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Motivation 

• Quantitatively identify TEC changes during HSS events 

• Characterize HSS storm effects in different local regions 
and during different times 

• Preliminary experiments towards ionospheric space 
weather forecasting products 
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Method 

A typical TEC map from Global Ionospheric Maps (GIM) 

• Step 1: Divide the globe into longitude-latitude grids of size 30° x 30° 
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Method 

• Step 2: Find several quiet days just before the HSS storm of interest. 
Criterion of a quiet day: daily Ap < 6 

• Step 3: Compute the mean TEC within each grid for all universal times on 
both quiet and storm days. 

• Step 4: Compute quiet time mean-TEC averages and standard deviations. 
For example, with 7 quiet days: 

 

 

• Step 5: For each day, define and calculate TEC perturbations as 
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Method 

• 4 HSS events studied 

1. January 2007 

2. April – May 2011 

3. May 2012 

4. June 2012 

 

• TEC maps from 

– GIM data: hourly-averaged, 24 maps per day 

– Weimer-driven Global Ionosphere-Thermosphere Model (GITM) 
simulations: one map every hour, from 0UT to 23UT, 24 maps 
per day 
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Results -- GIM 

GIM Data during the Quiet Days before the 2007 HSS Event

Mean VTECs for Longitude 90°E - 120°E
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GIM data of the 2007 HSS Event

 TEC Standard Deviation for Longitude 90°E - 120°E
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Results -- GIM 

 Mean TECs during quiet and storm days  2007 event 
90°E – 120°E GIM Data of the 2007 HSS Event

Mean VTECs for Longitude 90°E - 120°E
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GIM data of the 2007 HSS Event

 TEC Perturbations for Longitude 90°E - 120°E
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Results -- GIM 

 dTEC during quiet and storm days  2007 event 
90°E – 120°E 
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Results -- GIM 

