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Airborne survey of active volcano using portable infrared thermal camera (2006)
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As a part of the joint geophysical and geochemical observations of Usu volcano in 2006, the
airborne infrared thermal survey was conducted at Usu volcano, Noboribetsu geothermal area and
Tarumai volcano. The observation was operated by the helicopter which has a hole on the floor
for aerial photo of vertical direction. The portable infrared thermal camera (AVIO TVS-620) was
fixed on the hole to face the ground perpendicularly using the stand designed for this survey. The
position and horizontal direction of the camera were measured by GPS. The vertical angle of the
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camera was determined by two crossing electronic clinometers placed on the stand. The thermal
images (one second interval) ware transferred directly from the camera to computer through the
USB cable. The number of the pixel of each frame is 320 for horizontal direction and 236 for
vertical direction. The instant view of one pixel is 1.4 mrad. The altitude of the flight was 2300m
so that the temperature at a pixel represents the mean temperature of about 3m’ and the each
frame corresponds to the area of 1030 m X 730 m. The detective wavelength of the camera is 8
-14 pum and the signal attenuation by the atmosphere was ignored in the analysis of the surface
temperature. The helicopter kept the constant height during the measurement. The thermally active
area was covered by 6, 2 and 3 measurement lines in Usu, Noboribetsu and Tarumai, respectively.
The selected thermal images with suitable condition were combined (about 90 frames in Usu
volcano) considering the horizontal orientation, vertical angle and the position. The resultant
image represents the overall surface temperature distribution at respective field. The surface
temperature distribution of Usu volcano shows that the thermally active area is mainly composed
from four parts: Nishi-yama crater, Kompira-yama crater, summit area and Showa-shinzan. Nishi-
yama and Kompira-yama craters were newly formed craters at 2000 eruption activity. The surface
temperature distribution of Noboribetsu shows the fumarole activity at Ohyu-numa and Jigoku-dani
thermal area and that of Tarumai shows the fumarole activity at A and B craters, respectively.
The detailed thermal structure at respective field is cleared by this observation. It is confirmed
that this convenient observation system is satisfied for the practical use.
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IR Camera

Fig. 1. Observation instruments placed on the floor of a helicopter.
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Fig. 2. Flight routes at Usu, Tarumai and Noboribetsu
area, respectively.
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Y =tan" (n, - B) (6)
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Fig. 3. Surface temperature distribution of Usu volcano. Boxes of red line represent the target areas where the
heat discharge rate is estimated.



48 Rk =i - i

SBRDLMEMICH D, TR PRI TNz, FEORE & & b ICHH oEER b
NIEDTND IO TH D, £D X9 R BB TE 213 EHMRERENLEVOE, HERLOW
TEK DR, BEFETL, 2000 4F OB KIC X > TA U @bk n, EiLkOELTHS., LUE
KAROEREE, TkA, EkA, PNEER, AR, MR ML TWD25, T 1977
FEOEKIFEFUMEKELZLOTH Y, H6k» 5 OBIHER (F] 21F Matsushima, 2003) & &%
DEDLRY, LIRS E, BBYVIITONKADRZY, KABRO RIS 5K
MEOLND. 205 bRKARERAOEREREEIL 1977 FOEALRIPSMON TS LD TH
5 (&L - fth, 1975).

BRIFETLCOWTIE R—ATEH & 2ol lo@ER [SAZH] fHETREREPBROND, B
K OMFREIRE AT OB (BEIL - fh, 1975 S0 - fil 1984a) LIHEL T, A TEFLOR
BEREINP R VD L TnD Z e dbnrd, R, BRILICITRERFEHITIR L2,

SHREL KD OWTIEKB KA, ZORERR R, KA KB 0w HR TSR m iR R 3
AHN5. FIZKB KD O ERIFEORERTEPEE TH S, WHILADIZBWTIENB KA,
NB k0 &8 &8 A THAIOBR THIRENRERENEETH L. BROZF IFICrEILICHT
TWHBRZEOFMBTETFRAMA~EHL TV, £z, mdbicmos &g od i X v bRl oS5
225 BAIASHRBE N TN D X 5 RS EG T 5. 2000 4EI1CfTo e Z2 RN B o s R (8
W - M, 2002) EHECT D&, @REILKD, WA S BIRERFEHITIEAL TWDER, i
DMFFICBRE R DL, FHEN, KB AHFEEORR, NBXHERORRTHS., Zhb ORI,
W TR 1T B BOBIAGE R (B0 - fl, 2004; Saba et al., 2007) IZFEL <R XT3,

RT3 1) 2 MR IR B 9 A & Fig. da \n . IRERFEIXA KD, BEKOEEA LN A
MEH L TWAH/AT TRV, £z, A KAOILEFMICH e 5 BH FICHEREWRENR L
5. R—ATEFICBWTIE, EEPLIRICHO8H ETRERERAOND., TNLORE
FRERPDIER STV D L DT (1L -fil, 1975), MkGRRIEEI L B2 b b, EL, BMEA,
A K BALTE O EEE IR OSSR (B #BEpE, 1984 5 g8l - i, 1984a) CH~TILAL
TRY, EHOERERERL TVWDL LN LS. —F, FESSOHPIRERE 23 Kk (LF-
fitl, 1984) Ti%, WIBRZRHIZR IR E S E X580 S,

BB B 1T 5 MR IR E A6 & Fig. 4b ITR$. IREREHII KRG, BEHE, HER,
AL, SCR b, TORFEHMOEIY biBEOBMKEE Bl - fh, 1975) LZED LR,
723, 2007 4F 5 HICEUR 2 M L —FEAYITIEFAL L 7o KIEHIRRIC R W T H /NI T3 d 2 2558
WELRE RO HILD.

