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Thermal Surveillance of the Asama 2004-2005 Activity Using MODIS
Nighttime Infrared Images

Takayuki Kaneko*, Kenji Takasakr*, Atsushi Yasupa™ and Yosuke Aokr*

Asama volcano, located in the central part of Japan, repeated medium to small scale Vulcanian eruptions,
from September through December 2004. We analysed the activity between January 2004 and April 2005 using
nighttime infrared data from MODIS -Moderate Resolution Imaging Spectroradiometer -onboard Terra and Aqua
satellites, in conjunction with the data from ground-based instruments obtained simultaneously and chemical
composition of the ejecta. The observed period is divided into four stages, S-I, S-II, S-III and S-IV, based on the
relationship between thermal anomalies observed by MODIS and eruptive activity. S-I (second half of August)
is the thermally active period preceding to the series of eruptions. This may have been caused by a magmatic
supply to the shallow level of the conduit, resulted from dyke intrusion at a deep level (1 km bellow sea level) in
July, as suggested by the ground deformation monitoring. This magmatic supply probably resulted in initiating
the eruptive activity of S-II. S-II (1 September -mid-December) is the thermally active period during the series
of eruptions, which is sub-divided into two stages, S-IIa (1 September -10 October) and S-IIb (10 October
-mid-December), by the two thermally active pulses in this period. Similar pulses are also recognized in the
A deep dyke
intrusion observed in the late S-IIa may have resulted in a new supply of magma to the shallow level, which caused
the IIb activity. After two months of inactive period of S-III(late December 2004 - February 2005), S-IV
(March-at least April 2005), the post eruptive thermally active period, started. Although this stage did not
involve eruptive activities, SO, discharge rate, level of volcanic glow and height of plume raised. This may have

time-series variation of eruptive amount of S-II, as well as seismicity and SO, discharge rate.

been caused by the third magmatic supply to the shallow level in late January. At the volcanoes possessing open
to semi-open passages between the summit crater and shallow level of the conduit like Asama, MODIS may detect
pre-eruptive thermal anomaly, which can be utilized for monitoring those distributing in remote areas, such as
east Asia.
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L, ehzhoplc, FHEy sy —-vE2REL, Tho
DBHITR DO ED & 5 BHGITHIG L TV 2 h 2SR
S RLEMNH B (4, 2005).

9 Lo KILBEE OBNCZ, KOEESTIEWESE
AEERNCEINS 2 0B d 5. EHEBEINCE, Hh
ICEEE U 7RAMEIGSEE £ 5 & &% v, ILTE
KOAZ NP o8 T L1152t KN % I g
T EFEFEAREICT O, 2R AR 9 2
S ORI AS T RE & 75 % (M « fth, 2002) 75, %
KISREE R D15 T &, KEDLOREAEZ 15 IR
WAL Wi EofERS 5. —, Ok mEEE
Wicdbos LT, WMESNEGERDE, <, /7T
BEDTREEY A 71332 b KL, BRICK ST,
EMMcSHERsTcE 200, HOIA L=
TEE S % K10 BRI (3478 T & % (Harris et al.,
1997). %7z, @R FHERZE O 2HuEIcH 2 7o, =
P> KL DB « BUANCASIERTE 22 Y » b A
H % (R« M, 1999; Kaneko ef al., 2002).

AWFFEE, EREIKILD 2004 59 A 1 HICHEE - 7o—
DI K7 E) % Terra &2 UF Aqua MODIS O 77 []77 44 I
%7 — 4 2> T L7z, $93 » AR A 24RO
EKIEEN I, BFRHIC T vh 2 ApR RS i (h
[H - f, 2005; &4 « fth, 2005). T O, <7/ <oHX
ZRT A O HIEILE O 7 — &, MY OYERE:
K7 = mE2HELNTEY, 5 E MODIS FRAE
BT & - T L 72 BURE-FI12 K100 5 OISR A 2 O
TR I 22 S - D 22 8 & B E SV TR T & Bl o
Walis->Twa, Thicky, ERIKLOBKETZE
79 &3, BEY E— bty v v 2 AR O CHILEBIAI
DL WHIE IS B[E 5 A4 7 O KL EAR « Bl &
1o —2 « FHOELB SN T &0k
aha.

