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SEISMOELECTROMAGNETIC
RESEARCH...

LITHOSPHERE
 DC Electric Field variations
« ULF, VLF emissions
* ULF polarization

IONOSPHERE
* VLF reflecting signal variations
« VLF Terminator times changes
« VLF activity increase
* Plasma variations

MAGNETOSPHERE
A new approach...




this study presents...

Radiation Belts
electron precipitation
in the upper 1onosphere...

before strong Earthquakes

...observed by DEMETER
Y (e
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(August 9,2007) 7 days before EQ Japan 142°E, 380N
August 16, 2005
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EQ related electron bursts ** /.

Notice: VLF activity is correlated with electron bursts above the Epicenter

VLF activity near Epicenter is higher than at Conjugated point



more detailed electron data... Japan August 16, 2005 EQ
142°E, 38°N
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electron bursts above Epicenter
and at the Conjugate point
8 days (August 8, 2007) before EQ
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Temporal — Spatial e burst Distribution
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- — Japan August 16, 2005 EQ
We put EQ Longitude = 0 1429E. 389N



All EQs follow the same temporal pattern

Date of EQ

Time

(UTC)

Long.

(deg.)

Event
Duration

(days)

around EQ
(hours)

2005/08/16

02:46:28

142.04 E

15

- 8.5/3.5

2005/11/14

21:38:51

144.90 E

4

- 1.75/3

2006/11/15

11:14:13

153.27 E

/-8

- 1.25/0.5

2007/01/13

04:23:21

154.52 E

6

- 1/0.2

2007/03/25

00:41:57

136.59 E

12(4?)

- 2/0.6

2007/07/16

01:13:22

138.45 E

5-6

- 0.4/0.8

2008/05/07

16:45:18

141.53 E

Statistical Selection Criteria:

12(177)

-3/0.2

1) Japan (135°E — 155%E, 36°-47°N), 2) August 2004 — June 2008, 3) M > 6.6
4) EQs serarated by > 1 days, 5) Energetic electron data available the day of EQ




...asimilar pattern has been found for other physical parameters
as for instance

B Field polarization

5

JAPAN 38.3N, 142.0E, 2005/08/16, M 7.2

) Ll b tadglyl

Hayakawa (1996)
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Anagnostopoulos et al., 2010
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Wave-particle
interaction region

= Radiation belt
clectrons

Electron cyclotron interaction

r

e precipitate to low
altitudes

Mirror
point

Scale height and
ion mass &fTects

?

Larpe-scale positive and
negative Irregularities of
electron concentration

A

—»>

Joule heating -

Iv'u’ emissions ducting

Field-aligned
irregularities of electron
concentration f

Small-scale electron
formation

AGW

v

Positive and negative
anomalies in E-region,
sporadic layer formation

*

lotron resonance
raclion with enerpelic

and VHF waves
pagation

.

L = I lectric field dom Plasma instabilities

Ionization

+

AGW generation

A Ly,

air turbulence

Radon, noble and greenhouse gases emanation,

Latent heat flux and
water vapor chanpes

Local effects in
atmospherza
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#2

#3

SUMMARY OF OBSERVATIONS

Temporal Variations



Thank all of you for your attention...

...and Dimitar for presentation...
Any questions?

Send an email to
Pr Fr George Anagnostopoulos

ganagno@ee.duth.gr




INDIAN NATIONAL PRECUSOR
PROGRAM: RATIONALE, CURRENT

STATUS AND FUTURE PERSPECTIVE

By
Brijesh K Bansal
Advisor and Head (Geoscience Division)
Ministry of Earth Sciences
Govt. of India
New Delhi, India



SEISMIC VULNERABILITY OF INDIA

INDIA SUPPORTS 1/6 2/3 AREA IS PRONE TO

OF WORLD EARTHQUAKES
POPULATION
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= Selsmlc India is hlghly Earthquake Prone & Vulnerable
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SCENARIO If Kangra Earthquake were to repeat today

\h

| NOON TIME: 90 000 people may be killed
1 MORNING TIME:177000 people may be killed
MIDNIGHT: 344000 people may be killed




Major tectonic features in India

Earthquakes in the
subcontinent are
generally associated with:

* The Himalayan faults
* Rift systems such as the
Narmada (Precambrian)

and the Kutch (Mesozoic)

e As well as the unrifted
crust (Killart)

Kutch rift

Narmada rift
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Deformation rates in NW Himalaya and Ladakh shows ~ 3mm/yr slip along
Karakoram fault modeled from observed surface deformation of 1.4 to 2.5 mm/yr. Arc
Normal convergence of 12 -15mm/yr across the western Himalaya, East —West
extension rate of 14 -16mm/yr between Ladakh Himalaya and S. Tibet
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Regional deformation in NE India showing 15-20 mm/yr of convergence
IS being accommodated in the NE Himalayan wedge. Approximately 1.5
to 3.5 mm/yr (~10-20 %) of the present-day convergence in the NE
Himalayan wedge is being accommodated in the Shillong Plateau



~20 mm/ year
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Earthquake Prediction

No Scientific Technigque Available,
the World over, to Predict
Earthquake

» Space
» Time
» Size



EARTHQUAKE PRECURSORY STUDIES

Geochemical
Electromagnetic
Thermal

Water level changes

Seismicity and Nucleation Process
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Radon anomaly observed at Palampur station prior to
1991 Uttarkashi earthquake.




Helium Data at Palampur

CHAMOLI Egq.
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g Time window (March 99)

Helium Anomaly observed at Palampur
during 1999 Chamoli earthquake
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Palampur Emanometry (Groundwater)
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Radon Anomaly observed at Palampur
during 1999 Chamoli Earthquake



Studies related to Electro-magnetic Emissions were initiated at :
RBS college, Agra about 10 years back
Similar facilities at
»Koyna-Warna region &
» Kolhapur (Shivaji University)
» Barkhatullah University, Bhopal

Observation in VLF and ULF range



ULF PRECURSORS IN DIFFERENT LARGE

EARTHQUAKES
Location of Date Ms | Observed Precursors | Depth Distance References
the before Km from
Earthquake the main shock
S | 1 epicenters
Km
Spitake 07.12.88 | 6.9 3-5 days 4 h 6 140 Fraser-Smith et
Arminia al.,1990
Loma Prita | 18.10.89 | 7.1 12 days 3h 15 7 Kopytenko et al.,
California 1990
Guam 08.08.93 | 7.1 10-15 3 days 60 65 Hayakawa et al.,
Japan days 1993
Muzaffaraba | 08.10.05 5 days 10 908
d 7.7 12 days

Pakistan




ULF amplitude anomaly observed in the Z-component of the signal prior
to the earthquake at Muzaffarabad (Pakistan) on 8.10.05
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SATELLITE EARTH STATION AT DEPARTMENT OF
EARTH SCIENCES, IIT, ROORKEE to
Monitor Thermal anomaly —as a precursor
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*Time series of thermal
NOAA-AVHR data of
Gujarat before and after the
earthquake of 26 January,
2001.

*Rise in temperature of
about 7-10° three days
before the earthquake

*Temperature became
normal again after the
earthquake
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Water level monitoring

* Experimental facilities at Koyna,
Delhi and in Himalayas

EARTHQUAKE PRECURSOR STUDY IN DELHI
w
SITE Fs

DWLR installed
at different sites

in Delhi

SMS alert for any @ |
abrupt changes in

water levels
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Seismic activity of the Koyna
region during August 2005 to
March 2009. Also depicts the
locations of V-SAT network, stand
alone mode stations and major
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Dilatancy-Diffusion (DD) model
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Multi-Parameteric Approach to Isolate Earthquake
Precursors: A Fresh Optimism

The site of MPGO Ghuttu



MULTI-PARAMETERIC GEOPHYSICAL OBSERVATORY
GHUTTU, UTTARAKHAYNY

335 6Ps

&
Accelerogr‘aph Strain meter

& GWPE O &

Magnetic
Measurements Observations

aiims at generating

high quality geophysical data
base for
Earthquake Precursory

conductive Reseafeh In
Gravimeter ULF Band

Super EM emission

Radon Ground
Monitoring water



SEISMIC PRECURSORS

Earthquake monitoring at
MPGO, Ghuttu is backed
up by VSAT linked network
of 10 BBS. The data from
this network would
facilitate:

» Detailed study of space-time
distribution of local
seismicity, velocity structure,
mapping active faults

»Temporal variation in
Vp/Vs velocities

» Records of teleseismic events
would  permit
crustal and
structure

lithospheric

imaging

VSAT linked Seismic Network around MPGO

31.5

29.5

Lotkhai

Deoband
*

e

BBS: Trillium - 240
(240 sec - 50 Hz)

Nanometrics, Canada

77

79

80

» Accelerometer: Estimate of strong ground motion during earthquakes
of varying magnitude form a key parameter in preparing seismic hazard map



The earthquake
hydrological regime of the area manifested planes facilitate degassing from the

in variation in ground water levels, water

Radon & Hydrological Precursors

activity disturb natural

chemistry, temperature and pressure.

r

-W-

Stress induced deformation along fault

earth to the hydrosphere and
atmosphere. It causes widespread
distribution of gas in groundwater and
soil over tectonically active areas.
Being inert Gas, Radon is preferred as
one of the earthquake precursors

Meteo-Tech, Israel integrated unit for measuring ground
water level and radon concentration in air and water

Water Level

Rn-Gamma Counter

Measured parameters

* Radon

» Water level fluctuation

» Atmospheric Pressure

« Atmospheric Temperature
« Water Temperature
 Rainfall




GEOMAGNETIC PRECURSORS

Overhauser
Magnetometer
(Marine magnetic,
Canada)

Measure total
maghnetic intensity

to a sensitivity of
0.01 nT.

Stress sensitivity of
magnetization of rocks (Peizo-
magnetic effect)

or

Flow of fluids under stresses
(Electrokinetic potential) can
produce detectable local changes
in geomagnetic fields intensity

Whereas

Transfer functions (Tzx and Tzy)
summarizing relation in time-
varying magnetic field
components are useful to
decipher resistivity changes.

Fluxgate
Magnetometer
(Magson,
Germany

Time variation in 3-
component (X,Y,Z)
of geomagnetic
field.

ULF Search Coil Magnetometer (LVIV SRC, Ukraine)

Electromagnetic emission in ULF range (0.01-

measured with the help of search coil are effective to detect
EM precursors.

