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Climate Assessment. Int. J. of Climatol., 22, 1441-1453. Data and metadata 

available at http://eca.knmi.nl;
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.
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 –  ( . 3.9), 

, -

, -
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.
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.
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.  1964 -

-
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 ( . 3.1).
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 3.1 

 r – –

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

1910 + + + + + + - - - - - - 1960 - - + + + + + + + + - -

1912 + + + + + + - - - - - - 1962 - - - - + + + + + + + +

1914 + + + + + + - - - - - - 1964 + - - - - - + + + + + +

1916 + + + + + + - - - - - - 1966 + - - - - - - + + + + +

1918 + + + + + + - - - - - - 1968 - - - - - - + + + + + +

1920 + + + + + + - - - - - - 1970 + - - - - + + + + + - -

1922 + + + + + + - - - - - - 1972 - - - - - - + + + + + -

1924 + + + + + + - - - - - - 1974 - - - - - - + + + + + +

1926 - + + + + + - - - - - - 1976 + - - - - - + + + + + +

1928 + + + + + + - - - - - - 1978 + - - - - - - + + + + +

1930 + + + + + + - - - - - - 1980 - - - - - - - + + + + +

1932 + + + + + + - - - - - - 1982 + - - - - - + + + + + +

1934 + + + + + + + - - - - - 1984 - - - - - - + + + + + -

1936 - + + + + + + - - - - - 1986 - - - - - - + + + + + +

1938 - + + + + + + - - - - - 1988 - - - - - - + + + + + +

1940 + + + + + + + - - - - - 1990 - - - - - - - + + + + +

1942 + + + + + - - - - - - - 1992 + - - - - - - + + + + +

1944 + + + + + + - - - - - - 1994 + - - - - - + + + + + +

1946 + + + + + + - - - - - - 1996 - - - - - - + + + + + +

1948 - + + + + + + - - - - - 1998 - - - - - - + + + + + +

1950 - - + + + + + - - - - - 2000 + - - - - - + + + + + +

1952 + + + - + + + + + - - - 2002 - - - - - - - + + + + +

1954 + + + + + - - - - - - - 2004 - - - - - - + + + + + +

1956 - - - + + + - - - - - + 2006 - - - - - - + + + + + +

1958 + + + + + + + + - - - - 2008 - - - - - - + + + + + +

-

–

. . 1.  1964 -

 35 -

. 1. 2.

 (1900 .)

 1954 , 1  35 , . .

 1920  1954 .,

. , ,

 1920  2000 ,
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S, -

S , -

. . 3.33 

– .

 3.33 , 1 ( -

) , , -

 –  – 

, .

,

, .

1964 2

.

, ,  – .

– . -

,  – -

, ,

3,3 % ,  –  3,4 % , -

R  6,7 %, –

 6 .

( r = 6 ). , . 3.33, 

50 , . -

-

– :

2 2
/50r

R

r
,

 – -

– . , ,

R = 6,7 % r = 6 ,  = 0,003 %. ,

 0,003 %. 
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), .

, -

: ar;

 ( ) a ;  ( - ) a .

-

: fr, f , f . -

.

-

,

, -

.

- -

 XX , ,

1 2.

,

1 2, . 3.34  3.35. 



- 142 - 

-

.

 ( - r -

) . -

-

r 1 2, . 3.34  3.35. 

( . 3.34  3.35) 

, ,

. -

- ,

 ( ) -

.

-

-

, -

-

- , , -

,

.

, ,

,  87,4 % -

 31,7% -

. , - -

,

.

3.8.

,

 ( )

. ,



- 143 - 

-

. -

,  [79] -
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. -
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.

,

.

 1200 

. 1 2,

 3.7.  1920–

2000 .

. 3.36  3.37 

, 1 2 .

, .

 1–2 . -

1 2 -

1–2 .

, -

,  22,9 %  . 

 ( . 3.36  3.37) -

, -

.

-

,
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 XX -
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.

. , ,  [46] ,

 20–30- .
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. -

 XX .

-

. -

.

 (

) +  ( )

-

– .

, -

,

– - .

. 3.38 -

.

-

.  –  (1) 

 (12)  (13)  (24). 

-

. . 3.38  3.38 -
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 45–70° .

5 . , .
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,

 – 

.
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),
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,

.

 ( . ).

,

 ( ) -

 (R = +0,37)  (  < 5 %).

.

. 3.40 

. .

-

,  1900  1970 -

, R = +0,49,  1971  – , -

 R = -0,64.
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.

. . ,  – , , ,

.

