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Table 5.1 List of case for the verification

Case No. Volcano Advisory No. | Initial time of forecasting [UTC] | SA (FT=03) | SA (FT=06) | SA (FT=09) | SA (FT=12) | SA (FT=15) | SA (FT=18)
1 Karymsky 2020/042 17:20 on 02 June 2020 O
2 Sheveluch 2019/672 23:20 on 11 November 2019 O O
3 Sakurajima 2019/437 11:20 on 08 November 2019 O
4 Sheveluch 2019/654 08:20 on 03 November 2019 O O O O O
5 Sheveluch 2019/656 14:20 on 03 November 2019 O O O
6 Sheveluch 2019/658 20:20 on 03 November 2019 O
7 Sakurajima 2019/347 11:20 on 29 October 2019 O O
8 Sakurajima 2019/348 14:20 on 29 October 2019 O
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T2, ETNVOBRNEDOPAMUEDE N 2D HEBHEL W, £ T, ATM & GATM THWAMIHIEIE, &b

WHE VAAC PBHETHHALTWA Y AT LATEREI N2 DEHWSEZ e LY, —T, ETLD
1. GATM iZ&HETATM ORFERA A v Fix %

1 v F 7% Table 5.2 12”7,

Table 5.2 Settings of the JMA-ATM experiments

BREIZDNT
BELUTZ, GATM IZHEDEDZODRED DB, EIREHP A

Value or description

Remarks (variable, switch etc.)

Number of tracers 40,000 n_tracer=40000
Time integral method Euler scheme n_switch integral method=1
Time step 600 s dt_atm=600.d0

Horizontal diffusion

No diffusion

n_switch_diffusion_horizontal=0

Vertical diffusion

No diffusion

n_switch_diffusion_vertical=0

Meteorological field (GPV)

GSM (Early forecast (Ef))

Resolution: 0.5°x 0.5°

513 FRIFERDLLE

ATM & GATM O ¥#ll% Figures 5.1~5.8 IZmd, &L UTTFREMRT (SA) HRIZED TV,

BEPSHS P ESIZ, WTNOEFIZEWTE 2 D0DFEFIMTHN > & WMIASNT., T DOMH S 3R
DOEALIZIFE ALHERTE RV, 72770, M RE b ThREVLEASNS, FlZIE, Casel IZBWTIE, db~
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WP TH BMEAIZ. ZOEFIES TMHMOERTEALNEZD, THLREMTIKIFLACHRTERWEETH S,
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Figure 5.1 Forecast and SA (Case 1)
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Figure 5.2 Forecast and SA (Case 2)
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Figure 5.3

Forecast and SA (Case 3)
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Figure 5.4 Forecast and SA (Case 4)
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Figure 5.5 Forecast and SA (Case 5)
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Figure 5.6 Forecast and SA (Case 6)
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514 FHREBITICHY SMREE

ATM & GATM DOFjE TV FHIS 5 KIKEIZ DWW T FHREMITIZN T 2MELZ TV, ETIVOREDENZ
FN B, VAA TIFBAE, KIKEDO FRIZHIEO FHIOATH b KINKDIRED FHIIZIT> TWaew, £I T, K
HTIRKIKEIZN LT TMiiE] & P IZER U THREEZ1T 5. BRI, PHKEZ €L 5720 DfHE/FL
LT KK EOHOMIE ()] & DKIKEDOHR] IZDWTHRGEEZIT> 2 & & Ui,

(1)  KILREDFRDAIEDIREE

FRNZ AW S KK EDOYIEIZ DWW T, KIKEDIREIZE T 28172 &2 7207z, &b —H =220 T
FRIVEE2 52T, FHICBVWTHE NV —Y—FRAILCERE2E > TW5, I T, KILKEDFLMLIE % GT
fligTaicdzo, FHKEROTIMIEIZE N —Y—PRIUEE2H > TVWSERELTEHELZELE [FHIOT
D & U7z, PHEMNIZEEANOEREDAOHEHRIZE > TWARWDT, N THEICEEL AT 5L L TEDL
ERD7, BEOLAROERELEZRDZHIEIZIZWS D205 50, 22T, EVFHLaErHWTERLU &,
Thbb, FWMEMHTOKILIKEDESENIEIZHE DR GHETIE 100 S8 2 AHANCAER L, &I U TRt
HE AT, FIEPIRO L IR S N2 s U TERELE RO, ThE KUKEOHLE EHL -,

