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Aerial IR surveys were carried out in September 2010 over geothermal areas at Usu,
Noboribetsu and Hokkaido-Komagatake volcanoes, Japan. The heat discharge rate from steaming
grounds that formed during the 2000 eruption of Usu volcano is estimated to be 5.6 MW, which
is half the rate measured in September 2006. Integration of the heat discharge rate from April
2000 to September 2010 yields an accumulated discharge of approximately 2.4 X 10 J. This
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amount of heat corresponds to several percent of the total intruded magma heat estimated from
analyses of ground deformation associated with the 2000 eruption. Areas of steaming ground
associated with the 2000 eruption showed rapid growth compared with those of the 1977 eruption
but discharged less heat. We suspect that differences in the hydrological environments of the
two eruptions, led to contrasting patterns of propagation of the hydrothermal systems around the
intruded magmas.

The heat discharge rate from the summit areas of Usu volcano, Showa-shinzan and
Noboribetsu volcano in 2010 are estimated to be 40, 6.2 and 22 MW, respectively, similar to the
rates measured in September 2006.

No high-temperature grounds were detected at the vents and fissure formed during the
1942 eruption of Hokkaido-Komagatake volcano. We observed no geothermal activities at vents
associated with the 1929, 1996, 1998 and 2000 eruptions, due to the absorption effect of
atmospheric cloud.

I.1Xx C & I

ZER MBI X > TE LN RAMEE Z WD Z & T, KIUERORE S 2R 512
20 TR, MREPDORKINEMEENLIBEZHE T2 Z L3 TE S (Sekioka and Yuhara,
1974 ; Terada et al., 2008)

AERAL 2000 FEKTIE, WLEDO Z<EFTICY 7 BB AL Z & TEBERS N—A0E
A S AL (2000 48T, JE TR KA B IR e MBS B 25kt L 72, R & 9 ICIBTER S
N—ARER SN2 1977 FOFERLUTEE K TS, FWEHOHERAEHEICOIZ Y BlgsnT
W% (Matsushima, 2003). ZAUHEIEHOFITEA~ I~ THY, BISEIOHRE % EEMNICH
RHTET, v /~0&EP, FAUOMTKEEREZMFTTLILENTE D,

IHWET, Foxld, 22HRsEHIRCATE O FEII 24 D K LATVy,  [LTEK A JE IS 2000 47
FC I 1T B i EHEE ke I12fT 72 > T & 72 (Matsushima, 2003 5 FH - i, 2008).
SCTIE, FEELT20104F9 A 27 BITEM L 7228 RAMERNC R S =, Rk L& ikizBsiT
LM E OB 2 HmET .

—J7, BBIKLOKIEHSE L FEIEAL S KD TIE, 2007 LA, FERORICERRIL 722258/ 7
BUKE IRV KIS T D (FLIRE KRR A KIS - ikt o2 —, 2010b). 7z, F
KILHBRBIZ BN TS, BRICEEHOHRPBESN TS FIAE, BHTEHE, 1924 B
AR, 1953). £ 2T, BHIKILTS FEROZEPIRIVERI 217720, [ OEHER S X
K IH AR = RNV F—2HE LI, 61, JL#BER 7 FHXKIconWTh, FEEAHIC T
% BNEE) 2 303 5 7o DI ZE AR AMEA 2 SEE L T2,

AEMICTIE, BRI - AT RIS OWTHERL L 728, BERAKINCE T 2 MTiE R L #am 21772 9.
BT, BRILK L, dbdRE K ISR D TR R AR D
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II. 8 A # &

2010 429 A 27 BT, LB 22t 3ira 3 2 /0 e, & X 30 TU206G ¢ (Fig. 1a)
ZfED EFTC, BER, BRIR L ObRER S mkIl o E222RAT U e, ASICITERtE 1 AR &
OB 2 45555k L, M TR S BRI LE AW TBIRIZ1T72 5 2 L BT
5. AN, FIH AT LEETAH AT ERY T D AREEEERL, ZOAKZRL N THEN
PREBICEE L 72 (Fig. 1b).
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Fig. 1. (a),(b) Photographs of an airplane operated by Hokkaido Aviation Co., Ltd.. Infrared camera and video
camera were installed in the floor of the airplane. Aerial photographs taken on 27 September 2010: (c) The
new thermal area at the western slope of Usu volcano, formed during the 2000 eruption. (d) The summit area
of Usu volcano and Showa-shinzan.

