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Abstract. The state of the near surface temperature regime in 2020 and its
variability during 1901-2020 are considered. The temperature anomalies in 2020
(reference period 1981-2010) and their trends are analyzed by the data of station
instrumental observations.

It is shown that in general over the Globe, taking into account continents and
oceans, 2020 turned out to be the second among the warmest years (after 2016),
over land – the first, on the Ocean surface – the fourth, and the 2014-2020 span
became the warmest seven-year period on record.

In 88% of all station observations (only land, IGCE data), the average annual
temperature was above the climatic norm, among them 49% were above the 95th
percentile (taking into account the oceans, respectively, 82% and 38% according to
HadCRUT data). Negative anomalies (~10% of all data) were observed mainly on
the continents of the northern hemisphere (Canada, southern Eurasia) and in very
small areas in the southeast of Australia and Antarctica.

Estimates of the linear trend 1976-2020 confidently confirm the warming
tendency: positive trends make up about 97% of all local assessments. The greatest
intensity of warming is noted on average in the Arctic latitudinal belt (0.61°C/10ys)
and in Europe (0.51°C/10ys). 

The features of global warming in the Northern and Southern Hemispheres, on
land and on the surface of the oceans are discussed. The data show that warming
continued throughout the 20th century (starting in the cold 1900-1910s), but until
the 1990s. its identification was hampered by seasonal features (slower warming of
warm seasons) and a temporary slowdown in the 1970s-1980s. Both of these
factors are more active in the Northern Hemisphere and on the continents.

Keywords. Climate, climate monitoring, climate change, surface temperature,
linear trend, global warming.
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Figure 1. Annual surface air temperature anomalies, averaged over the Globe, Northern and Southern 
Hemispheres (° , 1901-2020, land only)

The global time series T3288 (IGCE) and CRUTEM4 (Hadley/CRU) were used. The values of the 
annual anomalies 2020 are presented on the right
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Table 1. The warmest years for the Globe, Northern and Southern Hemispheres from different 
datasets (VT – annual surface temperature anomaly and Year – year of occurrence)

VT, ° VT, °C VT, °C
HadCRUT4 (Hadley/CRU, + )

1 0.504 2016 0.756 2020 0.308 2016
2 0.475 2020 0.701 2016 0.279 2019
3 0.470 2015 0.670 2015 0.274 2015
4 0.443 2019 0.609 2019 0.242 1998
5 0.384 2017 0.559 2017 0.211 2017
6 0.304 2018 0.426 2018 0.198 2020

3288 ( , )
1 0.893 2020 1.047 2020 0.542 2019
2 0.848 2016 0.998 2016 0.483 2016
3 0.738 2019 0.822 2017 0.470 2020
4 0.718 2017 0.817 2019 0.466 2017
5 0.705 2015 0.816 2015 0.429 2015

CRUTEM4 (Hadley/CRU, )
1 0.853 2020 1.025 2020 0.530 2019
2 0.831 2016 0.993 2016 0.507 2020
3 0.697 2019 0.817 2015 0.507 2016
4 0.690 2015 0.779 2019 0.462 2017
5 0.659 2017 0.757 2017 0.438 1998

HadSST3 (Hadley/CRU, )
1 0.408 2016 0.618 2020 0.291 2016
2 0.387 2015 0.535 2019 0.230 2015
3 0.377 2019 0.535 2016 0.229 2019
4 0.374 2020 0.526 2015 0.199 1998
5 0.300 2017 0.439 2017 0.190 2017
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Figure 2. Time series of the annual surface temperature anomalies averaged over the Globe, Northern 
and Southern Hemispheres. 

Data source: a) Hadley/CRU: HadCRUT4 (land+sea), CRUTEM4 (land only), HadSST3 (sea only); 
b) IGCE: T3288 (land only)

For all time-series the 11-year moving average and linear trend for 1976-2020 with the 95% 
confidence interval are shown. The 2020 anomalies and the 1976-2020 trend coefficients are 

presented on the right
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2020     ,     .  



 . .,  . .,  . .
Gruza G.V., Rankova E.Ya., Samokhina O.F.

