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Background

* Many anomalous electromagnetic phenomena possibly

associated with large earthguakes have been reported.

(e.g. Hayakawa and Fujinawa, 1994; Hayakawa, 1999;
Hayakawa and Molchanov, 2002; Pulinets and Boyarchuk, 2004)

& Most effective method

Electromagnetic ‘ for short-term earthquake
approach prediction!?

Among of them

Detection of TEC (Total Electron Content) Changes
In the Ionosphere Is one of the promising methods.




September 1999

Preseismic TEC change

The 1999 Chi-Chil EQ

GPS-TEC decreased significantly 3, 4
days before EQ. (Liu et al., 2001, 2004)

simultaneously

15 days backward running median
decreased exceeding IQR.

NmF2 (F2-layer maximum electron
density) decreased significantly 3, 4

days before EQ. (Liu et al., 2000, 2004)

Eanomalies appeared 1 - 5 days before |
:M>=5.0 earthquakes in Taiwan.
: (Liu et al., 2004, 2006) :




Purpose

Investigation of the Taiwan Chi-Chi EQ reported by Liu et al.
(e.g. Liu et al., 2001, 2004)

These studies have not been checked whether the anomalies

observed in Taiwan were local or global phenomena.

Understand the spatial distribution
Of I0NESPRErc diSturances prior e
the Earthguakes.

X,

NmF2

(ionosonde)




GPS-TEC GPS Satellite %.’*)‘

Yol
TEC is computed by ionospheric delay of R %

two frequencies between a satellite and a receiver.

lonosphere

L1
1.57542GH
252Gz L2 1 2276GHz

Two freq.
receiver

f,f,)
pseudorange- TEC = 40.:(3(;1221 - )(PZ -P)

Algoerithm
USing G



Global lonosphere Maps (GIM)

GIM is global TEC data-set produced by the Center
for Orbit Determination in Europe (CODE).

CODE'S GLOBAL IONOSPHERE MAPS TOR DAY 003, 2007 — 22:00 UT

Spatial resolution :
2.5 degrees Iin latitude
5 degrees in longitude
Time resolution : 2 hours

30

Geographic latitude (degrees)
4]

=30

In order to be able to observe e
GPS'TEC ValueS a.t a Certaln c‘> 1|o 20 a0 40 50

TEC (TECU)

Iocatlon, we e_xtracteq data from Example of GIM data (22UT, Jan. 3, 20(_)7_) |
the GIM and linearly interpolated
to yield a 15-min. resolution at a certain location.



Case Study 1:

The 1999 Chi-Chi & Chia-Y1 EQs



Case Study 1.

- Chi-Chi EQ -
September 21, 1999 01:47(LT)
September 20, 1999 17:47(UT)
Mw 7.6 (M, 7.3)

23.85°N, 120.82°E

Depth: 8km

- Chia-Yi EQ -

October 22, 1999 10:18 (LT)
October 22, 1999 02:18 (UT)
M, 6.4

23.52°N, 120.42°E

Depth 16.6km

CHL(it'gnosonde)

*Chl Chl EQ

*Chla Y| EQ

A811:15 (GPS)




| Locations of monitoring station

In order to confirm the geomagnetic
storm effect throughout the globe

N c;.c g@z . 37/| : /]]

equatorial ionization
anomaly (EIA) reg|on

CHL

/20 vi We compared the GIM-TEC data at 4 EIA

23 \ $105 regions (geomagnetic latitude: 12°N).

+ We derived GIM-TEC at CHL in Taiwan

22

1 - :
@120 — and KKB in Tokyo for further references.
° M5.0-5.9| | g ‘ |
21 - | 34 - |
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3 S
p ;
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©
9
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© — Magnetic equator
() 1 | M lonosonde
O -30 1 |A GPS receiver
o { | ® GIM-TEC point
O 1 | % Earthquake
-60 '
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Geographic longitude (° )



Variations of NmF2, TEC, GIM-TEC during the Chi-Chi EQ

NmF2 , GPS-TEC

daily steady
variation

3 & 4 days before EQ - -

the peak of TEC

In the daytime in Taiwan
Is small compared with
the other days.

‘ | However

It Is difficult to detect
the pre-seismic
anemalies using
raw data.
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Processing of TEC*

To identify abnormal signals associated with EQs

We computed the mean TEC values for the previous
15 days, and the associated standard deviation (o)
as a reference at specific times.
Then, we derived the normalized TEC (TEC*) values.

