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MTSAT Observation of the Eruption Cloud Occurred at the February 2, 2009
Eruption of Mt. Asama, Central Japan

Takayuki Kaneko*, Hiroyuki DEN*, Kenji TAKASAKT® **, Atsushi Yasupa*,

Fukashi MaeNo*, Etsuro Kovama™® and Setsuya NAkaDA™®

Mt. Asama (2568 m a.s.l.) erupted on 2" February 2009 at 1: 51am (JST). Although it was a small-scale
eruption, involving a eruption plume rising 2000 m high from the summit, the ashes accidentally fell in the Tokyo
metropolitan area, due to strong seasonal wind, which draw public concern. We observed migration and
enlargement processes of the eruption cloud, using infrared images from Multi-functional Transport Satellite
(MTSAT), and analyzed its relationship to distribution of ash-fall deposits and meteorological conditions.
MTSAT is a gestational meteorological satellite of Japan Meteorological Agency and Civil Aviation Bureau and
has five observation channels in the visible to infrared regions (visible: 1 and infrared: 4). Although the
resolution is low (4 km in infrared), the observation cycle is very high (every 30 to 60 minutes), which is preferable
characteristics to eruption cloud studies. We used four MTSAT images taken on 2™ February at 2: 30 am, 3:
30am, 4:30am and 5:30am. Images of brightness-temperature difference between two thermal infrared
channels (10.3-11.3xm and 11.5-12.5¢m) were applied for detecting distribution of the eruption clouds. The
results show that the eruption cloud migrated to the southeast along the line connecting between Mt. Asama and
Katsuura-city on the Boso peninsula through the central part of Tokyo. The eruption cloud elongated toward the
direction of the migration and the total length increased with time. The speed of the head and tail of the eruption
cloud was estimated to be 135km/h and 51km/h, respectively. This relative speed difference could cause
elongation of the total length. According to the meteorological data, at the altitude of 4900-5700 m, wind was
blowing to the southeast at the speed of 119km/h, and at 2700-3100 m to the same direction at 50 km/h. These
values roughly coincided with the estimated speed of the head and tail, respectively, indicating the difference in the
wind speed was the main cause of the elongation. Distribution area of the ash-fall deposits on the ground did not
well much the area where the eruption cloud flew over, but was located 0—40 km south of it. Unlike the higher
altitude, in the regions lower than ~2000m, wind was roughly blowing to the south at somewhat lower speed.
When falling ashes from the eruption cloud entered this region, they could be blown to the further south, which
could cause the wide and biased distribution of the ash-fall deposits, as observed.

Key words: MTSAT, Asama volcano, eruption cloud, infrared, remote sensing
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lite) 75 KA RRE « SRR OBE T — 7 2FH L, #
7O TIKILORE) Tov s 4 LR & 2 O H B LIERE R
D& — L ~_—Y (REALVOLC HP) TORBIZIT->TL
% (http: //vrsserv.eri.u-tokyo.ac.jp/REALVOLC). 4[q]
DEKA Xy ML LT, BB W THHAIcH D
S, @O HEER A MTSAT Wi Tl s h
1B DR E) « IR A £ & ¥ “REALVOLC HP” %
WU CHEDICART 2E0HELE L - /.