34

    ( . 3, 4),   -
    ( . 2-4)    1)

(     )    -
2)   .    : 
, , ,     . 

 2.        
    2020 .     3288  HadCRUT4 

(       NN)

Table 2. Frequency distributions of the annual local surface temperature anomalies for the regions 
of the Globe in 2020 using T3288 and HadCRUT4 datasets (all values are in percentage from NN)

 : 1. V<0, V=0, V>0 –   ; 2. P05,
P95 – 5-   95-  ; 3. min, max –      1911 .

1)        ( . 
)    ( .  )     

  (    ),    .
2)   T3288     5-  

( ),        ,  ,
    .  HadCRUT  

  . 

NN - 
 
/ 

     (  %  NN)

( . 1981-2010 .)
5%-   

/
 

V < 0 V=0 V >0 X  P05 X  P95 X = min X = m

HadCRUT4 ( + )
1538 13.2 5.1 81.7 0.1 38.0 0.0 11.8
908 5.3 3.1 91.6 0.0 50.0 0.0 16.7
630 24.6 8.1 67.3 0.2 20.6 0.0 4.6

65-90N 79 2.5 2.5 94.9 0.0 39.2 0.0 24.1
25-65N 526 6.8 4.0 89.2 0.0 50.6 0.0 19.2
25S-25N 606 10.9 4.1 85.0 0.2 41.9 0.0 9.7
65-25S 315 30.8 9.2 60.0 0.0 10.2 0.0 0.6
90-65S 12 16.7 16.7 66.7 0.0 8.3 0.0 0.0

3288 (  )
2500 9.5 2.4 88.1 0.7 49.0 0.5 23.6
2145 8.4 1.9 89.7 0.5 52.8 0.2 26.7
356 16.3 5.6 78.1 2.2 26.4 2.2 5.3

. 421 15.7 1.0 83.4 0.0 32.1 0.0 8.1
1458 7.0 2.1 90.9 0.7 59.6 0.3 34.4

. 103 4.9 3.9 91.3 0.0 26.2 0.0 3.9
126 6.3 4.0 89.7 0.0 46.8 0.0 15.1
145 32.4 6.2 61.4 5.5 22.1 5.5 4.8
18 11.1 11.1 77.8 5.6 5.6 0.0 0.0

518 0.0 0.6 99.4 0.0 86.9 0.0 54.1
949 10.7 2.8 86.4 1.1 44.9 0.5 23.7
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 3.      
 (° )      2020 .: )    HadCRUT4 

( + , Hadley/CRU, UK); )    T3288 (  , )
       1981-2010 .   ( ) 

  ( )    /     
.      5%-     . 

          
    .   ( )   ( ) 

   
Figure 3. Annual surface temperature anomalies over the Globe in 2020: a) by the gridded data 

HadCRUT4 (Hadley/CRU, land+sea); b) by the station data T3288 (IGCE, land only)
Anomalies are calculated relative to the reference  period 1981-2010. White circles (the minima) and 

yellow circles (the maxima) indicate record values (absolute extremes). The circles of smaller size indicate 
the location of 5% extremes of the same sign. For stations in Antarctica and Greenland anomalies values 

are shown at corresponding locations. The areas with insufficient data are empty (a) or shading (b)
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 3.     
       2020 . (°C)     

(         )

Table 3. Spatially averaged surface temperature anomalies over the Globe in 2020 (°C) 
and their cumulative probabilities (on average for a year and by season)

 . 1. vT, °  –    2020  (  
1981-2010 .); 2. F% –     F=prob(X  vT2020)  

  1911-2019 . (  ) 3.   
  (       1911-2020 .). 

