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Tephra Transport: Modeling and Forecasting

Toshiki SHMBORT™

In this article, recent progresses in modeling and forecasting of tephra transport phenomena are reviewed. First, we
describe elementary processes of the Tephra Transport and Dispersion Models (TTDMs) especially from the Lagrangian
point of view. The processes consist of advection, diffusion, gravitational fallout, dry deposition, wet scavenging,

aggregation, resuspension and so on, which are taken into the operational models of Volcanic Ash Advisories and
Volcanic Ash Fall Forecasts in the world. Second, we show examples of volcanic ash cloud and tephra fall forecasts on
the basis of the case studies of the eruptions at Eyjafjallajokull in 2010 and Shinmoe-dake volcano in 2011, respectively.
Finally, some representative numerical weather prediction models which drive the TTDMs and verifications of the

TTDMs are also described. Other important parameters of eruption source which give initial condition of the TTDMs

are briefly remarked as future works.
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A schematic illustration of transportation of tephra (weak plume case). The processes of advection, diffusion,

gravitational fallout, dry deposition, wet scavenging (washout and rainout), aggregation and resuspension are
explained in Sects. 2-2-1, 2-2-2, 2-2-3, 2-2-4-1, 2-2-4-2, 2-2-5-1 and 2-2-5-2, respectively.
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Fig. 2. Flowchart of TTDM calculations (offline model case).
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Ry (D) =e 2/t 9)

TEREN, LOBIERE o, IFERIEEAREE V53

yas
=

K
ov=|-> (10)
fLh

TR E A (121X, Baumann and Schlager, 2012). =
2T (8b)-(10) 3% (8a) KIZKALTT A 7 —ERIL,
o) $TWB L, Fv¥any ek

”;—‘;: —i(w—/%r) (11)
NS (B 2L, Gifford, 1982, 1984). T 7 b b
(82)-(10) A AV ZZAFIETIL 1 RD T v P 2N TJf
BRUEDSWTEY, PUFF 2RI RTD I 7 I~
VaETIVIEASINTWS (Table 1). F 7z PUFF (2
BAINTWDED (7) Rk, (1) ROE#HIZR T
Wb F7 x0Tl [s] do (0 BE (B2,
Draxler and Hess, 1997), K [m%s] 1dfKk 0 (10%) ok X
K CTH2 5 Z 9%\ (Hurst, 1994; Tanaka, 1994 72 &)
PWHI SR E T > ¥ a+ — 27 OFERIIWHETITE
SHSNTEY (D'Amours et al., 2015), 7T 7 VEED
T v T aN RN & B RLAR I 2 T (1997) A3
BEIIRD.

M5, $RE S OIEARE K IE, — I BiR A El g
B HBEREH T I IENTEfN S, BEE—F
TOWFSRBII T ERBOBERE VAT, ZLE )T
DORFEIETIE, MR BEER R 2 12 &) Gl
ENFEEL D T2, WL D0O TIDM TIEZDEE
WKWIBLTCTKZHE LT D, ZOFLROETVE LT,
TS N VOIRAEREE 11235 0- IR E TV REL
ML ANY—TKE # {5 1-HERNETVEH L5 (F
ZE, J&, 2008a). MOCAGE %° RATM 7% & CTHWw ST
W5 0-HERNET VTR, RAOLEEEEST) T v —
BV U8 Ri T,

Fo(Ri) (12)

T#HEY (B2 1L, Louis, 1979; Louis et al., 1982). Z I T
o=@, v) IAKFRETH Y, [0vy/0z] (ZZDHEL T
%R, Fy(Ri) WKEDPALE Ri HV) 1270513 E8K
L LA HEEEBRBCTCH L. THEMIALVTF—D
GPV MM T& % & X 3w, 1-hfEEF L.

K.=C\I/TKE (13)

TR 5 (B 213, Klemp and Wilhelmson, 1978 ; Deardorff,
1980). 7272L ClxHBlIEH TH L. 1-HBEXET IV
¥, FLEXPART X HYSPLIT %2 & D4 7' a v iZdh ),
AFEHIZ S EHTEETH L. (12) XdbLHWvid (13) X
&, TR T O EE &P AT O TS
ZAbNLZZ LT Fruy—nbErns, S5H|IZHE
M WEE TS (Fkg) ClidE'=r - +7 a3 7HUH]
2o (B2, RIE, 2012), BT 7 v 7 AERHENT 5
E7) (FALL3AD 2 &) b dH 5

7B ASHFALL 7% & Table 1 IZ/R L 720 L D00
TTDM |2 SR EIEEASA » TV e v, 2 UKL B
[FEEETIE A, SHEETUIARHERR o In Tk
HWTE DL LTW5E720TH5 (Glaze and Self, 1991 ;
Turner and Hurst, 2001 72 &) . &2 MOCAGE C/K -k
WDIA > T\ olE, KFETHFERD 0504 4 7 —
ETNTREDORETH HEWILHT TN 5L LT
W57 Tdh b (Pisso et al., 2009).

2-2-3 [ETiEE

F 7 IEHENKREWZD, FOFHITIE (5) Kot
W A THOME FTHSIFICEETH D, D OB L 72
T 7 IO THEL, HERPICES LTS, 225k
D)4 ) R EE IS S (Seinfeld and Pandis, 2006) @
T, —ICHEFI A TR O 2 5 HE 2 IRET 5
Q-1 HOMEE (c). 2h &V H o #EHEE L,

_ [4lo,—p)gD _ /4CcppgD
”ula_/S@wca%““ 3Can, 14

L#F B (B 212, Seinfeld and Pandis, 2006). = 2T D
E7 7 7 ORAE, 0, (D), pa(2) 13777 L25HD (A
V) B, COXIRPUREL, Coldh = M ARIERBTH
D, EPXTE op>0, THDHZ LRIz FEDE
Fl3tax DD (Bl 21, Riley et al., 2003 ; Bagheri et al.,
2015), TTDM T (& Wilson and Huang (1979) X° Suzuki
(1983) LIsk, #A22R 7% 3 P93 D= (a1 +ax+as) /3
(ar: W, ar: b, as: FHHORE) L LHENS.
TR DOIMPURENL, LA VA Re=p0,V, Din.(n,(2) 1
22X DORIES) DML, BORRL T T
AN =27 ZADIMIUREL:

Q:% (15)
WERWTH L. Th =y A MIEREE, 72—+
YH Kn=22/D (A \XZEE5F OV A M) O
BT Cc=1 2D, CcldT 7 9 ORI TR
THAY v T 5 LI LB 2EEIEIORAEFMIET 5
BREC, 77 7 ONBENERG TOTFHABTRER T
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g 102 | Cunningham Transitio Newton
;Z Region Region Region
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10*
10° k.~ ]
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10 10 10 10 1 10 10
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1300 >pp > 400
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F206
06>F>04
04>F

Vi (m/s)

<1 km asl

1 10 102

BENELRY, 7108 o TRARTfkE Rad
% R BBEE (Kn~1) THANI 25, REITEEDW
V3D EEIEETFEARITEIRS R LDT, A=
ZHIE VR B C oML LK I EE L SITB Y
(F#E, 1989), W< D4 ® TIDM TEBE &N TV D
(Table 1).

