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Abstract. One of the possible candidates which modifies theionospheric electron density, which is measured from the
ionosphere before large earthquake is electric field. We preground-based GPS receiver, ionosonde, and FORMOSAT-
sume that the electric field associated with large earthquake3/COSMIC appeared above the epicenter 3—6 days before the
is generated in the ionosphere dynamo region (100—-120 km)12 May 2008V = 7.9 Wenchuan earthquake. Le et al. (2011)
This paper tries to identify the evidence of the contribution studied the pre-earthquake ionospheric anomaly statistically
of the neutral atmosphere in the dynamo region. The relaby using the total electron content (TEC) data from the global
tionship between the critical frequency at the F2 peak (foF2)ionosphere map (GIM) for a total of 73& =6.0+ earth-

and the height profile of the neutral atmosphere temperaturguakes in the global area during 2002—2010. The results in-
was studied for two large earthquakes: Wenchuan, 2008 andicate that the anomalous behaviors of TEC within just a few
Pingtung Doublet, 2006. It is found that the wave amplitudedays before the earthquakes are related to the forthcoming
of the vertical wavelength 20—-30 km which is usually super-earthquakes with high probability. Liu et al. (2011) report
posed on the height profile of the neutral atmosphere temfor the first time that there is a successive long time (nearly
perature enhances when the foF2 increases. The correlatid?d h) enhancement in GPS TEC one day before 12 Jan-
between the wave amplitude and foF2 is found better along aiary 2010M = 7.0 Haiti earthquake, and the TEC enhance-
longitudinal direction than along latitude direction. ment anomaly appears specifically and persistently in a small
region of the northern epicenter area; these two factors sug-
gest that the enhancement anomaly before the earthquake is
highly related to the Haiti earthquake. Recently, research
by combining satellite data as well as ground-based observa-

The disturbance of the ionosphere which appears prior tdions has started (Oyama et al., 2008, 2011). It is becoming
large earthquakes has been repeatedly reported. Among trfdearer that some large earthquakes modify t.he ionosphere in
reports, most of the papers in the early stage discuss on thePme way (Depueva and Rotanova, 2001; Singh et al., 2004;
change in foF2, which is observed by ground-based ionosontiU et al., 2009). However, we do not know whether all large
des. The number of these papers has rapidly increased ifarthquakes){ > 6.5) disturb the ionosphere, as the mor-
the last 2-3yr and the quality of the papers seems to be imphology of the ionosphere disturbance has not been estab-
proving; the reports are more convincing. Zhao et al. (2008) lished yet. . _

Liu et al. (2009), and Pulinets and Ouzounov (2010) re- Small disturbance of the ionosphere is even found at the

port that the enhancement and/or reduction anomalies of th@€omagnetic conjugate point of the epicenter for some earth-
quakes (Zhao et al., 2008; Liu et al., 2009, 2011; Pulinets

and Ouzounov, 2010). A phenomenon which is very simi-
Correspondence toy. Y. Sun lar to the Equatorial lonization Anomaly (EIA) has been re-
BY (yysun@jupiter.ss.ncu.edu.tw) ported to appear over the epicenter recently (Oyama et al.,
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Fig. 1. The diurnal variation of Tn around the epicenters of Wenchuan (left panels) and Pingtung Doublet (right panels) earthquakes during
2002-2009. Gray points are individual Tn measurements at two height regions of 115-120 km (upper panels) and 15-20 km (lower panels).
The solid dark lines denote the hourly average. Observations were not available during 10:00 to 14:00 LT.