     ( . 3, . 2-3),  2020
        -

:  88%     T3288 (  82%  -
 HadCRUT4).   49% (38%)   95-  , 

  24% (12%)       .

vT F% vT F% vT F% vT F% vT F%
HadCRUT4 ( + )

 0.48 99 0.64 99 0.55 99 0.42 97 0.42 98
 0.76 100 0.96 99 0.79 99 0.67 99 0.71 99

 0.20 95 0.33 99 0.30 96 0.17 95 0.14 91
 (15-70N) 0.48 99 0.51 98 0.51 100 0.47 96 0.49 96

  (20-65N) 0.85 100 0.61 100 0.73 100 0.96 100 1.05 100
  (65-90N) 1.94 99 1.59 95 2.04 98 1.52 99 2.26 99

   (25-65N) 0.90 100 1.31 100 0.92 100 0.74 99 0.87 100
 (25S-25N) 0.40 98 0.49 97 0.51 99 0.39 98 0.26 92

   (65-25S) 0.14 86 0.19 95 0.19 94 0.10 84 0.14 90
  (90-65S) 0.53 95 0.29 91 0.53 81 0.53 84 1.02 95

IGCE-T3288 ( )
 0.89 100 1.28 100 0.95 99 0.62 99 0.87 100

 1.05 100 1.58 100 1.16 99 0.70 98 0.96 100
 0.47 98 0.57 98 0.42 95 0.43 95 0.68 100

 0.78 94 1.23 93 0.32 83 0.88 99 0.54 84
1.32 100 2.36 100 1.70 100 0.66 95 1.23 100

 0.57 99 0.43 97 0.81 100 0.44 92 0.77 100
0.58 96 0.53 92 0.74 95 0.45 93 0.41 89
0.50 92 1.06 99 -0.10 70 0.42 90 1.41 100
0.43 88 0.70 99 0.74 86 0.31 78 0.49 80
1.85 100 4.39 100 1.20 94 0.90 95 1.83 100
1.18 100 1.82 100 1.83 100 0.58 93 1.05 98

CRUTEM4 ( )
 0.85 100 1.27 100 0.89 99 0.62 99 0.84 100

 1.03 100 1.59 100 1.12 99 0.68 97 0.92 100
 0.51 99 0.63 99 0.44 96 0.49 97 0.69 100

HadSST3 ( )
 0.37 97 0.41 99 0.43 99 0.40 99 0.32 95

 0.62 100 0.55 99 0.58 100 0.71 100 0.64 98
 0.16 93 0.27 99 0.28 97 0.13 89 0.05 84
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 4.       
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Table 4. Spatially averaged surface temperature anomalies in 2020 over the continents, northern parts 
of Atlantic and Pacific oceans and the basic latitudinal belts (for every month and the year as a whole)

.        
     1911-2020 .   
  (  1,  )     2  3,   –

  (     1981-2010 .)

 2020  
I-XIII II III IV V VI VII VIII IX X X1 XII

HadCRUT4 ( + ) 
,15-70 N 0.53 0.61 0.51 0.61 0.45 0.310 0.54 0.64 0.53 0.56 0.46 0.48 0.52
,40-60 N 0.61 0.62 0.71 0.62 0.91 1.01 0.91 1.03 1.11 1.11 1.01 0.81 0.81

65-90 N 1.518 1.912 2.08 2.63 1.53 1.73 1.22 1.61 1.62 2.04 3.41 1.88 1.92
25-65 N 1.41 1.51 1.31 0.73 0.82 0.76 0.81 0.82 0.93 0.73 1.11 0.68 0.91
25 S-25 N 0.53 0.54 0.62 0.53 0.44 0.44 0.43 0.45 0.35 0.211 0.214 0.216 0.43
65-25 S 0.212 0.211 0.36 0.212 0.117 0.215 0.028 0.116 0.113 0.125 0.33 0.120 0.116
90-65 S 0.121 0.211 -0.463 1.37 1.216 0.125 1.115 0.820 1.49 0.615 1.16 -0.672 0.55

T3288 ( )
. 0.88

1.31
. 0.62

0.65
0.510
0.410
1.91

1.66 0.620 1.09 -0.345 0.322 0.69 1.12 1.01 0.420 -0.163 1.410 2.15
2.52 3.01 2.52 1.47 1.22 0.89 0.75 0.611 1.22 0.86 1.63 -0.340
0.64 0.310 1.61 0.66 0.323 0.69 -0.259 0.514 1.03 0.73 0.64 0.312
0.231 0.86 0.78 0.75 0.94 0.66 0.415 0.218 0.412 0.511 0.316 1.11
0.88 0.226 -0.152 1.07 -1.388 0.423 0.135 0.79 1.72 0.420 2.01 -0.146
0.318 1.06 -1.465 1.78 1.98 -0.839 1.98 -0.238 1.48 -0.143 0.225 -0.862
4.22 5.03 3.21 0.528 0.044 1.16 0.715 0.813 1.72 1.71 2.27 1.224
2.02 2.51 2.34 1.72 1.61 0.612 0.69 0.59 1.12 0.612 1.55 -0.761 1.21
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 4. . .3,    
Figure 4. See Fig. 3, but for seasonal anomalies
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        .   
    T3288 (  1901 .),    