2. ERALL 20042005 EDEEIDHE

EEXLEESEOREITEKILTH D, KEapE
% 7c 6 LR 3 EOKIEKFITMA, HE L ofi~
/NI DI K A4T - T X 72 (Aramaki, 1963). KL
LIUFEEOREOE W /< 2FET 5 &5, BRN
MK & 0 a2 it s 2 7 v s 2 K %R
L4 5. 2004 FOEK S, LD 1973, 1982, 1983 4
WkERE CoxS5 T s RIEKPERDES L
(&R, 2003; FHE < ftl, 2005; &4 « i, 2005).

2004 FEDOMEKILENZ 9 A 1 HIChAE - 7. TOEKIC
SEfT LT, HUEIEEIAL 2000 FELE A O 14 2 1B e A &
R T E (R - fth, 2005), HBFRZ#)HS 2004 4 4 FE
MO EREA AR T & (RFE, 2005 75 EAEIsh

e HAREA

fohs, ERTOER SRR 2D T, BT L 7.
1 HOWK 3D 7 v h » KK T,  KGEEEZED
Tt BbhsERME s ne GA -,
2005). 14 H~18 HOWEKIZ, #IWO/NEKEZ#EDR LT
Wiehs, 15 HE» OEKPEZ 180, 16 Y Ao 17
HABIZ 1 TREL 7oisa o L 2 FEBICHRIE 4 2
Fo v R ) REAPERES N (GA - fh, 2005, K%
T, 2004). COfD 16 HAT, MiZEk SARICXD, K
ORI v o — FRNSEEDEH LT 2 0BRSS 1
7z OKAK « fth, 2005). #\WT23H, 29H, 1010 H
EHIBIO/NE W TV A s Ao, KOO
VI —=FRREO—HEBbn s ER BB s (&
A e fth, 2005). &1y AL LEEE IR E V2
2%, 11 7 14 Hich#iso 7 v 5 2 KK AT L 1z (&
A« fth, 2005). 12 H 9 HIT &My NEIEOIE K o3k & 7273,
Z NP KGEE) A LTy (2005 FERIRA).
SO, DR IZBEKFTD 2004 4F 5 H 1T 13 500 t/day FEEE
TH - 12D, BEAKEHDIH3HIZIE 1,500t/day & 75
D, TOBBBELAICLUHBEND, 12 AEKIIE 5,000
t/day IcEE L 72 (KERFF, 2004, 2005). 0k, g
FEF L0355 b WIREEDS BV 7248, 2005 4F 4 H LI
AT L, A5 HERITIE 1,000t/day % a5 v
e o

it o N o < 7~ 0B X BT 2 A F Y, &
LA E S W SEEIRG I X vz onTw
%. GPS 1T & 2 HERA T OFAIC & - T, 200449 A D
MEAICPErT L C, ERIILTEOPE 6km OHiLL T, Liko
RS DB NI Lkm, FERAHPE S U < PEILPE-TRE
B, AR 650 Tm* Dy A 2 WEALKI EMHEES
NTW3 GEAR - M, 2005). Zhhs, SlalomgkicBEk
LT anic~ s~ EEZ 5N 5. Takeoer al. (2005)
&, IUTES O Lz T A2 S CHIE 7 — ¥ Ot %
TV, BEOSTH, 0547 Fikichi-sEE R 1
km {325 S (HTEAANKEITIED, KIOE R0 5 B
AN S T ERBHSMICL, CThEw 7 v OHHEE EE
At 2L, SERGEEOE KBRS 2 HIE DR
DS, ITHOPPHEIE T b0 < 7 < fHAE A TE
T2 AREM S 5 T EDfERIShTwd (B « fih,
2005). —J5, HoxfEF oGBS S, SHEKITEITL
TILTEE FOKGEN T = 7 < AR ESF 100 m F2ED)
LTOW/cZ EMHEESN TV S (Okubo et al., 2005). &
72, Kk (2005) 12 & v, FEREILTIE 2004-2005 4EED) &
o EMNEERAICH 5 & X (D &b T 104
T, 2FIC I RIEEFOHETEE TV 3), BESED
SO, RIS E W T EDtER S TV B,
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3. ERLET—% LBAAR