. .

2010 ,

, -

 (

, ),
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. ,

, .

. . , -
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, -

.

, -

.

2 -

.

-

.

. -

, . -

. - -

-

. -

 (

).

,

.

-

. -

-

.



- 215 - 

-

,

, -

, .

. 5.1  16 

: 1) 2;

2) 2 .

, 2

, 2

. ,

, . 5.1, 

.

,

,

-

,

. -

,

.

.

.  [83] ,

,  « » -

,

, , ,

, . -

, -

- 2.

,

,  [37, 59, 97]. 
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-

- .

-

 10–30 

.  [66], 

 10–30 ,

. -

,

-

,

 80-  90- .

- -

.

-

.

 ( )

, -

, .

 21 , -

 CMIP3, -

 1900–1999 . -

2 -

.

 3 .  [12] ,

, -

, , -

.  ( ) -

 ( )  ( )

. , -

.
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, -

,

 « »,

, .

,  [12] , -

. -

 [12], , -

: -

, . -

,

.

-

,

. ,

, -

.

 [48] , -

-

, -

 10- -

. ,

, 2,

.

 [48] ,

, -

,  – -

. , , -

, -

.



- 218 - 

5.3.

-

. -

, -

, , ,

. , -

,

, -

, , .

,

-

.

-

.

-

-

.  [88] 

 (CGCM2, HadCM3  ECHAM4/OPYC3) 

-

.

-

 CGCM2, HadCM3  ECHAM4/OPYC3  [88]. -

, . . -

. -

-

2 2, ,

 2050 .

-

 8000 -

.

.
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,

. -

1600 .

,

 2×2°. -

, -

. -

,  1990–

2005 . ,

, .

 CGCM2, ECHAM4, 

HadCM3 ,

 – . -

 2×2°. 

.

 CGCM2, ECHAM4, HadCM3 -

.

, -

,

. -

,

.

-

.

.

 2×2°  16 

 (  1990–2005 .),

 (
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,

, ).

. 5.1  5.2 ,

. -

: CGCM2, ECHAM4, HadCM3 -

 SUM. 

 SUM .

 5.1 

 I II III IV V VI VII VIII IX X XI XII 

CGCM2 5,7 5,4 4,9 4,6 4,2 3,4 3,1 3,1 3,1 3,7 4,8 5,5 

ECHAM4 3,8 3,7 3,6 3,6 3,3 3,2 3,3 3,0 2,8 2,9 3,2 3,6 

HadCM3 4,0 3,8 3,5 3,2 3,0 2,9 3,1 3,2 2,9 3,0 3,4 3,7 

SUM  3,5 3,3 3,1 3,1 3,0 2,8 2,7 2,6 2,5 2,5 2,9 3,2 2,44

 5.2 

 I II III IV V VI VII VIII IX X XI XII 

CGCM2 -1,6 -3,2 -3,4 -4,4 -3,7 -2,5 -1,1 0,0 0,4 0,3 1,1 0,8 

ECHAM4 1,5 0,8 0,5 0,4 0,1 0,8 1,5 1,8 1,6 1,1 1,3 1,5 

HadCM3 -3,0 -3,8 -2,8 -1,9 -1,0 -0,9 -0,7 -0,5 -1,0 -1,7 -1,9 -2,6 

SUM  -1,0 -2,0 -1,8 -1,9 -1,5 -0,8 -0,1 0,4 0,3 -0,1 0,2 -0,1 -0,05

,  CGCM2 

 1990–2005 . ,

 – .

-4,4 °  +1,1 ° .

 3,1 °

 5,7 ° .

 ECHAM4 

, ,

 CGCM2. ,  0,1 

0,5 ° ,  1,8 ° .
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,

CGCM2  2,8  3,8 ° .

 HadCM3 

.  -0,5 °

-3,8 ° .  –  2,9  4,0 ° .

 SUM, 

 ( . 5.2).  SUM -

.

,

 -2,0  +0,4 ° . -

 (0,05 ° ).

 ( . 5.1) 

.

-

.

 2×2°  16 

 (  1990–2005 .), -

 ( -

,

, ). . 5.1  5.2 -

, -

-

. , -

,  1990–

2005 . . 5.2  CGCM2. 

 CGCM2 -

.  – , ,

, , .

. 5.3 

ECHAM4.

.  1–3 ° -

,
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 ECHAM4  -3  -4 ° -

, -

. . 5.4  HadCM3. 

 HadCM3 

,

 (

, - . -

 HadCM3 .

. . 5.5 

 SUM. 