RIS R LR ISR LT (15) AR TH S
B, FLA VA OFELFEI & R LIK R KL

W2t L TR ECTH L. 77 T DBIRD EE L
7oK P AR #iE, Wilson and Huang (1979) O J5 IR A+
F=(ay+a3)2a; % W72 EBRAPRENTH S, 51
FARTEME 2151 L 72 Suzuki (1983) OIKPLERELIE

Q=%fﬂﬂ+wT@:F (16)
TERENA. (16) AOLBHE 1 FUSHEKIT (15) KX

DOILER, 5 2 HAMEMIEICTH V), Z ORMEE & E VR
OHTL T, WREVT 7T ORESHIIGE LA/
WAEOELIZHIG LTS, (16) x (14) RIS A
LTRATM (727251, &1 = > 7 2l IE A LI oD 412 58
) CRoTz, 77T ORE T EREOR ARG OB

Vi (m/s)

108 " - — — ; ; ,
10° 10° 10" 10° 1 10 10
D (mm)
Fig. 3. Terminal fall velocities of tephra particles distributed

(upper) from 9km to 10km a.s.l. and (lower) from
surface to 1 km a.s.l. (left) Comparison of Stokes’ law
(dotted line), Suzuki’s law (dashed line) and Suzuki’s law
with Cunningham correction (solid line) with density opm
=1,000kg/m® for lapilli and form factor F = 1/3 for
Suzuki’s law. (right) Comparison of the extended Suzuki’s
law with 0p,=1,000 kg/m® and F=1 (dotted line), F=
2/3 (dashed line) or F=1/3 (solid line, same as upper-
left figure). In the lower-left figure, the large symbols
denote the observation values by Walker et al. (1971)
and small ones denote the pumice values by Wilson and
Huang (1979). After Suzuki (1983, 1990), Sparks et al.
(1997) and Shimbori ez al. (2014).

%ﬁg3’%ﬁﬁ?¢ T 7 T OHRPTEER, ELT
B 9605 (1992) 2 NIRRT - il (2013) 72 & & [al kL2 A LB
DHIER 0pm=1,000kg/m® HI24 L ARE L, $5K (1990) 12
L RBEOW &L B IZ 0,=2,400kg/m® F THINS A,
T IR T A RIT (2014) THEES S7zflie LTl
T VAAC RBEIKTHTHEH L TW5 F=1/3 % W72
Z2R.D 04, Mo, A 1L, GPV OFEE, SinB L MRE»SHHE
HaEns, oo, Fig 3 O EEIZHEEK 9~10km, T
BAZ 1km PUF, A5 (15), (16) KCTH = Ha#fillE L
Wit (Ce=1, BB EWMY, HFNEF % 2 % (B)
BLO1 G, S LA EERTRLE. &b
HTETRIZIE, (16) RDTCIZ % - - HFEIZBIT L7 T
4 F‘;@%iﬁl{ﬁ%7u~yl~l,f: T, WEIE M
KB ERNBRN R BIIEEL DI R (BN
7@t P IX, Sparks et al., 1997; /INE I, 2008 ; Schwaiger et
al., 2012; Folch, 2012; #3li - 1, 2014 7 L & 2 H),
BERSIR: E KA OIRER X CRHER AP ITHE,
HRESIIETLEERET 7 TOWHEONFIZE > T
HEIZEATAZ LR, TNOHOKIIRLTWDS

TTDM CHEH &N 2 IR D € TV ik (w)U@

DIEPIZOEEHDH. Re DRE SIS @Lfmmw@%

=
S
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5-Z2 % White (1974), Arastoopour et al. (1982), Bonadonna
and Phillips (2003) X° Pfeiffer et al. (2005), 2 KICHI 7% M
JER 3 TCI R BRI 70 & B TRIRIA T2 38 L CHkPL
%% 5- 2 % Ganser (1993) % Alfano ef al. (2011), (14)
Ko BAEEE R F RS L0 #0n Nl & ko 5
Nislund and Thaning (1991) X° Dellino et al. (2005) 7 £7°
H5.

2-2-4 REEIE

77 7 MRS (RIKICAHY, /ML, 2005) 35
BRI, KRPICHET 2 KMEOREZ 2314
FHNATET HFMERAE  (Fig. 1 1278 L 72 dry deposition)
L, ERM, FhSICHED AT sl Ic KA b S
B aNLEMELAE (A0 washout B & U rainout) A%
H5b.

2-2-4-1 EMERE

Z TG, BHEANToOMERTILE T
H5H. THELE IREIKT T 505, 77 70, |
FCHIKIZE D X9 RO K S HEE K LK SR KL
FE T RENRE WD, F MR LK I E R T
TH T 2 DIZKER S22 4 720, TTDM 12 & 5 Tl
BWOHMEL (2-2-5-281) B EE/L L LaiFiug, =
DFGITKE <\ (Folch, 2012).

WA DR bIL, TR EE L I T VIS L B3
Bl —#WThb, HHLEICLDZTRNET7 Ty 7 A
(LAEZE) Fald, BWENOT 7 7 OWEIZHEIT 5 &
%z27T

Fd:VdC (17>

LFEL, WERE Ve BATSH (Bl 213, Seinfeld and
Pandis, 2006). ILAEEEL, Fy 2B, c ZEMEIC
3C, BLIRILERIC X B ZR R IR ry 12, MR
GHERE LY TRE) OMEBRENOIRI n, & ERTO
I re #EFNCRNE, F— 2037 Fa T H v
PHEFVIZED

V= L=rd F1, (18)
ratretretrareVy

ThHzZ6N5 Bz, @il - i, 2004). 72721 (18) 5%
WIXENETHPBFIGICEE SN TS, 775089
LR T DOV L 7y (TR E ARTET 205, 1y \ZIEHIRE
KIKD 7 7 7 AHEe () 22k Loz & %
NTWD, r l30H, FTOWEIEEETI (=0) 7*
g &N DA, BAR) RER R EEEETLH L&
COEMPLIEIZ LD, TNS ORI HE 0 B
% FHRRMHEICOWTIL, 4 TIDM T#EWAH 5 DT
Table 1 IZFE L 72 A B SN2, 2B (18) ok

HEMELZ EEMATELMAZTIOICBIEL AN
Venkatram and Pleim (1999) (2 & ) 7R S TCTEH ), Webster
and Thomson (2011) TIXENE I L 2T EEL £ &
DT, TIUHT A ELE I bICw b

TV aETNCE, ISR EERICEE T
LI ENRTEDL BIZIE, h#E - A, 1995). + 1 F—F
o 17)ROWBIZE A DATy TR, @HLED
WS ETHBEMBOEE L 28 A L TR 5 &,
CORBNIZHENL = =D 1 I A LAT Y TdHizhD
AR 1L

_Fa, _Va
Pr}hm—hAr (19)

THRONL. TOX) RHERNZERNLE H 256
LEE, BN REE L EMEIAE LR 2 D AT v TS
2-2-4-2 EMEE

BRI D LT TR Z2ELEb T, 77T
ORRIAKIEL, FHICHETIIAERETHET THET T
& e WHIRLLIR ISR @ <. ERE TR ) o
EWARS, STy 2Ty ML YT MG
5N 5. Fig 1R L7z X912, FEXKILKDSHEK (7
DIED, BT &L ET) ITHE SN THRE~EITN
LONTx v a7y b, BRT (B LK) O
BRI L 2 ) RARF P LA NL DL A 77 b
THY, DS WGITOECH S, GiEIFEET vk
BEIENTRGEE QIS (B 208, BEH - i, 2014).
JKIE L Y OBEAKHSETH L IRM KM) 1&, KWK
Yy a7y MG 5.

