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Abstract. The paper presents a wavelet transform methodof the earth (Carreno et al., 2001; Ma et al., 2005). Several
to identify possible seismic brightness temperature anomaeata process techniques have been introduced and applied to
lies that might be associated with the YushMg= 7.1) extract possible TIR temperature anomalies caused by earth-
earthquake that occurred in Qinghai province of China onquake activities of the areas. Intuitively, the transient rise of
14 April 2010. Daily infrared data from the Chinese geo- land surface temperature (LST) may provide us a practical
stationary meteorological satellite FY-2E were used for theway to detect the TIR anomalies. The phenomenon of strong
period from 1 January 2010 to 31 December 2011 and the.ST increase of the areas close to epicentre of Gujarat earth-
spatial region 28.1-38N by 91.7-101.7E. We find that  quake (India, 26 January 20015 = 7.9) appeared before
the wavelet transform is an effective method to analyse timethe shock (Ouzounov and Freund, 2004; Saraf and Choud-
series which contain nonstationary power, and identify herehury, 2005). In order to test credibility of LST increase be-
anomalous power both in the time and frequency domainfore Gujarat earthquake, extended LST differencing method
The results show that, over the two years, the relative wavelebased on multiple years of data was used (Blackett et al.,
power spectrum (RWPS) showed anomalous RWPS varia2011). The robust satellite technique (RST), which is based
tions in nine cases: two of these were followed by earth-on a statistically well-founded definition of “TIR anomaly”,
quakes; seven were not. One of the two RWPS anomaliesvas introduced and applied to studies on the Athens earth-
that were followed by an earthquake was in the southern aregquake (Greece, 7 September 199%; = 5.9) (Filizzola et
of the epicentre of the Yushu earthquake, with the RWPSal., 2004) and Izmit earthquake (Turkey, 17 August 1999,
anomaly starting to appear around 29 March 2010, decreasMs = 7.8) (Tramutoli et al., 2005). A subtraction method was
ing in the period before the earthquake, and completely goneised to work out time series of temperature difference, from
by 14 April 2010. The Yushu earthquake was the only strongwhich TIR anomalies associated with earthquakes could be
earthquake within the region and two-year time period cho-picked up (Yang et al., 2010). To choose the reference back-
sen, so the abnormal change of RWPS during this time periodjround temperature which will be subtracted from later tem-
was possibly associated with the Yushu earthquake. perature images, a model of additive tectonics stress from
celestial tide-generating force (ATSCTF) was introduced to
select the period in which the background temperature can
1 Introduction be chosen (Ma et al., 2012).

The considerations of anomalies associated with seismic
The dynamic abnormal changes of local thermal infraredyctivities in the techniques above were directly operated only
(TIR) temperature both in time and space, which were asin time domain. The increase of TIR temperature was re-
sociated with earthquake activities, have been reported b)garded as anomalies of the analysed earthquakes. However,
many studies (Gorny et al., 1988; Tronin et al., 2002; Wangother authors have found that careful analyses of data show
and Zhu, 1984; Zhang et al., 2010). Further studies indicategnat the anomalies are just as likely to have an earthquake as

that long-term and successive thermal fields may reflect acp gt to be followed by an earthquake (Blackett et al., 2011).
tivities of faults and large liner structure systems in the crust
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The time series of brightness temperature construct signals,,  7¢ 93.78 95.7E 97.7E 99.7E 101.7E
that contain nonstationary power at different frequencies and S~
at different times. Power spectrum method is an effective way <
to detect anomalous information in time series. In order to Qaidam block B
analyse power spectrum anomalies possibly associated withe!N w o X
the Yushu earthquake, wavelet power spectrum technique i< \
applied. One merit of wavelet method is its good resolution
both in time and frequency domain. Analysed results indi-
cated that, over the two years, relative wavelet power spec-
trum (RWPS) showed anomalous variations in nine cases.
Two of these were followed by earthquakes, while seven
were not. The RWPS anomaly for the period from 29 March 32N
to 14 April 2010 was in the southern area of the epicentre
of the Yushu earthquake. Therefore, the abnormal change
of RWPS during this time period was possibly associated
with the Yushu earthquake. The rest of this paper is orga-
nized as follows. In Sect. 2, we describe some information *  Epicenter
of the Yushu earthquake and the brightness temperature dat — Active fault
to be processed. In Sect. 3, we briefly introduce the wavelet?s-'N
power spectrum technique. In Sect. 4 the brightness tempeisig_ 1. The epicentre of the Yushifs = 7.1 earthquake on 14 April
ature anomalies before the Yushu earthquake are describegp10 and main active faults in analysis area (source: China Active
In Sect. 5 we present a discussion about limitation of bright-Faults.tab, MapSIS Software v. 2011, CEA, 2011). The eastern Ti-
ness data form FY-2E and about RWPS anomalies with ndetan Plateau is divided into several blocks. Eastern Kunlun fault is
earthquakes that followed. Section 6 concludes the paper. the boundary of Qaidam block and Bayan Har block. Xianshuihe
fault is the boundary of Bayan Har block and Qiangtang block.
Great earthquakes mainly occurred at these block boundaries. Seis-
mic activity is relative weak inside blocks (Deng et al., 2003).

