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Abstract The Korea Integrated Model (KIM)-based real-time volcanic ash dispersion predic-
tion system, which employs the Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) model, has been developed to quantitatively predict volcanic ash dispersion in East
Asia and the Northwest Pacific airspace. This system, known as KIM-HYSPLIT, automatically
generates forecasts for the vertical and horizontal spread of volcanic ash up to 72 hours. These
forecasts are initiated upon the receipt of a Volcanic Ash Advisory (VAA) from the Tokyo Vol-
canic Ash Advisory Center by the server at the Korea Meteorological Administration (KMA).
This system equips KMA forecasters with diverse volcanic ash prediction information, comple-
mented by the Unified Model (UM)-based HYSPLIT (UM-HYSPLIT) system. Extensive exper-
iments have been conducted using KIM-HYSPLIT across 128 different volcanic scenarios,
along with qualitative comparisons with UM-HYSPLIT. The results indicate that the ash direc-
tion predictions from KIM-HYSPLIT are consistent with those from UM-HYSPLIT. However,
there are slight differences in the horizontal extent and movement speed of the volcanic ash.
Additionally, quantitative verifications of the KIM-HYSPLIT forecasts have been performed,
including threat score evaluations, based on recent eruption cases. On average, the KIM-
HYSPLIT forecasts for 6 and 12 hours show better quantitative alignment with the VAA fore-
casts compared to UM-HYSPLIT. Nevertheless, both models tend to predict a broader horizon-
tal spread of the ash cloud than indicated in the VAA forecasts, particularly noticeable in the 6-
hour forecast period.

Key words: Korea integrated model, HYSPLIT model, Volcanic ash, Dispersion model

1.M 8

= olojofksztollF =

s & E
(Technical Note)

3] AAA e HolE i Aol

Uz o3 s k" sAls 53 s

R AHAHS

o]

STA

BT

(Eyjafjallajokull) 3}it Z-2 sk BE2EZ Q1% A}

*Corresponding Author: Woojeong Lee, Forecast Research Department,
National Institute of Meteorological Sciences, 33 Seohobuk-ro,
Seogwipo-si, Jeju 63568, Korea.

Phone: +82-64-780-6567, Fax: +82-64-780-6514

E-mail: Iwj@korea.kr

© 2024 Korean Meteorological Society

217

A e s A F o, FFido] sk oF
29 SR Y] £48 42t Gudmundsson et al.,
2010). H=Z 20224 1€ HEIEHYG 571 A9 ‘547]—
(Hunga) 3};Fe] Ol s Zake iR 22unjE do
A 39| ApgAtel & W o] vhS ui T QW
A2 E WA AT o] 2Un|= uith Ay HE
si7HA] QA 2m o] APgAbE WA S o H, Sk &



218 =y A R 7|9ke] skt gk | S 28 75 Y ARIES

st AFA oF 8,000 km HojZl dEA = Hu)
12 m¢] =7} #AS5Eo] 2w FE7F HEI =
S tH(Dogan et al., 2023). o] AEHE F3l i &
sP7F A-o] 718t op et s gl 7hA] Ahgk
s A 7 slon, a8 Qs oA Ee ol
A7l F2 T US BAFITH(Chen, 2023). sHit
IR QlEl e R WEEe AT S dA
£ 7tEES AT WSt g wRith
shito| A wiEE olAtsletAE AT 2dsE 4o
= A O™ (Cole-Dai, 2010; Timmreck, 2012; Marshall
et al, 2022), o]4ts}lst 72 slib 7iaE Sl
A 8t olo] 2 WS- (aerosol droplets)E HEE |
ol HFES Adste 9T 5] wiol vl
YR 7} A5l =gebA] Jal A d7bs fd
3tH(Blake, 2003).

A AA= A 10,0009 F<2F 3L A
°F 1,50071¢] &3hito] glom, o] slike] i
km ool A AAF R 89 o] AL 3l
9 (Chen, 2023), slitehEol tist A<} sk &
Al, AEet sPAkA] o)F oS 2 HE AFo] a3}
o}, RS2l HAE (Volcanic Ash Advisory Center,
VAAC)E =AU 7+eg7|7(International Civil Aviation
Organization)®] =4 &3-3MHIA] Ao 2 1990 Th
SRk AgEglon, st £&d wE di7] F 3t
2hAle] 3 W A A k) )4 o] dHgh
TR HARE AFstke As F8& FHoE 3
(Guffanti et al., 2005; Lechner et al., 2018; Engwell
et al,, 2021). A AAlE F9EE 9719 VAACT}
Ko, gzt fxgk FotAloket SA EE S
9] s olF TAe YRV E3 VAACH
A 2383 1t(Shirato, 2013; Sato et al., 2018). &=
S VAACOIME 24717 A3 Jquie] shibs 7HA]
star, 9o =HE Al FEo] AFEHAY St
FAZL0 A s B3 AHIt A" A, TSRS
ao) A =] H (Volcanic Ash Advisories, VAA)E
g gt VAAO= 9 Hol +18A17H74A] 6417+ 1F
Ao sk Fx 9] oS RIL 23tEo] glom, 1
W8-S Azslsle] age a2 s HHE AF-3hk(Shirato,
2013; Igarashi et al., 2018).

