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ABSTRACT

minutes.

The aim of this study is to detect Total Electron Content (TEC) anomalies before (Mw=7.0)
Haiti earthquake on 12 Jan 2010. Three earthquake-associated TEC anomalies appear at
15:00, 20:00 and 22:00 on 11 Jan 2010 (UTC), 1 day before this earthquake. The analysis
results are examined using a mathematical tool called Principal Component Analysis (PCA).
After more detailed analysis using PCA, each of three TEC anomalies lasts about 30
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Introduction

Recently, the natural precursor (e.g. VHF transmitter
signals) before the earthquakes was widely studied (Liu et al.,
2000, 2001; Kamogawa, 2006; Rishbeth, 2006; Dautermann et
al 2007; Yasuda et al. 2009, Astafyeva and Heki 2011). Some
works researched the ionosphere total electron content (TEC)
anomalies related to the large earthquakes. Liu et al’s work
(2004) showed that the ionosphere (TEC) pronouncedly
decreased in the afternoon period of 1200-1800 (LT) and
especially evening period of 1800-2200 LT within 5 days prior
to 20 M26.0 earthquakes in Taiwan during September 1999 to
December 2002. Liu et al (2009) studied the TEC anomalies
associated with 35 M26.0 earthquakes that occurred from 1 May
1998 to 30 April 2008 in China. Related to the Haiti earthquake
with the magnitude Mw=7.0 on 12 January 2010, Pulinets
(2010) found that the TEC increased for a few days prior to this
earthquake. By the study of Akhoondzadeh and Saradjian
(2011), the interquartile method, wavelet transformation and
Kalman filter method were used to identify the TEC anomaly
(decreased TEC) appeared at 19:00 LT on 11 Jan before the
Haiti earthquake. Liu et al’s (2011) research showed that the
TEC anomaly (increased TEC) appears related to the Haiti
earthquake specifically and persistently in a small region of the
northern epicenter area.

From previous statements, increased and decreased TEC
could not be a standard indication as an ionospheric anomaly
related to the earthquake. Thus a mathematical tool called the
principal component analysis (PCA) (Lin 2010) will be used to
proof TEC anomalies related to earthquake in this study. TEC
data are from National Geophysical Data Center (NGDC). The
TEC data are registered using a Kalman Filter assimilation
model, currently about 80 CORS (Operating Reference
Stations), 30 GPS/Met (Meteorology) and additionally, 15 I1GS
stations in America are ingested into the model. Its temporal
resolution is 15-minutes and its spatial resolution is 1° and its
RMSE (root-mean-square error) is about 2.4 TECu (Tim, 2005).
The TEC data is examined to detect anomaly related to the Haiti
earthquake, which occurred at 21:53:09 (UTC) on 12 January
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W?72.53°% in this study. The aim of this study is to estimate the
duration time of earthquake-related TEC anomaly using PCA.
Analysis methods

TEC Variance observation

The TEC data from 12 Dec 2009 to 15 Jan 2010 are plotted
shown in Figure.1l. The curve shows no clear difference between
TEC value and the mean TEC value, which is an average of past
10-day TEC value (e.g. the mean TEC value on 01 Jan 2010 is
the average of past 10-day TEC value from 22 Dec 2009 to 31
Dec 2009), for the time period from 12 Dec 2009 to 10 Jan
2010. Except for 11 Jan, 1 day before the earthquake, the TEC
value greatly increases and reaches 28.7 TECu. This is a peak
value in the last 30 days. The TEC value drops to previous level
on 12 Jan. For comparison the TEC value at 20:00 UTC from 12
Dec 2009 to 15 Jan 2010 is shown in figure 2, and a clear peak
value is on 11 Jan 2010. The mean TEC value at 20:00UTC in
the last 30 days is 18.2 TECu with STD 2.5, and the peak value
is at 20:00 UTC of 11 Jan, it reaches 28.7 TECu, almost 57.6%
higher than the mean value.