TEC(t) — TEC_mean(t)

TECX(t) =

The recurrence interval of an M25.0 EQ between
: 1991-1999 was about 13-15 days (Liu et al., 2004).

Similar to this Equation

NmMmF2 HH Nl %
GIM-TEC GIM-TEC*




Variations of NmF2*, TEC*, GIM-TEC* during the Chi-Chi EQ

NmF2* | TEC* |
or GIM-TEC*

: 3

fall out of -2c

: 1

We then declare
the abnormal signals

have been detected.

=

Chi-Chi EQ
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Anomalies 3 & 4 days before the Chi-Chi EQ

If the normalized data exceed the threshold of -2c: O
If the normalized data do not exceed -2c: X

IEWERERET RN Others

9/17 |NmF2* O X
(4 days | TEC* O ®
before

Q) GIM-TEC* O O
9/18 |[NmMF2* O X
(3days |TEC* o x
before

Q) GIM-TEC* X X

% While the TEC* value in Taiwan decreases beyond -2g on
September 17, almost at the same time, the GIM-TEC* values
at ¢210 and ¢300 decrease to -1.90.



Anomalies 4 days before the Chi-Chi EQ (9/17)

Two geomagnetic SSCs occurred on 9/15. (http:/imww.cetp.ipsl.fri~isgi/)

e The ionospheric electron density might significantly decrease
from a few hours to 2 days after a SSC. (Davies,1990; Kelly,1989)

e 1 to 2 days after the SSC, the ionospheric disturbance dynamo
has an influence on ionospheric electric fields at middle and
low latitudes, which significantly decreases the TEC and
affects the structure of the EIA. (Liu et al.,1999)

i Pulinets and Legen’ka (2003)- - -

:  the ionospheric disturbances caused by

i magnetic storms = - °© planetary character
v seismic origin © - °© localized and smaller magnituc

Anomalies 4 days before the Chi-Chi EQ are
the disturbances caused by the magnetic storms.




Anomalies 3 & 4 days before the Chi-Chi EQ

If the normalized data exceed the threshold of -2c: O
If the data do not exceed -2c: X

IEWERENERERN Others

9/17 |NmF2* O X
(4 days | TEC* O ®
before

=0) GIM-TEC* O O
0/18 |NmMF2* O X
(3days |TEC* o x
before

=0) GIM-TEC* X

No anomaly



Anomalies 3 days before the Chi-Chi EQ (9/18)

Computation of GIM

1999 - - - There were no GPS receivers in Talwan used for
computation GIM.

. In Taiwan, the rather approximate GIM value was
: Interpolated by far-distant receivers. :

GIM value did not reflect the ionospheric
local disturbance in Taiwan.

The anomalies did not appear in Japan and
the other area.

Anomalies in Taiwan 3 days before
the Chi-Chi EQ are local phenomena.
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Correlation between ~__Taiwan  Japan
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Correlation between

TEC* and GIM-TEC*
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Variations of NmF2*, TEC*, GIM-TEC* during the Chia-Yi EQ

Chia-Yi EQ
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Anomalies 1 & 3 days before the Chia-Yi1 EQ

If the normalized data exceed the threshold of -2c: O
If the data do not exceed -2c: X

JEWERERET TN Others
10/19 & 10/21 |NmF2* O X
(3&1days |TEC* O X
before EQ) GIM-TEC* x x

e Occurrence pattern of anomalies is similar to
3 days before the Chi-Chi EQ.
« Geomagnetic condition was relatively quiet.

m] The anomalies in Taiwan 1 & 3 days before
the Chia-Yi EQ are local phenomena.




Summary (Taiwan EQS)

 lonospheric disturbances 4 days before the Chi-Chi EQ (Mw7.6)

Global Cha@ Not consistent with Liu et al. (2004),

Chuo et al. (2002)

 lonospheric disturbances 3 days before the Chi-Chi EQ (Mw 7.6)
 lonospheric disturbances 1 & 3 days before the Chia-Yi EQ

@Iobal Ch@ Consistent with Liu et al. (2004),
Chuo et al. (2002)

Local phenomena around

(M, 6.4)

Taiwan prior to the EQs

Disturbed areas : within a 2200 km radius
and seem to be much smaller



Case Study 2:

The 2008 Wenchuan EQ



The 2008 Wenchun EQ

20080512
06:28 (UT)
14:28 (LT)
M: 7.9
depth: 19km
epicenter:
30.986N
103.364E

[=]
T
@

o0
=3
=
i |
S
Q
e
o
9
on
O
@
O

=
Fr

\..