30 Hz)




GRAVITY PRECURSORS

. Superconducting Gravimeter: (GWR, USA)
5 The Superconducting Gravimeter (SG) installed at
MPGO, Ghuttu is world’s most sensitive gravimeter
(MGal level) to detect minor changes in gravity
resulting from mass distribution in the Himalaya
| collision zone. Simultaneous measurement of
12 atmospheric pressure, water level, moisture are used
first to de-noise the gravity influence to isolate minute
pre and co-seismic changes associated with major

earthquake.

GPS (Topcon)

GPS measurements shall provide first estimate of
crustal deformation whereas borehole strainmeter
yield information on the rate and extent of strain
accumulation.




Monthly plots of daily variation in Radon Emission in Air during 2008, showing
four different patterns related to Temperature and Rain-fall inequalities
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Continuous (a) Gravity Variations recorded by Superconducting Gravimeter
(b) Atmospheric Pressure and (c) Residual Gravity obtained after
removing Tidal and Pressure effects.
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Plots of Rsidual Gravity, Water Table Level and Rain fall

Water Level (cm) ResGrav (nm/s2)

Rainfall (cm)
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Dependence of Gravity Field on Day-to-day variability of water level and

rainfall
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Clusrerred Patterns of Seismicity in Uttarakhand

epicentral location map July 2007 to 14 April 2009

7o a0

L]
32

. 32
! M5 O] Epicenters

M4 O Jan2009

M3 O Jul_DecHa
M2 0O Jan_Jun08
& M . Jul_Dacl’¥

% #Feb_Mar0g
£ &
% Lt
14th s
& + 31
»

L)
—

:
Foré'c‘ast
' EQ=6.50.5, Till 2011
. 29.3-30.5°N; 81.2-81.9°E

Singh et al. PAGEOPH, 2010



NATIONAL PROGRAM ON
EARTHQUAKE PRECURSORS

(NPEP)



Objectives:

» Generation of long-term, comprehensive multi-parametric
geophysical observations in seismically active areas, where
probability of occurrence of earthquakes of M>6 Is perceived
high and/ or some precursory observations (such as swarms
followed by quiescence) have been observed.

« Comprehensive analysis and interpretation of these multi-
parametric geophysical observations on a real-time basis at a
Central Receiving Station, with multi-agency participation.

« Establish possible relationship between various earthquake
precursory phenomenon and the earthquake generation
Processes.



Major Activities:

Monitoring of Geochemical precursors including He, Ra, CO2, CH4
and water level changes etc. in A&N region, NW & NE Himalaya and
Delhi

Electromagnetic and lonospheric precursory studies in Koyna, and
Agra.

Studies related to Crustal deformation using GPS in Uttaranchal and
NE Himalayan region

Remote sensing-based thermal precursory studies.
Measurement of strain levels in selected locations.
Collation and Analysis of Seismological and collateral geophysical data
SODAR (Sound Detection and Ranging) related studies along the entire

Himalayan range.

Setting up of CRS and facilities for online receipt of data from all
observatories.



Installed
* Being Installéd

* CRS
A Proposed




Specific experiment in Koyna
region, Western India




World famous site of reservoir triggered earthquakes.

Largest triggered earthquake globally occurred Dec. 10,
1967 M 6.3

Over the last 45 years 20 M> 5, 200 M>4 and thousands
small earthguakes.

Latest M 5.1 on Dec. 12, 2009.

Detailed work on precursors led to accurate short time
forecasts based on nucleation.



INTERNATIONAL CONTINENTAL
DRILLING PROGRAM (ICDP)

Koyna: Ideal site for putting a deep (~7 km)
borehole to monitor physical properties of rocks.
What happens before, during and after an
earthquake.

Ideal site as the borehole will penetrate focal
Zone.



Expected to help in

Testing the hypothesis of triggered earthquakes and
resolve a few other issues like

. Thickness of Deccan Basalt,

. Nature of Faults in the vicinity,

- Variation of Stress, Pore Pressure and Fluid
Chemistry,

o Plume related magmatic history,

. Paleo-environment of inter-trappean period and

. complete evolution of the Deccan Basalt, etc.

Positive initial response from ICDP on India’s
proposal.



Thank You
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LPCE

The lonospheric Plasma Turbulence as a
Precursor of the Earthquake?
Discussion of the results of the DEMETER
satellite.

EMSEV Orange. October 6, 2010
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* METHODOLOGY
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* CONCLUSIONS



DEMETER

EMSEYV Orange. October 6, 2010

Orbit: polar and circular
Altitude: 650km

ELF/VLF range for the electric
field is from DC up to 20 kHz.
lon density:

5102 -5 10°/cm3

lon temperature:

1000 K - 5000 K

Electron density:

102 -5 10° cm-3

| Electron temperature:

500 K - 3000 K
Energetic electrons

| 30 keV - 10 MeV

lon composition H*,

i He*, O*, NO*
B There are two modes: a survey

mode where spectra of one
electric and magnetic
component are onboard
computed up to 20 kHz and a
burst mode where waveforms of
electric and magnetic field are
recorded up to 20 kHz.



METHODOLOGY

The Fourier spectrum —for identification of disturbed areas
The complex Morlet wavelet- to study time evolution with high
resolution

The bispectral analysis allows us to find the wave modes nonlinearly
interacting by 3 waves processes.

The resonance conditions for these processes are:
* WitW:= Ws
e kitk2 =ks

A quantitive measure of the phase coherency may be made by
computing of the bicoherence spectrum which is defined in terms
of the bispectrum as

1 1Bk, )/?
T P(KYP(HP(k +1)
Where P(k),P(l) and P(k+l) are auto power spectra, B(k,)= E[Xc X X *]

bz(k, 1) = lim

EMSEYV Orange. October 6, 2010 4



L'Aquila Earthquake 2009-04-06 at
01:32:41.4 UTC

Magnitude Mw 6.3

Location:42.38 N ; 13.32 E

Depth: 2 km

-

-~

EMSEYV Orange. October 6, 2010 5



Geomagnetic conditions prior to the L'Aquila earthquake

April 2““9 . . . . . . DEt {REEIl-TiIﬂE} . . . . W[JC t:lnr Gilanlrulagmlzﬁsv, I(]Irnt:

(nT)
R i e e e L e e e
-100
-200
- 300

-400 |

- 500 T R R R R R R R R R R S S S
1 i 11 16 21 26 31

[Created at 2009-07-30 15:05UT]

YYYYMMDD Kp[8] Sum
20090401 1 0 O+1 1-1-1+2 7

20090402 0+0+1-0+1 0+0+0+ 4-
20090403 1-0 0+0 O+1+1-0+ 4-
20090404 0 0 0O 0+0+0+0+0+ Z2-
20090405 1+2-2-1 1-1+1-0+ S5-
20090406 1-0+0+1+1 1+0+1- o

20090407 1-1-1 1-0+0+0+0+ 4+

EMSEYV Orange. October 6, 2010 6



March 29-8 days to the earthquake Kp index 20090329

11-11-1-1+1-1 27

) Mozilla Firefox

dist
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3519
3726
3933
4133
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4553
4760
43967
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5793
G000
E207
6414
6EZ21
6828
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Pli.  Edwcja  ‘Widok  Historia Zakladki  Narzedzia  Pomoc
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@ Czesto adwiedzane ’ Pierwsze kroki |50 | Aktualnosc |:| Centrum Badan Kasmi.. ﬁ Darnowe cenkeurn Swia . 0 Sciencebirect - Journa. . |:| ICAE1999. pdf (Chiskt. .. PLIMIUSS-A-00001.pd... W Upper-atmaspheric lig...
Event geographic position P:::DEMETER::::: P
DEMETER lat (% lon (%) dist (btn)  2009-03-26 record < 60356 2009-04-16 Coordmates
W s o ] 080000000 [ (Yo |[5] [52] 065730000
) == geographic ==
Orbit: lat lon tloc dist
Demeter past :00-12.00  23.00 22.0 6098
_ $30-10.19 22.61  22.0 5892
00 -5.37 22.23  2z2.0 5686
$30 -6.55 21.84 2z2.0 5479
_ 00 -4.73 21.46 22.0 S22
_ 30 -2.91 21.08 E21.39 5066
00 -1.09 20,70 21.9 4859
_ 30 0,73 20,32 21.9 4652
. . oo 2,55 19.94 Z1.9 4446
Conjugations: 30 4.36 19.56 21.9 4240
_ 00 56.18 13.17 Z21.9 4034
300 5.00 18.79 21.8 a827
Info: 00 9,82 18.40 Z1.8 3621
_ :30 11.64 15.01 21.8 3415
00 13.46 17.62 21.8 3208
. server 130 15.28  17.22  21.8 3002
00 17,10 16.82 21.8 2796
$30 18,92 16.41 Z21.7 2589
00 20,74 16.00 21.7 2383
$30 22.55 15.58 21.7 2178
00 24,37 15.15  21.7 1973
$30 26.19 14.71  21.7 1767
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;30 29.82 13.81 21.6 1358
00 31.64 13.34 Z1.6 1154
130 33.45 12.85 2Z1.6 952
00 35,26 12.35 21.5 752
$30 37,08 11.84 Z21.5 557
05— L 20:44:00 35.89 11.30 21.5 375
lat 9-3 1gp 230.0 gg% £003-03-23  20:30:00.000 20:44:30 40,70 10.74¢  Z1.5 238
2003-04-23  20:45:00.000  20.45:00 42.50 10.16 21.4 241

Contact:
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5 days to the earthquake 2009 04 01 Kpl 00+1 1-1-1+2 2> 7

Spectrogram Wavelet Square Modulus
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2 days to the earthquake 2009 04 04 Kp 0 0 O 0+0+0+0+0+ X 2-
night

Wavelet Squared Bicoherence
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+ X O-

Wavelet Squared Bicoherence

Frequency Fl (Hz)

B

625.0

500.0
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-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+ X O-

Wavelet Sauare Modulus
Wavelet Squared Bicoherence
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WENCHUAN EARTHQUAKE
MAGNITUDE MW 7.8

TIME: 12.05.2008 6:27:59UTC
LOCATION: 31.12 N ; 103.24E
DEPTH: 10 KM

EMSEV Orange. October 6, 2010
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Geomagnetlc conditions prior to Wenchuan earthquake

J.?S_-'-"F'm..-'ﬁ. . . . 3
am i ma '::.:::;::-::::,::::.-!',:._H::MTM_-. ..... ._F_p_f'ﬁ. A -u'n'u""'-'

(nT)

-200 -

- 300 -

- 400 |

- 500

!
EQ

M_'."Y. 2.00.8. I .DSF(BE.E'I'.Ti.m.E}.