ER U AETROIZETNOFH & FHE M O KILIKEIZ DWW THULMLE DB % Figure 5.9 12739, FHHIC
Lo Tk, ATM & GATM THTDEVWDAALNSE D, BBULREMKOHEIE 2> TH 0, BHERFMEDEWITA
S, UL, ElUAEESIL, KEGOWFHEAEDEVWH D Z720, FTHRIPAMPEBLIZRZIZONTHOT Ak
EWRALNDE, TOEWNIDTHTH D, Figure 5.9 5 51E ATM & GATM O X5 53X WFHITH % 00l
NRETH D, T T, FPWEMHOKKEDHFLIE L T T IV O TR KILKED dUIMEE O B % P8I 2
iz7my bU7z (Figure 5.10), ZOMERZ L, WTINOHEFIIBNTH, FTHRPFE (FT=09 FEE F£T) X
ATM & GATM TIE & A ZEWIEASNRWN—T, Case 4 Tik, FHAMZE (FT=12, 15) T ATM » GATM
0L XVFHITHDZ LA bnDd, FPHRIHMEEOMEEFEFNL 1 FH (Case 4) TH O, £ HEUIMEERER % 5
27-2012ik, LWL OFEFITHRIEZITI BENH D255,

(2) KIWKEDEEDIREE

PRIz, KK EDOHBOBEEZT S, KIUWKEOHBZ IS 212570, b —Y —IHREZHBEONHRICLHS
LZREDRH D, TI T, ETNTTFHINZKUKEOR - mlbOdi% R, B - flbz ThEN 100 FH5 L7z
v (&FF10,000 1) 2E 2. ZTOKTFHIZ L =Y —=0H>7=254101%,. TOKFHNOHEBZET VR FHIL -
CIRIRU T2, —J5. FWERT O KK EOHRIZ, #iR O FOMIE & FRIZE Y T vz AWTEHE L2,

ER U7 HGETROZEE T VO TR E FHRE MO KUK EOTEMZ 3T &2 7ay b L7z D% Figure
511127, FHIZ L > TREFELZEDD, FTHRELIZEWVT GATM (2T ATM O F 23 E\WH#EFEIZ KK
ExFHTAMEALASNS, WEFVOMHMBE (GATM (28325 ATM O¥EEK) (Figure 5.12) 76 F#HiEYT
(& 5~7 % FEE. GATM IZHART ATM O F 53 KILKZE O iR % JAF I Pl 2 Em23H 5,

FERRIZHRINT WD VAA Z TRV EDICON T, ERICHANTEFBEIZ KUK EZ TR 255 0.
ZOMEE ATM THHEMTH S, L7z T, ATM IZKILKEDIED D IZDWTIE, @REAALVEE -7z 2
WO RTHTOBEDMEABAS NI & L0 b, 272U, KILJKEED R i KA O R I 1 W) HME D RS 12
BERLTWE72d, ZOHME, WIHHEOKEL LB ITERTANEDD. BUAEROFHIK (Figures 5.1~5.8)
5, RERZBATEHRVWEEZEZTWS,

SIEUGTZEMNIZ B 2B U 2 O ARE RO 2 HEFETH S,
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Figure 5.9 Trajectory of forecast (ATM: red dot, GATM: green dot, every hour) and SA (blue star)
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Figure 5.10 Distance from center of SA (ATM: red, GATM: green)
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Figure 5.11 Area of ash cloud (ATM: red, GATM: green and SA: blue)
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Figure 5.12 Rate of area of ash cloud (ATM/GATM)
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SJET BT 2BIMBMET VOEBRHADS 5 —212, 1.1 HiTENBKFHIZB T 20 N K, $0b
BLEETKILK (BEK) & EOMEEZ RIS NTRL/NS RIEAS (BB oTllAH 5, Aficik, ATM GH5RIZ X
B R R L AR D TR OWT, FIHE, AJiEs O ATM G DBEDEWIZ L B MEEZT D,