ZokL o EZICBERIZ, MHEER 1500 m 2R 500, B E 72 X r AL T [~ K IR
TLZRRG, ROVERZ 1 BEICiesk Lz, AL R o A Z13dbiE K7 23557 3 % NEC
Avio TH9260 T, #REF 1% 21.7 X 16.4 FE, EFEE L 640 X 480 pixel TH 5. xFHIEE 1500m D & X,
1 pixel &7z Y OHFHEFEIZ 081 m* FBE L7 5.
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BUHRIX, 1AOBHIED / — b3y a2 v EAWTHRANEG O NERERIEEZ T2, 5 14
DOERE L, BIO / — bRy ay EICRRINDBIEOTERAER L 72235, EifEticxt LT
HE L CRITa— A ZfirLc, 2 2 CTHAEMIE, BNRTHZICEE L 72 GARMIN GPSIC k- T
1 R CHRES L, Windows HOZ V—Y 7 by =7, B I—/3D ZHWTHIXKE LR (ELt
HFRBEIERL) ICBRRER S H T,

ZehRAMBLIN 24T 72 5 ECIHEETREIE, AFORBIC L2 MREREED LA THD. BIY
A OFLIRTHIZI T 2 B HEFZNIE 05 BF 27 3 TH 503, BERAES & Lo mERZEd: GGLIRTHRK) o
EABBRZNI 0T RETH D, 20T, FEAI EZEAFGET D OFR < &b 07 K 30 7Rl
ThHY, FEAREOEICITAFOREPEE SN,

BUHY A OBERET EREZ] 07 FRIZRBWT, FERKILELOREEICENER>TND Z L %,
AV =3y NEZBUTRESNTWDIYHO T A T H A g THRER L., —FHT, HETH
CXiuE, ZoXd BERAREREMG 2 MHET 2 L Snk, BT B i3Ek L < 3 B MfEE
LTWehs, BHUBIEKEOETICHY, [BEEENS DICERT I BT ENE. &
Dics, BEMELEHH#ED S 2, TE LD 1REFEV 08 FRIC mERZEW A BfE L 72, ZoOfE, H
RN BT 2 BUAIBRAARREANIX 08 FE 40 4 & 72 o7z, FEiz, BRBIAILIL 09 B 20 43, JL¥EEE)
K LEEIR] 50 43 & e o 7z,

e, YOI ZTEL TWIFERL, AT, EEEOSKILOZEFRAGNIT, HARNR
DIk L 7z, ALHEER 7 AL, SHRKLBRARE TH o IBE D, TR 2Bk 5
Tholz.

Im. & # # &

1. EXRH

2006 fFICFE M L 7 Z2 P RABIR o it (SEE - fih, 2008) & RIARIC, BUKET V&2 HWT
MR %KD 5. Sekioka and Yuhara (1974) 1 XAuiX, WD 2 OMBEMERIL, xf&L
RO OMBIIRLE T L, ZOIEFEOIFMBIRICI T 2 MMRmIEE T, & OIREZEITHE]F
5. ZoORFBERAVWIIE, H5EIHICKIT 2 RBEE O, 1 FRO X5 ITETS ¢

ZZ TS, HRE T, #72 THEFEROEEOMTH S, X (1) ZHWD eI BBl EIx
n,ﬂki@Sgﬁ&D,%?h%%%u@#%%%hé.ik, IIRBRERTH Y, AHF
TERBIR R & S D 37T 25 2% (Sekioka, 1983). JEHIBUMOMFEIRE T, 1, E&H
EBEOHMOEIRE L L, SHIE T L5 272 (Table 1).
ROVERICIE, REFHR2? 01°CHETRESh TS, LaL, Z i%%%o&m%ﬁa
FNT RN F—CONTEHE N LD TH S, it,kx%ﬁ DARIEOWIL, BB
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Table 1. Heat discharge rates from steaming grounds and hot crater lakes at Usu and Noboribetsu volcanoes esti-
mated in September 2010.