— !.ﬂ ﬂ ... - BT ll
i 15 ""l il N B LN plll %A Y TTT ¥ ke T1% 1118
,,...'.:.. Griieln '“'?"'“—'*1"!"1' ...._..:!....

YYYYMMDD
20080501
20080502
20080503
20080504
20080505
20080506
20080507
20080508
20080509
20080510
20080511
20080512
20080513

e L™
1) Ui :'_-

2g '

Kpl[8] sum
1-1+1+1-0+2 3-4 13

5-3 2+1 32-1-0+1 16-
3-2+2+3 3 2 3 2 20+
1-2-2+42+1+3-2+2+16-
2+42+3+1-3-3+342+20+
4 2+2+2 1+1-1 1+15

2 1-0+0+1 1 2-2 B

2-1 1+1+1 1 1 1- B

1+41-1-1-1-0+0+41- 5+
1 2-1 1 0+0+1+2 9-
11 1-1-1-1-2-0+ 7-
0+0+1-1-0+1 1 1+ 6-
2-2-0 0+1-1 1 0+ 7-

WDC for Geomagnetism, Kyolo

WW%WW

-100 -

1 6 11 16
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Variatiore of night-tima owtgoing 2a rth radiation during tha tima of M 7.8 Sichua n 2arthquake of 12 May, 2008

5 May (-7 days) 6 May (-6 days) 7 May (-5 days)

P

W
B EEE R

9 May (-3 days)

(-2 days) 11 May (%ys) 12 May
\ Pre-event activity 4
M7.8 Eastev%chuan

24

Right-ime esh recsaten(vom 2]
g :

-2}

AT 4@ W W AT ST 3 WN SN WS T ¥H Q1 w3 s s O
Oy, Asr iy 2008

Pre-event activity Postevent, aftershock activities

{3 USG5 M7= locaton map, 4.2 May 2008; (b) Maps of dailynighttime OLR oer Easten Schuan, China, br 4.2 May 2008, { NOGA/AHRR)
{c) Tirne-Sstizs of daily night-Arre OLR vaHability hr 25 Apeil-25 May 2008 cver ha epicental aea
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Haiti Earthquake

Magnitude Mw 7.1

Time: 2010-01-12 at 21:53:10.3 UTC
Location: 18.47 N ; 72.55 W

Depth: 10 km

EMSEV Orange. October 6, 2010
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) Mozilla Firefox

Plk.  Edycja ‘Widok Historia  Zaktadki  Marzedzia  Pomoc

dist
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Ewvent geographic position E:::DEMETER::::: E
DEMETER lat (™) lon (%) dist (km)  2009-11-23 record < 139308 2010-01-11  Ceordinates
“ e s Jow ] 230900 (oo (<) |[5] (5] 080230
. == peographic ==

orvt Conjugate point of the epicenter at 710 km  — 22.80 358.81 vt tat =~ lon tloc dist
Demeter past onjugate point of Hhe epleenter @ i BEOMAE lat “c-%F lan S9F- .04.00-34.82 301.22 22.1 6044
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E= —01— 02 18.00 16.03 283.830 21.6 291
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Contact:
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Event geographic position E:::DEMETER:::: F
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Infa: 0.0 4.0 296,000 21,7 1718 5051
_ L0030 6,52 295.61 0 F1.7 1522 5245
1000 .34 295,230 F1.7 1330 5440
 server .01.30 10,16 294.84 21.7 1143 5635
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L0B.30 28,34 F90.69 F1.5 1183 7e17
L0700 30,1 F90.23 F1.5 1372 7a18
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CHILE Earthquake
Magnitude: Mw 8.8

Time: 2010-02-27 at 06:34:14.1 UTC
Location: 35.89 S ; 73.04 W

Depth: 30 km

EMSEV Orange. October 6, 2010
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Waveform & Spectrogram Wavelet Squared Bicoherence
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Wavelet Square Modulus
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Conclusions

We presented the electromagnetic effects observed by DEMETER satellite
prior to the earthquakes in UAquila, Wechuan, Chile and Haiti.

The analysis of the wave form in ELF frequency range with Fourier, wavelet
and bispectral methods has shown the presence of the strong emissions in
this frequency range in the ionosphere 9-1 days before the earthquake.

The discussed results were obtained during very quiet time and therefore no
ionospheric and magnetospheric sources of perturbations were expected.
However these turbulence behaviors are not specifically related to the
occurrence of earthquakes and can be met in other regions of the ionosphere
particularly at equatorial and high latitudes. But the closest occurrence in
space and in time suggests that the observed effects at mid-latitudes are
related to a perturbation of the ionosphere which could be associated with
the preparation of the discussed earthquakes.

Plans for future studies: look for special features of spectra (slope of spectra
and its evolution) and wave form (intermittency)
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Workshop on “Electromagnetic Signals
Associated with Earthquakes and Volcanoes”
October 3-6, 2010

Chapman University, Orange, CA, USA

Jacob Bortnik (UCLA, QuakeFinder)
Tom Bleier, Clark Dunson (QuakeFinder)
Friedemann Freund (NASA Ames, SETI)

Bortnik et al., Ann. Geophys. Vol. 28, pp. 1615-1624, 2010



1. Ground-based measurements of (preseismic)
ULF magnetic signals, e.g., Fraser-Smith et al,,
[1990] (Loma Prieta), Molchanov et al., [1992]
(Spitak), Hayakawa et al., [1996] (Guam)

2. Recent “typical” scenario: Bleier et al., [2009],
Alum Rock earthquake Oct. 315t 2007, Mw=5.6,
depth ~10 km, displacement ~2 km, observed
~30 nT pulse

3. Main question to answer: what current is
needed to produce an observable signature on
ground-based instruments?



(a) (b)
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Use a simple model of a “short”, horizontal, buried dipole to
represent seismotelluric current in a conducting half-volume
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magnetic field [T]
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Assume IAL=1; we can now fix observed B & invert
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Skin-depth=1/sqrt(p,mof)=10 km, at 6=2.5%103



Fix observed
Bw=30 nT
& adjust
IAL

Vary G over
range of
typical
values, and
ALto be a
fraction of

rupture
length.
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Summary & conclusions

Used a simple model of a “short”, horizontal,
buried dipole to represent seismotelluric
current in a conducting half-volume

A typical situation, e.g., Alum Rock earthquake
(30 nT, 1 Hz pulse) requires 10-100 kA current

Detectability threshold 1 pT, 30 km, requires
~1 kA (consistent with past work)

Consistent with observed values? Correct
model? Effects of inhomogeneity?
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Anna Depueva

_ow-latitude and Equatorial
lonosphere Peculiarities
Before Strong Earthquakes

Workshop on " Electromagnetic Signals Associated with Earthquakes and Volcanoes "
Chapman University, October 3-6, 2010



lonosphere F-region Is a subject to a
number of influences which determine its
Jrstructure at any given time and location.

The origins of 1onospheric variability, are as follows:
» solar wind conditions;
» solar ionizing flux;

> “meteorological” influences, including atmospheric
fronts, typhoons, volcanoes eruptions and earthquakes,
earth’s topography, etc. Standard deviation of F-region
peak plasma density to “meteorological” influences 1s

- less than 25-35 % about the mean at periods of a
few hours to 1-2 days ;

- less than 15-20 % at periods of 2-30 days.

Forbes J.V., Palo S.E., Zhang X. Variability of the ionosphere. Journal of Atmospheric and
Solar-Terrestrial Physics. 2000. V.62. N.8. P.685-693.



Within a few degrees of the

’Living with the star opportunities
for geospace sciences”, NASA

magnetic equator:

— the strong 1onospheric electric

current known as the electrojet;

— the daytime E-layer contains

iIrregular  structures that are
associated with the electrojet, and
cause equatorial sporadic E;

— the F-layer displays severe
variations of electron density and
height, especially before sunrise and
around sunset. The variations at
sunset are generally accompanied by
the instability phenomenon known as
equatorial spread F.



Within a few degrees of the
magnetic equator:

— the latitudinal wvariations are

peculiar too showing equatorial foF2
trough or Appleton anomaly existing
from mid-morning to late evening. It
Is aligned with the magnetic dip
equator where the peak electron
density is typically 30% or so less
than at the crests which lie 15—20 to

the north and south. The depth of the

trough varies considerably with
place, local time, season and with

’Living with the star opportunities - = -
for geospace sciences”, NASA solar and geomagnetlc aCt|V|ty.



It I1s naturally to suppose that the ionosphere
response to the impact from below is not similar
one at high, middle and low latitudes, like it is
not similar to influence of solar and geomagnetic
activities at different latitudinal zones. In our
attempts we limited ourselves by studies of
equatorial (I =%2°) and low (I= £30°) latitude
lonosphere  response on the influence of
lithospheric origin.



Latitude

-120 -60 0 60 120
Longitude

The specific structure of the Earth’s crust in the equatorial
region (predominantly meridional elongation of tectonic

faults) cause a few patches of the enhanced possibility of
earthquakes of large magnitudes.



The main problem Is to create the
morphological model of the ionosphere
perturbation before earthquake

It means:

> the evaluation of different ionospheric parameters (foE,
foF2, TEC, etc.) temporal and spatial changes;

> the height boundaries of the observed perturbation;

> the estimation of the area covered by a perturbation
(how far from the epicenter it could be observed);

> the time delay between such kind perturbation
appearance and earthquake event;

> preferable local time for the existence of the perturbation;
» longitudinal features;

» possible connection with solar and geomagnetic activities
etc.




Equatorial earthquakes

| ALOUETTE-1 data
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Dobrovolsky I.P., Zubkov S.I., Miachkin V. Estimation
of the size of earthquake preparation zones. Pure and
Applied Geophysics. 1979. V. 117. N.5. P.1025-1044.
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F-region Q-disturbances

+

Q-disturbances are those existing in the F2-region during
quiet geomagnetic conditions, when

|(FOF2 37meq) — (FOF2 4] / (fOF2 )| > 20%
lasts more than 3 hours.

Depueva A.Kh., Mikhailov A.V., Depuev V.Kh. Quiet time F2-layer disturbances at
geomagnetic equator. International Journal of Geomagnetism and Aeronomy. 2005. V.5. N.3.



The main features for
equatorial Q-disturbances:

+

» Both positive and negative Q-disturbances, their
amplitude being comparable to F2-layer storm effects
resulted from Increased geomagnetic activity were
observed.