%,

g

80 100 110 120 130 140 150
Geographic longitude (* )

Epicenter and GPS stations (IGS)




SHAO (L&)

WL l"'1n|11"|17' !

4/9 4/14 419  4/24 4/29 5/4 5/9 5M2 5/15

TEC* decreases 3 days before the EQ (-4.30)
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GIM-TEC* map
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GIM-TEC* map
2008/05/09 14hUT (21hLT),, & 2 5 - .
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Summary of Wenchun EQ

* Decrease TEC three days before the EQ
(5/9 night - 5/10 morning)

12 hours anomalous behavour around China

» | Not lonospheric disturbance due to Solar activity

Disturbed Area
N20-45° & E90-140¢

Invariant disturbed area for long time

o Variation of GIM-TEC and electron density observed
by DEMETER Is consistent.



Case study 3:

The 2007 off-shore mid-Niigata EQ



2007 off-shore mid-Niigata EQ

July 16, 2007
10:13 (LT)

01:13 (UT)

M 6.8

37.56°N, 138.61°E
Depth: 17km

)

GPS station:

GEONET

(operated by the Geographical o
Survey Institute (GSI) of Japan) A GPS receiver
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Variation of TEC* during the 2007 off-shore
mid-Niigata EQ 0051 (Kashiwazaki-1)

station

2007 off-shore mid-Niigata EQ

TEC*, GIM_TE ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

il

- b L B

Kp

F10.7 [s.f.u.] Dst [nT]

July 2007

Variations of TEC* of the other stations
show similar tendency.




Computation of GIM-TEC*

Computed locations

* epicenter

e 20 locations of
magnetic latitude
same as the EQ
(32.25°N)

e 11 locations of
geographic long.
same as the EQ
(138.61°E)
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2007 off-shore mid-Niigata EQ

Magnetic latitude:
32.25°N
Geographic longitud
80°E ~170°W
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3 days before the EQ.
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2007 off-shore mid-Niigata EQ

Geographic longitude
138.61°E
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Anomalies were detected at 130 ~ @150 and 625 ~ 645
from night time until morning time.




Spatial distribution of GIM-TEC* anomalies

(July 13)
Dobrovolsky et al. (1979)
the precursory phenomena can be observed within

the earthquake preparation area.
60 :

© Anomaly was detected.

R — 10043'\/' @ Anomaly was not detected. |, :
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Spatial distribution of the reduction anomalies
coincides approximately with the EQ preparation area.




TEC* anomaly 1 day before the EQ (7/15)

July 15 : the next day of the geomagnetic disturbed day.
(Kp index: 5+)

. The ionospheric electron density might significantly decrease

: from a few hours to 2 days after a geomagnetic storm '

i sudden commencement (SSC). (Davies,1990; Kelly,1989)

> Global ionospheric disturbance exceeded -30
was not detected.



TEC* anomaly 1 day before the EQ (7/15)

Computation of GIM data

GPS data observed at MIZU, MTKA, TSKB, and USUD were used
In Japan area.

It is difficult to express the significant local disturbance
iIn GIM data.

) The anomaly did not appear throughout the globe.

TEC* anomaly observed in epicentral region
1 day before the EQ was significant local
phenomenon.




TEC* anomalies after the EQ (7/16 ~ 7/20)

e Geomagnetic condition : quiet
(maximum value of Kp index: 1+)

 GIM-TEC* at epicenter did not decrease exceeding -30.

similar to the TEC* anomaly appeared
on July 15

TEC* anomalies observed in epicentral region
after the EQ were significant local phenomena
possibly associated with the aftershocks.



Summary

 lonospheric disturbances 1 day before the EQ (7/15)
& after the EQ (7/16 ~ 20)

The disturbed areas were localized significantly.

 lonospheric disturbance 3 days before the EQ (7/13)

The spatial distribution was about 20°in lat. and long.
& coincides approximately with the EQ preparation area.

>| Not global change

After removing global changes,
we can distinguish the local disturbances
associated with earthquakes.

we can also estimate the spatial
Aictrihiitinn




Validation over Japan (forecast mode)

Evolution of daily Earth radiation anomalies. Earthquake has occurred
2007-07-16 01:13 (Mw 6.7) NEAR WEST COAST OF HONSHU, JAPAN 37.6 138.4
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Case Study 4.