2011). These observations imply the role of the electric field12:26:21 UT on 26 December 2006. At 12:34:15UT, 8 min
(Ruzhin et al., 1998). Provided that the electric field is work- after the first earthquake, the second earthquake occurred
ing, the next question is “Where and how is the electric field (M, = 6.9, Depth =50 km, Epicenter =219N, 120.42 E).
generated”? One of the plausible mechanisms is the inter-

nal gravity wave. It might be generated on the ground be-

fore the earthquake by some mechanisms, propagate upwar&s Data

and then change the wind pattern around the height of 100Tn this study, the foF2 measurements are provided by the

region, the original electric field is modified and the change.eVUhan (30.5N, 114.4 E) and Pingtung (22:&N, 120.6 E)

of the electric field is then propagated to the higher iono_lonosonde stations for the Wenchuan and Pingtung Dou-
sphere along the magnetic field line (England et al., 2006) blet earthquakes during 1-14 May 2008 and 19-28 Decem-

Rozhnoi et al. (2007) present evidence of atmospheric grav‘per 2006, respectively. Information on Tn was provided

ity waves induced by the seismic activity found several daysby the SABER (Sounding of the Atmosphere using Broad-

before earthquakes. Their frequency range is 0.28-15 mHZband Emission Radiometry) instrument on board the TIMED

which corresponds to the period range of 1-60 min. This fre_(’Thermosphere lonosphere Mesosphere Energetics and Dy-

quency is still too high to explain the behavior of the foF2 namics) sate.II|te (Zhang etal, 2006)..As a first step in our
which we mention here. research to find evidence of the coupling between foF2 and

) _ the dynamo region, we studied the variation of intensity of

In order to find the evidence of the suggested mecha-y, iy the height range of 15-140 km. Then we examined the
nism, we tried to study the relationship between the heighteqylar structure of height profiles of Tn. Generally, the Tn
profile of neutral temperature (Tn), and foF2 for two large yrofile around 100 km shows wavy structures with the ver-
earthquakes, the Wenchuan and Pingtung Doublet earthycq| wavelength of 2030 km modified by internal gravity

qugkes. Wenchuan earthquakdy(=7.9, Depth=19km, 55 Hereafter, we will describe the data analysis.
Epicenter =31.0Z1IN, 103.367 E) occurred at 06:28:01 UT

on 12 May 2008. The first Pingtung Doubleyg =7.0,
Depth=44km, Epicenter=21.68l, 120.56 E) occurred at
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Fig. 2. The annual variation of Tn around the epicenters of the Wenchuan (left panels) and Pingtung (right panels) earthquakes during 2002—
2009. Gray points are the 5 day moving average of the individual Th measurements at two height regions of 115-120 km (upper panels) and
15-20km (lower panels). The dark points are the daily average.