» Contrary to middle latitudes, negative Q-disturbances are
more numerous compared to positive ones at equatorial
stations and all levels of solar activity. Long-term (>3h )
disturbances are more numerous at solar minimum
compared to solar maximum.



The main features for
equatorial Q-disturbances:

+

» ' The majority of negative long-term disturbances occur
In the dark LT sector, and they are practically absent
during daytime hours. At Huancayo, negative
disturbances are clustering only in the postmidnight LT
sector under solar maximum.

» Positive long-term Q - disturbances exhibit two
occurrence maxima, the nighttime — early morning and
the daytime ones.

» Annual variations for the occurrence of both negative
and positive Q-disturbances at Huancayo exhibit a well
pronounced pattern.
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Equatorial earthquakes

I ISS-b data
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Low-latitude earthquakes

I ALOUETTE-1 data
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Low-latitude earthquakes

| ALOUETTE-1 data
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Possible explanation of
the observed phenomenon

T

Electric field strength, L/ / m

o
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400

Our assumption Is that
some days before the main
shock, electric field of
lithospheric origin really
appears at the Earth’s
surface over the entire area
Inside seismic preparation
Zone.

Ampferer M., Denisenko V.V., Hausleitner W., Krauss S., Stangl G., Boudjada M.Y., Biernat
H.K. Decrease of the electric field penetration into the ionosphere due to low conductivity at
the near ground atmospheric layer. Annales Geophysicae. 2010. V.28. N.3. P.779-787.
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Fejer B.G. Low latitude electrodynamic plasma drifts: a review. Journal of Atmospheric
and Terrestrial Physics. 1991. V.53. N.8. P.677-693.
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Namgaladze A.A., Klimenko M.V., Klimenko V.V., Zakharenkova I|.E. Physical mechanism and
mathematical modeling of equatorial ionospheric precursors registered in total electron content.
Geomagnetism and Aeronomy. 2009. V.49. N.2. P.252-262.

Namgaladze A.A., Zolotov O.V., Zakharenkova |.E., Shagimuratov I.1., Martynenko O.V. lonospheric
total electron content variations observed before earthquakes: Paossible physical mechanism and
modeling. Proceedings of Murmansk State Technical University. 2009. V.12. N.2. P.0308-0315.



Conclusion

+

1. Before some earthquakes, stable 1onosphere
modification was observable ~5 days before the main
shock at peak electron density level and a little higher.
It looked like a funnel-shaped depletion (hole) over the
magnetic equator. foF2 was decreased by 15-20% In
comparison with background level, median and model

values.

2. foF2 depletion was observed inside a limited area
between N and S Appleton anomaly crests, E—W
dimension being comparable with preparation zone size
depending on magnitude M.



Conclusion

+

L

. The shape of the foF2 equatorial anomaly changed in a

different way depending on the mutual position of the
epicenter and magnetic equator.

. Electron density inhomogeneities were detected a few

days before the earthquake at the satellite orbit close
to the epicenter.

. The aforesaid depletion could be observed during

daytime hours preferably; and in the morning it was
absent. The event appears as long-term negative Q-
disturbance.




Conclusion

+

The 1onosphere modification was observed when
earthqguake magnitude was large enough and the
epicenter was relatively close to the magnetic equator.
In another words, magnetic equator have to cross the
earthguake preparation area in order the effect could be
evident. This tentative statement leads to possible
explanation of the phenomenon under discussion In
frames of Martyn’s (“fountain’-effect) theory.
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Adoptive technigues on extraction of pre-seismic
parameters on TEC/IEC at anomaly crest stations using
GPS data and model assessment on their reliability

M. Devil, A. K. Barbaral, A. J. D. Sarmal, P. Kashyp!
Depueva?,

IDEPARTMENT OF PHYSICS, GAUHATI UNIVERSITY, ASSAM,
INDIA
2IZMIRAN, TROITSK MOSCOW REGION,
RUSSIA 142190



1)

2)

(3)
3)

(4)

Techniques for extraction of EQ features and precursors over
an Anomaly Crest Station in Sub Himalayan Region:

Approaches and Definition of Precursor by using lonospheric
parameter as tools

Possibilities on prediction Earthquake near anomaly crest
station and reliabilities (?)

Possibilities of Identifying Epicentre of EQ (?).

How existing ionospheric model supports for framing pre-
earthquake time model?

What earthquake time ionospheric parameters speak to the
dynamics of ionosphere and lower atmosphere?
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PARAMETERS:
TEC : From GPS and Geostationary satellites

ASSOCIATED PARAMETERS:
Lower atmospheric variabilities seen through SODAR.
LIDAR

Anomalous VHF propagation Characters



| Approaches and Methodology

4

TEC as a Tool
IONOSPHERIC ﬁ TROPOSPHERIC
Extraction of Pre-EQ Extraction of Pre
features EQ features

Parameters studied: Feature studied:
Profile shape TEC peak Satellite passes




SUPPORTING PARAMETERS
SODAR

Anomalous VHF
propagation features
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RB data from
geostationary
satellite

GPS data : Dual
frequency

SODAR. Surface l

layer structure
Lidar: Cloud

VHF anomalous
propagation
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APPROAHES : METHODOLOGY

Parameter IEC with Q and D day profiling
extraction for seismic induced features

IEC and EQ features : Classification of Low

and Equatorial characters and parameter
extraction for Model-Inputs

Model evaluated TEC and comparison with
observed TEC : Approaches and Realization




/X/

|EC extraction for identification of precursor:
Analysis Mode : Temporal variations

Analysis steps :

» |EC on pre-earthquake and earthquake days
are first examined with respect to quiet day
mean values of IEC for 15 preceding and
succeeding  days of  the -event.Positive
/negative magnitude (SD bar) of IEC from
mean of 5 quietest days are only taken as
earthquake induced effects.



BACKGROUND

experienced A FEW STRONGES ;
Years: 1548, 1596, 1642, 1663, 1875 (Exact magnitudes not known)
A few of the worlds strongest earthquakes of 1897 (M=8.7), 1918(M=7.6), 1930
(M=7.1), 1950 (M=8.7) and 1988 (M=7.3) have caused untold damage to this
region. Because of the highly seismically sensitive zone, prediction of earthquake
In a region like this has become a necessity. Though a few short term predictions
have been made based on statistical analysis, these are found to be false alarm.

North-east region of India and the tectonic faults.

This region is under
the pressure of three
tectonic forces :

Tibetian-Himalayan
faults towards North,
under thrust.

Burma faults along
North-South, under
thrust.

Halflong faults along
East-West.
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PROFILE SHAPES EXAMINED FOR Q and D days during
observation period : 1975-1982, 2006-2010;representative
plots for Highest and Lowest Solar activity conditions

High solar activity period, 1980

Sunspot number

Months

Lowest solar activity period of 2009
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TEC- Geomagnetic parameter relation at the lowest
solar activity period
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TEC Peak (noon) , Kp and SN : November 2008 : GPS
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TEC peaks as candidates for earthquake precursors
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"~ For extraction of precursor of Earthquake :

1. Q-day TEC and feature extraction from
(1) Noon TEC ., (i)  Post noon TEC
(itl1)  Post sunset TEC

max

max

2 DO equatorial earthquakes ( moderate strength) effects In
EQ-time TEC ?

3. What is the role of Low-latitude EQ on Anomalycrest TEC?

4. Definition of INPUTS to Model computation on TEC: A few
outputs




EQ for the month of February 2006 i
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" Predicted days are marked as group [number 1, 2, 3, 4].
*  Earthquake (M > 5, i.e. strong, S) occurrence days in the equatorial region
(2 Nto 12 N/

o Earthquake (M > 5, i.c. strong, S) occurrence days in the low-latitude region
(26 N 5 N).
Earthquake (M < 5, i.e. weak, W) occurrence days in the low-latitude region
(26 N 5 N).
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/ Noon peak {march 2006)
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to 12 N).
a - Earthquake (M>5) occurrence days in the latitude region (26
5 N).
» Earthquake (M<5)occurrence days in the latitude region (26
5 N).
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TEC prediction during July-2007
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Two representative TEC prediction magnitude pattern
related to low and equatorial earthquake
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EQ Prediction Parameters in relation to EQ Preparatory Zone and
Longitudinal Separation between Epicentre and Observing Station
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Separation between epicentre and
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Prediction Magnitude

(arbitrary value)




IEC S@emS to be a good predictor. But single station (temporal)
observation has limitations :

Data need a good deal of filtration, the effects of solar activity and
geomagnetic influences need to be known as pre conditions.Number of
observation should be large for reliable statistical inferences

Further there are now means to identify location of the Epicentre
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Use of APPLETON ANOMALY EEFECT IN IDENTIFYING
EQ PRECURSORS :

a) Through extraction of anomaly development magnitude
from temporal foF2 variation

b) Through spatial variation of foF2 magnitude around
epicentre zone ( equator to anomaly latitudes)
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Model Evaluation of TEC
1. Starting with IR
2. Q-Day IEC profile and model

evaluated values : Complexities
near anomaly crest



4\re/presentative TEC profile (7.2.2006) free of seismic activity and the
corresponding model computation from IRI are shown.

ObsNved Model ouput
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Observed pre-seismic TEC-profiles (solid Tine) 0f15:2.2006 and FEECTrom

IRt dot line) for the same date. The earthquake occurred on 16t Feb with

epicenter 24.36°N, 94.20° E. Also shown TEC from IRI, Note that model
underestimates the observed TEC
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foF2 vraitions over Ahmedabad
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Day
17" February 1995 earthquake at 08.15 IST epicentre 27.64° N, 92.37° E, scale 5.50.

SUMMER EARTHQUAKE EVENT

-10.50

Time (hrs)

=nnn

Earthquake on 30t July 1996 at 23.00 hrs. IST, epicentre 14.51° N, 119.95° E, scale 6.10.



CASE V_FEATURES DURING A VERY STRONG

.-11.50

-5.75

EARTHOUAKE OF JANUARY 2001
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Days

Earthquake occurred on January 26™ 2001 at 09.00 hrs. IST. Scale 8.1.
The earth quake Is a major event figuring a sequence of earthquakes to
February 9t 2001. Toll of this earthquake are about 10,000 lives and
properties valued billion of rupees. Absence of data from January 26t

to February 1t is due to mass destruction.
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Time of the day (hrs

1 1
16 18

Days

—-nnn

Earthquake occurred on April 6, 1994 at 12.30 hrs. IST with epicentre 26.19° N and 96.87° E, scale 5.9 and on 27 April at
19.40 hrs. IST with epicentre 13.07° N, 119.54° E, scale 6.0.