34.1IN

30.INF

2 The Yushu earthquake and brightness temperature
data

The earthquake occurred in Yushu county, Qinghai provincetained. For a certain pixel, the position of satellite and propa-
of China, on 14 April 2010. The location of the epicentre was gation path of thermal radiation is almost fixed. For this rea-
at 33.2 Nand 96.6 E (Fig. 1), and depth was 14 km (CENC, son, data from a geostationary meteorological satellite are
2010, available ahttp://www.ceic.ac.c)/ The main shock used in this paper although the resolution of polar orbit satel-
was ratedMs = 7.1 on the surface wave magnitude scale, lite is much better. The spatial coverage of data used in the
causing more than 2000 deaths and huge property lossepaper is an area of 28.1-38M and 91.7-101%7E. Radi-
The earthquake occurred as a result of strike-slipping orations from the sun in daytime can cause increases or rela-
a NW-SE left-lateral strike-slip fault named Ganzi-Yushu tively sharp perturbs in brightness temperature observed by
fault, which is the western segment of the Xianshuihe fault.satellite. To escape effects from solar radiation, the bright-
There were two surface rupture zones caused by the eartmess temperature data from 00:00 to 04:00 LT were used in
quake: one was 31 km in length and the other was 19 km. Xi-our analysis.
anshuihe fault is a large left-lateral strike-slip fault at the east We used the mean of five chosen brightness temperature
of the Tibetan Plateau. It starts south of Qinghai province,data as the observed value of this date. Brightness tempera-
runs east to west of part of Sichuan province and ends at Yunture time series with a time resolution of one day were gath-
nan province of China, with more than 1400 km in length. It ered for every pixel. In order to extract information from
is the southern boundary of Bayan Har block and the north-more frequencies and to analyse anomalies against normal-
eastern boundary of Qiangtang block. Xianshuihe fault is anity through comparison, the length of daily brightness tem-
intensive belt of current tectonic deformation and strong seisperature series was two years. However, some preprocess-
micity in Tibetan Plateau. Many earthquakes have occurredng needs to be taken on brightness temperature series before
at this belt in history (Chen et al., 2010). using wavelet transform method to detect anomalies. When
FY-2E satellite was launched in 2008. Its orbit is fixed at some pixels were covered by clouds, the brightness temper-
105 E above the Equator. The entire covering area {960  ature of these areas actually reflected temperature of cloud-
5° S and 55-155E. FY-2E began to provide effective data top. It was much lower than LST under the clouds. We ex-
service in November 2009. The resolution of infrared bright- tracted a trend component whose period was about one year
ness temperature is 5km. Brightness temperature observand more in brightness temperature of every pixel (e.g. red
tion is taken once an hour, and successive data can be olsolid line in Fig. 2a) by using a low-pass filter. A 1.5 times
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mean variance threshold (e.g. blue solid line in Fig. 2a) be-
tween brightness temperature and its trend component wa
used to simply eliminate effects of clouds. If the brightness 260
temperature of one pixel is lower than threshold, it was re- =,
garded as cloud-top temperature and was substituted with th¢®

temperature of its trend component of the same date. Bright- 22°

ness temperature of the pixel after cloud elimination is shown 200 s s s

in Fig. 2b. & 0010
| U i
e St

i
stationary signal. It is widely used for studies in geophysics, ‘
seismic prospecting and other research fields (Kumar and o1/2010 0772010 0172011 0712011
Zg;lfoqla, 1997)'Wavelettra.n3form |sa||nert|me fr(_:‘quenc)(l’Fig. 2. (a) The raw brightness temperature data of one pixel

ysis method. The conflict between time resolution an !