3 Local time and annual variation in Tn The averaged Tn is about 355K in both months. Two peaks
of the averaged Tn occurred around January and June—July.
Figure 1 displays the local time variation of the average TnThe averaged Tn is about 400 K. While for Pingtung area
at two height regions of 15-20km and 115-120km over(Fig. 2b), two minima of about 360 K were found in April—
the epicenters of the Wenchuan and Pingtung Doublet earthMay and October—November. Two Tn peaks of 400K were
quakes. All data were collected and averaged during 2002found in January and July—August, respectively. By com-
2009. Tn measurements were not available between 10:0paring Tn in the Wenchuan and Pingtung areas, the am-
and 14:00LT. At the height range of 115-120 km (Fig. laplitude of annual variation was larger in Wenchuan than in
and b), the hourly average Tn illustrates a clear local timePingtung. At the height region of 15-20 km, the Wenchuan
variation. During nighttime, Tn shows 345K, and 390K dur- area showed a peak of Tn of 210K in January, and a min-
ing daytime over the epicenter of the Wenchuan earthquakémum (Tn =203 K) around June—July (Fig. 2c), whereas Tn
(Fig. 1a). The amplitude of the diurnal variation is about in the Pingtung area showed a peak of Tn (202 K) around
40 K. Simultaneously, Tn around Pingtung shows 360 K dur-August—October, and a minimum in February and March
ing nighttime and 390 K during daytime (Fig. 1b). The am- (Tn=199K) (Fig. 2d).
plitude diurnal variation is about 30K, which is about 10K Figure 3 illustrates the deviation of the daily averaged Tn
lower than that for Wenchuan region. By contrast, the localby subtracting the reference (the daily average of Tn dur-
time variation is not clear at the altitude region of 15-20 km ing 2002—2009). For the Wenchuan earthquake, the two
(Fig. 1c and d). Even if the local time variation exists, the big drops of the Tn deviation appeared in 1-20 April and
amplitude is less than 3K. The average Tn for Wenchuan—10 May 2008 at heights of 15-20km (Fig. 3b). At the
and Pingtung are about 204 K (Fig. 1c) and 198K (Fig. 1d),height region of 115-120 km, another positive peak existed
respectively. around 20 April 2008 (Fig. 3a). The minimum at 15-20 km
Figure 2 depicts the variation of the daily averaged Tn atseems to correspond to the peak at the height for 115—
the two height regions in the years 2002—2009 over the epi120 km. This anti relationship seems to be true. Since an-
centers of the Wenchuan and Pingtung Doublet earthquake®sther peak was found between 10 October and 1 Decem-
At the height of 115-120 km, Tn shows two minima in April ber 2008 (Fig. 3a), accordingly we cannot conclude that
and October-November above the Wenchuan area (Fig. 2ajhe peak located around 20 April is due to the Wenchuan
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Fig. 3. The deviation of Tn (the annual vairaion is removed) observed in the years 2006 and 2008 above the epicenters of the Wenchuan (left)
and Pingtung Doublet (right) earthquakes at two height regions of 15—-20 km (lower panels) and 115-120 km (upper panels). The dashed rec
squares indicate some significant Tn deviations.
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40
2 earthquake. For the Pingtung Doublet earthquake, at the

200 Temsggm K660 10010 —10010Ten—11poegat1uore: kzsbzs -2500250 230 235 height of 15-20 km, t_he largest deviation of Tn was found on
25 December 2006 right before the earthquake (Fig. 3d), and
Fig. 4. Examples of the IMFs which decomposed from the individ- the largest drop eX|st¢d at the height of 115_12,0 I.(m around
ual Tn profiles using EMD(a) A case without the IMF3 component 5 December. 2006 (Fig. 3c). However’ the deV'at'or? of the
and(b) a case with the IMF3 component. other years is also large; again we cannot draw a firm con-
clusion on this special feature of the Tn variation associated
with the Pingtung Doublet earthquake with which we can
persuade the readers.
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4 Small scale variation of individual neutral 50 — ‘ : ‘ . ‘ . T
temperature profile *  Epoicenter
451 A A Jonosonde station |
TIMED/SABER provided us the height profiles of Tn within 400 &1( f}d .
the height of 15km to 140km. Generally, at the height of sl V) ;(J/MJ |
20km, Tn is about 200K, and it gradually increases toward 2008 @ke,&' 9 qjﬁ
50km, where Tn shows about 250K, and starts reducing at  30r * o , 1
higher altitude. At around 75km, the height profile of Tn 3 .. ’ |
starts to show irregular structures, and the amplitude of ir- & -\U} ] PWQ/SZ
regular structures increases between 80-120 km (Figs. 4 ani 2°[ / \ 2°°<Pagt“”g e%”hq”“ R, I
5a), which most of the time exists. The irregular structures 15} w Yo 8
might be mainly due to the internal gravity wave. To find ol v i 1{ Y /“%@ 1
the various wave componets from the height profile of Tn, (} &)
the time-frequency analysis method which is named Hilbert- 5 Q P/i N 1
Huang transform (HHT) (Huang et al., 1998) is conducted. | | ‘ , x . =8, ‘ ‘
HHT consists of Empirical Mode Decomposition (EMD) and 70 80 80 100 Lorl;igde 120 1300 140 150

Hilbert spectral analysis. EMD is able to decompose the data

into several orthogonal components named Intrinsic MOdeFig. 6. The areas where HHT is conducted for the Wenchuan (red

