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Example of the Results of a ‘Monthly’ Cluster Analysis (here all Januarys from 2003 to 2011) 

The first two columns in each month are the dates, the third is the sequence number, and the fourth and fifth are Euclidean Distance (day-to-day variability) 

and cluster number. 
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Example of the Results of an ‘Annual’ Cluster Analysis (here all June 2005 to May 2006) 

Column format as above 
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DAY-TO-DAY SST VARIABILITY AND SVALBARD LUFTHAVN SEA LEVEL PRESSURE 

VARIABILITY 

 
Comparison of the day-to-day variability of the sea surface temperature field with the day-to-day variability of sea 

level pressure at the onshore meteorological station at Svalbard Lufthavn (eklima@met.no). Taking the seasons 

individually to avoid seasonal influence on correlation, the correlation coefficients are: MAM: 0.65; JJA: 0.07; SON: 

0.49; DJF: 0.56. With the exception of the summer, the correlations are a further indication that day-to-day variability 

of the sea surface temperature field is real and due to the passage of weather systems. 

       

 

 

TESTS OF STATISTICAL SIGNIFICANCE 
 

 
Frequency distributions, day-to-day variability of the SST fields. The two populations comprise 2525 and 

884 values. (a) All days. (b) Days separated into two groups, according to months with sunspot numbers 

below and above 10. 

 

Two test methods have been applied, both using MATLAB’s statistical toolbox:  

(a) t-test: (MATLAB ttest2, unequal means) “Returns a test decision for the null hypothesis that the data in 

two vectors come from independent random samples from normal distributions with equal means and 

equal but unknown variance, using the two-sample t-test. The alternative hypothesis is that the data [in 

the two groups] come from populations with unequal means. The result h is 1 if the test rejects the null 

hypothesis at the 5% significance level”.   
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(b) Kolmogorov-Smirnov Test: (MATLAB kstest2) “Returns a test decision for the null hypothesis that the 

data in two vectors [here groups 1 & 2] are from the same continuous distribution, using the two-sample 

Kolmogorov-Smirnov test. The alternative hypothesis is that the data [in the two groups] are from 

different continuous distributions. The result h is 1 if the test rejects the null hypothesis at the 5% 

significance level and 0 otherwise”. 

 

REFERENCE TESTS – Before testing for a difference between these two groups, a set of ten reference 

tests was made. In each of the ten tests (table below), two groups were randomly selected from the total 

population of day-to-day variabilities (Fig. SI-4a); a t-test and a non-parametric, Kolmogorov-Smirnov test 

were run. Of these ten tests, nine supported the null hypothesis that there was no significant difference 

between the two, randomly-selected groups. In contrast, when the standard t-test and the Kolmogorov-

Smirnov tests were made on groups taken from periods with SSNs above and below 10 a statistically 

significant difference was established at the 5% level (Fig. SI-4b, Fig. SI-5). The same tests were also made 

to compare variability during the period with SSNs less than 20, and the remaining periods. Again the 

differecnes were statistically significant.  

Two groups were selected at random from the total population of day-to-day variabilities 

 

RUN GROUP 1 GROUP 2 TTEST2 K-S TEST 

 No. μ σ No. μ σ h= p= h= p= 

1 1689 13.0 4.5 1716 13.2 4.9 0 0.92 0 0.60 

2 1690 13.0 4.5 1738 13.2 4.5 0 0.90 0 0.69 

3 1712 12.2 4.7 1694 13.0 4.7 0 0.12 0 0.67 

4 1711 12.3 4.8 1695 12.9 4.6 1 0.0064 1 0.04 

5 1693 13.1 4.8 1714 13.1 4.6 0 0.64 0 0.33 

6 1728 13.1 4.9 1701 13.1 4.5 0 0.49 0 0.29 

7 1681 13.2 4.9 1725 13.0 4.6 0 0.11 0 0.28 

8 1689 13.2 4.7 1717 13.0 4.7 0 0.15 0 0.29 

9 1661 13.1 4.6 1745 13.0 4.8 0 0.37 0 0.37 

10 1742 12.9 4.6 1664 13.3 4.8 0 0.98 0 0.14 

 

 

 
Kolmogorov-Smirnov Test. Result 

K-S Statistic = 0.1357, h = 1 at the 95% level. 
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SYMMETRY OF AUGUST SST FIELDS ABOUT THE SOLAR LOW 

 

Further explanation of Figure 8: 

 

 
 
Symmetry of August sea surface temperature fields about the years of lowest solar activity, 2007-2009. (a) 

Dendrogram with clusters, which indicate symmetry in colour, together with the years in which they have been 

detected. (b) Symmetry about 2007-2009. Clusters represented in blue shades have only been detected in these years. 

The mauve, yellow, green and brown clusters have only been detected in the years before and after. (c) Comparison of 

an August 2008 sea surface temperature field (left) with an August 2004 field (right). The difference field (centre) 

indicates higher 2004 temperatures in the northwest. View from north. Horizontal axes are latitude and longitude.  
     

The spreadsheet below shows the clusters into which all daily sea surface temperature fields in Augusts from 

2002 to 2011 have been assigned (right hand column in each year). It is an alternative display to the 

dendrogram in Fig. 5 and the clusters have been colour coded as in Fig. 5. Augusts 2007, 2008 and 2009 

(blues) are unique to these years, with the light blue clusters appearing either side of the 2008 clusters (dark 

blue). Other clusters appear only in the years before and after. For example, a single SST field was present 

thoughout the first 28 days of August 2008 (the deepest part of the solar low). This field was not detected in 

the August of any other year. Two similar SST fields were detected in both August 2007 and August 2009; 

again these were not detected in any other year. At the same time, other pairs of clusters were detected before 

and after 2007-2009. This pattern is consistent with the changes in the precursor described above.  
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A similar comparison has been made for the September 2008 SST fields. The mean temperature of the 2008 

field is the lowest of all, and both 2007 and 2008 fields again show the eddy terminations further to the 

southeast. As in August, comparison of mean SST fields between the same clusters before and after the 

central years shows little difference.  
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COMPARISON OF AUGUST SST FIELDS 2008 AND YEARS BEFORE AND AFTER – EXAMPLES OF 

DIFFERENCES IN THE MARGINAL ICE ZONE 

 

August 2008 (Cluster 22) compared with other years  
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COMPARISON BETWEEN AUGUSTS BEFORE AND AFTER AUGUST 2008 – EXAMPLES OF 

SIMILARITY 
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VARIABILITY AS A FUNCTION OF THE NAO 

 

 

Day-to-day variability and the NAO. 

 

 

Cross plot NAO and Day-to Day variability. Monthly means, all months.  
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Cross plot NAO and day-to day variability. Monthly means over the period of low solar activity,   

July 2007 – November 2009. R = 42%. 

 

 

Cross plot NAO and Day-to Day variability. Monthly means, October 2007 – September 2008. R = 89%. 
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Key to Interpretation of AVHRR Infra-red Images 

 

 

 

NEXT  

Example of Interpretation Sheet - AVHRR Infra-red Images 

The results of examination of these images are recorded on sheets such as the one below. An Excel file is available, which contains one sheet per month for 

July 2004 to February 2005 and July 2008 to February 2009. The coloured plots at the base are in threes and represent two successive days and the difference 

field. The days selected are shaded in the dates column and represent days with significant cyclone activity.    
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