. . (5kmx 5km resolution) was located at 31 R, 96.3 E from
frequency _resolutlon can b_e well solved by changing thel January 2010 to 31 December 2011. The red solid line is trend
shape of time—frequency window. Thus, wavelet transforme,mponent of raw temperature. Blue solid line is 1.5 times mean
is localized both in time and frequency domain. The continu-yariance threshold. Temperature below the blue line is seen as
ous wavelet transform of a sign#lr) is defined as the con-  cloud-top temperature and is substituted with temperature of the
volution of f () with a scaled wavelet function af, ,(r): red line on the same datéb) Brightness temperature series after

cloud elimination. The high power caused by sharp variations of

~ low cloud-top temperature in power spectrum analysis is removed

after cloud elimination. Temperature increase before earthquake of-

Wy f(a,b) = / F@OY; @), (1) tenlasts longer than short-time fluctuations. Thus, their power could
S possibly be presented at different frequencies.

280 (a) il4/04/2010

280

27

=

where the asterisk denotes the complex conjugate, and
V(1) is defined asy, (1) = \%Wa,b (=). a denotes the
wavelet scale, and is the localized time index (Torrence
and Compo, 1998). Morlet wavelet is adopted in our analy-
sis. Morlet wavelet consists of a plane wave modulated by a
Gaussian in time domain:

1/ gt 122 In continuous wavelet transform, discrete spacing of scale
v(t)=m e'e ’ ) factora determines frequency resolution. The lower discrete
: . . spacing ofz, and the higher frequency resolution will be ob-
wherewy is the nondimensional frequency.dp > 5, Mor- tat)ined.gContinuous Wa\gljelet meq[hod iZ a nonorthogonal trans-

let wavelet satisfies the admissibility condition, asag is
taken to be 6 here (Farge, 1992). Morlet wavelet is a Com_form. Isolated components of close frequency bands have

plex function both in time and Fourier space. Wavelet trans_overlapped information. High frequency resolution is not
. PR very necessary, andis discrete with spacing of 0.5 in our
form Wy, f(a, b) is also complex, so the information of am-

: . S . nalysis. In time domain, we compute everyday RWPS and
plitude and phase in a certain signal can be obtained. Wavel 4 oo .
. 2 . ocalized time index is taken as 1 here. The length of tem-
power spectrum can be defined|3g, f (a, b)|-. The intrin-

: . ! . _perature time series is two years, a¥ds 730 or 731 as the
sIc changes of LST vary W'th the differences O.f latitude, Ef‘l time interval contains a leap year, in order to show normality
titude, climate, etc., which will lead to normal differences in

the wavelet power spectrum images. Therefore, RWPS de@galnst which anomalies might be compared. For a certain

noted byRy (a, b) is used in our analysis. RWPS is defined frequency band, everyday RWPS of each pixel can be ob-

. tained using wavelet transform with coefficients above. We
2
as the rate ofWy f (¢, b)|” with the global wavelet spectrum gather RWPS of every pixel on the same date and depict ev-

—2

W (a,b): eryday RWPS pictures according to the coordinates of each
5 |2 pixel. It is necessary to note that there are many frequency

Ry(a,b) =Wy f(a,b)| /W (a,b) (3)  bands determined by and N in wavelet transform. How-

ever, we focus on the frequency bands between 8 and 64 days
in the period (Zhang et al., 2010). Using this method, we can
extract and analyse useful information both on time and fre-
time series. quency domain through time—frequency profiles.

. N
whereW?(a, b) = L 3" |W; f(a,b)|? andN is the length of
=1
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91.7E 95.7E 95.7E 95.7E 95.7E 99.7E 95.7E 99.7E

99.7E 99.7E 99.7E

28.IN

29/03/2010 30/03/2010 31/03/2010 01/04/2008 02/04/2010

32.IN

28.IN

03/04/2010 04/04/2010 05/04/2010 06/04/2010 07/04/2010

36.IN[8
32.IN

28.IN

08/04/2010 09/04/2010 10/04/2010 11/04/2010 12/04/2010

36.IN[8

32.IN

13/04/2010 14/04/2010 15/04/2010 16/04/2010 17/04/2010

32.IN
*  Epicenter

28.IN — Active fault

18/04/2010 19/04/2010

Fig. 3. Spatial-time evolution of the RWPS based on brightness temperature data from FY-2E. For each pixel, value of RWPS means multiples
of wavelet power over its average of the two years. Analysed areas are located at eastern Qinghai-Tibetan Plateau. Weather conditions ar
very complex at different areas, with many short-time fluctuations. Though the power of short-time fluctuations is mainly distributed at high
frequency bonds (we focus on RWPS variations whose periods are greater than 8 days), there are still some noise pixels scattered in RWP:
images of low frequency bonds. This situation is improved in the analysis of eastern areas of China. The main anomalies are located at the
southern areas of epicentre. Anomalous areas and amplitude dwindled and earthquake occurred afterward.