31 ERF—%
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aging Spectroradiometer) (FAKE O HIBRETHIATE Terra K
U Aqua s N TO 2% v —, AJfHn oE
FRAMEK (0.4~14um) % 36 N> FCEUNIT 2. EEIEIE
2,330 km, FERhEEYFHENL 2 HT, 2 &S <ER
ShTwaicy, 1H1IEREEORIG TR T — 4 23]
Hc&3, 722 L, RIEORETEBICFIHTE 20,
WICH Yy — v IEEICE E 5. e BEINICRIF T 5
HiRE~BRANY FTE 1km T, /7 AVHRR & 1F
FEFEEE>TWE, 7= OE LY ~uid 12bit, 5
TIPSR IR RS T, 2N~ K 20: 0.05K, 21: 2.00K, 22:
0.07K, 23: 0.07K, 29: 0.05K, 30: 0.25K, 31: 0.05K, 32:
0.05 K (Noise-equivalent temperature difference) & 75 -
T3,

fEHT ICF]FH L 72 MODIS 7 — ¥ 13, NASA @ GES Dis-
tributed Active Archive Center 7> SRt EZ1F -6 DT
H5. 200441 H 1 H2 S 200544 A 30 HickEsn
KB T — 5 DN, 7L E 2 —BgCEEILTIcER
HWR TS 295 &~ — v (Terra: 161, Aqua: 134) %3
WL, ZDLevel 1B 7+ —< v b Dj{{F — % (Terra:
MODO021KM/Aqua: MYDO021KM) % F\ 7z,

32 BWAE

MODIS [fij{§ O FLEIC > W T lE, 7 5 ¥~ Z Lille K
2% D Msphinx % 5 IZ NASA « Maryland K 2346 ©
MODIS [#{£ QLB A I B L /- HDFLOOK % F W\ T,
FEREHHIE (5 ¢ ¥ 7 Vlih SREREIEA~OZEHR) B L U
fAfHIE 21T - 7o, SR, #EBRF — & Iciiigs
NI A W CIT - 7o, BT o H) i
B, MR TH O, Y A XIS B X ORI
Fadic 32378 (W 1km) & -TW3, 0%k, 7
5 v O A& RO CHEEE A O BEEERER I & L 7o,
AR A FL &3 A EHEPE 100 B2 (B2 v i) X
P9 100 i (54 v 41D Offlkic>W T L &7 -
7.

fRHricid, MODIS DR N KDRH, /Nv K 20 (3.7
pm) & 31 (1lpm) ZHV 7, TN6D/ Y FIE, KB
WO = ORI I ALE 3 5 7o KGO8/ 1s
<, kMo KLoEFIcWVW SN 3 / 7 AVHRR O
Frvxb3, 4 E3EFUCKEEEICH D, HUOHRTT
EPFIHTE 288 03H 5. U L %217 - 72 MODIS /¥
v R 20 iR, v K 31T, EEILLTEK D& fu
LT 5 6HFE X6 MEDHHAREAL, TORTHRLIE
FEURIE D s W R O 2 B 2R 3R & LD
L.

MODIS D/~ > F 20 (3.74m), /N> F 31 (11um) 1,
FEN S =47y N PEBLUHIRORRE & Sh (NASA,
http: //modis.gsfc.nasa.gov/), TH SICKHIEL T v
F—DFBMRBEINTVS 120, FEZLLHELOE
BT F0d <, MRS 0Z LA Bk kLB £
HZRENOENET L ERTERN. 22T, [A5h
DHET, TOLIENY 7759 v FOEEOREL
WO BENH B, TR, Wiy y FOEERE %
FIc 7y L, 757 ¢ nVITHEET 5 5% H 0
7.

75 v ORI X IR & B O B f% (Fig.
D25, iy F&EGEENEL RICo0T, HEE
bEd s, UL, 5L ABE, /N K20 (3.7um)
35 100°C %2 #Z 2 (HhIh 6, REEIC LR A
BUcEEINd 2 ot L, /N> K 31 (11um) T, HREE
O, BRI CRRV. 75T, /Y ¥ F 20 (3.7um)
T, $0100°C 2l 2 3 & 5 @i, mBENICH 5 &,
FAZHPNEL &b, Thici FEs S WVIEEEE
/R (Wooster and Kaneko, 1998). ZThicxflL, /xv F
31 (11pm) T3, /NS EEREAHZENICH > T, =
DI NE L, BEARINCIEVEE Ny 7 759~ k-
DOEEE L KId 5. BIZI1E, [KEES “0°C” 2590% &
SRS “S00°C” 23 10% » S 18 AMEAEST 5 &, /N
Y K20 3. 7um) T, @i S O hEHERE 13
FICHFIL T 10D 1 &5 b, KEHIZ 01T\,