OB, HRY E— vy vy ISR FR
D1-5&E%->TW5 (Roseet al., 1995, 2000; =M, 1983,
2002; Sawada, 1996). —f%ic, FRMIRI, ZERIH#
B ORNIC b L — N4 7 DBIR2 S 0, i
HHZ S EBHAMEE MK <, TR M REIIE (S BHRVEEE A
B, FIAE, HEREAITX < bh 3 &0 RERD
ASTER (34748 30m i RR/L) THEINERS 16 HA,
—J, (ESMRRERLD MODIS 3 1km VI E B & 0EGR
) T1~2HiBEE > TW5, MTSAT O f#HEIL 4km
Ui E S L UBGRM) & MODIS L KL b DD, 2D
BIEARE (3i5) 30 4313 & HE WIS E . IR I E K
L0 ZBO K RAHFICE#EKH s S b, =
OFH « IEREIRKOE EPIREBIC L > THRE LS
ENB. DL BEMOBINRINEIRZ 501213,
JRVEHARET & S ORI ERES L EE & 72 5. T, 4
fRBE~NOEHIE T NI EE EEL, km A= —Th -
THHMIC X > T EDTH S, MTSAT (FKILIIK
ORHEICERBBASRAGEERIC 2 DNy FE S - TV A
k., $#ER®D Geostationary Meteorological Satellite (GMS,
UEbD 15~55) X0RRENH ELTWEEE,
AT ES 2y —D 1> TH 5.

AGTld, MTSAT FRAMENE 7 — & %ffi - C, 2009 4F
2 F 2 HicERILTHA L OB E) « iR A2
LM d 2 &3ic, T DRICH S I - 72K
fii, [RELEDLEIZEY, 07 01 X PRI
EDBRFFIC O W TR 2T o 7. 0T, AR
WA OIS liG 7 — 5 O 217> 7. ARhlo
ML OB K IEENCHA L oo, BIEOKE) « ik
BT A HEBEBHEE S TO L, fRL - —ick
LE S & 203K WIS IR 54 % 72, MTSAT
DFRNEG T — & PIEEOTLE « ILARIRIL DO REEF 5
ME—DFHM D L1 > TW5S. MTSAT O%fkIcH 722
Rk EREEAEE (OEb D 85 KT 9T T,
REE « B « 7 v v 2 VEROIE D la]_EASG T &
ncxy, TOKNEN~DOIEHEZ#HES LThd, HHiTO
MTSAT IC & AWFFEIEER AR L 75 5.

Fe Ay 28 o /NDBRR - AR

2. BROPE

AT, 2009 42 A 1 B4R 2 BiLED & @RlEHT
DEPREABE S, P TILUTEE o0 iZEss
HINg 5 & 51278 - 7o (KEIT, 2009). T D7coiEKE
LA 2,5 3 s E Lo, F2 HAE] LS
T, BKICE -7z (AR, CoBKIickD, BEHSK
3 5@ & 2000m £ T LAY, FEEAGENCE D - 1
([E1).

C DMK OFEF$ERI KL (11 S v ie 25
DN X FITX VA ON, 41 v F—% v FTHIEL
NEENF., Thoohx5MBED> L, “FAibeoi
- &7 (http://bousai.maechan.net/) TAHEI N TV 5
HEGIC X B &, 2 BRI 2 B 1 ptED S5 (g
LTlR<RAZ) OtDIEE Y, 8 HEHICHEHES) L
AL 7S - 7, o, HEERCTRESN S S
POEE1E500m Z2BITBA Chic L Eans, 2o
%, WEAGEBIIRA ICET L, 13 IR I3
BL7z. ThoDEENS, OO H 2-2 5 2 N
(PN HK TG 30~45 FEREE O & TV T Wi T &
&3 (Fig. la). £7z, 2135 ~5 0N, K
O A S B RIS _ED3 % B0/ NE RS ©
N, 2 HENOIEHDSFEEICEEE Wit EEZ oM 5.
KIIRICEEFN L HREWEIZ S DTN THL T &
5, ThoDREWE~ s <D LaETIEN S HESN
ThotcEBEAONS (HIE -t BRH). SloloiEH)
&, KEAREIA~ QAR H A 5 BRI KT, FilRlo
2004 4 (HH « ftl, 20055 FA « fth, 2005) & {Bl7c/ NS
wINH ) REKTH -1z, 72720, =HE 1000m ZiB A
2B I K IV~ OESRH 2 PE S KA <> b T
D1[EDHTHD, TDLIHA Xy FEHEIR SN
72 2004 SEDTEENIC A, BB/ S 2 o fo FRE IR
AMalA32.8-3.577 ~ v (HiEf « fih $REd), 2004 £EA3 16
T b v GEA - fih, 2005) & RS 51T\ 5b. MODIS )
AR & B B E RO B & bRl X 5 1
[AIHSEED 5, 2004 FFITIETEKLEAA XV MTHIEL
THERARFOEmT O MGT 4 o (BT - fil,
2006) 73, SlEldZ O k> BHRBIEONEh -7, %
7o, BKIZHE T A BEE ORE SIS hish - 72,