Ay aTI b

L O L, PRSI E BRI X 2K
Wi TH A, (1) RIBWT, 74y a7 M

B 2R %
Oc _
e Nye (20)

EEL, ERE A, FEAT S (Bl 212, Seinfeld and
Pandis, 2006). 7 4+ v ¥ 277 N OPLEREIE, FKE
FE R[mm/h] O & &, IR D, OBAKKF12 X B RifE
D DT 77 OW%EMFEL e (D, D) L LT,

A:;daﬂ)

~ APpB
w o R=AR (21)

OIFTH 2 655 (FEH - M, 1989; ALH, 1994; Sportisse,
2007 72 &). 7272 UIRAGAO—HIEZ T, D, & R DB
B Y SLOREERR A TR L, ERRICHEERT S 4
e Z ORBRRIKIF T 5 BRETEML T2, 4,



VIR e

A

BREEIE, 7Aa v a7y hREALTWAELDET
LVTHwsENRTEBY, ZOREMEE Table 1 1278 L 72,
S HIZNAME 7 ETIE, WAAORM & EHOE - ki EFE
IKRLTF- DM DEAR, FER DGR D D 7 & D
WIZEoT, INODRBERE LTS, LarL, 7
T L SAED, HEL EEBEORATS S
N B ERNFEORAARENE (1 212, BEH - b, 2014) 25,
AR TE—DDETRESNTND Z LIEET .
WL O ¥EMERAE & FBRICRESRIICEI T 5 2 Las
T&2 (BIZIE, ¥ - b, 2010). F 4 5 —7takod (20)
AlE, MAEZHMERMASBIKEE L, $ THDT 5 &,
(17) REFREZ, wH v a7y MK DL

Ly
Fy= V,c:fo Aywe(z) dz (22)

OFNET . 2 2T Ve=—dz/dt J AT DR EN
RETHECHL. D)RxE 22) AL, (19)
REFBEIS, 1A LAT Y THIZYVDTF v T
kDR P =ARPNt 352 51 5.

LAL>7J b

LA Y77 MZXZEMELAEIZOWTH, NAME Tl
QDR ERRRZ, TEERE A, O 4, B REU X 5 £l
& Tv % (Webster and Thomson, 2014 ; Leadbetter ef al.,
2015). F 72l FIL L LT, FLEXPART % HYSPLIT
R ETIE, WiFsHws N TWD . PEL S 1k, LA
T M & D RMERAEES T 7 T ORG AR L FK
WEEIZHBIT B L E R T,

Ly
F,ES,CR=fI Nic(2) dz (23)

WX DEAESNS, 2L LIZEEESETHY, L—Ly=2Z
BEOES, TRZOHRAIEE (&) oSz ERT
CITT 7T OFMEENSEEIKS TR ERET
X, PR RGBT A=SRIZ & B (B AL,
H - fil, 2014). #EIEILIZ—F1& LC, Hertel er al. (1995)
l2&h

_ f uc

=W (24)

A\
THIMENDG, 72720, LWCIZEKE, fa \ET 7T
BRI R LEE (G THb.

F754 YO TIDMIZBWCTLA YT bR+ v
a7y bOREDSELVOE, EIIZENRHY, 0
FEPLMRENHE> T b %, RHN7ZZ GPV DA
TE»HZB$T 528 ThDH. Hl21E, FLEXPART X
HYSPLIT [ZAHXHBED L 2 Wl 5 E D E & & BT,

TSIV EF 409

FALL3D Tw 4 v > a7 ba#fld 4 & X3 REER
BHNERFRIZLTBY, EFNVIEIZEDOEZ FHRLR
% (Kristiansen et al., 2012). GPV |[ZZ/KEDHIUIED
FBWIMZ B EEZONED, ENICLA YT MER
72T 7 TN LTL 5 E TOENTTORBRLZ DR
DEORBE* EDO L HIZETIMET B0k L, KETTIk
RBEEEEDLIMEL DY), L OWEIDH 5.

2-2-5 ZDfh0BEIE

PIE, 3T &7 TTDM DR 2 @D I, &
TSP THICETMETE T WESEE, —H
WRMNZ R L7220 RN % BRI O £\ ICO W T
fEHLIZ B D

2-2-5-1 K&

R4, Sparks er al. (1997) 12 L AUE, o 72 EREAR,
KNG A, RBWICTEIN, BEENNTECZHEE TS
% (Fig. 1 IZIEMEE N O aggregation & XI/R L72). Z
DY L, WEITECRAHROKYE (EHx &) 2
G- L2 KNEARRNZ EotkiEeld, mitfiol 1
YT RNBETY a7y b (Fig 1) LEbLEE
THhED, 777 WHEERPE R 5, GESL
SALENA TR S 3% O BHIEE 2SS 1
(B Z1E, KB - fils, 2005 ; Durant et al., 2009), {EVELHE &
FIARIZ, BMTIIHER T CTHLE L 2 2 WAL IR O ¥
TREESE D720 (UNEIT,2008), Z 0% TTDM
ICHARAL Z EIXEETH D, LALRDAS Table 112
AL72TIDM TEEXZHIZER L TWHDIE, #4147 —
EF VO FALLID % EIRONTEY, BEE— FTILE
v, ZOBHELT, 79TV aETNVIENL—
= OLFEN L EEH OB v 28 S v
(Dingwell and Rutgersson, 2014) Z &4 5. L7255 T
Wko5 75~ 2 afdiio TIDM 12 & 5 F#lix, KD
SO RIKEAEA, K O KILIKEEE & 5o
Bk AL OMEI I 7% % HEASS % (Devenish et al.,
2012a, b; Brown et al., 2012).

BETTIVICIE, SRESMiET - 7 A ) IS
W5 EER DD (B Z2I1E, Comell ef al., 1983 ; Bonadonna
etal,2002) 75, EEHEIZBID 2 YL & ERE L /A5
b O (Bl 2L, Costa et al., 2010) FTWLDO0dH5b
(Brown et al.,2012). Costaetal. 2010) i&, ¥~ 7/ <B X
KEHRDAWE L L AT 7 FELONEE, 7750
77 ), KDY R BT 5 E AR,
T 7 MO THEEREIC L BH2E (B 21Z, &6, 2003)
2ERE L CUMEEELETMEL TV A, S IZREA
WD EWELTIDOETVEFESEEL /2 FALL3D
(Folch et al.,2010) Ti%, FIZIX19804FL > b - AL ¥
AR CHE 1 72 BEIK 5545 D OV AL (B TR 2 D 8K AE)
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AHBL WD, i, EMHESILREEE L) FEA
INEWEEZEZLNTEY, MEBEEZXFLTEEL TS
TIDM (X F 7275w, EWEREDOETVIZIE, Bz 7
T r—a itk WAL pEEEY (14) U
BN PRI DOZAL TR T James et al. (2003) 7 &A%
&% (Brown et al., 2012; Folch, 2012).