S$-2uet 713 E 52 VAAC 79 ol ¢
218k sPAF Wt ofu gl 9AE sitelg} siretx 8}
b 3R el 93 7sA el Al EAY, AR
2 = sPiF 232 FRIEdA #E JRE I
a7t e A% it ARE xS (Sun et al,
2020; KMA, 2024). B3, g-2jviete] s Q1
a7t A= A skl FRE, A7k 6]
7t AdEE Ae A AEE TESITHKMA,
2023a). 7173 oA HRE = A TR} A He
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= 3Pt olE, #3 A7, EAF =o] §9 718 A
BNk ofug} kA gt S 2d 7nke] shhkA)]
Sha Wakwl 5 AW 7L A TH(Lee et al., 2014).

717438 it i F a3k 231 A] $-Eluet
o] shakAl < ol st A o SHE S
el sk gk d SRS dete] 2Fska
th 714 ARE-Ee SRR S oS RY
u] =3 %Fth 713 (National Oceanic and Atmospheric
Administration, NOAA) t7| XA+~ (Air Resources
Laboratory, ARL)ol|A] 7j2gk HYSPLIT (Hybrid
Single-Particle Lagrangian Integrated Trajectory) =&
< 7IWke 2 St} HYSPLITS 7HE 3 $16HA A%
He o7l 5 2 2 2d F shE o et
W SRR o WS A et (hybrid) 2715 ©]
o] o]Fet Fke Bt WHoR, SHEAF
e odyEe i o g ALFSIT(Stein et al., 2015).
Bdo] AMHE 7S EE 95718 SER
9l (Unified Model, UM)E 7|5kt 71743 AR 54
o HA]Z~El(UM NI1280 L70)S ©]&3tt}h 7|43
20165 UM 714AEE o83 kA gt o 5 A
2"S FEENeH, AEeY 8-S AA 20204
Y 71743 AR EA "ol Y A5l
ATH o] A& =5 VAACY] VAAo| E3Hs| ]3]
= skt #E ZAEERK A, & A1 5)E %
sto] sPF E& AIZFORRE 72A77HA] 3A17F 7+
o7 s £ 9 4 Eit Ht wEet HA
Fe AL, 2 AFE onA R AF AL

SR BT T FTolA] =E
UM 719E 71743 89 AAFFARDS tAshs A
< AT 5EE T Af0 715 Be AR
FrAd R ] ExAl S 918 2011d A ¥
=% thHong et al., 2018; Han et al., 2020). A& ©]
F odzr [AE, AsEs), 2d 98, 2, $
A7 T getrdel AL s B AR A
A FFR| G RA2H QL 3h=13] 4= %] of| B A] 28] (Korea
Integrated Model, KIM)°] BH&HA E %3, KIMS
=880 A oA A 24 N F, 2020
495 71 AAFFAAEA 2 oR2 UM &
7 ddez ¥y 29593 JrHKwon, 2023). KIM
9] 500 hPa AYIEY olw=ga] A&AAAlE UM
HJ3l] 95% o)’ =& 278 Ho|H(Hong et al., 2018),
AAAZ 2d3 Blasils w 5~89] AlelE 27k}
(Lee et al.,, 2023).  AlA 29 494 1YL 98t
of, o Aks swto g 3 x7%F3}, Eg97)A
A AT 5 KIME FFEZ 4A7]7] 93 =8
o] o]Foj2] 3L UTH(Kwon, 2023).
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o1$-4 - 7] -
FE 7IHol FA S dy] &85 o,
d = B EEG oF ATl ¥ T2
o7 4#A rHZhu, 2005; Murray, 2018) 3k
A E2E el Ze] 2lolM = VAACS] 3t & HHE
ZIRke 2 geFst 7] 7Y EAEE ol BY
/\cg g]_/\].zH }\]—U @Oﬂ gzd-/\l/\—] KN 71—/\/\]7_—] U@
S g 713 4= AtHDare et al., 2016; Hurst
and Davis, 2017; Beckett et al., 2020; Crawford et al.,
2022)

2 AFdA e ddRd GFE Al F4t 4
]Aa] 7]13]— q-__ﬁ__,,]. 1;].0]:—6]- 7])¢;<].§_E ﬁe—%g E;G
o2 JfaE KIM 78t sk 8kt o= ’\V\Eé](KIM-
HYSPLIT)S 27H 0}1 Folrlo}l sk BE Aldel o
slo] 7]l A 9 59U UM 71w shakA) ghat
of| = A|2®)(UM-HYSPLIT)Z 23S vwstaxl 3
ot A2 A= KIM 7173A5E 7 29 E 3
202 WH3kste AA o]F o83t g AA
7k sikA gk °ﬂ* 2d8 7|&st). A 37gelA
E Folro} skt & ARIE o83l KIM-HYSPLIT