,

, -

.

 -4  -5 °

, . -

 +3 ° -

, -

.

-

. , -

-

, .

, .

-

MIP (Coupled Model 

Intercomparison Project http://www-pcmdi.llnl.gov/projects/amip/index.php). 

-

.

, -

, - , .

 CMIP3. 

25 , . 5.3. 
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 5.3. 

 CMIP3 (2007 )

1. Beijing Climate Center  BCC-CM1

2. Bjerknes Centre for Climate Research  BCCR-BCM2.0

3. National Center for Atmospheric Research  CCSM3

4. Canadian Centre for Climate Modelling & Analysis  CGCM3.1(T47)

5. Canadian Centre for Climate Modelling & Analysis  CGCM3.1(T63)

6. Météo-France / Centre National de Recherches 
Météorologiques

 CNRM-CM3

7. CSIRO Atmospheric Research  CSIRO-Mk3.0

8. CSIRO Atmospheric Research  CSIRO-Mk3.5

9. Max Planck Institute for Meteorology  ECHAM5/MPI-OM

10. Meteorological Institute of the University of Bonn, 
Meteorological Research Institute of KMA, and Mod-
el and Data group. 

 /
ECHO-G

11. LASG / Institute of Atmospheric Physics  FGOALS-g1.0

12. US Dept. of Commerce / NOAA / Geophysical 
Fluid Dynamics Laboratory

 GFDL-CM2.0

13. US Dept. of Commerce / NOAA / Geophysical 
Fluid Dynamics Laboratory

 GFDL-CM2.1

14. NASA / Goddard Institute for Space Studies  GISS-AOM

15. NASA / Goddard Institute for Space Studies  GISS-EH

16. NASA / Goddard Institute for Space Studies  GISS-ER

17. Instituto Nazionale di Geofisica e Vulcanologia  INGV-SXG

18. Institute for Numerical Mathematics  INM-CM3.0

19. Institut Pierre Simon Laplace  IPSL-CM4

20. Center for Climate System Research (The Uni-
versity of Tokyo), National Institute for Environmental 
Studies, and Frontier Research Center for Global 
Change (JAMSTEC)

 MIROC3.2(hires)

21. Center for Climate System Research (The Uni-
versity of Tokyo), National Institute for Environmental 
Studies, and Frontier Research Center for Global 
Change (JAMSTEC)

 MIROC3.2(medres)

22. Meteorological Research Institute  MRI-CGCM2.3.2

23. National Center for Atmospheric Research  PCM

24. Hadley Centre for Climate Prediction and Re-
search / Met Office

UKMO-HadCM3

25. Hadley Centre for Climate Prediction and Re-
search / Met Office

 UKMO-HadGEM1

,

.

, -

 [27].  
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 [66]  16  CMIP3 -

.

 (-1,8 ± 1,5) ° .

-

. -

,

 4–8 ° . -

-  (-6,4 ± 3,6 ° ).

,

 [27].

-

,

5–10 ° .

.

. -

 2–3 ° ,

,

 1–2 ° . -

-

5–10 / , -

 4–8 / .

.

 2 / . [27].

-

. -

, -

,  10 % . , -

,  10–20 %, 
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, -

, , -

. [27].

-

 (2,5×2° 

) , -

-

.

, -

.

-

, -

.  [27], 

, -

-

.

-

.

-

. -

,  80 

-

,  (  1–3 ° ) -

,

 [27].

 2–6 ° -

, , -

-

.

, ,

.
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,  ( -

)  14,7 °C,  15 °C [27].

,

-

 – ,

 [57]. -

: -

,

–

;

 2–5  (26-

, - , 3,5-

) [57] -

. , ,  50–60- -

.

- -

-

.

5.4.

, - -

, -

2.

2

. , -

? -

? .

,

, ,
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- -

,  – 

.

, , -

,

. , ,

-

. , -

. -

.

, .

, -

.

, -

- , , -

, .

-

?

.

. -

,  3.11 -

-

.

, -

.

,  ( ) -

.

-

.

.  3 
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,

,

, .

, -

.

5.5. 2

-

-

2 [27].

 (CO2 ), 

(CH4 )  (N2O) – ,

. ,

, -

. ,

- , -

,

. -

,

 1871 .

, ,

-

.

0,7–0,8 ° , , -

 0,6–0,7 ° . -

. ,  [27], , -

, , -

,  «

».
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[29]. -

2,

. ,

,

.

 [26] , ,

, -

-

,

.

 [25] -

2 -

, -

, .

 [26], -

-

,

, , -

. , -

.

