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ABSTRACT: As the SO:2 emission rate in volcanic gas is an important indicator in evaluating magmatic

activity, mobile observations are conducted at active volcanoes. In such work, it is important to choose

appropriate observation routes depending on the gas flow direction, judge whether gas concentration is

detectable, and create an appropriate calibration curve for monitoring instruments. As prediction of gas

diffusion distribution supports these tasks, the authors developed a tool for such prediction using a quasi-

steady-state approximation model for diffusion. Validation showed that the tool’s accuracy was sufficient to

capture abrupt changes in volcanic activity, such as a doubling or more of the SOz emission rate.

1 [FL&HIC

KINA AN E E D AR O B R IE, &)
BARKIICB T~V ~vIEBOBRREZEET DL LTHE
BRI TH Y, 1970 FREEITE S 0 kil THELR
BT LN TWD (Fl 2 F, SiEfh, 1977, KHE{h,
1978). RZHIT T, 2005 I/ MBI ALY e
A—% % M7= COMPUSS (Morietal., 2007) & FEiX

NS RSB HEM IR L, =8 - &M
- BTl - AL 7 ECTEMA e TR LA E I R o
B ZHBEDTND.

HAE, [T NFE LTV D Rk i s i =R 8

TIX, FIAN—RELEEND FEEZEIZHOTHA.

k38— Z k1%, COMPUSS % B 0 {1 7= oM AR 45
T T T AEMEOT A2, B LELoEMIZEEND
e S T APRE (ppmem) A FHAIT 5 MIE A
Thy, FHS Nz B E D T 508 & B R K
TS T 52 LT, WO AR L C R E 22 W
WIZE 45 LAt W m AR L (ppm-m?) % 31 H
THZERTED., ZoO _MLMBEWRMEREIC, %
FELrHEEOREEZR LD I & T BT E B R
HHEND., [EFTiE, MEL— b RickiTd, 5|

JERTE T T 5 @EEICE - 2B KRN GPV O
FUHOME A EEOWE & L THW TS,
BEVELIICB VT, b7 A= REEFIH L2 R

T 26 B HY 3R O B 1

O "EEOW TG MR OHEEIZOWT, BRSCEED
AZEROTHMEESZICLTTRLT, BFE
RHBPNL— N ERD S,

@ RIS~ E L, 24 B o FH o S
YL 7o 2, SMALBINNAEL TNVRNVWART hT
LERIGT D,

@ ZBLEN T ARENEMTH IMBERE
NV WD TARRE ORI A LT S Vi bR
R, T LBREREOZOOMEREERT
5.

@ HETBHLENL EZOAXRT NI AEET
5. EY 7 M ETEBRINTZBRHKEIS, @T

TERL L7z BB f 2 oo iC bR U T LR B~
BmEIND.

® MEHETEZMUOMEELRYIRL, [E2O ERE
it B T 1 R O E & ERAG 5

©® WBHE~RoE, mEERKENT GPV O R 2

Vg I X B I L B AR
2 EEEJL&E’W‘%A, Kagoshima Meteorological Office

- B ¥ —, Regional Volcanic Observation and Warning Center, Fukuoka Regional Headquarters

KRG IERT K ILBFZEE (B A4y =), Department of Volcanology Research (Tokyo Office) , Meteorological Research Institute



BRFRINF R R

MANT, T RICmE T 5.
EWVWIHFIETITbRS. ZRLOHBIFIEEZITYICH
20, INETOBROBAERND, RETHZ L
DEELWEODLORENRF NN LR > TE.