S off |f

A

94 AANZE FHEH2ES 3199® UM-HYSPLIT 2
sl YA ow vt £, A AZL ¢

d A2 £E ARE olgste] B g Axsw
KIM-HYSPLIT3 UM-HYSPLITS H]EL AZ314T).
AN e B 7|erE] Y48 aoksly, &% 7

Ader & 195 el 2o,
2.4 o

2.1 St AH I KIM 7| &E XS HER|A 75

HYSPLIT 24 85 fsir= 7139948 s &
Abmdl 9123 2el ARL (Air Resources Laboratory)
o 7ol Hgo] Pasltlh HYSPLIT RdS 7|3t
NOAAdNA = AREAFEC] HAAAA AMg-ale= thdst

7174e) =28 (WRF, ECMWE, GFS %)% X}Ef‘ﬂ*‘
(gnb netcdf, mcip 5)S ARLZE <£4gA WS 4

=E U2 73 (ecm2arl, gfsarl, meip2arl, gr1b2arl,
nc2arl 5)& A&t 28y, KIM2 2yt =
AH o2 g A7) g S RE 2 NOAAAM =
ARLE W&eh= Z2I3e AlFsA &37] i
Hetz 2 OS2y fdeteiof ghrh 2 Al
= NIMS (2021)°14 7Hg kimne2arl Z2 23S
ARLZE ®%Hal7] 9l AME-atlem, o] z2ase

Table 1. The description of KIM (with map of domain) which is converted to ARL format.

Description

1°E~170°E,

Domain 1ON<65°N

10°E 20°E 30°E 40°E SOE 60°E 70°E 80°E 90E1005110E120E130E140E150E160E170E

Horizontal Resolution

1353 x 512 (0.125°, 12 km)

Vertical Resolution

31 layers (1000, 975, 950, 925, 900, 875, 850, 800, 750, 700, 650, 600, 550, 500, 450, 400,
350, 300, 250, 200, 150, 100, 70, 50, 30, 20, 10, 7, 5, 3, 1 hPa)

[I{I;I‘)/eerl- U-wind component (m s"), V-wind component (m s") , Geopotential height (gpm),
Temperature (K), Specific humidity (kg kg’l), Vertical velocity (m s"), Pressure vertical
Parameters . 1
velocity (hPas™)
@)

Atmqspheric U-component of wind at 10 m (m s™"), V-component of wind at 10 m (m s '), Temperature at
Variables Surface 2 m (K), Planetary boundary layer height (m), Pressure at surface (hPa), Pressure at mean sea
Level level (hPa), Temperature at surface (K), Frictional velocity (m s™), surface roughness length
Parameters  (m), surface sensible heat flux (W m™?), Latent heat flux (W m ), Downward short wave flux

a7 (W m™?), Relative humidity at 2 m (%), Specific humidity at 2 m (kg kg "), Total cloud cover
(%), Surface height (m), 3-h Total precipitation (mm)
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NetCDF (Network Common Data Form) 2] 2.2 *]
FE KIM 2345 ohE #H3E 3gglo] ARL 42
2 ul2 HASE T2 aHolt) Table 12 kimnc2arl
Z2g o83t ARL 202 H3tE KIM A
BE yehdth HEk A7 Fo)7] 9lste] KIM 9
dE AAFAA FolrlolE Xt FHE Yo
2 Ao (Table 1), $33d%== HYSPLITZ
g} oF 12 kmE, AHEE AWE T3]

Z 32T AT Fit oS mdg Fs]
Qe A4 7Y E el APIE, UV bl 25,
BlEE, 74 AERE oby 2l Draxler, 1999), H]
%, AAEE 5 F 759 QAR 1759 A4
37 ARLE WgtE]o] gExig g o &¥th W
3kEl ARL #59] &5 (header)dll &= <l HAI 7}, XY 2

2 AR7E 2FEW, 2 Folle X x Yo FuHEe
7} 717485 JRoF 249 ARLE HskEE 714
WSS HYSPLITOIX A 2)gh Jf-3k 4xkg] & 4
B = (identification field) 2 WH3t= =] zhzbe] 714

et R EEREREEERZE RS ERPS RS T PG FEE

Wl tiste] 71Eel FojE TR WHEEojof B
dojA tIZ=7t 7Heslth KIM2| 7%, Pressure
vertical velocity (WWND)2] ©$]7} m s'& NetCDF
F2o® A74E7] W], NCL (NCAR Command
Language) L =E ©]-§-3to], HYSPLITeA ]3¢
H9lel hPa s 2 WEEt] F9th WWNDe| 9] <]