The 3 peaks at 15:00, 20:00 and 22:00 UTC (10:00, 15:00
and 17:00 LT) are shown in Figure 3, respectively. A peak
appears at 15:00, namely the afternoon time. It is similar to Liu
et al’s research (2004) namely the TEC anomalies appeared in
the afternoon period of 1200-1800 LT. However the result
shows that the TEC anomaly appears at 15:00 LT, while
Akhoondzadeh’s method shows that the TEC anomaly appears
at 17:00LT due to different source. The Kp (£2) indices show
that 11 Jan is a geomagnetic quiet day in Figure 4 (Muella et al.
2009; Plotnikov and Barkova, 2007; Uyeda et al. 2009), and
therefore the TEC anomalies with 3 peaks on 11 Jan should be
associated with the earthquake. Similar results were shown in
the work of Sarkar et al (2012), a significant enhancement of
electron density and electron temperature as a precursor near the
epicenter on 11 Jan 2010, 1 day before the same Haiti
eathquake, was shown by observing the plasma parameter
variation registered by DEMETER satellite. According to
previous interpretation, primary judged results show that the
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increased TEC should be the earthquake-associated anomalies in
this day (Zhao et al 2008; Liu et al, 2009). Principal component
analysis (PCA) will be used to proof such earthquake-associated
TEC anomalies in next section.
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Figure 1. This figure set shows the daily TEC variances from
12 Dec 2009 to 15 Jan. 2010. The blue line is daily TEC and
the magenta line is the mean TEC. The position of circle is
the time interval, in which the TEC anomalies are released.
The mean TEC is an average of past 10-day TEC value. For
example the mean TEC value on 01 Jan 2010 is the average
of past 10-day TEC value from 22 Dec 2009 to 31 Dec 2009

TEC Data Processing by PCA

PCA has previously been applied in the description of TEC
anomalies associated with the earthquakes, which is proofed to
be independent of long term TEC variances and non-earthquake
effects (e.g. sun effect) (Lin 2010). Supposed the signal s is
presented in a matrix M with m rows and n columns.

Spgerererenens Spn 1
M=l
s s

J(U)=u"MMTu + A(1—u"u)is defined, and letv, 3 =0, Uis
the unit vector, and then \jM Ty = Ay therefore there are m
eigenvalues which are A2A >l = A, The largest

eigenvalue (principal eigenvalue) A represents the main

characteristics of signal s.

The TEC data in this study are normalized under the same
scale as the TEC data of Lin’s work (2010), so that principal
eigenvalue with the magnitude >0.5 in a normalized set is
associated with earthquake information and indicate earthquake-
associated TEC anomaly (Lin, 2010).

TEC data of a day have 96 data points to form a matrix M
of Eq.1 (dimension, m (row) =96, n (column) =1) to get a
principal eigenvalue for a day. The results of PCA from 01 to 15
January 2010 are shown in Figure 5. The principal eigenvalue
gets to the maximum value on 11 January which reveals
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earthquake-associated TEC anomaly because the principal
eigenvalue with the magnitude >0.5 in a normalized set is
associated with earthquake-related TEC anomaly.
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Figure 2. TEC variances at 20:00 UTC from 12 Dec 2009 to
15 Jan 2010

For the 9-hour TEC data from 14:00 to 23:00 on 11 Jan
(UTC), the TEC data are examined each 30 minutes. Each 30
minutes of TEC data have 2 measured data points which form a
matrix \] of eg.1 (dimension, m (row) =2, n (column) =1) to get
a principal eigenvalues, and the results of PCA for this time
period are shown in Figure 6(a). The larger principal
eigenvalues (>0.5) are at 15:00, 20:00 and 22:00 (UTC) which
reveal the earthquake-associated anomalies as stated in last
section.

Figure 3. TEC variances on 11 Jan 2010, 3 peaks are shown
clearly compared with mean value from 12 Dec 2009 to 10
Jan 2010. The meaning of mean value is; for example, the

