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Abstract

THE Japan Meteorological Agency (JMA) has operated global and regional atmospheric transport models
(ATMs; IMA-GATM and JMA-RATM, respectively) to issue volcanic ash advisories (VAAs) and volcanic ash
fall forecasts (VAFFs). The JMA-GATM is driven by the grid-point values of the global spectral model (GSM)
and the JMA-RATM by those of the meso-scale model (MSM) or local forecast model (LFM) based on the
nonhydrostatic model ASUCA. Under a research plan that began in April 2019, the Meteorological Research
Institute (MRI) of the JMA is proceeding with a plan to unify the global and regional ATMs. In this Technical
Report, we document the design and development of the new JMA-ATM.

The new JMA-ATM was designed from the point of view of robustness, promptness, flexibility and manage-
ability. Robustness: To avoid any abnormal ends in operation, the JMA-ATM employs a Lagrangian description.
Promptness: To issue VAAs and VAFFs immediately, the JMA-ATM is calculated offline. Moreover, the el-
ement conversion of grid-point values is executed during preprocessing, and the main ATM calculations are
processed in parallel using a message-passing interface on supercomputers. Flexibility: ATM tracers are not
limited to volcanic ash estimated from emission-source parameters as the initial condition, and the ATM co-
ordinate system can accommodate beyond the input datasets of the GSM, MSM and LFM. Manageability: In
order to review and share source code within the JMA, project management and version control systems have
been implemented in the ATM development.

Considering these design principles, the offline Lagrangian model is the same as in the previous ATMs.
Whereas the vertical coordinates of the JMA-GATM and JMA-RATM are the o-p hybrid coordinate of the GSM
and the hybrid terrain-following coordinate of the ASUCA, respectively, the JMA-ATM unifies the models by
converting the grid-point values to identical z-coordinates. For readability, the JMA-ATM is written in Fortran
in accordance with standard coding rules, and all subroutines are modularized. To ensure that dynamical and
physical processes are commutative at each time step, the time tendency of tracer variables is calculated in each
process and integrated at the last time step. A technical platform also provides visualization and verification
tools. The JMA-ATM project is managed with Redmine and source code versions are controlled with Subversion.

As an operational model, a first objective of the new ATM, which is to maintain the accuracy of JMA-GATM
and JMA-RATM predictions, has been achieved. To precisely predict atmospheric transport phenomena near
ground surface, the next subject is a suitable treatment of the model terrain in the z-coordinate or transformation
to a terrain-following coordinate. Furthermore, to improve the accuracy of JMA-ATM predictions, we are
planning to implement aggregation and resuspension processes in addition to integrating a data assimilation

system for volcanic ash.
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1.1 ELC®IC

LJRTOBRILERE TV IE, POWMLZRGSEEZ AN LU TR T (Mo —Y—) OE#ZHETEAT I V0D
7V ailBDETNTH S, BIRILEE T VI ARKH OYERLOEP 2 PHZ AL T5720, HIRIXK
LIS S KILKERED & 512, BIRFERICRE LR FHABE L ShE5EIEAINS, BiE, #9225
Bz KILIKIE SR > 2 — (VAAC) ETRTATIIAY, 2B TRV R—=TI7 7V VaeTNEMINTY
% (B Z1. Folch, pOT2),

LBRT BT BRI E T VORISR, 1986 FF V) 74 VR HRERFREZEE LT PR (B
WHEAEES) B TR T E 572 (Figure ), HHIIBMHEFHIL—F v OLRKET IV (GSM) &H#EE LAV T
1 V&7 ) ([akasugi and Nakamurd, I988) Td - 7225, 1990 F£RIZ GSM ORE /T U A+ - B2 5 &JE
JERE (o-p NA TV v REERE) O&TRfE (GPV) 2 AL T 547 54 ET )V (Iwasaki_ef_all, T99R) 12729
R an (EER) TEMAINTWS (Aranamiand Sakamofd, P2OTY), F7z 1997 FEIZFK L U2 HE VAAC T
E KIKILEFHIB (VAG) 2 & OHZES OLIKIE®R (VAA) 2H%KTH-0I12, ZOETNVEFEE T 545K
BRI E TV (JMA-GATM., BAF. GATM) 232013 EUABER X T &7z (Ishiief_all, PUIR; Hasegawa and
Hayashi, 20193), /5. 1990 FEAIFICHEE TV (RSM) OEHA A E b, 2000 =55k (KRT, 2o06)
AES KA A (SOy) 2 FiflT 572012, RSM @ GPV % AT 2 MR FALE 7L (Kawai, 2002) P IEFE
F#EE TV (NHM) (23t U 7= Rk e 7ov (iR -, ma95) 2MER S0 (BRI, Seinoefall, 2004), #%3E
FELILDOBEANAY — Ry 7 (ELIKIBFRHES, pood) (Z6isH Sz (Flz i, DA poos), o4,
AVET N (MSM) & U CTHZbE Nz NHM (BEUT TG, 2003, PO08; Saifo ef_all, 200G, 2O07) O 5 > )b k
R - MR S @R (BRIEN A7) FEERE) (206 U7z A Y IR RILECE 7V (1212 IMA-RATM & 244,
FHIL, pO0R) ASBEFE X 4, HuEE KL KO LER TIRIRE TV & i U 72 B JK T334 % 2008 FI2BHE L 7= (Shimbori
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Figure 1.1 Brief history of JMA’s atmospheric transport models (code names are shown in italics




et—all, 2009; Bl - A, 2010), % U T. 2011 4EHAGH G ARSEPEHIERIC & o THRAE LU 728 E5E — R D REAT Fiu
B L CE S N RSB (WMO) DRGSR IZ DWW T OEIN & 2 7 F — LiES) (g - M, 2014; Saifo_efall,
POTSH) (2)6 U T, MSM Of#ffifE (MA) R L —X— - 7 A XA (R/A) $ AN e HISBRILEE 7V
(JMA-RATM, BAF, RATM) iz S 7= (Saifo efall, 20056a), RATM iZ/EHE 7 (LFM) % NHM D ik
EFNTH % asuca (GRIT T Wul, 2004) DEFIVE GPV DAHIZHERIGELTE D, 2015 F£IZEEL S hiz Bk
FHWCER SN TE - (- A, p01a; Hasegawa et all, P01H; Hasegawa and Hayashi, 20019H),