2-2-5-2 ERE

PREE 1 E, —EEHFREIIRE LT 7 745, au
Lo THEBWEPYBORAT 2T 2HR T, HE
WD, JEE, WEER L &L ABORSKERTH D, FR
BAsss AT 5 L, BFE (BUHERE) AMET L -Coc@ikRd 7
ENEE T FT 72 (Barsotti ef al., 2010), JERE KT
HoTH VAADPREENLZ EXDHY (F b~ A Kl
TV aVRrh Y o KINEELR E, WMO,
2015), RMIMIZIZ L ZAOEKIZB®RT 5 (11, 1996)

HRFEDEF MR, —FET 799 > 72HB0B%
TH 570, ALFEREETFT VL BB (F 212,
Tanaka ef al., 2003) ® X 9 |2, TTDM O#i7z 7 AME (5
Pt MEE R TEDL. LzA> T, HREO
SRR VT 7RIS D B BUAE \Z H DT AT (1]
Z\X, Tupper et al., 2006 ; Connor and Connor, 2006) 7 & %
FEATT 046, BEREOMREIZAZ7% < (Thorsteinsson
etal,2012), T REEOTEEDH L (L et al,
2014) OTHEELXHET 5.

BARHEOAE & 2 5 fhid, MM o MR (BERE)
KT OIREE (T T 7 T ORELHEIE, Hlik R
KGR E) (AT 5. FIRIRIEIZH - C, BRI
Ve DB D B FRIE v B A D &, HIET 7 T OME (
VTr—ay) EED, JADHRL % 513 EHIREULE
L %h. EHOX) RT—a Wi LTwLohdh
LRELET IV (B 212, Shao, 2000) %%, T 7 T DFREL
WIBH SN TWwW b, FREUC L 28 LM & ol 7
T v 7 A%, Bz X NAME O Tld, v=v=04m/s
O [EAKEREE 0.0l mm/h KD & &, EAED 1~104m
OLEET 7 TR LTI () O 3 FIILHIT
AT, MEE?»S 10m T T—HIZH5 2 Tw5
(Leadbetter et al., 2012). F 72 HYSPLIT Tix, ()v« D 4
FeD MBI (Escudero eral., 2006) F721%, (i) H3ED
gL fEAE (M) % FE (Draxlereral,2001), & 512
FALL3D Ci&, (i) # VT =2 a v OKFETITv 7 AL
RO 72 3 FEEEDOI 7 T v 7 ANEEIN TV D
(Folch et al., 2014a). &I ERERI 505, 75 v
AT WAL IR ERPME S SR T, 77108

DNIIRETIN S OREHEET L 2 LB G ol
LWIETH ), Bl ETF L Tho T OHIlfEE %> T
W,

2-3 KRBOBEETIV

Table 1 (2Z8172 TIDM (ZWFNbF 754 ¥ EF)
Thb. Thbb, WEHTERTELTT7I0LEEL
FHET 2 DN KA, TTDM O 5 AT$
% (Fig. 2). TTDM ZERE S 2 K&HmE LC, e
FTITIEY U TR EIZL 5 1 IRICOERBE T — 7 3
bNLEZEDDH DD, TR L) IZHAETIE,
BAEFIRE TIVCTEME S 172 GPV 25A S v s Tw
% (Table1). —fkIZ GPV IZId & & & & O RGO IHHT
flik, ZOMNHELMMEE L CBEFHE TV TEE
P LT HED 2 S D 5. BIEER SR O %
THN—F 2T, HAORKATFHOLDIZ, #BEOF
il L BEOBIEMED 7 — & ML (B 212, #A - I
#,2008) (2 X0, Bz R ES X OPIEEERT %
F—F R A 2 N, A== ¥ a—¥F | TET
LCTwa., ZOHMEERIN, BEOKRKBEMD 720
IZFFfEHT (Onogi et al., 2007 ; Kobayashi et al., 2015 7 &)
LITbINTWA.

KEIGDOEANETFIRTE T IV K 2 IENTE R FIHRAE DO VER
I RBE R SRS 2 2012 L, +7 5
A4 YO TIDM TlE, RELGxERLBE L TT 77 Ol
HERZEN Oy 7)1, bbb L -t - KA
Y (RADWHNR &) #ZE 2V EGE (Webster ef al.,
2012; Costa et al., 2013) § 5728, FIHEBAWIEEL 25
DOHFNE T . BN 2 HRERI RO SN 5 B
E—=RFT, Ny TR TIDMAAEA SN TWADITE
KoM ED, 777k E2FHlT5LEE20L
EOTHRMEHILETH L, BEFHENRETDEE
E LD RBEOBE T ESL T EE TS 2k
L, FTFGAVETNVORMTH 5.

T 774D TIDM ICATIE NS GPV DERIL, i
RIS LR, T HEE IS E R SR ATE, 225
T, RS CLERRERHEKE R ETHD, IO
b, ROEELERIIATH Y (Witham et al., 2012b),
TTIDM O F#ii % b MO F W21k & LKFET 5
(Bowman et al., 2013). $fili7# GPV Ol & LT, NAME
WA ENLEERS R (UKMO) O &ERFUSHT—E€ 7
L (MetUM) &, G/RATM 12 AT ENBHRRTO4ERE
T (GSM), AV ETFTI (MSM) BXUORHE TV
(LFM) O:4E% Table2 12789, WFhdb 445 —EF

1575 Y ARk OBFILELE TV T,
ZEE [EME] LIEATY S, [WHE
Fti] EMATKINT DI DD 5.

IRt E T A0 N L —F—ORubE () 12
1 2H WA TOMIRET 254, £ ORRILIO ol 737z [5E

BB W 547D
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Table 2. Specifications of NWPs used in the UKMO-NAME, IMA-GATM and RATM calculations (as of Aug. 2015).
Institution UKMO JMA
NWP MetUM GSM MSM LFM
(Global) (GSM1403) (NHM) (asuca)

Forecast time

144 h (00, 12 UTC)*
48 h (06, 18 UTC)

84 h (00, 06, 18 UTC)
264 h (12 UTC)

39 h (00, 03, 06, 09,

12, 15, 18, 21 UTCO) 9 h (hourly)

Temporal resolution 3h 3h 1h
Forecast domain Global Global Japan and its surroundings
Horizontal resolution 17 km 20 km 5 km 2 km
Vertical levels 70 100 48+2 58
(Model top) (80 km a.s.1)f (0.01 hPa)* (21.8 km a.s.l.) (20.2 km a.s.l.)
Vertical coordinate z og-p Hybrid terrain-following
3D wind, 2D horizontal wind, 3D momentum, potential temperature,
temperature, temperature, height, | pressure, density, mixing ratio, precipitation,

Input elements

pressure, specific
humidity, dynamic
cloud waterl/ice, etc.

relative humidity,
precipitation, etc.

ete.