value at 1:00 is the mean of TEC values at 1:00 from 12 Dec

2009 to 10 Jan 2010. The minimum and the maximum values
in 14:00-21:00 are drawn with short black line
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Figure 4. This figure shows Kp indices from 10 Jan to 12 Jan
2010
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For the same 9-hour TEC data, the TEC data are examined
each 45 minutes. Each 45 minutes of TEC data have 3 measured
data points to form a matrix |\] (dimension, m (row) =3, n
(column) =1) to get a principal eigenvalues, and the results of
PCA for this time period are shown in Figure 6(b). No large
principal eigenvalues (>0.5) are represented, so that the
earthquake-associated TEC anomalies are not revealed.
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Figure 5. This figure shows the principal eigenvalues of PCA
in the time period from 01 to 15 Jan, 2010. The principal
eigenvalue is the largest on 11 Jan
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Figure 6(a). This figure shows the principal eigenvalues of
PA for the time period from 14:00 to 23:00 on 11 January
2010 (UTC). The principal eigenvalue with magnitude (>0.5)
is associated with earthquake information to indicate
earthquake-associated TEC anomaly (Lin, 2010).

From previous results, the 3 TEC anomalies on 11 Jan are
related to Haiti earthquake. Each of these TEC anomalies, the
duration time is about 30 minutes by examining the difference
between Figure 6 (a) and 6 (b).

Discussion

Lin* work (2010) considered the TEC anomalies related to
12 M=5 earthquakes and M=7.2 Chi-Chi earthquake in Taiwan
using PCA. From the Figures 17 and 18 of that work, the
seismogenic effects seemed to be independent of non-
earthquake noises including space weather effects e.g. sun effect
and long term TEC variance, therefore PCA is used to
rationalize the observed results in the Section 2.1 of this study. It
also shows a convincing result in Figure 5. Figure 5 shows the
analysis results of PCA from 01 Jan to 15 Jan 2010. Different
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non-earthquake mechanisms such as atmospheric winds, tides,
gravity waves, travelling ionospheric disturbances should exist
during this time period, and however seismogenic effect is
revealed on 11 Jan. Therefore the PCA can be used to detect the
earthquake-related TEC anomaly without considering non-
earthquake effects. From previous interpretation, However the
PCA method has a weakness. That is; the principal eigenvalue
cannot interpret true TEC anomaly situation. It gives that a
principal eigenvalue (>0.5) is associated with an earthquake-
related TEC anomaly.
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Figure 6(b) This figure shows the principal eigenvalues of
PCA for the time period from 14:00 to 23:00 on 11 January
2010 (UTC). No large principal eigenvalues (>0.5) are
represented to indicate earthquake-associated TEC anomaly

Conclusion

The TEC anomaly appeared on 11 Jan, 1 day before the
Haiti earthquake. The 3 earthquake-associated TEC anomalies
have been found at 15:00, 20:00 and 22:00 UTC (10:00, 15:00
and 17:00 LT), and the largest anomaly appears at 20:00. Each
of the 3 anomalies had the duration time about 30 minutes.
Acknowledgement

The author is grateful to National Geophysical Data Center
(NGD) for the TEC data support. The author is gratefully
mourning the death of the Haiti in this earthquake on 12,
January 2010.
Reference
Akhoondzadeh, M. and M. R. Saradjian, 2011, TEC variations
analysis concerning Haiti (January 12, 2010) and Samoa
(September 29, 2009) earthquakes, Adv. Space Res., 47, 94—
104.
Astafyeva, E., K. Heki, 2011, Vertical TEC over seismically
active region during low solar activity. Journal of Atmospheric
and Solar-Terrestrial Physics Vol. 73, No.13, 1643-1652.
Dautermann, T., E. Calais, J. Haase, and J. Garrison, 2007,
Investigation of ionospheric electron content variations before
earthquakes in southern California, 2003-2004, J. Geophys.
Res., 112, B02106, doi:10.1029/2006JB004447
Kamogawa, M., 2006, Preseismic lithosphere-atmosphere-
ionosphere coupling, Eos Trans. AGU, 87(40), 417, doi:
10.1029/2006E0400002.
Lin, JW., 2010, lonospheric total electron content (TEC)
anomalies associated with earthquakes through Karhunen-Loéve
Transform (KLT). Terrestrial, Atmospheric and Oceanic
Sciences, 21, pp. 253-265.


http://tw.dictionary.yahoo.com/dictionary?p=mourn
http://tw.dictionary.yahoo.com/dictionary?p=mourn
http://tw.dictionary.yahoo.com/dictionary?p=mourn