Surface temperature of Representative angle Total area of Heat discharge
Usu volcano neighboring non-geothermal area of slope steaming ground rate
T, [C] [m’] [MW]
Nishi-yama 21.5 - 31, 000 4.4
Konpira-yama 21.9 45 10, 000 1.2
Total 41, 000 5.6
Showa-shinzan 14.9 30 34, 000 6.2
O-usu 12.0 29 4,100 0.6
Ogari-yama 20.5 - 6, 600 0.6
Gin-numa 18.5 - 60, 000 11.1
Southwest somma 20.0 32 53, 000 7.5
North Byobu-yama 20.0 36 50, 000 6.8
Ko-usu and 1 crater 20.0 34 80, 000 12.8
Total 253,700 39.4
Noboribetsu A Surf-ace temperature of Representative angle Tota} area of Heat discharge
volcano neighboring non-geothermal area of slope steaming ground rate
T, [C] [m’] [MW]
Jigokudani Crater 19.8 - 29, 000 4.4
Kasa-yama 19.8 32 5, 000 0.5
Around O-yunuma 19.8 - 7,000 0.8
Hiyori-yama 19.8 27 30, 000 3.4
O-yunuma 19.8 - 15, 000 11.2
Oku-yunuma 19.8 - 850 1.3
Taisho-jigoku 19.8 - 160 0.2
Total 87,010 21.8

WITHE A DB P L EEN TS, Lz -> T, FBRECHTImBERMEICRD D Z LT
B9, HIRHEIEEZ 25 C HRBOBRICHITT, TOPRMEE2SER i OMEBRIEE T, & Lk,
ZIT, #iRmBSRIT 2REL .

MR AR RS T, (o34 2 A HfE S, 13, ABER O pixel B & ROV EIE B % T, 2%
NOSIm* #R U D L TR, 2L, FRAEGITITANYFHEEZEL TWiRWE), 20
ok zEEE, R EOETH S, 2T, ERMBAREICHEET I EERKILOE R
R, RO LTESES O —HE, BEFEl, BRkILo BFILE X OISR ICOW T, H
R 5 ARERRERAE (Table 1) ZFARD Z & THEAMEE L L.

723, FOEBICIEKL L TEBEGRREERZE S EENTRY, Bl IRRRKEE 2 SI3BEE 2
IR E L TRBIND Z DD, Fio, HEINERSORETFIGE, BHICX2BERE
EEAPREDOND. ZHb i EEZS FTRBURICE SV TER D B\ o B8 2 T I v 7z,
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2. KO

B K NI KR 40 C A O K DN 3 DFET 5. T b EEADWIC 2T, Ryan
et al. (1974) OET NV EHAWTHE TS (ffH6%).

ik OIC I 1) 2 AL HFE & e » OREVE @ 11X, BAIHESH 20 OMmARE ¢, BEE
HE ¢, BILOEKKH ¢, E0uL, KOXHIcETD :

O=¢,+¢+e, (2)

K ORI E L —R TRV, KDMREEE T, 2, R &R 25°C L IChEKk
ST LT, KOA» S ORIEER 0,1F, FHEfk T, 1225\ T (2) Kb iER o, #5HE L, %
NHEEERBIZOWTHESTHZ ETELNAD !

0, = ; ;S (3)

TTTS I, RERL 2T MERTH Y, RINERD SRR o T
IV. BHRXIUDKREAEE

1. 2000 &#l

AT, (1) 2000 FEFHILHEEL L, (2) & LT 1977 B A TR SN HAERILITEDRE 8
HHEEE, B XU (3) 1944 FrE K TR S V- IEFNETILEEE O 3 Do E M 2 L ITHETT 5.