KILZEB T ERDO 25D, GATM & RATM © D OMFILHE T ASEHA I N T E 7205, HIKIH L WigE T
BRI FImROEBHIBE. HEIRB U 72, ZOMERBIZ KILNKEEEZ B 72 5 THEAD, 2010 T A ATV FOT
AY74¥ 73 =27 MVkli® 2011 F£FEBIL (FiRE) 208 UTEMSNTHREL, AIEICARKL —X—T
B N7 T a0 — OfNHEE RIS 2 Z L ORI (Bl 21X, Hashimofo ef_all, 2012) RHERKOBIRILHE T
JVIZHLAIA ENT W KK DEE R TERER AR & OF 72 728 0B (Hl 212, Brown ef_all, 2012; Leadbetten
el all, DUT2) DMEFSINTWS, WEHEZXOFHAEEEIZEDL 2 2 5 OYBLEREIEANR, €TV O FHEIFIRD LB
EHRWHDTH S, BIRIEHET VO FHAEEMEIX, A7 710 VOBUSTIRANT2HETH GPV O FHIFEE
WIZHEL 260D T 77 vV aETVOEEIE, A1 T —ETIVOKTHED X 50T TIVEAD AT —Vhi7g<
BRILKE TV Z0E O FHREEB E OGNS WEE X 5NE, 2O, BRILEKE T VIEFRIERIC XL ST,
—ODODETNETDHIENVHEMELHE LLENTH S, £ I TR KILFET TIE. GATM & RATM % #i
— U7 - KRBT BRIEBE TV (JMA-ATM, BAF, ATM: Atmospheric Transport Model) % &t - BIF L 72
(Figure I2),
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Figure 1.2 Horizontal and time scales of atmospheric phenomena covered by the JMA-ATM (after Shim-
bori, 201H)
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GPV ZEHEANT 2D TIEAL, BT ATM HEICHELYHE (KEEL) IZTOEHBLE GPV 2 ANT
%, HHTIE, 20 GPV AR BZBETHRL—F o7 s MEEEBAIZEHbETL—F U ELTEL ZEMT
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BDOELHO, FTLHETRASFHED GPV 2@ DRRERIZE L T, uOBFIE MR L X £ 2 BETEHE
T3, ZOHHCED, Z2IZaNT Wz GATM & RATM %2, —2®0 ATM (Z#—3 5,

FRFEERE
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W LTEDZOI—HIN - I—F 4 VN —IZETE Fortran TEE, IRTOYTIVL—F U2 EYVa—LLLT
W5, % EERIR, RiffEE DV DODEY -V T A I Ik D, EARMIZ A U TN R D &
2129 %, 72 ATM WIS U WL RMRGEEZ: & DRIFEY — VL HE T 5, ATM ©Y — 22— F 2 & HHFEERE
. KRTHNIZB T2 ETOVEFKOME S - EDD, HfiBaFsEAR (B HPREERE ) G
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FAUL T, Subversion (SVN) I[Z& W EFREFE (N—Yayv) 2EHT5HL 12, SVN & HEHEEL 72 Redmine 12 & D
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BREBEICEEDEUTHEDET, MHE. AEZ U TBRILRE T VOS5 HBOBEEE T 5,



SEMFAT BT R Y #5845 2021

fFERICDWT
MWz Te 75 L2hDOT 1 L2 b REKERT,
MR BIZET BT I LOFEDRN (7E—F vy — 1) LRHHIE (21 La> ba—) 2R7,
k012 ATM THAS 2 FERER, NI A—X, E-B LOR B2 5RT,
8% D2 ATM THEATEHAZRE 7 71V (F—LVAN) ONRFTA—-R—EERT,
MERBE I ATM ICANT 27— 2R (71—~ v b) EEHERERT,
I E I ATM DN T55T =2 74—~ v b 2 EBRERT,
f18% @ 17 ATM T 2880z D W TE T,
A% E 12 ATM @ MPI 12 X 20504622 WTRi Y,
DIz ATM O —A)b » I—F 4 VI — V%R,



SEMFAT BT R Y #5845 2021

B2E BRIWHETIV

AETIE, 7770 VaETNTHD ATM OERLE UTHE - WIEREOKRF 2L R & KRk, 22N HF
EBLUH Iz O WTERT 5,

2.1 EIMED#E(R

F7IVVaETNTHE ATM OHMNIL, KKGITHRE SN N MOHER T (ML —%—) OFZl ¢t 1281}
LAIENRZ NV

ro(t) = An(t), on(t), 2,(t)) (n=1,2,..., Ny) (2.1)

DOHEFRERD LI TH D, 72720 0° < A, < 360° 1EFRE, —90° < ¢, < 90° ITHEE, 2, ITBAE EHE 2 IE
T AMERERE D S DEE (WK THD, KEHEIZ, r, TBVWTHBRES ICILAE 2 1E L 3 2 FFTER B
(T, yn) ZHAUX,

(dzp, dyn) = (RE cos ondAp, Redp,) (R : HBRPEER) (2.2)

DOBARHE O LD, AKEHEI NS P L —H —@FZEH L —Y— Xy YT hb—H—) &L, =Y —HKD
HENIIRE S ENCE S EL e FEN, BRI DAEZEZFEL T, UFOEZES,

(i) REBDENRZ VU (r,) = (Up, Vi, W,,) Tlifni%?
(it) SOERGH W, 12363 B F R A AR BE wy,, CYE RO
(iii) bV —Y—RIIAHEIEH L 720

T52, nHEHD ML =P =iz DWW TOER K HFERT I

Dr R

E:U—th:(U,‘/,W—wt) (23)
b, EHWCEEEHU = (U,V,W) Lo &EU = U,V ,W)DOMU =U+U' b1 JVASfEL T,

(E3) K% 9N WBIABIIRN (X1 L25 v 7) At TFA 5 —EET2 &

z(t + At) = 2(t) + UAt + U'At + O((At)?) (2.4a)
y(t+ At) = y(t) + VAL + V' At + O((At)?) (2.4b)
2(t + At) = 2(t) + WAL + WAL — w At + O((At)?) (2.4c)

L#HIF B (FIAX, Stohl, T998; L, 2012), (24) ROALE 2 HITMXE, 5 3 EIIHLHUE, (2209) X105 4
HIZBETHTH 5,
BUETHE 7TV & B IHFEROGHEIL, [ (2002) AR TW2 e B,

IRETIHANRO D, EREL S IEEANDOEHK T /180 BT 5,

2R L =Y —DMEEDNRE NS, FIZIZKTAAICDOWTIE NV =S —OE (doy/dt, dyn /dt) B (Un, V) ICHHET % £ TOEMEHE
{75780, ZONEIXKD L7270,

SEERD b L — Y —~OEH dWy, /dt BEAPESNTHEAR TR W saghE, ZORED D LD,

AZDREDTF., L —H—2#HTIEHET n ZUATERT 5,

SEE) AR ERIF S HOME EDRE),
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Figure 2.1 Basis of NWP model (from Figure 1.2.1 of Hara (2012))

1. BPWER ¢; OB k1T X DHHIZALE fF (= 00i(t)/0t],) & EZBFEZ 2 ITHNLIT kDB Z &
2. (2BREOWMZELR) F =3, fF 2V THBBES 2170, At BOETHREROMEEZRDZ Z &

NEATHY (Figure W), 777V VaETILDATM R0V ThH5, Thbb ATM OBE. THREK ¢, &
(ZT) XD ML —H—DAE N, 0,2 TH O, FET 28 k1% (22) RTHIE U 726k, JEE. EHE FOIEn, ik
BLOEMIEREZENH 5, HEAFHDOKIETIE ATM TIh S ORHA LR Z2RD 5 ke owT, (23) A&
D EIR DR EIZ W TIRE R HitkR B,