Functions (IMFs), and the Hilbert spectral analysis can SUb'squares), and Pingtung Doublet (blue squares) earthquakes. The

tract the instantaneous information of the wavelength andyicenters are located in the center of the squares and marked by

amplitude from these IMFs. red stars. Hilbert spectra in these three regions for two large earth-
Figure 4 illustrates the two sets of IMFs which are decom-quakes are displayed in Figs. 10 and 11. For the Pingtung Dou-

posed from the individual Tn profile using EMD. Figure 4a blet earthquake, the first area is 172¥in latitude, 111-131E
displays that the Tn profile (22:38 LT, 8 May 2008, 31N, in longitude. The second area is 1223®in latitude, 101-141E
111.3 E) can be decomposed into5 Components (4 IMFs andn Iongitude. The third area is 7-3WN in latitude, 91-151E in
1 DC term). The wavelength of IMF1 and IMF2 is shorter Iongitude._ For _the Wenchaun egrthqugke, the first area is Iimite_d to
than 20 km, and IMF4 and IMF5 are the long-term curves, 26-36 N in latitude, 93-113E in longitude. The second area is
However, 6 components (5 IMFs and 1 DC term) are isolate(121_4f N 'n.lat'tqde‘ and 83-12% n long't.Ude' The third area
from the Tn profile which measure at 23:08LT, 9 May 2008, 'S 16-46 N in latitude, and 73-13% in longitude. The gray dots
. A . denote the location of TIMED/SABER Tn profiles on 12 May 2008.

26.2 N, 122.3 E (Fig. 4b). The IMF3 in Fig. 4b indicates
the wavy structure with the wavelength of 20-30km, and
the amplitude is greater than 25K at the altitude of 90— i ,
140km. Figure 5b displays the Hilbert sepctrum which was@nd the intensity of the wavelength longer than 30km be-
contructed from the 12 Tn profiles (Fig. 5a) over the epicen-COMES Stronger.
ter of the Pingtung Doublet earthquake about two hours be- The same data analysis process was conducted for
fore the earthquake occurrence. We find that wavy structure¥Venchuan Earthquake on 7-9 May (DOY 128-130) 2008 as
with the wavelength longer than 15 km appear at the altitudeshown in Fig. 8. The right panels (Fig. 8c, f, and i) show
of 80—140 km (Fig. 5b). To further examine the possible rela-that the intensity of the wave amplitude, with the wavelength
tionship between the earthquake and the Tn wavy structuredonger than 25 km, at the altitude higher than 60 km, is faded
we conducted HHT for three areas with a different area ovetvhen the area expanding from 263§ 93-113 E to 21—
the Wenchuan and Pingtung Doublet earthquakes (Fig. 6Y41° N, 83-123 E, and 16—-46N, 73-133 E. However, the
The areas for Wenchuan and Pingtung are marked by red anéPntinued weakness and strength of the wave amplitude can
blue squares, respectively. be found in the left (Fig. 8a, d and g) and middle (Fig. 8b, e

Figure 7 depicts the change of the Hilbert spectra for theand h) panels, respectively, as the area is expanded. The fad-
Pingtung Doublet earthquake at 17:00—20:00LT. The toping red on the spectra (Figs. 7f and i, and 8f and i) represents
three pane|s (F|g 7a_c) d|sp|ay the Spectra for the Sma".that the wavy structures with the amplitude of about 20K
estarea (17-2MN, 111-132 E), and unfortunately the num- around 100 km in altitude concentrated over the epicenters.
ber of the Tn profiles is not great enough to show the gen- Figure 9 shows the daily variation of the foF2 (dark points)
eral picture. The middle three panels (Fig. 7d-f) (12482 and the wave amplitude (dark stars) of the wavy structures
101-142 E) show that pronounced wavy structures can beduring 15 days before and after the occurrence of the Ping-
found on 26 December (DOY 360) 2006 (Fig. 7f, same astung Doublet and Wenchuan earthquakes. The daily varia-
Fig. 5b), but the 24 and 25 December (DOY 358 and 359)tion in foF2 at Pingtung (Fig. 9a) displays that the increase
which are indicated in Fig. 7d and e do not show any clearof the foF2 occurred around noon of 23 December 2006
wave activities. As the area is expanded as shown in Fig. 7{—3 day) and the increase gradually reduces toward 25 De-
(7-37 N, 91-152 E), the pronounced wave signals fade out cember 1day). In the evening of 25 December, foF2