TTDM

NAME

GATM

RATM

* In London VAAC, the NAME uses three hourly GPVs only from 00 and 12 UTC.
T In London VAAC, the NAME uses the lowest 59 levels up to approximately 30 km a.s.l.
#In Tokyo VAAC, the GATM uses the pressure levels (surface, 1,000, 975, 950, 925, 900, 850, 800, 700, 600, 500, 400, 300,

250, 200, 150, 100, 70, 50, 30, 20 and 10 hPa).

VTHY, MetUM & GSM 13t 32575 > 1Tt
ENTWw5D. 72 MetUM & MSM/LFM (E3EFF 54T
VTH Y 3KITOMD GPV 25 TTDM TfEZ 5. Tz
L, BHFETIVTHS GM ORI EFIT 2 &K
TEDOKFEE R DT, SREFIZFZH L T GATM THW T
W5 (2-2-1 i),

T, BRBIRICHEHN LI~ OB EED S ©, KEH
ZAZOWTIIBRE A O A 7 — v (FEIRHG) &
A — )b (EERBIED) OBl 5, Orlanski (1975)
WL B58BH 5. BHETRETVEHWTRAIIS %
R LS 51208, BHROBRERAr — V2R TE
BorfREE (RRE) Db LU ETHL. 2D L
X, A4 HBHEF T IA Y THEMETHRET LD
GPV # AJJL72 TIDM |2 L % 7 7 Sk o Fillllc o
THRAETHL. 2F), BEFHRETVIWRET S
KEHLRD#EN L > T, TIDM TEIBLTE W EMED
HDHT T IMBEOREMATr —LbikE->TL D, KA
HIR OREZ2 A 7 — )L & TTDM O Tl W] ek D B %12
DWW, G/RATM DBIl% Fig. 4 |28 T. HlEFHRET IV
WBWTEHTE2BRORNA T — Vi, @F, KT
FIFED 5~8 LR L Wb TH Y Gk - #NSE, 1994;
M, 2012), TIDM & UKL S, 724754 2D
TTDM 2 & - Tld, GPV ORI FEAM > = & & Hilf
7% Q1o x). Thbh, TORETFHET IV
TIZM 2 VR A TR S TE D, #2113 Table 2
DT b RREAE VIR ICIER )5 E TV (asuca)
TdhbH LM OE, 4 WA T v 7503 (=16.67)
THb (KBTI, 2014). ZTHIZK L, TIDM IZA
JJT& L GPV O MEIE, LEM O¥4& 1 ZE T

Horizontal scales

20000 km [~
Synoptic

H/L Pressure

—4—— 2000 km [~
Baiy fronts
RATM Typhoons
200 km [~ yp
G/Ieso Convective systems
20 km
hunderstorms
Cumuldnimbus
kI 2km
Micro Tornadoes
200 m L L 1 1 1
01h 1h 10h 1day  100h 1week
Time scales

Fig. 4. Horizontal and time scales of atmospheric phe-
nomena covered by the JMA’s TTDMs (after Orlanski
1975 ; Muroi, 2012).

HY (Table 2), TN XN FHCEM AT — L DBl IE
GPV b R¥ELCWwA, £ L CTIDM OHNETIE, —
12 GPV ORI L Dy 4 2 A7 v 7 (B
LFM % AJ13 % RATM O34, w4 147) TET 5
720, 77 TEEO TN EEEAHIR S ID Z LI E
L2 ud e 57w, 72, GPV 32 ORI o Bl 2
FHREMANOTHELOEN D, ZOfH% NiE L TR
% TIDM TIiEEZE 4 5.

3. T IEEDTFRDRES

T 7 IEBEOTMTOL s M2, Z LDl e
BY, K&FomET 77 (KILKE) 2xR%E Lk
VAA &, WIERHE~NOBET T 77 (FIK) ZR%E Lz
KT D 5. RETIEZNZIUIONWT, 2010 1A
Y74 bTI—27 FVRILIEKR E 2011 FFIRAEE K
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Modelled Ash Concentration from FLO0O to FL200 at 0600 UTC 21/05/2010

‘and Voicanic Ash Graphic products.
Issue time: 201005210000

cuvicmons ] —

v ] >4000 micogrammos percubic mero

© Crown Copyright 2010. Sourco: Mt Offico

§§$:m . Metgfflce '@
NNL L | i
8 A\ b
] OI N | A ads
~N \ é FL2pgFL350
% Js f ;Z N
%Qy‘\ \J L288/FL350 { J% & \.//
; N NINEY
= foocA
) ll 1%:&%
Fig. 5. Example of VAG issued by the London VAAC during the 2010 Eyjafjallajokull eruption. Forecast time is 6 h

from initial time 00 UTC on 21 May 2010. (left) Official VAG product (advisory number 2010/142). Contours
indicate ash predicted areas at three different height levels from surface to FL200 (0-6.1 km a.s.l.), from FL200 to
FL350 (6.1-10.7km a.s.l.) and from FL350 to FL550 (10.7-16.8km a.s.l., not expected in this case). (right)
Supplementary chart to the official VAG. Contours indicate ash predicted areas with three different concentrations
from 0.2 to 2 mg/m®, from 2 to 4mg/m* and >4 mg/m’. Both charts were calculated by the UKMO-NAME.

DEBIEZID , VAA EBEIKFIROBUIREZ /AL, WEC
L5355 TTDM OFGEEIZ DWW TIRR 5,

3-1  RIUREDOFHE & ME A ILIRIER— 2010 £T

1Y7 1Y bZ73—7 MVRIUERDOES

TAAT Y FEHICMNEBET A2 TAY 74X T3 —2
VKD (FEE: 1,666m) Tl 2010 4 3 A 20 HIZKEE
WERAMEE Y, 4 H 14 HIZIWWTERHE A B ~ 7~ KA
BHFE L. TAAT Y FERF IMO) O CNY K
BHRL—F =2k bk, COBEKIEIEETa—135
H 21 HE CBIE AL, 6 BR300 B e ( dfe i C il
P T~8km |2 L, KILEEFEIEEL VEI=3~4 fHY DRI
Td - 72 (Arason et al., 2011; Karlsdottir et al., 2012;
Gudmundsson et al., 2012 ; Kristiansen et al., 2012). 77 5
OWEMAYS A 23 HEIZIEE o725, ez, kil
JKOFAREHBIM S AT % (Thorsteinsson ef al., 2012;
Leadbetter et al., 2012 ; Arnalds et al., 2013; Liu et al., 2014) .
COWKYEE T A 2Ty FEEFEERICO TSR
¥ VAAC (UKMO IZ7%i8) 25385 87z VAG O—fl
% Fig. S ZEMIIR Y. VAG 3, KILKESBm S
TV, 6IEH L I25ESN, 1 BOZEFRICO ZEN
M L6 FEE 2 & 18 R E TOFR D 4 —HLIZ
o TWwWh, ZOTFTHILIMO 25 1H ¥ K VAAC 123%
BN 0y b LAR— MR T O —THEE 2 & O
T H O X, NAME TEMA & L7z (Karlsdottir et al.,
2012). A JJfl 1% Table 2 IZ7R% L 72 MetUM T & 5 7%,
2010 4F YB3 K& TR 2SBIAE & )M < 25km T
Bolz TN L. FIMHRIRE T VL, Table 1 127K L

7291, KIS B S TR R £ T O— Rk
RIBETH Y, KEESAIET 7 + )V F THEEE 0.1~100 um
6Ly THZLNTWAD (Leadbetter and Hort, 2011
Witham ef al., 2012b; Beckett ef al., 2014). X 5 |2 NAME

DOFMETIE, N 144 FeFEA L7z b L —H%—13h v
M7 % (I%J WS A > TVBDODNETH S (Webster
etal,2012). Fig. 5 D 54557%05 £ 912, ICAO Annex
3 (WiE 1) TEDHNEARO VAA T, KILK
Z0HY /7 LIZOWTDA, FREES L OHEEZR
FTILIAR-TEY, TOZLEFBETLETR LY. 2
NI O (zerotolerance), 374 bHHA LT ALK
TR S AU R BHZEFE AL (any ash, no fly)
LA D W T W/ /28 TH 5 (Zehner ed, 2012;
Langmann et al., 2012 ; Bonadonna et al., 2012).

