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Emission rate of sulfur dioxide at Owakudani, Hakone volcano, Japan
-Observation, analysis, and temporal transition of emission rate to June 2018 -
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Abstract

We have conducted repeat measurement of sulfur dioxide emission rate at Owakudani, Hakone volcano, Japan,
since 29 March 2017. Based on the measurements, we desire to detect time variation of emission rate caused by
change of volcanic activity and to interpret its activity quantitatively. To achieve such a purpose, the measurement
should be accurate and independent of observation condition. Our measurements were conducted by using Differential
Optical Absorption Spectroscopy. To make the measurement possible independently of moving direction of plume,
our measurements were conducted either by horizontal panning method or by traverse method. For accurate
measurements, we estimated sulfur dioxide column density from obtained wavelength distribution of ultraviolet
intensity, and did not use column density calculated by the observation system. Based on data obtained through
setting different elevation angle for each scan of horizontal panning method, we showed sulfur dioxide was reduced on
its ascending way, and estimated emission rate with taking the reduction into account. We estimated moving direction
and velocity of plume, which were necessary for emission rate estimation, by numerical analysis of movies, without
tracing plume on movies by eyes. On the results obtained from 29 March 2017 to 19 June 2018, emission rate is

estimated to be 9 - 13 ton/day with panning method or 12 - 28 ton/day with traverse method.
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Fig. 1 (a) Location of Hakone volcano. (b) Map around Hakone caldera. Red triangle indicates location of live camera
established by Kanagawa Prefectural Government. (c) Air photo of Google Earth. Distributions of craters,
fumarole, and steam wells (Mannen et a/, 2018) are indicated by red, yellow, blue circles, respectively. The point
where we observed with the panning method is indicated by red star. Wind direction and velocity at an altitude

of 1000 m at the point indicated by green square were estimated by interpolation based on mesoscale analysis

_2_



UIEMICHHRZHEE LR 5k, Tz
SHICIE &, ZEIED (2017 IC K B3O T, IR
IR OHEE DT DICFRRD L F 2 5N 5 MR Z
IR 4 HB IR L 2,

ZERIE A (2017) FBIAKEER D> AT LT X > THH
INT=S0, T LIBEEHOWTHRIEEZAEE LTV
M. TDOATLEEEDERERELR A X2 G, F
(SO, MMKIEIE DRI Z DRI HEL < 75 5 T REMED B
%, Thzlhiicid, B A7 LORH LIk T Lk
EEZOEEMNEDO TR, B ZEES
U/ A R E BB 12 DUIETT 5 A ENH B,

LEIE» (2017) 1%, 2017 45 H 22 HD SO, )
FOMUOBIN I LR T—HifRE DRI HRE bhiz T
CICHEL, BRI KIAR LZEOH 2 FlizBA T LA
T3 S0, DRENSHELTVEH, TOHBMIE
N7z S0, DKM ZDEHE T LEAETHRPTE FL
TWIAREMEZ IR L TV b, RO Z(ELIS O HE
K C—HFEEDOZEDE T B D THIUL, SO, BUHHFED
HEE RS R MLTEB ORI E UTHWS T L kN TH
%o MBHIC/INE AR HEE S IR KZ 580 L2 D
W2 T REND B,

LZEE D (2017) Tld, HAMDIEIKC EFTHT &%
RAE LT 217> T b, L LEBICKIME THEX
BT B L TOEFTIEMTH S, ME LAOREL
KL DTN, HEEINZHLRICEZ ZEHON
THIRS % T LM IEMEARIRZHEST 2 L THETH
%o FIZLERIZMN (2017) Tl EWXO FRHEEAE, B
] OWESROBE) 2 HR THirits T Ll &k > THEE L
TWBH, TOFEIEMTDFRIMEICEZ UL SEH
HTHsrLEZOND,

ZEEH (2017) HhiEH U7z B FiE IS EAR L
T3 EZICORHENTHD, BXDBHZIRF LT
% LI SO, ZMMT 5 T N TERRL, EAHH
7z FLTWa e Eicid, Zruco Lz T1T5
EDND %