22 % - YEBREOBEELE

AREITIE, REEEDFZBEIED 5B ATM IZEEE L TWAHAD, fhik, EHE T, ik L OVEMELE @R o K
BAELRERD B HIEIZOVWTHRRE, ZNSIFEMNBEEICRTTF a4 L2 YY) —0 Process iIZH B4 DEY 2 —
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Figure 2.2 Advection sphere. S(t, A, ), D(t+ At, A+ AX, o+ Ap) are the tracer points before/after transport
by horizontal wind Uy, within a time step At and R is the Earth radius.
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Figure 2.3 Comparison of horizontal advection. Single tracer trajectory by the ATM calculation with only
horizontal advection process. Input GPV is ideal of U = 100 m/s and V' = 100 m/s uniformly.
Emission point is 0°N, 0°E. Solid and dotted trajectories are calculated by Equations (23§) and
(23), respectively. Right figure shows an enlarged near high latitude of the left one. Plots are at
each time step of At = 60 s by Euler or Runge-Kutta (RK4) method (At =1 s are as references).
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SRt phdif 3 (25d), (250) A & 24 (264), (268) RicBWT, U,V ofRb vz (28) Rz @) Rk 3
U,V #fRALTRD B,

ATM O KFHEHDF5E /%1% Table DR THRES 5. K FIH D HARIR O LK % Figures P4, 23 125§,
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Figure 2.4 Comparison of horizontal diffusion (continuous emission). Tracer plots at FT = 24 h by the ATM
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calculation with only horizontal diffusion process of At = 60 s. Tracer positions are transformed
from (A, ¢) to (z,y) on the plane rectangular coordinates (Kawase, 2011). All tracers are emitted
continuously from the origin and emission rate is 1 tracer/s. Horizontal diffusion parameters are

given Ky, = 5.0 x 10* m?/s, t1, = 5.0 x 10* s and U = Vj = 0 m/s, as an example.
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Figure 2.5 Comparison of horizontal diffusion (instantaneous emission). Standard deviation of tracer dis-

placement of x- and y-direction by the ATM calculation with only horizontal diffusion process of
At = 60 s. All tracers are emitted instantaneously at FT=0. Horizontal diffusion parameters are
same as Figure E4. Black lines are exact solutions, blue and red lines are the ATM solutions by

Equations (E8) and (Z9), respectively.

0Em), ) RCkB L =Y —ERONHOBEMIZNEN 0,0 (t)2 = 2Kpt, 0, (t)? = 2Knt + (Uhtrn)?(1 — e~ t/tn)2[1 —
(Kn/UYtin) (3 — e~ t/tn) /(1 — e~ t/tm)] (o, 22V THAK) THRSNS (Gifford, [952),
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Figure 2.6 Comparison of terminal velocities in gravitational fallout process. All tracers are distributed at
10 km asl and input GPV is given by standard atmosphere (NOAA ef all, T976). Blue dotted
lines are Stokes’ law, green dashed lines are Suzuki’s law and red solid lines are Suzuki’s law with
Cunningham correction. Form factor of all tracers is set to F' = 1/3 for Suzuki’s law. (After

Shimbori, 2018H)

Ths WX, [Folch, POT2; Bagheri and Bonadonna, 2016),
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Figure 2.7 Dry deposition probability in a surface boundary layer (after Okita-Kitada, [987)
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Figure 2.8 Below-cloud scavenging coefficients for rain (red sloid line) and snow and graupel (blue dotted
line). In this example, A, = A; = A, = 2.98 x 107°(1/s), B, = 0.75 and By = B, = 0.30 in
Equation (E723). (After Saito ef all, PlTha)
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Figure 2.9 Decay probability (At is a time step). If a scavenging coeflicient is given instead of A,,, P, gives a

deposition probability.

L 72 b L —Y — 35BN R P SN SN S 728, AIELEREORRIZLRITE X e\,

2.3 BEED

AREITIE, ATHITRD 7R R D SRS T 5 ik e R UROMEIZ DN TIRAR D,

231 KEREDE

ATM DD #IE. GATM ® RATM % &%  OBRILE TV CHEDNT WS HTGAD (XA 7 —ik) L
VT Oy REREEELTNDS, HUEALATY FTHIRUIZEE, A4 T —KIE 1 AL TH 203 Ed 2 DI
Uy Vo 7w ZRIBBEE (Z7—Y) BB 0EHETH B 72d, FHT B0 FTROMEIZIG U TER
35,

_14 -



SEMFAT BT R Y #5845 2021

(1) #45—%
ML=V —DRD XA LAT Y TONEE, @ LIBT3 0 Ky ORHEZER fF 5

it + At) )+ Zf"  i(t) (2.33)

RO L TRD D, KR E2HODIZEL &,

A+ At) = A1) + ( fhadv 4 fhd‘f) At (2.34a)

p(t+ At) = @+(ﬁmﬂﬁﬁﬁAt (2.34D)

2t AL = 2(0) + ([0 fr 0 Iy pleve g 7 proutle) . prowt) Ay (2.34c)
a=r,s,g

Thd, HEAWRFEBEOETH Y, (E2) RGLED At D 1 IRE TIZHIGT S,

(2) Wi -vvEE
— M7 4 BB OB

4

Git+ AL) = gi(t) + Y > by} At (2.35)

k s=1

TR T B, 7272 LB (s [ HOMBUME) d¥C) )

4
i) () = fF (t + AL Gi(t) + Y agwd) )At> (2.36)

s'=1
ThHb, OO FIMEREMENH 205, HEMBIL YT - 7y RIT7F] age. B b, i (/—F) ¢ 1

1111
b1,b2,b3,04) = =,=,=, =
(13 2, U3, 4) (67373a6>7

11 .
(61762763764) = (05 27271> ’ (2 37)

ag1 = C2, A32 = C3, Q43 = C4, Qgg’ = O(%@{ﬁ{@i}%/ﬁ\)

B, BRI (230) X% (239), (230) RISRAT 5 &

1
Ot + At = 6i(0) + 3 (df(l) +2dF® 4 2db® 4 df(‘*)) At (2.38)
k

L

(t) = £F(t, ¢i(t)) (2.39a)
1 1

(1) = FE(t+ A8 i(t) + 5di U A) (2.39D)
(t) = fr(t + At@)+%£@A0 (2.39¢)
df“ (8) = £t + At 6u(8) + 1) (239

Y70, OB EE ALIZBELTAREELRS S (WA, BT, o). 2o 1 EHOMBES d°Y ik, 4
17—k (33) ADORHEME LR L TH L Z LITHERT S,

ATM OREIFEDEOYIEE Table O THRET D, VU7 - 7w RIEREBIRUZGE., WX ENE N ERE2E
wafAz;vftiéwyf-&y&&@%%ﬁﬁ?éoﬁ%%k%ﬁa4AxTv7@@%%%Omﬂﬁ&t%