4 H 14 HOBEKA S50 0 6 HHE, Fi2dbil & -
T =1y SRR ED)L A, 5k IR R
DIk, R & 72 % BB TRUZRE DS K AL L 4 D 225 H3 B
gHE NIz, MR OHZERDIZ & 2 BFFE 2 SIK
& B R ATZ (Petersen, 2010; Z2H - M1, 2011 ; Zehner
ed, 2012; Petersen et al., 2012; Karlsdéttir et al., 2012;
UNISDR, 2015). ZOF722FH/IZH H 5 ABHKEIRD
KINKAZ D 5705, ABIIZRER E LT, VAA OF I
RAIED YO ERORATRIR AR S e, Thez
T, Iy QeI (EURNAT) HBITld, i
KO, MEIAOUEEZFET S H 21 BIZiE, KK
DS 4mg/m® DL IX ETRATEEE, 2~4mg/m® (3550
FFATATLEE, 0.2~2mg/m’ 15 5F CRAT A fiE



VIR e

A

mg/m® R 13 E T RAT T REOMATEE L D ED S
7o ToOREICES X, ARO VAA EFNHIBh Y IE
WO RLERFT T UKMO 20 5 383 S 72 KUK E D 45
HiFiA Fig. 5 G TH A, [F U FHRELOLK & HA
T, FHEEPIREDN BTV D I D505, RET
WEATH 7290121, ZOMBHETVICBNTELIY
HEHEAMEETL2LEN,H L. OB EICH L
NAME TIZRD & 9 BT IL7: (Webster et al.,
2012 ; Witham ez al., 2012b) : 4D/ EEOE S &
B HAEERICE§ 5 VAFTAD O£ 5 — 7V %, Mastin
et al. (2009) THBET LI LICXk W EHEREZRD S, 72
LRSS E R E LRES 2R ELTWAT
B, BELEOKOEEICHETT2HERIETERE LT
Mastin et al. (2009) TR 2 &ML= D 5% 2 5.2 5.
EHICETNTIEHFEIATE L VRN E— 7 REL G
H (Fig. 5 Gl) (RT 72012, (6) R THMEN BT
R BTV O HEE R B R L C 20 By (B35 RE
WEN 572720 1015) T 5. LLEAT2010 FEREKDERIZ,
NAME ORMEIZED E5ER SNz VAA LHiDinIEHR
B TH 575, ZOIEINICD ZEOR GBI ZEiER
Tl Table 1 [2/R L TWARWET IV (B 1L, Bartnicki et
al., 2010) b &9, KINKEOFHEIH 1L {ATbi:
(Kristiansen ef al., 2012).
KINKEDEEFMIZOWTIE, ICAO #HER L
BEEKINKSY A7 7+ — A (IVATF) %% 2010 £ KD
A L SNz, L L, FHlREOBGEAR
T ThDH L L REEMNMDIZODIEFE R ILED N T
LMD, PR ICHD  fElfizeid (danger area) DEEE
WZOWTIEEIEIZE S, IVATF (& 2012 SR 72
Z D%, Hamld ICAO O EIFEAL 22 i X L s L B R 4
(IAVWOPSG, JilH, 2009) (25| E#kA54L, BT HIZ B
T 5 EAMB S EIRREIC > T s (k1L 2015)
VAA (B2 5 TIDM OB %1E, IAVWOPSG T
Ehoa— N~y TN et L 525, WigEE—
FTIiZWMO Lot Tl 2Nz T—27 v ay T
(Bonadonna ef al., 2012, 2014) X°HERE Atmos. Environ. 48
(2012) 7% U CHRLE NI IFEORLENBHEIC R L. Thb
DA S E NS TTDM D FEREIZ DWW TR E
W EDBI LT A, ZZTIHHT, VAA DNER
FL L TTHmFME 2 24 FERJEE TS T 2 RS S
Ty (ki 2015), —&D VAAC 75 24 KRRl
DORFFEMAIEF > T D (WMO,2015) 2L %G LT
BAIIEDS.

3-2 REIROFR EBIRFHR— 2011 £RBSLGRE)

E A DEF
COHITE, 2011 SEFPERENIZ B L BEIKOFHlE

CEFIVEF 413

BHZOWTHEE 2 k7%, HAZIZ L LT 5 &EHD
FEIRTHOBURZ 4433 2. VR - SIS A5
DPTRE (25 1,421 m) TIE, 2011 4E 1 [ 26 HIZAM
B~ 7~ DIEE > 72, #27 HIZ»FCiET) =—
KA 3 MSE L, [KBETOCNY FRERL — 5 —#
R TIE, i TRk 8.3~8.5km O T 7 — H3E1 &
N7z, TORRIEE, FIFERETILITVW 2 iHo & LT,
KADEHER RO WHISIC S DT 7 I 0% T L7
FEEHARAET 2 Sl L Yk sz c o2 OO
VIR 534 % Fig. 6 LEXNCR Y. HEESNTZT 7 T ORE
A5, 2011 4D KL VEI=3 H24TH > 72 (Nakada
et al. (2013) & Earth Planets Space 65.6 (2013), BRFZF;HL
77.3 (2013) DR &2 SH).