-10.00

Time of the day (hrs)

=nnn

Earthquake occurred on (1) 5" May 1997%%3/15.1.15 hrs IST epicentre 14.91° N, 119.89° E, scale
5.5. (ii) 8t May 1997 at 08.20 hrs. IST epicentre 24.89 N, 92.25 E, scale 6.0. (iii) 22" May

1997, at 04.20 IST, epicentre 23.08° N, 80.04° E, scale 6.0.
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/Orhbser}dpre-seismic TEC profiles(selid-line) of 15.2.2006 and TEC from IRI(dot line) for

. e same date. The earthquake occurred on 16" Feb with epicenter 24.36°N, 94.20° E. Also
shown TEC from IRI, obtained with modified foF2 (dash dot line), appropriate for the noon-
time vernal equinoxial month (prior to an earthquake). Note that model can correctly
estimate pre -earthquake observed TEC _,,,, peak in the latter case.
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PMI’EC profiles: Observed (solid line ) and IRI evaluated (dot line) and IRI
output modified(dash dot line) with threshold value of foF2. Note that an
enhancement in IRI computed TEC to 60 unit is obtained ( not shown in the figure),

If propagation factor goes to 1.8 to 2.0.
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POSSIBLE PHYSICAL & DYNAMICAL
PROCESSES LEADING TO
ANOMALOUS TEC PRIOR TO AND
DURINF EARTH QUAKE



lonospheric F-region critical frequencies latitudinal dependence: (a) more than 6 days;
(b) lesser than 5 days before the equatorial earthquake.
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4red on August 15, 1963 at 17h 25m UT. The eplcenter ocation {p=-13.
I=0°) is marked by asterisk. The earthquake centre depth was d=543 km. I\/Iagnitude was 7.75).
Onboard ALOUETTE-1 satellite measurements of F-region penetration frequence (foF2) from June
31 to August 14 were used for plot construction. Local times (LT) of the satellite passes over the

magnetic equator were from 18h 27m to 16h 27m.

Latitude

280 290 300
Longitude



Examination of Earthquake-time variations on H for the three
cases shown in the table.1

H data taken from the stations Earthquake Date | Magnitude Epicentre Position
Trivandrum 8 29 N, 76 .57 E ey

22.05.1997 o a3 808
Hyderabad 17 25'N, 78 °33" E
Alibag 18 38’ N, 72 52" E

Sase 5.5 28.2 88.2
: 09.01.1990 : ' :

Jaipur 26 55'N,77 A8 E
Ujjain 23 A NF S AT R e

0.08.1987 5.6 29.5 83.7
Sabhawala 30°.22"N, 77°.48 E
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s \\ =
/Description of stations under study for cases taken up

Earthquake | Earthquake epicenter location [ Name of relevant | Latitude and  Longitude
date and Magnitude (M) observatory of the Observatory (stations)
Latitude longitude M (stations) site | shown in column 3
considered Latitude Longitude
A T 0 TN IR A S R 6.0 A) Trivandrum B E VAN AT AN
B) Alibag B) 18 38'N 72 52'E
CASE 1 C) Nagpur €0 20-095 N 79 05'E
D) Ujjain D) 23 II'N 75 47°E
9.1.1990 |28.23 N 8816 E 55 A) Trivandrum A) 829'N 76 .57T'E
B) Alibag B) 18 38'N 72 52'E
CASE Il C) Ujjain Gyl el ol 75 47E
D) Sabhawala D) 30°22'N 77 48°E
9.8.1987 | 29.50 N 83.71E 56 A) Trivandrum A) 829'N 76 57°E
B) Jaipur B) 26 55'N 77 48°E
CASE Il C) Ujjain C) 23 11'N 75 47°E
D) Sabhawala D) 30 22'N 77 48°E
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= "H-Variation prior to the Earthquake of 22/05/1997, 09/01/1990

and 09/08/1987
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Considering the case I, I.e. for May 22, 1997 for an earthquake
occurring near anomaly crest, we note large negative values of
AH developed four days prior to the earthquake and then
gradually returning to Q-day mean H, just prior to earthquake
days. The pattern supports that low-latitude earthquake could
Induct changes in current system near to epicenter zone and
could temporality enhances current system prior to an
Impending earthquake and return to normal situation just on the
earthquake day. However for epicenters at off anomaly stations
like case Il and Ill, no consistent association of H with the
earthquake could be seen.
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ldentification of Epicentre
Tool: TEC from GPS: Use
of Effective Earths Radius
Factor
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The epicenter of Major sarthaualke 10 China cccurred on 127 May -08 lies at 31397 °I
102 97°E. The epcenter location and posthion of Gavhat are shown in the figure



China-e of May 11 2008

/I‘ﬁriation average value from individual satellite
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Figure Presents enhancement in records of TEC >60U for different
satellite passes ( as given by azimuth position ) for the days May 7,
9,10, 11,12 and 15 i.e. prior to ,during and after the occurrence
of May 12, 2008 earthquake
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Figure .Shows number of satellite passes in different azimuth positions for May
7,9,10 ,11 and 12, 2008. Appearance of satellites from low azimuth positions
prior to May 12 earthquake is to be noted.
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/ Actual Path Equivalent Path
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Figure 5. ( after Dolukhanov 1971) Signal ray curvature and ray path for different N (Radio Refractive Index) conditions.
Figure (a) shows normal atmospheric condition when propagation link is limited to standard line of sight path. Figure (b)
shows critical condition when equivalent earth’s surface becomes flat and signal may travel uninhibited to infinite distance.
Figure (c) is a super refraction condition, when the earth’s surface effectively becomes concave with respect to a straight
ray path and signal may be trapped within this medium and moves as in a wave guide.



Displays preferred elevation positions of the satellites recording TEC>686k

L s

TEC>60U

TEC>60U

pefore, during and afterthe May 12 earthquakeApp%C@f?f

rge number of low elevation satellites recording TEC>60U before the
earthquake day is to be noted.
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Satellite positions contributing to TEC'max.(>60 TEC units)=tn-the
figure two zones one for May 9 and 10 and the other for 11 May
are shown. Satellites passes are maximum on May 9 and minimum
on May 11.

Distance between
Guwahti and epicentre

: 1140 kKin
(shown by red mark)

\

ctive radius of epicentre
R :2980 kin
(shown by blue — R/2)
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wind shear of 8.44 X 10-3 /s at 1-2 km at this hour ,compared
to the average of 3.04 X 10 /s
R= [g(dInB/dz)]/(6v/dz)?
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Gravity wave parameter ==

*The period of 1hr to 1 and Y2 hours as seen in the sodar echogram
matches with gravity wave frequency at lower tropospheric height
as observed by different

* Fronde number F that measures the significance of force of
gravity as a restoring force in the development of waves, where F is
given by :

F= [U}/NgL where U gives wind speed at a height | km where
density/temperature drops by half and for an acoustic wave to
sustain F value >1. From tempearature and wind profile we get
L=1.5 km ( when tempearure drops down by half) and prevailing
wind velocity at that time at this height U= 120m/sec. Using
these values F = which is >1 indicating gravity wave could
sustains in the background environment



Richardson Number ==

——This is a number that provides a measure of the stabilizing
Influence of gravity , which is modified by temperature gradient ,
In comparison with the stabilizing effects of the wind shear

R=[g(8In6/dz)]/(Sv/dz)>

Where 0 is the potential temperature and dv/dz is the
wind shear. R< % is the necessary condition for
instability in a system . We calculate R using the
potential temperature data and wind shear values for
the night . The R comes to be 0.33, suggesting
condition of instability existed at that height and with
wind shear or temperature gradient as basic energy
input triggered by the earthquake preparatory
processes.



~

Altitude (KM)

i o OO ik S

I F
';I i I.;- I.ll II.II 1 '\" '.I-Il [l s I:'.l

L]
. |
L ] |
| I, |
1 II u -H— —Il- I
| o "i'\q_l J I F'li. i '|-! | I.
a- T i . T
DECh  EeH 43 & 1000 pbe el
10.000-

|
135355

0.t

| | | |
201500 203000 20:45:00 205455

Time (hours)

=300

-15.0

-00



6.000-
D |
[(®) i
S - B -5.00+1
E E zm_ ' l'
0.000 - - —— ' MO I — —
16:00:44 16:10:00 16:20:00 16:30:00 16:40:00 16:51:24 -0.00E+0
Time (hrs)
8.0 - 2.00E+1
~ 6.0
)
*::5 = 40 - 1.00E+1
= £ 20
<< X
- 0.00E+0

19.20.17  19.30.00 19.40.00
Time (hrs)



%Ioud Shown by ramids before een by

allfTOWS.

1 |

~~ 4.5
=
S 47 =
®) 3.5 +
(D)
A 3+
I~ 1
é 2.5
s 27
~ 195 T
S 1
(@))
c 0.5 -
(¢D)
= 0 - -
'\ M . . M M M M
g ) t:s S e & d oD o0 L0
"tr"b "lr"l-"}"!:"b"b"’:"b o o
3 7’ Vo T 07 07 & » ,g, D
O
Days

(1) 29.54 ON, 101.219 E (2) 23° N, 93.7 °E (3) 0.34° N, 97.68 °E (4 4.05 N, 96.03° E



/Tu);@loud Show ramids before een by

allfTOWS.

~~

; | N
(<B)

B

© © -

&

5 w0 -

2

~—— < 7

2l e

= o

(@)

O N T

| -

G

U A

go_ — 1 T 1 T T 1
@)

e R e Al

DAYS

s B L N e e N s i S ey i o
Cloud feature are shown for the month of April 2001



Anomalous signal intensity (from TV) variation prior to and during earthquake of June 24,
1983 (left panel). The epicentre position (right panel).

(a) (b)

arbitrary unit
*
+*
*

Signal strength (db)




|dentification of epicentre positions through TV signal
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April 13, 1984 and April 24, 1984 earthquakes (left panel).
The epicentres are indicated in right panel for aforesaid events.
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earthquakes of May 6, 1984 and of May 18, 1984
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» TEC : Noon /Post noon peak may offer
earthquake precursor provided one has
defined the relevant atmospheric
parameters for g- D days (ionospheric)

» TEC anomalous features from satellite
normally beyond LOS may offer
epicentre position (tropospheric).




/X/

» Modification on TEC by Low latitude
earthquake Is distinguishable provided
M>5. . Isolated Equatorial earthgquake
Influence 1s weak though modulates
TEC character along with Low latitude
EQ If occurs on same time.