2000 EEH L OH OB E % Fig. le, HEX % Fig. 2a, b, #HRIEH % Fig. 2c, d 1ZxR$. FEHILIKA
HAEICI T 2 femii EIL NB AN 51.3°C, P ILIMERHLOBERIC IS W CTidfm 49.8 'C 23IE
SATz. VEIIHIIC IS T D BEIRE T, & U CRERI O JEHIEIR (Fig. 2c D REIED) 215°C %
BHTIE, REREEROBEAIT 30,920 m®, KEKIT44MW & AEL5R5 (Table 1).

WICEBREINKOFICONTRARS, KB AKADOMR X O HICEET 2 A8 TiExE
32.7°C BRI SNz, Zofh, BlZIZKA - KB AKDONEED A X #HEICD, &30 °CIcEY
LEWHARDOLND. ZhbiE, BAREFRRETIRERE THD I B3P TNHDT, &
O OEBIIEE 2 OEY R e, 22T, @RELEREEEY (Fig 2d ORAEL) OHFKm
IREE 219 °C ZHAEREE T, IREERFHEMOPHREE 45° L 90, BERFmEE 10,000 m’,
WEEIZ12MW EFHE SIS (Table 1).

2. HERMLWLTRRE

FHEHE%Z Fig 1d 17, #EME L ORI EE Z Fig 31CRT. MEZ%ZITT, PELTW
TEHAT 2 — A DA LTS T, SR ILEE PO — ISR & 72> T B, R BE S I
VX, IHTEK ARFRID B RN 2 TIKFEIC A L TV D, FRIC T KA O—E T, BHRIRA O
120 C UL EZRdHUIENFEET D0, 26, WINLGBEMOBEEHTH S,
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Fig. 2. (a) Topographic maps showing around the Nishi-yama steaming ground and the Konpira-yama steaming
ground at Usu volcano. Grey solid lines represent topographic contours with interval of 10 m height. Aerial IR
images of (b) Nishi-yama and (c) Konpira-yama taken on 27 September 2010 from 1,500 m above the ground
surface.

REVERRNTIE, KA, A AV IS, S|EAkD, PMEHRBLIOI KN, FE—REESME LR X
LRI OFFEIRIC 01 TIT o 72, FEMER I, SHIR C & ICHIEVER 5 032 VW B O R o0 S8
BEZE 27 (Table 1). REKROTEMUMEIIHFOEELHBZIT T\, 2ok, HAERK
fLZEtk sttt o~ 2 7 F —E2FAWTIH 23 B ZNCER L7z, FREROBITH S e R E G
% W TRRT 24T o Tz,

AERKILILTEIC 81T 2155 B IR O B AE I 25,000 m®, HESRIZ 39MW LHffES k., 2
DL, IFERETKOEENS ISMW %2, WWTEBEAKONIIMW 2 505, 215 OfEIL,
2006 £ 9 AICHE M S Nz 22 P RSMEIRI ORISR (R - fih, A5) LEAEWMTH .
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Fig. 3. (a) Topographic map showing around the summit of Usu volcano. Grey solid lines represent topograph-
ic contours with interval of 10 m height. (b) Aerial IR image of the summit area of Usu volcano taken on 27
September 2010 from 1,500 m above the ground surface.

3. ERFIHETLL
MK L OARIMES: % Fig. 4 (R d. @iREBIIES 250 m LA EICEHF L TR Y, fEiE
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Car parking space

Fig. 4. (a) Topographic map showing around the Showa-shinzan. Grey solid lines represent top-
ographic contours with interval of 10 m height. (b) Aerial IR image of Showa-shinzan taken
on 27 September 2010 from 1,500 m above the ground surface.

12602°C THD., RILHMANCAHY S 2 BRINCIE, RERFEHEBIIRD bikroT,
FEUEVREE T, 0%, MEFnET LMo B (Fig. 4b O RENE) ONFEEE 149°C L Lz, 20
L&, R OREREEROmEZ 29,700 m’, KERIISAMW LFEEND. LM
FLFRRICBEATWS, AHEEEHETIICHY, BEREHEKOERZ 300m & L, TR
B % 30 B L iR, (R R AL 34,000 m°, MEVRIZ62MW L AELONDG. ZhbD
FERIT, 2006 4E 9 A OFRAEIBICA N Y HIEE A TRERBZEH LZHER (B8 - i, £%)
LHR L TR 3 EID s, MZICER T2 AHEZEBRL T, BWEEICKE RBMITR/ DL 5
RNEEZD,