15 -



SEMFAT BT R Y #5845 2021

RPNFIET 8%, EERERRIXEIIREVRALAT Y TOA 1 5 — L CTHMS T 5, EEIERT XHERHET
L= =% ATM OFHRS RN 22 2 ATt A D 2 3@FE 2 12475 (M8 B, £z v 7 - 7w XIEIZ X B0
%, BEAETERICBOT, BOWE A LARATY 7ORTT ML =% =5 ATM OFEHEEN (HEBHRETEEL) 12
754, (2398) ROAZHWTA A 7RI 0 B2 TR T 5, A% BEHE TBREE2EELTAT
F=EEN VT - Ty RiEE R U 7285 % Figure 20 12R T, #MUGHEE A 10m/s FREETO ML —H —%2 x4
95 ATM HEBDEE, VT - 7y ZETERALATY T 180 DREIZH > TE XA LATY T 1 HOL A
F—EEAUS SVWDIEEEZRDO I LN TE S,

20 1000 : :
% Euler 001s —— Euler 001s
\ Euler 060s Euler 060s
N Euler 180s Euler 180s
= 15 Euler 300s |} — Euler 300s
@ N —— Euler 600s a —— Euler 600s
g D S R e RK4 180s S i B e RK4 180s
< Y =
< 10 AN RK4 300s || N 500 o RK4 300s
§ - RK4 600s § \ ——————————— RK4 600s
£ = RN
< 5 < Ny
N \\\*\
0 . 0 \:\\
0 50 100 90 91 92 93 94 95
Distance from release point r (km) Distance from release point r (km)
(a) Dense small particle (D = 0.25 mm, p, = 2400 kg/m?)
20 : 20
\; Euler 001s \ Euler 001s
Euler 060s \ Euler 060s
N Euler 180s AN Euler 180s
15 [Ny ] 15 -\
=~ \¥ Euler 300s = W Euler 300s
@ \\ —— Euler 600s 3 \;\ —— Euler 600s
£ L e RK4 180s £ LN R R B B RK4 180s
< 10 N RK4300s  |] N 10 NN RK4 300s
g N RK4 600s 2 \ RK4 600s
2 Ty 2 \
< 5 - < 5 N
o SN
e
0 S 0 \
0 10 20 30 40 0 5 10
Distance from release point r (km) Distance from release point r (km)
(b) Sparse medium particle (c) Sparse large particle
(D = 2.00 mm, p, = 1000 kg/m?) (D = 64.00 mm, p, = 1000 kg/m?)

Figure 2.10 Comparison of time integral by Euler or Runge-Kutta (RK4) method with different time step At.
Euler method with At = 1 s is as a reference. Single tracer trajectory by the ATM calculation
with horizontal advection and gravitational fallout processes. Input GPV is given by standard
atmosphere (NOAA ef all, T976) combined with zonal wind U = 10 m/s uniformly. Single tracer is
emitted from the altitude of 20 km asl. Terminal fall velocity of the tracer is according to Suzuki’s
law with fixed diameter D, density p, and form factor F' = 1/3 (Figure 8). The symbol x or e
denote tracer point at each time step by Euler or RK4 method and + denotes intermediate point
of the temporal integral by RK4 method in Equation (EZ38), i.e. horizontal distance from release
point r(£) + S, dEVAL/6, r(t) + 3, (D) +2dE@) At /6, () + 3, (dF D +2dE@ +2a5D) A/,
where k = {hadv, fall}. Right figure of (a) shows enlarged near ground of the left one.
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232 HEoRLE

1 24 LAT v TOREED DD o &, Mgk - RAEZBEDETICED, P —Y—D&EEIE T IVEE
& DR o 7235 A 13, Figure ZINNTR S & 512, HIRMEARE T £ 72 3 KK ARKH DO WTNAOFF 2175,

(1) MERE@ETICEIBIRL

HRMAMAETIELI5E1E. 1 XA LATY T At OMIZEREE 72 bV —Y —DALE (), ¢, 2) ZHEH £ TH EE
THEIZT S, REBEAHIEDO F L —Y —DOMRE»SDEST (BI) 2ZNTh 2/ (), 2" (t+At) = =2/ (t+At) >0
LU, ZOMDETIVELEIZFEHEKE L T,

2"(t + At)

Mt A1) = A+ A1) - EEEDAN (An= a0+ A - A@) (2.400)
ot + At) = o(t + At) — me (Ap = ot + At) — (1)) (2.40b)
2(t + At) — 24 (Az=2'(t) + 2" (t + At)) (2.40c)

EUBIERLT, KT 5,
(2) HEREREIHES PEY

WERETRA S E 254G RATM & FEBRICEE XS (Iwasaki_efall, 1998) (Z& 0, b L —%—Z MK TBk
WL EITD, REBOERD b L —Y — DM D &EEIX

2(t+ At) = 2(t + At) 4+ 22" (¢ + At) (2.41)

L UT, itiZikGEd 5,

ATM OHIEMIZE T BT £ 72 13K H O X Table D10 THRET 5,

Atmosphere

S(t,z")

R(t +At,z")
40 ;
Modeled p *

terrain elevation zg /
L i — _ !
Earth’s surface/>\§ lz (t+40) = —2"(t+40)

R'(t + At,—2z"")

Figure 2.11 Fallout or reflection of tracer on a surface. S(¢,2’), R'(t+At, —z") are the tracer points before/after
time integration, R(t+ At, z"") is the mirror symmetric point of R’ and P(t+ At, 0) is the pullback

point on the surface.
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2.4 ZERENE

AEITIE, ATM (IZ AT B HTLEE GPV % b L —% —OfLEANIRT 5 5ike, ATMEHE LU P L —3 —0¥B
BEHIRTFANFES 5 HIE $hbbR T - BTFEBIZOWTIHR S,

241 ANMEDOEEAREE

WA Hi TR AR KRR ORI Z A EZ RO B I2IE, BAETENS ANEOHTLE GPV % kL —H —DALEIZ
WIS 2 BEDNH 5, IFHZELEE RO BHTHER LD GPV 2D\ TRIE N & 22BN 217 5 23, BB GPV
DT HOMBIIRFHEAT 25603H 50T (LTI [2Z). LITHiRL  BRLIZB VT, TNE N0 FHEF
2D GPV % N —Y— O BICEMNFT 5, 0%, RFZRE KD 2 KA~ O R N 2 SN T 5,

ZEENAIE, —BICBUE TR GPV OSREEF I3 % KA IR OMEMEL AR & Wb, RFIZERTE 5 17 D P
D2 MG 2 R D 72012, KFEHEEIMELEZFITTHFLTWS, £ITET, Figure ZI2 IR & 512,
M= —Z2HT SHTFRDOI 5, FH 4 Ll 480 GPV (BIZIX, Uy,,) %&b L —5—DOKPFALE I

(LT+1) I+1]+1)

Figure 2.12 Space interpolation (GPV input). The symbol x denotes tracer position, e denote grid points
surrounding the tracer, (I, J), (I, J+1), (I+1, J), (I+1, J+1) are horizontal grid numbers and
Kij, Ki;j+1, (i =LI+1,j = J,J + 1) are vertical plane numbers of their points. z is tracer altitude,

za and 2, are interpolation altitude above and below the tracer (the symbol +), respectively.

