2010
s
2006 Retired from ISAS

Oyama’s trail

Education Nozomi,Mars Orbitor (Radlo a
Science,Te) -
1989 Akebprojrctono( f
1986 Saklg s
1985 Oh
e 1981 Hinotor )
"Iﬁ, -’ . -
s .’/. > ",‘ ’
i’ ’4. AN
- 1978 Kyokko L
L-3H-6, S-210-4,K-9M-
1975 Taiyo (te probe) 29,29,32,34,36,38&2,45,47,55,62,68,69,72,8

1,S-310-5,S-310-14,18,24,25,26,28,29 Antactic

'l. -
- ¢ ’

Contamination, Te probe, Glass
sealed Langmuir probe

1966

2012 Effect of Sudden
stratosphere warming

' Brazil, West Germany

JQn/Us Tether dollaboration
. .
‘Canada ,USA Racket

experiement

Bismark(1815-1898)

1972-1974 India —
Japan rocket

International
collaboration



Precursg» effects d ' Kge earthquakes.
“ th-lonos i

g1 -
\. i g
- : i | Ny o q & ‘
\, W s po
\ Pésma.and Space SC|ence Center, Institute of A,st.rgphysms and Plas.mab

& : Suence National Cheng Kung University, Taiwan. &
} S aanail e .
A i Opypckugiuty

. ;afﬁ' D Tt

M Kamogawag‘ar\d others >
E e~ y f

) . o : >
Great Hanshln Awajl Earthquake M 7.3 Jan 17, 1995: Death 6437 Unknown 3, Injured 43792, 10 chouen (Annual
budget 80 chouen)


mailto:oyama@pssc.ncku.edu.tw
mailto:koh_ichiro@yahoo.co.jp

Contents about the effects of large earthquake
1. What is lonosphere ? SN

2. Observation by satellite; VLF, Plasma density,
Infrared , particle precipitation

3. Observation by HINOTORI (Japan) and DE-2
(US) satellites

4. What modifies the ionosphere ? Electric field

5. Future works; Earthquake study satellites



Up to the height of - 100km (turbopause),

TN | W the composition ratio is the same, while
-~ Il above 100km, heavier particles sink in
lower altitude.




Sun Light spectrum lonization of neutral particle
10° B (by EUV or Energetic charged particle)
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O, — O++0 (5.1eV, 242nm)
O + EUV — O* + e (13.6eV, 91.04 nm)

E-yual number of electrons and

N, — N+N(9.8¢eV,127/nm) ions - Plasma

N,+EUV— N,* +e(15.6¢eV, 79.6
nm)
Electrons collides with neutral particles,
and finally thermalized .... Electron
temperature. Te



Total electron
density(TEC)

Nl

Basic parameter;
Ni (ion
density), |
Ti (lon temperature), lon
composition il -

electron-ion D-redion
p a

Electron/ion temperature is

higher ion-ion

defined totally In the same way as |EEEENRGREr ST cheers  HEEme

atmospheric temperature (Th= < '

Lo mv2>)

Exploration of another planets .

Detect ion of ionosphere is easier than neutral atmopshere)



lonospere is modified by Electric field / neutral wind
under the existence of Earth magnetic field

1. Equatorial lonization
Anomaly (EIA)

'''''

Maximum Ne, Jan , 2009 calculated by Chou ,
NCKU

HMEFE WEIORANEODH KEERT-R, K
DFREDEIZHSD



160t 1961, [ghghort=3. 1¥omg 7., LT=1.)

1600 LT

Altitude (km)

10
Geographic Latitude

ElA is further modified by
Neutral wind
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Past observations of the precursor feature

Ground Observations (example)

Night Glow, Mikhalev et al., 2001 Periodic variation of
C -

foF2 :Liu et al., 2006, Maekawa et al., 2006; Hobara and

Parrot , 2005;Zhao et al., 2008, Liu et al., 2009, Sharma

et al, 2008

VLF:. Hayakawa et al., 2006, Rozhnoi et al., 2007

TEC: Zakharenkova et al., 2007




Recent Reports on Precursor Phenomena of ionosphere/atmosphere of Large

earthquakes .continued

Satellite observations

VLF wave; DEMETER (French satellite, Parrot)