Z 7T ES HYSPLITOIA A ojgh whejeh 2+
7] W&o 22 AR-SHTH ARL W3 H-Fo =
EE KIMe| 7Iddeme] ghe gofef sp7] ww
of 71’ FoMgel W3 A-F FIREEE HASES]
t}. Figure 1-& 2023'd 59 21¥ 1800 UTCO 3%
72417k 2, 1000 hPacllA] U &Fe] vlgh(Fig. 1a), 850
hPacllX v ekl ulgh(Fig. 1b), 3AZF A%
(Fig. 10)# 2 m €% (Fig. 1d)°] thate] ARLE W
-5 FZHEEE v 2golth BE HEo
3t} NetCDF ¥2]3} ARL 42 KIM d&A8¢]
TR AR 2 RS E Ao, HEk A5
ztol7b gl RS & Ak ol g KIM 714

(D NetCDF @ ARL Difference (D - @)
i N 4 60°N i e P ! 60°N
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Fig. 1. The spatial distribution of (a) U-wind at 1000 hPa (m s™), (b) V-wind at 850 hPa (m s™"), (c¢) 3-h accumulated
precipitation (mm), and (d) Temperature at 2 m (K) for the NetCDF formatted KIM, ARL formatted KIM and their difference

at 1800 UTC 21 May 2023 (t + 72 h forecast).
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[e) (e}

A5 ARL ARz A 288 2023d 62 71444 &
PrA o BA|2Fo] AYstE o] aFFoll 4% (0000,
0600, 1200, 1800 UTC) &= 2, o]& 53l +844]
DA 3NZE A2 KIM 718 S48 7F ARL 9
2102 WHIE o] 714 HAFE SE7] A

2.2 KIM 7|4 SOFA|OF MA|ZE SHAXY it E &

2 AFA LS KIM 713 35S 7149
A5 2 283 KIM-HYSPLIT-S HYSPLIT v4.2%
7Igro® &b, mdlo] 7] 3412 Table 29} Eda=1
A 59 37.5°, 574 115.0°, 94 3 8
e 247 5 T3 °F 12 km, °1x}~ * M= 0.6,
2, 6, 10 pmZ FAEC o B AI7RE F 7247k AL
e 1417 WES 7P 3THINIMS, 2020). ©]E
s EA] Aol S5 S (mass eruption rate)

Table 2. KIM-HYSPLIT dispersion model configuration.
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o)lv

FE-3}%(total volume erupted)dl] we} E21X]7] )
ol st st FdE = stdle ol AHgE]
o8 7] wj&o|tK(Trancoso et al., 2022). 24 3
8 2as shik -r]Z] A%, BAF Fol, ESAIZH
Soll & st E= 71 XéiL T VAACOIA &
#3h= VAAA FE38t] AREsith. st &
F AHE )] EAF ol EEFo A A
AA/AE ol &3t =EH AAX(KMA, 2018)S H
o dAdH g JfME tFe] £EE IS o &
SITHNIMS, 2020).

Ax)=R, x Mgy x "D, fAH)="7.526 x H"*"
A7IM fixys =, RE S T PMg Aol o)

g PM;o%] H& (0.068), Mg 32 2 5 A7 o
A B 7Fse A7 63 um mre] Ak BE AH)

b

=
=

Description

Model Version

Meteorology

Grid Center

Vertical resolution
Horizontal resolution

Ash particle size distribution
Forecast length

Release duration time

HYSPLIT v4.2 (NOAA, 2024a)

KIM 6 h data (KMA, 2023b)

37.5°N, 115.0°E

5 Levels - 0, 1000, 3000, 5000, 10000 m
0.125°

0.6, 2, 6, 10 um

+72 hours

1 hour

Earl ake & Volca "i.
| TOKYO VAAC @ Every 10 mins

VAA

KMA Supercomputer5
Numerical Forecasting System
KIM NE36 @ 4 times a day

KIM output

_— —

arthquake & Volcano Information System

Four requisite
Information in VAA
D Volcano location
2) ash-plume height
3) eruption time
1) ash top

All output images and asciis for
each volcanic case from previous 15
days to the present

) KIM output
(in NetCDF format) —kimnc2arl (in ARL format)
- —

HYSPLIT

Post Process
(NCL)