(W m?sr' um™)

5000
——— 3.7um (band20) R
11um (band31) /
4000 = N
/
8 !
C __\I
Z 3000 X
© D
@ s/
S N
S 2000 7
[ “3',/
iy /
/
1000 %
R 10%
i."/ 11pm (band31) ]
0 r 3
0 200 400 %9 600 800
Temperature (°C)

Fig. 1. The relationship between emitted radiance and

brightness temperature for the 3.7um and 11xm
channels, calculated using the Planck function.
(Wooster and Kaneko, 1998)
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i G b 7o R I /IS 4 2 B 0 iR 1R
250°C F2 & 75 % (Fig. 1). ThucxtL, -y~ K 31 (11
um) T, BRMBERRITIEL 125708, Lo EEHIE
W50 CREDRE L5 5.

MODIS D EFEH A X 1km X 1km 1<%t LT, R
TEH OB E /s < @1 EIBR), LidoEE»
5, NYR3RNY 75y FIGEVIREE RS &
ELOoND. HE-T, BRI L T, Wiy v N OEER
EA7ray bdBE, NUR3ENY I TTTYED
E#hzmL, NV F20id, KLHOBFEEMEV & &
Ny 275y v KOREE, SWEE RNy I T5Y Y
FAEBZ 2 ArFRE-BRE-2RdEEL NS, —
B, MERICEA2ELTFT— 4070y b INES,
Ny s 75y v FEXOEOVEELEL S ENTHSR,
ZDEIBT — 5 BRSNS 2HENH 5. &
to, BHFICRIA L 72D RS RTHRMF— 5 ThH 5720,
NV R 20 (3.7 #m) O EL CRIE & 15 B KGO K
NOFBIMETE L. BB, KKOBBE, HHEHED
EHOFESRAENDD, TOLSNEER
Ny 75y Y RO S EAURS/INME TR O ERRT 2
= VOEFPEHLLE V- tBILEIC ST h TV
EEZOND (FRETRNNY 2759 v NEDE)
EPEIEREREL BT EbH5).

4 TEREEE

4-1 MODIS [ & 2 HEE DRRINE(L/NY—V

MODIS i & 2 B\ H ORpRYIZL % Fig. 2a 12, fifh
IZ{#FH L 72 MODIS [fi{% D | % Fig. 3a (FMICHTE S
PRI KL LTES O B 2R SO 51 B) (S
9. Fig. 2a T3, FARKANTOR/ NV F ORFERE D
SEMEERWTWAD, /Sy K31 &5V K 20 D&l
LE—HEOMHEE LT HERRED S,

NV R EChBETERL, BEEERET S
284 7 EF—PIRA s hw, ZoZkid, 1442
HELEILELZRIBEWI ENLS Ny 2759 v FOE
L% RT EEAOND, COLEE LES XS5 5E
HESERONLO &, ERELOBYEIEZEY 1 XX
VNS, KONICIRESN TV T & EFHINTH %
(Fig. 3c ICERRAILF RO HF 2R A, thRffiric
ERR 400m OKBRZ 2). 158, T OFHEBHhER
X OMEERE PSR CEDEEA LN SN, ChoiRER
THRITEL P - ILEOHELEZ SN, BEOF/R )
S —, N R 2013, EARMITIZN Y N3 &
BEHLD ML Y NERTD, TRX0EEMCT oy b S
NBEBEDOLNE, INH6DHERFNY 7759V FD
ook REL, STy bEIh BT &

| o =

._{

/N

e HAREA

5, Ko BRICH KT 2 BB ELRT LEZON
%.
ENGUH S KHERS & OB SEIIAR LI T @ 4 11
KX aEh 5.
1J0] (2004 4 8 A& : MKITHeiT LT, g5V EEH
MR 5 5 R,
O (200449 A H 5 12 AthE]) : —H O K 7EB) T
JB L CTEEE MR SN B R,
M (2004 4F 12 A FA)~2005 42 A) : WK% O#FHE
I