The 2004 Sumatra-Andaman EQ



Sumatra-Andaman EQ

20041226
00:58 (UT)
07:58 (LT)
Mw: 9.2
depth: 30km
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Computing points of GIM-TEC*

w
o

o
o

)

(%3]
o
P

o

1
L
=

!

a
el
QL

o
=
o
—
9
Q
L
o
E
on
o
O
o)

o)
o

1
©
, ©
-

120 150 180 -150 -120
Geographic longitude (° )

6 points along the geomagnetic lat. of -12°
5 points along E100




Sumatra EQ
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Northern Sumatra Dec 26 2004 M9 0
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A/ Map of OLR
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Summary (Sumatra-Andaman)

 lonospheric disturbances 5 days before(12/21)
O days before(12/17) , 17 days before (12/9)

TEC decrease In EA region around Sumatra Island

>| Not global phenomena

Suggestion of relationship
EA (mechanism) and EQ

petween



Statistical Analysis of GIM-TEC* anomaly
around Sumatra Island

-
L]

~R0E 1000k EQ catalog: USGS
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April 1998- May 2008

Investigated area.
Center (100E , ON)
radius < 1000km
M>6.0 , depth<40kn
64 EQs
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Superlmposed Analysis

1995-2008 MEG.0 G4EQ0 00-0AS E1 000km, (S = 40km? GIM-TEC*<{—2 g B2E L H#H S5t (Dst<-70nT
stormfdEiE)
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Conclusion

Development of temporal Spatial distribution on
lonsopheric disturbances GPS-TEC using GAMIT

GIM-TEC using Global lonosphere Maps (GIM)

Statistical evalustion with @OBAL @

a certain window length

Detection of possible EQ-related LOCAL ionospheric
disturbancein time and space
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Sumatra-Andaman EQ

December 26, 2004
00:58 (UT)

07:58 (LT)

Mw 9.2
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Geographic latitude (° )
5 8 o 8 3

©
=

il
20 A Vo g K /
NAENE
10 1\& A
v_) = 7 z&'\_
FTO;SDNNG//§
0
NCNCegykmi 45 -
o PRKB “d T 0 S
-10 DGAR i BAKO =5== SN

e

-20

‘f :
,@ - | .1GP8 ﬁecewnlar |

80 70 80 90 100

w
S

o
“H -
ZEic TN
SPONTO0E, _
/é_____& \ /| 1&10N100E
™ EQ T

M10

¥
i ® 100 %50 e[| & S
{ tf(ﬂ M70 | 910S100E || Aﬁ/
M280

ROS100E~_ (] )

— L‘f\‘\_.,
P 4

2

—— Magnetic equator
| @ GIM-TEC point

!
0

30 60 90 120 150 180

Geographic longitude (°

150 -120 -90 -60  -30

)



Variation of TEC* during the Sumatra EQ

Sumatra EQ

b4 Al
TEC* decreased beyond
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Sumatra island 5 days
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Latitude-time-GIM-TEC plots (aiong the meridian of 100°E)
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Varlatlon of GIM-TEC* durlng the Sumatra EQ
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Conclusion (Sumatra EQ)
 lonospheric disturbance 19 days before the Sumatra EQ (12/7)

»| Global change caused by magnetic storm

 lonospheric disturbance 5 days before the Sumatra EQ (12/21)

The disturbance appeared around epicenter in the EIA
region. The spatial distribution is about 30°in latitude and
40°In longitude.

>| Not global change

After removing global changes,
we can distinguish the local disturbances
associated with earthquakes.

we can also estimate the spatial
Aictrihiitinn
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Future problem
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Purpose

Investigation of the Taiwan Chi-Chi EQ reported by Liu et al.

l (e.g. Liu et al., 2001, 2004)

These studies have not been checked whether the anomalies
observed in Taiwan were local or global phenomena. l
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Variations of NmF2*, TEC*, GIM-TEC* during the Chi-Chi EQ
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Anomalies 5 & 6 days before the Chi-Chi EQ

If the normalized data exceed the threshold of -20: O
If the data do not exceed -20: X

9/15 & 9/16
(6 & 5 days
before EQ)

LEWEZHRENETEN Others
NmF2* X O
TEC* X O
GIM-TEC* X O X

e Three sequential magnetic storms occurred from Sep. 12 to 15.

(refer to the Dst index) (Shiokawa et al., 2002)

 Large-scale traveling ionospheric disturbance (LSTID)
observed around Japan at 14 -15h UT on Sep. 15.

(Shiokawa et al., 2002)

Anemalies in Japan 5 & 6 days before the Chi-Chi
EQ are the influences ofi the /magnetic sierms.