4, 2000 E#HWLICHITHREFHOFR

ARG BT Ze R 5 2 AT L 72 k5, 2010 4E 9 A 2R IT B R ER 1T 5.6 MW T
HY, 200649 A (9.2MW, FH - fil, 2008) £V b L72cZ L35 dro7z, 2000 FH7 1L JE
W OEEHIE, 2000 4225 2006 FEIZH T THERMEM TH o 7228, SEHID T, BWRHEE O
BB NF D~ U T AR S N, ERIC, ARHUIE G IR B T, A0 RENER S
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TWa, KEAWEERBIRITY, FRICEWHROBADZEATEIISA TS (FFH, KRAK
EE.

S HIT, 2006 49 AICTHmEAEER 2MW & RS b7z KB kB, 2007 B33
EB L 72, 2006 49 HIZ 8SMW & H#EE SN NB KO DS D, 201049 AICIFEETE R
WEEETEIRL TWe, 374hbb, KAWSHEIAPL DR S TW S EEE, 2010 12
IMW LT ERBbig.

TNHMERHICMES, KO ORKEE THEST 2 &, 2006 4F 9 HIZ 20 MW & HEE X4
7z 2000 FHT LA D ORBERIL, FL 4 FMTH /4B L2 hbrd, ZoX5
72 2000 EF L OBIEB O FIRIE, RO~ 7~ NEA LKL S5 1977 FEA TEHl S iz
FIBR—2 L0 %, BHLITENY,

Fig. 5 12, 2000 4357 (L D FEE OHERS L, 1977 FME A% O |LTEFEL TOREEHER 2 x 9. F
H - fth (2008) 1%, 2007 455 A £ TOMEEL 23 X 10°] L AL ->TWD., 20%, &56IC
2010410 A 1 H £ Clciii SN B &13, Fig 5 IR LIETF— 2 2 BHAREZHWTHES T 5
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Fig. 5. (a) Time series of heat discharge rates from the geothermal area formed during the 2000 eruption at
Usu volcano. The data before 190 days are monthly averaged values, referred to Hirabayashi et al. (2000)
and Meteorological Research Institute (2002). (b) Time series of heat discharge rates from the summit ar-
ea of Usu volcano (after Matsushima, 2003). Data obtained in 2006 is from Matsushima et al. (this is-
sue).
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ZETI3IXIOPTEAMELLND. ZHHLDRBV I, T—42 BV RV DICRREENK E
23, 2006 FLIEOFTEAE L, FALANCHEL TEHEL < DBRNWZ LITHLNATHS. 2o ko1
AL 10 B2 DT, MW B L AHICE X BB ORI, 1977 FrE Ak LTk <
2D,

Fig. 5 ZREICOWTHES T 5 Z & THOLNHIREEIL, HBREEOGHEINTLBEA~ T <
DHETHHED 1I/I0ULTFTTHD GFH - M, 2008). T70bb, Kno~r~<n, HEDER
RIETHTERINCHFEL TWD Z ickd, —FHT, 1977 FHEABICKIE SN REER, &
A~ T<DEIZHFEL VY Matsushima, 2003). T D X 9 ZERE AU ZEKNEZ, W< O1E
265, B, PEILEEOH I KEEREORE L LT, BEOFKGEALTAEERE D b/~
SNWZERFETFLND (KE - RE, 1999). Zo%HA, BUKIEERY A7 AR UTEMT XY L3

Liz< <, 2000 L TOMEBRBEVEERNIT, LWEOZA LY bMHEH SNETHAS. HD
Wi, BIHEA~Y I ~DENR, TNETEILNLTNDS XY LR, <7< X0 BT
T 2SOFEENEZ LD (FH-fh, 2008). BMRA TRNAZHET S LT#L <, 41,
RIS T 2 RIRAE IS, FEMREREITRO ZepHifFans,