ATM &, 22 8T & 512, GATM & & £I1Z RATM TEREL CWAYHEREFEELTWE, ZhET
GATM THEF L TERKLKEDO FHRIZBIL T, HIHE TV O FHREIZ K E 25BNV A730\0 2 & XHTHT CHGE L 72,
RATM THEATUTEZREIK - BEBEOFRICBIL TIE, 8 5.2.1 TITEET 5 —HFNZDOWT, 55 5.2.3 T HBHRGE
ERGE

52.1 NWHRET BHEH

Wik - BT I OMEEIX, 2015 4EDH L WK T OEHBGAE, & IR B ASBIE X 17z 2016 45 10 A 8
1 Bl ik LR FE RO NES J D ZEA1 (g - A, 2017; Ishii et al., 2018; Sato et al., 2018) ZX &K & 35, RIFIZH W=
JK - BEEEOBINL, K& O EKKBI, HEIFAENE (JMA-MOT) (2 & 2 BHiFHE B L OCHEGEE O E (K
HY T3 (K. BIKEOBIH - 20 Higl, BEEOBIH 9 #h) . Bk L o 52 #iK) EREIH L,

522 EIHEODERE

UTFOETIE, #HED ESP OEWIZ&L 2 RATM & O, AJHMEOEEFH GPV B X ' ATM D F %k ¥
BOENIDOWTKGEES 5, MEEIZH 72 VAT - 7 BAEEHR DO EIZ DWW T, Suzuki (1983) (25D < HIMED K E &
Table 5.3 12, ATM FHAEOILEELE % Table 54 (p. 72) ITF & D5,

% 5.2.3 TH (2) 2R <HGEEIZB W THIWIEIZ AW S Table 5.3 OIEME &1L, KRV —X— (Sato et al., 2018) B
UG (Ishil et al., 2018) 12 X 2T Z 23512, BUEEE 22T ¥ RATM FRIOKEKEBIHIDH O /7
LTS 2 FBGEL S D L WATT (556221 (1) 2Hlo2@E LT L, BAHEBRAIE, BHlE N2 E
ke 2 2512, (3.3) ATHE T o MEH RS BMFAE (i - i, 2017) T XM EEBE T2 & 5 ITiE

ORIk T GEIR) 12iE, BARR a1 TIIAL, BAKA D > 10 mm OBFE T KIIEOAHE LK RSN TWS (KEF, 2014),
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U7z,

BIK - BT Z T 258D ATM DX A LATY 7 Atld, Vo7 - 7y ZETHIKTER GERBIEG LTI A 1
5 —iED 60 B (FERE) 2wU 180 (IEK)) KV EL»DOR—ZAZX A LBETRE 10 0T OH N2 EX 556
(Figure B.2), ZRE & LT, At = 200,300,600 23215 5553, FEMESE L 723 FER (Figure 2.10 (c)) »»
ST - 7y ZIED At = 300 B EIEA A 7 —HED 60 L OEEMETT 22 86, At =200 BIZERE L 7=,

BEBKES X ORKERED M OBEEN REZIE, WL 7 H 16 UTC (8 H 01 ) @ LFM O 9 RifH %%
fE8 % W72 RATM OFFHRICEDE, MH 03 I 15 SRR I NzBIK T GED O FH& 7L &AL 8 H 08
RET& L7

Table 5.3 Settings of the eruption source parameter based on Suzuki (1983)