www.nat-hazards-earth-syst-sci.net/11/1759/2011/ Nat. Hazards Earth Syst. Sci., 11,7682011
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Fig. 7. The change of the Hilbert spectra in three square areas shown in Fig. 6 for three days (DOY 358, 359, and 360) for the Pingtung
Doublet earthquake. The horizontal bar graphs beside the spectra denote the number and local time of the measuremets. Note that th
amplitude of wavy structures with wavelength of 20—-30 km enhances on DOY 360.

is as low as 2MHz. This similar pattern seems to ex- For the Pingtung Doublet earthquake, the similarity is not as
ist during 20-22 December-6 to —4 day). The foF2 in- clear in comparison with the Wenchaun earthquake. How-
creases during the daytime of 20 Decembe6 @lay) with  ever, the wave amplitude becomes larger at about 2 h before
a small decrease in the afternoon and decreases towardBe earthquake occurrence (Figs. 9a and 7)and the wave of
midnight of 22 May (4 day) and in the early morning of larger amplitude prevails after the earthquake, as one can see
23 May (—3 day). The daily variation of the foF2 at Wuhan on the afternoon of 28 December (2 day).
(Fig. 9b) for the Wenchuan earthquake (Zhao et al., 2008) To further understand the possible relationship between
shows that the increase of foF2 can be seen in the afternoothe foF2 and the wave amplitude of wavy structures around
on 9 May (-3day). The foF2 gradually decreases toward 100 km, we compared the daily maximum of the wave am-
11 May 2008. The similar feature of foF2 is seen during 5—plitude and foF2 in nine different regions over and around
7 May (—7 to —5day). The foF2 increases in the morning the epicenter of the Pingtung Doublet earthquake. Figure 10
of 5 May (—7 day), and decreases in the afternoon. This tenshows the relationship between the foF2 and the amplitude of
dency continues for 3 days up to 7 Mayg day), and finally,  the dominant wave with respect to earthquake days. The cor-
it becomes lower than the normal values. Especially duringrelation between the foF2 and the wave amplitude is better in
the nighttime, the reduction rate of the foF2 with respect tothe panels d, e, and f, while panels a, b, c, g, h, and the corre-
the average value is faster. This kind of tendency is oftenlation is not shown. These panels suggest that the correlation
found for large earthquakes and therefore seems to be a conbbetween the foF2 and the wave amplitude is better in longi-
mon feature. The details of these features will be publishedude, but not in latitude. This seems to be consistent with the
in the near future. fact that the disturbance is more extended in the longitude
N . direction (Oyama et al., 2008, 2011). Figure 11 shows the
NOt? thatin Fig. 9, the wave ar_nphtude of the_ wavy struc- relationship between the foF2 versus the amplitude of wavy
tures is averaged from the amplitude in the Hilbert SPEC 8y cures. The linear line in each panel is a least square fit to

gt the I?eight ralgge of 82_12: k\r/nv, anr(]j the Wa\r/]elenlgth ﬁfthe data. Positive correlation between the foF2 and the wave
0-30km (_see ig. 8f). For the Wenc uan earthquake, t %mplitude is seen in the panels d, f, and i, while in panels a,
wave amplitude and foF2 show a very similar feature dur-b and c, the correlation is rather negative

ing 11 days before to 3days after the earthquake (Fig. 9b).