Sumatra-Andaman EQ

Dec. 26, 2004
00:58 (UT)
07:58 (LT)
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JrEEE (equatorial anomaly)
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Result 2
- Sumatra-Andaman EQ -

December 26, 2004 00:58 (UT)
Day of year: 361

M=9.0
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RINEXZ 7 1)

2.10

GSI, JAPAN

OBSERVATION DATA G (GPS)
teqc 2002Mar14

Linux 2.0.36|Pentium II|gcc -static|Linux|486/DX+

teqc 2002Mar14

3020

GSI, JAPAN
AGENCY
00000

0.0000
1 1
4 L1
30.0000

C1

0.0000
L2 P2

GSl, JAPAN

GEOGRAPHICAL SURVEY INSTITUTE, JAPAN OBSERVER/

TRIMBLE 5700 0.00 REC#/TYPE/VERS

TRM29659.00

GSl|
0.0000

20050719 11:31:15UTCCOMMENT

RINEX VERSION / TYPE
20050721 05:10:11UTCPGM / RUN BY / DATE

COMMENT

MARKER NAME

Nav 1.24 Sig

ANT #/ TYPE
-3989770.5147 3310590.1829 3702829.0625

APPROX POSITION XYZ
ANTENNA: DELTA H/E/N

WAVELENGTH FACT L1/2
#/ TYPES OF OBSERV

INTERVAL

teqc windowed: start @ 2005 Jul 19 00:00:00.000

teqc windowed: end

2006 7 19

-39359726.984
-28334950.133
-13339343.504
-27129223.781
-36189683.816
-23717706.555
-18565058.848

-28958614 816

20594600.461
23861046.492
23600488.891
21812913.359
20531069.461
21457623.891
23666016.281

20768171414

@ 2005 Jul 19 23:59:59.000
0O O 0.0000000

GPS

COMMENT
COMMENT

TIME OF FIRST OBS

END OF HEADER
05 719 0 0 0.0000000 0 8G 2G 4G 6G 8G10G26G27G29

-30659960.6184
-22068593.8374
-10384249.3654
-21129596.9974
-28188259.4704
-18467005.7924
-14457936.6694
-22552629 4724

20594592.3284
23861042.8364
23600483.5084
21812908.0274
20531062.7974
21457617.8594
23666010.5124
20768164 8054




GAMITIC & 2 B B4

—EDFEWTIESh_gamit ZE7T I D EICAL 2 THEIMES 1
)

GAMIT T DAL D
makexp : session.info7 7 1 )L(BEM> T U AT 7 A4 I)DIERK

sh_sp3fit : IGSHEEBERET7 7 AIN-GCT7 7 A IL\NDEH

£

makej : J77 A (FHERFT RV NTF—Z ) OER

@

makex : RINEX7 7 A )->XT7 7 A4 K774 ( ZEHE
TRV RF—& ) ANDZEH

.

fixdrv : /INY FT7 7 4 ILIERR



N

arc : FEMEBHE (G77AIN-T774))

@

yawtab : BICHDFHEDBHAGE

<3

octtab : EFEHAMWIET—7 L OERK

SN
grdtab: KRB EZFT— 7 L DERK

model : §7'1.:.1%0)*1"/7 ) > JRFZ O HEE

v

autcin : BEIERR| , FBREL T
SN

cfmrg : #E/NF X —X DO EIHE
L

solve : BRBIIZ AT —RIC Kk DRERME



DPH7 7 1)L

* Clock information for site.SI1Q5
Epoch L1cyc L2cyc |P1cyc
995 -53.89 -69.15] 51.97
996 -53.79 -69.03| 56.20

997 -53.72 -68.94| 58.43
998 -53.66 -68.86] 55.37
999 -53.60 -68.76] 57.16
1000 -53.59 -68.77) 57.72
1001 -53.56 -68.73| 48.37
1002 -53.50 -68.63| 56.61

autcinAN > RICK D THAETNBDERETFT—XTT7AI

;eceNﬂIASH.PRN 01

P2 cyc JLC cyc LG cyc PC cyc WL cyc N cyc LSV Azimuth Elev PF
69.37 }0.021 -53.87 -5.32 -0.20 17.22 1 208.0761 11.2040 O
70.03 F0.009 -53.78 4.16 0.43 -11.40 1 208.1307 11.4115 0
67.77 $0.004 -53.72 14.31 0.44 -47.38 1 208.1859 11.6192 O
73.74 $0.016 -53.65 -5.31 0.82 2549 1 208.2417 11.8271 0O
73.42 }0.053 -53.55 -0.14 1.04 8.71 1 208.2983 12.0351 O
70.62 F0.008 -53.58 6.85 0.75 -18.41 1 208.3554 12.2433 0
72.21 #0.018 -53.55 -20.11 -0.21 69.83 1 208.4133 12.4516 O
72.32 }0.043 -53.45 0.66 086 4.45 1 208.4718 12.6601 O
68.78 }0.034 -53.46 951 0.51 -29.86 1 208.5309 12.8688 0