2007 event  dTEC maps 

GIM   dTEC     20070129 16UT - 20070129 17UT

 11.90

  3.17

  1.91

  0.86

 -0.68

 -1.51

  5.29

  1.98

  4.37

  3.13

  1.04

 -0.12

  2.40

 24.36

  5.17

  3.06

  3.96

  5.55

  3.61

 12.83

  5.88

  5.63

  3.79

  6.88

  3.63

 11.98

  1.87

  2.65

  2.85

  8.65

  5.85

 12.86

  0.41

  0.80

  1.95

 16.07

 10.69

  7.28

  4.18

  0.80

  1.70

  3.04

 10.82

  6.82

  1.85

  1.95

  0.41

  0.41

  9.29

  4.51

  3.96

  2.53

  1.33

  0.98

 12.12

  6.18

  4.97

  5.28

  5.38

  0.13

 11.79

  3.65

  6.94

  5.71

  5.95

 -0.19

 14.71

  4.56

  2.73

  3.04

  5.80

 -0.48

180°W 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°E

90°S    

60°S    

30°S    

0°    

30°N    

60°N    

90°N    

TEC perturbations

dTEC = (TEC - TECQT)/σTEC,QT

 20070129 16UT – 17UT 

GIM   dTEC     20070129 18UT - 20070129 19UT

  5.29

  2.98

  3.00

  2.88

 -1.08

 -4.16

  1.43

  3.11

  3.07

  3.15

  4.85

  1.35

 -0.02

 17.26

  7.60

  2.93

  5.60

  5.30

  1.82

 11.81

 14.29

  4.74

  4.95

  7.98

  0.81

  6.15

  3.32

  2.55

  5.44

  9.63

  1.14

  8.65

  6.20

  3.17

  5.67

  4.27

  2.52

  8.24

  5.92

  4.40

  2.02

 -0.84

  2.77

  5.80

  3.69

  3.44

  0.64

  0.35

  4.36

  5.25

  4.06

  4.43

  5.82

  1.52

  5.48

  9.17

  3.47

  5.29

  4.11

  0.48

  6.39

  4.02

  4.53

 14.09

  3.60

 -1.19

  8.06

  3.88

  2.17

  3.05

  0.26

 -4.85

180°W 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°E

90°S    

60°S    

30°S    

0°    

30°N    

60°N    

90°N    

TEC perturbations

dTEC = (TEC - TECQT)/σTEC,QT

 20070129 18UT – 19UT 

GIM   dTEC     20070129 20UT - 20070129 21UT

  0.49

  1.72

 -0.65

 -0.30

 -1.77

 -1.61

 -0.92

  0.18

  0.21

 -0.13

  6.83

  0.82

  0.36

  2.62

  0.63

  5.74

  4.53

  1.30

  1.07

  1.85

  1.06

  4.93

  3.09

  0.75

  0.93

  1.70

  4.12

  3.41

  3.19

  0.78

  0.87

  3.03

  3.92

  3.53

  2.94

 -0.65

  0.69

  2.48

  4.52

  4.01

  0.46

 -0.90

  0.86

  3.77

  3.32

  5.10

  0.98

  1.30

  1.23

  4.07

  2.56

  4.76

  2.45

  0.52

  2.09

  5.32

  2.02

  2.82

  4.62

 -0.77

  2.72

  1.17

  1.92

  3.90

  0.37

 -2.32

  2.10

  2.68

  2.39

  2.64

 -3.14

 -6.00

180°W 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°E

90°S    

60°S    

30°S    

0°    

30°N    

60°N    

90°N    

TEC perturbations

dTEC = (TEC - TECQT)/σTEC,QT

 20070129 20UT – 21UT 

GIM   dTEC     20070128 23UT - 20070129 00UT

  1.01

  1.68

  0.51

  0.15

  2.03

  0.60

  1.71

  2.19

 -0.45

 -1.08

  0.25

 -0.04

  2.25

  1.54

 -0.28

  0.51

 -0.17

  0.43

  2.18

  1.90

  0.62

  0.65

  1.02

  1.26

  1.90

  1.60

  1.73

  1.64

  1.35

  1.23

  1.00

  1.27

  1.03

  1.32

  1.96

  0.95

  0.39

  2.11

  1.40

  0.39

  2.07

  0.27

  0.46

  0.30

  1.18

  1.33

  1.85

 -0.00

  1.63

 -0.61

 -0.63

 -0.02

 -0.32

 -0.32

  1.88

 -0.71

 -0.16

  0.71

  0.14

  0.41

  1.82

  1.60

  0.08

  0.93

 -0.22

  0.62

  1.37

  1.62

 -0.69

  0.22

  1.71

 -0.32

180°W 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°E

90°S    

60°S    

30°S    

0°    

30°N    

60°N    

90°N    

TEC perturbations

dTEC = (TEC - TECQT)/σTEC,QT

 20070128 23UT – 20070129 00UT 
before the storm 

4 < dTEC < 8 

dTEC > 8  dTEC < -8 

-8 < dTEC < -4 

9 



Results – GITM vs GIM 

2011 event 
30°E – 60°E 

GITM Simulation of the 2011 HSS Event

Mean VTECs for Longitude 30°E - 60°E
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GIM Data of the 2011 HSS Event

Mean VTECs for Longitude 30°E - 60°E
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Note: GITM has an altitude limit, therefore the simulated TECs are smaller than the GIM data.     
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Results – GITM vs GIM 

2011 event 
30°E – 60°E 

 dTEC during quiet and storm days  
GITM Simulation and GIM Data of the 2011 HSS Event

 TEC Perturbations for Longitude 30°E - 60°E
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Summary 

• Our methodology, including the dTEC we defined, seems 
capable of quantifying ionospheric TEC changes due to 
HSS events. 

• The GITM results are very different from the GIM results. 

• GITM is sensitive to pre-history conditions. It would be 
better to run continuously from quiet days into storm 
days.  
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