BEKERICAN) 378 = oI SN BEEEZHIC,
KEOBLOZOEFHEORIAHGE L., Thiy, fith
FHIEAOOPEANCE LLRLTHMmL TS T &n
5 7o, T ORAFENRES 1km 2T, BiEHLSEIC
FA VN T MITKBEHEOTFED 515 (Fig. 1b). T
DOHTEE, BEDH 2-2 5 2 MEATEINCEV TV
ZEEEfTh 5. KOILElRE oS LI, Bl
BT X2 ZHOFTE FEMAE SN S (Fig. le). N6
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Fig. 1. (a) Sketch of the eruption column on 2 February at 2: 04am (JST), as inferred from the
Web-camera footage (Maechannet2). (b) Impact craters on the inner wall of Maekake-yama
(Contrast-enhanced image. Original photo was taken by E. Koyama on 2 February). (c) Striae
on the snow cover surface of the northern side of the summit generated by ballistic projectiles
during eruption. Two directions can be recognized in the striae, as indicated by black and white
arrows (Contrast-enhanced image. Original photo was taken by E. Koyama on 2 February).
This area is that boxed in (a). (d) ALOS AVNIR-2 image of Asama (7 February) (OJAXA
EORC). Depositional area of the ash fall is extending to the southeast (indicated by arrow). (e)
Sketch map of the summit area. This area is that boxed in (d). (f) The 3.7m parabola antenna
of the MTSAT receiving system installed at Earthquake Research Institute, University of Tokyo.
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2HENCRBITE, &5 BJ50)0 Sk L - alpett:
M B, 2H35~5 DRI, UL A O Bl D IR
WELIEEEREH DG LWL, KLk,
A& I AE R D, KOOREANCHER L T
5. & ISk OgD 5 200~300 m FREE OFIPHIZ, FHifs
SERICEDLDNLBEDES L1 ->TW5 (Fig. le). \ILb
s EER IS E NS KUK, O EFIEIZ XD
AN RE N bD EEbN S, ALOS AVNIR-2
DOEBITE > Th, KO0 S KILIKBEKIEASFEHR AT
R CHIETT WV B OWSHE» D 5115 (Fig. 1d).

C OB Xy, BT, BER, HERE, S5
AR 75 EBIEHG R B X OB R ERET
bR DER S N (KU, 2009). BIHRET ORIER
18 km DHEIKIEFHETIE, HAHIED 4km F2E, FFEIKOE
OB B L D SFEMICKE M- Wi Fi
By o i HREHD.

3. F—HLUBHE

3-1 MTSAT OHIE

MTSAT FETZEE GRFTMOMZER) »EM T
LErERET, [0EbD (GMS)] v ) — XDOEMKEEE
LT#GtancboTh s, IFBNKEICINA, finze
Bl 27l E2BEBL B, EXSIRGEREZH
R EMEN 5 (KZTT, http://www.jma.go.jp/jma/
kishou / know / satellite / satellite. html). MTSAT |3 £ ]
1999 FEITHT LW S hens, iy b OlBE TR E S -
fotew, BIERH &N TV 3 D13 2005 HEIT LT s hrke
MTSAT-IR (&5 D 65) TH 5. 2006 41 MTSAT-
2B B onicds, 6 S IBIERE L CRIBEIRRE
LIE>TWAB (UFEDDY 75). MTSAT-IR I3, HHE 140
BE, =B 37 6000km OFf IFHEICH 5. 1T L RO HE
3833 b v, FEFFEIIRRBN S HELL - TV B,

