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Algorithm 1: Retrieval of molecules, temperature, altitude in the middle stratosphere

Algorithm 2: Retrieval of molecules in lower stratosphere
Algorithm 3: Retrieval of Pressure heights, UTH, Ice clouds
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1. Antenna: Antenna Pattern
2. SSB filter: Side band ratio
3. AOS: Response function

JAXA and RICT T y

T+ T —RETZNADI B, BSHMEEREIL, EBRICY 7 I U ERKBLI 21TV, FEHIT
RREEF A D Odin/SMR F— A (R F—=R%F « Fybv ATHRT), 7T L—A L RFEOY
72V RBIRT — L AL KRR EDOET IV E ES AT RS E & HERE L 7=[Verdes, 2005],
RERBE O CEHEIZ/ARDDIE, )T 7 FH/3% 2 2)SSB 7 4 VX DA K32 Kb, 3)5
HEEDOINEBBTH D, TN HIHRERT —200E LR/ S L < IXlgsTF—2o L5
LCET/MELTENRT A= ZfH L T 5[] 21X T.Manabe, 2010],

UMY —r 538 . X6I2Y RY— L7 — X AP S L 7 o — % 7R 97[Y.Kasai,2000;
Y.Kasai, 2006; Y.Kasai, 2008; C.Takahashi 2010], 43 1F-1E & A DART MLV EFHE T2
DNNEREE 2D, BHNASRT MDD 53 FAFAE R R A2 RO DD LW E T D, 1> TA
AT MVINOAFIE R RO DVEFEITEF M ill-posed THY, ZE LTZfEDRELN2N || S
DITFRD— D TIFR. ZNDZERIT 572912, SMILES TlEK6IZ R LIZARIZ, MAP fi#fT > —
DO FETHLHRY v —AD FeitiiEz O TAS T MUET A4 T TV D [C.D.Rodgers, 2000], F
7=, FERTERIEIC RS T 5729121, Levenberg-Marquardt iteration A% — A& £ L T3 (X
6), UN)— SV LTz@E EE 7 a7 7 A v (Level2 70X 7O ZRT, -, TNOOEET a7 74
JL® zonal mean & Hl>7-HD(L3 7'1x 78)Hs SMILES D7 ak 7he72b,




B 6: U RU— AL, RHERMRATIC LD KRRHFICEBIT 20 FOFEEESE A= HEE T 5,
SMILES CiZu vy —ADfmEEAZHRAL TV 5D

Optimal Estimation Method

Non-linear retrieval

- Linear |east-squares method, allowing « a priori » knowledge to b iterative Levenberg-Marquardt regularisation
taken into account

- Atmospheric parameters x estimated by minimising xe: . ‘ '

OEM with Levenberg-Marquardt iteration scheme:
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y:  spectral measurements
F(x): forward model D,: contribution function matrix
b model paramefers (spectroscopy, instrument) y R —
Xp:  «apriori» parameter vector (xb): forward model
model parameters (spectroscopy, instrument)
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weighting function matrix
. Dmgnos’ncs Error covariance and averaging kernel matrices Marquardh perameter. Convergence: T — 01

: scaling matrix
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Introduction

The National Institute of Information and Communications Technology (NICT) has developed a system
to process the observations performed by the Superconducting subMillimeter Limb Emission Sounder
(SMILES) that is operating from the Japanese Experimental Module (JEM) onboard the International
Space Station (ISS). More informations about the mission are given in the companion presentations 1.1
to 2.1. The motivation for developing the chain is double. First, the chain aims at supporting the
operational processing performed by the Japanese Aerospace Exploration Agency (JAXA). The second
motivation is for conducting researches on retrieval algorithms with application on real data. In the
current researches, we are studying improvements of SMILES standard products and are investigating
retrieval of new products such as ice water contain in the upper Troposphere or stratospheric wind
along the line of sight. Hereafter the NICT products will be referred as the Level2 research (L2r)
products.

Status

The version 1.0 of the L2r dataset has been released on January 2010. The dataset contains the
measurements performed from end of October, 2009. Since then, new observations (1600 profiles/day,
about 20 products) are being processed everyday with 3 days lag with respect to the actual
measurements. The lag is due to the time needed for the meteorological data (atmospheric temperature
and pressure) to be available. In the version 1.0, we focus on the standard SMILES products (O3, HCI,
ClO, HO2, ...) in the stratosphere.

The retrieved parameters are obtained after a series of Levenberg-Marquardt iterations. At each
iteration step the state vector is updated in order to decrease a cost function including retrieved
parameters a priori (Rodgers, 2001). The forward calculation, i.e. simulation of the SMILES signal
after calibration, is performed using the Advanced Model for Atmospheric TeraHertz Radiation
Analysis and Simulation (AMATERASU) (Baron et al., 2008, Mendrok et al., 2008).

Early comparisons have shown that L2r O3 and HC] products agree well in the stratosphere with other
measurements from AURA/MLS, ACE/FTS and Odin/OSIRIS. The analysis of the L2r data shows a
good consistency between redundant products (e.g. O3 in bands A,B and C). Figure 1 shows anti-
correlation between the reservoir HCI and active CIO during chlorine activation event in the Northern
Hemisphere vortex. The known transformation of chemically inactive chlorine to active chlorine is well
seen by SMILES.

Let's note that a comparison of the L2r products with the SMILES operational products is currently
being performed. The version 2 of the L2r data will be released soon with major improvements in the
Mesosphere.

Current research
Beside the improvements of the current processing, the retrieval of three majors new products are being



investigated: ice water contain and humidity in the upper troposphere and line of sight (LOS) wind

in the stratosphere. For example, Figure 2 shows a clear correlation between the wind estimated by
Goddard Earth Observing System Data Assimilation System (GEOS-5 DAS) and the frequency shift of
the O3 line for bands A and B on November 11, 2009. The frequency shift has been estimated by a
simple Gaussian fit of the O3 line. A more robust algorithm is under development taking into account
the different contribution of atmospheric layers to the frequency shift of single spectra.

Lat:64.52° / Lon:20.07° / date=2010-01-23 14:05:12
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Figure 1. Increase of ClO and decrease of HCI during chlorine activation event in the Northern Hemisphere vortex. The
points are a series of consecutive scans of a fraction of an orbit centered at (65.5 N, 20.07 E) on January 23, 2010.
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Figure 2. Comparison of GEOSS5 wind projected along the SMILES line of sight with an estimation of the O3 line frequency
shift. Data are for bands A and B on November 26, 2009.
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DWTRT, (in BL: 1.5 x 101%) (in BL: 5.7 x 1015 )

Y RENRTL Resolution (FOV) | 4x4km (IR, UV/VIS) 15% clear sky
— S N 'R 2
F LITR LR RERICR L 4000km
. . 1-2 hours/4000km?2 map
THEERARLEO L — 47

e % ki U 7o, BIfE, & O
1) A A= 75

2)  AIRISRANA A —T TR Observation point:
DZOTHSH, 74—V YT BRI R

MWBI A A B Y 2 2177, . %Ij;
Satellite Position: 36000 km
ON, 139E




B2 (BB ITHFo—flE LT, R4S | K2 kbt BT XL — 0 7 h
B DT R—T o T I — RV ERT, 00 | — %L
e’ O JEIRE S IREE TITRIHRE A Y v & 2 I
GBI B 75, 0.60m™ DS RAE T = & | [
Db, L, K2 (FE) IZRLIZEY :
WA BRI LTz v U A AR LT st
Yrer (B BUE) . PEHREICR W T HER
REIZBNTHE DN T LEE L TR
RTETWD (R B ,
INHDT7 44—V YT o IR E A RS
ARA=D U TRNFHERIA A= T3
AHCR LTI~ 72, S e s Ozone Freq. res= 0.6 cm-1, SNR200
V7 A RO RICEVIRESN DBk _ Enhanced In Free troposphers
LR & R, g
WABRBRREL : 2009 4F 12 HICBfEsh
72 AGU 2009 fall meeting Tlx# L 2T K
LD RZ BN OKERIE v > a 2B LTz,
b A—HFAF—D— AL LTEMLE, &
ZCIXHEEKK D B OBINE PE N TEFR 725
mAMTONTZ, 2. T OSE AW CEESHE
O Z 58 b T 2 720, B R KU B
BalvT 4 I—T7 47 &7, Position paper Z3L[FTHITZ L TEE LT,
KETIE, RAED LW ZBIT % Geo-CAPE FHE 233 528, HEMLRITH LIFO R
BLIEM > Ty, —J, BN TIE ESA ERRINR G RN H ) L. EUMETSAT/MTG
(Meteosat Third

Freq. res.:0.6cm-?
SNR:300

Generation) I 5\ T, k& | K3 : By ¥ A~y 73R

B - RGBT Y OB TR SUMMAY
SRS BTG, 75 - Proposed Parameters of Geostationary Sensors
TIT T, BARDIEDN, First Priority 0;. NO,, HCHO 0, (upper/lower Trop.)

Target Species CO, HNO,
EEIZBVWT UV SR 2

HEEIZBNT DRREE Meteorological Irradiance H,0, CO, (Temp.)
x/_]j.__ @1@%# 753‘5@ ) % j/L“C Parameter Radiance Temp.

. .
Diurnal Daytime only Day and Night
Observation

Spectral Domain 280-600 nm 700-1200 cm!
[7563-784 nm (0,-A)] 1600-2200 cm™!

Spectral < 0.6 nm 0.6 cm!
Resolution [< 0.12 nm (0,~A)]

Aerosol




COL IREE « & « IR DENE 7R [FIRFHAIE 7 A 2 — DB 3

RERA, PR B, RERE (BWMRFAE T AT LT A WH5ER
KB, HEREA I B (KRG, BA L EEET (GE5LRK)

1. DT

BERKREAP O CORENMEZHET DEMET NV (A =AW, WHHE) ORERSEMA L L TEBED 0,k
EORESMOERNEETHLHIC LD L T, 3‘5c:ﬁﬁﬂ%ﬁﬁ%fﬁ%’@%i&%ﬁ?ﬁﬂ@?ﬁﬁbhﬂ\5%&@”%&“%75?
FJHENTWDICEE 20, MR L5801, TREOBIICIER T 2 @ E T T 2 Higesiil 2 # L
<. ElomEIIEEE TR OBRAEESICROND 2D, ETAOWKEMEE LTUIA+0Th D,

Fox L, 2007 IR 1.6 um O L—H—% FHu 7= CO,~DIAL DOBIFEIZHL) L 7= (Sakaizawa et al.2009)
:@&%%EK%%EMLJD@%W@E%Wo%%EﬁkLfm%&ﬁ#%ﬁﬁﬁ®QVMM@%%t
BEFLTWND, @RED 0, ShERENAAHE 2 EBL$ 57201003, KR & KUEDSRE /340 0 R E 23 A
AR T D, BT, AT N0 ORGEI R - @@%buxm@ﬁf:iw% X —HIN DR EZ BET H DT
5,

2. Wt 2T LOHE
KA CO,~DIAL & ERIE CO, N MBLAI COBAME ¢ f\ [ P=1atm,T=290K
Wb, 2um HOTE—L Y FFRTERLS  BIXFE 3 Pe0sum 200K
L6um HOWE AR L EERE R OB | egtatn Tz
WA F— (DIAL) Z_— 2T 5, CO, DR EIC é
(T2 CO, 00 F- OBRIRA Y M ATER (R L §
DRMECHIE) 1, [IR - RIECE>TEBT 528, <
FIENZ X 2R OB LV NS WERE (RIEARELS e
X)) DMFET D DT, CO,IREDRIEDEE, WIHR D H wavelength
DEEL & WU DD 72 R A Wiz, Zo e
B, & (oD B A o) Z 1 B E
SJUEARB RO EZBIML, O RE L& % kg
52 ETRIBORENRTRETH 5, \iavelendh — pFB-LD Hi
= e | oFe, ji—"il——i—:
(1) ——————— DFB-LD Wind) ot B —
EBIT, 2O CO, DB T, Wavelength oN, RN
o Controller PAS ' ! Telescope
R 2% €O, DURLILHRIEAFEH 12 Switch f* . 220cm,
ONy,, OFF, | v 260cm(80cm?)
TN LD, L=V - ER NA:YAG ---=---- - opPo ___qur;s_ny_yyngg___/;(_;g '
WOREELERETH D Z LAR Nd:YAG - OPO | Temparahue, _P_”_e_sf‘frf’ )'l/ F"ter (GayHiaht)
: F pMT | (PC)
OHND, ZOWRERGEEIL, | ON+. ON,,, OFF, Filter |:APD
Switch = (Analog)
BELKAS KROWN. F7b b Ton,on, | (/N ~
Shifter : n
s %) (:%%ﬁj‘é Z e %%%T Wavelength h’oeN OFF. £EDY (Ansiog)
Controller P ] “
HEEND Ny T T7—2 7 FEIZ ' PAS DFB-LD ' [ DFBLD ' optical  — FBG — APD
EAR_THSICBND L, 22 Clrculatorl—’ APD

LEEED Ry 75— 7 Mok
Hesz Lt clEEZET D& 2 CO2RE - i - UEOSHEDAMRRHIEZ A X —07 v v 7 [¥



HTE D,

AWFZETIE. TRCRE LTy DT 4 N F =2 N, Ty U7 )V F— @il ST E R OTRED,
PR DA NIET 5 2 L 2R L THRERLE2RIET 54 ae—L o b Ry 7 7=z M5,

2ILBVAT ADOT vy 7 KERT,

3. XEIHMDBFE

Bt /e B SR & LT, RETICEY

(X B RIEAIER TR CO, DWRUTHRIC
U— Y — DO RIRME R & WS 5 8l &
ZOREMOLEEN, L—F—D @b
OHEMRENRDH D, ERROX D ekFEL—
P— DR E EBLT 572010, ZHvE T
3 T & 7~ 0P0(Optical Parametric
Oscillator) J5 22> & B LA FH 5 fE b
DR &+ 4 B JE L 72 OPG(Optical
Parametric Generator) S L N Z iz
OPA Z N3 % =0 BRFE HAE 2 285 L
Teo ZOHFAUTK VRO TEGIZHEED
[ AIREIC 7 o T,

2007 FEIZBAF L7z 1.6 um DIAL TO L
— W —H 1% 10mJ@200Hz (2W) TdH > 7= D
WX LZ D 55T 5 20mJ@500Hz  (10W)
DOEBAEZBET, BHEET L —F—
DEILE T IR,

4. BB

SRR VT, €O, R & RIRIZD
WCOSRET OB TIL, BR A D722
WELHIZ B 720, B O ot 2 B
2% BB THENEAS 0. 5nm OBtk 7 1 /L
2 —x Mz, K3ICERTHW:E 2D
74 NE—OFEiE IR E T,

DT 4 NE—EHWT, 2010 & 2 A
23 H O FOLIREE AN RV 1 I £ 2B
MBI ERZIT-> 7z, L—H—D i
0.6mJ, #Y 3K L% 4000z, ZIEEEOERIX
35cm, PMT D& T-ZIFRIL, 2.5%D 6 D%
W, ZEHEOMEIIEE LT TH D,
ATZAE LT B Bl & n 4, BEGRRER LAY
5% i E N REEIX 7.5m TH D, 1.6 um 4

N

#£1 Lv—¥—0ix

Primitive Next generation
Laser wavelength 1.6um 1.6pum
Laser energy 5 ml] /pulse 30 mJ /pulse
Pulse repetition rate 100 Hz 400x2 Hz
Frequency stability  +-40MHz +-5MHz
Telescope aperture  35cm 60cm
Filter bandwidth 10nm 0.5nm
Quantum efficiency 2.5 % 8%

Absorption cross section[cm 3

8E-23

1E-23

—— Absorption line of
BE-23 density measurement
—— Center wavelength of
5E-23 CO2 filter

—s—Piece |

4E-23

—+— Piece 2

Transmission[%]

3E-23

= Piace |+ Piece 2
2E-23

1E-23

0
15716 1571.7 1571.8 15719 1572 15721 1572.2 15723 15724 15725

wavelength[um]

3 BB T (v 2 — Ot il

2010/2/23 13:06:51-13:12:06

5000 —_—

e —:___ BG cut
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4000

3500 —_—

'E 3000 ==

(]

g 2500

Z 2000
1500

A 1572.150nm
Energy 0.8mJ
1000 | RR. 400Hz

Telescope @ 35cm
900 | 4z 7.5m

0 ‘ T
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Photoncount rate [MHz]

4 BHEOZEE S



AR T, KB OE 5

HHRENRELSBDLT DL, ZO2HEROT7 4 v Z =205 Z LIk
D, T EHE = RTOBINATRER 2 L3 3o T,

5. ¥&¥

AMFFETIZ, MERER(LOBME - THIOTZOITHNE L SILTWD CO, IBEDERE A OB ONT, &
K CHEGEBNNFRE CEMAMZRDIAL 2, BARTAHZ X HIFELTWS, AL, LW OPGC FROEEFEL
—— L BN OEBR M A2 R T E 21T - 72, DIAL IZ X 280,

[EL0 AT 2 e L CRIIIT 5 2 &R F)
BE L VD R TC, MIZEEN R B onn T — 2 0G5, HERIERR LI T A A2 L #HtET 5 =
Lz b,

At

ARBFFET R HA R IS T cumat T B - BRERPHREF 3 IC X0 1Thbh T 5,
5 & U

Optics, 48(4), 748, 2009

D. Sakaizawa, C. Nagasawa, T. Nagai, M. Abo, Y. Shibata, M. Nakazato, T. Sakai, Development of a 1.6 um differential
absorption lidar with a quasi phase matching OPO and photon-counting detector for the vertical CO2 profile, Applied