Electron temperature;Oyama et al., J.G.R., 2008 (Philipine 1981 Nov,
Dec)

Electron density/ GPSTEC; Akhoondzadeh et al., 2010 Samoa“stand
(29.Sep, 2009 and 3 others)

Atomic Oxygen ion(O*); Oyamacet al., J.G.R., 2011, Chillie 1981 Oct
Infrared (11-12 pm) : Ouzounov et al, 2006

O*, He* ion composition;Bankov et al., 2009, Smatra

Particle precipitation; Rothkaehl et al., 2006




Evolution of daily satellite thermal anomalies.

Earthquake has occurred 2007-07-16 01:13 (Mw 6.7) (Niigata-ken Chuetsu-oki

Infrared ob. before earthquake

July 4, 2007

-YZ:\-IEAR WES‘!:-COAST 01;BHONSHU,1?JCAPAN
Tl me evol utl on: 2007 07 16 01:13:22 UTC 37.57N 138.48E Depth: 10.0 km, Mag
July 14’ 2007 Earthquake Location
July 4 —EQ Alert July 16, 2007, USGS

July 16- EQ Event
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Figure 2. (left) Frequency-time spectrogram of the normalized probabilistic intensity (see text) Wa{gined from ghe night-
time electric field data measured within 330 km of the earthquakes with magnitudes larger than or eq

less than or equal to 40 km. Data measured for all Kp values and seasons have been mcluded. (ng

earthquakes with magnitudes larger than or equal to 5.0.

VLF observation by DEMETER satellite (Detection of Elec tro Magnetic

Emissions Transmitted from Earthquake Re- gions)

Nemec et al., J.G. R., 2008




Contents about the effects of large earthquake
1. What is lonosphere ? M

2. Observation by satellite; VLF, Plasma density,
Infrared , particle precipitation

3. Observation by HINOTORI (Japan) and DE-2
(US) satellites

4. What modifies the ionosphere ? Electric field

5. Future works; Earthquake study satellites



120° 122° 124° 126°

1. HINOTORI. 1981-1982 H#
(Oyama et al., JGR, 2008)

(EQ1) 1981/11/22 15:05
N18.75 E120.84 24km
Ms6./

(EQ3) 1982/1/24 6:08
N14.09 E124.35 37km

6 26 40 60 80 100
ol ’

MSG.G o y e Depth




Impedance Probe (Ne)
Oya,H.,T.Takahashi,and S.Watanabe,,
J.Geomag.Geoelectr.,38,111-124,1986.,

Japan, 1981 Feb weight sless than 500g + SENSOr rod

Inclination; 31 degrees
Heigth576-644 km

1981/2/1-1982/6/30/

ELECTRODE

Electron Temperature Probe(Te)

300¢ (including sensor) . TW Hirao, K. and
K.- I.Oyama, J.Geomag
Geoelectr . ,22,239-402,1970. less than

ELECTRONICS
300 g including sensor Electrode

Usually , when Ne is high (low), Te reduces (Increases)




How can you find anormaly ?

Te case

1. The instrument should be
reliable enough

2. Scientist should know the
ionosphel’e we" (senior scientist , or if young

scientist ,he(she) needs advise from senior scientists)

3. Construct a model ( normal
days)

4. Try to find the deviation from the

mOdeI- This is a process which Oyama took.



Te behavior at the height of 600km

Mormng Uvershoot Afternoon Uvershoot

g
&
=
5
[
=
=
=
==

Variation of Te is
the smallest in the
magnetic equator

Te changes depending on local time,sun activity, location ,
and SEASONEFEm s, ABEME, M. &%, SHI-LYEILTS,

Su, Y. Z., K.-I. Oyama, G. J. Bailey, T. Takahashi and S. Watanabe, J. Geophys.
Res., 100, 14591, 1995.

.Oyama, K.-I., M. A. Abdu, N. Balan, G. J. Bailey, S. Watanabe, T. Takahashi, E. R. de Paula, I.
S. Batista, H. Oya and F. Isoda, J. Geophys.Res.,102,417, 1997.