AWFFE TR, RIS 4 THH ORE S Z RS % 72
BIT, B - B TFHECOL ODhOHE L, ZL
T, AR LEFHEICK>TSO, OMMREHE L, Z
DOHEBZZBH S i Lz,

2. hHi&

ARETIE, AIEICRT T RSS2 RS 572D TR
ZHDIC, BITFE L RIS DV TR %, 2017
8 A9 HE TOKIBAICHITF S SO, MR Z2ERI1E
MQROIDICXOHEINTVEH, AFETHIIT ST
i, 2017 48 H 9 HM b e 7 —RIC b
L. #i7zic SO, iR Z2RI Uiz,

21. &l

WALlF, LZEIE (2017) EERRICT AU w7 AfHEL
O AL T B 3 4 B 8 ) DOAS (Differential Optical
Absorption Spectroscopy) ¥ A7 L& FAWT, Mk il
9B HPCOWENZBIIL, T X OHEE LT
YEDEPR S ENCAEAET B SO, DA T LUEEICH DN T,
SO, IR ZHEE LTz, HIIE SIS Mori et al. (2007)
BRUZEBIEN CO1ID IR ENT VS,

2017 4F 10 F 5 HEAGIE. 97X TORIHZ Hitk 1 —
T A KRB ERTIC B WO = FEE AN T
11o7z0 T OBMIOFEMIZZEBIZN (2017) ICFiR E N
TWa, TORPITHEIHESD EALTVS L ZICDH
SO, IR ZHETE B THETH B, AT, HX
DAHEFR FLTORHEEICEMERERETZ T e
TE5 L9, HKOBEREEZHY]S b F/3—AJEIC K
LBWETTo 720 2017 45 11 A 6 HLREO BT,
FFRMBICEZHHEIN TV EHELD ER L TS0
PRHZFFLTOW200ZHBICKDHMIL, EAL
TV &Yl LI G138y =0 ZIRc X 287z . i
FLTW2 LA LIaaE b 58— R3EIC X 582
1oz 2017 410 H 5 HRiE N> = Fikic & %
BIIDOAT> TWBD, B & HFHT L TRy L 7cBhEh
5. XMW EALTWEONRRTENS,

INVZV T FIN=RED 2 DDEREDNTN
ZERALGARICENTE, XT0EERICAZNZT
SATHEWT U 72 IRRE TR D / A XL~V ZEF L. 2
DEBEMKOMFE LIV 2Eh SRR 2 B 28I L
T SO, DREEZT TORW HIR DI E) iz B
Uiz LT, BEROIEDT=9IC SO, MM RER D
SUANEHA SN TS L Zg R ODFIcE L TH
WtzBIAIL., THhZNDRED SO, I & b 822
BRI DM ESFZRE LTz, VXS0, 15 L
JEIEAY, 88, 173, 261, 442 ppmm D 4 fEHTH 5,

by Japan Meteorological Agency (JMA) (Forecasting Section of JMA, 2009) in order to estimate SO, emission rate
from the data obtained with the traverse method. (d) Photo taken on 5 Sep. 2018 at the point indicated by green

starin (c).
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Table 1 Details of observations with panning method. From left, we show observational day, number of scans,

azimuthal range of scan, elevation angle of the central direction of scan, whether movie taken by the live camera

is available or not (M : Available, [ : Unavailable)

Date Number of Scans Scan Azimuth (°) Elevation Angle (°) Live Camera
29 Mar. 2017 14 124 - 184 17.0 m
24 Apr. 2017 13 86 - 206 45.8 m
22 May 2017 14 60 - 180 35.0 m
29 Jun. 2017 12 82 - 202 33.8 m
9 Aug. 2017 16 90 - 210 37.3 m
5 Oct. 2017 30 112 - 232 25.1 - 44.6 |
16 Feb. 2018 18 65 - 185 25.0 - 35.0 (]
13 Apr. 2018 19 93 - 213 253 - 34.6 [
19 Jun. 2018 18 103 - 223 24.8 - 353 mi
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Fig.2 Observation with the traverse method.
Spectroscope and GPS receiver are put on the
roof of a car.
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Table 2 Details of observations with traverse method.
From left, we show observation day, number of
scans, wind direction and wind velocity (Forecast

Section of JMA, 2009) at Owakudani (Fig. 1c) .