2. HEHEREORE

HEICRNTER L e/ B LG 7 2 71, £ O8RS 8 ~ 14 pm TR D Z 5 2l
AL TS, Lo T, EHEEEOHRE TRIEERWS, 4RO X9 2km BERHNS &, K
K[OZGELBER TERWAREERD D, £ T, BHRFORKORILZEE L TEOREL RME



BERTLARANT A T IO T ARZERIZ & % MR HIE  (2006) 49

42

31 I T B A B
o—

I
—_
|

I B I B
(o8]
i

I B B R
22 23 24

29 I\A\\II\III‘II\\IIFI\\/
8 9 10

Fig. 4. (a) Surface temperature distribution of Tarumai volcano and (b) that of Noboribetsu geothermal field.
Boxes of red line represent the target areas where the heat discharge rate is estimated.
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Fig. 5. Estimation of the observed temperature devia-
tion induced by the pass radiance and absorption of
the air between the infrared thermal camera and the
ground.
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Fig.6. The relationships between the surface temperature anomaly and its areas at the summit crater of Usu
volcano, Nishiyama-crater of Usu volcano, Konpirayama-crater of Usu volcano, Showa-Shinzan, Tarumai

volcano and Noboribetsu, respectively.
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Table 1. Estimated heat discharge rate and other characteristic parameters at respective thermal fields.

Standard Standard Heat Temp. Maximum  Fumarole = Mass discharge
temp. deviation discharge anomaly temp. temp. rate
(©) (©) rate (MW)  area (m?) (© (©) (kg/sec)
Usu 16.4 3.2 12.9 21820 108. 3 150 2
Nishiyama
Usu 16.8 2.3 6.3 20341 45.5 < 100 2
Kompirayama
Usu 15.0 2.2 35.9 79541 152.0 300 20
Summit area
Showa Shinzan 15.2 1.8 8.1 22156 73.8 200 20
. 2
Tarumai 16.6 1.7 3.0 9896 108. 1 500 (terada, 2004)
Noboribetsu 18.3 3.1 19.3 27919 64.1 < 100 2

4. MEEDORBEIL

B ERILTE L TUX 1977 4EME K DL,
MR X D VR 28 plume  rise 14
(##11,1978) 225, KM (steaming
ground) 7 5 O fift By & 0% Sekioka
and Yuhara (1974) OFHIEDHRKD
BTN D. AREIOKERITESH D
bOBERICHY T 5. WEOFRR
(Table 2) LHbE¥THDE, 5F
TOEMOERBR EITH Y, 1977
K LA O R ) & RS T
»5 (Fig. 7). BFHEILICOWTI,
1975429 A oM R EIRE A (5
(- fh, 1975) ZiLJR - fE4 (1980)
DMEHTL TRV, 105MW O % £
TWa, —J%, gl (1978) 1Tk -
THER M B O g EE & L T 1977
11 H 12 80MW, 1978 £ 2 H I
S55MW L WS EB/ZHNTND. &
[ DOFERIL, FDOHOUE R —LD
BEEKIRL T, 2720 /hEL 7o
TNDLZ Db,

Table 2. Summary of the heat discharge rate from the fu-
marole (®,) and that of the steaming ground (,) at the

summit crater of Usu volcano.

Surver @, MW) @, (MW) Reference
09/75 1 Kagiyama (1978)
08/77 8 Matsushima (1992)
10/77 21 Matsushima (1992)
11/77 80 Kagiyama (1978)
02/78 310 Kagiyama (1978)
04/78 191 Matsushima (1992)
09/78 290 Matsushima (1992)
10/78 370 Kagiyama et al. (1984)
04/79 730 Sugoshi (1980)

09/79 420 Kagiyama et al. (1984)
11/79 320 Matsushima (1992)
12/79 360 Sugoshi (1980)

11/82 56 Kagiyama et al. (1984)
12/82 53 Kagiyama et al. (1984)
09/83 30 276 Tomiya (1983)

10/87 205 Matsushima (1992)
12/87 19 Matsushima (1992)
06/90 11 Matsushima (1992)
08/99 73 Matsushima (2003)
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b) Dec. 12, 2002

c) Nov. 13, 2003

T e,
ppEs T Dk " =

Fig.9. Thermal images revealing the changes in the sur-
face temperature distribution around Nishiyama-crater.
Images were taken from the point indicated in Fig. 8.
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Fig.10. The relationships between the surface temperature
anomaly and its areas at Nishiyama-crater of Usu
volcano, which was obtained from the thermal images

in Fig. 9.
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Fig.11. Ground temperature at 75cm depth observed
along the measurement line indicated in Fig. 8.
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