1.3-GHz D 4 ¥ K707 » 4 5 KO TRMM KW L — & — ELH
1< & B KPR B0 2 Hitsk 9 Bk H 2 L

ISR T AR O 2 Y AR E 2 L LA ) 1R 2, g — 2,
Fadli Syamsudin®, Timbul Manik*
1: IR, 2 TSR FERERE ) 3: BPPT, Indonesia, 4: LAPAN, Indonesia

1 Eﬂ:dmﬂbﬂ

BRI BUINELZ 10 L Ol 2 gL - ai) S 588 2 Ko, g KPR R
I DL WHE TR AKRTER O MENRO 88 %2 F7= L T 5 (Ramage, 1968) . Z D
FERBETIERAHZAL L TH Y, B TIEs i, ﬁ@@ﬁ@@ﬁfikm#
RIS TRl i BN At e — 7 18T 5 (Nitta and Sekine, 1994) . ZASYRERY BLHI 2
CmMM)%ﬁ%meﬁwﬁﬁﬁﬁhzﬁé%*%££%$é<% 9U/7?é;
& HIEL T b, TRMM B2l HZ(LDOKP M2 FR 5 DITEN TS0,
VI NVENT &V BEEHENT OHIBR S 5 (Negri et al., 2001) . HatiIckk HELE FAR
LI Fic BT 2 REmEBHl o7 — 2 2 WA Z e NL DL Thd, 1990 A\ &
DZNE BV TH 5724 REX T 7IIBWT WPR & W BN IF7E0 16
7z. Renggono et al. (2001) FAX FTEDT X714 VXFBLPV X UEBANVKR/ITE
574 RK7a7 745 (WPR) T—% LV MKHZELOFHZ N, 2Hise b
BT TR ARSI L 72 RIS TR MERE AR DS i 5 2 L 2oR L 72, 2 OFFIEI A Y 2
IV AT LD A T A 7 )ve —8T5H, LU, KRBT HPE 5000 km i<
B&U. BAKEZCTFEREO M LHIIC LV ZHZHTH L 2 B ERSh Ty
LI, hV < B LY DR RE TN 2ok HE(LofFad s h T ehr -
7zo 2006 FEPBUEFE ST = N THSD THERBHIS 257 LRIEE TS > o T
KEEV —F —% vy MU — 27k (Yamanaka et al., 2008) Tl RPE FicBWTIEFE
DIFERALV — ¥ — (100.32°E, 0.20°S) IKMATHPS AV E VEBORY T4 7 F
(0.00°S,109.37°E). ATZ U =V EO<F K (124.92°E, 1.55°N), XTI 7EBOJICH LET
HHET 7 (136.10°E, 1.18°S) &kl FicH &7 1000km B =12 WPR OFLHI % v k7 —
7 ML /= (Fig. 1). BFRETIEZO WPREBHI XYy U -7 DF—F 2Tt hZ
oSO AKHZELE TRz, 51, ZOMHEEZ TRMM I & 2 B H & gL 7=,

2 HRT—89 RUBNTFLA

2.1 D4 vRT7O727458LUNES

ﬁy%47%-vfﬁ-e?&@ﬁ@Rﬁtﬁﬂﬂﬂhfﬁﬁéhsz ZZFh 2007
E2H 22 H, 20084F9 H 18 H, 2007 43 H 11 HICERESE [ L CLLKR, @il 217 -
TW5, FFBZEfMREEIZZN 2 14, 100m TH S, WPRIFIEEIIKAD 3 KTkl
HZBHIT 505, WRIICHNTa—%22EL. A ToR NEEOME Ta 7 » A )V
B85, K TCIIZoME T a7y AV ERAWT, ¥/-. ThZFhoHiicBnTEh



Z3 20084F4 A 24 H. 20084F3 H 3 H. 20094 1 H 16 HX W WEEHC X 2BH 21T >
TW5, REFFETIX 2009 4F 6 H £ TICHEEHE WPR O [ERFELHIAMTH 0 Ty 5 RFRH
DT —F ZHniz, WEEHT — 21330 A Get L 2T — % 2 v, WPR 7T — 4 1%
30 PRIFEI L M@ % v 2, WEEHT & 0 WEDEH & W 72 KRjAHC W T, Williams
et al.(1995) DMENR L 727V T Y X% T Deep convecive.  Shallow convective type.
Mix stratiform/convective, ~Stratiform @ 4 FERUIKEAESY 4 TONRE 172, TL T,
ZNZNOMKESY 4 THNC 1 RERTEOMAKR HZ(ES & OBARIE 0 HZE(LEZ RO /=,
$72. MARE - BEETCHLPEZHNT 0ty > TV V25— LT, o/yn
PEHM L, 2L, BTV I E . BEEREERY T 5,

2.2 TRMM

F 97 1998-2008 4E- 0 11 4E[]4r D TRMM3G68 7 — & & FvT 1 ok H &AL %
ROz, 3G68 T — F IERFRITRAE 1 KFf. AFRAE0.5° x 0.5° D7 Uy RTF—4TH
b, YTV TT5 -2 L To/ynExHI Lz, BAKAZELD &Y MRS
WEEDLI-OIICEMB D 2A25 T — 7 Z iz, 2425 T —FI3HIET — ¥ TZhZTho
Ty NTU VR Z I & AR OERIE TN, 24231 L VBEKEY 4 T OGRS
Bonsg, RFETCIEE YR KFEZY v REFEL., 7V vy RZ &I 1 KO KHZE
LR 7z. 7V v ROV A X130.1° x 0.1° & Lz, ZDH A X Hirose et al.(2008) <
B, 79 MYV MUY INVBDNND 7Y RTHEHNIC 1 B0 FERY AV Mok E %
ROLNEIICHREL =, SHICHAKBHE(LE L TRO N1 FFRJED 24 T — 7 D
Tatx 1 HPFEIR kR e L, WEEH LK 2 BIAIE & WPRIC X S BIER % Lok L 7=,

3 fRNTRER
3.1 WPR&BKIUWNEFHAIC L 2B KBEL

X 2(a) ISR T4 7FIZBT 5 WPR & WREHT & 2 BARE AR BZELZRY, %
KEE— 213 14-15 LT TR RO AN 67225, [ 2(b) IRV T4 7FHIIBT 5
WPR & WEEHT & % BARERFEARE HELZ/RT, 120T G 6 SO bR R o R
D LIED 5, BABEMIE — 27 LI1FIFE U 15-16LT 1CBAREA Y — 2 IS L. ZBOGt
TMERERN D a7 G-AYKE W, Z OUID & TEIRMERE K OBIEE ML . 19-20LT ICE— 7 ICEE
THMMAR L L TEL LR, 15LT 236 20LT IS TERO TR D & @R MR
KANDTATHAPETH V. Z OFFIE Renggono et al. (2001) IZ &k > THRSN TS A
< IR - VY URBICBILHBEELCCHSL, ZDLITRYT 4 7HIRHEERMESL X
Lo &9 5B oS TR & N5 I 2 Bk HEALOFHEZ FF > Tz,

M 2(c) 1o~ F RicBIT 5 WEEHE WPR IS & 5 FAKE]MARHZELE R, 12-23LT
DMERDZEZ L, IRD 68 /8= M2 DD, SHICKBE - 72813 4LTICH Y. &
WRTIE - B RO/ EIRIRG 0 TR E N, Z O OMAKER Y — 7 I3 TRL
TS —NR=—DOHETHDLEERD, CCETORTIERY T4 T7F L THED, *Z
DR DKEKRDMNTENDH 5, [ 2(d) ITHEARERIBEAFE HEZRT, ERMERK



DRLAI5-19LT IS =7 ZFFONY 0.02BREE RY T 4 7 FDOE—ZITHANT1/3 DM
ECHB, 2D L6 13-14LT DR DOUTFUHERERI A & TEIRVERE NN DA T DFRE D 72
. FRFHCHR KDL MHMNDH 5 E2 5, RIfICHKREOE -7 BR SN, itk
KDY — 7 OBRIERMEBEKRORE DY — 2 A 6ND, KIJO/NE kit — 2,
H o KBORE MY -7 25D L) fUT Gray and Jacobson (1977) TINS5 T
W% " Large Island ” CKF2 7 =Vt km) L IZIERBOMAKHELTHL L FX 2.
ZDEDIT, 7F FIRBEHI BT 2K F AT = VB km OEICITOBAKH LD %
Ffo Tz,

¥ 2(e) ICE 7 ZIC B 5 EEHE WPRIC & BB AEJMARHZLART, 13-14LT
ICKHABOE =7 035 ), BROMNIHEREWIC & 237 5-0KE 0, [ 2(f) e 7 7By
LW EEE WPRIC & 5 BARERIRARIE A2 R, ZoRkEE— 27 oRICIIER
MEKOFEDOE — 27 1ZRENT, < F RE[EIL & 5 IR TR &b s Hnd 5 &
SA5, ZNIBEHCBT 5K FAT = VI km OBOFHETH S (Gray and Jacobson
1977). S BITHFRTHICKHAKRDOFENE L. BREBN ORI KE W, ©7 7T
T BENC T TN T 7 B ot EigEEs & W F e CEY 257 L4k ET 5
(See Fig. 7 in Liberti et al. 2001). ¥7 7 OFHjFORKITZ OFEY 25 Lo &
LZHDTHY, ZORTIYFT REDENRH S, Z DL DI, Biak DFEKHZLIFEWENC
B DKFERT =+ ~F+ km OB DR & X T 7 B oduit s o 2 D O % fifg
Ffo Tz,

3.2 TRMM &Rl & 5KkBZEAL

31X 1144 (19982008 %) @ TRMM3G68 7 — # 1 & & Pk AKHZELERT. (a)
WKARYT 4 T7F D, (b)ICIFT RD, (0) I T 7 DR ERT, 3G68 T — ¥ DAKFIrfiE
AEIZ 05 TH Y. TR ZFNOHETCHOWZZHIIEN 1(b) - (¢) * (d) TZhZHRL T
5, RYT 4 7FTIITRIC > TSR KR, 2-3 FFR &I TE R MR
MY 51T, WPR & WEGHI K 2B AKHZEITITHEEnE 5, LAL, ¥+ R
L7 7 TCIEMHE e b ROBKRE — 7 WERbEh Ty, ©7 27 ToFFit ok
KE—=2Z7FFRN TS,

4Fe 7 7 BN B 5 11 4FE/4S (1997-2008) @ TRMM2A25 ~ Estimated surface
rain ' 12k % 1 RO KRV RY v ME2IRT., HhofkBE—-213e 778, B
FOZDOREICH LENFFORNTH 2 Z 3000, 17LT DIBRIIIPER C oK &S
FHEASIHIR T < 22 5,

<F RIZBWTH 77 LIRT[ERROFEN G S Wiz (MEK). FE oSO A H O
BB YE -7 R SN, ¥ FICITEERICBU 2 BKOFHEDIH T2 b, ZHTKTFE
27—V km @ H DK Y — 7 OFFHENY 3G68 T — # TIXENRD - 7203 11 4ER 4
@D TRMM2A25 7 —ZIC & D EMENITENTNE Z L 2EIKT 5,

3G68 FHWTHEOMARY — 7 WENR PS> ZDIEWPR YA R 2 &L 7Y v KRy
7 AD D) BigENKREREGE DL B OND, TOFHRE L 5 X HITIE2A25
T = PVETH D, BB 2 AKEE I B SR oERmBUC L v, TR
TEDRSY FITHTTOMKE—=I 8B 5 EbN TS, Ry 4 7FEZ o)<



Holz, LML, Whkm &2 FEOIURCE TIIEREICHRAKBOE -0 ) ¥ /51T
(BTN VAR AN AP

3.3 TRMM & & WEHEA DLk

FKLICWEENT & 2 —HFE @R/ cHfttEbEk R & TRMM2A25 7 —ZIZ &5 —HF
YIOTFIR otfitebkE 23R, £72. 2423 I X Vot /[@Ro K 211> 72, WREHS
L DREAKBRICOWTUTI WPRIC K B[EKES £ TAKID S B, Deep convective & Shallow
convective Z X HEME. Stratiform & Mix Stratiform/convective % @M E L TR L 7.
FRC B o 0T HerERE AR 2N TRMM Bl 2 — 35 CdH 5, TRMM 23RS TRk % it/
ML Tnb Z & (AR - B 2008) WU AFNRERE LTEToNS, BlfEZT0Z L
X TRMM MSEH L TW A IR KOFED 2> TH 5, TRMM OO FT — % 25 &
NI RBE A Nl SN TS Z L IOV TOFENLETH 5.

% 1. oEtE. RN ZhZhicon T, WEEHRI & TRMM BE L — & — 8L

(2A25)1C k2 1 HH 72 Y OfEAKE (mm/day) O HER

Pontianak Manado Biak
Type STR | CNV | STR | CNV | STR | CNV

Rain gauge | 2.90 | 6.73 | 2.70 | 5.86 | 3.34 | 7.20

TRMM 2A25 | 1.97 | 2.20 | 1.92 | 3.13 | 3.36 | 2.52

4 FEOH

RyT47F =+ K- 7270 WPR EWEEEZHWTZENZNoHRICBT 5K
HEZ RNz, KT 4 7 ERREIC B 2 N e BE o Bk H Z Lo FHE %
Fio Tz, TRbbEdT 068 I THRAMNEBRL . SRR & IRV
NOMATDARCH 57z, —HTETZ 2 <F RIIRVF 4 7F LidiEy, BHEioomt
BRI & BREAKE — 27 D3R TH 5 E TR 72V, SHIMED & TG IRMER S AN D BT IR
TRy, ZORBIIBECB O TR FERAr = VS a X — M VoBICEL e 55
TH b, 19982008 D 11 £/ D TRMM 7 — # # T WPR ¥ MBI 5KkH
TNz, £93G68 T —ZZHWTHTNRLD, KT 4 7FICTBWTUIWPR &
BB X MR e EHEMICERL Tz, L2L, I F R Ee72icB0nirgo
BEARE— 7 MENTES T, 3G68 T — WA HENEZ EMEMNITRL TV EIEEAR
W, 3G68 T —F M F R 7 ZICBWTHAHZE(LZ ERBMNICRK S0 5 7z DITKF
MRRENME N 2D TH - 1z, & O KEMRRENT N L — & — (2A25) T —FZ ZFHWT
MAKHZEEZFTNZ ZATF R - 77 e bicHb o kEY — 27 BijicENnE, &
DFEFIT 11 ERI DD 2A25 T — F WS Z 212 & Y BB 5B K2 Ml WREE ¢
EMEMNICHIcE2 2 e 28KkT 5, LaL, TRMM BT ICNEFEI L b
SIAMEBERNICE L Cd2 20 1206 300 1 BETH S L, TRMM Bl & WEHE



DRI ERBN 2 EIMEET 5, BIED TRMM BN L — ¥ — 12 & BB KBEEE T L
J X2 (Version 6) ClIbkEZ M NFHET 2 2 ESBUEEIG L TWAHETHY., Th
ZfRRT XL BUEBR T O MRS E 7 LT XL (Version 7) DERNEHEN S,
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1. [XC&HIC
BFHIIESENRFINERETHY, BEX RO DBEMEZRERE L TRHRE

BRSEESTEERIND. Gill (1980) ILZKRETILERAWNHERRIZK > TR
ISEICE YR Eh 275 KSHEE Matsuno-Gil 1782 —2) 2R L. ThiZOox
E—RETIEVEREZERELELERERKOBEZ LTS ERICHREREM
HICHEITA8EMOI—0yN\FHFRE I —BIT—2ORADIGEEZLHLM:
Dunkerton (1995) [C &k HfRMTICL - T, AFEKEFIZT O7E D X— g TMatsuno-
GillNNE—2 & L TEBEINAFHOHSBRREBEN S RBERAMETRE N, E5IC

FEREBEETAVRAATWSZ ERLMoTWNVS. £ ZDEEREEL, Park et al.
(2007) DAura/MLSOEET— 2 ZAW=BIihoF VoL EOXRK[MEYME D LEB
B THRAEBBETOLMICERLTVSEBZZONTINDS. LFEHRZF(CIEXTEHARE
BKRSEEZSHATE S COVIEER LG D ERBIKOEEABEATEEEHIZHS T
EERIZHLTULV S (e.g., Newell and Gould-Stewart 1981). Hatsushika and
Yamazaki (2003) (XR#GRFEHETILEZRAWEERICK > T, COERBREHZEAT H2ER
BWABKEENSZETTHREBEDKERNEENRESNSGEZEZA NS LER
L7z. SO&SICHRBREMATAONSEREEEDERZIIKBEREMER
BOBENSCEETHIH, TOBBEEICOVWTIIZEHEM TEHRT 2ETHENLR
& LTOERES, FEHABEBAREICESG S LRMEHB TOBRK & L TER (Eguchi
and Shiotani 2004) £ T, HRAGEENFELTWS. ARXRTE, WREREFED
BEREEBEDRZEMFM L, TOXREBE OBRITER L THMT LERIZDOL
THET 5.