Number Wind
Date £S
oL SCans  npyirection (°) Velocity (m/s)
6 Nov. 2017 12 231 12.4
12 Dec. 2017 20 255 9.8
15 Jan. 2018 13 234 17.4
26 Mar. 2018 18 234 7.8
15 May 2018 19 237 9.7
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Fig. 3 Intensity of light as a function of its wavelength obtained on 15 Jan. 2018. Black, green, and red lines indicate

intensity obtained when we block the light, intensity of light that did not pass through SO, and one of the

intensity distributions obtained when we were scanning volcanic plume, respectively. Graphs shown in (a) and

(b) have a different vertical scale.
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Fig. 4 Absorbance as a function of its wavelength. Black line indicates absorbance estimated from intensity of light

that did not pass through SO,. Red, green, blue, and purple lines indicate absorbances estimated from intensity

of light observed with using gas cells containing SO, whose column densities are 88, 173, 261, and 442 ppmm,

respectively. (a) Absorbance estimated with a method of removing the influence of stray light. 0-6 indicates the
order of absorption wavelengths of SO,. (b) Absorbance estimated with a method of removing the influence of

stray light and passed through a bandpass filter.
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Fig. 5 A standard curve. Crosses indicate ratio of
expansion of absorbance obtained from light
without passing through SO,, and ratios of
expansion obtained when we put gas cells
containing SO, whose column densities are 88,
173, 261, and 442 ppmm, respectively. Green line
indicates a quadratic curve approximating the
relationship between ratio of expansion and SO,
column density (standard curve) .

767



Absorbance

Absorbance

\9) \9)
le-37053 O le-37, /(©) BestRafio] 1€ ¢
Be-4- 3 y = 0.0942 S

n / n

0 ‘6 Be-4- I} ~5e-6%
~Be-4- s i s
. O o / "
Column Density = 40.95 ppmm ot !
-le-3 | T |y T plp § O-F=*t=t**r—T—7171--- T ‘”WIMI 0 §
307 308 309 310 311 312 313u5 00 04 08 00 o1 02 W
Wavelength (nm) Ratio of Expansion  Ratio of Expansion

\9) \9)
le-3 @ t\g le-3 © I Besg%‘iﬂg le 5%>
5e-4 > ; = 0. 2

n , 0

0 NN 5 Be-4- A | Be-6%
He-4 g R n/ g
—Je~4T (Y2} ++* // )

C ity = 8.4 /
-le-3 (I')Iumnl Densll‘ry |8 > Rpmm § O+—rt71—7T71+F--- R 0 g

307 308 309 310 311 312 313 00 04 08 -0.1 0.0 0.1 w

Wavelength (nm) Ratio of Expansion  Ratio of Expansion

M6 WMAEDERENT (a0 d) & @) HXU (d) ORAELISHTLREZHET BHDT )y FH—FORER

(b.cB&LTef), @ () DLEDYZTIEHTLEED 442 ppmm DHAY)VAERE L TEIRNESE. (a) (d)
DEDTZT1E2018F 2 B 16 HOEETHEILWMAED—HZTRT, cfcL. £DITZ 7T )y RY—Flck
D SNeRBIEERERLEITONTVS, (b) (© (e) ) VU y FY—FORERERLTEY. (0 ) (&
znzn (b) (e) ORBEMMAZIALIEED,

Fig. 6 Wavelength distribution of absorbances (a, d) , and results of grid-search for estimating column density from

absorbances shown in (a) and (d) (b, cand e,f) . Purple lines in (a) and (d) indicate absorbances obtained
with a gas cell containing SO, of 442 ppmm, and black lines in (a) and (d) indicate absorbances obtained during
scanning on 16 Feb. 2018. Graphs indicated by purple lines are multiplied by the best ratio of expansion detected
by grid-search. The results of grid-search are shown in (b) (c) (e) ,and (f) . (c) and (f) zoom in the area near the

best fit value in (b) and (e) , respectively.
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Fig. 7 Relationship between scan azimuth and obtained SO, column density obtained with panning method on 16

