2.7 0.0 0.1 2.8 2.8 -0.4 4.2

20-60 33.9 11.0 -0.6 1.2 34.1 10.5 -2.3 8.2
60-100 22.9 10.5 0.4 0.7 24.1 10.8 -0.1 0.0
100-140 2.3 2.7 0.3 5.5 2.9 3.2 0.1 0.2

20-60 23.2 10.5 1.3 6.7 23.9 10.4 3.4 18.1
60-100 11.9 6.8 0.3 0.7 13.1 7.1 -1.0 3.5
100-140 10.5 8.6 1.2 8.4 12.3 8.7 0.7 1.0
20-60 32.1 12.7 0.4 0.5 32.0 12.5 2.7 8.1

60-100 17.2 10.1 0.5 1.1 19.0 10.6 -1.7 4.3
100-140 4.0 3.9 0.2 1.1 4.2 3.7 -0.1 0.1
20-60 113.3 23.0 1.3 1.4 113.8 22.3 3.6 4.5

60-100 72.8 20.1 0.8 0.7 76.5 19.4 -3.3 5.1
100-140 17.5 9.4 1.5 10.8 20.2 9.1 -0.1 0.0
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Figure 6. Time series of the seasonal duration TD of blocking episodes in the European 
(55 N, 20-60 E) and West Siberian (55 N, 60-100 E) sectors of the RF territory

Shown: 11-year moving averages (smoothed curve), linear trend for 1949-2020 (blue lines) and for 
1976-2020 (red lines) 

   70-    TD 
 (     1%),     ,

 ,  ( . 1).   45  (1976-2020 .)
 -    ,      

         .  ,
     1976     

,      . - ,  
     (    -

     ),    
      

 .       TD ( . 6). 



 . .,  . .
Kleshchenko L.K., Rankova E.Ya.

92

     1949-2020 .  
 TD     : b=+1.2 /10 , D=8.4% (

D=8.6%   1%).   1976-2020 .  
  +0.7 /10 ,   –  +1.5  -0.1 /10  (
 ).

 ,       ( .1), 
        -

        (b=+3.6 /
10 ,    86%)     

 (b=-3.3 /10 ,   83%).

      
  (  )

       TD  
  50-65° . .       -

 –  (10° . .-60° . .)   (100-160° . .) –  
     (50-65° . ., 0-360°).  . 2 

        1949-2020 
1976-2020 .

 2.        
      (50-65° . .)

Table 2. Statistical estimates of the seasonal and annual duration of blocking episodes 
in the temperate zone of the Northern Hemisphere (50-65 N)

 . . . 1.

1949-2020 . 1976-2020 .

E, S, b,
/10 D,% E, S, b,

/10 D, %

10° . .-60° . . 33.2 8.0 0.6 2.2 34.1 6.6 -0.7 1.7
100-160° . . 22.7 8.3 1.6 15.3 25.7 7.1 -0.4 0.6
0-360° . . 17.1 2.1 0.3 7.5 17.7 1.8 -0.3 4.9

10° . .-60° . . 30.0 7.3 0.0 0.0 30.5 7.1 -0.9 2.6
100-160° . . 17.3 6.7 0.3 1.1 18.2 6.4 -0.4 0.8
0-360° . . 14.3 1.8 0.1 1.2 14.7 1.9 -0.3 5.0

10° . .-60° . . 18.1 5.4 0.5 3.4 18.4 5.2 0.9 5.1
100-160° . . 16.2 6.0 -0.8 7.4 15.4 6.0 -1.4 9.7
0-360° . . 10.5 1.6 0.0 0.1 10.6 1.7 -0.2 2.5

10° . .-60° . . 31.3 7.8 0.1 0.1 31.4 7.4 0.5 0.8
100-160° . . 15.7 7.2 -0.6 2.6 15.2 7.4 -1.2 4.9
0-360° . . 13.7 2.1 0.0 0.0 13.8 2.0 -0.3 3.6

10° . .-60° . . 107.4 13.4 1.2 3.3 109.1 11.3 0.2 0.0
100-160° . . 67.2 14.9 0.5 0.6 69.7 14.6 -3.3 8.6
0-360° . . 52.5 3.8 0.4 3.8 53.6 3.7 -1.0 13.2
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Figure 7. See Figure 6, but for the annual duration TD of blocking episodes (days) in the temperate 
zone of the Northern Hemisphere (on average per cell 2.5x2.5): in the European and North American 

sectors and in the latitudinal belt of 50-65°N



 . .,  . .
Kleshchenko L.K., Rankova E.Ya.