MTSAT &, |HK®D GMS-5 Onlfi 1, Bk 2, 7k7&
1 DF v b GHFFEIR A 1.25km, 7741 Skm) ##
BAChnA, Friciclg R mena s Ldkic, i
fEbm L LTV (Table 1). BHOH 1 7 Vi 1 B
BT oNnTHY, o, SEKEAS 1[E, ¥
BRERAS 1 [\] LBk 1 H 20 [8], @Rk 1 Hic 4 =) #1
HBAFNTVDE (KRFT, http://ds.data.jma.go.jp/obd/
sat/data/web/Basic_Information.html).

MTSAT ® 7 — % [iif5 (3, HAE, LRIT & & O HRIT
(Low/High Rate Information Transmission) & % f 1) 5
hreFvruplcantw s (KEFEARERE L
% —, http: //mscweb.kishou.go.jp/operation/type/index.
htm). LRIT 3{ESfFREEIE T (RI6 & JRAL IRT, IR3,
IR4 F v ¥ )V DRBREHG A KA EEE Skm, BEFHZE T

B e INLTEER « FR AT

Table 1. Specification of the sensor onboarded MTSAT.
channel wavelength resolution brightness level

(pm) (km) (gradations)

visible (VIS) 0.55~0.90 1 1024 (10 bits)
infrared1 (IR1) 10.3~11.3 4 1024 (10 bits)
infrared2 (IR2) 11.5~12.5 4 1024 (10 bits)
infrared3 (IR3) 6.5~7.0 4 1024 (10 bits)
infrared4 (IR4) 35~4.0 4 1024 (10 bits)

FizixX), HRIT & fiFaemiGH (25 7+ v xvze 7
WAy 7 DIRRE « BERTIRX) 18- T B,

43, MTSAT F—4 DY 7 A LPUERAEITS 72
DIz, HEPEHAIC3.Tm D5 K57 v 5+ E2(E
25 (SSEC Desktop Ingestor (SDI-104)) % &%i& L HRIT
TOEBEZIEEIT->TW5 (Fig. If). {3172 HRIT
F = EZEERENOY — Nt —-HEFZ ok, |1
I 12 B2 E WU 0D 78 X IR IE U % — N — T
fokE N5, FHIEMEEH O3 — N — T3 Wisconsin K5
DHET — ¥ SIRILEY 7 b v = 7 McIDAS-X (http://
www.ssec.wisc.edu/mcidas/) % f# ), HRIT 7 — ¥ O #
faf % & OB IR 21T > TW B, AT KL
12, FACIE D ) TEICHIRE A S, S0 H L AT
W, “REALVOLC HP” @ Web % —/N— (2% 0, Hill5E T
5 2~3 R LINIC T O & % A9~ 2 (Eic 75 -
T3, BlfE, o —/N—DWERFES] « BN D 7 — 4 ik
OB S, REKF— 5 OHENIEL TV B, il
HRE I LRI 1 & - T3, ZESNALF—S 13,
RSP ERAN A 2 U C, A< —Micifisn
TW 5 (http://webgms.iis.u-tokyo.ac.jp/index_j.php).