Feb. 2018. Black line indicates column density obtained each scan, red line indicates a Gaussian distribution

determined by a grid-search that represents the obtained column density distribution the best. “NG” indicates

that the scan is not interpreted to detect emitted SO, successfully.
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Fig. 8 Cartoon indicating how we estimated
3-dimensional moving direction of plume,
based on leanings of moving direction of plume

estimated from movies taken from two sites.
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Fig. 9 (a) Photo extracted from movie of the live camera (Fig. 1) taken on 16 Feb. 2018, by “ffmpeg”, a movie
analysis software. Red box indicates the area used for estimating moving direction of plume. (b, ¢, d) Brightness
distribution converted from the extracted photos by “Imagel”’, an image analysis software. Brightness
distributions shown in (b) , (c) , and (d) are taken every one second. (e, f) Distribution of brightness change
from the shooting time of (b) to (c) , and from (c) to (d) , respectively. When we assume the distribution
shown in (c¢) as B_t (1)) of (equation 3) , (b) (d) (e) ,and (f) are represented by B.; (L)), By (L), B, (1)
-B., (1)) ,and By, (1)) -B, (1)) , respectively.
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Fig. 10 Distribution of Misfit (/, /) obtained by a grid-
search based on movie of the live camera taken
on 16 Feb. 2018. (a) The result of a grid-search
where distribution of brightness change is
compared every one second. (b) The result of
a grid-search where distribution of brightness
change is compared every two seconds.
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Fig. 11 SO, emission rate obtained from each scan. SO, emission rate is shown by red cross at a distance between

midpoint of two steam wells (No.52, No.39) and intersection of corresponding scan surface and plume path.

Black dashed line approximates the relationship between emission rate and distance shown by red crosses. Star

located on the approximated line at a distance of 0 m shows the estimated emission rate on the observational

day. Green arrow indicates the error range of emission rate on the observational day. (a) (b) (c) (d) indicate the

relationships obtained at a different observational day.
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Fig. 12 SO, emission rate at Owakudani from 2015 to Jun. 2018. Emission rate indicated by red (green) circles were

based on data obtained by panning (traverse) method. Black bars indicate error ranges. Emission rates in 2015
and 2016 are estimated by JMA (2016) and Meteorological Research Institute (2016) , and estimates by JMA
(2016) are indicated only by bars indicating error ranges.
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Fig. 13 Column density distribution obtained with traverse method without removing offset of baseline. (A, B, C,
D, E) Distribution obtained by DOAS. (a, b, ¢, d, e) Distribution obtained through processes that we applied
in this study. Red lines indicate approximate location of Owakudani bridge. Green star and line correspond to

approximate location indicated by green star in Fig. 1c.
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Table 3 Ascending velocity of plume (m/s) estimated
by Abe et al. (2017) and in this study, respectively.
Abe et al. (2017) assumed 250 m as a distance
from observation point to fumarole, while we
assumed 181.2 m in this study. Therefore, we
multiplied velocity estimated in this study by
250/181.2 for comparison.

Ascending velocity (m/s)

Date Abeetal. (2017)  This Study
24 Apr. 2017 2.5 2.3
22 May 2017 24 0.6
29 Jun. 2017 34 24
9 Aug. 2017 4.7 3.0

7ziZzL. TOEREE—=I7HENZERIZ. 2.2.3.3
DHHEIC KD ZOHOMEROHEED S IFRAETNTE
DAERICITE L TR,

42. BEROBEREOHEICDNT

X (2) kB e, v rkEthEonzT—&IC
HD TR OF NI DEEN KB L U THNT B
NB7H, HKRDOEENRROHEEICE A BB K
TV, Ko T, IEMEICHHIRZHEET 2 7201, EX
DEJEHEE DZBINE & IEHES DR ETH %,

LEE N (2017) 1&, BUSD DR L 7cBhmh 5.,
HHIC K O RO RSB ZHEE LTV B0, AZET
Lk S ] 7 B RS AT U C MBS DR Bl e HEE U Tz
FREEZHHTHNTT 558, BiEohTHIDWL
OhDOELKOMZFICHH L TZ OB ZHET %
T EICin %, AT - EUER 2T Tk, HILD
B2 T < Bl ORI R EFPHICHEZ SN2 TO
52T 2 2 &M TE, VLD DOEKDILT
375 < HEEREENICHEZ SN2 TOEK DO E I DV
TiMiid 5 EMNTE S, HETIE EDRZ NG 50
&> THBEEEOHEEMEICARNELC ST EICES
I EUEIN TR T 13 Z OFHR O EED 5 BB TH %,
e, EREEZHETHRT 556, TREE200F
DOENUTERE U 7z B Z B OB B9 % DI h