1)

2)

3)

Earthqguake time model output :

Model (IRl)underestimates pre earthquake
time TEC

Model output could estimates pre-earthquake TEC
after induction of input parameters with modified
values obtained from earthquake time TEC
analysis .

The modified inputs suggests development of
lonised layers at the lower atmospheric heights
prior to an earthquaker



In view of the above discussions and results
offered by the GPS TEC data, foF2, Lidar .
SODA and anomalous VHF propagation
characters :

it is seen that it may be possible to identify
epicenter of strong earthquake lying
within earthquake preparatory process



It Is Important that if Coupling Mechanisms from
lower to Upper atmosphere is understood from
simultaneous observations ( GPS, VHF,
LIDAR,SODAR, it may be possible for offering
reliable precursor.
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GPS & Satellite(DEMETER):
Total Electron Content F-Peak

and Beyond , FM /TV :Anomalous
VHF propagation
>500m
TOWER:
Boundary layer:
50m

SODAR: Atmospheric
waves and structures :1-2
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RADIOSONDE: Lapse
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Galunggung, 1982
R. Hadian

ume heights

McNutt and Williams, 2010









All Eruptions
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Volcanic Lightning Plume Height Histogram
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Two peaks/bimodal: 1-4 km and around 10 km; suggests two dominant regimes



Plume Lightning

MNear Vent Lightning

Vent Discharges

Terminology Thomas et al., in press



Vent discharges
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Photograph by Olivier Grunewald

Note — this photo does not correspond to instrumental data ="




; suggests
> thunderstorms
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Karymsky volcano



Plume lightning — most similar to thunderstorms;

starts 4-15 minutes after eruption onset, 1-15 km scale,
Duration 50-650 ms; moves downwind with plume
(Redoubt and Spurr showed first —CG then positive.)

05 25450 020 CE 0000
0530

22 [an, 2005
Timrw UTC [himincsac)

Thomas et al., in press



ffects of water

lves explosions by expansion of

plumes are rich.

ect electrical effects- water and ice carry
arges and are key to plume lightning.

irge eruptions are “dirty thunderstorms”.
Latitude and seasonal distributions show that

magmatic water >> entrained water.



ntent of plume

-
¥

Measure height
and radius

Estimate volume

Known ash mass
2 x 107 Kg

Assume 5 wt percent
H,0

Calculate mass of
water per m?3 of air

Redoubt 4-21-90
J. Warren

Results:
Mean Cloud Water Ca
Is about 30 gm/m°

> _-per ent > saturation for air at 30 deg C or two orders of magnitude
tion of upper troposphere at typical ambient temperatures
Williams and McNutt, 2005

> satu



Latitude effects

Number of volcanoes with lightning versus latitude

10 I I T I T T
5“l.

0 | |

0 10 2

0 30 40 50 60

No. of Volcanoes

Number of eruptions with lightning versus latitude
30 | T T l T

I
20
10 H
0 | |
0 10 2

0 30 40 50 60

No. of Eruptions

Number of volcanoes versus latitude
300 ] I T T

No. of volcanoes

0 10 20 30 40 50 60

Latitude

McNutt and Williams, 2010



Normalized to percent, data show no trend versus latitude

Percent of volcanoes with lightning versus latitude
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Volcanic Lightning Plume Height Histogram
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@ microspheres
A volcanic ash: Kilauea
B volcanic ash: Hudson
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The Thundercloud Scale:
Charge Separation by Ice Particle Collisions

E. Williams
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Saturation mixing ratio (gm/kg)

Clausius-Clapeyron Relationship
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Electromagnetic Signals Associated with L’Aquila Mw 6.3
Earthquake by means of L’Aquila Geomagnetic Observatory
Data, and Interstation Impulse Response Functions

P. Palangio(1), C. Di Lorenzo(1), A. Meloni(2) and U. Villante(3)

(1)lIstituto Nazionale di Geofisica e Vulcanologia, L'Aquila, Italy
(2)Istituto Nazionale di Geofisica e Vulcanologia, Roma, Italy
(3)Universita degli Studi di L'Aquila, Italy
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On April 6, 2009 at 01:32:39 UT a strong earthquake occurred west of
L'Aquila, Italy, at the very shallow depth of about 9 km. Main shock local
magnitude was Mw = 6.3. Several powerful aftershocks also occurred
the following days.

The epicentre of the main shock was only 6 km away from the
Geomagnetic Observatory of L'Aquila,

L'Aquila Geomagnetic Observatory data, in various frequency bands from
DC to ULF, will be shown

Using also an independent station located at Duronia, aboutl100 km SE of
L’Aquila, daily estimates of inter-station transfer functions and impulse
functions, from 2008 to 2009, will also be shown.

Data from a small seismomagnetic network (dating back to 1989)
installed around L’Aquila will also be shown.



L’Aquila earthquake, from Chiarabba et al GRL 2009
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Map of instrumental seismicity in the period 1980-2009 from INGV Catalogue. The April
2009 remarkable events (day 6, MI=6.3; day 7 MI=5.3; and day 9 MI=5.1) took place in
a silent region at the Southern end of the Northern Apennine extensional belt.



around the April earthquakes occurred west of L'Aquila at the very ¢

INGV

L'Aquila
seismic sequence

December 1, 2008

July 29, 2009

Richter Magnitude
o 23:<MI<3.0
O 3=<MI<4

4=<Ml<5
; Mi>=5

adapted from
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The earthquake has a pure normal faulting mechanism and the ruptured
~15 km long, NW-trending and ~45 SW-dipping fault, located betwe
km in depth. Such normal faulting is typical for the Apennines regi

From Chiarabba et al GRL 2009

(b) Vertical sections across
the Laga Mts. fault (SEZ-1)
and the Paganica fault (SEZ-
2, and SEZ-3). The fault
geometry is consistently
defined by the largest
aftershocks. (c) Vertical
section along the fault
system, showing the
geometry of the ruptured
faults. Red dots are the ML
4.0 earthquakes. The 1703
and the 1915 earthquakes
occurred at the north and
southern border of the
Paganica fault.




Descending orbit
ENVISAT
Ingterpherogram

showing the ground
dispalcement as
observed by satellite SAR
technigues. Paganica
fault is visible in the
image as a yellow line.




Magnetometer data |

Tri-axial fluxgate and induction magnetometers of the L'Aquila ULF station.
Measurements from both instruments are recorded at a sampling frequency of
1 Hz from the same acquisition system.

Fluxgate magnetometer has a rms instrumental noise of ~ 20 pT in the
frequency band 1-500 mHz;

Induction magnetometer has an amplitude/frequency response almost linear
(~6 Volt/nT/Hz) in the frequency range 0-0.2 Hz. The rms instrumental noise is
~1 pT (Pcl), ~1 pT (Pc2), ~3 pT (Pc3), ~5 pT (Pc4), ~10 pT (Pc5). The rms of
the quantization noise is less than 0.5 pT in the frequency range 1-500 mHz.

Data have been organized in frequency bands corresponding to the Pc1-Pc5
classification. For the higher frequency bands (Pc1-Pc2) we mostly considered
measurements from the induction magnetometer, more suitable for higher
frequency fluctuations (see also the rms noise), and measurements from both
instruments in the other bands (Pc3-Pc5).



Magnetic ULF precursor signals found in literature basically consist of one
or more of the following aspects:

a) A substantial increase in the noise background starting from days to several weeks
preceding earthquake covering almost the entire ULF range (Loma Prieta, Spitak, Guam,
Alum Rock), followed by an anomalous dip in the range 0.2-5 Hz starting one day ahead
the earthquake (Loma Prieta).

b) An increase to a high level of activity in the range =10-50 mHz starting few hours before
the earthquake (Loma Prieta, Spitak).

c) A broad maximum of the “polarization parameter” R2 =PZ/PH about one month before
the earthquake (PZ and PH being the integrated power of the vertical component, Z, and
of the North/South component, H, in the approximate range of frequency =10-100 mHz;
Guam, Bovec) and the emission of presumably earthquake associated waves with main
frequency in the range 20-50 mHz (Guam).

d) A gradual decrease of the slope of the power spectrum during the process of
earthquake preparation (1-1.5 month) and an increase of the fractal dimension (Guam,
Biak).

e) An increased occurrence of negative or positive (or a combination of positive and
negative) pulses of short duration, identified on the East/\West component (D)
approximately 15 days before the earthquake (Alum Rock).
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Since from 21 UT to 03 UT the contamination from global natural signal and
from artificial noise is notably lower than during daytime, all following statistics for the
ULF refer to the 00-03 UT time interval; essentially the nightime.
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Since the end of 2007 a new electromagnetic field monitoring station has been in operation in
Central Italy in a village called Duronia. Duronia has very low electromagnetic background noise
and hosts: Tri-axial fluxgate magnetometer, Tri-axial high frequency search-coil magnetometer,
Triaxial low frequency search-coil magnetometer, Scalar magnetometer (Overhauser), Telluric
electric potential measurement system.




nT

Total magnetic field F differences

109.8 - 100.8
1096 4
F .F 109.6 FAQU- FDUR
AQU ~ DUR
109.4
r=100sec
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109.0 % 1092
J C
1088 :
| W 109.0
1086 ]
] 108.8 !
1084 - -
1082 . . . . . . 108.6 ' ' ' ,
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sec sec

Total magnetic field F differences 1 s data between AQU and DUR observing systems
(0.01 nT resolution) from time 00.00 at 01.20 UT on day April 6, 2009. A coseismic impulse
at the earthquake time (01.32) was detected and could be due to magnetic effect following
an impulse reasonably due to a seismic origin phenomenon. Total field difference decay in
the coseismic magnetic transient showing a time constant of 50-100 sec typical of
electrokinetic phenomenon.



Magnetometer data Il (b) Aqu and Dur

Using the two three component

quxgate magngtic instr,ume.nts from (%) ( ) (%)
stations operating at L'Aquila and a XX Xy XZ d
Duronia, Interstation ordinary Y. |= Q| Y
impulse response functions for a | ['yx 'y 'Yz d
Aquila-Duronia were computed (after

; e \Za, \ ‘X 'y ‘1) \Zd

some magnetic cleaning of both data
series).

Interstation ordinary impulse response
functions for Aquila—Duronia were obtained
from previous analyses before the
earthquake. Then in time windows of a few
days before and after the quake, impulse
response functions were used to obtain

L'Aquila magnetic components clean from X=X ma — X a
local effects.

