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Abstract 

Despite global warming, a region of the North Atlantic has been observed to cool, a 

phenomenon known as the North Atlantic Warming Hole (NAWH).  The causes of the NAWH 

remain under debate but its emergence has been linked to a slowdown of the meridional 

circulation leading to a reduced ocean heat transport into the warming hole region.  This note 

uses previously published evidence to suggest that the pattern of temperature change is not 

unique but may have been a recurring feature during the last century and a half, fluctuating 

between a positive and negative phase. It appears global warming has amplified one of these 

phases in the North Atlantic climate.   

 

North Atlantic Temperature Patterns 

A North Atlantic Warming Hole has been predicted by climate models during the 21st century.  

However, much earlier studies of Atlantic surface temperatures have shown a similar feature 

occurring in the past.  This mode of the North Atlantic surface temperatures is shown in Fig.1 

(redrawn from Taylor, 1978 and Colebrook and Taylor, 1979).  The numbers on Fig. 1a are the 

weightings in the first principal component obtained from monthly temperature anomalies 

(1951-1974) at the nine former North Atlantic Ocean Weather stations.  The principal 

component accounts for 29% of the variance of the temperature anomalies.   The contoured 

and hatched data on which they are superimposed are the results of a similar analysis of 

temperature anomalies (1966-74) in 2o longitude x 1o latitude rectangles.  In each case the 

pattern represents the dominant mode of variation in the data, temperatures at positive values 

north and south tending to rise while those at negative values in the centre are falling.  At other 

times during the variation of the component the rises and falls of temperature will be reversed.  

Throughout the quarter century of the data in Fig, 1a both patterns of temperature occurred 

with similar frequency (Taylor, 1978, Fig. 3a).  A similar non-seasonal first eigenvector was 

reported by Weare (1977) based on monthly temperatures between 70oN and 30oS for the years 

1949 to 1969.  



 

Fig. 1  a: Comparison between the first principal component of temperature anomalies 

(after removing the seasonal cycle) at the nine Ocean Weather Stations (1951-1974) and the 

component obtained from synoptic data (1966-1974). The vertical hatching represents values 

less than -0.48 and the cross hatching values greater than +0.48, the zero contour is also given.  

b:  The first principal component obtained from Smed’s time-series for 1876-1961.  c:  Change 

  

  

  

  

        

  

  

  

  

  

  

  

  

  

      

  

    

  

 

                     

                     

                     

  

  

  

    

  

  

  

 

 

 

    

         

          

     

     

     

    

    

  

  

 

 

  
 

 

 

    

      

    

 
     

 
     

 
     

 
     

 
     

 
     

 
     

 
     

 
     

 

     
  

     

     
  

     

 
     



of Atlantic surface temperature between 1894-98 and 1920-24 redrawn from Bjerknes (1964).  

In each chart the outline of the NAWH (shown in red) encloses the negative values. 

 

The red loop on Fig. 1a shows that the outline of the NAWH (Keil et al., 2020; Rahmstorf et 

al., 2015) encloses the negative values.  Recent temperatures in this region have cooled or 

hardly risen while those among the positive numbers to the north and south have risen.  In an 

attempt to extend this result further back in time, Fig. 1b (redrawn from Taylor, 1978) shows 

the first principal component of annual temperatures from 1876 to 1961 published by Smed 

(1965) for a number of areas covering most of the region 50oN to 67oN, 0o to 58oW.  The spatial 

coverage does not extend outside the NAWH, but the weightings are all of the same sign and 

peak in magnitude towards its centre.  The dominant pattern in Smed’s data has this region 

fluctuating as a whole between positive and negative values (Colebrook and Taylor, 1979, Fig. 

2b).  The conjecture that the pattern in Fig. 1b is part of the mode of variation in Fig. 1a is 

supported by Bjerknes (1964) plot of the temperature change between 1894-1898 and 1920-

1924 (Fig. 1c), which shows that the fall in temperature in Smed’s regions was accompanied 

by a rise in temperature to the south. Similar or inverse patterns were presented by Bjerknes 

for the late 1920s and early 1930s. 

 

Discussion 

The distributions of temperature change in Fig 1 therefore suggest that the NAWH could be an 

enhanced negative phase of this North Atlantic mode caused by anthropogenic warming 

(Chemke et al., 2020).  If so, the processes responsible must be similar to, albeit considerably 

stronger than, those operating during the century covered by the data in Fig. 1.  In this earlier 

period, they also must sometimes have operated in reverse.  Explaining the NAWH requires 

both atmospheric and oceanic mechanisms.  Keil et al. (2020) have shown that reduced low-

latitude import, increased ocean heat transport out of the region into higher latitudes and a 

shortwave cloud feedback dominate the formation and temporal evolution of the warming hole 

under greenhouse gas forcing.  When the early observations reported here have been improved 

by an analysis of the more complete data sets now available, they may provide an extended 

context and constraints for examination of these processes.  The mode in Fig.1 flipped between 

positive and negative phases on a time-scale of a few years which could make more slowly 

operating ocean processes less likely.  In addition, there are model results showing that the 

NAWH can play an important role in the atmospheric circulation and midlatitude jets (Gervais 

et. al., 2019.  Did this happen in the past with the weaker patterns of Fig. 1? 
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