L2 ET 205, BEICRERD DD B 551 DR
DEKDIIRDZLA K E L, IEREICHE TR 2 HE
BT ENHLD o T, —F, AW OBUENZ iR Tl
1B (FEe®) CLomifgr— 2zl THD.
ESADIIRZ I A U S WHEED FTRE T H %,
LEE D (2017) EAWIZE L OHEE T NS - FEED
Leigz R U2 3 2 Hl % & RIS CLEZiiiEh (2017)
KO LBV AN HEET N TN D T DN S, T
NiE. ZZERIEH (2017) WHIZ > TWTHERIC EFH LT
WABELKDAENGE LT &T, RSS2 &G
LR THB e EZ BN,

43. I\ ZVTEIT K BMHEDBNTHEICDOWLT

LZARIE N (2017) O 5 ROFHIRAED 5 B, 2017
5 H 22 HOBIITR SN MR MO 4 LD L
—HIRRENE o Teo ZERIE (2017) 1. TDOHODE
M E N7z SO, DRER D WEER O @ E £ TR
FLTOARWATREEZIEM LTc, T TR TR, &
A DEEIC K> TRIHENS SO, RN ED K S
ICZILS 2D 0h B K5I, 2017 4 10 H 5 HIXL
BEDBIITIIER T LI ZZbE 8z, K 11ITR
Lic& i, ZNZTNOEETHE SN MHRE, 1H
KA SERME TO LARKORE L OMFRZERT
LT % &L RUERRIEEICHOEE 2D, 2Dl
&, WD ERFREZ SIS DNT SO, AfliiE L TV
T LtzmLTVB RN, X32HB L. 2017
5 H 22 HOWD b FEE 2 AWIFE T HAT U 7oA
. 0.6 m/s &AMOBHANHIC LEATHReD TEWIHE D HE
EENTVS, TOHE, MO LR RHENT
SO, D5 BIiEd % SO, DEIGHWREh > Tzizd, £<
D SO, MZDHDERM E TEETE &b - fealgElE
MEVDTIRENTES S W,

AFFETIRBURE LT, ZNZTNOEBEDES ALY
5 D & AR & OBfRZ BT LT DERR o
HEEO m DfEZHVTWS (K11, TD XS ICHER
T % T EMEL LR S WA, iR T SO,
DRiTE 2B g U T HEE /TiED T PN R, BER o
20T DHDBEKD EADHTTOEOHFEA T, #HEES
NBMERICKEENDBENS LI, K11 A5 E
HENTH O BIHISRIHC A E N OIHERAEE 217
S121d SO, D& ZE BT B2 ENDH %, #HDIE LB
M7kl 5 T LT ML, S DOEEL SO, iR L
DR K O BIREICERR L, SO, DIV Db\ DHEfiE
PRENUL, TOBIRD K D RIS, BT
RKHENAIREL 52 LEXEND,

44. BROLFRBOETZERLIEEICDONT

Al 20174 10 H5 H, 201842 A 16 H. [
4 H 13 HOBIMT— 272, HXD AR OHEE 7z
IE UTHNT LTze ZHUC K D HEE S Nt % G
Hip) 13ZhEhn. 9.7 (76-104) b/ H.62 (37
-87) b¥/H. 139 (95-197) +v/HTH->,
TO3DDBHIHDT —RITDOWT, D EhEIIC ER
LTW5B T LZ2UE LIt R OHEE BT o 7 T OHG
RixZzhZh, 100 (94 -104) +>/H, 50 (38
-6.7) b /H. 121 (96-151) b/ HTH-> 7,
ChzR3 e, KO LAREIRETH S L Z2IE
LI E LML TV T EZINE LIGE & THEER
RICKREZBODNZNT &MV B,