  –    HadCRUT4 (  1850 .).  -
  ( . 2)      ( . 5)  

 ,       1976-2020
.    ,       

 ( . 5). 

 5.       
 : )  , )     

        
         : 

) 3288 (  ); ) HadCRUT4 (     ).  
 (  )  11-   .   

     1981-2010 .     1976-2020 . c 95%-  
  (  )

Figure 5. Time series of the annual surface temperature anomalies spatially averaged over the 
continents (a), northern parts of Atlantic and Pacific oceans and the latitudinal belts (b) 

Spatial averaging was made by IGCE technique using the data: a) T3288 (over the continents); 
b) HadCRUT4 (over the oceans and latitudinal belts). Anomalies are calculated relative to 1981-
2010. Smooth curves (bold lines) are 11-year moving averages. The linear trend for 1976-2020

 with 95% confidence interlevel is presented by blue shading
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  ( . 5) ,     
99%,         ,  

    ,        -
  ,    .  -

  (   )     
   ,    (  )   -

   10%-   (    >50%) .

 5.    (1976-2020 ., °C/10 ) 
  ,     

    (       )

Table 5. Linear trend coefficients (1976-2020, °C/10ys) of the surface temperature anomalies 
spatially averaged over the  major regions of the Globe  

(for the year as a whole and by season)

.       >1%.
  (*)  ,    5%-  ,

  (**) –  10%-  ,   –   .
     1%-  .    

    (   )

    –   
( + ),     +0.44°C/10  ( )  +0.67°C/10

 ( ).     –     
0.41°C/10 ,  0.53°C/10 .     -

H
ad

C
R

U
T4

 

C +
 0.179 0.172 0.187 0.181 0.179

 0.251 0.241 0.255 0.253 0.258
 0.107 0.103 0.120 0.109 0.101

 (15-70N) 0.197 0.203 0.171 0.204 0.223
  (20-65N) 0.199 0.155 0.164 0.244 0.231

(65-90N) 0.606 0.604 0.673 0.438 0.647
(25-65N) 0.293 0.271 0.299 0.307 0.301
(25S-25N) 0.148 0.150 0.152 0.148 0.144
(65-25S) 0.122 0.094 0.122 0.109 0.096
(90-65S) 0.08012% **-0.057 -0.00599% 0.13028% 0.247

T3
28

8 

 
 0.295 0.296 0.312 0.27 0.305

 0.348 0.351 0.381 0.314 0.347
 0.171 0.169 0.150 0.170 0.209

 0.288 0.400 *0.1634% 0.272 0.314
0.409 0.368 0.528 0.370 0.378

 0.179 0.173 0.146 0.167 0.231
0.291 0.244 0.349 0.286 0.289
0.206 0.195 *0.1564% 0.175 0.310

0.06622% -0.00799% -0.00799% 0.07459% 0.208
0.508 0.584 0.467 0.503 0.469
0.380 0.310 0.544 0.331 0.351
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   (0.58°C/10 ),   –  (0.54°C/10 ). -
      : 

,    . 
      

        ( . 5)  -
     ( . 6).  ,   

       5%- ,   
,     ,     

  30%   (  99%).

 6.      (° /10 ), 
      , 1976-2020 . 

(        )

Table 6. Linear trend coefficients (1976-2020, °C/10ys) of the surface temperature anomalies, 
spatially averaged over the major regions (for every month and the year as a whole) 

.  (*)  ,    5%-  ,
  (**) –  10%-  ,   –   .