: . . Y = Yma Ya
Finally, from simple differences between
measured and reconstructed components, a . = L ma Za

residual field was obtained at L'Aquila.



on impulse functions Residual field 0.5Hz -5 Hz

L'Aquila-Duronia interstation impulse response
Residual Field 0.5 Hz -5 Hz
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Time (UT)

Impulsive magnetic events. Are they due to electric currents due to ¢
opening and fluid flows in the ground...?



ta Il

agnetometers simultaneously measure the total magnetic field intensity observations by
on magnetometers. Daily mean values from AQU and the seismomagnetic stations. Show a
asing secular variation of about 25 nT/yr. Synchronous spikes are due to solar activity.

% Magnetic station

@ National Geomagnetic
Observatory (L'Aquila)

Station Coordinates
4165°MN 14 45°E

nT - Eﬁ gm’:.‘:; 41.76°N 13.86°E
46500 | A ™ 42 33N 128008
- MDM (Monte di Mezzo) 41.75°"N 14.20°E
46400 =
46300 - M DM
7 bl - pt
46200 IR
- MINIMUM of SOLAR | _,Iﬁ,.,..,»T-rM
46100 — CYCLE ACTIVITY, Lom*™ At
o i e
- o T MINIMUM of SOLAR
460007 AQU e aul e " CYCLE ACTIVITY
7 . o™
45900 — - I
{RIT o R
45800 = W -«-—-ﬁwn'*‘“
45700 " ams e
45600 CVT I 1 1 I 1 I | 1 I
1 990 1992 1994 1996 1998 2000 2002 2004 2006 2008

1989 - 2009, YEAR of OBSERVATION
SEISMOMAGNETIC Observations in CENTRAL ITALY (INGV network)




V' Magnetic station

@ National Geomagnetic
Observatory (L'Aquila)

Station Coordinates

DUR (Duronia) 41.65°N 14 45°E
CVT (Civitella) 41.76°N 13.86°E
AQU (Aquila) 42 38°N 13.32°E
RIT (Rieti) 42 33°N 12.91°E
MDM (Monte di Mezzo) 41.75°N 14.20°E

Although some moderate seismicity occurred
in the years in the area of interest, and at
times small amplitude anomalies have been
detected from this network, it was never easy
to identify a clear one-to-one relation between
magnetic anomalies and seismic events.

For this reason the high seismic activity that
has occurred and culminated with the M=6.3

L’Aquila 2009 event was considered of great = T
interest- /': main Apennine thrusts A magnetometers

[ | marine and continental deposits [l  (lysch (clay, sandstone, carbonate)
I olcanic deposits B carbonate/marl




V' Magnetic station

¢ National Geomagnetic
Observatory (L'Aquila)

Station Coordinates

DUR (Duronia) 41.65°N 14 45°E
CVT (Civitella) 41.76°N 13.86°E
AQU (Aquila) 42.38°N 13.32°E
RIT {Rieti) 42.33°N 12.91°E
MDM (Monte di Mezzo) 41.75°N 14.20°E

Aqu is equipped with an Overhauser magnetomer 0.01 nT resolution
Dur is equipped with an Overhauser magnetomer 0.01 nT resolution
MDM and CVT Geometrics 556, 0.1 nT.

Some detailed differences were investigated for the last 2 two years including
the earthquake time window. Some long term anomaly was found. Correlation
with Kp indices was investigated. Some correlation can be found on all
observation data couples but it is clearly less evident when L'Aquila is involved,;

for this reason it could be not dependent on external fields and be local. I
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CONCLUSIONS

From Magnetometer data in the ULF band

a) No detectable increase in the noise background preceding the earthquake was observed in
the entire ULF range (such as found in Loma Prieta, Spitak, Guam, Alum Rock)

b) No increase to a high level of activity in the range =10-50 mHz starting few hours before the
earthquake (Loma Prieta, Spitak).

c) No broad maximum of the “polarization parameter” R2 =PZ/PH before the earthquake (PZ and
PH being the integrated power of the vertical component, Z, and of the North/South
component, H, in the approximate range of frequency =10-100 mHz; Guam, Bovec)

From Magnetometer data comparing Aqu and Dur

a) A very feeble coseismic effect (only observable because the event was at night) was detected
and is reasonably due to a seismic origin phenomenon. Total field difference decay in the
coseismic magnetic transient shows a time constant of 50-100 s typical of an electrokinetic
origin

b) Interstation impulse functions residual field in the band 0.5Hz - 5Hz shows some activity before
and after the quake

From seismomagnetic network Magnetometer data

Differences investigated for the last 2 two years ,including the earthquake time window ,show some
long term anomaly. Correlation with Kp indices was investigated. This correlation is not evident when
L’Aquila is involved; for this reason it could be not dependent on external fields and be local.



lonospheric variations recorded by
DEMETER at the time of large seismic
events

M. Parrot
LPC2E / CNRS
Orléans
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The M8.8 Chile Earthquake
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anonymous referee: ...... One could just as well plot random noise or any data
parameter that changed with time during the months or days before the M8.8

Maule earthquake [e.g. stock market, wind speed, etc] and claim the changes
are related to the earthquake.....

EMSEV LA-2010



anonymous referee: ...... Since this is the second largest earthquake on the
Earth in the past 25 years, it might be expected that, if ionospheric density
changes have anything to do with earthquakes, then these should be easily
detected for such a large earthquake with clear signals easily evident in
multiyear plots of data certainly at the time of the earthquake when major
deformation, stress change, seismicity, coupled acoustic waves and
lonospheric disturbances occur and, prior to the earthquake, if precursory
signals occur. It is apparent from this paper that there are no coseismic
changes and these two short-term transients are very questionable at best
and probably have nothing to do with the earthquake. .....

EMSEV LA-2010



answer .

- perturbations at the time of the EQ. There is a propagation of an acoustic
gravity wave in the atmosphere and in the lower ionosphere but the satellite
must be at the right place and at the right time to catch the effect of this wave
because it dissipates rapidly.

EMSEV LA-2010
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anonymous referee: ...... Worse, papers that suppose to provide a physical
basis for expectations of such behavior [e.g. Pulinets and Boyarchuk, 2004;
Freund, 2009] are based on proposed data relationships to earthquakes
[radon emission in the case of Pulinets and Boyarchuk, 2004] that have been
shown to not to be true or charge generation in the Earth's crust [in the case
of Freund, 2009, based on loading dry crystalline rocks] that have been shown
not to be relevant in the conducting fluid-filled crust where the charge will be
guickly short circuited. . .....
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anonymous referee: ...... With all this said, we still have the authors attempt to
show these two short-term disturbances in ionospheric density of less than a
few-minutes duration recorded 17 days and 9 days before the M8.8 Maule
earthquake signals are unique by taking 3-month data slices of ion density
from January to March during 2007, 2008 and 2009 and comparing these with
the 2010 data slice. | do not find this at all convincing since | see signals in
January for two of these three years. And why not search all of the available
data, particularly that for the rest of 2007, 2008 and 2009? How many of these
events are seen per year? .. .....

answer: to keep the same season.

EMSEV LA-2010



17 days before
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Are we ready to predict EQs ?

To find a short-term precursor does not mean that we can
predict EQs.

We must know:
the position
the time

the magnitude

An approximate position can be found with the help of the

fault system on the ground but large uncertainties remain
about the time and the magnitude.

EMSEV LA-2010
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More important points:

There are numerous ionospheric perturbations coming
from other sources (solar activity, AGW, TID, plasma
dynamics, large meteorological phenomena...)

There are EQs with no ionospheric perturbation. Perhaps
due to the crust composition and configuration but also
we do not expect to have continuous ionospheric
perturbations and with a single satellite we are ‘above’ a
given future epicenter only during 3 minutes per day.
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Conclusions

Next paper will show the results of a statistical analysis using the density.
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Conclusions

- End of the mission in December 2010,

- CMS wiill continue until December 2011.
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Statistical analysis of plasma
parameters recorded by DEMETER as
function of the seismic activity

M. Parrot
LPC2E/CNRS
3A, Avenue de la Recherche
45071 Orléans cedex 2,
France
E-mail: mparrot@cnrs-orleans.fr
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Statistical analysis with the electron density
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Important points:

There are EQs with no ionospheric perturbation. Perhaps
due to the crust composition and configuration but also
we do not expect to have continuous ionospheric
perturbations and with a single satellite we are ‘above’ a
given future epicenter only during 3 minutes per day.

There are numerous ionospheric perturbations coming

from other sources (solar activity, AGW, TID, plasma
dynamics, large meteorological phenomena...)
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Statistic on the ion density measured by IAP

Software for automatic search of increases/decreases in the |IAP data base
until 15 days before the EQs during night time when the satellite is at less
than 1500 km from the epicenters.

August 2004 — October 2009

EQ data base: 17366 EQs with M > 4.8
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SAMOA EQ
September 29, 2009
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SAMOA EQ
September 29, 2009
17:48:11 UT
15.51°S 172.03°W
M=8.1 d=18km
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|
/
/
\
\
\
\
\
|
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\
\

1000 ‘ ‘
Farthquakes
2000. ° 0-6h
A mHe A
1750. 6 oan
- 6
€ 1500.
= HOeA -0
o 1250.
1000. 7 o-90d
750. A SARAT "W\ PA > 30d
ut 09:14:00 09:15:30 09:17:00 09:18:30 09:20:00
Lat. -26.56 -21.12 -15.67 -10.22 -4.77
Long. 192.76 191.47 190.25 189.07 187.91

MLT 22.62 22.49 22,24 22,12
Geom. Lat. -27.06 -21.94 m?g EV 20 10 -11.64 -6.47



Feb. 10, 2006
17:51:54 UT
32.52°S 288.61°E
M=5.1 d=32km

Date ,,..,; 2006/02/10 Orbit: 08559_1
ISL Electron density (Ne)
10° 7
ng | ]
5 J
T W/\%/WF\KW Wm
= .|
104 . N — S
IAP lon density (Ni) —— H+ ——— He+ —— O+
— 10000 5 S
é 1 / — /<
= ]
1000 o
Farthquakes
2000. 0 0-6h
HO A
1750. —n
G 1500. 6
é HOeA -0
i 1250.
1000. / o90d
750. F I > 30d
T T T T T T T T A T T T T T T T T 1
1) 03:18:30 03:20:00 03:21:30 03:23:00 03:24:30
Lat. -44.12 -38.72 -33.30 -27.87 -22.44