BUROBRICR T A3EE LT, ETO0BM L —
NOBE TIX, MEORMIEH DREDLN>TNTH,
BEL— P ECTEOBREORENMBETEINET
D 2 ENTE R, BT E D M it
DEHZ TRATATERETHLIONbI ST, T
LR DY 7R CTIIEEIE %« L HTAED ki
TVt ) F L HD. QOREROIEKRIEET
I, MERED R KT 7 MREN EOREIZ /D hbh
RN, RBRAICIEERE L ZRAL TRERE
ERL T d. LaLans, MEMBORE M X
B H7OITIE, RRD T LEEOMIZIE U Tl e %
WEREE LV EZBIRL 2R L2V, 207D,
R LRENEOREIZRSD, TOEREEDOIT
TBELILERDD. IbIT, BRTIE, O@OFETO
T HIRNTEAT O E T, ZBALEBINER EORE
DESTHDLONEMD Z ENTET, UK ILITH)
DRI TEA B R D TR AL G B ACH SR N B R
KR TWEELTYH, P72 RECENLZDOR

(a) (b)

Wind speed Wind speed
z T _ z T
— .
Gas flow Gas flow g
He /
He
K :
X Xp
Xox
X2
X
Fig. 1 (a) Plume model; (b) quasi-steady state

These
represent simulations of fumes moving from a

approximation model for diffusion.

plume into the atmosphere.
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Fig. 2 Calculation of main gas plume axis and grid
point distribution. Yellow triangle: outgassing
source; yellow circles: gas trajectory; grey
circles: grid points. He: height of main plume

axis.
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Fig. 3 Distribution of SO2 column concentration as
quasi-steady-state
approximation model with JMA hourly analysis
wind data at 975 hPa for 02 UTC on June 8 2020.
Assumed emission rate: 226 tons/day; red line

calculated  using  the

ferry route.
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Fig. 4 Comparison of observation and simulation

values for SOz column concentration (blue:
observation, orange: quasi-steady-state
approximation model; green: plume model).
Simulation values were calculated using JMA
hourly analysis wind data at 975 hPa for 06 UTC
on February 1 2020. The emission rate Q assumed
in the model is based on the observation value
(1,088 tons/day). The flow direction is defined as
the clockwise angle from north (0 degrees) as
viewed from the crater.
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Table 1 Error rates of maximum column density for
each diffusion model, calculated as (Model-Obs.)
/ Obs. x 100[%].

Diffusion model | Average SD Max. | Min.

Plume model 9 48 219 -70

uasi-stead
Q Y 9 48 219 -70

model

Table 2 Absolute errors of flow direction for each
diffusion model, with flow direction defined as the
clockwise angle from north (0 degrees) as viewed
from the crater and absolute errors calculated as
[Model-Obs.| [degrees].

Diffusion model | Average SD Max. | Min.

W T & b5 (Fig.

Plume model 4 6 66 0
uasi-stead
Q Y 4 6 65 0
model
10000 y
'S 1000} o ]
£
(o} "
2 )
o] o
© o
o] 7
s 100¢f 1
10 &
10 100 1000 10000

Observation [ppm*m]

Fig. 5 Comparison of observation values of max SOz
column density and related simulation values
calculated using the quasi-steady-state

approximation model for diffusion. Based on

comparison of 166 observation SO:2 emission

rates.
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Fig. 6 Comparison of daily average observation
(blue dots) and simulation (orange dots) values
of SO: emission rates from February to

September 2020
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Fig. 7 Comparison of observation and simulation
values of SOz column density in cases with large
errors. (a) Model underestimation; (b) model
overestimation.

4 HBBNTA—FDRRICEDFAREORE
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BRicix, RmZ#3ofEREORDY L LT, RiE%
DMORRERENPHANOLNTND Z ENEL, a7
FEPRRB S TS (BEH, 1977). Singer et al. (1966)
W, BB R D, y ®h5 M OEHUE o, & fEE T AR
AL LTUTORERELTNS.

23
KRRIARLGE : 0, = 0.045 * (7 + 4.75) * x0-86 (11)
KRRLETE : 0y =015 %2 % x071 (12)

V' IO ERICR o AE TH Y, KARZE DY
A1 (1), RRZEDHBEIEA (12) #HVWS. K
KREEOLA L, IEHUE T RIS T, KRR
EDOHEITIAR D LIEBIEIT/ NS 5. —FH, KK
REEDHEIEL, FEBREWIE EIERIE T NE 72
D, B /NS WIE EIRBIRITRE <D ARITHIC
BWTH, KH T AREOAER L FEEICADOHM
BHLND I LBIORAKD T ARE L& IERIEICIT
M= RATZ7OMBMDBH D LD, JLHUEDORESR
EEGEICIXIEO B, Theb b, fREUE & EEICITA
OHERH D EEX NS (Fig. 7, 10).