B OMEBHE ZNZ N, EN D 68°, 76°, 44° &
HHREREAHEMUETN TS, £, BXROB
ANt ZNEN37°, 77°, 356°LE->THD, 3D
DEIIRHCIED A REDN) T—2 3 UiNb b, T4
T H AT OEET—2HME5NROCBIIIE (F 1)1,
ISR IC FR L TW3 T 208 L TR EH#EE
L7eh, BN COMMERZ RAR0 . TD T &Ik
HEROHEB Z IR T 2 L TRIEICIR D 2 5 TlE7RW,

AHFEDOFLETIE, B OERNE 2 J7h S Uiz
FIE DR NUSHEE TER WV, M5O N 7))Ll
MESNHEVWHELEZ 5NN, ZhHELNENY
BEPAE LA ZREY S 521550 5% B AR OB -
fiEeAfr 2 ki L. BESQO BRI LR OHEE IC E DFEED
WA RIZTDICOWTOMRREFED DT L, ZDX
S IRHRARICI > 7o & JITHIROHER 2 E L < fi#ild %
LFTEETHS,

45. BELEDEWNIDOWNT

2017 4210 A 5 HLPRE, FINN—=RIEIC K 28007
— 272 FHWTHEE L7z SO, it %3 12 - 28 >/ H.
INY =V RIS K BB T — 2 72 -V THEE LTz iR
X9 -13hY/HE, FIN=RIEICKBT—2"ZH
WeTTh, IR RE S HEES NS HERN D S, £72
BN DI, FIN—REC X OB E T &
DR FTIMFEEICKRE N> T T ETWETEIEWN
M. TOREROZEDFEKFNETFLEDOENCH S &
ABTEETE%S,
TOXIITEPTIEC X - THEE SN B U RN R
BJENE LT, Morieral(2006) 13783 = > 708
DI F3—=ZFEOBIM 3 — A XD WS S
TENRNTH B LRz T, Bl &K & D
FREEDVR ZNZ E | EAGEIEH OENRDBELO BN



KEL, RN ELHEEEINZ 2R LTV,
LA L, AT IR EOBHOa—ZAL0D &
INY =V OB O/ AEAISELS (K1), K
RITAEDNBIN 2 A RDESD 5 OFEHEHC X 2 S EROHL
GHLOKEZTDEVEEFEZIT,
ELLDOFRICEFEMNE  IE LW HEE T N
TWVWiDh, i, WENDSE LT, EB5DFEI
MERH O, MDFEEEDOMTOVTIE, BEDE T A
Do THELT., ZOMIHIESHROBEL Lz,

46. MEROEBICDONT

MANC BN TRED IR LBIIIIZ BAlG L 72201743 H29H
DIFg, BRI EHNSH S LSRRz % (X12) .
BARRICIE, hoBilH & i LT, 201745H22H
DBHRNIFZIT/NE L, 2017THF11H6H, 12A12
H. 20184E1H15H, 3H26HDOMEHENKE WV, L
MU, 20174E5H 22 H DRHIERIZSO,D FAEH DOIiTE
ZERBLTOVERNC CICKDINHiE N TS & F
ABTEMTES, o, LIRDORZHIRLRDHEE E
N ABRIHORTITEWNT b I/3— I K 28D
THbNTVD, 458X 51T, EBICZD 4 8
HHOMHIERDNRED > T2 H B, B TF3—X
#2 OTe fe DITREMNE ARG E e (F7zid R
V=V T O T A OB H O R AN NG S
72) HEEEEZABNS, KXo T, 20174E3H29HLL
B, RO BEE GIZLAEZ bz L idEVEN
VAN
SHOBMHRORIZ{b 2R T % LT, v =v
7 O T2 U SR HEE T SO, O SR OB %%
& LW E/NHMICDAEN R &, £l2EBLhDE
FITFEDRARHE (B 2 WG/ NG DRI > T
WAAREMED D % T L 2R BAICE < BN D B, 2017
£ 10 A 8 HEARRICHIE U7z SO, it (K 12) 1k
DE NV THEICEAHETI-13 M /HL b
FNN—REIC K BHEET 12 -28 b/ HFEEDHEE &
N2 ENBIRTOEFIRETH 2 LHE L, 5ED
WIEEIC Z OEFIRED S OBE LD HH 0 E 5
ZHHT BT B, Bc OB S LGB 2 BT %
TeODREBEDNETH B EEZ NS,