32 MTSAT E{&DLIE

WKIERD 2 H 2 HFRT 2 530 43 (HAKD 25,
1 5[ S 30 53 T 4 B AW, TEIEO T
DRI D RN 21T - 12,

W K13, “REALVOLC HP” LicHEIFRE NS4
R/ 5 — i (R: IR4, G: IR1, B: IR2) T b4
BT EMTE BN, HEDSHE L DFHHICIEZ 5700
12, BURAD 25D F v v 3V OHIEERE DXL R %
PER L 7o, KUK T2 ST B, ToRic kb,
BURAERICB O T Ium i 2 BHOE— 7 L3 5%
MIEBRROE DAL Z B D, TOBBEOEVICE D
FEREIREE D A B, WEho KIIIKEEHEEST 5 &
ST & % (Prata, 1989; Watson et al., 2004; Wen and Rose,
1994). THITiE, 11um, 12um O F + ¥ % IVIERLE &5
=L LREFHENS. TIT, WF v v x
OREEED H15 6 N CHERE GhRmORE) 22z
N Ty T, BLOAT=T;—T;, (BTD-Brightness Tem-
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perature Difference) &9 5. KILIKKIFHFET 58
13, BBE (pe) BRI E — 2710 1lum O F + ¥ %
WTEO/NSL18D (tn<tn). TDH, F+ 311
Asama ' oy DR ORE (T) HNELLD, AT ZEEE S,
W D HAKIRIENZE D & 5 F E, KIWKEICIE LT
AT DEHDOREEIIKREL 5.

AWZETlE MTSAT OHGRA @ IR1 (10.3~11.3 4m)
& IR2 (11.5~12.5um) OFEEEIRRE O 7535 % FH L
fz. oK, FILHEBETS, Fvvxb (RE) »HEE
B &, PEIERR, HEER T N RN RS IR T Y&
ST ENHD, TOFBERS 20, BERLEETEN
TNV A E LG0Tk, ZEOEHREIER L.

IR1-IR2 17:30UTC

4. & B

4-1 MTSAT EHE CTIRZ T-FEE

MTSAT @ 2 304y (HAKRD) 25 51300 % T
o 1 Bl O MR A = W% % Fig. 2 1nd (AKX
(e LT OB S 2 A 212D DD TH D,
EPEAS T IAEMEIIZ L TWIEW)., Th S DEE,
SLITN O FEA TN 5.
FAI2 K304 MM, AL ORI 16~53km D
BRI EZEMIICAE T 5. S I34 37km, HRKIE I
9 13km BB T, BRI MICIED AR AEE & 5.
FRT3EF304 MEEE, EEILORIHA 75~188km I
WiiEd 5. BESH 113km, &AM 22km T, B EZE
O WREE AR TR R Rl & T s WEUED
S BRI T TS BN, R RIEAHE <, /)
SVATED SKIKRE S DIV EHEES A,
FRI4FF304 MEEL, AREILORER 117~260 km
ICEEDONE. 3300 E 0 S SICHEEICEET % EFH
Hpic, fERAROES bILKLTWa, eI ER
SO WEH-HETE M 100km OANFE LICE TELTWA,
7272L, Ny 2759y LNy (AT=0) i £ TH
lxE T3 E, 5108 50km 58 GER L D% 315km)
F TN VT WS T &S (Fig. 2¢, FAXD. T
DS EED B &, EEOE X349 198km, HAEIZHY
22km & 755,

Fig. 2. Brightness temperature difference (ATK) images
between two thermal infrared channels (10.3-11.3 um
and 11.5-12.5¢m) of MTSAT. (a) 2:30am (JST),
(b) 3:30am, (c) 4: 30am, (d) 5: 30am. Insets are
those with contrast stretching focused on identifying
the head of the eruption cloud on the sea (no
correction was made for the difference between land

and sea areas).
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Fig. 3. Migration and elongation of the eruption cloud as detected by MTSAT images.
lines show the distribution limit of the ash-fall deposits (Maeno et al. submitted).

<

Dotted
Solid line

indicates the depositional axis of the ash-fall deposits (extrapolation from the distribution at

the southeastern foot of the volcano).