Oyama et al, JGR 2008

Electron temperature (K)

23 Nov. 1981 D+1 (EQI)
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Electron temperature (K)

Electron Density (cm-3)

FADDBHENRTTHEEEASCLELDHET DR
BOROBENP®->TS —F—TRIFVY

Example of the deviation of Te from the model;
Black ;model, and blue; observation. Thin black lines
are standard deviation, sussuzrs gaizzono

BUAE
Examples of the deviation of T, and N, from the model for EQ1 in the afternoon overshoot for EQL. 2 days before EQL1 (a)(satellite pass, 4065), and 1 day
after (b)(satellite pass 4110) N, is shown for each panel at the lower panels. Black and blue dots show the model and observation respectively



January 1982
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Kp Index

| -1
Dst Index (nT)
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M=7.4 M=6.6

Deviation of Te from the model (Averaged) versus days. For
larger earth quake precursor and recovery become longer.
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New findings by HINOTORI satellite

Afternoon overshoot which appears in micks
latitude at 15-16 LT disappears totally or
partially about 5 days*before large earthquakes,
and recovers about 5 days after the earthquake.
There Is a tendency that larger earthquake has
longer leading/lasting time. * 1-2 days ambiguity because of

the insufficient amount of data

HERECEFREICFRIENSGA —/N\ 21— REGHEBNS BRI —ELR<REM, HEE
HUHATLED ARL-METIXIRICEE T 2DIZHISAMN > TS, HIENKEITNIEKREL
[T &, BIRDI|MNLHEFME . BEREERGYES, CORETIIHMERER L1 —2H DEERSH
Y (T =3P =8)



2. Analysis of the data by US satellite

Dyn am i C Exp I O re r 2 Analysis of Dynamic Explorer 2 data 1981-1982 (Oyama et
al., J.G.R. 2011) )

Minimum of plasma density which is similar to
Equatorial lonization Anomaly (=!/) appears over the
epicenter . If we are not informed in advance the
geomagnetic equator ,we surely misunderstand that
this 1s equatorial ionization anomaly. We named this

“ Precursor 1onization Anomaly” (PIA).

KE4Hh = DR < Hh B K 7R 18 (Equator lonization Anomaly. E.LA) [CH LN A FEERE(ICLE-IRE
NEREZICIEND, LLIAENERIICHBERFEDERZEHSSNTULVEITNIEL, ChERLEVVECE
BOFREEBERENT S, AZEFIDHEZRE (HME) FIKFEEE ( “PIA, Precursor lonization
Anomaly”, PI.A) &8+ 1F71=,



Upward(down) plasma drift caused by
eastward(westward) E field

rra« ©rr v 1r T 1T ¥V ¥ F 1T 1T 1T 1T 11

O—0O 1977 A—A 1978 +—— 1979

SAMI2 other ionospheric model- NAVAL
(o] |

ALTITUDE [km]

VERTICAL DRIFT {m/s)

04 08 12 16 20
LOCAL TIME
Fejer et al, JGR., 1995




11 Oct 1981 (D-5)
T T T

3 25.9 | |
| A

1 / 1 I \ 1
0 -80 .60 .40\- 20 0 X » AN= { [O+] min ~ [O+] max } /
. 12 Oct 1981 (D-4)
) -128.9 ' o | |

.

1 1 1 1 &

0 -80 .60 40 20 S0
13 Oct 1981 (D-3)

5 . : — . . "‘] :

370 [O%] i

[O+] Mmax

O ion density (X10° cm?)

3. Chile EQ :16
Oct.1981, -

. | . . 33.1/-73.1,

-Geographic Latitucie (°N) |\/|:7.5, D=33km

Example one : Natural electric field for EIA exists




X
-
=

-

10/11 19:20, Lat=-2.0, Lon=210.4, D-5
- . , .

O+ (em?)

Molecule ions (cm)

The flrst minimu

The second A Whlch IS due to
minimum which N
IS generated by

EQ.

Sometimes the third minimum
ears,

. p
Fountain effect due to Elo arthquake
assoclated E fielduzi-ssminzom



Geographic latitude (°N)
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2. When EQ occurs?