Nat. Hazards Earth Syst. Sci., 11, 175968 2011 www.nat-hazards-earth-syst-sci.net/11/1759/2011/
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2008, DOY128 2008, DOY129 2008, DOY130
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Fig. 8. The change of the Hilbert spectra in three square areas shown in Fig. 6 for three days (DOY 128, 129, and 130) for the Wenchuan
earthquake. The horizontal bar graphs beside the spectra denote the number and local time of the measurements. The (BcesgiEsesn
the region within 20—30 km wavelength and 80—120 km altitude.

‘ EN0TE ‘ Figures 12 and 13 provide similar plots for the Wenchuan
¢ R earthquake. Figure 12 shows the variation of the foF2 and the
s e amplitude of wavy structures from 15 days before and after
1 with respect to the earthquake day. In panels d, e, and f, the
| correlation between the two values is good, while in other
70T T2 1 14 1S panels the correlation is not identified. This feature again
EEEE suggests that the disturbance extends wider in the longitude
direction. Figure 13 shows the foF2 versus the amplitude of
TR wavy structures and the positive correaltion can be seenin all

panels.

_AN
3 & B
2

foF2:MHz and Amplitude:K

o

foF2:MHz and Amplitude:K

5 Discussion and conclusion

Fig. 9. The comparison of the foF2 and the intensity of the internal

gravity wave with the wavelength of 20-30 km at 80-120 km in al- We studied the variation of height profiles of the neutral tem-
titude for the Pingtung Doublet and Wenchuan earthquakes duringperature, Tn, in order to find the relationship between the
15 days before and after the earthquakes. The square area studi¢gF2 and wavy structures of Tn in the ionospheric E-layer
are 12-32N, 101-142 E, and 21-41N, 83-123 E for the Ping-  dynamo region which is possibly associated with large earth-
tung Doublet and Wenchuan earthquakes, respectively. The gra&uakes, such as the Wenchuan and Pingtung Doublet earth-
lines are the hourly average foF2 of the 14 days observation for th%uakes assuming that the electric field which modulates the
Wuhan ionosonde station and 10 days observation for the Pingtun%—layer’ionosphere is generated in the ionosphere E-layer dy-

ionosonde station, respectively. The dark stars indicate the intensit)[/1 . Th fT he altitude of
of internal gravity waves within the wavelength range of 20—30 km. amo region. e wavy structure of Tn at the altitude o

The vertical dotted black lines denote the time of occurrences of thdN€ E-layer, which especially appears in the 've.rtical wave-
two earthquakes. length of 20—30 km, seems to control the variation of foF2.

The variation of the daily maxima foF2 yields a close agree-
ment with the tendency of the wave amplitude over the epi-
center from 10 days before the occurrence of the Wenchuan
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Fig. 10. The comparison of the foF2 and the intensity of the gravity wave in 9 areas for the Pingtung Doublet earthquake. The star line
displays the daily maxima of the amplitude of the gravity wave of 20—30 km wavelength and the point line denotes the daily maxima of the
foF2. The vertical dotted dark lines denote the day of the earthquake occurrence.
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Fig. 11. The scatter plot of the daily maxima of the foF2 and the amplitude of the gravity wave in 9 areas for the Pingtung Doublet earthquake.

earthquake (Fig. 12e), although the corresponding correla- On the orther hand, the appearance of Es, during the time
tion coefficient is only 0.43 (Fig. 13e). This moderate cor- before the large earthquake, which was reported by On-
relation means that some other possible mechanisms mightoh (2009), might be also explained by the existence of these
also be participating in generating the variation of foF2, orwaves. The vertical wavelength of 20—30 km was observed in
the enhancement of the amplitude of the wavy structures withthe presence of Es (Yoshimura, 2003). However, the mech-
a vertical wavelength of 20-30 km in Tn height profiles doesanism of the wave generation prior to large earthquakes is
not always efficiently modify the E-region dynamao. still in the darkness. Maybe the change of Tn in the lower
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Fig. 12. The same as for Fig. 10 but for the Wenchuan earthquake.
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Fig. 13. The same as for Fig. 11 but for the Wenchuan earthquake.