VI 20053 H~Dis< b4 H): BAE#RE TV
2o DDORTIEEE N SN B IHH

42 BEBOREER

MODIS TEIH & N 7o ZURE (Fig. 2a) (&, EAMICIE
KAEDES AL S & N 2 kKK EFEAR E T 5 EiR
S (EELE52) OERERKMLTVWSE EEZ SN
%. Fig. 4b1Tnd & 9T, BRI Z 8 U< LTEk e
SHMOEENTS FoTWa (9 A3 HER). ok
5 ISIEIEIC & 2 MEE R AR O 729, KK H 5 HER
LR %, BHELZEN SEBRS LI EALTE
72\, Fig. 4b &[Al 7 54 b Thg S hroR/A I (Fig.
da) 2N, KIONICHA 9 5 LKL 30~50°C &
PORENE L, SOIRTOFMHER XD EVIEE
(>128°C) AR LTHD, TOL D DS EEAE
BEOFFRNEEZ NG, —F, SRIOTEEIHE,
KIRERG s LIE LIZEIE s /e (Fig. 4d). Thid, IEX
Lo &b B AREL Fo i ik © OfUIc & - ¢, 1
BB L SNIcbDEEZ LN, NV K20 DFEET
FT D& DKM BFE & 75 > TERlE T 2 Al
Mo db s, BRI, KON OREIEEIZ500°C (£
200°C F2EE) LIFIF—ETh -k EPEENTVD
(Fig. 2d) (KRZJT, 2005). fit > T, BEKALY» 5 O EiEE
KD RE - €, B ORK & DAL E <
750 LS IR o SR 0 IR > 2 o g L 72,
[RIRFIC K TR LN D AR BV (Fig. 4c, RETL MBI IC K
% s — RIS B BRSNS, T & D HIREGE A
%9 2 2 ENTE2) PILAKL T DA Il
BEA U KBRGREE A3 L, MODIS TEII S h 2 BGEH
s tctfEs NG, MEDHFLHOEE VP T DX
{LEHEOZHMCBI L CHE T — & THEE S 5 T & 3R T
b, SBRBETEERZLEDD S, —7, Fig. 2a TH
ARSI, RUHEHTb L NVERTOT
3, Fo2&MREV RigcldmEEIcEH LT
BERVBEL N Ly FEA D), TR, BEOZE) P K
LRI ORI SRR OZELIc L B EHEZ 5N 5.
T/, BEOSEROMBOREIICIET 200, 1%
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Fig. 2. (a) Temporal variations of the MODIS band 20 and 31 brightness temperature between January 2004 and
May 2005 and amount of each eruptive event (arrows, Yoshimoto et al, 2005). (b) Dyke intrusion events
suggested by ground deformation (upper triangles) and Baseline length between 0221 (GSI Tsumagoi) and
ASM4 (ERI South). (c) Daily number of BH (high frequency) type earthquakes (bar chart) and tilting
events (diamonds) (after JMA, 2005). (d) Maximum temperature at the summit crater determined with
thermal infrared camera from helicopter or the crater rim (open circles) and level of volcanic glow observed
from Karuizawa (bar chart) (after JMA, 2005). (e) SO, discharge rate measured by COSPEC (JMA and
National Institute of Advanced Industrial Science and Technology) (after JMA, 2005). (f) Maximum height
of volcanic cloud (bar chart) and estimated heat discharge (open circles) (after JMA, 2005).
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Fig. 3. (a) Nighttime Terra MODIS band 20 image (30 September 2004, 12h 45m GMT, ID=MODO021SS. A
2004274.1245.001.2005127093932_16144). The bright point in the centre shows thermal anomaly from the
summit of Asama. The image is 100km X 100km area. (b) Daytime image of MODIS imagery (visible and
near infrared bands) (24 September 2004, 1h 30m GMT) of the same area as (a). (c) The summit area of
Asama (SPOT-2 HP, 22 May 1998), boxed in (b).