30231

Liu, J.Y., Y. I. Chen, C. H. Chen, C. Y. Liu, C. Y. Chen, M.
Nishihashi, J. Z. Li, Y. Q. Xia K. I. Oyama, K. Hattori, and C.
H. Lin ,2009; Seismoionospheric GPS total electron content
anomalies observed before the 12 May 2008 Mw=7.9 Wenchuan
Earthquake. Journal of Geophysical Research, Vol.114, doi:
10.1029/2008JA013698

Liu,J. Y., Y. I. Chen, S. A. Pulinets, Y. B. Tsai, and Y. J. Chuo,
2000, Seismo-ionospheric signatures prior to M >6.0 Taiwan
earthquakes, Geophys. Res. Lett, 27, 3113- 3116, doi:
10.1029/2000GL011395.

Liu, J. Y., Y. J. Chuo, S. J. Shan, Y. B. Tsai, Y. I. Chen, S. A.
Pulinets, and S. B. Yu, 2004, Pre-earthquake ionospheric
anomalies registered by continuous GPS TEC measurements,
Ann. Geophys., 22, 1585- 1593.

Liu J. Y, H. Le, Y. L. Chen., 2011, Observations and
simulations of seismoionospheric GPS total electron content
anomalies before the 12 January 2010 M7 Haiti earthquake, J.
Geophys. Res, vol. 116, A04302, doi: 10.1029/2010JA015704.
Muella, M.T.A.H., E.R. de Paula., I1.J.Kantor., L.F.C.Rezende
and P.F.Smorigo, 2009. Occurrence and zonal drifts of small-
scale ionospheric irregularities over an equatorial station during
solar maximum — Magnetic quiet and disturbed conditions.
Advances in Space Research. Vol. 43 (12), p.1957-1973.
Plotnikov, I.Ya and E.S. Barkova. 2007. Advances in space
research nonlinear dependence of Dst and AE indices on the
electric field of magnetic clouds. Advances in Space Research.
Vol.40, No.12, p.1858-1862.

Pulinets S. A. and K. G. Tsybulyaa, 2010, Unique Variations of
the Total Electron Content in the Preparation Period of Haitian

Lin, Jyh-Woei/ Elixir Space Sci. 79 (2015) 30228-30231

Earthquake (M7.0) on January 12, 2010, Geomagn. Aeron., 50.
5, 686-689, 2010.

Rishbeth, H., 2006, lonoquakes: Earthquake precursors in the
ionosphere? Eos Trans. AGU, 87(32), 316, doi:
10.1029/2006E0320008.

Sarkar, S., S. Choudhary, A. Sonakia, A. Vishwakarma and A.
K. Gwal, 2012, lonospheric anomalies associated with the Haiti
earthquake of 12 January 2010 observed by DEMETER
satellite. Nat. Hazards Earth Syst. Sci., 12, 671-678.

Tim, Fuller-Rowell, 2005, USTEC: a new product from the
Space Environment Center characterizing the ionospheric total
electron content, GPS Solutions, V9.3, 236-239, 2005, DOI:
10.1007/s10291-005-0005-5.

Uyeda, S., M. Kamogawa, and H. Tanaka, 2009, Analysis of
electrical activity and seismicity in the natural time domain for
the volcanic-seismic swarm activity in 2000 in the Izu island
region, Japan. Journal of Geophysical Research .114, B02310,
2009.

Yasuda, Y., Y. Ida, T. Goto, and M. Hayakawa, 2009,
Interferometric  direction finding of over-horizon VHF
transmitter signals and natural VHF radio emissions possibly
associated with earthquakes, Radio Sci.,, 44, RS2009,
doi:10.1029/2008RS003884

Zhao, B., T. Yu, M. Wang, W. Wan, J. Lei, L. Liu, and B. Ning
,2008; Is an unusual large enhancement of ionospheric electron
density linked with the 2008 great Wenchuan earthquake?
Journal of Geophysical Research, 113, A11304, doi:
10.1029/2008JA013613


http://www.sciencedirect.com/science/journal/02731177
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235738%232009%23999569987%231107116%23FLA%23&_cdi=5738&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f405c3ca292635cf1daedc2924634990
http://www.sciencedirect.com/science/journal/02731177