2. T—4

S REREHEDERET—4 & LTI00hPa [2H+5 33— v/ hfiTiHRt 42 —F
fi#HTT— 43 (ERA-40) %, X FREIDIEIZE L L TNOAA/OLR T—AR2 # RNV =. ZhEHh 1979
F£1AMND 2002458 BOYBMIZHBT2ATHT—22FALE. T ARFHBET
ILZ—= 3 ARSI ENS) DHEELEZ T TEREH LTS EEZONBDT, ENSO
DiEFELE L THARESERZ AN

3. fRTHER



31. BEXREBRAEMMETOKERERE

1122, 5, 8 11 AIZH I+ 58FRRERE TR (100hPa) TD 23 F£FH L1-EE
DIKFES T EXFEEOLR) DA HETYT. BRETHEEIRFENSERECESEE
[CEN > TERRELE>TWVWEN, ETOFHITEWLTA > FELMLSFEAEEITH
TTREFR—HGEEANHZLTVT, FELOEENZTOAEIZHET SEMMLEER
REZRLICRYBOD LS ICHBRUZERBREG-TWS. COERERKOEERET
EFBREFLAFHREZFIIH-D8RAL 2 AICHICHEEICRONDS. T4 2 FELMD
FAARFEEFHIZENTS AL 11 AXFEMETHRBFHNFRLGDICFZNLT, 8 AIC
FFEEYBIAEKFYDT7OTECR—UE, 2 BICIXEHEKRF Y OEKTESE Tt
REBEFNERTHD. UL LMo EREEEEEGI I (1980) TREINT:
Matsuno-Gill /N2 —>THY, 5 A& 11 Al FEMBBENFRERMHICEE S NI-IHE,
2L 8 AEFEERMIBESNIIGEEORIKTHDILEEZOND.
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32. EIRENESR

EEREE#EDRHEZREZ T, 154R(E HorseShoe Index (HSI) & Zonal gradient
of Temperture index (Tgrad) Z#FE&HE: T 5. HS| (ZFFEE & hEEDOROREILEEZIC
EBELEEETHY, BDEE E DB Matsuno-Gil | /X2 —2DFIZOR E—KEE
HAoDBEERELTWSEEZLON, UTORTEERT SH. CZT, LIIRBREZETRL,
T(1ON-15N) FE/=1X T(10S-159) (XAt #& 10° M odb#& 15° F-IEmEHE 10° N omEi& 15°
TORBEFHYEEZTL, TeqFFETDEEETT.
:T(1ON—15N);T(1OS—1SS)_Teq
Tgrad (FFELTORBEREEZEICEB LIIEZETH Y, BITHILE VIRIGEE S D
EERBLTWSEEZON, UTOXTEET 5.
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Tgrad(A)=Teq(A+10)-Teq(A-10)
N DODERERFTRTORETERIND. HSI AEDEZ & LHEEE & Terad
NEDEZ L LZBREBNAEICHDIEE, ARFREDKESMEIERE THELEEZ AL
nsd.

Fi-, HHBICE T HIERBEORRKRMEE LT, HS| ORER/IMEZE HS| DK &K 1E, HSI
KREOEENS, T LY BAEIZ10° RIZ30° OEHEETO Tgrad DE/IMEZ Tgrad
DREREET D, F-, EHEEEBEEAREHNEDERZRANL-OIZ, OLRDHK
REZHS | RREOEEMNMZTNLY LTEIZ10° HIZ60° DEHFET, iE20° Mo
#20° TREFHLEZOWRDZR/MEE LTEEZT S.

33. EHEE

HS| & Tgrad DEFHELIC DOV TRE-BRAMEDN Y S 7 (B 2) 7T, migEExIc
THEHKEFLZXFIC, TNETNERLEARIELAOND A > FEMEEBARFEFFHA
THELGB/MEZRMAZ EhHM DS, CNIERT1 TAHEHHEEL—BLTLS. HSI IS
DVWTHEHAEFHEEFDFZSINEFHRZFLY LEDMEET L HSREEHIL <, B/MEDIE
FEEHRKEL. Tgrad DB/MEOKXZSEEEH ELIFERETHS. ZHIAT Tgrad
MB/NMEZ L DDIFIFEREFRLT A, FHERZXFI12ATHLSA, HSI [& Tgrad &
YL#s BB, ThENB8RLE2ATHS.
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34. BEMEEL - FREEH

FILE Vi & EERFEEAIRE (IntraSeasonal Oscillation; 1S0) (k&g xt B REm
[CEVWTKELGIRIEZ LS, LIELIEXREEZ &£ 4> T S (Suzuki and Shiotani
2005). SO EML INLDBRIMBENERLEEREICEELZEALLEEADN
5128, CNODOERZEMY BT OICRT—RICTAIILEHFIFEC L. FEZILE
VKBS E LTER10~20 BORERMBIEZ, 1S0 iy & LTEE20~80 BDRAER



MEEEHMEH L. Ff, ENSOICTKRSIND &S LEFELALEERD EHET 51-612365
BOO—/NRT 4 LA —%IFEC LT

FY, EBEREEEEDEHIZODVTLDEDHBRT—ILORINEFSE L T SH
FARDI=-DIZ, TILEVIR, 180, ELALE), THhETLORS TRYELE-BFYT—
AVBERERAVTEAIZEITHHS| ORKRMELE Terad DRKRIEDHEEFZRHZHE L=
(B3). F-ZTDEF~NORRBFIDEFESZHN5-0IZ, OLR DRKIEL HSI DHRE
EDMHEBEFZRKICOVTHRFRICEHEL-(B4). HSI & Tgrad OEIZIF EDEFFRR 47—
LZEWTHLHEEREGRMAR 6N ED, EAEBES T OV TIIFICIFHREZFIZHEEN
KECIHEKEZIZTHEEDLZEADHMS. OR & HSI & DOREIZIFILEIKEZICIE E DB
RRAT—ILIZEWT HHEBEFRBAEND, ILFERZF(L 150 L FELAEEDRKS THEBE™M
BARLND. D ISOESTOEHICIE, IHFERZF(CFEZEIZR SN 5540~60 B
B THREHZFLGE>TRET STy T - oal) 7 UREI(Madden and Julian
197120 FELTWEEEZAOND. TEEREHICITENSO ABEEL TS EEZ DN
5. ZZTS0l EHSI D 12~4 BIZHEITHREDS ¥ A T—2 DRFKIE L OHEER
BzretET 5L, HHEZRE-0.66 LHHEBEMNAR O, CDT EMD, ENSO IS
HREHDOESNEREEEEBEDNDEERICTFEL TS EEZOND.
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1 Height-time section of relative radar reflectivity observed by the vertical beam of the MU radar
for approximately 4 hours from 1931 LT on June 8, 2006. Multiple thin scattering layers are
observed in the upper troposphere and the lower stratosphere regions.
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11-NOV-2008 Radar reflactivity (dB) - Capon(0°.07)

2 (Top) Height-time section of radar reflectivity between 1.245 km and 3.0 km from 0020
LT to 0105 LT showing several KH rounded billows around the altitude of 1.6 km. (Center)
Same as the top panel for the East beam. (Bottom) The corresponding height-time section of
vertical velocity W. The contour (black line) shows the 46—dB reflectivity level.
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After the discovery of the Equatorial lonization Anomaly (EIA) by Appleton ( Appleton 1946),
it is now well established that Equatorial lonization Anomaly is characterized by a minimum in
ionization density near geomagnetic dip equator flanked by two maxima at low latitudes (+15°)
on either sides ( Moffett and Hanson,1965). However under special condition, such double
humped features in the latitudinal distribution of plasma densities with the latitude of the
minimum density occurring at midlatitdes has been identified from satellite observations. Here
we show from atomic oxygen density measurement by the American satellite DE-2 a case of
what looks like an extreme shift of the EIA to midlatitude with [O*] minimum occurring at
midlatitude where normally it is high. A geomagnetic storm was in progress during this
observation. However, we found that the minimum is very close to the epicenter of an
earthquake (lat;-33.13, Longitude;73.07, M=7.5), which occurred on 16,0ctober,1981. The
detectable reduction of [O] is in the area of 40 degrees in latitude along the same geomagnetic
longitude. It extends more than 140 degrees in longitude. The reduction of [O*] that has
highest value near epicenter finally disappears beyond the longitude 140 degrees. The
minimum appeared 5 days before the earthquake, and disappeared 3 days after in this case.
We conclude that the minimum is generated due to a combined action of the normal dynamo
electric field and a westward electric field that is locally generated by the earthquake. The
finding shows that even during magnetically disturbed days, the precursor effects in the
ionosphere due to an earthquake can be detected by satellite measurements.

It is a well accepted fact that the Equatorial ionization Anomaly; (EIA), also known as the Appleton
anomaly"***5® is formed as the combined effects of the ionospheric dynamo zonal electric field,
plasma pressure gradient and gravitational forces. The eastward electric field, which is generated as a
result of the interaction between the neutral wind and the magnetized charge particles around the height of
100-120 km, lifts up plasma to higher F region heights where upon the plasma flows down along the
magnetic field lines under the pressure gradient and the gravitational forces. The mechanism is called the
“Fountain effect” as the phenomena is similar to the behavior of the water which is ejected upward from
a nozzle.

The fountain effect leads to the formation of plasma density depression at the magnetic equator flanked
by two nearly symmetric crests at conjugate low magnetic latitudes (+ 15°), characterizing the EIA.

The EIA can be modified by the meridional neutral wind] so that the plasma density crests are not
symmetrical except during equinox seasons® .

Disturbance electric fields during magnetic storms can cause large up lift of the ionosphere, resulting in
large displacement of the EIA crests to higher latitudes’ . However, in most cases, the minimum of
plasma density (the trough) is located around geomagnetic equator®,

We show here one surprising phenomena, that was observed by the US satellite, Dynamic Explore -2
(DE-2). The location of the minimum in the latitudinal distribution of plasma density appeared to be very
close to the epicenter of an earthquake, which occurred at —33.1 in Latitude, and 286.9 in longitude at



3:25 UT on the 16™ October,1981. The magnitude and the epicenter depth of this earthquake are 7.5 and
33 km respectively.

The DE-2 satellite was launched on 3 August 1981 at an inclination of 89.89 degrees with a period of
94 minutes. The periapsis and apoapsis are 309.0 km and 1012.0 km respectively. The DE-2
accommodated a Retarding potential Analyzer (RPA),a Plasma drift meter, a Neutral wind instrument, a
Neutral Mass Spectrometer, a Langmuir probe, and a UV photometer.

Fig.1a and 1b show the successive orbit data of atomic ion density ( denoted as [O"] hereafter) measured
with the RPA instrument , plotted versus geographic latitude during the 5 days before and after the
earthquake, respectively. The day number for the days before, during and after the earthquake day (DO) is
indicated at the top of each panel ( - and + signs indicates the days before and after the DO, respectively).
[O+] on earthquake day is plotted as a reference for two figures. The satellite paths which are within ==
50degrees from the longitude of earthquake location are included in these plots. The local time of the
satellite pass is around 9 LT for all plots, because DE-2 satellite has a sun synchronous orbit. The altitude
of the satellite pass that is plotted here is below 500km. Although there are two passes which is higher
than 500 km during these period, we do not plot them because the ion density above 500km is too low to
identify the variation of [O™] in the same scale as of Fig.1a and b.

In the figures, the blue and red lines shows two different satellite orbits. The magnetic equators on
these satellite orbits are indicated on the horizontal axis by the blue and red crosses, respectively. The
longitudes where the satellite crosses the minimum height is indicated at the left-top of each panels. As
the inclination of DE-2 satellite is almost 90 degrees, the difference of the longitude near south pole and
equator is less than 6 degrees. A red star on the horizontal axis indicates the latitude of the epicenter.

Before the earthquake, except on the day D-2, all plots shows a dip near the epicenter. There is no clear
dip of [O"] around geomagnetic equator, such as that which should normally represent the EIA trough.

The dip appears to become increasingly well defined getting closer to the earthquake day. If we are not
informed about the location of magnetic equator, we surely would misunderstand the dip location for the
magnetic equator.

Until 2 days after the earthquake, the [O] distribution still shows the minimum although at the
epicenter it becomes shallower. 3 day after the quake (the day D3) the minimum disappears, and on the
day D4 the minimum shifts to the geomagnetic equator , where it should normally be located.

Effect of magnetic disturbance

The 16 October earth quake occurred during the recovery phase of a magnetic storm as shown in Fig.2.
Within one week of this earthquake, 5 other earthquakes were registered; those are: Oct 9 (-9.98N,
162.05E, 50km, 6.5), Oct 15 (40.23N, 142,29E, 47km,M=6), Oct 17( -7.1N, 128.97E, 179km , M=6.1),
Oct 17(-45.51N,-15.18 E, 10km, M=6), and Oct 18(49.89N, 78.9E, Okm, M=6). The numbers in the
bracket are latitude and longitude of the epicenter, depth, and the magnitude. The earthquake which
occurred on the 16" is much more intense than the others, its energy being more than 30 times as
compared to that of Oct 9 earthquake. These other weaker Earthquakes are not of our present concern.

In the lower panel of Figure 2, the auroral indices AU and AL are indicated . On Oct 11 and
130ctober the AL index shows about — 800 nT and —1600 nT respectively. The AU shows the maximum
on the 14" | which suggests the strongest eastward electric field during the days we are discussing. In the
upper panel then Dst index is presented. It shows big drop , reaching to about — 150 nT at the beginning
of the 14™ and gradually recovers toward the 17". From the beginning of 17" to the noon of 20", the Dst
staxs calm. In synchronizing with the Dst minimum, the AL drops to —1600 nT at the beginning of the
14™ .

In Fig.1a,the [O+] distribution shows decrease pole ward of-50 degrees already —5 days prior to DO
(that is, on Oct 11 ). This reduction may possibly be caused by the expansion of atmosphere arising from
the particle precipitation which occurred on 11 and 12 October. Toward 3 days before, (on the day D3)
the [O"] in the latitude region below -60 degrees increase. Two days prior to the earthquake , the [O]



decreases drastically in the southern latitudes of the epicenter . The reduction is large in the longitude of -
18 degrees. This reduction might be caused by the intense precipitation of energetic particles which
occurred on the 14", The [O"] increases toward 3 days after the earthquake. On 20" October, the second
large energetic particle precipitation occurred, which caused again the reduction of [O*] 4 days after the
earthquake. These [O"]decreases may also be caused by the effect of ionization uplift by storm associated
penetration electric field of eastward polarity whereby the DE2 orbital segment entering into the
bottomside of the rising F layer has a reduced density. However on the 4™ day after the earthquake the
minimum of the [O"] distribution moved to near the geomagnetic equator as though the usual quiet day
feature of the EIA has been reestablished. This means that no electric field from high latitude or from the
earthquake process appears to be present on this day. We may point out that a penetration electric field of
eastward polarity may also cause an increase of the [O*] over mid latitudes if the DE2 orbit happens to be
located well above the quiet time F layer peak height. Superposed on the increase of mid altitude

[O"] ,the minimum of [O*] exists. We presume that this minimum is caused by the local westward
electric field which is associated with earthquake'®. The westward electric field pushes down the
ionosphere, and electron density reduces at the DE2 orbit.

To confirm our idea, satellite pass of 16 Oct (earthquake days) is presented in Fig.3 together with 3
components of plasma drift. In the top panel, the [O*] observed by the DE2 is plotted (solid line) together
with IRI model value (broken line). The [O'] distribution clearly shows a minimum over the epicenter.
The middle panel of the figure shows the DE2 orbital altitude. In the bottom panel are shown the drift
velocities. The light green shows eastward component ( positive: eastward, while red shows upward drift.
Between -40 and -24 degrees, the upward drift shows nearly constant velocity of 30 m/sec. We presume
that this plateau is due to the superposition of westward electric field on the eastward electric field . The
superposed velocity component is, at the most ,10 m/s.

Finally we present in Fig.4 the location of the [O"] minimum for the different days plotted versus
longitude in the upper panel. The epicenter is marked by a star. The location of the minimum is nearly
parallel to the geomagnetic equator. It might be noted that another [O] minimum appear near the
epicenter along the latitude of earthquake. (Thus there are two minima separated by ~ 20° in latitude
along the African longitude). This fact might be related to the generation mechanism of electric field,
which is not clear™*>*3,

In the lower panel of the Fig 4 is shown the ratio of [O] reduction with respect to the ambient maximum
in [O"] plotted against longitude. The numbers attached to the data points indicate the day counted from
the day of the earthquake. The data points which are obtained on the same day are connected to show
their dependence on distance. The largest reduction tends to occur around epicenter and it reduces as the
observation point departs from the epicenter and finally the [O*] minimum cannot be seen beyond 60
degrees in longitude on either side of the epicenter. The minimum only appears 5 day prior to the
earthquake and disappears 4 days after the earthquake in this case. The area extension of the minimum is
consistent with our previous results *°.

Conclusion

We have presented here evidence for an amazing shift of the trough of Equatorial lonization Anomaly
towards the epicenter of the major earthquake that occurred on 16 October 2001. The association of the
[O™] minimum with the epicenter of this large earthquake, started form 5 days before the earthquake and
disappeared 4 days after the earthquake. The affected region extended 150 degrees in longitude and 40
degrees in latitude.

The minimum in the O density appears to have been produced due to the combined effect of a
magnetic storm related eastward electric field and the earthquake related westward electric field. The
generation mechanism of electric field associated with large earthquake is not yet known***#**,

Apart from the scientific interest regarding Appleton anomaly, our study suggests one important issue.
The precursor effect can be detected even during a moderate magnetic disturbance. The key problem in
the discussion on the existence of earthquake effect on the ionosphere was magnetic disturbance, as it is



very difficult to distinguish the disturbance due to earthquake from magnetic disturbance'***. Our study

shows that by using the disturbed data positively, we can find the precursor effects of some earthquake.
It should be noted that there is also a possibility that this interesting feature is incidentally produced by
the combination of satellite orbit and ionosphere features.
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Figure captions

Fig.1 Representative plots of atomic ion density before and after the earthquake . The data are plotted for
the satellite altitude below 500km. Grey and black lines decriminate the different satellite orbits. X of
different colors indicates magnetic equators corresponding to different orbits respectively.

Fig.2 Diurnal variation of AU, AL, and Dst Index for October 1981. Tip mark below which days are
indicated shows 0 UT. A star on 16" October indicates the earthquake.