94

       ( . 7),  
1949-2020 .,       -

    (     -
  . 2,  ),   1976-2020 . 

 .   ,    -
   1970-  .       

   .  ,    
  ,  ,   

 –       -
  (  +0.5  -3.3 /10 ). 
      50-65° . .,   
  (1949-2020 .)  ,     ,  

1976-2020 .   ,  
 1%-   ( - ,      

 ).

  ,    -
 (10° . . - 60° . .),     50-65° . .,   -
 2020 .      . 

   , ,     
  .       

(100-160° . .)   ,   ,  
    

.      2020   
    -      ,   

 –  .
   (55° . .),    ,  -

    TD     
      -

     +14 .     -
  TD   .    

      +20 .
    TD  ,

      50-65° . .,     
(1949-2020 .)      -

   (    
 +0.4 /10      ).  

     45  (1976-2020 .)    -
        

  (b=1.0 /10 , D=13%).     
    1976 .    

 ,      ,   
       (   ,



    . 7,  2, 2021
Fundamental and Applied Climatology ,  2, 2021

95

 ),   .  ,  
1976-2020 .     

       
 (50-65° . .).

 ,      
  TD    50-65° . .  

       . , 
, ,        -

 (  ,  ,  -   -
  , ,  ,

   . .)  
,   (   ., 2013)    1968-2010 . -

          -
     .       50-65° 

. .    TD  1968-2010 . (    )  
    . 

  ( , , 2007)    
      .

,   ,   ,   1976-2020 .  -
   (55° . .; 20-60° . .)     -

,      
.   ,    -

      (+0.8° /10
)    (+3.1%/10 )    -

   (-6.0%/10 )   
  ( …, 2021). 

,     
 (+3.4 /10 , . )    -

 (+0.6° /10 )     (+3.4%/10 ),
    (3.8%/10 ) ( , 2021). 

      ,   
  (1976-2020 .)   -

     (  H500)   -
     

       , -
 , –   .  

       -
,  ,       

  (Woollings et al., 2018). ,  
         

     
       -

    .



 . .,  . .
Kleshchenko L.K., Rankova E.Ya.

96

 

, . ., , . ., , . ., , . . (2004) -
       , -

     , 
  ,  200-  
, 19-21  2004 .  , . 265-267. 

, . ., , . . (1991 )   -
      ,

  ,  3, . 108-110.

, . ., , . . (1991 )   -
      , 

 ,  8, . 1-17.

, . ., , . ., , . ., , . . (2003) -
       ,

 - , .171, . 127-150.

       
 2020 . (2021) , 104 .

, . ., , . ., , . ., , . . (2003) -
     :   

   ,     -
,  , , , 2003, 29 -3 , . 410.

, . ., , . . (2007)   
      ,  -

- , . 173, . 113-127.

, . ., , . . (2010)   
 :      NCEP/

NCAR  JRA,  - , . 175, . 144-158.

 . .  . (2013)      - -
 :        -

,   , . 440,  5, . 582-586.

, . ., , . . (2007)   
         

,    ,  76, . 24-35.

Kalnay, E. et al. (1996) The NCEP/NCAR 40-Year Reanalysis Project, Bull.
Amer. Meteor. Soc., vol. 77, pp. 437-484.

Woollings, T. et al. (2018) Blocking and its Response to Climate Change,
available at  https//doi.org/10.1007/s40641-018-0108-z.



    . 7,  2, 2021
Fundamental and Applied Climatology ,  2, 2021

97

References

Aristova, L.N., Kleshchenko, L.K., Gruza, G.V., Rankova, E.Ya. (2004)
Kharakteristiki epizodov blokirovaniya v Severnom i Yuzhnom polushariyakh
[Characteristics of blocking episodes in the Northern and Southern Hemispheres,
Modern global and regional changes in geosystems], Sovremennyye global'nyye i
regional'nyye izmeneniya geosistem, Materialy Vserossiyskoy nauchnoy
konferentsii, posvyashchennoy 200-letiyu Kazanskogo universiteta, 19-21
oktyabrya 2004 g. Kazan' [Proceedings of the All-Russian Scientific Conference
dedicated to the 200th anniversary of Kazan University, October 19-21, 2004],
Kazan, Russia, pp. 265-267.