,

.

2  [88] 

,  7  49 % 

2

 (  4).  [83] ,
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 14 %. ,

, -

. -

 [108]. -

,

60 %  1970 

, .

2  40 %. 

,  [96] 

.  [40, 83] 

. 1.2.

- -

,

, , -

-

.

.

-

-

.



. 5.1. 

-

; 2 – 

,

.

 [666] 

- 231 -

 1951 

,

.

,

 1970 : 1 – 

 68 %

 16

; 3 –

,

  (4, 5) 

%

-

,

-

6 -

–

-
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60 

30 

  0 

-30 

                         -120                   -60                     0                      60                     120                  180

. 5.2. -

 (° ) .

 1990–2005 . CGCM2 

60 

30 

  0 

-30 

                         -120                   -60                     0                      60                     120                  180

. 5.3. -

 (° ) .

 1990–2005 . ECHAM4 

3

2

1

-1
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-3

-4

-5

3

2

1

-1

-2

-3

-4

-5
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60 

30 

  0 

-30 

                         -120                   -60                     0                      60                     120                  180

. 5.4. -

 (° ) -

.  1990–2005 .

HadCM3

60 

30 

  0 

-30 

                         -120                   -60                     0                      60                     120                  180

. 5.5. -

 (° ) -

.  1990–2005 .

SUM

3

2

1

-1

-2

-3

-4

-5

3

2

1

-1

-2

-3

-4

-5
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,
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, -

, -

. ,
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, -

.

6.2. , ,

-

, . . , -

.

,

. -

-

-

. -
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-

. :

, . -

,  – 

,
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,

. -

,

, . . . ,

 [52]. 

.

.

,

-

 – , ,

.

,

,

 – .

.

.

,

-

.

.

-

.

-

( .  6.1). -

, -

,

.

,
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 (

),

 [21]. 

,

, ,

,

. -

, -

-

.

 [52].  

,

-

. ,

[21].  

, .

6.3.

-

.

. .  [62] 

.

. .  [67] ,

-

. -

.
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-

, -

,

.

,

 – , -

. -

. -

, -

, , , .

-

, .  – 

.

,

. -

-

 ( ) [71]. 

-

-

.

-

.

,

, .

.

. ,

.

,

. . [15, 19]. 
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.

 [68]: ,

. -

-

, -

. -

, -

-

.

.

, ,

,

.

-

, -

, -

. -

, ,

-

. , -

. -

-

. -

, .

, -

. , -

, , -

.

, , -

. -

. , 1,
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,

n .

T = nT1,

 nT1  –  n. 

-

. ,

, .

, -

,

-

, -

.

-

, ,  nT. -

, , , 2 , -

 2 ,  2,5 

 5 ,

 2,2  –  11 , . . -

, -

,

, -

. , -

 18 ,

 18 ,

3  (36 ); ,

20  5  (60 ), . .

.

-

. . 6.1 

-

.  1951–2000 .
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1951–2000 .

. 6.1 ,

 0,2 -

.  5 , . -

 1951–2000 . -

,

 5–7 , -

. -

.

, -

. , . 6.2 -

-

. -

 1951–2000 .

,

0,2–0,3  ( ): 1, 7, 11, 17, 24. -

, . 6.1 .

.

 2–5 -

, .

-

 0,2–0,3, -

. ,

. -

, , -

.

, ,
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. -

.

-

 – .

, , -

.

, -

.

. -

.

.

-

, -

 – -

.

 – 

,

, .

-

.

,

. -

.

-

,

. -

 ( . 6.3  6.4) 

 1900–2000 . ,

,
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,

.

. -

 ( ) -

, -

, -

.

, -

, . .  [72], 

,

.  ( ) -

.  [72], -

,

,

, -

.

.

, , -

.

, -

-

. -

 3 ,

. -

.

. , , . .  [2] -

-

. , -

.
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-

,

-

-

.

, -

.

-

. -

,

. .  1948 .

, -

-

 [47]. 

. , -

.

, -

.

6.4.

, -

, -
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,

- . -

. -

,  – -
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.  – 60–70- .
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, -
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.

-

,

.

, -

.

-

, -

. -

,

, ,

,

.

. -

-  [90] -

 [7, 

9, 76, 82]. , ,
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6.5.

.  [61] ,
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,

, , , . .

, -

.

-

.

,

, . -

-

 [22].  

,  N 

-  y1, y2, y3 ... yN.