Fig.3 Upper panel: Reduction of ion density near epicenter (black line) . Dashed line is the density
calculated from IRI. Lower panel: three components of plasma drift . Solid line shows Upward
drift(positive). Dotted line shows East-West component ( Eastward is positive). Dashed line shows
North_ South drift (Northward is positive). Other three thin lines show average drift components
corresponding to the three thick lines. Star and cross indicate epicenter and geomagnetic equator. The

Fig.4 Plot of the location of the minimum (upper panel), and reduction of [O+] versus longitude on the
different days before and after the earth quake considered in the analysis Lower panel). Numbers
attached to the circle indicates the days counted from earthquake day. Minus Sign attached to the circle
indicate that data are obtained before the earthquake.
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[X] 1. Synthetic spectra with the spectral resolution of PFS for different mixing ratios of water
vapor (dotted line) and hydrogen peroxide (solid line). (A) Synthetic radiance [erg s'lcm'zsr']cm'l]
at 300 - 400 cm™. The water vapor spectra are with the mixing ratio of 100, 300, and 500 ppm.
H,0, spectra are with 200, 1000, and 4000 ppb. (B) Synthetic transmittance at 357 - 370 cm’.
The water vapor is with 100, 300 and 500 ppm. H,O, spectra are with 10, 50, 100, and 200 ppb.
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results, with the H,O, mixing ratio of (a) 87 + 23 ppb and (b) 26 £+ 17 ppb, respectively.
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[X] 3. Seasonal variation in 2004 —2007. X-axis is the solar longitude (Ls). (a) The mixing ratio
of HyO,. Y-axis is the mixing ratio [ppb]. The vertical bars are the standard deviation obtained
from model fitting. The horizontal bars are the averaged duration. (b) The mixing ratio of H,O.
Solid points are the data associated with the retrieval process. Dotted points are the value from the
Mars Climate Database. Y-axis is the mixing ratio [pr-um]. The vertical bars are the standard
deviation obtained from model fitting. The horizontal bars are the averaged duration. (c) Dots are
the mean surface temperature data derived in with the retrieval process. Triangles are the surface

emissivity derived in with the retrieval process. (d) Latitudinal distribution of the used data sets.
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1. KERKFOKREH OBLR

KB RENAFET 5 KAA (T Spinrad et al. [1963]12 X > CTHIH THAI <4, Viking J& Bl
WCEDBPIC L > THIOTED N T AR BEOFHEIR~ v B 7 S7e [Jakosky and
Farmer, 1982]. /KZAR DN 7 LEHEEOBIANITZE D% Mars Global Surveyor 40> Thermal
Emission Spectrometer (MGS-TES)X°> Mars Express (Z L > CTH 722 &, At CHAEESOT
— X NS 53TV S [Smith, 2004; Trokhimovskiy et al., 2008]. & O IE~%+ prum DT
ZL, EFoIm TR K& 2l2F>. MGS-TES TIIKED 12um R TONXFHES L
BHISHTEY, AEREH ORI CRK 0.2 FREOEZ .

KERZFOKDEREFMNZONTIE, EEHTBRIT — 2 BEHN TN D EIEE W EER.
IKRAELOSESA OB L LCiE, MBI VRS L5 bO[Clancy et al., 1996 72 £ &
Mars Express #4#¢ SPICAM (Z L 5 7RI [Fedorova et al., 2009]1723% % 23, 4rfi#Ae
MG, ETBIMH T/ 041D local time (2K B 5. KEDERIE /AL, Viking JEFEIHD> 5
@ limb haze #IE[Jaquin et al., 1986]7¢ £1Z L > THBNTITBIA ST E 723, RERBUROZE
HIZE L3005 K9 7@l 2006 4= & 0 K ZBLEIZEEA S 472 Mars Reconnaissance Orbiter
## > Mars Climate Sounder |2 L 5 $ D[Kleinbohl et al., 2009]2381H T Tdh 5.

IKDOEREIAG, &V Dl hygropause’ & FEEXA DA EIR O AR K OFERA S E L, Zhn
FEWRHZ E N R U—EERIZ R S 7o KO ALEEMEE SN D EB 2 6ND 2 Ehh, ZOFEEE
(LI ORI EE DR T2 M b8t L 72 5. MBS VIREESE COBMIC L 5 &, hygropause IE
& HR(Ls=70°, LEREF) T 10 km LLF, 3 H R0 (Ls=250°, b -Ek%&Z) T 25km DA b & 72
%[Clancy et al., 1996]. F£7=, £ERZ A b A h—ARFIZIT hygropause I3 50km LA EIZET 5 2
EIHEE STV B [Jakosky, 1985; Jaquin et al., 1986]. = iU 5 OB X OHEEEIZ K 078
HLDOTHY, KAEKDZER] 3 IRILHAIE L OVEDRFRZE(LOERFIZ DWW TITAH K D FE LW
EGDHZENMETHD.

F72, K&AH® HDO & H20 O H(D/H H)IF kRO KKHOR-SC XA B ORE -2 M58k L 72 5.
ZHUE H R HATEWY D JRAEFEHZEM A~k LIS KWz, RO IKIRSOHE T 7K )
HEHE SN DKIIKREAFOELZIELT 2KED IRV DH AR TWDH EBEZXbNHE1HT
5. RN EEIESEIC LA L, KETO DM HidHER oS (EXEEK SMOW)
DB*T3 [FTHDHZ ENBAINTEY[Owen et al., 1988], ZiUTiEEAERKGKNHIHELD &
BEICKEFA L TR EEZ LTS, S 52 Villanueva et al. [2008]12 X 28I 5
1X, KE D D/H tid SMOW D 2~8 fi% & I TR E 2L - R b A FF o> T2 2 &3 ilds
STz, ZOKRKE7RZERFE—RREORE & L, KEKOHIEIRCTH 2 KKDOERSLKEH T
DIKE~DHEAUZ X DRENARZHINR I ERTFRINTWDD, RIEHE S TIWRW. £



I oOBRN RN T =2 RN T LARERIZRON TS0, 41, local time
(2 & DARAFERCENEZA L b B D72 DIH LD AR i~ 5 Z &A%, ZORkIiES ETHEICRD.

2. KEFEHED DDV T I U FPKARKEREFE LB MDY Ialb—
vav

Fex L JAXA ZHLICHREH 2D T 5k B EEAFHE MELOS (Mars Exploration with
Lander-Orbiter Synergy) 2B\ T, G A —E X —~DY 7 I V¥ o o X OE#E 2 HEt LT
L. BT IV T UHE, KERKD O OB A BT 5 KBS Ch D, 7 I EHE
AW BRICIBLIIEN Z 2 NORIRIZE_RTREWED, LA MEIZFEHE LTHR Z &0
TE, ZOEOREKI A MR M—LD X5 RPVF A M3 FIZBNTH, EORNMAIORKEEL
W22 ENAREE 0%, FKBEFREEICR > TIT< 2 & ¢, ML b EWZERy R
REA BT 5 & & bz, HERKAKOREN D bk bivs . EEOHEHRE E (tangential height,
LI Ht EFr9) T Limb Bl 238 U CHESM AR L, FlomAmfhizss 5o Nadir B>
DITAESAAOBI G AIEET, Ko TH A MOEELZITT, BEEZMDZR 4 Rot(3 kotZEH
+EERED AL DT —F BNEFFATRETH 5.

Z 2T, MELOS %7 2 Ut 7 o X OBLIIRSE Ofit 2 R & LT2BIIIAR 7 hroy
2 b—va URERERNT 5. KERKH OB EARER RS LR EoET Y 71,
THz fiftht A7 s vy 2 2 L—X —AMATERASU [Baron et al., 2008] % v 7=, KRDIEE
LKFELZBEDT — 4 % Mars Climate Database [Forget et al., 1999; Montmessin et al., 2004] &
DS L(X 1), 2t IR AT, el C i 2 E IR R, &SI E
Mg & AR R PRI OV T H AT POV 2 b —v g U EITo T

JERIRR OV K S (R 150km) 75> 5 Limb CARZEK A B L7256 D AR MR 2 1277
A ZEJb i 556.9GHz D38\ A > % VT 60km LA F D Ht THIERRET, ThLlEoE
FETIXREREGK) A TRl 5. iR R CIX 556.9GHz D7 A 1% 50~T0km O & i
BB, £72 620.7GH z DT A > Tl 40~70km D EEIROBIICHE LTS, ZALLTFD
T CIRR ISR AN AN L CHRANC I S 7a\. 72, B ek ¢1d HDO % 509.3GHz
L 599.9GHz O 7 A »ZHWTHSIZHIERRETH S, DI 2 b— 3 Cidk D/H i
SMOW ZHHE L TWA72, EFEOKRERKTIEL D BROBED AT MANRELID EE X
bib.

3 1A D3 E KA GEE 8 KEHAEDND Limb TAIRKAZBIM L-HED AT ML ThH
%. HO 1T T _XTOHFAIZEWT, 556.9GHz 72\ L 620.7GHz ®F 1 > C 0~90km ® Ht (2
BWTEREEZ LR, F724Zduk 4 bR iE, HDO & 0~60km, HIIFE ARG C
I3 H20 & [RERO & CRIEFRETH 5.

4 [FAEERROE KGNS Nadir TBUI L7256 DA MLV ThH 5. AbARiEA Tli bk
W 556.9GHz DT A o CHEITEREL FlE v, BUAIXRE S HE SN 5. ZOMmoBE I8l
AR ABE SN DAY, HDO IZEWIOAMEREE L ERID AT MABHFLA TS, 72721
Z DFERITERE D KB RRITIIT D DIH I KFT 5.



3. KERZKREERET /L DRAMATIC MGCM # W= KFEBRDOY I 2 L—T g v

KEBERGKKEERTT VMGCM) % W72 KPEER D 3 kIt R = L—3 = >4, Richardson and
Wilson [2002] (k7850 & Richardson et al. [2002]CKZENC ko THIO TRA BTz, VT
Montmessin et al. [2004]i34 X F &% & LTOKERRGBRZEA L, Bl & EMNICEST 5D
T LAEE RO - #HEA AT, S 512 Montmessin et al. [2005]iZ HDO Bz 23 A LT
D/H D ZRfEs L OZEMZ L% #8~2, Wilson et al. [2007, 20081I3k ED R AT L, 1K
RSB DAET DA I CIIAEN 2 R O A HEIZ L > TRESICR K 16K FREDEWN
MWD Z EaR LT, 2O T Y R K HKWAE DL P77t [Bottger et al., 2005 72
ElbH250, ZNOOMEIEE 7 AEERR EOBEETITELN TV D EINT —% 2 HElT 5
ZETTIERENMUTE Y, hygropause DAL L EFIL/KIGIREDBIEMEZ &) IKOENE AT
o7 =T OWTIBIIFRE £ 723 FAMTE RN TR

Hx1x MELOS #7 2 V4o o HXIZ L HKARD 4 ol & o7 — & [FHRIZmiT ¢,
CCSR/NIES/FRCGC MGCM [Kuroda et al., 2005] % DRAMATIC (Dynamics, RAdiation,
MAterial Transport and InteraCtions between them) MGCM & 4 L, KFEERDEAIZET L
2. MGCM DK P43 fiEaerd T210K A1 [FIEAD 333km), $RE/MFREIT 30 8, €7 /L bim
1369 80km (TR E SALT WD, HfiZ - 7L R BVEMED KRR T — %, CO2 DEHR « F-HEil
2, CO2 & XA OISR, S HITAKIERICED D A% —4 L U TREIREASIZ L2 KHD
IKFERESKEDFRZA, IKRIOE S TERE & iF i ~DHERE, HERE L 7KIC X D MIRimad 7 LR
DOEAL, 7SIV 7B X D HERER OKOFHREEZ F A TWD. KE - KEKOG IR, HFEimm
LAY ZAOBFITBAED & ZAIEEFN TV, ¥ 2 MREEIL MY24 OBIHI7T — # [Smith,
2004[IZFEA W FBH - MREAR L E AN TERL TV 5.

FEKEOENEEEZEZEZDITHTED, TNOLORREFEEDERIZONTHERD.
Montmessin et al. [2004]iZ72 5, KEIIZ A M EZITER SN D Z L 2BET D &, KEDKL
RO IFROKXTER S ND.

1/3
r.= L+ro3 GY)
(4/3)7p, N

Z 2T MATENOKDE R, pilIokDEEQ1T kg m3), NIFENDOZ A MO, mixs A b
ETHD. NE nldRO L IITERSND.

- M, @
(4/3)mp, 15
ry(z) =r., exp(—z/h) (6))

ZIT Mal3END X A NER, pald A b OFE2500 kg m3), ro (EFE Okm TOX A b



42 (0.8 um), AIFH A MREAT— A b (18km) THD. £72 KT A 7 A A BRAITA(3)
%z VT no=50um, A=20km & L, ZFEX 1000 kg m3 L EFRL TV 5.

513 L=0°(AL-EkESy), 90°(AIE E), 180°(FFk/MIZIV T, DRAMATIC MGCM (Z X %
IKFRR EKEOFHERE, B8 XU Mars Climate Sounder (2 X 5 KEOBHIT —Z 12O\ T, H
PEEYS LT R -SRE A A2 7R LT D, FHRFERITERRER L, BB - $hiE T —hk, FEEE T mf
O AREZ AL 150ppm~F#E Oppm), KE « HiFHEKZ LOREND 84FEFHOLOTH
% . KEOFREAEE A OFHETET L EBHITEEMIZ L TWD A, BURTIEET L
DKEDIRAITBIN D 3~6 (FDEE R L TND. KEZDIENAIZOWTIE, SPICAM (2
X B8iHI[Fedorova et al., 2009] & Lt R CTHER/D 72 b et BTG LN TN D,

6 1IKFKRDA T LFEFEELOKED 12um I E TONFHIE S OFREE-FHEIZTONT,
DRAMATIC MGCM D ##i#%F & MGS-TES TMY24~25 [ZBW T ST — 4 & DL
ZRL TS, KRR - KELE BITET NV EBHITTEMMICITES L TWDH, EEICITET
NDIRFEKEITBI D 2~5 53D 1, KEOHFHIE S ITBI D 5~10 FOEE & >TWD. E
BEIC AT ARENELND LI, EFLORENRLETHS. BEICIE, BIROKE
EEETHI L, B a— FOLERENETOND.

4. £L¥

KEBRLZQOKBBPNZINT, BURIIENE DM OT — 2 B EBEITEIS o Tidnl, 27—
A NEFFE TS local time HIRHNL TV D, 2D K 5 ZpBRIZx L, MELOS %7 2 Vi
U VIR E TR D IR WERE AT — X H BS T 5 2 E NIRRT X AIER T, Nadir 8
L O Limb #1218 LT H20 3 X HDO OZEf] 3 kT — X B3 2179 2 & T, KEDOLEK
TKEGERLRIEEFH O TH H HDO/H20 L, hygropause OZFif L ONF A MREIZ L 52 21b%
B2 Z LA BHEL TS, A8 Limb 258 L7256, MR 5 & 90km F2E £ T
® H20, +moiaif728E5 T Cld HDO & TEMIEETH S, Ikl Limb TlXEE ¥ —
Ty M3k 72 5 (EEBIIKERRIZE D) b OO0, L0 EREEREBINETHS.

iz, Y7 IV T XKD E 07 —Z [EkiziaiT T DRAMATIC MGCM (2 L 57K
PEERD 3 WLy I 2 b—a VIRV MEATEY, BURITIEENIZITELELZBORMNH D H O
D, EMERNTIIENT — 2 Z BT DRI O TND. SRITHEROSGE &I, KESK
RROBINE, £7- HDOEERAZEAL TV TETH 5.
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IZHT2 D . TEROBUHITITSAEIRDO IEMERTE RN RN A3, PSD #EERE OHLER & 72
%, 50 MHz #KK L —# —Tld, FKRICH LN D5 — 2 — & Rz a— % VW72 RiE
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10 A | 10, 11, 12, 13, 14, 15, 16 H
11 A | 19, 20, 21, 22, 23, 24, 25, 26, 27 H
12 H |12, 13, 14, 15, 16, 17, 18 H
20081 H | EAR DA T F 2 AD7=HEMIZ: L

2H|2H

3H |5 6,7, 8 9 104
4H |4 5, 6,7 8 9 10H
5H |3, 4, 5, 6, TH

6H (2, 3, 4,5 6H

7TH |1, 2, 3, 4, 5, 30, 31 H
8H |1, 2, 8, 401

9 A |19, 20, 21, 22, 23, 24, 25, 26 H

10 A |27, 28, 29, 30 H

11 A | 26, 27, 28, 29, 30 H

12 4 |1, 23, 24, 25, 26, 27, 28 H
20091 H | EAR DA T A= D@IHI7: L

2H | EAR DA T F  AO7- D@ L

3H | EARD AT T U ADT- DRI L

47 (28 29, 30H

5 A |21, 22, 23, 24, 25, 26 H

6 7 |21, 22, 23, 24, 25 H

7H |20, 21, 22, 23, 24 H

8 A |18, 19, 20, 21 H

97|17, 18, 19, 20, 21 H

10 A | 20, 21, 22, 23 H

3.2 KU 7 MigEE
3.2.1 fEMTFE
3.2 HiCIXEE 150km PR /IA A BRI E (1560kmFAL = =2—) @ KU 7 M#EEOKEFHAFHT
FERICONWTIERS, 150kmFALl ==2—@ N U 7 M#EEOMENTICIL, 2007 4 8 A~2009 4 9
AETITRERKL—F =2 L > TRl &7z 150kmFAl =2 —0 Ky 77 —#HET— X % A
W, 9RFLT~15 M LT £ C 1 R 2 L2 ¥ L7z, F7z. Scherliess and Fejer [1999]D F
T OE KU 7 NORBRET L L T 57012, BIBER - /Ml 5 A~8 H.