Value or description Remarks
Volcano Asosan (the Nakadake first crater)
Position 32°53'05”N, 131°05'06"E
Summit elevation 1300 m asl
Eruption time 01:46 JST on 08 October 2016
Eruption duration 168 s
Plume height 13100 m asl
Total mass 6.3 x 108 kg Equation (3.3)
Grain-size distribution | Log-normal with D, = 0.25 mm, op = 1.0 | Equation (3.7)
Cutoff size Dax = 96 mm, D, = 0.65 pm
Particle density Pmax = 1000 kg/m3, ppin = 2400 kg/m? Equation (3.12)
Release constant 8 =0.017 Equation (3.17)

523 FRIFERDMREE : FHMEDLHLE

HIgE e LT, 28 3.1 HiTi X7z Suzuki (1983) @ ESP & BEK OBUIE Z ¥ifight L 7z Ishii (2018) Dt it % F
WZIBEIZDWT, RATM & ATM O PSR % g - #MEEd 5,

(1) Suzuki (1983) DO#HAE
BRERIKE

PIEIZ Suzuki (1983) D ESP 2 AW72540 ATM & RATM (2 & 2 FHEBEKED FHIE L 2 D#45 % Figure
5.13 1R T, BHIZRULZBEIKDHH (o) /7L (o) OBPSIZK LT, ATM D EMRN 2 TR IX RATM &
BBCREL ((6.5) RORBEULRZFEUL, #EpE - 2oL - N 72237 - Ay bRa7 (¥6.22H (1) 2
) 1 Ebdhictk®) TH b Z &iE, Figure 5.14 (a) (28 L7z POD-SR X1 727 5 4 (Roebber, 2009) 75 % #EiR
TE 5%, EREMIZIK, % - RMSE & £IC8UEL TWA DY (Figure 5.14 (b)), Z 4k ATM ARIETlk7 < W
EDOARMEFEIEIZERNT 2 Z &% (2) THAT 5, 4. Figure 5.13 () 1A 532 434 EHl 12 BE3E 70 72 B O IR D
WTIE, ROBREREIGDBGEETIER 2,

72020 4F 10 AL, EWE, FER, ZEHO RATM RWihb A1 5 —%ED 180 B TEMI N T W3,
SAMEED LFM 13, YHEOKRETFA—N—a v ¥a—& Y A5 L (NAPS9) DML —F » THII XN asuca DE T IV GPV %[
U7z, BfEIX NAPSI10 28 W T, HEREMEE GPV @ 10 R FH®ENH 1 S Tws (Table 4.1),
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Figure 5.13 Comparison of accumulated ash-fall predictions for the eruption at Aso volcano from eruption
start time 01:46 JST to valid time 08:00 JST on 08 October 2016. Initial ESP is based on Suzuki
(1983), input GPV is LFM with initial time 16 UTC on 07 (01 JST on 08) and number of tracer
250,000. Triangle denotes the volcano, filled circles denote the ash-fall observation points, colored
circles indicate their observation values and open circles denote the unobserved points surveyed
by Local Meteorological Offices and JMA-MOT. Right figures show enlarged near volcano of the

left ones.
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Figure 5.15 Same calculations as in Figure 5.13, but comparison of maximum grain size (long axis) predictions.
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(c) (a) JMA-ATM - (b) JMA-RATM

Triangle denotes the volcano and colored crosses indicate the lapilli fall observation values surveyed

by JMA-MOT.
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Figure 5.16 Same calculations as in Figure 5.13, but depicted each forecast time from 03:00 to 08:00 JST on

08 October 2016. Triangle denotes the volcano, colored and filled circles from West to East denote
the ash fall observation points at Oita (observation time: before 02:30 to 04:00 JST), Matsuyama
(from 05:00 to 06:20 JST) and Takamatsu (before 08:00 to 18:30 JST) Meteorological Offices,

respectively.
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Figure 5.17 Comparison of accumulated ash-fall predictions for the eruption at Aso volcano from eruption
start time 01:46 JST to valid time 08:00 JST on 08 October 2016. Initial ESP is based on Ishii
(2018), input GPV is LFM with initial time 16 UTC on 07 (01 JST on 08) and number of tracer
263,000. The symbols are the same as in Figure 5.13. Right figures show enlarged near volcano

of the left ones.