Mz3) REFAF T, 2 — t (KEZEREZRDZ b L —F—DWLD)., 21, za — by, ta (t DHIED GPV OFHIL), AZ — ta—t, = ATgpy
(5% B2) @l 722 & 2N,
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JIlIEEERES

I+1 J+1

>0 U,

i=I j=1J
I+1 J+1

PIPIL

i=I j=J
I+1 J+1

ZZdQZHUKUH

i=I j=1J
I+1 J+1

YDAl

i=I j=J
IZE D 2V BT, T 2T dy,, (ki = Kij, Kij + 1) 3&EE TR S b L — P —OKENEE TOHMETH D,
HAMNITBIEBZATM Tldp=12W->TWAD®, £AFHIZOWTIE, ZTORTFHAEFTOETFTVESN L —
Y—DEE 2 XD EVGEENFE S ST BT, T, GPV OFE b RIC (2223), (2228) X CTHAiL T
N - EFOEE 21,20 2RO, b=V —DEEABEAFT S :

Uy = (2.42a)

U, = (2.42D)

2o — %
= Uy
U A7 b+

Z — Zp

AZ

Us (AZ=2z,— ) (2.43)

242 HOEDOZEERFE

ATM IS 75V VaETANTHB72D, TOHEHEREEZERTFHNTEIHEEEE N —Y—DOYHEZR T - T
BT EZHERDHD, ZiE. FHRAICEBEINZZBO ML =Y o EBHTHEIBTRAONFHE RS Z 22T
50, ATM TIRUUTIZRRS FETH4D L —Y —DYHE 2K T HADE T 5,

Plane surface Plane surface
I1-1]J+1) L]j+1) : I+1,]j+1) I-1Jj+1) @LJ+1 ; I+1,J+1)
Al i |
e oo - B — e - asl
AY Tracer my | | AY Tracer my, | i
Y R S— - IR I S .
! t Tracerm 1 Tracerm
om0 ! m, 8S{7/8x8Y | L2 | !
a-1) Grid (L)) | x| (+1]) a-1) Grid (L) [ 5" (+1])
i i Tracer my, i i Tracer my,
| il I Wemmmmmmmmmmee - E Z;\ il el f‘ """"""" -
Tracerm Tracerm
R S - R o —— s
' ! @3) 1
R i |
-1j-1 @¢Lj-1 AX I+1j-1) I-17-1 @Lj-1 AX I+17-1
(a) Nearest neighbor method (b) Bi-Linear method

Figure 2.13 Space interpolation (ATM output). The symbol X denote tracer positions, e denote surface grid
points including the tracers and (I, J) and (I+1, J+1) are horizontal grid numbers. m,, is physical
quantity of the tracer (number n), ASI(?) is partial grid area divided by the n-th tracer and
AX,AY are horizontal grid spacing.

By oEmEee U, dy,; »* Table O TREY 5/35 A — X space_epsilon & D/NS WA, b —F—EHED GPV QAT 5 (&
SERENET)

16Table C2 125 %/ A — X idv TEEL T3,

AT ITRTOEFVEEN ML —H —DEE LD ENEEIE. P —H —dpHIREICAE L7722 LT ATM OFENE»SBA I LTS,
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(1) BEENE
BRSPS 4 2 DB OB A, Figure I3 (a) 1R & 512, HUIKT (1, J) OB 4 B FHRIZ A5 7
ML —H 12D NT, &RTHOBSEERTAOMC b L — — MR (BIZIE, m,) 25 LT, BT

My=3"m, (2.44)
Bk B, 2ELY & (1)) CEEHET S h L —H =120V T OARIZ S,

(2) H—XWE
H—IRNFICHY T 2 28G5 EDE S, Figure E13 (b) 2R T & D12, IR T ROBE 4 B TFHNICA>7Z L —
B — QYR F R T e LTHRL T,
o« As
_7IAXAYm”

My (2.45)
kB, 22T AST i BEHO ML —H = (I, J) A EOMTEAET BEA. AX, AY AT
DK TR T H B,

ATM Di&F I DTk Table D13 TYID B A 5, 3ouiy (BIAIE, IRE) O8&4. F© Table 018 T
FBRELUEEREIZA>Z ML =Y —IZDoWT, TOYHEZ LRDOHIET 2L THNT S, £/, PL—Y—
DBHOYME (BFIZIF, KE) ORKE - B/MEZ DT 25618, RiCENRFETHIT 5,

25 H A

ATM OFHEHERIF, KT BT THOLT S, BTFHEARRTHEADTT — X255, ATM O H R bE 1oE
W, ZBALATY 7LD ELIADT, BUMTIREHNTERAWKRESER DD 520 TFHEAE LTWS,
ATM o H S H5EEBE 1% Table DIH TEET 5.

251 RFHEA

R diE, b —Y —DHEARERE BULIHEOREAERE ~y K U, ATMEHRIZE 2 L —Y — DR
FeIR U7 RBEBRRHEE LT F YT 5,

ATM OFHHATRERR - $HI X, AN 2 GPV OAR M - ke AU TH 5, FHHATRERRM - HSZ B -
M —H =g 1T 20, RFHNCIZZTDOILE2RTITITLLEICHER, 2 -0 —DRE2HNT 5,
KFHAODOHNEIZDOWTIE, MR EI2 22Xz,

252 HBFHD

i, B2 HO FET V=Y —HHE U2 TR oY E % NuSDaSTH 119 5, HI#& 1 D REAT:
iX NuSDaS &% 7 7 1 VU8 L UE/EIE Table DI3 T&ET 5. 72, HAMHEOBRRHE, FE, BREMEOUIEIX
Table D13 THET 5,

M EIIOERIZOVWTIR, MR EZD 23R Iz,

18NuSDaS e 2\ ikl ziE, [ (2orE) 8 L= 7))V (BEH -, o) 23RS hizun,
19414% B O Atm/Const/Atm/Nusdef IS T WS,
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RETIE, ATM OYHHEIZDOWTHHT 5, gk Lz B0, BRILHE TV TIE, H50%4t O n HHO b
V=Y —DfLiE v, (t) 5. P —V—0@ENE RFEPHEELRY) &ML —F—0kicfd 28 (BiRXE M
E) ZHWT, Bt 4+ At DALE v, (t + At) 2510 T 5, TDRdD, EOLSLREED ML —Y =0, EDfED
5. WO ENE e Vo HIIENBE L 725, ATM O ERFENRIIKEYOFHTH L2 h 5, KET
. AHETRE TV ORIHE DM & U TR ILIE KR %2 S U 7 WIE O ME R A RO FEIIC DWW THHT 5, KIEPILA
AOWEOEEIZEL TiX, W ROYEOME P FHEROIRNI - FHBUIE U CEY) 2 E% AET 2 681D 5,