Fig. 2. The framework of KIM-HYSPLIT in KMA.
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222 =8 FAHEY 7uke] s)il
= 29T =olH)S F KA £EF Alole] 4E
A BAHCITHKMA, 2018). Mg 3t 23} #
@A, ) ZF F30) g BEERGEE,
d, d@)el et e @S etk £ d7dAMe F
o}AJo} 3hakol] thEled, Mastin et al. (2009)°14] A|A]
g 1R £E7/T 4T S Mol A&sto] A}
&-3hith
Figure 2= KIM-HYSPLIT AA|7F 3}aba) it of
AA 4 Aot 1A mde] 71 ddHAE
KIME gtrde] QJ=4a2Ql ARL 4=
3kttt o] el stk B o5} g glo] 7]
B FAABEA LA wid sHEe] W] (0000,
0600, 1200, 1800 UTC) <+ Ht}. ol= sikA] gt
mde] o] g uf AAEA HA 7EAEE
48 A=F FHlE 771 AFelth skl g
2R de 71745 ARSI BA| 2 oA A X F o
gom, 102uit AAZFe R JHEE =37 VAAC
o] VAAE El3te] o] F, Yl Fafof] Fa st P
AR 2% x3E A4S 2dS FYsiA @ st
A gteds Fst] fs) EeFo® Qs
AEE skt AXSIE, %), st =], sk &
= A7, 283l BF Fololth o] Y FHIF BT
VAAC HZo XZ3Eo] gl A3k 2d F8)0] A
ZHE), st B2 A7 7P 7R KIM 7178
=4, AR s, AF7] dolet EX|o]&E F9| 7|2
AW PHARE ol3dte], st & el dhsh
+72A17F o] % sk b ol &S St o A
7} 3XZ Ao R skEEY, Rde] AAAHoR
& =, +2A A A S AZPEGAIZE 7HE) 24
Mol Bd At AbEE, skl IEE(GE; 0,
1000, 3000, 5000, 10000 m), FSH37); ks, &
s} ¢, ofrloh) skl H A FH Frd S ARt o
22 AgE o] g FAAL 71 797 FE
5571004 A2, shhigr QA zZiER Zro
2 A7t AT HAFESET] o A=
A4 To= By Fofo] AR YA BUS
A5 dulste], wf 1020ttt dA] /5 Ve
159 o|dFE dA7EA] vebd e ved | AL
7F AEA Rl Al FAY F JEF AAE T

e Ao

(g O

S SA2E 75 R ARIES

KIM-HYSPLITS 20233 59 1945E 99 1797}
A AEHIZEES B3 AAZ 7= AAE A
o, 20239 9¢ 19UFH 10€ 22U7IA] oF & &
7He] A9 Bl BY A 9 9 S
HZ2E 39 th Ald 9 717 59 =3 VAACE %
1283]2] VAAS ¥ 3193, KIM-HYSPLITS 4]
7o 2 AHEE VAAoA md o] a3 A4
AE7Y A= AR tEiA AR s As
Ittt AlFY9 717 59 VAA A, 7Y
T AZ7HA] HFA O oF 94%, Bd Az}
EE27HA HAFAHoE oF 628 AL 4094
BZ 5 ok 20 Y= A4S 98 F Jd=
A3 TE ol AEI|FAH AAr|FE
(Regional Atmospheric Transport Model) 7]¥F @Y
2kA 5l Z(Volcanic Ash Fall Forecast) A|2=%]2] gk
6A1 7kl IAIZE 7HA sk o) o1 Axrt 3}
EZE 3 30% ol @i (Hasegawa et al., 2015)%
A HAEIRS wf, H]s=ek FEolga & ¢ 9l
. B 7|¢xEdA JfiE KIM-HYSPLITS UM-
HYSPLIT3 H|23te] AME-E= 74U EAa8E A9
star Fritrdwd, A, fAo] B sdsith

dob o M
sy 2
ot i ot it

td

Q

N

K3
2
2k
A

.
o}

3. S Sftt ofF At Al Bl A AHE

3.1 A3l H|I

A& G717 et AN 2 AR 1283]9
3k B0 )3k KIM-HYSPLITS] 29 A3 5 <
2o g dshil F TR/ siite EE AH
(Table 3)E &3l sHiHAl 4t o5 AH}E UM-
HYSPLITS] A#e} 43 vlwstdnt. A HA 24
g 59 29.63°, 574 129.72°) 9|3 & x9}
AR PR 20231 9Y 25Y 9A] 54E(UTC)l VAA
7} TR EJTE VAAS] wEW 2023 99 25Y 94]
413 (UTC) sRite] EE319aL, B9 =o]= 1828.8m
ol t}. o] AlEl= Al HAl 71P3AES] 20231 d 99
25¢ 00A1(UTC)2] KIM AR E o]&ste] mdlo] =}
% FREAY. Figure 3 KIM-HYSPLIT®] <=3
+60A1 7H71A] sl A 7 (Fig. 3a)3t A=W +574]

Table 3. Description of two volcanic eruption cases used for conducting test of KIM-HYSPLIT in this study issued from