V. BRXLOHKEES

1. BTHR
MR X ORSMEG: % Fig. 6 ([T~ d. KEE, REER I OKRERMD 3 >0 kaiHlicnzx
T, KREEKBOWIER, BFIEERS N — L0 MRILE, X UOHBRAERK DIV TORE

BESBE s, ZnbiE, W LBEMOBEEITH D,

BIEREZIET DICHY, WYREE, T7hbb ke L TOBEBORENRRL, o
HEAE DECEED D 72 MDY, FENTRESGEBHICIZI RO B e o Te, T, HRA DR 1.8 km,
ZE 200 m IZAET 5 70m X 100m O#HAZRE L, Z OFGHELHIRE 19.8 °C 2 HERE
T, & LTc., Eie, KOWMHEKERZ BED 5 7 OICHERRIRR L OEEIE, [[FH 09 B 30 4
WZRBIT 2T AZAGRA B o7 —% (18°C, 1.6m/s) ZEMAL .

AT OFEH, M O R OEZIT 87,000m” E REL 6. o5 b, kAMOD
EAEIE, KB 14,600 m®, B 850 m°, KIEHIR 155 m® TH -7z (Table 1). M, KiEH
FRITAKAEZE T > TImEE S E L <ELL THY, BRI ERIMEKMORETH - 72,

ﬁ%ﬁ:%ﬁéﬂﬁﬁ%%ivﬁﬁ%ﬁﬁﬁi,n#%MW&%Eéht ZDHH 11 MW
EREEED, HIRBD 4AMW 3%kt < (Table 1).

2. KOMOEINZ
KREBXKOWDPEFEAET HEMITBEH KO EEZSNTEY (5O -, 2005), HAKGEEIT
22m, WHFIO pHIZ28 THD (85K - fl, 1958). WIEIEEIL 74-112°C v, WIEDO—KF
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Fig. 6. (a) Topographic map showing the geothermal area at Noboribetsu volcano. Grey solid lines represent topo-
graphic contours with interval of 10 m height. (b) Aerial IR image of the geothermal area at Noboribetsu vol-
cano taken on 27 September 2010 from 1,500 m height above the ground surface.

TR RRRE S FET D (@&, 1966).

ERKR 2 L 2356 O A EIC L UE, KEBOWESMEERIZ MW LifESh
TRY (REE - fh, 1968), AHFFETRED OV WIEKEER 11 MW BLEIC, HRERE)ITE LT
BRRDONTWD ZENRERIND, Z0 X9 2EJIFE S OFEAE, KIGED? D O BRI
BEARAL - B2 (20 MW, Ohba et al, 1994) XV HZ\V. T X5 ICKERBIL, Mk -
H12E Y (220 MW, Terada et al, 2008) & & HIZENEEOIEEIHK OO EDEWNZ 5,

fEE (1966) e - flh (1968) (T &iuid, BGE & KIEMB, O OWJIREREIE, ZhEh
14-23L/s (56.8-9.7MW), 18L/s (1.3MW) LH#EEIN TS, Wihb, RHIETRES b
77 13MW BIUO02MW XV 1HKEL, 26 KOHOEGH O K2 i R 2348 - T
W5, ZOET, FEKIL (Terada et al, 2012) SCEHEEAARKILO KO (Ohba et al, 1994)
THEIN TV ARG ORI RE < ERD, DEoZ &b, HRIKLO KO ZE8IC
T=H Y 7T HIIE, WAKRREIERY TR, WERIORELZFNT 2 2 L REETH D,
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3. ERhDEINE

AR, SEFtICERINBERSE F—ATH S (B, 1988). 17-19 ARk = 4L
TEZE2oN5/ESKO (Goto et al, 2011) FEWITIKREREEIRDIENAY, Yoy NFEELE
YR T0m AT OmmSIEE LT TnWd (FLIRE KK G A KILER - F#HtE % —, 2010b).
ek, T OMEKOIREIL 120 C #ig Th - 7225, 2007 FE LG TR0 72 L FEm A3 F D 6 1,
BITEIE 130-140 C Aife THERE L TV 5 (FLIRE XK E B KILER - @t v % —, 2010b). [F
REEIZIE, KIEHUER T ORI R BOKIEH S EE > TV 2,