3.1 #EAEDH - KO HIRRET IV

KL KIS D IEIER: 2 & KEUTHIR S D KD T 7 v 1 VA AT 2E TV R Z 2Tl THHAIR (ESP) €
T CIESE, AREHRIRE TV TR, KINMECKIRFIZ SRS 2 K O PRI 247 S BRIZIE, 12 Suzuk (1983), B
(TIRA) IZEDWBHRIRE TV E VT WD, AfITIE, ZOHBIEE T IV OWTHHET S, 2720, KRR
ETNZIEWLODPOA T a VHAHBEINTE DY, A 7Y 3 VOROHIZ & > Tk, Suzuki (T983) AN (T985)
CIERRDBEOYME AR ST S5 L TEBE,

AFGIRE TN T, BULEINBRE D~D +dD. SE 2~z + dz. BEEDFULHD S O ACEH#E r~r + dr &R
f10~0 +df. MBI NDEM t~t +dt 5. BUEINDZEE dM IZHEREE P 2 HOTRO X 5128k 5.

dM (D, z,r,0,t) = MP(D, z,r,0,t)dDdzrdrdfdt (3.1)

dM & bV =Y —TRBITHI LT, ATM OHHMEL LTHHAT S Z &3 TE 5, 72720, B S #El S
LK OERD AR RRIHER) 2 M & U7z, &R, 2, 2K AE (EEO Hulh & O 87510 O Hi
Clf). RN WT, MaE2FEITTHL

1= /P(D,Z,T,G,t)dDdzrdrdet (3.2)
Lld, DF0, HHEEET VIR, REHE M 2HE L, 2O M 2&RAE, &EE, SKEE, SRNED L
SIZHBT 2% RBTHETIVTH 5,

311 HMIEHE

KK D FE B 72 TR D 72 D DHIUEIZ B W T, MRIEHE R IZRE ERWR AT A—Z2D—-D2TH L, RELEEZE
BHES 2 LR TH 2720, 5o 0BHED SRREHEZ HEE§ 2T OWTHIT %,
HERIZOWTIH, BIEOFELTIINILOA TV 3y (RFEH) OARRNARETH 5,

U TEEAEE FV) 720 TBEE TV RIS, LA L, Woodd (T98R) DA, BEED 1% (KRGAERI7Z L) IR E IO k&S
EOMHEMEHEZBLUZNEETVOMENECIZONT, T 6% [RERET V] LIFOZ 2 THUT S THGRIRE TV & KT S 16mH°
H2E5THD, b, Eolch (2012) TIE, BIRILEE TV OWMIEZEKT 2 ET V% “source term model” ¥ REL T3,

2F TV avERT Ay FHEZOMIZOWTIE, Table 1 % 2,

37, B (T985) TR IS EEM A TH 225, AT TV Tl —BakiE oM £ BINTETH 5,
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(1) ~=*%H (n_switch_calcmass = 1)
(PO0R) D 7'V = —RIE I T B URGTHRTIZ & B & KAIE B IS 0 B5E 5 0 4 e & W kTR IS
WIS 5, ML E M X, BEERO KO EORGERE H &K HGERE Ty 2 VT, RO LS ik h s,

M = Ky H Ty (3.3)
7272 Uy AT OV CIk, Bl - (2000) X 9 Ky = 193 kg/km? /s, v = 4.0 ZFEHEDfEE L T30,
EROBBRA (RFFEAILIFIEN D) 1ZRTCHN 72 E OB RRER P SEBINDE HDD, (T997) %

Mastin_ef_all (2009) TREINDEEDEKEZEN U ER E &< —8d %, Table B (2D XHE & THREE £
EHTHEL,

Table 3.1 Coefficients in the power law for total mass estimation

References Ky ~

Sparks et all (T997) 345 | 3.86
Mastin efall (2009) 140 | 4.15
Shimbori et al. (2O00) | 193 | 4.00

312 NESH (BE8)

CITWORBENFEIE, RMED~D+dD DL —Y—IZHRIEHE M DRED LS IZEVIES NS, 2EKET
28, Thbb, KESAE Mp(D) EL &,

DII]aX
M= / Mp(D)dD (3.4)
Din

7272 Uy Dmin & Dax SRBED A Y M 7 TH 35,
K DRBRDAFIZ DWTIE, %< DETMEDLH 25, AMBATHEET LV TIRRD 3 2DA T a VHAIHEINT
W3,

(1) H— i
(2) — KA1
(3) XHHCE B4

FTNFNDA TV a VIZOWTA T CHAT 5,

BB, MEOSETIESBIERD A L & XFRAZ AWZRRED A SR —Mlm k> Th 5%, Bk, {5
ANZ K DD A = XL EDEEHINE N5 TH A S (Bl x X, Murcottd, [986), LA L. Giraulf_efall
(POTA) IZHH B & D10, HWYITNT A — X 2 BRUERFQMHHPBUEBA AR DE IR EL R, TLA, ED X
SUNTA—REMSPVEETH S, /NT A —R TS BUERI A TIEh bt & SR E, 1y A7 (&
KRR R/NRIR) THO, RFFATIIERORBE Yy AT TH D,

2T IRIKREF] & ThL—3—] BHEIZRAILTWSZ LIZERT 5, Flxid, 10 kg OE &R 2K 1 mm
ORI FTHET 5 2. KKK F1d ~ 104 oA —X—=ThH 5 (KKK FZ2ERFE., % 1000 kg/m? &K
FUTHMELZES), 20X BT EEZEEHE TN TERVED, HEEORT (ML —3—) ok
CHEEZEDYTTHET S, 20, 2HROKUKRF%2 1HD L =Y —2RREL T3,

12 DA, (zo10) &Y Kj = 6.95 x 10° kg/km* /h O¥AL 2 HE L TOHHE 1 2B LALES O,

5 TRIEMNTE] £\ &, Kifk D~D + dD ORiFOffK N(D)dD #3564 H 5, ZZ Tk, D~D+dD OEETH S Z LITHET 5,
6VAA Ti% 0.0l mm~0.1 mm, BKFH T 0.65 um~96 mm % H\\TW\3,

21, Giranlf_etall (Z00d) © Table 1 (Zid, BEOEKHEHICDOWT, XFRUAHTEDAERIE LD TH 5,
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(1) ®B—HR (nswitch-size distribution = 0)
ZOATYarTiE A—LYANTHERIBRKAEDMED, &L —F—DORRTH VRO NS,

(2) —#%%9 7% (n_switch_size distribution = 1)

DA T a T, MEOREIXME Dnin™~Dmax (Dmax, Dmin : RO K Y AT D ERE FR) IZBWTHEHE
Z o AT — IV TERBLTEVIROND (B, B D% ¢ AT —NTKT L, ¢ = —log, D/Dy TH 5, 727201,
Dy=1mm TH5%,), §74%bb, D~D+dDIZHIRSNEDEE Mp(D)dD &,