_ 67 -



SBIFIEAT BT R

Bias Score  10.0 5.0 3.0 2.0 15 1.2 1.0
Threat ; o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
: 7 17 1 A \ b \
| | \ \
L | ! \

09l | ) \ \ +\ 0.9
& o8l \ AN 0.80.8
£ FERVARVARN .
E, 07+ ‘ \‘J \\ \ < ~0.7
s ‘ -
g 06 |7\ \ 10606
g L/ ~
7] L \ —
8 os ( - 0.5
5 |/ /\ \\ e
2 04 "\ \ ~ —{0.40.4
= L \ i
g 0.3 \ —y 0.3
g 02 \ {0202

T
o, | ok

0 0.1 020304 0506070809 1.0
Success Ratio (1-FAR)

(a) POD-SR diagram (ash-fall)

F 845 2021

10t
10°
€
S Sl
x ¥
S 107 e
=1 - CIH
Q
3 s
o O
: I
102
i + ATM: ME=-0.6296,RMSE=1.2354
, | B RATM:ME=-0.6566,RMSE=1.2635
10 ‘ ‘ :
103 102 101 10° 10t

Observation (kg/mz)

(b) Accumulated ash-fall values

Figure 5.18 Verification diagrams of Figure 5.17

524

AJIfEE U T, LFM (2# 2T GSM & MSM O#UE P GPV 2 HW/2HEI2 oW T, ATM 12 & 2 BAERIKE
D FHFER % Figure 5.19 12739, F CHIMET LFM 2 AJ1 U7 Figure 5.13 (a) &L T, GSM 2 A1 L728
BIEAKERETRBEIH 22 b . PHRIFFFEFEIEL 25720, —#IC ATM (ZERN 2 FRERIC R 5, BIKOH
D/ L OEWERTFRIZOWTIE, RBEUEIEWI & 2RI (Figure 5.20 (a)). GSM % AN UK TS
HEETHILEZOND, BIKEOEEM TR DOWTIE, LFM O A2 YR - RMSE & 5 12/hE WY (Figure

FRFEROIREE : BIETF R GPV DL

5.20 (b)), = OMAERIZE 5.2.3 0 (2) O & B HMIEICHAET 5 2 & CHEABETH B,

Total Deposition(g/nR)

ATMFST 2016/10/07 12:00Z FT= 11: 00 TDEP

7

TDEP  CNT= 1%&;00 MAX= Als’b;zz.ge M N= 0. o%g%oE

vATE 10/ 08 5801
0. 10.! ! ! !!! 5!! !!!!! !!)0 1k 3! !!!E !!!E !OOk

(a) GSM

Tot al

ATMFST 2016

/ 10/ 07 15:00Z FT=

Deposi tion(g/ nR)

8: 00 TDEP

34N

e

TDEP  CNT= 1%&;00 MaX= 37?12.03 MN= 0. o%g%oE

132E 135E
0

1?r4E
VALI D= 10/ 08 "08: 00!

0.1 o I TIO0M00 1k ok 1o ook
(b) MSM

Figure 5.19 Comparison of accumulated ash-fall predictions for the eruption at Aso volcano from eruption
start time 01:46 JST to valid time 08:00 JST on 08 October 2016. Initial ESP is based on Suzuki
(1983), input GPVs are (a) GSM with initial time 12 UTC on 07 (21 JST on 07) or (b) MSM
with initial time 15 UTC on 07 (00 JST on 08) and number of tracer 250,000. The symbols are

the same as in Figure 5.13.
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Figure 5.21 Comparison of accumulated ash-fall predictions for the eruption at Aso volcano from eruption
start time 01:46 JST to valid time 08:00 JST on 08 October 2016. Initial ESP is based on Suzuki
(1983), input GPV is LFM with initial time 16 UTC on 07 (01 JST on 08) and number of tracer

from (a) one-thousand to (f) one-hundred million. The symbols are the same as in Figure 5.13.
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