(d)

Fig. 4. (a) Thermal infrared image (AVIO TVS-100) of Asama taken from helicopter on 3 September 2004,
viewed from the eastern side (taken by T. Kaneko), boxed in (b). The diameter of the crater rim is about
400m. (b) A photograph from the same direction as (a) (taken by T. Kaneko). (c) Incandescent fumarolic
vents in the summit crater (taken by T. Fujii on 9 August 2005). (d) Volcanic glow observed on 30 Sep-
tember 2004 (taken by M. Yoshimoto).
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OWEFERE IR L CO 2880501825 (Fay b
b S VIR 2R S IO A (). Fig. 4a T,
9 A 1 HOBEK T & a8 kI o BB 54 L
TWVWAH, BEFIIRS V. ThiE, BHENDE
KB THAEDOKILKIE Sem FEEDE S (F4 « i,
2005) TH D, WAL HEMEHRT SEHERLIES <

LT & BIERCREICE > TLE > e SHEE S
N5, foEdhr S S NIRRT & KB OHE
B & OBGER 3D SN Wi, T TIIERY
DRI T BB E R LEE LS,

43 HAROFKE LTORESE (1)

Fig. 2a @7 1 v b T, HKITHEITT 2HEHRATO 8
H 16 Homi{% 5 Z2EE (>300K) BTV 5. WIR
THESN B ICPPEITLT, 7THANERS
WaITE 18- TV B (KRIT, 2004, 2005; #il1 « /N,
2006). FEEILTE, JEEAKRT b EEEFE ISk
DoTWB I END, KIO&KEEHNE DL BT
BICBACTWEL I EMREES NS, FHA - fth (2005)
1%, 2004 4F 9 H oM KITHefT LT 7 A NEJLE, 1IRIEE T
EE—-1km LT A 7 EHAAM R Y b b > &%
5 LT3 (Fig. 2b). TAUCREE L T= 7 < A~
s s, A ik 0 A L SRS 2 O—HHs Kl
A mE L CRINTE L, SRR RS €,
B CniEENEZ 5B,

COLHBHEENIE LW ET Z &, K& DRI E
b33, AT T= 7 = o508t L1z 7 2 KOKE
THES BB TONIE, SR bk T
#  RIEKITHIT LTI D& 5 BEGEEPHN 3 AJaErE
PEO (TR, i 8RR 2358 < 7w, 2[RI D
DI KITHE O T K AR AR SN 2 IREEE
Bo>TW3)., HEEHHEDF— 4 &t TRIFT NI,
BKOFAEZMETALTE LTENTH A5 (441, 4-
6 HEIDEESTD 54 7 HAA <NV MCBT 25l &),
7272 L, IVHI®> NOAA AVHRR T & 3@8E0HM (4
To ZH, 2003) T, EEKILTREKZ D 0B
HEBRONEZZENLE LD, BFEED L NP
BARLEEOBBROKRFANETH S, o 1THTH
SNBRARIEE, Tovh s KK EBEE R Yy — v O
—fl& LTEETH 0, 2TO T s XEKTHAT
TREEENHAT B —vaE B LRV, 4
Bt kKihz&nlicr— 4 ZNEL, BFEOFRL <
5 — v K OBIEPHE & OBIRAE S SIcEEL < Mt
TEMEDD B,

44 FEXHAICEIFZ 200/ (TH)

AR O KRB 13, MODIS IT & % B\GH &
BV LNV ERT. COMIRIO MODIS O BEE O

ElxiFf L A BE, IATAEZE -7 £ 591 %
(Iii~Tal) & 11 AMAZE -2 &3 5902 (1Ib
W) o2 -5nEBIS N B (Fig. 2).

INSDEEF D/ V213, TR KIE DL
2RI LTW3 EEbN S (Fig. 2). §HbbTall]
T, ZPDOIH1HE 14-18 HOBAIES T~ v LN
WOEHETH - 7245, 23 H, 29 H, 10 H 10 H &/NE
K (Zo3ElOBHEEZELE TS, TalloLEo
20% LIT) O IRS N, PR THEKDS WA 1 »
AU Rkt (A - fib, 2005). UL, 2RI
%I11H 14 HIZ, 90 1 HIZRSHE Q577+ v) oK
XK FAE L (Db WoBHiE). 12 H 9 Hiz b
R KRS, Ch)—EHOEE O REDOE K&
ot —h, TD9H~12 HOBEKIHR, SO, kg,
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Fig. 5. Relationship between eruptive interval and SiO,
(upper) and K,O (lower) content of matrix glass of
brown ash particles (adopted from Shimano et al.,
2005).
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