-

:  3 ,  4 ,  5 . . -

n p :

y1,  y2,  y3, . . . ,  yp

y p+1,  y p+2,  y p+3, . . . ,  y2p

y 2p+1,  y 2p+2,  y 2p+3, . . . ,  y 3p

y (n-1)p+1, y (n-1)p+2, y (n-1)p+3, . . . , y np

----------------------------------------------------------

Y1,  Y2,  Y3,   Yp

 Y1, Y2, Y3 ... Yp – .  y1,

y2, y3 ... , ... yN , p,

 Y1, Y2,Y3 . . .Yp, p

.

,  p: p/2, p/3 . . -

 N .  N -

,

 N .
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-

.

 Y1, Y2,Y3 . . . Yp -

p -

.

-

 Y1, Y2,Y3. . . Yp -

,

p. -

, -

, -

, -

.

 [85]  [88]. -

,

,

. -

-

-

.

. -

-

,

, ,

.

.  – - , -

.

.

.
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, . -

.

-

 (

 [28]). 

.

 [28], -

, ,

, -

:

t1  t +1 ; t2  t +2; t3  t + 3 . . . t  t 2 . .

. 6.5.

. 6.5 -

 40 -

.  40 -

.

. .

 41  70 

,

. .

, -

,

, -

, .

. -

, -

, .

-

.
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. -

-

. , -

,

 – , . 6.6. 

,

 ti  ti+  , 

 – .

 ( . ), 

.

 t1, t2 … tn  ( -

)  – -

. ,

, ,

.

-

,

. -

, ,

 « »

 ( ,  2 . .).

-

, -

,

,

.

, .
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6.6.

. -

,

-

- .

, -

-

 50, 100 . -

, , -

 – 

,

.

.

-

 10–30 ,

. -

- -

. -

 2025 .

,

-

-

.

-

-

.
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 t  N, -

. ,

.  t 

n , . -

, -

. -

 1  t 

,

:  t1  t  ,  t +1  t2  ,  t2 +1  t3 . . -

 ti,j , -

,  – 

.

 n-

.

,

1

( ) 1/ ( ),
n

j i j

i

T n t     (6.1) 

i  1  n; 

j  1  ; 

n –  ; 

 – , -

.

,  2–3 

,  n  3. -

:

T1=(t1 + t +1 + t2 +1)/3 ; T2=(t2 + t +2 + t2 +2)/3; T3=(t3+ t +3 + t2 +3)/3 . .

.

, -

 4  N/2 .

 (  6.1) 

 t. 

,
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-

.  T( 1), T( 2)  T( 3).

Tk( 1), Tk( 2)  Tk( 3),  k  ( -

 Tk). -

 N  ( -

). -

  T1 ( 1), T2 ( 1) ... T 1 ( 1), T 1+1 ( 1),

T 1+2 ( 1) ... . . .

1 -

. -

2 3.

, , -

.

-

,

, .

.

-

. -

,

,

. -

.

. ,

,

.

 N -

,  N+1-

. -
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 T’( 1),

T’( 2)  T’( 3):

T’k = aT’k( 1) + bT’k( 2) + cT’k( 3) + d.          (6.2) 

-

.

 (6.2) , -

 t. k -

 k = N + 1  T’k  k = N + 1. 

,  k = N + 1 

,  k = N + 2 

.

. , -

1 = 8, 2 = 3,5, 3 = 2,5. -

. 6.7.

, -

1 = 8, 2 = 7, 3 = 5.  7 -

 3,5,  5 -

 2,5. . -

. -

,  – , ,

-

. .

,

. .

,

 5, 13, 18, 35–37 ,  – 8, 11, 18 

35–37 , , ,  5–6 

 3–18 .

18- , -

, - ,

 – 17  19 . ,  17–19-
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,  16- ,

.

10–11-

10–11- .  10–11 -

. ,

: - -

.  11-

- , -

, -

-

, -

.

8–9-  18- ,

 ( ) 8–9-  7-

.

.

 3-  5- .

,

, ,

-

. -

,  6.3. 

-

,

 4–18 . -

-

,

.

 4–6, 8, 11, 18, 35 , -

. -

.
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6.7.

,  6.5, -

 50–70 . ,

 6, 8, 12, 16, 17–18  35–

37 .

.

-

 20 .  « »

,

.

,

 6  20 , -

-

 (6 ).  – 

18  – . -

 36 .

.

 30–35 

. -

.

.

 8000 .

- .

. -

 1600 

,

-

.
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, -

 2×2°. 

, -

.

,  1938 

.  1167 . . 6.8 

. . 6.8 ,

.

,

-

.

-
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