M dD

AﬂﬂlndD::anlgmx—lanm)if (3:5)
ZHE, ORFRAIT c=3.0 & LBAICE LW,
N(D >z)xca™® (3.6)

2Tl ND =) ld bfEz KO REVKTEROEGEHTH D, H. NFEUOHEE c FEKDOFHFNIZ LT
B b0, BB&Z c=29~3.9ETH5 (Kaminski and Jauparf, T99R),

(3) WBUIEFS T (nswitch size distribution = 2)
KA T a Tk, Sozuki (T983) 25E XL THOWT WS NEES G E2 HW 2,
kit D~D + dD O KKK FDH DEED GG Mp(D)dD 13 BUER 7346 2 ] E L T,

(log, D — log, Dm)2] dD

(3.7)

Mp(D)dD = Cexp [— 552 Dlha

T I T, CIIBIBILER. Dy FHIRIRE, o ZBTEERES, o JEZRT. 4B, MAFMY —co~+oo &5
. C=1/V2r02 T2, LU, AERITE TN TR, BAORHIZA Y A7 (Dyin B &S Diax) 1ITHERIFT 2,

K DO —4— L HOERE m(D) £ 45 %, Kiff D~D+dD ® kL —%—$ N(D)dD 1%

C _ (log, D —log, Drn)*] dD
m(D) ¢ 202 Dlna

AHGIRE T VTR, &L =T =25 EE (HEEY) m(D) &, HEHE M 22 L —3—IZEDEI L7
BTE#T D, I4DL,

M

N(D)dD =

(3.8)

m(D) = & (3.9)
U Nyld b =% —8Th s, Lizdio T, KMUGIHE TNV T, Kt D~D +dD O b b =% =8 N(D)dD
& CN, (log, D — log, D)% dD

N(D)dD = P | 5,2 Dna (3.10)

L= =8 Ny RIEHE M IR E L Th0 27207380 T, MESMIZHET 287 A — X%, hdehift D, &%
fAIR# o &7y v AT (Dpax BEC D) TH 5,

FEZB W TIE, IR Dy [m] ISR U T, ¢ = log g D ZHUDE U7 EEHERZE o D IEBELE N (¢, o) 2 H
WT, n&FHD b —Y =Dk D, [m] &

D, = 10N (#m;0) (3.11)

CEMREND, 772U RPN RKEANLSIXRA L, KA e SIEARRHA L UCEHREEZREDIET (n b —7)E,

8o K1 DEEL, o DEROEEMHRT S L, MERAHEIZERIMEEMTE 3,

ik D~D+dD O L —Y =2 N(D)dD b5 d5&, bL—%—1{#1& 3m(D)/4rD3p(D)N(D) HD Kk F2RELTVWE L
£25,

Vzpd b =Y =B Ny K0HTDICKRERBELUERZHELTWVWSE, HIMRNHFHI TV T v 2 EKT 5Tk, MCMC
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313 B E

B PV —Y—DFEE kg/m3] IZKIHEEIZKRE BT L-OEETH L, —MBIT, Kz BE VT, RN
IVWIFEEENAELRED, AMHBFEETFTILTIE. MO220F 7Y a VAHEINT WS,
(1) —xEfE
(2) RiRIHRATT 254

(1) —7EfE (n-switch_particle density = 1)
AATV av Tl RBEICBWTHEEY 7 1)V (Table IT12) 75 5 A 72fl% V5,

(2) HRICIKEFT 2HBE (nswitch particle density = 2)
ATy a T, (2010) IZFEDWT, KX D O ML —Y—DEE p, (D) 2RO LBV EHT 5,

Pmin + apmaxD
D)y=———""—
pp(D) 1+aD

727U, a = 5000 /m, /INRMRER D EE pri, = 2400 kg/m?, KRR D EE pra = 1000 kg/m® TH 5, 72
B. pmin BE pax DIEIXT 7 4 )V METH b, Table D12 THET 5,

(3.12)

314 BHSEODH

WIZ V=Y —DREEEDNHEER S, BEEDIM LI, EORREDR TH, EOFED SRS N5 0,
EHEKT 2D TH S, §4bb, kit D~D +dD ORFH, @EE 2~z +dz »SHE W2 E& M,(D, 2)dDdz
DZLTHb, Witk D~D +dD OE&E% dMp(D) LEFENT,

M,(D, z)dDdz = dMp(D)P(D, z)dDdz (3.13)
LUk ED, WEN P(D,z) &R LIS, Mp(D) OA/EEHTRL 20T, P(D,2) 2#H2Z LT, b

V=S —DMIHEEDSAADRE D, AEBIEE TV TlE, HEEULE P(D,2) OFHEAEE LT, IRO2204 7
vavhARINTWS,

(1) —kko A
(2) Suzuki (TUR3) (23D < L

(1) —#%%7 (n_switch_shape vertical = 1)
AKATvarTld, EORRITHUTHEEIZKOPSEBORESE H (2T, —HRIZAMT 5, EKTIE,
0~1 D—HRELEL T 2T, &L =Y —DFEE 2, I,

zn =TH (3.14)

eRIN5B,

(Markov Chain Monte Carlo) #EMRE#TH D (FlAIE, Bsterefall, 2003), LU, K TFEADRWEGEE. HEFCXS D0 VAlREk
HH Y, BMCRENLDIHENHICBWTIE, ERITIIZTNZ 0 ONLALE L Bbhs, MCMC i, HHERERNHEIZN U THARN
TRNRY —VED, AMHEGFEE TV O XS LBMASHRSHEOL AT, RXUIH D L5 RHETHIAMEEZ SN,

gz 1%, Kiawonn et all (2004) Tl ¢ < —1 Ti& 1650 kg/m3, ¢ > +2 TIX 2600 kg/m3, -1 < d<+2kp=—1& ¢ =+2 Dfti%
MIZIZNIFL TV 5,
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(2) Suzuki (T983) ICED < HLEXLEE (n_switch shape vertical = 2)

AA 7Y 2 2 TlE, Suzuki (TR3) (25D S AL 2R 5, Suzuki (TYR3) X, SLEKELE 2R D ORF D
MIHEE 2 N TN T A =2t U7z, 22Tl FTORBIZOWT R Tt T 5,

ET. EE 2 ITB BN O A AR EFREE W (2) 2RO &5 IZ5HRT 5,

2\
W@):W«@(L—ﬁ) (3.15)
H KA EPS OO ESETHO, ANF1£4131/2%22L 22 LTVAREATIEIA=1 LTS (Fl -]
i, poI), 7272 L, W(0) XK BT BHEE T, RO ESIZ5X5 ( , T960),
H
Wm)_waE; (3.16)

ZIT, HiRKAE»SDEMDREESEE, Hy=022m, Wy =1m/s Th 2,
WIZ, @EE 2 (2B 2R D O b U7z EREE Y (D, 2) % KT OMIGEE wy(D,0) P& EHE RO LS
IZEHT B,

