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SAMOA EQ
September 29, 2009

17:48:11 UT
15.51°S 172.03°W

M=8.1 d=18km

1 day before
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Important points:

There are numerous ionospheric perturbations coming 
from other sources (solar activity, AGW, TID, plasma 
dynamics, large meteorological phenomena…)

We can say that there are EQs with no ionospheric
perturbation. (Perhaps due to the crust composition and 
configuration)

But the other possibility is: there are EQs where the 
satellite does not see any perturbation for the following 
reasons:

We do not expect to have continuous ionospheric
perturbations

With a single satellite we are ‘above’ a given future 
epicenter only during 3 minutes per day.
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Statistic on the ion density measured by IAP

Software for automatic search of increases/decreases in the IAP data base 
until 15 days before the EQs during night time when the satellite is at less
than 1500 km from the epicenters.
(we assume that there is at least one orbit per day enough close to the epicenter
of each EQ)

August 2004 – October 2009

EQ data base: 17366 EQs with M > 4.8

Results: number of perturbations and percentage of variation relative 
to a background every 15 days before each EQ
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Nov. 11, 2007
17:49:58 UT

10.95°S 162.15°E
M=6.6 d=42km
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Parameters of the statistic

Location of EQs
Magnitude

Depth
Magnetic activity (Kp)

Aftershocks removed

time
EQ                          AS

15 days n days
If n < 15, n-1 days considered
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Other data base with random data has been used:

RAND1 same time but random positions
RAND2 shift EQ longitudes 25° to the west
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Threshold % = 2.
Ratio between the number of perturbations

with T > 2 and the total number of cases for the
15 days before an EQ
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Statistical analysis

Parameter A: Maximum of percentage on 15 days for each EQ
(percentage = the peak amplitude / the background)

The characteristics of the statistical distributions of A 
have been evaluated using the kurtosis and the skewness parameters. 

It appears that the kurtosis is always much less than 3 and the skewness
not close to 0. This means that the distribution of these data does 
not follow a normal law and that it is better to use a median value

than an average value of the parameter A. 



2nd International DEMETER 
workshop - Paris 2011

1.3731.1241.1601.145Skewness

2.4561.6691.5651.548Kurtosis

7.127.897.527.49Median

570125943477576Event number

]6.0, 9.0]]5.5, 6.0]]5.0, 5.5][4.8, 5.0]Magnitude

0.8780.8970.9660.931Skewness

0.3460.8050.8430.719Kurtosis

7.198.037.777.68Median

41598734606218Event number

]6.0, 9.0]]5.5, 6.0]]5.0, 5.5][4.8, 5.0]Magnitude

Comparison of A values between RAND1 and RAND2

RAND1

RAND2

RAND2 is used as reference

Parameter A: Maximum of percentage on 15 days for each EQ
(percentage = the peak amplitude / the background)
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- We have selected 20 random sets of data in the RAND2 
data base using false magnitude and depth.

- For each set we have calculated its median value.

- We have calculated the mean value and the variance 
of the median for the 20 sets.

- This gives the normal variation for the median values 
of the parameter A:

Everywhere 7.82 ± 0.61 (max 8.43)

above the sea 8.21 ± 1.23 (max 9.44)

Inland 7.46 ± 0.34 (max 7.80)
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0.7740.6870.8090.812Skewness (inland)

0.201-0.0860.6560.373Kurtosis (inland)

8.968.537.937.94Median (inland)

32270424224598EQ number (inland)

0.4740.6500.7770.830Skewness (sea)

-0.5820.0210.4570.628Kurtosis (sea)

10.488.338.698.66Median (sea)

9832810841734EQ number (sea)

0.6960.6860.8090.812Skewness (all)

-0.0320.0030.5980.437Kurtosis (all)

9.278.478.238.16Median (all)

420103235066332EQ number (all)

]6.0, 9.0]]5.5, 6.0]]5.0, 5.5][4.8, 5.0]Magnitude

EQ data base – Median values of A

8.43

9.44

7.80

Averaged
median
values

+
standard
deviation



2nd International DEMETER 
workshop - Paris 2011

8.848.96Median (inland)

84238EQ number (inland)

8.6410.84Median (sea)

2375EQ number (sea)

8.649.35Median (all)

107313EQ number (all)

> 40 km≤ 40 kmDepth

Influence of the depth

M = ]6.0, 9.0]
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Conclusions  

- We have statistically shown that we detect more ionospheric perturbations 
before EQ occurrences than without seismic activity.

- Surprisingly, the effect seems larger for EQs occurring below the sea. But the 
statistic shows that only large EQs below the sea are efficient. Otherwise the 
inland EQs always give a perturbation whatever is the magnitude ( > 4.8).