4 The abnormal RWPS changes associated with Anomalies possibly associated with earthquakes (or tectonic
the Yushu earthquake actions) were identified obeying some rules as follows:

1. The main anomalous pixels should be gathered together,

The brightness temperature data from 1 January 2010 to not be scattered in RWPS images.

31 December 2011, within the area of 28.1-3&l1and

91.7-101.7E, were gathered from FY-2E data service with 2. Anomalies should last for days (often more than
a spatial resolution of 5km. We obtained a series of im- 10days).

ages showing the variations of RWPS in different frequency . . )

bands we focused on, using the wavelet method introduced 3- Anomalies must be distributed along tectonic fault
above. Though we have simply eliminated effects of clouds, ~ 20Nnes especially active fault zones.

there were still anomalous pixels scattered in RWPS images.

Nat. Hazards Earth Syst. Sci., 13, 1105111, 2013 www.nat-hazards-earth-syst-sci.net/13/1105/2013/
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We checked RWPS space-time evolution images of differ- o[ (\,4/04/20,0 T-8.26 days

ent frequency bands and found that an RWPS whose perioc,

was 8.26 days displayed anomalous thermal variations before% 3 |
the Yushu earthquake (Fig. 3). Itis shown in Fig. 3 that there _// \Mu ,\_y_f/\wd\

are conspicuous abnormal RWPS changes close to the epi 10} (®) T=11.70 days

centre from 29 March to 14 April 2010. The epicentre was »

located at the northern edge of the anomalous area. In Fig. 32 °
the epicentre is marked with a black star, and the black solid | |\ A .~ /\_

lines are main active faults in the area. 10 () T=16.53 days

As is shown in Fig. 3, the abnormal RWPS changes startedy
to appear on 29 March and the spatial abnormal scope mainhyz ° |~ T A 0
appeared in the southern area of epicentre. There were som |, /u\/\
smaller abnormal areas in the east close to the epicentre. Th 10} () T=23.38 days
abnormal area reached a maximum on 29 March and gradg¢
ually dwindled with time. RWPS amplitude of main abnor- Z ° /\f/\/\/
mal area reached a maximum of about 10, which meant that
the power was 10 times its average of two years. Anomaly %[ T=33.06 days

amplitude also gradually decreased. Since 14 April 2010,¢

the amplitude and spatial scope of anomalies had been s& ’
small that it was hard to distinguish thermal anomalies from o
the background. And anomalies disappeared after the earth '°[(” T=46.75 days
quake. Abnormal RWPS reached a peak both in amplitudeg S
and scope at the beginning of the whole anomaly evolutionZ

and attenuated afterward. This might present a process tha o pe— " e ,
LST increased for some reasons in the whole anomaly ar- ©1/2010 07/2010 0172011 0772011

