
    
      Fig. 3 
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        Dataset of 12,172 perturbed sTEC profiles. Upper left: location of all the sTEC profiles in latitude vs. longitude. Lower left: location of all the sTEC profiles in latitude vs. local time. Upper right: 30 randomly selected profiles. Lower right: local time histograms of sTEC profiles.

      

    

  
    
      Fig. 5 
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        Centered and downsampled wavelet spectra. (From the left) first column shows three sTEC profiles, second column shows the original wavelet power spectra, third and fourth columns show the downsampled spectra to 20 × 50 and 10 × 25 pixels, respectively.

      

    

  
    
      Fig. 7 
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        A partial representation (i.e., 50 nodes) of the fully connected graph obtained from our complete dataset (i.e., 12,172 nodes). Each node (red dot) represents an sTEC profile, and the edges of different widths represent the similarity between nodes, defined by the EMD distance.

      

    

  
    
      Fig. 10 
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        Ionospheric perturbations example cluster. The left map shows the location of the 66 sTEC profiles within the cluster. On the right, 8 randomly selected profiles from the cluster. All the profiles show similar medium-scale TIDs structures.

      

    

  
    
      Fig. 11 
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        Ionospheric perturbations example cluster. The left map shows the location of the 17 sTEC profiles within the cluster. On the right, 8 randomly selected profiles from the cluster. All the profiles show similar Es structures.

      

    

  
    
      Fig. 12 
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        Classification of a new sTEC profile (in red) as Es (left panel) and TID (right panel). The black profiles represent the closest profile with minimum EMD distance. Ten profiles from the same cluster are displayed in blue. The minimum EMD value and the total number of profiles in that cluster are displayed in the yellow box.

      

    

  
    
      Fig. 13 
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        Relative density of Es from Spire profiles to total number of profiles gathered globally from 2020/07/23 to 2020/07/30. The Es perturbations are picked up at fairly high rates at mid-latitude in the northern hemisphere (summertime), consistent with sporadic E climatological models.

      

    

  
    
      Fig. 14 
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        Relative density of TIDs from Spire profiles to total number of profiles gathered globally from 2020/07/23 to 2020/07/30. The TIDs are picked up at high rates (i.e., more than 50%) at mid-latitude in the northern hemisphere (summertime), especially in the Chinese and Japanese sectors, consistent with TID climatological studies.
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