I\/Ilnimum latitude
iuddenly changes

4 Day of EQ is the day
/ when two main minimum
/ merges !.
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Example of PIA 2, without Eastward EF, 16.6, -98.15, M-7.2

1982-06-07 (16.61,-98.15 M7.2) O+density




Difference of Te behavior, depending on local time

O+ (em™), M+ x 100 (em™)

lon velocity (m/s)

x 1006/02 10:07, Lat=—-12.9, Lon= -62.5, EQ=82/06/07 06:52 (Lat= 16.6, Lon= -93.2), 05
2

Te also changes
remarkably !!

o g e

- 3
i 3
—_--"' ",',".d""l'-l--..‘_.-.

Electron temperature (K)

700

600

=/ {500

Altitude (km)

. i T
IR s ey
'\ 400

2/2 Drift direction changes
first from west to east, and
then east to west
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Element which modifies ionosphere

- most probably Electric field

Next task to be pursued !

We are In the complete
darkness know

Invention needs a lot of imaginations and large amount of garbage- T.
Edison smyzicizesmghecsounpBEli——e IFVY
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E field assumed from Plasma drift on DE-2
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Plasma drift

Please note that
this picture is still
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16.6 Degrees

tentative !

E Field at Dynamo height or ground




Concluding remarks

We studied two events which are possibly the precursor effect of the
large earthquakes, by using by DE-2 satellite data.

When natural eastward electric field exists; two minima or o
(atomic and molecular) density(EIA, and PIA) appear at around
geomagnetic altitude and epicenter. The minima of both ions start
continuously appear 5 days before a large EQ. The reduction of [O*]
reached about 19 %. The disturbance region extends to roughly 70°
both east and west in longitude , and about 20° to north and west
from the epicenter for the earthquakes of M > 7. Natural E field is —
2-4 mV/m for both EW and SN direction.

When natural electric field is weak; only one peak can be seen only
near the epicenter. E field related to EQ is 0.1- 0.3 mV/m for both
EW, and NS direction.



Ger%:atlon of E field
O\

The ionosphere
drops prior to
an earthquake,

DEMETER, COSMOS

18089, and QuakeSat

satellites sense ELF
\mic disturbances.

SIGNS OF QUAKES TO COME: Rocks
cracking before earthquakes cause
positive charge to flow up toward the
surface. The flow of charge leads to
electromagnetic disturbances that can
be detected at the surface and even
from space.

GPS satellite
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1.Electric field (ac/d c) by Dr. Freund

Important thing is that you abaneen your common
knowledge which you have inyoufmind. Clue to solve
the problem can not be found-if you do-not abandon

. . commonisense2£TiEdisont xsic LB ORIz EB->TNEEEENS
UKV 'f‘Jf-li' . ﬂﬁ*&ﬁgéowt}#té._&to%o&%bu\%zwEIJI_%TL,L\F%EG)%BEG)%I:l(i&

~"-.mm Raa 4 W—TFV>»
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Electrons and holes Holes flow Alzﬁ‘t’a““ VC:lelffi
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Figure 8b. schematic circuit of the battery current circuit.

Red Granite

1000 i Stress-Incuced Cumrent

' M\\ 4 miong
< H \
_“ 4
g gaoooo g
5 120000 S|
3} ! -

.320000 z 1I I |2

[ 10
500 1000 1500 2000 2500 3000
Time I[secl ‘ 1 K
AlOcmIZ 5D

Figure 9. Current flowing through the 4 m long granite slab upon slowlv lcading to BYNGY
60.000 Ibs. (Dotted lines for aiding the eye.) D,000 ~100,000A 4 7



2. Modification of E field by Atmospheric waves...

Z45 o Zof wind system in E region dynamo

H igher than 300 E field produce at 100km is conducted to higher altitude
as well as conjugate
Kkm point through magnetic line of force

BhRzELTEYELVERE,
B&U
BIRARRA~

Invention needs a lot of imagination and

extreme amount of garbage — T Edison =
AT BICIFEBLBBRAECHDUNBERE— F—TRIFVY

Dynamo Region fegion —100km 54

Feam Wind pattern changes- and
/\Q finally change electric field at
el .
Modification Waves modifies the 100km helghtEEWOkmﬁi&; LR S A
or wind system around Dynamo 5. TOMR BEHEHTS
region