eas. Then LST dropped and anomalous scope dwindled witlig 4 RwPsS of one pixel (5 kmx 5 km resolution) was located at
thermal diffusion, and returned to normal eventually. Tronin 31.& N, 96.3 E from 1 January 2010 to 31 December 2011. Peri-
etal. (1996, 2000) suggested that the increase in greenhous@s of our focused bands were between 8 and 64 days. If we define
gas (such as C£) CH,) emission rates and the increase of RWPS exceeding 5 as anomaly here, there are only two anomalies
heat flux convection before earthquakes might be the factorin the two years. One was in March and April 2010 with a period of
causing increase of LST. Another small separate abnorma$.26 days (discussed in this paper). The other was in April 2011 with
area was located at the northwest of the epicentre along th@ Period of 11.7 days. But there was no earthquake in this anomaly
same fault, but it is uncertain whether this abnormal area wa8§€rod-
associated with the Yushu earthquake because the distance
from epicentre to the area was more than 400 km.
For better analysing the thermal anomalies associated with
this earthquake, a 2 yr RWPS of one pixel (5krB kmreso- 5 Discussion
lution, located at 318N, 96.3 E), within our focused bands
whose periods are between 8 and 64 days (there are six bon@gightness temperature data from the geostationary meteo-
in our calculation; the period of each band is displayed inrological satellite FY-2E have a high special resolution of
Fig. 4), is plotted in Fig. 4 to show normality in other time 5km, good time resolution and continuity because the ob-
intervals, against which anomalies can be compared. Beforservation is taken once an hour for the whole covering areas.
the Yushu earthquake, the values of RWPS whose period waBor every pixel, the location of satellite and the propagation
8.26 days were much higher than those in other time interpath of radiation are approximately fixed. Therefore, bright-
vals. RWPS of other bands did not show anomalies beforsess temperature and RWPS images can be directly depicted
the earthquake. In April 2011, the RWPS whose period waswithout orbit splicing needed in polar orbit satellite. How-
11.7 days exceeded 5, but there were no earthquakes that oever, when pixels were covered by clouds, brightness tem-
curred in the areas throughout that period. The Yushu earthperature from FY-2E actually reflected the cloud-top temper-
quake was the only strong earthquake within the anomalousture which is much lower than land surface temperature un-
areas. Therefore, the conspicuous abnormal RWPS changeker these clouds. Although we can distinguish clouds from
of the first frequency band were possibly associated with thesatellite cloud images, there is no auxiliary observation to
Yushu earthquake. correct brightness temperature of pixels covered by clouds.
We simply eliminate cloud using a 1.5 times mean variance
threshold in our work, but the effects of clouds on RWPS
results still need more evaluations and analyses.

www.nat-hazards-earth-syst-sci.net/13/1105/2013/ Nat. Hazards Earth Syst. Sci., 13, 1108H, 2013
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Table 1. RWPS anomalies in the six frequency bands in the selected area during analysis period.

Anomaly Period Start date End date Latitude range Longitude range
1 T = 8.26 days 10 Feb 2010 6 Mar 2010  31.7-3M\8 93.0-96.0E
2 9 Mar 2010 27 Mar 2010 36.5-38.1 96.7-101.7E
3 29 Mar 2010 14 Apr 2010 31.0-33.8 95.7-99.5E
4 23Jul 2010 13 Aug 2010 28.1-31R 96.7-101.7E
5 7Feb 2011 11 Mar 2011 33.0-3518 91.7-93.7TE
6 15 May 2011 6 Jun 2011 28.1-300 92.0-95.7TE
7 T =11.70 days 6 Mar 2010 26 Mar 2010  36.8-38M 97.0-100.7E
8 19 Jun 2010 8 Jul 2010 29.0-310 98.0-99.2E
9 28 Aug 2011 19 Sep 2011 34.3-37N0 95.7-98.0 E
10 T = 16.53 days 5 Jun 2010 9Jul 2010 28.4-30M  96.0-100.0E
11 T = 33.06 days 19 Jun 2010 14 Aug 2010 35.3-38\0 96.0-99.0E
12 10Jan 2011 23 Feb 2011 33.7-36\D 91.7-94.0 E

All works we did above are based on a hypothesis that tecTable 2. Earthquake events in the selected area during analysis pe-
tonic actions, especially earthquakes, can cause an increasied.
of LST and its temperature increase lasts longer than short-

time fluctuations. Thus, their power could possibly be pre- Evé" ~ Pae L(?“h};’de LO”?,“E')de (k%e)p‘h MRt
sented at different frequencies. Though we eliminate many .

. l . d with tectoni 1 24 Mar 2010 32.4 93.0 8 5.7 Nierong
RWPS noises and anomalies unassociate with tectonic ac- 5 z4mar2010 325 928 7 55 Nierong
tions under the rules in Sect. 4, there are still anomalies 3 17 Apr2010 325 928 10 5.2 Nierong
within which no earthquakes occurred in the anomalous pe- 4 ~ 14Apr2010 331 9.7 3 7.1 Yushu
. . 5  14Apr2010 332 966 30 63 Yushu
riods. Among these non-earthquake anomalies, there are at g  s9may2010 333 963 10 5.7 Yushu
least two situations which we cannot distinguish from ourex- 7 3Jun2010 333 9.3 7 53 VYushu

i et : 8  10Apr2011 313 1009 7 53 Luhuo

pected anomalies. First, if RWPS anomalies are not caused 5 6 Jun 2011 304 %59 10 52 Nanggan