3,4,9,10 A, 11 H~2 A & 3 DOZFEHII/3 T T L7, B\ Tk 2003 4-~2005 D &
T~ HDOHEEE KU 7 k[Fejer, Private Communication 2010] & tb#gid57=012, 5 A~8 A
3,4H. 9,10 A, 11 A~2 AD 4 SOFEHUI/3F TEH LIZ, 150kmFAI == —DHFIix, —
o —BRE O - WERE X 25 SN D7 547 U7 %-3dB & L, BT 150kmFAl == —
DF AR L7z,

FPILE O FIEIC OV TS, 150kmFAL = 2 —DORIIREA - L/ FAE FY 7 M #
VX, A 180 FED B — AR DA% W T 21T 572, 150kmFAl =2 —dHE K 7
NEFIZIE, K 8 HHDE—LT7m D 2 b 165 £ & A 195 D 2 2D — L7
) 2 N CTREST 24T o 72, 700 165 B, J5Arff 195 D E— LG MR EH 6 b8l &Z1T> T
W WS, I HFEIRBIZIT > T WGAIE Rl E Lz, X3 T, VIZEREDTS
A~ R 7 MHEE, Vigsold B — LGN FHAA 165 FEOHBGIMD Ry 7T —@HE, Viggold &
— AF RN TALA 195 OGO Ry 77 —#HEEZR L TWD, FT2, viesolTHNLA 165
FEDOE— L ORPE FAL KU 7 MEEE vyye50 2N 165 D & — L M OREIIHBREA » 1
& FAI RU 7 FOBEEZE L TWD, AV g5 T ML 195 FED B — A7 [H O R
FAL KU 7 N, vyqo50lIHN0A 195 D B — L FHORE/RRELR « &/ ®IfE FAI FY 7 k
HEAZFRLTND, T I T, Vigo & VigeoldkXTEEINS,

Vieso = —Vxigs0 SIN 15° + V1450 COS 15° (4.1)

Vigs50 = Vxig50 SN 15° + vy 1950 cOS 15° (4.2)
T 2 TVx1650 = Vy1950 = Vxu Vyigs0 = Vyjos0 = vy D K 912, FAf 165 L 195 DO B — A TH
HLCODHPICEBWNWTFAI R 7 bR Th D L RET S &, (4D, 4.2 5 H i FAT
RU 7 N, BAL FAT R U 7 Ry, 2K E %,

V,9:0=V, -0
195 165
y, = —195° 1657 4.3
X 2sin 15° ( )
V.q:0+V. .0
195 165
v, = =2 —18 4.4
y 2 cos 15° ( )
[£3]

EAR
e

X 3 HiLfh 165 EDOE—Ah L HMA 195 EDE—LDIRBES
MIEREERR Y & WPy, BEAMER L mmElRoezE LXK
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3.2.2 WAHMER - L /A& N) 7 MEE

150kmFAl — 2 —DOREMER « L/ FEmE 8Y 7 MEEOFEEK 4 (7R T, EO7 77
DI1~2 H, BEARDOT7Z7T7338,4,9,10 A, 5DV 7 T7H 5~8 A Th 5, HlliTH AR, it
IR IRE R -+ E/mAE KU 7 MEETH D, EEIE, EOEIBIMELR - £ FEHR X
Th b, DS 150kmFAl =2 —DORENHMELR « L/ FAE R 7 FHETHDH, BT
150kmFAl — 2 —DOREIIMEZ « F/FERE KU 7 NEEOEHERAEZ R L TWD, £, M4
22 CTIL 150kmFAl =2 —DREFREA « EFEE Y 7 N#EEE & Scherliess and Fejer
[1999]® F fEIKSHIE 7T X~ KU 7 M ORBRET L & Z g L7z, X 4 OF#DS Scherliess
and Fejer [1999] D F fHIKSHE 7T X~ KU 7 MEEORERE T /L Th 5, Scherliess and Fejer
(19991 F fEIERIE 77 X~ KV 7 MEEORKERET /L CIE, $hiE NV 7 MEEEIX, B, i
REE, F10.7, HARORE L LThH A bND, £2C, HEREA 3 M ANUORETH LK
% 100.32 F£ & L. F10.7 Z KPAEEh OB NS 32 70 ICRE LTz, K4 XD, 3,4,9,10
H TlE 150kmFAL = = —OREIFFEAL - L& RY 7 MEE, FREEE Y7 X~ KY 7
FNOBRBRET L E S, FRIHHENKE 20 | FRIZHT T T 5 &) BE(LoOfHm,
FMEE HIFE-HLTNDZENRATERND, 11~2 H, 5~8 HIZBAL Tix, 150kmFAI —
I—DOREIRRER « E R E RY 7 MEEN F #lE 77 X~ R 7 hORBRET L LY
BB NEL I TND I ENATEND, Ll #42 150kmFAl = 2 —ORBE/IHREAL - |
SHERE RY 7 NEEOREEFEAOFHGHNIC F SIENHE 77 X~ KU 7 hORERET /L OEHR
D ERDbND, ZOZENG, 11~2 A, 5~8 HH 150kmFAl = 2 —DOfEFMRELR « k7
FEE KU 7 hEE L F fERSKE Y7 X~ KU 7 hORKRBRET MIIFIE—H L WD EE 25,
£ o T, &2 TOFEHT 150kmFAl = 2 —OREIFELL « b A& KU 7 M#EE & F f#ikdnE
TI X< R 7 FORBETANDIZE L TNDZ ERbMhoTz, BLEXV | 150kmFAI =
a—DRENIRRESE + b E FY 7 MEEIL F o EXB U7 F&—8T5Z Lnbh

7,

11~2R 3,4,9,10A8 5~8H
40 40
35 35
30 30
25 _— 25 |
20 20
15 15
10 10
5 5
0 0
9:00 10:00 11:00 12:00 13:00 14:00 9:00 10:00 11:00 12:00 13:00 14:00 9:00 10:00 11:00 12:00 13:00 14:00
5

- S E150kmin i BT RAEEDREF ) TMEE
~—FEEBSRE TS X TR IMEEDZERTET )L [Scherliess and Fejer, 1999)

K4 = hFANTRIT D 160kmFAL — 2 —DORBEHRER LA E -BME KU 7
RNEE & FEBROSE EXB FY 7 FOfRBRET /L [Scherliess and Fejer, 1999]



WIZ, A RO FOL—F—TEHlS N7 150kmFAT = 22— & Wl L2 fE R 2R 5
[Patra, private communication 2009], BT E v F & a b & /X T 150kmFAl — = — D #]
BIAMTHA7- 2008 457 A 1~5 H, 2009 4F 6 A 23~25 H, 2009 4 7 A 23 H® 150kmFAI
T a—DOBENREAL - E/ A& R 7 MEED 15 50 o7 ey v THhDH, BEINa k&N
V. BRI X X TH D, 5 X0, a hERVEDTFEUXOBNBER « L/ HEE RY
7 MR, FRRICOT THEMES 2o T W) BEALDOEAA—FH L TWD Z ENRA
THEND, £, BEHLIZFEHHTHD, LLEXID, 2 hZ 0 ® 150kmFAL = 21— Of I #RE
e b EImE Y 7 ML A2 %0 150kmFAl — 2 —OREIFREAS « b/ E FY 7
FEEIZIFIE-RLTWS, Xo T, HE7 7O F o EXB RV 7 FAHE T V7K
? 150kmFALl = = — DR JMEAL « L/ FEME RV 7 e —83 5, E2lE7 V7O F 5K
D EXB RVU 7 MRFT V740 150kmFAL = 22— OREIFREAS « £/ FIfE KU 7 b &—#
TH, LWV XYV EIRICIR SN B TIE R, |7 U7 DM T VT kIZ T T
DILWFEFAIZ D75 F 8D EXB Y 7 h23, 150kmFAL = 2 — OREFRE AL - &/ FlA &
RUZ heE—ET D Enbholz,

L= Gadanki < Gadanki
(a) + HKototabang (a) + HKototabang

3 b i 40 4 23JuUnz009
20 - - . = OO m a4 + + >,
10 20 4 Cos 44
o 10 + oo Q0000 o
el o S Oﬁooo‘;o
30 2July2008
fg . =T — 404 24Jun2009
— : *E . mvas - w 304 - *
‘™ 0 - * * 20 Qs * . + ¥
£ § 8 "’ooc:‘:’oo wthe,
Z 30 N 3July2008 £ o a©“%c0020%0s ©
8 20 Doliowgg .y . 2 — - =, =
= 10 " = 40 4 + * * 25Jun2009
- . = T 30l +.C0oh
§ % ) 0@ o00® bc‘c"on(—,
s O
30 4July2008 £ 104 "
e 0 © eatie ® ‘ X i
10 - - . a a
° * _ww 40 23July2009
30 4
20 - gl
30 S5July2008 10 ] a0 C OXeis+ &
20 ' o o®
10 y @ @ - - 0 oo
o - " TPOo8e8o:« 9 10 1 12 13 ] 15 16
s 10 11 12 13 14 15 16 Local Time(hn)

Local Time(hr)

K5 20084E7H 1~5H.200946 A 23~25 H.200947TH 238D T H v F L a2 b Z X ? 150kmFAI
Toa—DEEIRREIR LRE - BRE FY 7 MEED 15 43 [Patra, private communication 2009],

3.2.3 WX NY 7 N

a NNV DOFRBERR L —F =12 &% 150kmFAL = 22— O, 2007 45 8 7 ~2009 4 9
Al o7 —% %M\ T 150kmFAl =2 — W H & U 7 NlHEOMT21To72, X 6 1
ZHIBI D 150kmFAl =2 — DR KU 7 MEEDO T vy N Thd, /£ EOKMN 9, 10 A, £ LA
3,4 H., FTFN5~8A, A TN 11~2 ATh5, #HEITADENER X 2RT, HRlTe I~
NHDIS L—F—DOBHNC XL 5 150kmFAI =2 — D HPE KU 7 M#HE T, 2003 4-~2005 40D
5 DY) T & 5 [Fejer private communication, 2010], 7RfgIZ =2 b 3@ 150kmFAI = =
—OHE KU 7 MEED 1 REFFEETH D, K6 L0, 8,4 ALSMNE, = hFZ AU KRR <L
TNZHWT, 150kmFATl =2 — @8 KU 7 hOFE R & OB ENFRICHD T2 &0 5 RO H
ZAbOMMERT I ENb0D, Ll BREORE NY 7 MEEOEIZ= M A I b e
T I DFFH 10~30m/s FREE R E W2 ERbnd,



10 10
o L9108 N, 348 hf
10 -10
20 -20 T
-30 -30
£ 0 40
i 50 -50
? 9 10 11 12 13 14 15 9 10 11 12 13 14 15
=~ 10 10
;'é'[ , 58 )= A, 11~28
B 10 -10 F“\-——/
-20 -20
-30 -30
-40 -40
-50 -50
9 10 1 12 13 14 15 9 10 11 12 13 14 15
M7 B

~“—EATILHDIS0kmFAITI—DEFERY 7R EE
= k232 D 150kmFAITO—OEERY TR E

6 bthwnLBeahFZALD150kmFAl o — DR R 7 MEEE, B HGR, el
KA N7 MEET, £ER2 9,10 A, FERMX 8,4 A, ETRZ 5~8 H., AT 11~2 A
Thb, BBV I~ HD 150kmFAl =2 —DRWE R 7 MEETH D, 2003 F£~2005 FED
EHTH D, T2 b FZ D 150kmFAl =2 — DK R Y 7 MEED 1 RS TH 5,

F7o, 3 b Z D 150kmFAl = —DRPE R Y 7 R v~ B FH#EEOEE R 7 b
[Fejer et al., 19911 & this L7-, Z DfE R %X 7R T, e B~/ b0 FREHOFE KU 7 M,
1979 F~1988 4 6 A DRIOEM D > H 175 HOT — X &HH LD TH D, HL, 1979 £
& 1982 4:~1983 FIIBLNMTOIL TV R, X 7 (T2 T Re, M2 R mE R U 7 bR
EThd, EMNE I~ BICBITH F EEORE RY 7 F#EHE, SHENa hZ A0
150kmFAl =2 —DHP R U 7 MEETH D, Feas 11 H~2 A, R 3, 4,9, 10 A, Hk#t
MBH~8ATHD, RTERD L, TRHRIIHTTHEREOEENFD LT &) BE{ED
BT EDOFHTHL L TWD, LrL, EOFFHICBWTCHLEe I~ b0 FEBOERE R Y
7 MR Ta hZ @ 150kmFAl =2 — @8 KU 7 b3S 15m/s~40m/s /NS < 72> T
LHZEMonD, LLEDEOE NI I M Z N OREE L B B~ L h OREEDOEWRBEFR L T\ D
EEBEZLNDN, T-oX D & LRI D - TR,



[
o

HERY T EE /s
3
n 2

o
t
L 3

Y \\
-40 A g e 8T

——-_.‘—’

_50 T T I I I

9:00 10:00 11:00 12:00 13:00 14:00
Hh 5 BF
K7 =2 b&ZN0D 150kmFAI =2 —DRE RY 7 MEEL e~ D F @ROKEBRY 7
N [Fejer et al., 1991], BREAHSHUGIE, HEBAASIREE RV 7 MEE T, ERBe I~ 0
150kmFAl =2 —DHAE R 7 NEE, JBENR e~ O F EBROKRAE Y 7 NEED 1 K
WEECThsd, BRN11A~2H, K1 3,4,9,10 A, FR15H~8 A Th 5,

Chau and Woodman [2004] Ci%., FEBOEA K 7 hO@FEE L v~/ D 150kmFAI =
a—& F R R 7 bOESTOi, AZEORER LR T X 912, 150kmFAI = =2 —
DIFH) B FHEBORE NV 7 LY bHEDEN/NEL 2D LW FERBHTWD, ZOEDZE
{22\, Chau and Woodman [2004] Ti% 2 SFEHZ 27 T\ 5, 1-oHIE, E (8O H 7 &
DREEEENRRTH D L WHBATH S, ZOMHAIZHOWT, K 8 IZKRLEZ, BET E B
TEGDER I, BB CEHIXMED D EEZX D5 DT, 150kmFAl == —_ F gD
HPERY 7 MIEEBCTEONEERICIVAERSND EEZEZXOND, K8 XV, B~ ID
150kmFAl = =— & 22 s Z 3D 150kmFAI = 22— OEIGARRERIZIZ, MEOEVEH S Z
ENbND, ZOH, 2 hF RO 150kmFAL =22 — L b < L D 150kmFAl = 22— D 3
W RY 7 NEEOEDEW, E SO R EROEEZFRE TH D &9 BRI T D,
LrL, 2 R XD 150kmFAl = 2 —OESGARBEEE E I~V O Flg Y 7 NOESGA
FRBEIICITIE & A EEEDE AR, Lo T, AL IO FBORE Y 7 MEEL 2 v &
20 150kmFAT = = — O RV 7 h O@EEDZET E ko HVE R OfE AL TITR T &
vy, Fe, I ANV O 150kmFAl =2 — L e A~ IO FRED FY 7 MIUIRIEFR Uk
AR OB E R DR nb > CE& B BND T E0D, 2 X3 D 150kmFAL
Ta—ORERY 7 NEEL eI~ IO F ERORE Y 7 NEEDOZET, e~ D
150kmFAl = —@DHE RY 7 MEE Lt~ A0 F HEBEORE Y 7 F#EEOZE L (FIFLE
bbnwetEZ N5, Lo T, ZOMEDEWZHOWTIEL, 150kmFAl =2 — [T A — X — R /r—
NVFATOFRERY 7 F 2R THW2OIZ L F#EEO N 7 MIFRORY 7 2R TWnWbH720,
2 b Z D 150kmFAl = — L e B~ L D FHEOREE R 7 MEEDORE R 7 b #EE
DEIGEVWAH D REE L ZE 2 H5vd, 72, Chau and Woodman [2004] TZIF 5T 5 HE
Mo 2 DHIE, S 150km (L TIFEREFPEROZER Y | 150km 1L TEGD AR S,
ZOHIC, F ks @ 150km TIXRY 7 NEENRRRL NI DO THDH, = hFZ 0D



150kmFAl =2 — @G R 7 MEEL e~ h O F EROEE R U 7 MEEO I, F7-
LA~ BITA FHESOE”R R 7 M#EE S e~/ O 150kmFAl =2 — @R KU 7
N D LHGIZ BT DIEOE VORI D EE X BND,

R Sk
EXBRUZEA "R SEEBESRED

AR D .

Hhis | =
. (il el P
EATRILAD
150kmFAIT— 100km

EATNLAD
150kmFAITO—®

it

WEARLE AMRNDD
150kmFAIT3—®M

EATILA BiHA R

FRE &5 4 AU RIS

8 150kmFAI—a—@¥EFE R 7 MEE L FEKOEE RV 7 NEEDOEOEWD E 48
RO BEERDOEELILIZ X B &\ H Chau and Woodman [2004] D F3E % =<3 g Abrm =,

4, F&®

2007 4 8 AN25 2009 4 10 H £ TOHIRIZHRERG L —F —IZ L o THEM S 172 150kmFAT —

aA—DTFT —H BT Lz, ZOMREE TICE LD 5,

O 150kmFAT == —DOFAEMEIX, 3 H, 4 AIL 30%LL T, 5 A~12 A1 60%LL E &9 550 F
HHRTEER S D 2 Edbhr o Tz,

© BEIIMER - B mEmE RY 7 MEEE, F ko EXB KU 7 MEe—ET 252 Enbholz,
Fl AR HFFOMRELIZE-BTLHL0D, M7 UTENLHET 27 IKIZHNT T
DIRNFEFRAIZ D722 F 8O EXB KU 7 23, 150kmFAI = = —OREHRE AL - b /A&
RUZ RNe—ETHZ nbnrol,

@ HPE Y 7 FEEE, B~ b D 150kmFAl = =2— £72 FREBOEE RY 7 b &Lz
R WEMETHDH & &, FRICHT THEME OEENRED LT &v ) BZboBEmiE—
BT DB oTold, T I~A B I /NS BRDHT ENboT,
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Abstract

We analyze data to find the source of a seismo-electric field, which is considered changing the
ionosphere around a large earthquake, by assuming that the neutral wind pattern, disturbed by some
mechanism before the large earthquake, modifies the electric field in the dynamo region. The
relationship between the electron density at the F2-peak NmF2 and the neutral wind height profile is
studied for two large earthquakes (2008 M7.9 Sechaun, and 2006 M7.0 Pintung doublet). It is found
that when the NmF2 shows a large deviation from the normal data, wavy structure which is usually
superposed on the height profile of neutral temperature shows the shorter scale structure with smaller
amplitudes in daytime. This tendency is found both for the two large earthquakes. This fact seems to
support our idea. However to further correlate this wavy feature with the ionospheric electron density
disturbances we need direct observations around dynamo region.