5. &

HAE 2017THEIH29H5 201846 H 19 HE T,
DOAS % VT KIBEIC 1T % SO, it R 2 48 03K Ll
E LTz,

ESOBE A K S TREZITAS LI, 2DD

BT ORSv = Tk e R IN—=RE) BRI AN,
fEHTICIE DOASIC K W HHIE NS /1T LIEEZ VT,
BT 5 NI ERINR OB R /i 72 fifeht U THEE LTe A
T LBEZRAWZ, FhUCXD, A XARNEARICK
5 EEZONDIELE BT ST LN TE,

INVZ U TIRIC K o TR e T — 2 DfRFi D fzbic,
AR 72 B AT IS D E S OB EIFRES 35 K O B
HEE T HFEZMEL Ule, Fio, EET LITHE DM
fiy 2L E T T — RISV T SO, A _EF @
A% T &R U, ZOREZER Uil ROH#E
EZITo Tz,

ZORER, T OO SO, BRI, = Tikic
EoT9-13 Y/ HIEE., FIN—REICE>T 12
-28 M/ HEEEHE SN,

HIEE

TN /A TR Db i N AN N 2 ANl = S i
T3 L TERREZNWEEE Ui, BFE—MIKIC
. BiE OISOV T TRE W EE L,
2018 4 5 H 15 HO@HI T2 KIKIc, 2018 4F
6 A 19 HOBMI TR ERmIHRIC T ivwielZE X L
7o GPS JUIN 7 —Z DFiERCIE A > 2 —)L 3D %, Hjjii
fifE T ic i3 fimpeg %, WG fEMTICIE Image] 2. 7T 7
DIERKIC I Generic Mapping Tools (Wessel and Smith,
1998) ZffiH T TV &E X L, £7%. Google
Earth OfiZ¢EEZ STV EE L, il T
EH Nz LET,

SEXHR

2t - JHER « SF—7F - RiEZ - AR - K
Rtz (2017) FRAILRIBIC 1) % “HR{Ehiis i
HERORE, R ERIZEATIRE | 49, 21-28.

R X SR A LB - Bz > %2 — (2018) Fif
FRILOD NI LITEBRFIERE CFRK 30 £ 8 1)

JEH B SF T - AR5 AT ST (2015)
2015 FEFEARILTRENC A 5 HEETRE) & MR Z8E) D
Rt G0 | SR AR R L 47, 1-10.

SERIT T AR (2009) FEFFSI7ER Y 4 Doe& ik, B
TR « BIMES 56 %5, 104

S&UT (2016) FARILL 55 135 MM T REAS 2=
HR (2D 7). 58-66.

G E A - Bt > & — (2018a) 1R
O KR ENRRERE (K 30 4F 8 )

KSR - Bz > 2 — (2018b) =
TREONLTEBRFER CFR 30 £F 8 1)



SGMESEAT (2016) FARILL 55 135 [aALME T e
WRER (ZD 7). p.6T7.

HAE—W (2017) Kl 2 #5 U7z isigo -
R O iz & A LFE B OBtk (2015-2016).,
iR ISR ER , 49, 39-48.

Mannen, K., Yukutake, Y., Kikugawa, G., Harada, M.,
Itadera, K., Takenaka, J. (2018) Chronology of
the 2015 eruption of Hakone volcano, Japan -
geological background, mechanism of volcanic
unrest and disaster mitigation measures during the

crisis, Earth Planets, and Space 70:68.

Mori, T., Mori, T., Kazahaya, K., Ohwada, M., Hirabayashi,
J., Yoshikawa, S. (2006) Effect of UV scattering on
SO, emission rate measurements, Geophys. Res.
Lett,, 33, L17315.

Mori, T., Hirabayashi, J., Kazahaya, K., Mori, T., Ohwada,
M., Miyashita, M., lino, H., Nakahori, Y. (2007)
A Compact Ultraviolet Spectrometer System
(COMPUSS) for monitoring volcanic SO, emission:
Validation and preliminary observation, Bull.
Volcanol. Soc. Japan, 52, 2, 105-112.

Wessel, P., Smith, W. H. F. (1998) New, improved
version of generic mapping tools released. EOS
Trans. AGU, 79, 579.