by tectonic actions but they obey our anomaly identifying
rules, they cannot be eliminated. Second, if the anomalies are
indeed caused by tectonic actions but no earthquakes occur, ) .
we also cannot know if they are non-earthquake anomalie RWPS anomalies with only 2 earthquake events that fol-
until they disappear. Therefore, we use the RWPS methodPWed in their anomaly areas, which means 7 anomalies are
to extract anomalies obeying the anomaly identifying rules.NOt @ssociated with an earthquake.
Fortunately, there are RWPS anomalies before some earth-
quakes in our case studies. 6
Table 1 displays RWPS anomalies of each period within__ . . .
our analysis areas from January 2010 to December 20111.-hIS paper prese_nts an an_aIyS|s on the bnght_n ess te_mpera-
A latitude-longitude rectangle was simply used to roughly ture data to identify a possmle_ anoma]y associated with the
denote the anomaly area. There are 12 anomalies satisfyinéJUShUMS = 7.1 earthquake using continuous wavelet trans-
the anomaly identifying rules in all frequency bands. How- m me.:th.od. Qve'r the two years, RWPS showed anoma-
ever, the anomalies of different frequency bands with dura_Ious variations in nine cases. Two of these were followed by
tion and area overlapped should be seen as one anomaly. Tﬁ@rthquakes, while seven were not. As for_the Yushu earth-
anomalies numbered 2 and 7 become one, then 5 and 1ﬂuake, we fqund that the RWPS whose period was 8.26 days
and 8 and 10. At last we get 9 anomalies. Table 2 displayé’vas much higher before the earthquake thar_1 the average of
all 9 earthquake events with magnitusie> 5.0 within the the analysed two years. The RWPS anomalies a}ppeared. on
area of 28.1-38%N and 91.7-1017E from 1 January 2010 29 March. Then the anomalous areas and amplitude dwin-
to 31 December 201 Tftp://www.ceic.ac.cn! If we regard dled with time, and f_mally the anomalies _d|sappeared af-
main shock and its aftershocks as one event, there are onl{’" earthquake. Th_e tme-c_iepender:t evc?'lutlon of Fhe RWPS
4 earthquake events (actually, aftershocks are not consider omalies makes it plausible that “heat” was emitted fror_n
in our case studies). The Nierong earthquake occurred abodf® ground at anomalous areas and cooled gradually \.N'th
18 days after anomaly numbered 1 disappeared, while we diHme' The Yushu earthquake was the only huge geolog|cal
not find anomalies before Luhuo and Nanggian earthquakese.vem in anomalous areas during the abnormal period, so the

Hence, in the whole analysis areas during the period, we ﬁn&onspi_cuous abnormal RWPS changes were possibly associ-
ated with the earthquake.

Conclusions
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The wavelet power spectrum technique used in the presentorny, V. I., Salman, A. G., Tronin, A. A., and Shilin, B. V.: The
paper is an effective method in detecting anomalous vari- earth’s outgoing IR radiation as an indicator of seismic activity,
ations in a signal. When we use continuous wavelet trans- Proc. Acad. Sci. USSR, 301, 67-69, 1988.
form method to analyse a signal in time—frequency domain,Kuma_rr P. and Foufoula, E.: Wavelet analysis for geophysical appli-
we can obtain an RWPS of each frequency band. However, Ccations, Rev. Geophys., 35, 385-412,1997. .
we need to check RWPS images of all bands to extract ther1& 3 Wang, Y. P, Chen, S. Y., Liu, P. X., and Liu, L. Q.: The re-
mal anomalies that might be associated with earthquakes and lations betwegn thermal infrared |nforrr?at|on. and fault activities,

. . . Prog. Nat. Sci., 15, 1467-1475, 2005 (in Chinese).
other geological events, because the possibly dominant freMa, W. Y., Wang, H., Li, F. S., and Ma, W. M.: Relation between
quency bands of RWPS have not been demonstrated, which (he celestial tide-generating stress and the temperature variations
will need more earthquake case analyses. On the other hand, of the Abruzzom = 6.3 Earthquake in April 2009, Nat. Hazards
there are still anomalies with no earthquakes that followed, Earth Syst. Sci., 12, 819-82d0i:10.5194/nhess-12-819-2012
which makes false information appear when applying earth- 2012.
guake prediction. Ouzounov, D. and Freund, F.: Mid-infrared emission prior to strong
earthquakes analyzed by remote sensing data, Adv. Space Res.,
33, 268-273d0i:10.1016/S0273-1177(03)004862D04.
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