1003 -53.50 -68.64| 57.33

ff)
5% =20 g(? 221
. 1
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DCB (Differential Code Biases)
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Session Table for regional + global analysis

Processing Agency = CUG SeSth . (ﬁﬁ:*ﬁ'%'ﬁ: Eﬁi 7 7 ’r )I/)

Station Number = *
Satellite Number = *
Satellite Constraint =Y ; YIN Units are ppm for ICs, percent for radiation pressure parameters
al a e 1 node argper M radl rad2 rad3 rad4 rad5 rad6 rad7 rad8 rad9
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Type of Analysis = O-ITER ; O-ITER/1-ITER/2-ITER/1-CLEAN/2-CLEAN/3-CLEAN

Data Status = RAW ; CLN/RAW

Choice of Observable = LC_AUTCLN ; L1 _SINGLE/L1&L2/L1 _ONLY/L2_ONLY/LC_ONLY/
; L1,L2 INDEPEND./LC_HELP/LC_AUTCLN

Choice of Experiment = RELAX. ; BASELINE/RELAX./ORBIT

lonospheric Constraints = 0.0 mm + 8.00 ppm ; Set for mid-solar max
Zenith Delay Estimation = YES ; YES/NO

Interval Zen =1 ; zenith-delay parameters at 2-hr-intervals

Zenith Constraints = 0.50 ; zenith-delay a priori constraint in meters (default 0.5)

Zenith Model = PWL ; PWL (piecewise linear)/CON (step)

Zenith Variation = 0.02 100. ; zenith-delay variation, tau in meters/sqrt(hr), hrs

Elevation cutoff = 15. ; Elevation angle cutoff for postfit solution; default O to use autcln cutoff
Atmospheric gradients = YES ; YES/NO (default no)

Number Grad = 1 ; number of gradient (E/W or N/S) parameters) (default 1)

Gradient Constraints = 0.01 ; gradient at 10 deg elevation in meters

Gradient Variation = 0.01 100. ; gradient variation, tau in meters/sqrt(hr), hrs (defaults .01 100)

Output met = NO ; output the a priori met data to a z-file (Y/N; default N)

Station Constraint =Y ' YIN

Ambiguity resolution WL = 0.15 0.15 1000. 99. 1000. ; Increased chi-square ratio to stop searched
Ambiguity resolution NL = 0.15 0.15 1000. 99. 1000. ; values from being used; set dist = 500. for LC_HELP



Reference System for ARC = 1GS92 ; WGS84/WGS72/MERIT/IGS92(default)/ EGM96
Initial ARC = YES ; YES/NO default = NO for BASELINE/KIINEMATIC, YES for RELAX/ORBIT
Update T/L files = L_ONLY ; T_AND_L (default), T_ONLY, L_ONLY, NONE
Final ARC = NO
Yaw Model = YES : YES/NO default = YES
Delete eclipse data = NO ; ALL/NO/POST (Default = NO); 30 mins post shadow removal is
. hardwired for ALL/POST
AUTCLN Command File = autcin.cmd ; Filename; default none (use default options)

AUTCLN Postfit =R ; Run autcln for postfit run; R causes repeat run.

Use N-file =Y ; Y/IN (default no): automatic procedure to reweight by station

Delete AUTCLN input C-files =1 ; YES/NO default = NO ; | -- Intermediate keep (stops) second model

Earth Rotation =7 ; Diurnal/Semidirunal terms: Binary coded: 1=pole 2=UT1 4=Ray model default=7
Estimate EOP = 15 ; Binary coded: 1 wob 2 utl 4 wob rate 8 utl rate

Wobble Con =0.01 0.01 ; default = 3. 0.3 arcsec arcsec/day

UT1 Con = 0.00001 0.01 ; default = .2 0.02 sec sec/day

Etide model = IERSO03 ; IERS92/IERSO03 (default IERS03)