TOKYO VAAC.
Volcanic ash Volcano Volcanic ash
Case advisory issue Latitude Longitude Height Eruption time Eruption height
time (UTC) Name o o
(N) CE) (m) (UTO® (m)
1 2023-09-25 09:54  Suwanosejima 29.63 129.72 796.0  2023-09-25 09:41 1828.8
2 2023-10-04 13:45  Sakurajima 31.6 130.65 1117.0  2023-10-04 13:28 2133.6
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Fig. 3. Simulation of (a), (e) integrated volcanic ash deposition (t + 0 h - +60 h), 3-h time averaged (t + 57 h - t + 60 h)
concentrations averaged (b), (f) from surface to 1000 m, (¢), (g) from 1000 m to 3000 m, and (d), (h) from 3000 m to 5000 m
for Case 1 using KIM-HYSPLIT (left column) and UM-HYSPLIT (right column). The location of volcano is shown by the red
triangle.
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ZHll A +60A17ke] AIZE Bk S FE XS
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7HA] AlZbe] Aol wet @A E ko2 sk 7t
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AL L o 1 e 50 mg me o] th(Fig.
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A 9] o]F Wk FAEo R AW KIM-HYSPLIT
of Hla] shikAl S HS7E F 2 SEU o Wt
T WE7HA] A7y JAEs 2R oF5g A
& 4= 9Jth(Fig. 3e). Figures 3b-d= KIM-HYSPLIT
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Ao +5TA ZE+60417F Ht 3akA) St
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=3l olye A vE IxoME HEHA o
ERAINE, A E7F ol O zpol= oA ARA=
e ¥ F AUth(Figs. 3¢, d, g, and h).
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o] VAAZF EEE At} VAAS wEm 20233 109
4% 13A] 283 (UTC)dl| shibe] &3, a5 =
ol 2133.6 molth. o] Al 20239 10€ 49 06
A(UTC)?] KIM 717348 A8E o] g3t o] &
Y= Rt md 48 A2t 3 KIM-HYSPLIT3 UM-
HYSPLIT®] +36A17W7HA] SikA] 24 e} =l +33
AIZHRE 436417 et S St T X2 oS
AZE Fig. 40 YeRHSITH 20239 109 49 124]
(UTC)E 109 6Y 00A(UTCYHA] 3hakalE A7k
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2S5 & 4 9tk KIM-HYSPLITS A 4~1000 m,
1000~3000 m FEA DB FEEOZ 50 pg m™
HRke] FEg FA] WEFe g A A sk 7t
ik Ao g dEg 2S & UTHFigs. 4b, o).
o] ¥ 3% o4 KIM-HYSPLITZ UM-HYSPLITS] <]
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=3+ 7S & = Qlth(Figs. 4f, g). 3000~5000 m L

F1 D o2

o to

,
o
el

(=3

o 10 & rx @y off L ) o

g
T

2

- 7] A

RS PA K 225

bt
X
-
2
o

YSPLITS KIM-HYSPLITO)] ®]&le] 3}
2F 73l A goA] B Ee GEUTe R dA £2
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(Bessho et al., 2016; Zidikheri et al., 2017). ©] %A
£ FE37] 9 BHoE AAE = tE W
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ARIL VAAS] E3E|x] e S tk(Engwell et
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Ho GeRgt AR s Al 2de) o F S A
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Table 4. The four volcanic eruption cases used for verification of KIM-HYSPLIT in this study. All information such as latitude,
longitude, eruption time and height, etc. are taken from TOKYO VAAC.

Volcano Volcanic ash Forecast altitude range
Volcanic ash -
Case  advisory issue Latitude Longitude Height Eruption time EruPtlon +6 h +12h
time (UTC) Name o helght
N B () UTO) ) (m) (m)
1 2023-10-19 15:14 Bezymianny 55.96 160.6  2882.0 2023-10-19 14:40 4876.8 SFC-4752.0 SFC-4267.2
2 2023-12-30 08:24 Klyuchevskoy  56.05 160.65 4754.0 2023-12-3007:20 6096.0 SFC-5486.4 SFC-5486.4
3 2024-01-01 05:44 Sakurajima 31.60  130.65 1117.0 2024-01-01 03:00 1828.8 SFC-2133.6 SFC-2133.6
4 2024-01-01 06:52 Suwanosejima  29.63 129.72 796.0 2024-01-01 06:12 24384  SFC-24384 SF(C-24384

shakAl ks oﬂ HA, AF= ©] F WAo] wA}
Sk XOE TSE 09141 1 Akl 3 7EAH, 19
7}771%4% b 5 o o o] AUt & 5 AUTh(Mbizvo
et al, 2024). dlZ S|, TS #to] 022 A, 2dlo]
20% AR st ke G EEAaS 9v]sid,
0.57%1 7%, 50% oI’} HEEE 2te g ofv]gitt
ASAFEE AHdo] HASHA] eF2 92 Fol 9

&S E’%Xl e7] wiitell Aol whet L gho] %
738ko] th(Schaefer, 1990). =, 34t 30|
73,% | gtste] ASo] 7FESlER, TS e
AHEe] Bd o & Aol me} gho] =2
o] g},