FRIS B304 ML, ERILOREK 173~311 km
% CHEET X 5. 4 130 SO BRI, Ny 2 7
7Y Y FDOUL~VEL ECHIEE T3 &, EEES S
129 20km FEEESE (R & 09 337km) FTHiL TV 3
ZEbns (Fig.2d, fIARKD. Ihkv, EsEH
164km, HABRIEHI 20km & 755, FREEHSFRIEIC
A& 9 2 LIS, ooy id e TRNE Rtk v 3.
NP RRE T EBEERAD L ~NVhN Y 7 75
v FITIEL 78 % 720, KIBIASHEE L < 26 L WEHT 11T -
TV,

42 FEEDEENE T DI

MTSAT 7/ HSEH S I 5 IR T D L H It E &9
ohd, RELNICB T 2EEO S HRNEZ LD TT
oy b L7zb D% Fig. 313K
HE L, AL S RIERER AT & 7z BRI
B AR SER L BE L Tv B,
EEDS WA LE, SEA EEL L DOTIRE
<, MECIEC MR E S > Tw B, Thid, K

TR T LIz EARMLTWA EEZ N
5. EEOBEHHOESICOVWTAS L, HffLdtc
St L IR DFEEEASE R L T WA, T OO HE ]
&, BEOBHE A E1ZIE L TV 5.

EE KN T BB e SRR ONLIE %, R
HiTED 5 ORI LT oy b3 &, 513050
SEHRER (hd') 2R %, WERENENIZIEEG Ficifss
(Fig. 4). 2O &EMS, TNTNIRE—EDHE THE)
LT EMRENS. TNSOEEE, EEERICLD
kv b &, dedifi (h1-h2 Z () A3 135 km/h, #&HAHY
51km/h (t1-t4 2 L7155, WEORT, 250 ED
WEORENYDH Y, HEOMRIEC DX S BBESR O
MBI XD ECTWB EEZ OGNS, —F,
ZhoomleXAE - T, Jeifs & OHIE O FEEE 0 km
THOLEKEATORLEAFIc kD kw2 &, The
NFRT2W 64), 215843 E 752 (Fig. 4 O, <h
13, B A 5 OMG CEIE S KL TH B 2 I
1 3~13 5y &0 5 (BTGB X O TR &
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Fig. 4. Relationship between travel distance and time
of the head and tail of the eruption cloud.

—F ). £/, BIRLIL DI, EE 1000m E#
ZBWKANRY R 1ADOATH - 72T &, EKHEHEE
MITHRT LI EE ST 5. Fig. 4T, 5F3050
SEdi (h4”) 28 h1-h2 208 2 EAL RIS S M0 o (3, M
DB IILE T L D, Ny 775y v R EEBEE T
FHITIS > THB O, IR S NI H MTSAT [H@if5 )
SEBAITER VT ENTREED 15 LTEZ LN 5.
BBV, BELAOSEN TN, JHHEO LD IEVH
HICA-ftodnd LIS,

BRIRSTH & D i LFEEIC X - TS S N B
(Fig. 3, WS ORMOMEB) 1, (LTH> SFEE LIS 2
DD, MTSAT TERI L 7B O H) « ikt & 1358
BIEF—HLTB5T, &RELTINLDIENLL D
ORIl > TV A, BIKIROILBI OMRFER DS, TEIEDOF
B« RO IZITEL S, T, LTES S 150km
OHFAHE T, BIKOEEE, HEE» 5 20~30km 2
FERAMNCAIE LT 5, IEEOIFIC TR OE b
3~ ERREIAC IS - TV 5.

5. & =

AT, (1) B & KGRI 2 fZLL Eo
ZNDBEKN, (2) BIEOKE) « I & BEIKSHE O
F—HDFRE, 12> \WTELERS 5.

AlE o & 5 15/ NS EEOFEE) « LRI 0T,
AR O RENFEEEEZ 3 572 0N5. KEMEK
SUTIT & B MK (2009 4E 2 H 2 HAFRT 3 F) oE o
1% Fig. 5 1Rd. ERILA SHEBUC/»T ToOHlET
13, 1555 2000m A8 A % & O 75 EE T IR IIFRT A &
T, KoEEIc» o FEFEESKELBE. —,
52000 m fE & 0 NIdFERE R ~FER S O E 2D, &
HEEFLTWA, LIFTIET D& S 15JE & ORIRICHE

SWliim T ED 5.