>
Mor(ning (From W to East

Evening(From West to E)



3.Latent Heat Flux

Postive sralk on
Mobifty 1 4 crv Ve

Radon

Action o anergy

How the heat Is generated from Radon emanation ?
Courtesy Pulinets




Generation of heat and electric filed proposed
by Pulinets

‘ IBVRERONEGOR—> | Electric field effects

within the |onosphere

)

Airinizaion by e parties-product of econ decay
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Why do we need satellites which are purely
dedicated to Earthquake study ?..ssssescmssoss:

1. Ground based Instrument at many places™is

difficult to maintain the accuracy, and continuous measurement. 2.Reliable data
Is extremely few ; for Te, HINOTORI and DE-2

If not, Global survey is impossible, and model
construction is difficult. Most of the Current satellite, Not circular orbit /not

low inclination/does not cover all LT%imIQE’&*‘éHME’Gﬁ—&4T60)(at%v”-‘}b’f%ﬁl:ﬁ#l’aﬁb“h\b\é

3. Wide area survey Is needed™ ngmuy—~ 128 xarBaRIETRBIEEHHTRE,

4. Events increased by satellitesesss—~svscei-ssnuomm,
EQ of M=6-9 120/year, M=7-9M,18/year. vocsoszsssn. u-rorsoms i ws

% The instrument should be stable, and same performance. This task is
almost impossible because fro maintenance you need a lot of enegy to travel,

and time for the maintenance.si#mzzL. hoF R CECHENRCTHZ AT BES HRIZHET SO LHEI<EFA
BETHhD, ELHERELTEHIFICZKROEREAINKRE, TEHNERH. BRANICHRGD



ERRBAO-HOREHEIRE

Proposal for Satellite mission for
Earthguake studies (Low Inc, 5-600km)

Oyama et al., 2010)

Pico/ Nano/Micro satellites (10-
200 kg)should use commercially available partam a5 &

- i
- i :- o
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Lt 1 - . 2
S - 13 A o _ A i
o e ."' e
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Ite (100- 5Oﬁkg)tﬂ—;



Constellation of Pice/ano/Micro | Satellites
- |

Pico satellite
Weight; 3kg~50kg, Gravity gradi.

Orbit altitude &
Inclination: 30-40 d

Science payloads(priority order):
*, 2. 2D Photometer (5577, 630nm) , 3. Solid state Energetic detector, 4. Search
coil :

*Te /Ne probe should be the same .

Battery,solar cell, Telemeter transmitter,Command receiver, DPU, Magnetometer,
Sun sensor , HK, Magnetic torquer, RCS



Mini satellite *1 1.Plasma probes*2,

2.2Dhotometer(ionosphere), 3.Lightning detector 4. 2D
iImager(Visible cloud observation) 4.VLF direction finding
receiver, 5.Charged particle analyzer(from eV—kee\/)

6.Electric field /magnetic field na irregularjjié) ,
7. lon Mass spectrometer ”
*1 One more mini satellite f@F Topsi 19" reedr ..:_.n'
* NP0/ T hesetwearpiiel
b /J E
t't‘
. . | '% / s
Attitude control :(3 axi 2] Attitud
( L) W ,’))M

Sensors(sun sensor, stz

I/JQ/'

‘?é’f‘ﬁl CEA Sep. 2005 :’(?

e 4
300kg,650km, 9



Concluding Remarks on Earthquake Research
Ground and satellite data suggest that prior to some

large earthquakes, ionosphere is modified. he

road to establish means of finding precur of
large earthquake is still far, because of the data which we
can use Is extremely limited. Although we should make
our maximum effort by using existing data, there is a
limit of our efforts which can not be overcome.
Collaboration to launch constellation of micro, mini, and
small satellites among the countries suffering from
earthquake disasters is essentially needed.

While effort is being made for satellite mission, collaboration with
other fields (solid earth, meteorology, upper atmosphere) are
strongly needed.



Oyama s Message 10 young generation
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Ask not what America (your country) can do for you, ask what you can do for America (your country) ........

Torch has been passed to a new generation.