FH Solro} s EE Al S VAAOL kA
it A SHEIE A3 = AR TE K v
(Table 4)2 Ag3le] o= A7+ ¥ TSE 813 KIM-
HYSPLITS aﬁopﬂ ©w, UM-HYSPLIT# A3 H]
JJ_O]. 1—4. MAE 72 }\].E;ﬂ‘—‘ 15;@ oz g]_/\]. =
ANzt 2R 6*17Ur 12717k o] % S}hkA] St o =
AE7F VAAY 3= o] dlom, 7F o SAI7ke] o
ste] AAJollA 54 o= a=7kA] sk 7E A
A QAN I x AR X3E ] Q) &
7€ Ed A JEe kA it o mde 7]
Hog 4] 1= 7+42](0~1000 m, 1000~3000 m,
3000~5000 m, 5000~10000 m) 3k Sk o241
7} AAEE AN B Gt A5 915k, VAA 3t
A At 0411 TR A% Anel rdo] oF Z
= ”L—ﬁ‘—oi v 23\ = %01, Table 42] A}

rie

19] 749 VAAC] WEW +6A17+ &, kA A7 g
2 A E 9IS Aol 4752.0 m-4 TE HoE o

23R e, o] 4% 7Y =& A7 & 43 3
9] AAollA 5000 m7HA] ClSHRE Hste] v
stk A 13 2= gAlotell f1x|gk sike] £ &
SIAE AEIER Al 12 WA P oY (Bezymianny Yzt
oA 2023 10¥ 19¢ 14A] 405 (UTC)ol =3+
om EAFE 4876.8 mol L, Al 2= aﬂj 2F}ok
(Klyuchevskoy)2Fell A 20231 129 302 7A4] 20&

37141813 thy] A347 23 (2024)

Table 5. Comparison of threat scores from different models
(KIM-HYSPLIT and UM-HYSPLIT) for four different cases.

KIM-HYSPLIT UM-HYSPLIT

+06 h +12 h +06 h +12 h
Case 1 0.22 0.17 0.01 0.00
Case 2 0.32 0.42 0.05 0.17
Case 3 0.14 0.31 0.15 0.28
Case 4 0.16 0.22 0.11 0.30
Mean 0.21 0.28 0.08 0.19

(UTC)oll £&3193, EAFE 6096.0 mo|th. Al 3
I 4 B 9 lf‘f_ s AHIER A 32 A
1A vKSakurajima)ol| A 2024 1€ 19 34 00%
(UTC®l AHl 4= 29 =AMX U]—(Suwanosejima)oﬂ/\ﬂ
20249 1€ 1¥ 64 12E(UTC) EZslglon, &
AFE= 717t 1828.8 mT 24384 m ©|t}.

Table 5= 2zt ARl i8] «]&A)7h8 KIM-HYSPLIT
7} UM-HYSPLITS] TS LS Hlwstk Zolth Akl 1
o] 79 KIM-HYSPLITS] +6A17F, +12417F & TS=
0.22, 0.172 sPakA)7} st & % E5E%0=E olF
she WE VAASH 93 fﬂ‘}i&% P T WA
S v QA dE&sih TS 3o mdo) kA 9
olsWre] A& tEAY, 2 olF £t IA
wEAY =g #53 Xt A PS5 EE@O]
A e, UM-HYSPLITS] 7 OT, +6

AIZF 3+ 12717 3, VAASH tEA sk =7
st X ZRE EA HFOE o5 FoF Oﬂ
&tod, TS7} 00l 7PA A& = A tHnot shown). AHe]
29] 739, VAAE +6A17F &, sk I ZHE 5A
Z ko g F3 A Aol A 5486.4 m7HA] 91A|
& Ao =3, +12417F o] Tl & o BHE
o= o A B¥ & ZoZ o =31 th(Fig. 5). UM-
HYSPLITE= 3t #3} f1R]eX SAZoR F3 2
Al A7 o] 5E AR A FEA N +6A17F o]
% o= A3 VAA dSHY BEA Wgo g o
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Fig. 5. The 6-h and 12-h ash concentrations forecast (shaded) averaged from surface to 10000 m for Case 2 in the Table 4 using
KIM-HYSPLIT (a), (¢) and UM-HYSPLIT (b), (d). The red polygons represent manual analyses produced by VAAC
forecasters. The location of volcano is shown by the triangle.
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Fig. 6. Same as Fig. 5 but for Case 3 and averaged from surface to 3000 m.
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2 w2A o5 Zog o =3} (Fig. 5b) TS7F 0.05
2 9 UEbsth +12407F o] o5 A= +6A17F
dERt} AZEOZ o =3te] VAAS o)F wEko] o
A SFAARE, VAASH t2A] it 23R B
zozo ke A o =3 thFig. 5d). KIM-