1.Introduction

Disturbance of the ionosphere which appears prior to large earthquake has been repeatedly reported.
A number of the paper is drastically increasing and the quality of the paper is also improving. It is no
doubt that large earthquake is modifying the ionosphere by some reason (Liu et al., 2008). It is noted
that we do not know whether all large earthquakes disturb the ionosphere, because morphology of
the ionosphere disturbance has not been established yet. Fig.1a shows large increase of NmF2 can be
seen on the 9™ of May (3 days before the 12 May 2008 M7.9 Sechuan earthquake). The similar small
increase of the NmF2 is seen as well on the 3™ of May. After these two days, the NmF2 reduces
gradually, and 3 days later, it becomes smaller than the normal values. The similar feature can be seen
before the 26 December 2006 M7.0 Pintung doublet earthquake as shown in Fig.1b. Increase of the
NmF2 occurred right before the earthquake. Another increase of the NmF2 can be seen on the
December 23, and the increase gradually reduces. Including the Sehaun and Pintung earthquakes, most
of the features which have been reported so far in relation to large earthquakes can be explained by
assuming the existence of seismo-electric filed.

Some change of the ionosphere at magnetic conjugate point is found for some earthquake, which
imply the effect of electric field ( Ruzhin et al., 1998). Provided that the electric field is working, next
guestion is “Where and how the electric field is generated?”. One of plausible mechanisms is the
internal gravity wave. The internal gravity wave is generated on the ground before the earthquake by
some mechanism, and it propagates up to about 100km, and then change the wind pattern (Klimenko,
2010). Once wind pattern changes at this Dynamo region, the electric filed is modified and propagated
to the higher ionosphere along magnetic field line.

In order to find the evidence the suggested mechanism which we, we study the neutral temperature
profile obtained by SABAR, and TIDI instrument on board TIMED (Thermosphere-Mesosphere



Electrodynamics) satellite for the two large Earthquakes and available for the existing ionospheric data.
Figure 2 shows show that locations of the Pintung Earthquake (2006/12/26, latitude 21.89 degrees
Longitude 120.56 degrees, and, M7.0, Depth 41 km), and the Sechaun Earthquake (2009/05/12, latitude;
31.1 degrees, Longitude 103.3 degrees, M7.9, Depth 18 km).
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Fig.1 The FoF2 around Sechuan (a) and Pintung Earthquake (b). The black curves are 15-day and 7-day
moving average for the Sechaun and the Pintung earthquakes, respectively.
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2. Data analysis

We first study the magnitude of the temperature, and however no clear difference from other normal
period is found before the earthquake. Then we examine the irregular structure of height profile of the
neutral temperature ,Tn. Generally, the Tn profile at around 100km shows a wavy structure modified by
internal gravity waves. We find that when the NmF2 reveals a large deviation from its normal value, the
neutral temperature profile does not show wavy structure, which usually appears. Instead the deviation
from the average, the neutral temperature depicts small scale fluctuations. These small scale
fluctuations seem to be a part of destroyed wave, having the vertical wave length of 20-30 km.

2.1 Local time and annual variation

Figure 2 shows one of the examples of neutral temperature profiles from 20 km to 140 km around the
Wenchuan Area. As shown in Fig.2, the height profile of neutral temperature in the height range of 70-
130 km shows irregular structure. The irregular structure is mainly from internal gravity waves. The
neutral temperature changes against local time LT, solar activity, longitude, and latitude. Figure 3a
shows local time variations of the neutral temperature at two height range of 15-20km and 115-120 km
accumulated during 2002-2009. Between 10:00-14:00LT, the data are not available. Figure 3b shows
annual variations of the two height regions for 2002-2009. We find that the variation of temperature at
two height region is too large to detect the change of neutral temperature associated with large
earthquakes. Then we focus on the small change of daily temperature from the averaged height profile
value as shown in Fig.4. Again, we find the difficulty to identify the feature possibly associated with
large earthquake.
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Fig.3 Example of height profile of neutral temperature near Sechuan. A red star in a square zone of
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The differences of the neutral temperature from the averaged values are shown in Figure 4. Itis

difficult to identify the change of neutral temperature from these data. For the Pintung

earthquake, the same data processing has been conducted, as Figure 5, showing no clear feature.
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2.1 Small scale variation of neutral temperature profile.

2.1.1 Sechuan Earthquake

Upper panel of Fig. 5 shows the NmF2 observed by ionosondes at Wuhan (114.4 E,30.5 N) and
Xiamen( 118 E,24.4 N). The NmF2 shows about 2 times increase from normal days on 124 and 130 total
days. The change is considered to be assoicated with the Wenchaun earthquake (Liu et al., 2009 and
Zhao et al., 2008). In the lower panel differences from the averaged neutral temperature profile are
shown. For these two days, we find that the devioation form the averaged neutral temperature is
smaller and at the same time when the wavelength is shorter.

We try to confrim this feature with the Wenchaun earthquake first. For each heigh profile of the
neutral temperature, we conduct a frequnecy spectrum analysis. First, the area is limited to 25-35
degrees in latitude, 93-113 in longitude. The second area is 20-40 degrees in latitude, and 83-123
degrees in longitude. The third area is 15-45 degrees in latitude, and 73-133 degrees in longitude.

First square area is limited to 73-133 in Longitude,and 15-45 in latitude.
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Fig.8 Result of frequency spectrum analysis, for the day of 124 for Wencual earthquake. Local time
regions are 12:00-18:00.and 18:00-00 for three areas. Feature which should be noted in DOY (day of
year) 124 12:00-18:00 is that in the local time range of 12:00-18:00, in the area of 93-113 in
Longitude,and 26-36 in latitude, waves of vertical wave length of 20-30 km is dominant, and as the area
is expanded, waves of the longer wave length start to prevail.
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Fig.9 shows the frequency spectrum for the Pingtung Earthquake. On day of year DOY 360
(December 26, 2006), in the local time period of 18:00-00:00LT (middle three panels), as the area is
expanded, the waves whose wave amplitude is larger and shifts to the longer wave length. These
features are also found for the Wenchuan earthquake.

3. Wind system around dynamo region

Recently Raznoi et al., reported the evidence of internal garvity waves which is psssibly generate prior to
the large earthquake( 2007). Here we search the evidence of wave associated with lartge earthquake.
Wind obtained from TIDI instrument on board TIMED are plotted for 90-100km. For the Wenchaun
earthquake, the wind was plotted from DOY 123-132. Figure 10 shows the typical wind pattern on DOY
129 to 131, and duirng the period NmF2 of ionograms show the increase as we mentioned before. The
neutral temperature was measutred during 12:00-15:00LT. One clear feature is that the wind velocity
aroundequatorial region becomes storng and it is well oriented twoward east. In mid latitudes in China
continet, the northward wind component is strong. Comparing with DOY 129 and 130 data, it is found
that DOY 130 data has more northward component in the China region. This means that due to the
enhancement of the northward west component, dynamo effect is enhanced, and as a result wind over
equator is also enhanced. These two effects enhance the eastward electric field. According to the
enhanced eastward electric filed, ionopshere is lifted, and as a result, NmF2 being increased.
Unfortunetely for the Pintung earthquake, no data was available.
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Conclusion

We have reported here our test study to show that the dynamo filed is modified by the wind
which is modulated by the wind below prior to the large earthquakes. We have both
temperature and wind pappern data for the Wenchauhn earthquake. For the Pintung
earthquake only temperature data is obtained. Both earthquakes show similar feature of
neutral temperature height profile. That is, the neutral temperature profile shows smal
irregularities. As for the Pintun case, the wind pattern is not available, we cannot reach
conclusinon whether similar wind pattern is identified. To further support the eveidnece on
the change of wind pattern, we need observations of another large earthquakes. As we
cannot discuss the detail of our study in the limitetd pages of this symposium, more
detailed results will be published somewhere in the near future.
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- NASDA and CRL , JEM/SMILES Mission Plan, 2002

- Rodgers, C. D., Retrieval of atmospheric temperature and composition from remote
measurements of thermal radiation, Rev. Geophysics and space Physics, 14(4), 609-624, 1976

« C. Takahashi, S. Ochiai, M. Suzuki, Operational Retrieval Algorithms for JEM/SMILES Level 2
Data Processing System, JQSRT 2009

« K. Imai, M. Suzuki, C. Takahahshi, Evaluation of the Voigt algorithms for the
ISS/JEM/SMILES L2 data processing system, ASR (in press)

* N J. Livesey and W. Van Snyder, EOS MLS Retrieval Processes Algorithm Theoretical Basis,
2004

* B.J. Drouin, J. Fischer and R.R. Gamache, Temperature dependent pressure induced lineshape
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VEX/VMC @ UV BE#FITIC K 582 RKELRO T RV X —HEi#EE OHE
Energy transport structure of Venusian turbulence estimated by the
VEX/VMC UV image analysis

S0 0L A BEEDDL & sEsllel 28 oEEkh] |2 (E (8]

(1] sk - 2R - shEkpEd;  [2] dbk - 2 - FHESs  [3] ISAS/JAXA
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3. Analysis
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4. Results
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Nayoro Observation plan Instruments Venus status AKATSUKI
.| s-O-T
16:00- 0:00- 8:00- | Nasmyth | Nasmyth . | EL>5deg |Ang. Dim. eci
Year | Month | Week 2400 800 16:00 A B Cassegrain| (sT) (arcsec) (zr;%l) mission status
2010 | 10 1 930-17:10 | 445 35.0 -
2 0201650 | 494 | 207 | e towards
3 8:00-15:40 55.1 22.7
4 6:50-15:10 593 14.0 |
11 1 6:30-14:50 61.2 72 |
2 5:50-14:40 59.1 15.8 |
3 NICE & | 5:10-14:10 543 245 |
4 FT-IR EM-CCD | 4:40-1350 | 492 31.6 |
12 1 Venus | | 4:00-13:30 | 416 389 | AV, Obs phase
2 | | | 350-1320 | 381 415
3 | | | 350-13:10 | 344 44,0
4 | | | 3:50-12:50 | 309 45.7
2011 1 1 Venus FT-IR NICE & | 3:50-12:40 268 46.7 16k bps (7Jan)
2 EM-CCD | 4:00-12:40 249 46.9 |
3 4:10-12:30 230 46.8 |
4 4:20-12:30 215 46.4 |
2 1 4:40-12:30 195 454 |
2 4:40-12:30 185 44.6 |
3 4:50-12:40 175 435 8k bps (20Feb)
4 4:50-12:50 16.6 425 |
3 1 | | 5:00-13:00 157 41.0 |
2 | | 5:00-13:10 151 40.0 |
3 | | 4:50-13:30 145 387 |
4 | | 4:50-13:40 139 375 |
4 1 | | 4:40-14:10 131 35.1 |
2 | | 4:30-14:30 128 337 |
3 | 4:20-14:40 124 321 |
4 | 4:10-15:00 120 30.6 |
5 1 | 400-1520 | 116 284 | 4k bps (6May)
2012 1 1 FT-IR Echelle NICE & | 9:50-18:10 129 339 |
2 EM-CCD | 9:40-18:20 133 35.2 |
3 | | 9:40-1840 | 137 367 |
4 | | 9:20-19:00 142 38.0 |
2 1 Venus | | 9:10-19:30 15.0 40.0 |
2 | | | 9:00-19:40 | 156 411 |
3 | | | | 8:40-20:00 | 164 421 | 8k bps (23Feb)
4 | | | | 8:30-20:20 17.2 431 |
3 1 | | | | 8.20-20:40 | 185 443 |
2 | | | | 800-2050 | 193 449 |
3 | | | | 7:50-21:00 | 207 455 |
4 | | | | 7:40-21:10 221 45.9 |
4 1 | | | | 7:30-2130 | 250 459 |
2 | | | | 7:20-21:40 26.9 455 16k bps (8Apr)
3 | | | | 7:10-21:40 | 293 445 |
4 | | | | 7:00-21:40 32.6 429 |
5 1 | | | | 6:50-21:30 380 39.0 |
2 | | | | 6:30-21:20 | 4138 35.7 |
3 | | | | 6:10-21:00 | 472 30.0 |
4 | | | | 5:50-20:20 51.7 222 |
6 1 | | | | 5:00-19:10 57.2 7.9
2 | | | | 4:20-18:20 57.7 24
3 | | | | 3:50-17:30 55.6 138
4 ] | | 3:20-16:40 513 225
2012 7 1 Venus FT-IR Echelle NICE & | 2:40-16:00 437 328
2 EM-CCD | 2:20-15:40 40.1 36.8
3 2:10-15:20 | 358 403
4 200-15:20 | 321 429
8 1 1:40-15:10 278 449
2 1:40-1510 | 258 455 | 16k bps (11Aug)
3 1:40-15:10 237 458 |
4 1:40-15:10 220 456 |
9 1 1:40-15:10 19.8 449 |
2 | | | | 150-15:10 | 187 443 |
3 | | | | 2:00-15:10 | 177 434 |
4 | | | | 2:10-15:10 16.8 424 8k bps(23Sep
10 1 | | | 2:30-15:10 | 156 407 |
2 | | | 2:40-1500 | 15.1 39.6 |
S

[1] Nakamura et al., Planetary and Space Science, Vol. 55, 1831-1842, 2007.
[2] Titov et al., Planetary and Space Science, Vol. 54, 1279-1297, 2006.
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ZDH A ANHIBIMERAZEIC X > TRE» S DH
BHI K E S ZLT % (Laskar er al. 2004) . ZDZEAL%
W TIEREICEILT 121, BED HikfiioIkiE
HIEMEICER L 2 U 52y, D F DisA0RHN,
KIBD A F AW AR ER A EB OEIT, HICE XK
BOSEES) - i EL2BRT 2 480FH»DIcb R
(Laskar er al. 2002) . HRIFy 7245 & LU C, M@ IRHEREY)
D% BRI A A AR H iR 288 O HE A R LEE
EEzonTEh (HZ13 Milkovich and Head 2005) ,
29 LB L oHIRICTIN 2B 5, &b IEER i
AR ZEEH O BEED D b AREL &5 9.

Z 2Tl
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KEOHEHEZS, Lt '~HoREIDZ L, #I1E
MEICERIT 2 313, FIZ KBB4 R R A %
Mz ETHOEBETH S, ik o AREE I REERED
A2 > TEDN IS - T 206 TH 5, H
BRoLGEE, [BEE - B HFOHHZENES & KA - T -
B E DY B O ARSI H o nTw 5, K
BOWEYS, HBERBHEELZVITNRE D KA - BiEOR
2ENITBC CTHROBIRDIE I NS TH A ).

HESHEAF DO X A= A LIZREL ot n?
(5] Z 1 Yoder and Standish 1997, Folkner et al. 1997b,
Defraigne et al. 2000) . % D—2 I K58 - FKEEDE
BEEOEIC & 2 BHRERT vV OLOIRIZ L, b9 —l
RDIGS Z WA & LKA s = v bV O fSEEE AT
b5, i - BHETZNZUURO LRSI BT 29
B EBEICHMST A, I oDRERE T 55
WX [RIER - B DM DRFRIZEAY 2[RI UL R W,
L5 DL, HIEOMEDFEBIIENZEZNER DD (i
7% Yoder et al. 2003, Konopliv et al. 2006) , %% D JED
WERBENIB L EZ DR WS TH B, HICHIHFICET
5B KB DZ5-1%, Mars Global Surveyor (1997 4§15 1
F) 1ITBIF B L — — =G Mars Orbiter Laser Altimeter
(MOLA) %> Mars Odyssey (2001 415 1) 12815
rh %728 High Energy Neutron Detector (HEND) @
X9 MR X o> THBETEED D Ltz (Karatekin et
al. 2006 % ZWDH) |

N5 D LX) AR D & RIFBREE 2 BE S 2
HIFRRFANOERETH L EEZoN D, FIZITKE
DRS - MRS B 2 HFER S (FTK - ZLkE) ©
PrEEBR (R - BERS) , KERERPEER (f4] Z1X Hourdin
et al. 1995, Forget et al. 1998) 128 % B OYHLNZ4H),
HEERHEET 5 ECHERA»D Livw, 2o oiinfd
b BRI EZ KT THr6TH 5,

L2 b RA - Hited 55 o0 A2 1HIi] B 0 JEL D i ) D BRI 70
Bix ST 2 0%, AHREE - REEO Wz filH
LTHIRLTEG TR, aTEREEOYL G, AR MEl
M OB 2 T UL - [T - MBS0 Z 0
LIS TRETH 5, TR O EZENLRFETH S .
FERE, BEIC Viking 12 X 2 AR BM T bt Tws, L
L ZDE) REEHRN» B NS ERIE, SHEED
WEE DRI 2 R IR 541 % (Hourdin ef al. 1993
ZZMOH) . KT EOBFEN T I3 OB DR
Py, Z DRDIR 2 T IZKRE LD H SR & R E <
BlzoT0 5, o> TRRINGERRBR ZHET 5 LTk
POAMETH S, RIHREDEA, VE—FRr>
Yk BINHBEOBRISTEETH S, LarLYE—L
kv TR, ROV I RS o N &
LC, A - MESOHINZREECcH % (7272 MELOS
DREA — ¥ —TIRAED G % A 2 B D HIE A
EINTW2E), X, ARX7 - L—H—HENFELS
MO DA X - JEZ DFHANITTRETH 5 203, MED BT
%oy« ZAUEICHR T 2 A EEMDH 5 DT (Matsuo
and Heki 2009 Z 2 5) , E S ICWHIEmXICET 215
WAFEOR LIRS 22\,

Z Ut LTI A BRI, KRl B R 2R B 5 I o
BRI TN EZ S Z o N BRI H 5. BEboD
k9T, HEHEELENIREY 7> AT L DHEMERT
Y- fGEEIRICBI T 2 R E EN T 5, LabE
BRIZBWTIE, 206 oW 22 b T
RZTOWBHEILRS, ko TERNEKRRDIRE, Wid

DOME, BECROmE (B2 1 XmEE O AES RO Z1L) ,
HOWENRKMIND EEZ5ND,

FTCHEFER 7 DfBIZ b b 95—, KEDRR % K
JAHRFELTYAFOEEDREIT NS, FEIFRET
DY A MEERD HIREEA A THETLE25
NTw3, KERRICBI 25 A AR —LDMEICE->
TRE < v bLETRI S N 3 fAEEENELT 205
THD, Zructln ) BEEELHOIRIEDE NI, D
72 { & b NEIGE DMK % mife & Ui cdh
3 EHEX T 72 (Van den Acker er al. 2002) .