12627 HOT 7 7Dty Iab—3 3 vid,
KAEITOIEFTFEET IV (IMA-NHM, Saito, 2012) 12 &
% Hashimoto et al. (2012), HEXKFHIEERIZEHT O 3 KIT
JEEH € T IV (Suzuki er al., 2005) 12 & % Suzuki and
Koyaguchi (2013) @137, Table 1 [Z%51F72 TTDM Tl A
A 7 —F7T VD FALL3D % W 72IRHE - fib (2014) 12 &
DFETENTNE, —fFle LTFig 6 G, 977
Va2EFTIVTHDH RATM 12, B KD LFM O GPV
FANDLTTPM LR ERLZ ZoMmUHEIE
Suzuki (1983) DALAGIEE 7V ICAKHL L, Hashimoto et al.
(2012) & FBRIC, MM o —THE 2 L CrERR, M
BEor Al AP UL A 0.25 mm, FEHERZE 1.0 DX BOE B
i (72720 BB 96mm & FER0.65um (24 v M4 7T) %
RE, WHEIZE— b OBEBEOE SO 4 0] (Sparks
et al. (1997) @ 0.259 & Mastin et al. (2009) O 0.241 D
MIfE) ZBHLT, SRV —F—TKYV2—L ATy
T 5105 T L IHfEE L7z, RATM OERIEET IV E L
THITE, Suzuki(1983) ZfEH L T2 DIL, BIKTHT
EEEOEKLENRE LT, BHETHNTE 28ED
72 & RO RE R 70 & WV % (BB S A B 5 7280 T
HbH. TOHETIE, BHEORES & Z0MEED, K
HIKZE DL & BEK O F ORI ET 5 2 LI
BAET L. Z0LEOKNKER, K 4~5km i
L0 EETIHEER, TR Tt oREROSE Y 7
BdH B MDY THIO KNI FHIL T 7z Z & DR GR A
SEBlENTBY (B 21E, R - fil, 2011), #FMELCH
W O — THE ORI Z L IR LTz, £
Fig. 6 L DRI AT & iE LT, GBRIOBEKTHNIZHT
PG ORH G N BRIK O 5547 Eol2sd ) BN S A%
FEORPUOROFBUZIZIZHEBICE, PHBIKEL, KD
W 213 ERIK R ONBEATK E < 7 1) KRS T b
DM K 720 T BHS, BRAME IR B R
HEEBBLZ IO TTFHUTE D LWV RIS
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Fig. 6. Comparison of tephra fall quantity for the eruption at Shinmoe-dake volcano. (left) Observation of tephra
fall deposits (kg/mz) during 26-27 January 2011 (from Furukawa, 2011). (right) Prediction of accumulated

tephra fall (g/m?) from initial time 15 JST 26 until 00

JST 28 January 2011 by the JIMA-RATM (from Shimbori

et al., 2014). Filled circles denote the tephra fall observation points. Open circles denote the points at which

tephra falls were not observed.

NTn5, EHICHEEOHPAIZOWT, NI CE
FCTEHL LIPS N TETHR S NS XL TTDM TF
HAEETH Y, FEEET T 2-2-3 i Cal 7z K LEED
BIEB L OFARATE TR B & OV B e | 7o
?é:k%mﬂMT%%wa%(%ﬁ'mzmﬁ

LARITOREIR FHITIE Loz 2B, 2007 4
11 AOSREBFEORIE® %1, KILBERTHRO—D2 &
LT, 2008 4 3 2538 &2 FlA L7z, BRNIREIKIE O
ADTFMTH 727, EIRORATM IC L AETFT 75
FHIOWZEE 12, BIXKTHICHET 2 =— XFif (A%
T, 2013) %47\, 2012 4RI #E & BTREEREE 20 & 1
2D [HEIKFROEELICIT et ] 2Bt L
72, S5 ICHEREICOWTIE, 2012~ 13 FEEEICRIfE S 7z
[KILIE KT S 43 KO LS B AR RS 43 ) 1o B Wl
BT O ESHRE Sz, RS OMEEH» 5 DR
= (RGUTHIEXILFR, 2013) MR (K507, 2014)
ZEE R, W1 EHORE TORERML 22, 2015
E£3 L DH LW RO E Bl4G L 72 (Hasegawa
et al, 2015; LI, 2015 72 &), FEHMARIE, BKFTOE
e B (3 W =& 18 FefisE E ©), %Aﬁ%®ﬁﬁ
(K3EAEH 5 1 B S T) B X OBREROFEMZ T
B 6 KEHSEE T) @ 3 O BIK T IS
b sz, FHEBKEITHITRELT, $8 (E51
mm UE), %= (1~01mm), & (0.1 mm Hi)
D3RR, FNENORERIZBT D IEFERE, %
TR, T4 754 0 EANOFEB X OTF G &R

L 72 Bl e B R 2% (R BT M2 KR, 2013) 2 7ERL L C,
FHRLITTRL TV 5. BBHHEOBRFES T, JHERE
L IR E 2em PLEDOREIKIZH LT [Hid THE ] O
WD LRFEINSAD, BARN LB St et %
25 LTHETNERBEI LW &0 D, BIKERDE
A&, SHOBELE SNz BIKTH GER) & (H
) T, KO FRE THIE O b THEREINL.
WA CE, — R ISR F e S L v b EE S
<7, mK Y IMO Tld, 20104/ Y 74 ¥ T
=27 FVKIIEK OB K IR L O B R % 5t 512
H K 1 mm DL RO PRS2 3832 L (Karlsdéttir et
al., 2012), ﬁﬁimmmtvmmmwmmﬁﬁ%fi
JAENTWw5 (Bonadonna ef al., 2014). I TIET I A
FKILBEIET (AVO) 225, 2 i&?i&f E72evas, b
KFH (NOPAC) HIgiod ALK IZRBI L C Ash3d 12 & 5
5 B (100,25, 6,0.8,0.1mm) OFMAREINTWES
F 724 &) T E BRI %uMw)wﬁ
¥ —=XZdh s b KINBEIATCIE, TREET
12, PORELZIODOEKYF)FITHLT, 5250
TTDM (FALL3D, HAZMAP, Tephra2, PUFF (EZELHR) 3
&£ O VOL-CALPUFF) % 3 Wil 2 & 48 BERSE F CTHEAT
L, PHEESIABEIKEIZE LTl 6 Bk (5000, 1000, 100,
50, 10, 1g/m?) TR L T 5 (Scollo et al., 2009, 2011;
Folch, 2012; Bonadonna et al., 2014). ZOHIET IV, ¥
¥y ) AL BFHY AT L0, Folcheral. (2008a, b)
12 & o TIE & L7 APOLLO & H:iE % 75 v b



VIR S

A

T 4 = AWFERNZ 7 5T b (Scollo ef al., 2008).

3-3 K&t

B 2 i T X7z TTDM (2 & % KK E R FEIK Ol
X, MEEEN L2 EI2E 5T, ZOMEIREND. W
AETESENE, 2 TR FEEE D S TTDM OFLA I TS
RENAT Y TOETVHETHLDIHL, by TFY
Yo7 Tu—F LRz 5N GRE - JE, 2012). AT
Mk, — I BUAE R FUE T T 7V DT LR L
TArbivh, T2 CTEHBIEDST5I2d 5 2 LAt
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=FOt+FX+X0 (25)
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T AfEIT R (R/A) RFUEFIROBEKOBGE (6] 2 12,
Nagata, 2011) (2ffibi 5 X 912, TTDM Tid HYSPLIT
(Stunder et al., 2007) B X OF PUFF & OALRIF/ ST 2 — %
%75 2 721l (Webley et al., 2009) 72 & TKILKZEDH
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EENREBIMESSES N WD L X1E, FHlE s EH
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Table 3. 2 X2 contingency table. FO, FX, XO and XX
denote the number of occurrences in each category,
respectively.
Predictions Observations
Yes No
Yes FO X
(Hit) (False alarm)
X0 XX
No

(Miss) (Correct rejection)