Tides applied = 31 ; Binary coded: 1 earth 2 freq-dep 4 pole 8 ocean 16 remove mean for pole tide 32
atmosphere default = 31

Use stations.oct = Y ; Y/N for using stations.oct; default (N) is to get all ocean tides from grid.oct

Apply Atm loading = N ; Y/N for atmospheric loading; need atmdisp.YYYY grid file

Antenna Model = ELEV ; NONE/ELEV/AZEL default = NONE

SV antenna model = ELEV : NONE/ELEV/AZEL deafult = NONE; set NONE if rcvr model is relative, ELEV

if rcvr model is absolute
Radiation Model for ARC = BERNE ; SPHRC/BERNE/SRDYB/SVBDY default = BERNE

Lunar eclipses =Y ; Set = N to turn off lunar eclipses in ARC to match model of GAMIT < 10.2 (default
Y)
Decimation Factor = 4 ; Decimation factor in solve

Quick-pre observable = LC_ONLY ; For 1st iter or autcln pre, default same as Choice of observable
Quick-pre decimation factor = 10 ; 1st iter or autcln pre, default same as Decimation Factor

Station Error = ELEVATION 10. 0.0001 ; 1-way L1 , a**2 + b**2/sin(elev)**2 in mm, default = 4.3 7.0
Inertial frame = J2000 ; B1950/J2000 (default = J20000)



sittbl. (BFEART—XOUNEBFERET 7 M4I))
Sl = FIX WFILE --COORD.CONSTR.-- --EPOCH-- CUTOFF APHS CLK KLOCK CLKFT DZEN WZEN DMAP WMAP

---MET. VALUE---- NZEN ZCNSTR ZENVAR ZENTAU
<< IGS PRIMARY FIDUCIALS >>

USUD usud NNN NONE 0.005 0.005 0.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25
20.050.0 25 1.000 0.0200 100.0
TSKB Tsukuba  NNN NONE 0.005 0.005 0.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25
20.050.0 25 1.000 0.0200 100.0
KUNM kunm NNN NONE 0.005 0.0050.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25

20.050.0 25 1.000 0.0200 100.0
DAEJ daej NNN NONE 0.0050.005 0.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0

PIMO pimo NNN NONE 0.005 0.0050.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0

WUHN wuhn NNN NONE 0.005 0.005 0.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25
20.050.0 25 1.000 0.0200 100.0

SHAO shao NNN NONE 0.005 0.005 0.010 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25

20.050.0 25 1.000 0.0200 100.0
<< TAIWAN stations >>

sO1r sO1r NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
s058 s058 NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
s101 s101 NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
s102 s102 NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
s103 s103 NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
s104 s104 NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
s105 s105 NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0
50.0 25 1.000 0.0200 100.0
S23r s23r NNN NONE 1.000 1.000 1.000 001- * 15.0 ELEVNNN 3 SAAS SAAS NMFH NMFW 1013.25 20.0

50.0 25 1.000 0.0200 100.0



station.info (BRI REHR7 7 1))

# Station.info written by MSTINF user gps on 2005-11-27 01:49
* Merged station.info from 1 Input files:
* Reference file : station.info

*

*

*SITE Station Name

CHEN CHEN
CHIA CHIA
CHNL CHNL
CHYN CHYN
CK01 CKO1

DAEJ DAEJ

HOKN HOKN
HUAL HUAL

KAYT KAYT
KULN KULN
KUNM KUNM

NCTU NCTU
PIMO PIMO

S011 SO11
S012 S012
SO01R SO1R
S058 S058
S101 S101

Session Start ~ Session Stop Ant Ht HtCod AntN AntE RcvCod SwVer AntCod
1999200 0 0 0 9999999 0 0 O 1.2345 DHARP 0.0000 0.0000 TR8000 0.00 TRBROG
1999200 0 0 0 9999999 0 0 O 1.7317 DHARP 0.0000 0.0000 TRMSST 0.00 TRMSST
1999200 0 0 0 9999999 0 0 O 0.0300 DHARP 0.0000 0.0000 TRMSSI 0.00 TRMSST
1999200 0 0 0 9999999 0 0 O 0.0000 DHARP 0.0000 0.0000 LC_CRS 0.00 LC_504
1999200 0 0 0 9999999 0 0 0O 0.0000 DHARP 0.0000 0.0000 TR8000 0.00 ROGAOA

