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Two-Dimensional Principal component analysis (2DPCA) has been used to examine iono-
spheric total electron content (TEC) during the time period from 07 to 12 May, which was in
5 days before China�s Wenchuan earthquake (UT) (M

w
=7.9) at 06:28:00 on 12 May 2008 (UT)

with the epicenter of |(31.119°N, 103.258°E). A TEC precursor represented with larger
principal eigenvalue was detectable during the time period from 02:00 to 04:00 UT on 09 May
over the epicenter with the duration time approximately 2 hours.
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INTRODUCTION

The ionospheric anomalies were researched prior to
China�s May 12, 2008 Wenchuan earthquake by a number
of researchers[3,5,6,15,26]. Lin[10] applied principal component
analysis (PCA) to ionospheric total electron content (TEC)
to investigate TEC-anomaly precursors to 12 earthquakes
of Me�5.0 in a local region of 23.00 - 24.00° N, 120.00 -
121.50° E for 1 January 2002 to 31 December 2003. These
earthquakes were previously investigated by Liu et al.[16]

who showed statistically that earthquake-related TEC
anomalies could be detected within 5 days of all these earth-
quakes. Lin[10] helped establish criteria for using Principal
Component Analysis (PCA) in the detection of earthquake
related TEC anomalies. For PCA to be considered effec-
tive in detecting earthquake-related TEC anomalies the earth-
quake must be of Me�5.0; other possible causes of TEC
anomalies must be eliminated such as geomagnetic activity
and detection occur within the earthquake preparation zone.
The advantage of PCA over other statistical methods, such
as deviations from predetermined median values for TEC,
is that PCA is a mathematical method and is independent
of non-earthquake effects[10]. Two-Dimensional Principal

Component Analysis (2DPCA) is applied to the TEC data
during the time period from 07 to 12 May, which is in 5
days before China�s Wenchuan earthquake because the TEC
precursors were usually detectable in 5 days before the large
earthquakes[14]. The TEC data type is the integrated value
over the full 2 hour-period in the examined time period.
This earthquake occurred on 12 May at 06:28:00 (UT) with
the epicenter of |(31.119°N, 103.258°E).

TEC DATA SOURCE

The source of the TEC data is the FORMOSAT-3
satellite system, which generates 2500 GPS-occultation
density profiles per 24 hours. The GPS TEC data is from
IGS[11].

METHOD

Theory of 2DPCA

2DPCA is a procedure which can detect anomalies
for a two-dimensional data from its original domain to
2DPCA domain. Its concept is introduced[12,13]. Using
2DPCA Small Sample Size (SSS) (small two-dimension)
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problem can be avoided[12,13].

TEC data processing

The TEC data for the previous time period is exam-
ined by 2DPCA; however after the data processing, only a
TEC anomaly related to this earthquake is detectable in a
time period such as Figure 1a. The procedure of TEC data
processing in Figure 1a in this time period is represented in
the study. The TEC data in other examined time period are
done with the same data analysis by 2DPCA but not shown
in this study because earthquake-related TEC anomaly is
not detectable. Figure 1a shows the GIM in the previous
time period for observing. Actually, the true TEC data is
processed by 2DPCA. This global region is divided into
100 smaller areas, 36° in longitude and 18° in latitude to
detect more detailed TEC information, and therefore each
area at least includes 9 estimated TEC data. For analysis, in

each area the 9 TEC data are taken. These 9 TEC data
form the input matrix B[12] (it belongs to SSS data) of di-
mensions 3 x 3 for Eq. (1) using 2DPCA to remove SSS
data problem and detect a clear TEC anomaly related to
the earthquake. This allows for principal eigenvalues to be
computed for each of the 100 smaller areas.

RESULTS

It can be readily seen that the earthquake-associated
TEC anomaly exists at the time 02:00-04:00 UT on May
09 (Figure 1b) as indicated by the region representing larger
eigenvalues. In the other examined time period, any earth-
quake-associated TEC anomaly is not detectable. Figure 2
shows the Kp indices for the corresponding time periods
(07 to 12 May, 2008) and the Kp indices (<4) represents a
relatively geomagnetic quiet time for this time period.

Figure 1 : (a) The GIM on 09 May, 2008 for the time period 02:00-04:00 UT; (b) The figures give a color-coded scale of the
magnitudes of principal eigenvalues.
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Figure 2 : The Kp indices from 07 to 12 May 2008 (NOAA / NWS Space Weather Prediction Center).

DISCUSSION

The results (TEC anomalies) fit the criteria for detec-
tion of earthquake-associated TEC anomalies by 2DPCA
discussed in the introduction. The large principal eigen-
value given in Figure 1b are around the epicenter. The
earthquake-associated TEC anomaly releases in 02:00-04:00
UT on 09 May before China�s Wenchuan earthquake. This
is a strong indication that 2DPCA is suitable for detecting
earthquake-related TEC anomalies for large earthquakes.

Some possible causes of TEC anomalies and their
association with earthquakes are introduced. Pulinets and
Boyarchuk[19] suggest radon emanating from active faults
and cracks before earthquakes ionizing the near ground
atmosphere to produce large vertical electric fields. The

VAN group[23] in Greece has been looking at the possibil-
ity of such TEC anomalies being caused by stressed rocks
producing electric fields. This area of research looks at
pressure stimulated currents creating electric fields in non-
homogenous crustal rocks producing seismic electric sig-
nals which they attempt to recognize as earthquake pre-
cursors. Molchanov and Hayakawa[17] suggest gravity waves
arising from fine vibrations in the earth�s surface leading
to gas release that results in lower atmospheric turbulence
and eventual ionospheric perturbations. Gravity waves
causing such TEC precursor should not be possible be-
cause vibration in the earth�s surface before this earthquake
should be very small and usually causes TEC anomaly just
after earthquake. Moreover, the previous caused reasons
of TEC precursor usually endure a long time. Therefore,
true mechanism to cause TEC anomaly by the earthquake
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is not easy to be determined.

CONCLUSIONS

A TEC anomaly as the TEC precursor believed to
be earthquake related were found for the time period
02:00-04:00 UT on 09 May before Wenchuan earthquake.
The duration time of the TEC precursor was approxi-
mately 2 hrs.
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