     1%-  .    
    (   )

 
I-XIII II III IV V VI VII VIII IX X X1 XII

HadCRUT4 ( + )
 0.18 0.20 0.19 0.17 0.18 0.18 0.19 0.18 0.19 0.18 0.16 0.18 0.18

. 0.25 0.28 0.25 0.23 0.25 0.25 0.26 0.25 0.27 0.25 0.23 0.25 0.25
. 0.10 0.12 0.13 0.11 0.11 0.11 0.11 0.10 0.11 0.10 0.09 0.11 0.11
,15-70 N 0.20
,40-60 N 0.20

65-90 N 0.61
25-65 N 0.29
25 S-25 N 0.15
65-25 S 0.12
90-65 S

0.21 0.19 0.17 0.18 0.17 0.18 0.19 0.24 0.22 0.24 0.20 0.21
0.14 0.16 0.14 0.16 0.19 0.22 0.26 0.26 0.24 0.23 0.22 0.18
0.47 0.68 0.76 0.77 0.49 0.50 0.39 0.44 0.45 0.75 0.76 0.72
0.28 0.29 0.35 0.28 0.26 0.29 0.31 0.33 0.31 0.31 0.28 0.25
0.14 0.15 0.15 0.16 0.15 0.15 0.15 0.15 0.14 0.15 0.15 0.14
0.10 0.10 0.12 0.13 0.11 0.12 0.10 0.11 0.09 0.11 0.09 0.08

-0.04 -0.07 -0.05 0.11 0.01 0.09 **0.31 0.21 0.31 0.21 -0.07 0.08
T3288 ( )

 0.31 0.36 0.31 0.26 0.28 0.26 0.27 0.29 0.32 0.30 0.27 0.30 0.30
. 0.37 0.45 0.37 0.32 0.32 0.31 0.32 0.32 0.37 0.35 0.32 0.35 0.35
. 0.15 0.16 0.16 0.12 0.18 0.16 0.16 0.23 0.22 0.19 0.16 0.17 0.17

. 0.54 0.21 0.21 0.09 0.19 0.28 0.27 0.27 0.33 0.27 *0.34 0.51 0.29
0.33 0.50 0.68 0.51 0.39 0.39 0.35 0.38 0.35 0.43 0.36 *0.25 0.41

. 0.19 0.16 0.16 0.18 *0.10 0.22 0.09 0.18 0.30 0.20 0.20 0.16 0.18
0.20 0.27 0.36 0.32 0.34 0.32 0.3 0.23 0.24 0.30 0.31 0.27 0.29
0.29 0.11 **0.17*0.24 0.04 0.14 0.28 0.10 0.32 0.37 *0.26 **0.17 0.21
-0.02 0.04 0.02 -0.09 0.07 -0.20 0.16 **0.29 0.19 0.25 *0.17 -0.08 0.07
*0.52 *0.68 *0.48 0.53 0.39 0.41 0.51 0.58 0.47 0.45 0.49 0.59 0.51
*0.28 0.44 0.73 0.52 0.38 0.37 0.30 0.33 0.31 0.42 0.33 0.16 0.38
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 6.      (°C/10 )
     , 1976-2020 .

 : ) HadCRUT4    Hadley/CRU, UK ( + ); 
) 3288 –    (  ).   ( )   ( ) 

   .      
    .    
/ ,       1%-  

Figure 6. The annual surface temperature: pattern of linear trend coefficients over the Globe 
for 1976-2020 (°C/10 s)

The data used: a) HadCRUT4 – gridded data over land and sea, Hadley/CRU; b) T3288 – station 
data, IGCE (land only). The areas with insufficient data are shown as empty (a) or shading (b). 

For stations in Antarctica and Greenland the values of a trend coefficient are shown at corresponding 
locations. White circles indicate a location of grid boxes/stations with statistically 

significant trend at 1% level
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 7.          
 (1976-2020)     b     

Table 7. Frequency distribution of the local linear trend estimates  for the major regions of the Globe 
(1976-2020) depending on a trend coefficient b and significance level 

.      . 6.  
  N (N –   /   ).