5-1 FEEDHERIFEDEEZEDERR

Alal, KIS & - T O & FEE, 225 4500 m i
WWELEEZON S (KRT, 2009). 4900-5700 m
(500 hPa) fHETld, 33m/s (119km/h) DFFEE[A] = DJE
EB-oTWAE, COE &, MO ENEE (135
km/h) (ZFE—8T 3.  OEEDEEDS, WO R
I (B 4500m LIR) £ Thelb TR b, MEIE FEh
DORICED, FEEICKESNIZEEZOND, TDXHTS
JEGE 3, FEBNSE NS DTSV, FREMER CERE 21 4
FERO 1k 2 &, 1 H~2 HI35ER %8 U Efifasumn
iz d 720, 500hPa T 33m/s &0 D JEGE L Z DR
WS W,

—7%, 15 2700-3100m (700 hPa) [T, 17m/s
(61km/h), FARAE DJE & 75 - TE Y, EFEOKEGO
BEhERE (S1km/h) EffR—Ed 5. EEOHRN,A ST
fLicd - 7ciBorid, CoEUcIEy, [EHHCFREEA AR
IhtcEZEAONS.

C DX DI, BEIEDSHETT ] DT 78 I D A3,
IEEN O T B IE D&V A A A, BB 2
SHBERNEL - EEZ5ND (Fig. 6 ). 15 4900-
5700m {1 & 15 2700-3100 m T ORI, [ Ui
PIZd O, BRI b ELE L 7S - 7o, EaE 3
s I b L LW EBbn . oMb, SEA
FE 7 — 7 OEEDERE T v 7 7 4 v (e L U
Heo2H1H2EE 2 HIK) (KEFF, hitp://www.
data.jma.go.jp/obd/stats/etrn/index.php) 2> 5 b HEiZ
BRI EMTES, DY, HELRUNS &L,
WELO-OEEBMIE THELIZOTH S .

52 MEEOBE - LKE SRS EDR—HOERER

1155 1300-1600m (850 hPa) {-J3T1d 12m/s (43km/h)
FAFA B[R] &, HIZ% (1000 hPa) fTT(E 12m/s FERI & &, C
N& b EZE& N, BN 30% IR N4 5 &4z, &
[l XM KE LD D (Fig. 5). WM SEET L7 kiR
3, COESEBICA -2 & %, BEOILE-FHEOBE)
i olfin, FANRENB T & &5 (Fig. 6 ). IH
JE DR EEG & O FEIINCREUIREARD S 2D D &
s NG, BEAMKIE S km (fiLicd -2 & Eb
naM, KILKIE I EEEN, FEICED > THRIRL -0
TN & LT 20~30km FEEEKERSE) L7, (LTE.
SIENMICHEID S BEMEDFE v+ v FIFIRKEL BB,
CHMEMEEOILETINA, EAHLS A SEENn 2 13 ST
DKILIKISHIRL & 75 5 72 DK GRS EL 120, K DR
MlETiHshsohrd Lk, i, KUKk To
A 15g/cc &L, B2 0.Imm & 0.15mm & L 72
&, RUEHEE 13 Z N ZF N 1.2km/h, 2.3km/h &fEEVE
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18z01Feb2009 500 hPa
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L EE. ]
£ 2 & & 3@ @ 3 ®
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Fig. 5. Wind direction (solid lines) and speed at the time
of eruption (3:00am), provided by NOAA “Four
times daily data of the NCEP/NCAR reanalysis”
(http: //www.cdc.noaa.gov/data/gridded/data.ncep.
reanalysis.html) based on Kalnay et al. (1996).
Dotted lines show the migration axis of the eruption
cloud.
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Fig. 6.

Schematic illustration of migration and elongation processes of the eruption cloud.

Arrows show the wind speed at 4900-5700 m (500 hPa), 2700-3100m (700 hPa), 1300-1600
m (850hPa) and Om (1000 hPa) adopted from Fig. 5.
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