Z 2T, PR &R E OBREFR S0, 2
NETEHE L Wy FMOIERANT A —HF o, %
L L, B ETNVDERRI T LIREDEN /N
ERDEDI R DEEFE L. BRI, oy b
VOPERNTA—EDIL, e BEL R F3FELFEL
B (c:=0.07, n=0.28) ZfEHA L, ¢, 1% 0.1~1.5 T 0.01
AHTEAEE TS, BRELT, RKOSNTILH
NT A=K oy EEGE (AENIFEOHEHMILDOTZ®, k
AEZEcoRETRALL) ITE, AOMHBERALN
7= (Fig. 11). 7z, REALEEZBRKELTHX (9) &
X (1) DHRDTIEFHANT A —F DOiRERKA

Cy =2 %0.045 * (23/V' + 4.75) (13)
LT 2 L, REBAIBAE LA BER T L L

Bohn (Fig. 11). ZORBALILT AT A —F ¢, &
LCIERET VEBRIR LR, o 28K E LI
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Fig.8 Comparison of satellite observation data and model calculations of column density distribution for SO2 [mol/m?]
emitted from Mt. Sakurajima on July 25 2022. (a) Level 2 data from TROPOMI on board the Sentinel-5 Precursor,
(b) quasi-steady-state approximation model calculations, and (c¢) plume model calculations. Model values are
calculated for a period of six hours using JMA 900 hPa hourly analytical wind data for (b) 23 UTC July 24 to 04
UTC July 25 2022 and (c) 23 UTC on July 24 2022. The column density values from each model calculation are
divided by the constant (k) in the figure to fit the observation values.
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Fig. 9 Comparison of model calculations for column density distribution of SO2 [ppm*m] emitted from Mt.
Shinmoedake on March 7 2018. (a) Quasi-steady-state approximation model calculations; (b) plume model
calculations; (c) comparison with traverse observation data. The dotted black lines in (a) and (b) show the
traverse route. Model values are calculated for one hour using JMA 850 hPa hourly analytical wind data for
04 UTC on March 7 2018. The assumed emission rate Q is 16,650 tons/day for the quasi-steady state
approximation diffusion model and 33,780 tons/day for the plume model.
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Table 3 Error rate of maximum column density for
each diffusion parameter, calculated as (Model-
Obs.) / Obs. x 100[%].

Diffusion )
Average SD Max. | Min.
parameter (c,)

0.467 9 48 219 -70
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Fig. 10  Relationship between the error rate of

maximum column density and wind speed. The
horizontal axis is wind speed over the crater at
plume altitude.
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Fig. 13 Screen shot of the tool for predicting volcanic gas diffusion distribution. 1: Set the volcano. 2: Set the

calculation speed. 3: Set the date. 4: Set the assumed SOz emission rate. 5: Set the pressure levels for calculation.

6: Click “Get GPV.” 7: Click “Calculate.”
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Fig. 14  Column density distribution of SO2
[ppm*m] emitted from the crater at Mt. Aso-
Nakadake calculated using the forecast version
of the simulation tool. The letters in the figure
title are in the order of the initial value of the
MSM (Meso-Scale Model), forecast time (h),
standard isobaric surface, assumed emission
rate, and wind speed over the crater.
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Fig. 15 (a) Column density distribution of SOz
[ppm*m] emitted from the crater at Mt. Aso-
Nakadake calculated using the analysis version
of the simulation tool. The letters in the title of
the figure are in the order of the date of IMA
hourly analysis wind data, standard isobaric
surface, assumed emission rate, and wind speed
over the crater. The black line is the traverse
route. (b) Comparison of observed and simulation
values of SOz column density (blue: observation;
red: model). The model values were calculated
using JMA hourly analysis wind data at 800 hPa
for 02 UTC on December 22 2020. The emission
rate Q assumed in the model is 1,000 tons/day,
and the observation value is 1,500 tons/day.
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