         5%
 (2% );      <=0.05, ,

 0.7% (0.3%).    (T3288,  ), 
  ,    ,    

    ,      (2565° . .)
   17 (1%)       

(      1%  5%).
      6 ( . 7) –  
,  ,   .    -

 ,     ,  
 -0.1° /10     .    -

         
(  -0.1° /10 )   -   (  -0.3° /10   

 .

N
b < 0

b = 0
b > 0

<=0.01 <=0.05 <=0.01 <=0.05
HadCRUT4 ( + )

 1452 3.0 0.3 0.7 0.2 96.8 74.6 82.4
. 902 0.3 - - - 99.7 84.5 90.8
. 550 7.5 0.7 1.8 0.5 92.0 58.4 68.7

90-65 . . 75 - - - - 100.0 97.3 98.7
526 - - - - 100.0 85.2 92.065-25 . .

25 .-25 . . 601 4.0 - 0.2 0.5 95.5 73.5 81.0
25-65 . . 239 7.1 0.8 2.5 - 92.9 49.0 61.9
65-90 . . 11 27.3 18.2 27.3 - 72.7 27.3 36.4

3288 (  )
2395 2.0 0.2 0.3 0.5 97.5 80.1 87.6
2083 1.2 0.1 0.2 0.2 98.5 83.6 90.4
313 7.3 0.3 0.3 1.9 90.7 56.9 69.0
406 2.2 - - 0.7 97.0 57.1 70.9

1441 0.8 0.1 0.2 0.1 99.2 91.2 96.0
95 10.5 2.1 2.1 4.2 85.3 45.3 62.1

 
. 
. 

.

.
93 5.4 - 1.1 - 94.6 84.9 92.5

124 4.0 - - 1.6 94.4 58.1 71.0

17 17.6 - - - 82.4 17.6 23.5
515 0.2 - - - 99.8 98.3 99.4
935 1.1 0.2 0.3 0.1 98.8 87.4 94.2
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 7. . . 6,     

Figure 7. See Fig. 6, but for trend coefficients of seasonal surface temperature anomalies
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 (HadSST3)     (   Hadley/CRU).
   ,   ,    . 

     
.    ( . 8),    -

      X0  
    F(X0) = Prob(xy  X0), -

         1901-2020 .: {xy, y=
1901÷2020}.         

   ( : ,  ,
 ).      

(   ., 2017 )    (  )  -
   .

 8.        
 ,     :

( , ) SAT –   ; ( , ) SST –   ;
( , )  NH –  ;   ( , )   SH –  

    Hadley/CRU: RUTEM4 (SAT), HadSST3 (SST) 
  (NH)   (SH) .    

    1901-2020 .

Figure 8. Time series of the annual surface temperature anomalies spatially averaged over 
the Northern and Southern Hemispheres and presented in terms of cumulative probabilities:

a, b) SAT – surface air temperature; c, d) SST – sea surface temperature; a, c) NH – Northern 
Hemisphere; b, d) SH – Southern Hemisphere. Global time series Hadley/CRU are used: CRUTEM4 

(SAT), HadSST3 (SST) for the Northern (NH) and Southern (SH) hemispheres. Cumulative 
probabilities are calculated relative to 1901-2020 
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  ±1.2°   ,    , , ±1.0 
±0.6° .      SST    -

 ,     -
  ( ,      ).

 9.     
(SAT, SST),     (NH)   (SH) , 

  1850   2020 . (   – ,  Y – )
       1850-1900 . (« » 

)     11-   .  : 
CRUTEM4.6.0.0.monthly.{nh|sh}, HadSST.3.1.1.0.monthly.{nh|sh} (https://www.metoffice.gov.uk)

Figure 9. Evolution of the monthly surface temperature anomalies (SAT, SST), 
averaged over the Northern (NH) and Southern (SH) hemispheres, 

from January 1850 to December 2020 (axis X – months, axis Y – years.)
Anomalies are calculated relative to 1850-1900 (pre-industrial climate) and smoothed vertically by11 

year moving averaging. The Hadley/CRU, UK  data are used: CRUTEM4.6.0.0.monthly.{nh|sh}, 
HadSST.3.1.1.0.monthly.{nh|sh} (https://www.metoffice.gov.uk)
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