Llarl}? 292.23 290.48 288.92 287.50 286.18
22.41 22.34 22,22 22,16
Geom. Lat. -33.93 -28.52 % EV 20 10 -17.67 -12.24



Nov. 11, 2007
17:49:58 UT
10.95°S 162.15°E
M=6.6 d=42km

Date ,,.: 2007/11/27 Orbit: 18184 _1

5 _ISL Electron density (Ne)
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uTt 11:04:00 11:06:00 11:08:00 11:10:00 11:12:00
Lat. -24.90 -17.64 -10.38 -3.11 417

o 0 e e
. . 7 .57
Geom. Lat. -29.30 -22.42 w@ EV 20 10 -8.55 -1.58



May 25, 2008
08:21:49 UT
32.59°N 105.42°E
M=6.0 d=10km

Date .., 2008/05/18 Orbit: 20727 1

5 _ISL Electron density (Ne)
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- 7 W
AN VT
A T
104 . N — S
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meA
1750. 6 oan
= 6
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- 1250.
1000. {44 / o90d
750. .y F.A > 304
T i T T T T T T I T T T T T T T T 1
uT 14:39:00 14:40:30 14:42:00 14:43:30 14:45:00
Lat 21.32 26.77 32.22 37.65 43.08

LGE% ;?8%4 ;?6?4 105.56 ;?434 ;(1)224
7 7 5 5
Geom. Lat. 11.20 16.65 @’?5 EV 20 10 27.55 32.99



D (km)

Date ,,,,: 2008/11/12

ISL Electron densit

(Ne)

Nov. 16, 2008
17:02:32 UT
01.27°N 122.09°E
M=7.3 d=30km

Orbit: 23342_1
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\g —M
@ MWM\N\W
Z —
104 . e — T
IAP lon density (Ni) —— H+ ——— He+ —— O+
WOOOO 3 - 7w/\7//'\
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Farthquakes
2000. . .5.A 0-6h
1750 A @ 6—24h
o 6
1500.
HOeA -0
1250.
- . " 7 5-30d
1000.
750. A FI > 30d
I T 1
uT 13:58:00 14:00:30 14:03:00 14:05:30 14:08:00
Lat. -9.27 -0.17 8.92 18.02 27.10
LIGE'? 121.44 119.53 117.61 115.63 113.50
22.47 22.35 2214 22.03
Geom.Lat.  -19.11 -10.10 %EV 2010 7.97 17.02



D (km)

Date 4 2008/11/15

ISL Electron densit

(Ne)

Nov. 16, 2008
17:02:32 UT
01.27°N 122.09°E
M=7.3 d=30km

Orbit: 23386 _1

10° 7
A |
S B WW
g W Aﬂ\/\m\/\
104 . S S o
IAP lon density (Ni) —— H+ ——— He+ —— O+
10000 3 —— —
4 T T—
£ 10004 o ™
o |
z —
100 i i i
Farthquakes
2000. o 0-6h
HO A
1750. —n
6
1500.
4 HOeA -0
1250.
1000. N - 5 5-30d
750. > 50d
A |
UT 13:49:00 13:51:30 13:54:00 13:56:30 13:59:00
Lat. -13.29 -4.20 4.89 13.99 23.08
Long. 124.27 122.33 120.42 118.48 116.43
MLT 22.53 22.41 22.19 22.08
Geom. Lat. -23.00 -14.01 % EV 20 10 4.02 13.05



EQ information
Orbit with I/D
Orbit without I/D

No orbit

Increase/decrease data base

Information on
the EQ Location
O sea
1 coast
2 land

—>2005/05/23 04:13:45:027 30.27 67.80 5.20 24.00 2
— 0 047171 2005/05/22 17:41:49:545 29.55
— 1 047021 2005/05/21 16:59:07:438 31.60

—

2 046881 2005/05/20 17:54:01:228 29.02
3 046731 2005/05/19 17:11:17:041 30.95
4 46591

5046441 2005/05/17 17:23:27:218 30.33
6 046291 2005/05/16 16:40:52:062 32.80
7 046151 2005/05/15 17:35:39:863 29.86
8 046001 2005/05/14 16:52:58:402 31.95
9 045861 2005/05/13 17:47:49:993 29.24
10 045711 2005/05/12 17:05:07:768 31.29
11 045571 2005/05/11 18:00:03:112 28.81

63.65 2 2005/05/22 17:41:21:744 2.11%
73.920
60.70 2 2005/05/20 17:53:38:060 5.32%
71.010

68.08 1 2005/05/17 17:23:38:802 0.71%
78.23 2 2005/05/16 16:41:12:913 1.90%
65.120
75.380
62.19 1 2005/05/13 17:48:08:528 3.92%
72.47 1 2005/05/12 17:04:27:731 2.17%
59.210

12 045421 2005/05/10 17:17:18:183 30.69 69.54 2 2005/05/10 17:17:43:667 0.70%
13 045281 2005/05/09 18:12:17:450 28.44 56.220
14 045131 2005/05/08 17:29:27:549 30.03 66.620

—_— T

% of I/ID
Time of I/D

Time and position of CA

EMSEV 2010



Parameters of the statistic

Location of EQs
Magnitude
Depth
Magnetic activity (Kp)

Aftershocks removed

EQ AF
' ' time
_ ﬁ
15 days n days
If n < 15, n-1 days considered

EMSEV 2010



Other data base with random data has been used:

RAND1 same time but random positions
RAND?2 shift EQ longitudes 25° to the west

EMSEV 2010
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Threshold % = 6. Ratio between the number of perturbations
Random with T > 6 and the total number of cases for
each of the 15 days
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Threshold % = 6. Ratio between the number of perturbations

random with T > 6 and the total number of cases for
MEQs > 4.8 each of the 15 days
30E 3
s 25E =
5 20F- Al =
EREIS 3
8 10 =
e 5E —=
0E , 3
0] 2 4 6 8 10 12 14
30§ 3
£ oE Sea 3
EREIS =
5 10 =
e 5E- —=
O: N =
0 2 4 6 8 10 12 14
30§ 3
';% 225: Land _E
3155 E
8 10E —
R SE 3
O: =
0 2 4 6 8 10 12 14

Days
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Ratio between the number of perturbations
Threshold % = 6. with T > 6 and the total number of cases for the
15 days before an EQ

M Ran | Ran | 4.8 5. 5.5 6.
dl d2

All | 9.2 {109 11.3|11.3 | 11.8

Sea | 10.7 | 11.7 | 14.2 | 14.0 | 14.5

land| 7.4 | 98 | 86 | 8.7 | 9.3

EMSEV 2010



Threshold % = 2.

Ratio between the number of perturbations
with T > 2 and the total number of cases for the

15 days before an EQ

M Ran | Ran | 4.8 5. 5.5 6.
dl d2
All [ 21.3]123.8(24.2|24.7 | 25.2 | 25.7
Sea [ 2392541305304 |309|314
Land | 18.7 | 21.5]|120.0| 205 | 21.6 | 22.7

EMSEV 2010




DEMETER Date q: 2009/09/22 Orbit:
ISL Electron density (Ne)
2 7WWWMMMMWN“W
10*

D (km)

Statistic on the electron density measured by ISL

ISL Electron temDerotu}e (Te) ‘ ‘
1958 —
< 1867
@
1776 —
1685 . .
0+

27953 1

IAP_lon density (Ni) | — nA —— hew —
10000 3
I3 / w\
L — T — -
= - e T — -
1000 T >~ .
Earthquakes
5 _
2000. m'e aff 060
1750. . 6-24h
1500.
A | 1-5d
1250, e
1000, 5-30d
750.
UTAT 09:28:00/22:07 08:30:30/22:03 09:35:00/21:53
Lat. -28.38 2294 17,50 -12.05 659
Long. 189.39 188.08 186.83 185.64 184.48
L 149 1.34 1.23 1168 111

EMSEV 2010
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Two different instruments
Same software

Same EQ data base



Ratio between the number of perturbations
Threshold % = 0.5 with T > 0.5 and the total number of cases for
the 15 days before an EQ

M Ran | Ran | 4.8 5. 5.5 6.
dl d2

All 1114 112.4|13.1|13.3|13.4|13.6

Sea | 11.7 119|142 139|141 144

Land| 10.9 | 12.9 (12,9 | 13.2 | 13.8 | 14.0

EMSEV 2010



Conclusions

© CNES - N bre 2003/l ion D. Ducros

- We have statistically shown that we detect more perturbations before EQ
occurrences than without seismic activity.

- Surprisingly, the effect is larger for EQs occurring below the sea.
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238y .Series 235y -Series 232Th-Series
238U 234U 235U
4.47x10% B |2-45x1 0%y 7.04x10%y
o 234 o o 231
4.196 Pa 4776 4.395 Pa
MeV“ 1.17min $ MeV MeV" B 3.28x10%
234 p 230 231 o3 227 232 228
Th Th Th| |¢,,.P2"Th Th Th
24.1d 7.54x10% 1.06d | I MeV | 187d 1.41x10"% gl, 191y
o 227 B o o 228 a
4.688 AC 6.038 4.010 AC 5.423
¢ MeV 218y "MeV MeV" 6.13h "MeV
P26R g 223R g 228R g|? 224R g
1600y 11.4d 5.75y 3.66d
o o o
4.784 5716 5.686
"MeV . MeV "MeV
222Rn 219Rn 220Rn
3.825d 3.965 55.65
o (o4 o
5.490 6.819 6.288
i MeV "MeV "MeV
218 214 210 215 216 212
Po Po Po Po BE ... RO
3.11min B 1.6x10%s |, 1384d 1.8x1073s 0.15s B 3x107s
a 214R | a 210R | « a 211 1 a 212R 2
6.003 B I 7.687 B I 5.304 7.386 B I 6.779 BI 8.784
MeV | 19.9min [ IMeV | 5.01d L MeV MeV & p| 2 14min MeV | p|, 1.01n 4 MeVv
214 p 210 B 206 211 a | R0O7 212 33.7% 1 108
Pb Pb Pb Pb|,. .| 2°7Pb Pb|* " | BoePb
26.8min 22 3y stable 36.1min MeV v stable 10.6h Mer stable
207T| [P 208T [ [P
4 77min 3.05min
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lllustration of the “°U decay series 234-|-h o:45E9y 238U
with the geochemically relevant V 24 d
subsystems -

AN

214wapoer?;16OO y 226Ra|oi 7.5E4y 230Th O.L-:. 2.5E5 y‘ 234U \
B
214, 5
210Pb L