Gruza, G.V., Korovkina, L.V. (1991a) Sezonnyye osobennosti prostranst-
vennogo raspredeleniya indeksov blokirovaniya v Severnom polusharii [Seasonal
features of the spatial distribution of blocking indices in the Northern Hemisphere],
Meteorologiya i gidrologiya, no. 3, pp. 108-110.

Gruza, G.V., Korovkina, L.V. (1991b) Klimaticheskiy monitoring protsessov
blokirovaniya zapadnogo perenosa v Severnom polusharii [Climate monitoring of
Western transport blocking processes in the Northern Hemisphere], Meteorologiya
i gidrologiya, no. 8, pp. 1-17.

Gruza, G.V., Rankova, E.Ya., Kleshchenko, L.K., Aristova, L.N. (2003)
Statisticheskiy analiz sezonnykh indeksov blokirovaniya v Severnom polusharii
[Statistical analysis of seasonal blocking indices in the Northern Hemisphere],
Trudy VNIIGMI-MTSD, issue 171, pp. 127-150.

Doklad ob osobennostyakh klimata na territorii Rossiyskoy Federatsii za 2020
god [Report on the peculiarities of the climate in the territory of the Russian
Federation for 2020]. (2021) Moscow, Russia, 104 p.

Kleshchenko, L.K., Aristova, L.N., Gruza, G.V., Rankov,a E.Ya. (2003)
Sezonnyye indeksy blokirovaniya v Severnom polusharii: statisticheskiy rezhim po
real'nym i model'nym dannym [Seasonal blocking indices in the Northern
Hemisphere: statistical regime based on real and model data], Vsemirnaya
konferentsiya po izmeneniyu klimata, Tezisy dokladov, Moskva, Rossiya, 2003, 29
sentyabrya-3 oktyabrya [World Conference on Climate Change, Abstracts,
Moscow, Russia, 2003, September 29-October 3], Moscow, Russia, p. 410. 

Kleshchenko, L.K., Rankova, E.Ya. (2007) Otsenki vosproizvedeniya model'yu
IVM RAN kharakteristik tsirkulyatsii v sredney troposphere [Estimates of the
reproduction by the INM RAS model of the characteristics of circulation in the
middle troposphere], Trudy VNIIGMI-MTSD, issue 173, pp. 113-127.

Kleshchenko, L.K., Rankova, E. Ya. (2010) Kharakteristiki blokirovaniya v
sredney troposfere: sopostavleniye otsenok po dannym reanalizov NCEP/NCAR i
JRA [Blockage Characteristics in the Middle Troposphere: Comparison of
Estimates from NCEP/NCAR and JRA Reanalyses], Trudy VNIIGMI-MTSD,
issue 175, pp. 144-158.



 . .,  . .
Kleshchenko L.K., Rankova E.Ya.

98

Mokhov I.I. et al. (2013) Blokingi v Severnom polusharii i yevro-
atlanticheskom regione: otsenki izmeneniy po dannym reanaliza i model'nym
raschetam [Blockings in the Northern Hemisphere and the Euro-Atlantic Region:
Estimates of Changes Based on Reanalysis Data and Model Calculations], Doklady
Akademii auk, vol. 440, no. 5, pp. 582-586.

Sokolov, O.V., Mezentseva, L.I. (2007) Klimaticheskiye trendy parametrov
obshchey tsirkulyatsii atmosfery v Yuzhnom polusharii vo vtoroy polovine KHKH
veka [Climatic trends in the parameters of the general atmospheric circulation in
the Southern Hemisphere in the second half of the 20th century], Problemy Arktiki i
Antarktiki, no. 76, pp. 24-35. 

Kalnay, E. et al. (1996) The NCEP/NCAR 40-Year Reanalysis Project, Bull.
Amer. Meteor. Soc., vol. 77, pp. 437-484.

Woollings, T. et al. (2018) Blocking and its Response to Climate Change,
available at  https//doi.org/10.1007/s40641-018-0108-z.

   (Received): 29.03.2021 . 
   (Revised): 28.04.2021 .

   (Accepted): 06.05.2021 .

   /For citation:

 , . ., , . . (2021)    
:   2020     , -

   , . 7,  2, . 81-98, doi:10.21513/
2410-8758-2021-2-81-98.

Kleshchenko, L.K., Rankova, E.Ya. (2021) Blocking indices in the northern
hemisphere: assessments for 2020 and trends of long-term changes, Fundamental
and Applied Climatology, vol. 7, no. 2, pp. 81-98, doi:10.21513/2410-8758-2021-
2-81-98.