FENE (ERER % 2RIIA T - 7-MBIOER %
> (MLDPO, NAME %> GATM 7 &) . A & o
eI LT, 77 70WE, HMAOBEBIZG U CHE
HED A = VHRRENT & RS <, $7iE
BiomtEils L) EIETORENIKEI N L, it
BHREBEIIEHTE A 2 LR EDEVYH L. L2, I F
U 23R A7 K5 G R M B O HEECT M O A5 RE 1%
FWIERZ$D7-% (Chang and Hanna, 2004), <Dk
T 7R L THBEIIR D, ANBRFOBREHYE
LT, 2010 FMTREL & 5055 — FREFHA
2011 SEFUALI T AR ORI 54 Lz, H4E, 2
DHERUET KRN IOV T DAY A 7 F— A28
WMO Ik &, ¥ A7 F—AiFHo—>2L LT,
MLDPO, HYSPLIT, FLEXPART, NAME 3 X UF RATM |2
£ B WEEI A T2 (WMO, 2013 ; 7 - i, 2014;
Draxler et al., 2015; Saito ef al., 2015b). 311 Table 1
ZHBBEILHET IV CTH Y, K4 DFT IV TITHAES
i, VETHEE, JLaE SR HREHRER &2 I o
A LT TCHE L ETE SN (Amold ef al.,
2012, 2015; Leadbetter ef al., 2015; Saito et al., 2015a). E
TNVHEIBIEE D%, (LEEHRET VS O THARYE
firssik (2014) IZBWTEBS Nz, ¥ A7 F— AGH)
OWFETIEX, NA 7 AL FMS DI, €7V OMM
B aNETOT - AIN I TONRI A= &
(Stohl et al., 1998; Mosca et al., 1998) % ML L THE L
Gb7z A M) v 7 (Draxler, 2006) % EF L T, TOfE
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EREIRENT WD (Draxler ef al., 2015; Solazzo and
Galmarini, 2015).
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TIUB L TIDM 12 & % KILIKE R FEIK O Tl & Bk
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R ZDHNI 7 B KIIEIE O BEANZ OV TUI AR TIE 45

Wik ofz. BbYIZH/ZY, TIDM IZ XS Fillo
THEEEOB S, S, SO WME, AL & OBt
WHET) v 72 hHHEE N OFEIT 5.

DEEOHASIE/NS X — 2 IZET 38
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W EFERRIZ, BEE— FORENICL > TEOWENRL
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DIBMHEENFEEINTBY, FlzI1X2009 1) &7 b
KILEK DBEDE DTN D B DOF I B S T
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PR L 72> T\ 5 (Bonadonna ef al., 2014).
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o5, B, =—X2d), KHEERICED (R
T EDFBE E N TS (WMO, 2015). 2 OFEE
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12 b BB % 5-2 % Stefanescu et al. (2014) 7 & OWF7EHS
HEATL T 5.

FBRBHETY v 7 OREIED S (Gii) 1Sk L
T, 22 HiOFBAROR TR £ BRI BT 540
FMEAIMT 2 2 EHPLETH L. FIzIE, BROEH
FREIIEZ L DETARD Y, ZICEEBINLH =V
HARIEIASE, BBk T 2 b — 2 2 0uRE (15)
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D, KEZHLIIERI SN Bl ZIE, miE, 2012).
BRI L CAFIRE (Costaeral,, 2013) % HFE L
72 FALL3D (2 & 2 I35 (Costa et al., 2014) %,
Ash3d 12 & %Kil (Mastin et al., 2014) 258 5T
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ACCESS Australian Community Climate and Earth-
System Simulator

ALADIN Aire Limitée Adaptation Dynamique Dével-
oppement International

APOLLO Automatic Procedure to Model Volcanic Ash
Dispersion

ARL Air Resources Laboratory

ARPEGE Action de Recherche Petite Echelle Grande
Echelle

ARW Advanced Research WRF

asuca Asuca is a System based on a Unified Con-
cept for Atmosphere

ATDM Atmospheric Transport Dispersion and De-
position Model

ATHAM Active Tracer High Resolution Atmospher-
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AVO
BoM

BSC
CANERM
CMC
COSMO
CSI

DWD
ECMWEF

ERA

ESP

ETA
EUR/NAT
FLEXPART
FMS

GATM
GDAS
GEM

GFS

GNS

GPV

GSM
HARMONIE

HIRLAM
HYSPLIT

IAVW
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IFS

IMO

INGV

IVATF
IMA

JRA
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LPDM
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MA
MAFALDA
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ic Model

Alaska Volcano Observatory

Bureau of Meteorology

Barcelona Supercomputing Center
Canadian Emergency Response Model
Canadian Meteorological Centre
Consortium for Small-scale Modeling
Critical Success Index

Deutscher Wetterdienst

European Centre for Medium-Range Weather
Forecasts

ECMWF Reanalysis

Eruption Source Parameter

7 (model)

European and North Atlantic

Flexible Particle Dispersion Model

Figure of Merit in Space

Global Atmospheric Transport Model
Global Data Assimilation System

Global Environmental Multiscale (model)
Global Forecast System

Institute of Geological and Nuclear Sciences
Grid Point Value

Global Spectral Model

HIRLAM-ALADIN Research on Mesoscale
Operational NWP in Europe

High Resolution Limited Area Model
Hybrid Single-Particle Lagrangian Integrated
Trajectory (model)

International Airways Volcano Watch
IAVW Operations Group

International Civil Aviation Organization
Integrated Forecasting System

Icelandic Meteorological Office

Istituto Nazionale di Geofisica ¢ Vulcano-
logia

International Volcanic Ash Task Force
Japan Meteorological Agency

Japanese Reanalysis

Japan Standard Time

Local Forecast Model

Lagrangian Particle Dispersion Model
Liquid Water Content

Mesoscale Analysis

Modeling and Forecasting Ash Loading and

Dispersal in the Atmosphere

MEDIA

MetService
MetUM
MLDPO

MOCAGE

MRI
MSM
NAM
NAME

NCAR
NCEP

NHM
NILU
NIWA

NOAA

NOPAC
NWP
NZLAM
R/A
RATM
READY

RMSE
SMN
TKE
TS
TTDM
UAF
UKMO
USF
USGS
UTC
VAA
VAAC
VAFF
VAFTAD

VAG
VATDM

Modele Euléhen de Dispersion Atmosphér-
ique

Meteorological Service of New Zealand
UKMO Unified Model

Mod¢le Lagrangien de Dispersion de Parti-
cules d’ordre zéro

Mod¢le de Chimie Atmosphérique a Grande
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Meteorological Research Institute
Mesoscale Model
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Numerical Atmospheric-dispersion Model-
ling Environment
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Numerical Weather Prediction (model)
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Radar/Rain gauge-Analyzed Precipitation
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Real-time Environmental Applications and
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Root Mean Square Error

Servicio Meteoroldgico Nacional
Turbulent Kinetic Energy

Threat Score

Tephra Transport and Dispersion Model
University of Alaska Fairbanks

United Kingdom Meteorological Office
University of South Florida

United States Geological Survey
Universal Time Coordinated

Volcanic Ash Advisory

Volcanic Ash Advisory Center

Volcanic Ash Fall Forecast

Volcanic Ash Forecast Transport and Dis-
persion (model)

Volcanic Ash Graphic

Volcanic Ash Transport and Dispersion Model
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