1999200 0 0 0 9999999 0 O O 0.0000 DHARP 0.0000 0.0000 TRMSSI 0.00 TRMDMG

1999200 0 O 0 9999999 0 O O 0.0000 DHARP 0.0000 0.0000 TRMSSI 0.00 TRBROG
1999200 0 0 0 9999999 0 0 O 1.2345 DHARP 0.0000 0.0000 TR8000 0.00 TRBROG

1999200 0 0 0 9999999 0 0 O 0.0794 DHARP 0.0000 0.0000 TRMSSE 7.26 TRMSST
1999200 0 0 0 9999999 0 0 O 0.0000 DHARP 0.0000 0.0000 TRMSST 0.00 TRMSST
1999200 0 0 0 9999999 0 0 O 0.0793 DHARP 0.0000 0.0000 TR8000 3.20 TRBROG

1999200 0 0 0 9999999 0 0 O 0.0300 DHARP 0.0000 0.0000 TRMSSE 0.00 TRMSSE
1999200 0 O 0 9999999 0 O O 0.0790 DHARP 0.0000 0.0000 TR8000 0.00 TRBROG

1999200 0 0 0 9999999 0 O O 0.0000 DHARP 0.0000 0.0000 TRMSST 0.00 TRMSST
1999200 0 0 0 9999999 0 O O 0.0000 DHARP 0.0000 0.0000 TRMSST 0.00 TRMSST
1999200 0 0 0 9999999 0 0 O 0.0300 DHARP 0.0000 0.0000 TRMSSI 0.00 TRBROG
1999200 0 0 0 9999999 0 0 O 1.5365 DHARP 0.0000 0.0000 TRMSSI 0.00 TRMSST
1999200 0 0 0 9999999 0 0 O 0.0300 DHARP 0.0000 0.0000 TRMSSE 0.00 TRMSST



L7 74 (BRRSEZEET 7 1))

CHEN_GPS -3055984.52002 5011701.08698 2486668.50650 0.00000 0.00000 0.00000 1999.7110
CHIA_GPS -29644/3.00807 5046119.81303 252/206.73630 0.00000 0.00000 0.00000 1999.7110
CHNL_GPS -2978743.52486 5044117.00153 2515253.63409 0.00000 0.00000 0.00000 1999.7110
CHYN_GPS -2954201.34775 5057373.78087 2516768.21265 0.00000 0.00000 0.00000 1999.7110
CKO1_GPS -2956266.16499 5077239.87393 2474278.41796 0.00000 0.00000 0.00000 1999.7110
HOKN_GPS -2944927.63782 5073145.72594 2495922.66698 0.00000 0.00000 0.00000 1999.7110
HUAL_GPS -3056584.16357 4965781.13888 2575810.93900 0.00000 0.00000 0.00000 1999.7110
S011_GPS -2962664.46226 5061988.23348 249/671.99438 0.00000 0.00000 0.00000 1999.7110
S058_GPS -2157717.35 4432001.53 2040387.26 0.0000 0.0000 0.0000 1999.71

S104_GPS -3046038.46284 5031710.23307 2458452.44710 0.00000 0.00000 0.00000 1999.7110
S105_GPS -3036718.11336 5031463.72045 2472063.16621 0.00000 0.00000 0.00000 1999.7110
S23R_GPS -2998517.92265 5068969.19309 2440519.097/52 0.00000 0.00000 0.00000 1999.7110
SANI_GPS -2972975.95 4993405.70 2620276.14 0.0000 0.0000 0.0000 1999.71

S101_GPS -3030967.58187 4924099.40011 2683160.17/727 0.00000 0.00000 0.00000 1999.5822
S102_GPS -3095834.41254 5040451.84326 2378363.62496 0.00000 0.00000 0.00000 1999.5822
S103_GPS -2966672.46332 5041400.79854 2534183.12608 0.00000 0.00000 0.00000 1999.6205
NCTU_GPS -2983882.10173 4966539.60682 2657905.59314 0.00000 0.00000 0.00000 1999.6973
KULN_GPS -2974829.32984 5048841.94204 2510583.89262 0.00000 0.00000 0.00000 1999.6863
S012_GPS -2979082.18511 5059846.60587 2482857.08866 0.00000 0.00000 0.00000 1999.7164



	Slide Number 1
	Content
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Case Study 1:��The 1999 Chi-Chi & Chia-Yi EQs
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	DEMETER
	Slide Number 45
	Slide Number 46
	Case study 3:��The 2007 off-shore mid-Niigata EQ
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Superimposed Analysis�April 1998- May 2008 (64EQs, M>6)
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	電磁気学的手法による地震発生直前予測
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110