J.FKennedy (7977—17963) Inaugural Address
Washington ,DC,January,1961




End of the presentation

Left slides are appendix
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Fig. 9. Conceptual representation of field-ionization of air molecules at the rock
surface, in particular at edges and corners, where the h™ densities are highest and
where the electric field will be high enough to extract an electron from a gas
molecule.
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Mission Strategy

1.Strong data analysis group should be organized
from the beginning of the mission ;more money
should be prepared for data analysis . Common
program for data analysis

2.Coordination with ground based observations

lonosphere:ionosonde,GPS,VLF HF
Doppler,Magnetometer Meteorology:
lightning ,cloud analysis

..continued



3. Data should be opened to world
communities from the beginning of the data
acquisition s

4, Space Education , small transmitter ,and/or
data distribution by internet to high schools



Thermal anomal

Thermal anomalies within 100 km

15 % 20 23 24
Days of November 1980

.aE.c'a' 50 —
o c Y
= E WS - -
T o 404
Ea
£ £ |
2c 304
[/ ; Je—
2 9
™ O
2 5
52
8 . -
o % 104
EO ] ~
Ei D T T T T T 1 T T
= 15 16 20 23 24
Days of November 1980

Fig. 3. Irpinia-Basilicata earthquake (Ms=6.9, No-
vember, 23, 1980, 7.32 p.m.): analysis in the tempo-
ral domain over the extended study area for Novem-
ber 1980. Thermally anomalous area is depicted with
dots. The circle represents the epicentral zone (from
Tramutoli ef al.. 2001).

rpinia-Basilicata EQ(Ms=6.9)
Pulinets et al.,Ann Geophys,50,2007



Wuhan

M7.9 This figure is taken

12:00-
18:00LT

18:00-
00:00LT

TIMED/SABER temperature profiles.
The figures are the dynamic spectra of amplitude in wavelength-altitude domain.
Sunetal.,2011 - >



Pico/Micro Satellite Constellation

Weight; about 5kg-50kg, Gravity gradient stabilization, ow
stabilization with magnetic torquer(20rpm/sec) ,

Orbit altitude 600km circular,
Inclination: 30 degrees (maximum 35 degrees).

Science payload(priority order):
probe(Ne)*, 2. 2D Photometer (630nm) 3.
Search coil 4. Solid state Energetic detector, :

*Te /Ne probe should be the same .

Battery, solar cell, Telemeter transmitter, command receiver, DPU,
Magnetometer,sun sensor , HK, magnetic torquer



Gutenberg-Richter law

1949~1998
Niota=299319

EQ of M=6-9, 120/year,
M=7-9, 18/year
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Lord Kelvin (1895)

Humqm@r ot fily forthese 50 years
| \ o\m Wil rlg@f(El )to Oliver Wright (1901)
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—Forfatinch the sateu s and predlctlon QF, a2 -
= earthquakes Wlll SU y"become possible in ‘the | -
| -—~ _hear future |f we contlnue the effort with passion.

Thank you for your attention




Energetic Particle Precipitation before

Earthquakes

Aleksandrin et al., 2003
Ann. Geophys., 21, 597-602, 2003

* Ongoing monitoring:
/Resurs-DK1, ISS , )

Radon concentration and Earth

surface temperature changes
[ =

Earthquake epicentre

Particles pouring-out zone

Spacecraft’s orbit
and ELF/VLF-radiation
region cross zone

ULF-radiation,
_____ / almospheric emissions
modification

-
e e - "\' I
\ . ‘ E
%,  Magnetic field force line:

Utkin, Russ
Program, 1

/ Drift r_!uf‘elecl.mns


http://www.ann-geophys.net/21/597/2003/angeo-21-597-2003.html
http://www.ann-geophys.net/21/597/2003/angeo-21-597-2003.html
http://www.ann-geophys.net/21/597/2003/angeo-21-597-2003.html
http://www.springerlink.com/content/7345054114234m42/
http://people.roma2.infn.it/~lazio/html/lazio_flight.php
http://people.roma2.infn.it/~lazio/html/lazio_flight.php
http://people.roma2.infn.it/~lazio/html/lazio_flight.php
http://www.energia.ru/eng/iss/researches/geophis-11.html