PLED X9z, KRB A7 S FKERTEOFE
B E 20U, KEKRD XD EOERICHE M £ 2
SNS. i, DX BEERITR) BITIZ, HRERK
12 X 2L & FRIEE I X 2 RREBIH D > F ¥ — D3R
C¥ENS, MRS AT LRAN T 7 a —
FIIEAEBEIC > THO CGERI NS, MELOS 2%
DEkHn77u—FEuigL I EELEEICRS M
fFEns,

4. InhHsDEE

St%, [EEZEIERN (B0 IR DS AT
HO—EHEZH) ETHRTREFEIIEO»H 2, MY
(1« TR MENTE D 4 DREETFEIC D W T T o h T
H 5.
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BEAMI & LT3, AIREOFEBIAREMEICBIT % 7
A —PEVT LRI T A BRELTHSE., E5->5THK
BOWHBEED 7 4 =P EY T4z TlE, Mg - @
HWOBTHIIZEWTHRLFY— - 759 252 TR LT
LR TN — 7 & Bl BRI T bt TS,
Lo LFAc bIRfTfEomaifi 28 L <, 2ol
- B EER MR L CBALEIEZH S, HlziFE5 Lo
Tt DR IS T 2R OREE IR ER SV, 2L
THZ 6N RHED RS IR 2 NG S 9 X —% —
DHEFEIZ ENC S W, Z O »THRS L & s
5\, ZONDETE IZEEICE 2 X ERE SR o MRe
HEHFHE ORI T B DT, 206 T LTt
TRRIIRBTHA,

FRFC, HABEEICB T 24 % 52— DRAiED
Et b T ¢, MELOS ODAREDRED—D I,
Z040E Y, EEOBHERMOY FY—Thbs, H
IR (Inldis - B - 2IR) 220 CRAU 2Rk
¥ 59, HIHLE & oY BRETH (F 2 (XHE - EER)
DY F¥—, BOIIERER L R (32 I35R - KKK
W) OPFT=NEZoNDG, FHICIZEELFEE o T
R EE 2T, ENDBTENZA Y V== (f
ZIEY v MBEDIZERT - RUL X —FVRXEE) Lo
BLEEEZHTTH A,
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TAAMIT & Ui, MEDAT, [BERo 7L E o s
BEFoN5, FFIC 4-way By 77 —3HINT BT 2 ]
BE—EEHEDOY v 712 oW TR ERSIKE S, BHLL
7 VT FOEMHE TR TR S v, ABHIEES T
&, - i FEFOFIRO b TR Z2 ER TR
<, PiAHELSN 7 v 7 F o ABHES TS, DM
\& SELENE @ 4-way Fv 77—l L #7722 (TB8&7%)
TWVH T v 72 EH) . AAEECST 7 > 7 e
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3. M B S BIHIMIRETH D . BEIZIA R T,

D3RS, HRRERERIL S 5,
INFETLIHDH 2 Hy & HY GRS A — 1 7 OFRBFEMITIX, W& OFERE 4 D ¥ — 7 3,
BEHFMICTNTO D WG I Nl, JHUIREDIARDTEF 2 & Joule MIEAASSIHLI 1 (B

lon drift
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= =<

- -- Field-aligned currents

1 Jovian MIT coupling system. The electric field originates from the Jovian rapid
rotation and dynamics of magnetospheric plasma cause Joule heating and ion drift in the
thermosphere. The penetrating electrons cause auroras. (from Cowley and Bunce, 2001)
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2 Distributions of Hs aurora (left), Hi aurora (right-top), and Hi Doppler veloc-
ities (right-bottom) observed with IRTF/CSHELL in 2009. (Sakanoi et. al., 2010, in

preparation)

CHRE D, REESFEICTNT RS I ERZ2RRT 25D TH D, MIT fEDREEKFIEEZEZ S
ECEELMETH L, Hy & Hf OFEIMICMA, HESHZ2HE2 2 LT, ZOBIELITHET
b5, I TRIFRTIE, BEFEOEEE NASA IRTF/CSHELL %M\ He, HY #4bA—n
7 DRI EBN 2T o7, A v FR2AREFEICHTTAY y FAF ¥ v Z2frk\v, 8 H 31
HUT icidpfiigo, 9 H 6 H UT ICZMMOFEIfiz 20zl £y b $2/F7%, ZDOfGHE,
T 2 B H & 7% 2 REREMISO HySy (1) FHmfi (K 2) 2132 & & bic, Hy FbEafi L ol
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AJHE 7 Subaru/IRCS Z M\ 72 BUIC X 5 Ki7-B& D IAAEHIR & Joule MAGHIR O RH2E Z 5
ns,
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A. Numerical modeling for Atmospheric studies

A.1  Coupling processes in Planetary atmospheres
Staffs  Hitoshi Fujiwara, Yasumasa Kasaba
PD Chihiro Tao (D3 [JSPS] in 2008FY, PD [JST] in 2009FY)
DC Naoya Hoshino (D1 [IIARE] in 2009FY)
with Univ. Colorado (USA), CNDS (France)

A.2 Escape and Long-term Evolution of Atmospheres
Staffs  N. Terada, Y. Kasaba, F. Tsuchiya

PD K. Terada (D3 [JSPS] in 2008FY, PD [JST] in 2009FY)
M. Kagitani (PD in 2008-2009FY)
DC N. Kitamura (D1 [SDC] in 2009FY)

with SRI (Austria), PGI (Russia), UMCS (Poland)

**** This field has long heritage & is much competitive. ****

Simulation team meeting

B. Observations of
Atmospheric Structures and Dynamics

B.1 Cloud Structure of Jupiter (& Venus)
Staffs  Yasumasa Kasaba (, Takehiko Satoh [JAXA])
DC Takao Sato (D1 [JSPS] in 2009FY)
MC Tomoko Teraguchi (M1 in 2009FY)
with NASA/JPL (USA), MPI (Germany)

B.2 Dynamics of Upper Atmosphere of Jupiter
Staffs  T. Sakanoi, Y. Kasaba
DC T. Kobuna (D1 [RA] in 2009FY)
mMC T. Uno (M2 in 2009FY)

*%%% We try to enter new fields, with
own ground-based observations,
international collaborations for orbiter data sets, and
links to our simulation / instrumentation works, ****

Opt-IR team meeting
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C. Observations of Atmospheric Minor Components

C.1  Minor Components in Terrestrial atmosphere
Staffs  Isao Murata (Dep. Env. Studies)
MC H. Goto (M2 in 2009FY)
with NDACC IRWG (USA)

C.2  Minor Components in Martian atmosphere
Staffs Y. Kasaba, I. Murata =
PD H. Nakagawa (PD in 2008FY, PD/ Assist.Prof. [GCOE] in 2009FY)

MC A. Hashimoto (M2 in 2008FY), A. Aoki (M1 in 2009FY)
with INAF (Italy)

**%* Based on the long heritage of terrestrial minor component studies,
we try to enter new fields, with
own ground-based observations,
international collaborations for orbiter data sets, and
links to our simulation / instrumentation works. ****

Opt-IR team meeting

D. Future instrumentations for Atmospheric & Plasma studies

D.1  Ground-based Facilities and Instruments
Staffs  S. Okano, T. Sakanoi, H. Misawa, A. Kumamoto, F. Tsuchiya,
Y. Kasaba, 1. Murata, N. Terada, T. Ono
PD M. Kagitani, H. Nakagawa
DC many
with Univ. Hawaii, UCLA, Univ. Colorado (USA) ...

* Expansion plan of our unigue PPARC Optical/IR facilities
S. Okano, Y. Kasaba, M. Kagitani et al. with Univ. Hawaii, ...

* New high-spectral resolution IR spectrometers

[NIR]  T. Sakanoi, Y. Kasaba, T. Kobuna, et al. with Dep. Astronomy
[MIR] Y. Kasaba, I. Murata, S. Okano, H. Nakagawa, et al.
with Univ. Cologne, NASA/GSFC, Oxford Univ.

* Interoperable planetary database including our facilities’ data
M. Kagitani, H. Misawa, T. Sakanoi, A. Kumamoto, F. Tsuchiya
T. Ono, S. Okano, Y. Kasaba with JAXA, Nagoya Univ, UCLA, et al.

* Development of simulation infrastructure
H. Fujiwara, N. Terada, Y. Kato, C. Tao, K. Kaneda, ...

GCOE - Planetary Evolution Research Group
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Jovian Decametric

\tmwfe*mm ser o W Expansion plan of our unique Radio facilities

around,Tohoku"L'va

collabofated withyFukui & tOWard |nterfer0 meters

Kouch) VHF add 1-2 antenna

Decameter domestic & international
VLBI system

-

2
VHF g : ] . }/‘ ~

interferometer
(new)

current 34m
VHF VHF antenna
interferometer

......... e TRy Fukui (Fukui
' b Univ. Jech.)

ochi (Kochi ] i i :
late-Kashima: 200k (A=213R) Nt C(OII . (International interferometer : plan

litate-Fukui: ~ 420km (A=1/3Rj) e“'b‘f Tech.) . with Kochi Nat't Coll. TeCh.)
litate-Kochi:  825km (A=1/7Rj) ol Y
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Expansion plan of our unigue Optical/IR facilities
The new telescope project with Univ. Hawaii et al.
[Discussion was born from 2007, by the proposal of our Iidate 60cm telescope moving to
Haleakala. The MOU between Tohoku Univ. & Univ. Hawaii was established in Nov. 2009.
Development of the main mirror will start soon. Core meeting will be in Feb. 2010.]

http://www.ifa.hawaii.edu/haleakalanew/planets/
http://kopiko.ifa.hawaii.edu/planets/

40cm Schmidt-Cassegrain (Haleakala, Maui)

~2mo(tbc) at Haleakala

*Wide dynamic range
Off-axis with 1/100% smoothness

*Coronagraph: Gregorian-type

*Polarization: Equatorial mount

60cm Vis/IR telescope | ‘-r
Tidate, for instrument tests i

Disk around a young star  Weak light close to Planets
in polarized light (~300AU). scattered by the escaping

Aring at 150AU might be  atmosphere from Mars / \w-—

a proto-planet clearing. Venus / lo / Encheladas
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* New high-spectral resolution IR spectrometers
[NIR] T. Sakanoi, Y. Kasaba, T. Kobuna, T. Uno, et al.

with Dep. Astronomy

[Prof. Ichikawa, including
Antarctic Telescope project.]

Main issue will be Jovian atmospheric coupling observed by H, & H," simultaneously,
with 100m/s resolution.

ASRRARAA T IR
SER[1]; R[] BRME(] MRR1]: BILSF(2), [1] Fdox - B [2] PP
EIRE S IAT
BETEARRAS -0
5. ELRSASNLD

Optical design is finished. ..z,
. . . YEa L—ba v LRENS AP ERE
First light will be expected ==jzzsrus
o B AONE-RRTE

in 2011. A

BLEBE | Z-4un| 1 -4 um

e 200 2

LMMERE 107 0.8

One of the target facilit;

Hokkaido Univ. Nayoro

* New high-spectral resolution IR spectrometers
[MIR] Y. Kasaba, |I. Murata, S. Okano, H. Nakagawa, et al.
with Univ. Cologne, NASA/GSFC, Oxford Univ.

from the end of 2007.

Restart the development with Quantum Cascade Laser
- Heterodyne signal by a test bench system was established in the fall of 2008.
- The first generation spectrometer is

now in development.
[Efficiency problem is solving.|

Highest spectral resolution in

Medium IR range
with simple system
- MAN>1067
several 10s-100s m/s
~ similar scale to planetary
atmospheric motions ~

- Bandwidth: 200MHz in ours
[New detector with >1GHz
will come in April 2010.]

. \ﬁ A. Hashimoto: MS thesis (2009)
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* Interoperable planetary database including our facilities’ data
M. Kagitani, H. Misawa, T. Sakanoi, A. Kumamoto, F. Tsuchiya
T. Ono, S. Okano, Y. Kasaba [Chair of IPDA] with JAXA, Nagoya Univ, UCLA, et al.

IPDA (International Planetary Data Alliance) tries to establish the interoperable
database access with a protocol ‘Planetary Data Access Protocol’ (PDAP).

We
o ) Tohoku Univ. Planetary Sci. Archive & IPDA/PDAP
Scientists Public A prototype of Ground/Earth-based Jovian System DB
L/ (Development is from 2009FY.)
— — — n ] []
Tohoku U. == PDAP o PDS u.
web server Colorado
v
PDAP Ground-
DB _\ based Obs.
\\ T
Ground
e il 2 Exceed HST Cassini -based
Torus Decameter m—

* Development of simulation infrastructure
H. Fujiwara, N. Terada, Y. Kato, C. Tao, K. Kaneda, ...

To Improve the development environment for students

To enhance the experiences of collaborative works during MC/DC
<< Simulation sciences will be more systematic. >>

An infrastructure based on our state-of-the-art codes for interdisciplinary topics
* Magnetohydrodynamic (MHD) and hydrodynamic (HD) codes

« Earth and planetary thermosphere model

* Planetary exosphere model simulator (OOuniv.)
¢ Planetary ionosphere model r‘

* Planetary magnetosphere model Magnetosp:ere Elementary process
* Protoplanetary disk model g ,(o"“"i""

* Molecular cloud model
* Some coupled codes:
« Earth extended atmosphere-thermosphere-ionosphere model
« Jupiter thermosphere-ionosphere-magnetosphere model
* Mars exosphere-ionosphere-magnetosphere model
« Particle (PIC) codes:
* Electron hybrid code
« Ton/electron hybrid code

.

[Collaborators: Kyushu univ., NICT, NAOJ, Nagoya univ., etc.]
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D. Future instrumentations for Atmospheric & Plasma studies

D.2

Flight Projects and Instruments

Staffs Y. Kasaba, I. Murata, S. Okano, T. Sakanoi, H. Misawa,
A. Kumamoto, F. Tsuchiya, N. Terada, T. Ono

PD M. Kagitani, H. Nakagawa
DC many

with Obs. Paris, ... (France), IRF-Uppsala, ... (Sweden),

IKI (Russia), JAXA, ESA, NASA, ...

* Balloon-born optical sensor: for profiles of ozone and some trace species

I. Murata, S. Okano with JAXA, Tokyo Univ, NIPR, and AWI

* Electric Field & Radio instruments: for Magnetospheric & Radio

Y. Kasaba, A. Kumamoto, T. Ono, Y. Kato, H. Misawa, F. Tsuchiya
with Kyoto Univ., ..., Obs. Paris, ... (France), IRF, ... (Sweden) ...

* Optical/lnfrared instruments: for Air glows & Planetary missions

T. Sakanoi, Y. Kasaba, H. Nakagawa ...
with JAXA, IKI (Russia), CNRS (France), BIRA/IASB (Belguim)

* Support to Japanese Future missions as one of core institutions ‘

* Balloon-born optical sensor: for profiles of 0zone and some trace species
I. Murata, S. Okano with JAXA, Tokyo Univ, NIPR, and AWI

A balloon-borne optical ozone sensor (BOS) for the vertical distribution of upper
stratospheric ozone up to 50 km by high-altitude balloon at Sanriku since
1994. ..... Unique for upper stratospheric ozone & gravity waves

Old: Optical filter for UV absorption in ozone band (~300nm)
New: Small spectrometer for O3 with NO,, OCIO, and BrO simultaneously
with similar weight, without moving parts
Test: May 2010
Future: links to ISS/SMILES
Antarctic observation for the polar vortex.

Solar Spectra with USB4000 Sanriku Observed Ozone Profiles
Dec. 28, 2006 Sep. 13,2007

NO,

50000 — WM\V‘
‘ 5 ms exposure
0CIo, Bro /
30000 — fw
AN

]
8
8
o
A
Timelmin]

Altitude (Approximately) k]

Relative Intensity

20000 ’ | 10f
O, g N
10000 |
/w" I
200 300 400 500 600 700 800 900 2 4 6 8 10 12 14
Wavelength [nm] 0, Partial Pressure [mPa]
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* Optical: Airglow measurement on ISS

VISI: airglow emissions

730nm (OH, Alt. 85km), 762nm (O2, Alt 95km),
630nm(O, Alt. 250km)
+45 deg. forward and backward FOV

Observation is scheduled to start in 2011FY.

v

:’.ﬁ‘ﬁiﬁz - g

VISI field-of-view
ISS orbit 400km alt.

T8s =

FOV{backward) 7

///

FOV{forward)

VISI instrument on the international space station.