2006 4E 1T bz Zeh RN E G (K - fll, 2012) & Fig 6 ZIb#id % &, HEEF &I
BERETED bR, HEINEHEES, SEELN 22 MW ITIZIE—FL TV,
Tobb, MTFEMOBUKKENCKIET 6 LB 2 HNAEKMOBIETENCIL, KBl 358
LA,

—J, A LBHANLEZLNTEY, KOKEBICEKIH-CHERBHARLLND (B,
1988). MBS TIHENEB OWHENRRD b1, KIERRICITEKZEHAK 2 ® S 50 m £ TR
= BT AIEENAS 2 RS L 7213y, FXRIRO AR - MRS FE I TWD (Y EE, 1924).
FALTIX, 1951 225 52 FITH T T, HURA I HEUKOAR ML <MEH L, IRFnHISE 2
Rk STz, Z OIEBOREYICIE, JE 250 m oI B E2AE S, FAEOILEY $E<
WSS LR L (BE - HEA, 1953). E£7z, 1974405 75 E12 0T T, & LA TH I ITE
FLH IR SR S ATz,

ARIFETIE, MR ICR T 2ESMEERIT 44 MW EHEE SN2, —J5, )1l (1960) 1T,
N BEICESEMBB TR T 2BUKEHEZ A b > TRV, {EFMITHEY T2 1952 F1%
559 L/s (11 MW), #EEHICHY 95 1958 4FI1TiE 347 Lis (TMW) Thotk. T/hbb, B
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Fig. 7. (a) Topographic map showing around the summit area of Hokkaido-Komagatake volcano. Grey solid lines
represent topographic contours with interval of 10 m height. (b) Aerial IR image of the summit area of Hok-
kaido-Komagatake volcano taken on 27 September 2010 from 1,500 m above the ground surface.
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¢, =e,0(T,'— T (ad)



40 SEH BEEZ - At

W5 (B 21X, Brown et al., 1989 : Ohba et al., 1994). Z Z T, & II/K\E DGR 0.97,
0 % Stefan-Boltzman E#% 5.67 X 10° Th 5. (ad) RILELEIRFH TH D, SR DEHOE
BIRART RNV —NEHET 5720, TORMEEN & ~5 2 522 IV 720,

X #®

B SR AT G AT, 2002, K LS ZE RO e K DAL, dEER R, AT, BEL, EMLo
AR IR EBH, KLEATAEES W, 79, 1-4.

Brown, G., H. Rymer, J. Dowden, P. Kapadia, D. Stevenson, J. Barquero and L. D. Morales, 1989. Energy budget
analysis for Poas crater lake: implication for predicting volcanic activity, Nature, 339, 370-373.

T-EEER, 1996, AbyEiEE) 7 5Kl 1996 45 3 Ak, HUESRMEEE, 102, 3-15.

B IR, 1966, BRHNRR OHEYE 2RI O, REES, 16, 51-59.

BE IR - ORI, 1953, BARD 26 4 11 H 25 27 45 3 HE OB BINR RHBA OISERR D,  AbHEE K5 Bk £
SRR, 3, 23-40.

EEFIE - PRIKGAR - =47 B 9 - B ESE—, 1968. BBINREKEE ORI IS X OB,  dbififE K7 gk
PSR E R, 19, 1-19.

Goto, Y., H. Sasaki, Y. Toriguchi and A. Hatakeyama, 2011. A phreatic explosion after AD 1663 at the Hiyoriyama
cryptodome, Kuttara volcano, southwestern Hokkaido, Japan, Bull Volcanol. Soc. Japan, 56, 153-160.

EMNE— - 2fay B - B LS - #LfER - K35 - mIEDE - SRREUE - 80K B, 2000, A ERIL 2000 4
gk DR S TEB DML, HARKERYE, 19, 375-381.

IR E - RRERE - AL R B FE - MLERE - WS - HHER - HATE - PJIDEEL, 2002, ki
BB 1998 45 10 A 25 H ok, dbifEiE Sr i E A JE Ty, 73, 143-150.