HYSLPITS] 73, +6A17F, +12X17F &, 32k 7) &
AEZo 2 7Hed A ek Z0R o531, VAA

o & Aol Wk Hert dAlsks Aes o T 3
A th(Figs. 5a, ¢). UM-HYSLPIT# m}z7ix & 3pat
3t AN FEHo R A FkE o] F A
9 BEEE0R olFdle WE WUt VAA d353
EU?] ste] UM-HYSLPITOl| H]ated, TS kel #4
EFSTH(Table 5). AHHl 39] 799l VAAS] +6A17+
, A& AR e sk BIl9IA A AEAMZOR +12
7& T= BE5A U ?{}Oi R A4 2133.6 m7HA|
I5E HYZE shaksl= A o] =39 E]—(Flg. 6; Table
4). o] AHEle] B, F R al«l +6AI7F -, +1247F &
sk o5 Wk M 7F ARl UrEM TS®| #%
o] A& & ztol7t fle Ae & 4 AK(Table 5). T
T VAA oSl Hlste] 7 sk GAakrde] sk
Al g L7 WA vEhve 2 o Ak AF
gl 49] VAA =& 3k 23} +6A17F o] F, skA)
o] 3 gkl AA o] FARA] Fgkom, +124]7F

2>t

o] Foll= st &3} fIR|oA MollM HFdo sl
S 953 th(not shown). F Ed2 RE 43

AN AR DA A7 B e g o=
3FAA W, KIM-HYSPLITO| H]&}e] UM-HYSPLIT-S
BE AN EEF0Eo R0 S 453

, SEHEo R Mol o]fo] AR 2 +6AI7F T
Ts~ KIM-HYSPLIT®l| H]&le] A, +124)7F & TS
= =4 Jelgth "Aukd oz KIM-HYSPLIT, UM-
HYSPLIT Bakz) gatmdl e VAA BTl FEHWEEo

A B melste A ¢ 5 Uom, ol 3
FE B8 12 1600 F 0 <_1ﬁ,+@ﬂﬁ-64
TS/ +12A%E # Bk e S & 5 ek b

o] Aol B= 1ZA17P°1W
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73 E ExF o g 24 AEs KM 9=
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of SR Sk el 52 73 9 A A S
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ﬁ—Q_ 71 /M QT 93] KIM 7)1 3AEE o] &3
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KIME sk #ied feExsz g83st7] $s)
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A SolX BS FEHA +6A17F T o
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RE o2 A7kl A KIM-HYSPLITS] TS
7} UM-HYSPLITE.t} =4 YJeldEd o= Ao}
3l BE AL At 13 29] o SolA UM-
HYSPLITS] kA 3ol Wako] VAA d&3 &
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47l 9] st BEA1E ] tlgk KIM-HYSPLITS] +6 h
Z +12 h d&227ke] TS= 2H2} 0.14~0.32, 0.17~0.42,
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& oz 438 g ikl =Y o =9 TS ¥
7} 0.0~0.8 AFo]d-S ¥ 2, Crawford et al. (2016)2
2008 7MA}EX|(Kasatochi) 3F4F £3}o] gk =d
A¥ A= RS AE] 27138} 71gel wEt TS
= 0.1914 0.7 AteldS wloh AgATe) vwst
AL o, & A7 F33 KIM-HYSPLITS UM-
HYSPLITS] o d&HS == +12 hollA ZHzt 42%,
30%2 tha w2 AL & Q) 23y AT
S e 2AEEHA, 714984, s §)
stol|A] aeh Azt vlart ofy B R ZFH Al vl
o= SHAIZE A B @A ) Ao AR H 5
Alo]7] wiiel dwtsld A8S d7] 98] 44 717
B d B2 AHEE ol8e Hee 7T et
Atk e o] F mde] kA It dF A=
717448 o] Zpolol|A] 7]Q1et7] wiitol Kot g gt
Al Tt fJsted spikA] EHatell JEFe mA= T
8 7Pl tist vae}l $-4Jo] P g i) wpx|et
O & VAACY VAAZ o|elo), 7|4 ok

974, PMI0 4] F ThE BEAR L g B
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28 A7t ok

AF7HA] ZgE Aol gsted, 5 v 22
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A3 As P4 Bt tgst skl 24t 45 4
H Aol 7hsald 4 & A= AlsHT AA,
713 H M E 713 B S S Qe dY 5
=91 KIM, UM Ed3} A A MA Hi =S
TR Aoz 4#A e ECMWF 714 dEx8E
TFuEte] 71ge] HEA ) AA7ko 2 &8-35tal Tt
ECMWF 71348 A5E o] &3t solrlo} AAI7E 3}
2 gt & 2dS dstar AA7E S SohE,
KIM-HYSPLIT, UM-HYSPLIT Z ¢} 34 3h2k4 3
b & A3} v 4 5o 88 5 S AoH,
o5 T3l B} theket sikA] 4t ol A B ALte]
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T AR FEASA 2=HE A9 2Pt Ak KIM
I UM e SA 2] d= 222 267), 49
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M 2 7 dg ol YA, sl FH3< 3}
Azl AER 2 mm 1|9 ke YxiEo]
ShElthMiiller et al., 2019). & Ao)x F=3 34»
A Ak = mde 06, 2, 6, 10 um W] FF YA+
of tist oS ARrt AEHARE £ AFex = AlA
oz F7blA t71ed XEE A JE(Chen and
Kan, 2008) PM;, 9152 4% 75| o|FoXlch.
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