Based on the heritages of
Reimei MAC

Structure Vmodel
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First high-resolution
IR spectrometer for Mars

Scan Mirror

LATM@#S - Optics
H@VI AOTF/Echelle

based on VEX/SOIR
[Russia] O. KorableV jou@ikisin

A. TrokhimovsKy (wkm@ikirsin
IKI, Moscow, Russia

Spectrometer Scheme

compacting exercise

| echelle grating

[France] F. Montmessin finck monumessin@latmos ipsLr]

R. Aurelie [aurelie.reberac@latmos.ipsL.fr]
Service d "Aéonomie, UVSQ/IPSL/CNRS "'

. folded detector
[Belgium] E. Neefs (cayncets@omabe ontics
BIRA/IASB, Institute of Space Aeronomydetector assembly !
placed upright collimating and camera lens merged into

one off-axis parabalic mirrar

[J apan] Y. Kasaba[knsaba@pm.gpvlohokuvac.ip], H. Nakagawa [rom@pat.gp.tohoku.ac.jp]
Department of Geophysics, Tohoku University, Japan

S. OKano (ckanoapparc.gp.tohokuzcjply To SAKANOI sakanci@ppare.gp tohoku.ac.jp) Detector
Planetary Plasma and Atmospheric Research Center (PPARC), Tohoku Univi@fele][=]3
M. Ueno wenoaspissiaaiply T Sato axajp] DPU

Institute of Space and Astronautical Science (ISAS), JAXA based on P-C/IR2 |
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The simulations & instrumentations are the most cores for us.
We have set that Students & Young Scientists can be skilled either (A) and/or (B).
Using these skills, we create the path to the atmospheric sciences.
(A) Numerical modeling for Atmospheric studies
Coupling processes in atmospheres, Escape of Atmospheres, Future
A.1 Coupling processes in Planetary atmospheres
A.2 Escape and Long-term Evolution of Atmospheres

(B) Observations of Atmospheric Structures and Dynamic
Cloud structures of Jupiter (and Venus), Dynamics of Upper Atmosphere of Jupiter

B.1 Cloud Structure of Jupiter (& Venus)
B.2 Dynamics of Upper Atmosphere of Jupiter

(C) Observations of Atmospheric Minor Components
Atmospheric minor components of Earth and Mars
C.1 Minor Components in Terrestrial atmosphere
C.2 Minor Components in Martian atmosphere

(D) Future instrumentations for Atmospheric (& Plasma) stud
Ground-based & Flight instruments, Data archives
D.1 Ground-based Facility and Instruments

D.2 Flight Projects and Instruments




NSRFHE 2B X 3 A 0BEEE O B R HERE

OZ2fE w1l A4 mil2], Al Rl A 2, LA &Kx1[2], 7]
B (3], A SiR(8], 2 B[4l Bym &= oK[8], fEM Fek[3], /Al FE—
ER[5], Alexander Nabatov[6], — /< =3[7], 75iE WEAI8]

(118K - B, [2]ISAS/JAXA, [3INAOJ, [4] E¥fEE N2 KSCH, [BIEERKIIK,
[6]Ukrainian Academy of Science, [7]Swedish Institute of Space Physics, [8]
N

1. &%

1960 EARDER KK S DOEERE D A B EBIZ 1T 2 4 OBLHIR 1970 4F£X
IZfToi7z Luna X v ¥ a VBT A ERBEHRBHNC LD, BEEIZL TRK
1000 cm3 FEEOE N A mEICAET Z &R Sz (Andrew et al.,
1964; Vyshlov et al., 1976), —JF. HIZITHERD L 5 7B MFE L2\
DRGROFEELZIC LV ARINTZ T T ATl HERONS, £z
A% B KRJOEEITZ106em3 LHETHDL, ZNHEMAELTERXDL L
AR ET 2B FEETE OO 1 em3 BETH 2 S HmMICAE D bh
TW5 (Bauer, 1996), H L HIZEEEER H 5 & 2 UEH OBRBERSAIT LT
TR AR D HEICR D, NPSREEFFERS) TIE, ADEREOG L E D,
FTOIEZRS Z 2 HBE LT 5,

. BHBERICEET S LEEDODNEGER
O HHERKOERE

HOPHERKO LRI Ar TH Y\ ZOFEIT 104emB3 RE L SHHLTVD
(Johnson, 1971), L2 L AIZITHERD L o R BEIIFAERY T, KEGRESIZ
F0 ., AR ENTET T AT HER NS, Ko TEMTEREIND
FlELERBIZLVHTMONTRONLRNEDNT U A 2F 25 L, HENMIT
ICHAET DB X, 0.1 em® BBETHY, i@ED Luna I v a U TOE
B R 2w 2 TR,

@ Z A hoJE A



WEOTFRaIvya ik, AmfhEiciE Lz ¥ A I\7§V¥J&L“(b\é
FIRE S 72 (McCoy and Criswell, 1974) Z ZTHEX A BRI
DWIBFNBHSNDZ T, AmfHEICERE N ERSND Z & _i§§7§>6k
EzT,

A NOEE, XA NONE %Mm4%NMMrkameMRD
Abbas(2007) DHFEFE R A2 5512 LT, HEFOAER E KR OF|IEHY 12
BERDONT 2 %E %25 L HKT 200 cm3 FEEDE %&fﬂfﬁ?élmlj
H AN OFERINE A RITITREZR H D720, Luna X v ¥ a  TORLH
fii R AR IR D LITE W EE,

@ K43+ DEHE

Cassini X° Chandrayaan O#ANZ LY HE2HIE S 1-2 mm D AT ’7J</\%75§
TFAET 5 FRIB X 1172 (Clark, 2009; Piter, 2009), % Z TRy 13 EABIELC
DHBENOLRARH L, ZUAKETH & OH IZHBES L, S HIZZENLL N
KEHES N TEFDERIND EE 2T,

AHE2HEWEEL TROH LT 2K +0HEEZak T 5, Ogawa &
Shimazaki(1975) DWFIEiE R 2 BB L TRy +OEHEERZ REL Y  E1F0E
R ERBEDOHERMVIZLDBRONT U 2A%EZ L, AEMIICFET D
éﬁ?ﬁw?i16xufxacmﬂéﬁkbéﬂméoLw)baaﬂ (X530 > TV RN T2,
KRG FOERE L0 EEEESER SN D L) AR D IIEE LR,

3. BAIFE = /
/i o / Vstar j&[%ﬁ%
RS CIL TR 1OmE VLT /v @

&R 2 A RIFFIC AW Tk
DY, FIIH%EZ EITHY L,
A& OFE T 300 HILL LB
XD HEHRI IR DA H B TH 523,
FH B HER BB O 15 E D
HHEZRETDHZ ERHRRWT=D \ (SZA)

DE D AR by =
H B DEABEE DI ERENS L < =N T— enmny  (©FE
Tz EnEE LW, —F%ET
X, Vstar O+ 12 Rstar 23 HIEK 1 ERAERDOA A—




EHEEZE=F— LW CHOLONCETFRELAWVCELSIC Z LT, Hillikx
BEOBEBVFEEOH,EZMETHZ ENHEKD, LU ZOFETIL, Rstar DX {Jﬁ
DA EFAV D B HE TV (S2 702218 MHz & S3 #7:2287 MHz) 728

B ) A ANKREL 2D, 70T FTOE—LRIC 2 >DOBEENLIZAST
WRIT L2 59, BRI & BRI IR S v D,

Real Voltage
4 BRIFES ‘”L i
O KAREBROE l WT |
BIE & LT sk S NI ISR — ML A
|
®

1

Sla) w7 — U 22T L R

BeHA s P DICERT S, () 108 C o

B4 % T T /A REWD L, (&5 ]
{ﬁ@ﬁiﬂﬁ%mﬂj‘é—é(c)o *EE'L—HJ Lf:i ff (c) not used | not used : .

W7 — U oI K BEHEE (D) & [

D . 9% B&J:E‘JAB@? > Fﬁ)%{i*ﬁ@wﬁj complexvnltag)<

BABRFH LT, R B

2 MRS B OFH R TFIE
@ (A & BT EOFHE

S2 #r L S3 HONAREF EERHHET H(@), TDH% NG DOMNARLE &) D =
LEFEIE % Vstar « Rstar IZ2WTRD, EHICAHWVOEFBEZZLI
THHETEOE T HEERHT 5 0b),

mﬁ(c\"‘e) WO EFEE (TECU = 10 m?)
35000 - - T — —,kikn T
wor /D06 163, phs* 1.4 [ ::::/.... it
30000 | ‘ AL .
1.2 A l‘ / -f‘\‘\’r' ™ / ,““
25000 | 1| M !
My ¥ Vstar
:
20000 | 0.8 | W, ‘i
MWAR L
VRV
15000 | 0.6 | WY AT
10000 | § 04 Rstar /%
o2t | \
5000 t 1 A‘\- T ! "‘V.‘".' VWi W "““"m’-"/ev\,‘;)\'«"\,""',ﬁ.
0! aniy Vstar-Rstar -
0 L
0 200 400 600 800 1000 1200 0 100 200 300 400 500
B¥ M (sec) B M (sec)

X 3 (AHFESY % BB E OFHE



@ BETTT 7 AN ~DEH

R AT — & (@)%t LT, @B 30 km UL FiC
5 100 FE ofE A %
NEFZLGIWT, ZNEEET e 7 7 AL

HoBTEE

BHEE DD SMREL, T I
— BT fitting LAMTT 5 (b), £ L ToT — & M b A

5. FRATHESR
I

ILEFHEED
74.4°) L 200846 A 16 H(SZA= 82.2°)D 24iiZ

(2259 % (o),
WMOBTEE B
Y +/4:<‘ JAX
R » \ ‘
V- I
> l > B#M
L e MARTHE
(z=0) (z=30) Z: & B (km)
——

10070 il

4 WMET BT 7 A DKM

A IE R S 20 BilFIIZ 2008 45 8 H 8 H(SZA =
BWTHERBESNR G-,

HUZEBEE TN L D OGO T TREMIZAERSND EEZDBND,

= FF
= ix km = °_Qn° = °_qn°
5 (km)  sza =70°-80 SZA = 80°-90 SZA = 90°-100° SZA > 100°
17 Dec 2008 — 10ct 2008 — J 20 Dec 2008 — \ 25 Feb 2008 ——
17 Dec 2008 "+ 1.0ct 2008 1663 \ 20 Dec 2008+ 25 Feb 2008 1+~
8Aug2008 — i:ju" :::: = 21Mar 2008 —— 28Jun 2008 —
8 Aug 2008 % F:: S 21 Mar 2008 #- 28Jun 2008
18 Dec 2008 ’_:_' 10 Feb 2009 - = 4May 2008 — e 8Jul2008 ——
60 1— 18 Dec 2008 - { = =] 23 Nov 2008 = o 7 4 May 2008 s~ o> 8Jul2008
p 23 Nov 2008 - 19 Mar 2008 —— " 27 Feb 2008 ——
6 Aug 2008 19 Mar 2008 ~&- 27 Feb 2008 8-
6 Aug 2008 14 May 2008
15 0ct 2008 14 May2008
15 0ct 2008 "+
30 18 Apr 2008 )
18 Apr 2008
17 Dec 2008 — L
17 Dec 2008 4~ )
N / | I
| \ 1 1
1 et P Vi’ 1 1
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0 1 -0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1

WH BT (TECU - 10 m?)

X 5 fiEHTHE B A SZA TH¥E L7-, HEEhIFE
HilIEE(km) Th D, FdZEILEE 30 km 75”5 90 km (Z
XH5X%2FRT, ROITH- 7=

EE(TECU = 1016 m2), it
BIFHEFEED
Sy ISR TR R E DYy BT,




6. EE

O HiEkiEEE & A

ADPHERESEICH D & &, JIIKRGRORZELRT D Z LN TE, &1
FEMEERT 2 LB R T, L LBLIRIOMIZ A 28 EREZ X2 & - 72 Did. 2008
HF£3H21HE 2008410 H 15 HO2[EITHY . ZOHIFWITNHLEFEED
HRIZR N Tz, L7ed-> THDNHERBSKEICH D Z &N ETHEEOH
KICEN D AREMEITIR WV & b b,

@ VWEBEEIRIC & DX A b OKEME
U U ERED X 9 72 K72 2SN HmICEZE L, ¥ A RDRKEITEE
FFONTEFELEOHRIZENR D EE X T, LML, KREEZRIEERED MR
SNTHEBUBEN BT HZ EITEN ST, MUTIHEREOERICLV EE
FEDYER 233 2 TR,

@ BERARBEANEE L= LICLDF A NDOKEMEH

B O R OB OERNT . BIRE KRR BB 23BLH AT T I 16
ZEL, REOX A NBEH L THEFHRTIICORN T2 EEZEXLND, 125,
ERZREAD VD, EZIZHELED, LW )T —Z TN DR ER 2T iR
BDITIEEL R,

@ Koy1DJRIFTIELE

BAAEEOMA BB SNk TIX, Ko FAMOERE Y 2 AFEL
TWhHETHE, ZNTETERSINDOIETFEENERTLIEZEZOND, L
L. KRG FDOHAAZDONTOFELWT —Z [T E W20 #EFm DRI £ 5,

® BRI X DIE T O

AIZIXBEBEESG TR NS DD, FEWSGPFET DL WO FERMLN TN D
o T, BAEEDOHK Z BN U= M O F R 3R O FEIIC He TR <
TR ER SN NETFE2IRET L BT,

X 6 135 100 km (281 BB OBE L FEH B TR LIELDTH 5,
INERLD L EEEOMRPHER S NI R OGOkl
THIHWERGN D, Leno T, FEREESGIC LD E T MAGE I D rTREMEE



KW eEbinsg,

16 Jun 2008 (SZA = 82.2°) 8 Aug 2008 (SZA = 74.4°)
_k * | | P | o [} ] o I * xl_
4 MK KK * % i
] .3 v KN i
50 + * " |
| ] I
- T |
© . ) -
=
= 0 0 —
© - B
- N
- & ' -
--x | | | -*‘A | | | B r
-180 -135 -90 -45 0 45 90 135 180
longitude
2 : N
05 00 05 1.0 1.5

6 = 100 km (Z361T DI DR 2 W X THRR Lz b O (B2
nT), BUVENIBIIEZ KT,

1. £&EH

THIE 2 a2 MW R YO RIFFBIANC L v A oERE OB 21T 72, %

OFER. BUA L7288 I EMICIXEFBE OO N R o enoTe, Th
/X Luna mission &38R THDH, Ll 2 BT HISEIIZE FHEED

ORR BT, Ko T, SZA OKEZWEMAITIZH OEBEREIZZERAITAERT
% k%z Hid,

ZDZEFEHNCAEKRT HER E L TERBADEREIZL DS X A FOFEE LITFR
KT DRI R FEE DN EZ DN D AEEER DR DD, ZhbIZONTIEA
BOREBEIZIVGEOND Z 2T 5, £ LRSI ZIRTTS> ET. S
e X HAFMLTBH A X2+212/hES< Ly ool 2175 Z
& T, HoOEREOFEIZIRERN Ritima T2 EAHRD LHEE L TV D,



S EHR

Abbas, M. M., D. Tankosic, P. D. Craven, J. F. Spann, A. Leclair, and E. A. West, 2007,
Lunar dust charging by photoelectric emissions, Planetary and Space Science, 55,
953-965.

Andrew, B. H., N. J. B. A. Branson, and D. Wills., 1964, Radio observation of the Crab

nebula during a lunar occultation, Nature, 203, 171-173.

Bauer, S. J., 1996, Limits to a lunar ionosphere, Anzeiger Abt. 2,133, 17-21.

Clark, R. N., 2009, Detection of adsorbed water and hydroxyl on the moon, Science,
326, 562-564.

Johnson, F. S., 1971, Lunar atmosphere, Rev. Geophys. Adv Space Phys.,9, 813-823.

McCoy. J. E. and D. R. Criswell, 1974, Evidence for a high altitude distribution of lunar
dust, Proceeding of the 5th Lunar Conference, 3,2991-3005.

Ogawa, T. and T. Shimazaki, 1975 Diurnal variations of odd nitrogen and ionic densities
in the mesospheric and lower thermosphere-Simultaneous solutions of
photochemical-diffusive equations, Journal of Geophysical Research, 80,
3945-3960.

Piter, C. M., 2009, Character and spatial distribution of OH/H20 on the surface of the
moon seen by M 3 on Chandrayaan-1, Science, 326, 568-572.

Vyshlov, A. S., 1976, Preliminary results of circumlunar plasma research by the Luna 22

spacecraft, Space research, 16, 945-949.



	1-1.pdf
	1-2.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	1-3.pdf
	1-5.pdf
	1-6.pdf
	2-2.pdf
	2-3.pdf
	2-4.pdf
	2-6.pdf
	3-1.pdf
	3-2.pdf
	3-3.pdf
	3-4.pdf
	3-5.pdf
	3-6.pdf
	4-1.pdf
	4-2.pdf
	4-3.pdf
	4-4.pdf
	4-5.pdf
	6-1.pdf
	6-2.pdf
	6-3.pdf
	6-5.pdf
	7-1.pdf
	7-2.pdf
	7-3.pdf
	7-4.pdf
	P-1.pdf
	P-2.pdf
	P-3.pdf
	P-4.pdf
	P-5.pdf
	P-7.pdf
	P-8.pdf
	P-9.pdf
	P-10.pdf
	P-11.pdf
	P-12.pdf
	P-13.pdf
	P-15.pdf
	P-16.pdf
	P-17.pdf
	P-18.pdf
	P-19.pdf
	P-20.pdf
	はじめに
	北海道大学大学院付属天文台
	観測機器と観測対象
	観測スケジュール（案）

	P-22.pdf
	P-23.pdf
	P-24.pdf
	P-25.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