W HeFt, 1988, BZ% (AFmL), dcdEER; K<k, 99pp.

REHFSERT, 2002, BERILALEE ILEEK 026 OEERRIHER, KILMCK PAERE S, 77, 74-75.

Matsushima, N., 2003. Mathematical simulation of magma-hydrothermal activity associated with the 1977 eruption of
Usu volcano, Earth Planets Space, 55, 559-568.

FARSERE - KOG « ARVF - BIAEDG - SR - SFHBEES - SHILIERL, 2012, HEHAUARAN D A T % AV To i 22k
IZ X 2 MR AR ERIE (2006) —AERAKWL - BRI - BRI —, JbfEE K FHER B A JE i 2, 75,
KN

HIDEEL - B Ll - AEREN - EARE - wiF B - AR TEER - B S % - MR - A
A BB, 2001, ALHEEED R, 2000 GEO/NEE K L FOEFE Y L KR E TR S ORI L S R
Te~ 7<= IEEEIFAL OFEML, K1lI, 46, 295-304.

Ohba, T., J. Hirabayashi and K. Nogami, 1994. Water, heat and Chloride budgets of the volcanic lake Kusatsu-
Shirane volcano, Japan, Geochem.J, 28, 199-216.

KEFLE - WS EM-E, 1999, ABRIIEHIOKERES « WAFER O, JLHRE KA B2 IE s, 62, 79-97.

Ryan, P. J, D. R. F. Harleman and K. D. Stolzenbach, 1974. Surface heat loss from cooling ponds, Water Resour.
Res., 10, 930-938.

LR KRG B KR - v & —, 2010a. PRk 22 4 (2010 4F) AbyEEE 7 F o kLGS, [T H#® B
K.

FLIRAE KRG B KB - iz v & —, 2010b. AL 22 45 (2010 4F) O{EZHo K LTES), KT A BAFYHR) .

Sekioka, M. and K. Yuhara, 1974. Heat flux estimation in geothermal areas based on the heat balance of the ground
surface, J. Geophys. Res., 79, 14, 2053-2058.

Sekioka, M., 1983. Proposal of a convenient version of the heat balance technique estimating heat flux on
geothermal and volcanic fields by means of infrared remote sensing, Memoirs of the National Defense Academy
Japan, 23, 95-103.



Ze i RAMBLRNIC 6D < AU FS L OVK T 2~ & DR HEE 41

ZI B, 1960. 1957 £4E 8 A 2~5 1958 4 11 A £ TORBRRGFHIRA IOV T, AVEIE KA HIERY B 22 7E 5, 7,

45-54.
AR BRI - SRORIBOR - 5 S, 1958, BB SR M E A B, ALiEiE AR AL IR AR A RS, IV
35-50.

HPEEH =, 1924, JbimEERNRR, HFHMEEE, 36, 660-667.

Terada, A., T. Hashimoto and T. Kagiyama, 2012. A water flow model of the active crater lake at Aso volcano,
Japan: Fluctuations of magmatic gas and groundwater fluxes from the underlying hydrothermal system, Bull.
Volcanol., DOI:10.1007/s00445-011-0550-4.

Terada, A., T. Kagiyama, and H. Oshima, 2008. Ice Box Calorimetry: A handy method for estimation of heat
discharge rates through a steaming ground, Earth Planets Space, 60, 699-703.

SFHBEE - KEILE - IAEERE - SEIMER, 2008, AR 2000 #1112 O ORMPE L £ OB~ 1977 FIE K
BOBEA~ T~ OBEER & Ol HARMEGESEE 30, 259-270.

RS OEER - e e R - il 5 - R D52, 2005. JLMEEFEEEES, BBIKIICIT 2RO Hnl—X
B — MK D F TR & 7ok ZERUESE, AARK LSS TR, 109,

AN JeHE - Ry A - BB, 1998, KL AR RABUGILE (VAM-90A) 12 X 2 dbifsEl) 7 &, JuEIL,
BRI O ILAR R EE B, B SRS BB JE i g i, 58, 77-104.