atmosphere due to latent heat flux might be one of the possidrift might be modulated by the internal gravity wave, which
ble sources (Pulinets et al., 2010). is relatively more active for the Wenchuan earthquake than
The agreement of tendencies of the foF2 and the ampnforthe Pingtung Doublet earthquake. Moreover, another rea-
tude of wavy structures (Figs. 9—13) is much clearer for theson might be related to the energy release of earthquakes.
Wenchuan than for the Pingtung Doublet earthquake. Ond-iu et al. (2006) indicate that the odds of earthquakes with
of the possible reasons for this might be the difference inpreearthquake ionospheric anomalies increase with the earth-
the magnetic latitude of earthquakes. The epicenter of théluake magnitude but decrease with the distance from the epi-
Pingtung doublet earthgquake (magnetic latitude, FINJ0 ~ center to the ionosonde station.
is closer to the magnetic equator than the Wenchuan earth- In conclusion, we have studied two large earthgaukes, the
quake (magnetic latitude, 20.7N). Therefore, the &x B Wenchuan and Pingtung, by assuming that the ionopshere is

www.nat-hazards-earth-syst-sci.net/11/1759/2011/ Nat. Hazards Earth Syst. Sci., 11,7682011



1768 Y. Y. Sun et al.: Neutral temperature variations during large earthquakes

disturbed prior to large earthquakes by the electric filed atLiu, J. Y., Chen Y. I., Chuo Y. J,, and Chen C. S.: A statistical
the E-layer ionosphere dynamo region. We used the data set investigation of preearthquake ionospheric anomaly, J. Geophys.
observed by the SABER on board the TIMED satellite. For Res., 111, A05304j0i:10.1029/2005JA011332006.
the Wenchuan earthquake, the clear relation between foFiu. J- Y., Chen Y. 1, Chen C. H., Liu C. Y., Chen C. Y., Nishihashi
and the intensity of the amplitude with a vertical wavelength '\S/Iélierlr:JoJi oZno)s(;Jin i(g-é%??o?ér;:éc:'r?;og(’)rft.ér?tnirl;(l)nrﬁglli ;:ob
Pingtung Doublet earthquake, the correlaton 1 not as clear SCTYed bforethe 12 My 2008,7.9 ienchuan Earthquabe, 3

' . Geophys. Res., 114, A04321pi:10.1029/2008JA013692009.
as the result for the Wenchuan earthq_u.ake.. AIthqugh itistoq i, 3 v. Le H. Chen, Y., Chen, C.H. Liu, L., Wan, W. Su,
early to extend our result to the modification of ionosphere v Z., sun, Y. Y., Lin, C. H., and Chen, M. Q.: Observations
of other large earthquakes, on the origin of electric field, our  and simulations of seismoionospheric GPS total electron content
result seems to support the modification of the dynamo re- anomalies before the 12 January 2QW0 Haiti earthquake, J.
gion by neutral gas as the source of the foF2 modulation for Geophys. Res., 116, A043049i:10.1029/2010JA015702011.
some earthquakes. However, the mecahnism of modificatio®ndoh, T.: Investigation of precursory phenomena in the iono-
of E-layer electric field needs a detailed theoretical analysis. sphere, atmosphere and groundwater before large earthquakes of

We are examining other earthquakes by a similar approach, M > 6.5, Adv. Space Res., 43, 214-223, 2009.
which will be reported soon. Oyama, K.-Il., Kakinami, Y., Liu, J. Y., Kamogawa, M., and Ko-

dama, T.: Reduction of electron temperature in low latitude iono-
sphere at 600 km before and after large earthquakes, J. Geophys.
Res., 113, A1131H0i:10.1029/2008JA013362008.
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