W (2) — wy(D,0)
wt(D,O)
T, BITHEBREBE IEN T VAN T A =X T, FHNICKESHETIEERNRNTIA-RTHDE, ZOY(D,=2)

EHWT, IR P(D,2) 2RO LS ITEHT 5,
P(D,z) =AY (D, z)exp [-Y (D, 2)] (3.18)

Y(D,z) =8 (3.17)

FER A BHURLERT, Fidzilkd &5k ™,
H
/ P(D,z)dz=1 (3.19)
0

BB AR L 725 EE Zmax (D) V&, dP(D, 2)/dz = 0 Zf#FIE LW,

wy(D, 0)

ﬂWm)}
RIEDVNE VI EEIEFED B8 (RBGR) 25 OIEAZ K R 2MEMAH 5, —FH T, REFREWIZFE, i G

W) 2o T (AT A ME) 2h I TOMENE L 22 AN S 5, 725, Suzuki (1983) X <1 & LT, KD
K 2TEBL LT,

zmxszb—w1+5) (3.20)

(3.21)

Zmax - H [1 _ wt(DaO):|

BW(0)
3.1.5 BEEOWIX

AT, BEOIRIZDOWTHIAT 2, AMERIEE TV TIE, BEDORE UTIRD 2204 7Y 3 VAEHEX
NnTna,

(1) &
(2) WFIRE

EINTFROL T a VIZODWTLRCHHET 3,

RO TORKEMEEFNT, 23 HOFHE AL THET S

B 8 = 0.069 VSN T WA, BIE, 8 =0.017 BMibhTwsg (FE 1, pora),

LAz i, BWRIC & > CRIDHFIA R 5, RERS, KERKARIIN LTI, Y(D,2) < 0 DA BETERWEDTH S, TOFEE,
P(D,z) <0 L h2@EENENS, ThEMBT 572012, P(D,z) >0 OMFATHFE2HHIETNS
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BB, ZOFX TV a VIFTFURERICIEAESSEELRY, (2) ¥HMHMEE2EAL L L TH, nm s EAE DK
BMOENDIZELA Bk BETH D, Thbb, MHEDOA T a vOENT, HEE LTO ML= —DRAEN
BARTHEHkn TN TCWBBRETHD, ZOHkm OTNAFRNIHET ZOIE. FTICAkOD T AFEIZHE NI Bh
+Th b,

(1) # JR (n-switch_shape horizontal = 1)

ZOATY a v Tk, BHEOBRIZEVREINDG, Thbb, $RTORNFIFKOEEPSHENS, —R
TRHERARTIED DN, M LB, KILUKEPH 2R ORKO T Z S 2 LT, KERMEIZZRN,
EB. % < OMETIRBIEIME STV,

(2) HM$ER (n-switch shape horizontal = 2)
ZOF T avTid, BECAREFEMSEEIE SN S, (POOR) OXTLfEMTIc LB, 7V ==X T
H7 ROVTNOLELFEE 2 T8 BEEDAKFEHREDIENY R(z) i,

R(z) = K,z (3.22)
LRBRIND, BREK, FIRTTENT D S 3R E S 2 WIERTER TH 543, [Murner (1962) 7*5 K, = 0.198 Z W\ T
w3,

HE 2 ST N DR T OIEIED LA SBIR r(2) LIRMA 0(2) 1E. T1 BXT Ty & 0~1 OO —FRELE L
LTIRD LS IEEIN5S,

r(z) =T1R(z) (3.23)
0(z) = 27Ty (3.24)

3.1.6 MHEX

KT, KD S S Nz KIENE, O KK EZI D AARDS ERLTWL, kEEEICETLETO
R, K OB S X200 o810 RRRETH S, L7zh > T, BEKERITIE, & E I KPR 7137 E
I B SR, FEOEIZ & o Tk X N5 KUK IMEEE» S OB OATH A5, T0 &S RIEED
T RRIRE[] % 5 B U CHE % OB T D IRZ 2R 7 Z L ICEE T 5, ALRRIFE TV T, TR D FHE ARk D
200X T avBHRIh TV,

(1) — K
(2) BT U T kAl

FNFNDOA TV 3 VIZDOWTLATFCEHiHT 3,

(1) — #k (n-switch_emission rate =1)
IDATY a v TiE, BEDRKRHIZZEE I NG, BAREERICZEZD I REEEE CHEEPELE TS, T
Bmhb, GE 2z PSHHETNE ML=V — DR t(2) &

t(z) =TTy (3.25)

CEEINS, L, TR 0~1 O—kELEE T 5,

15EHE 10 km CH4% 2 km BEDLH D,
16 % 1%, Macedonia et-all (IUR8); Pleiffer ef all (2005); Costa_efall (2009); Bonasia et all (2010, ZOLT, PO12) .
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(2) BEICEKTFL7-HBERZ (nswitch emission rate = 2)
ZOF T a el EllE - M (2010) (2o T, BEEOR K ts(2) & &EE 2z OB#E LTIRD X 512K T,

5E2 L,\7°
ts(2) = (72(3(22) (3.26)

WK% Thy 35 &, 2 OUSEDTBRIE 1y (2) % FWT, & 2 4SBT 2K T3 £(2)~ts(2) + Tas
DRNZHERED S BT B, 7272 U W HEBRE (YRR IO KSE S5 D ELFHE RS Crc = 0.04 m2/s5/2 & F
B, ST, T % 0~1 O BEELEE §5 L 2 2 SHULE NS b L — 5 — ORI t(2) 13

t(z) =ts(2) + T (3.27)

T 5.

3.2 WHEEOHAR  KEREMOHKERERET IV

AEiTlk, PIAEO E I OF & U TH B Hi TR L 72 K OBFGIRE TV O R IKER 2R T, 22 TRT DI,
Table B2 3 KU Table BB TR UZRETH S, BB, Hle UTRUAERKIZHHUZAA v FOREIEIKTHRD
T 7 ANV DDRETH S, HfiE CTHML LI ITRETREEAELLEZ HNTWEDT, ETNVDHIIEHES»
TIFRWZ LIZiERET % (Figures B2, B4 72 &),

Table 3.2 Switch for ESP model (see Table I of namelist.txt)

Switch name in namelist.txt | Value Remarks Sections | Figures
n_switch_calc_mass 1 Power law 1 g
n_switch_size_ distribution Median B2

Uniform BT

Log-normal BT B2
n_switch particle_density Uniform B13

Specific 13 B3
n_switch_shape_vertical Uniform & |

Suzuki (I983) | B14 B2
Line source B3
Inverted cone | B3 B3
Uniform B4
Diffusion time | B1T@ B4

n_switch_shape_horizontal

n_switch_emission_rate

N R (N R[N RN RN~ O
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Table 3.3 Settings for ESP model

Latitude of vent [°] 32.0
Longitude of vent [°] 131.0
Altitude of vent [m asl] 0.0
Duration [s] 600.0

Date [UTC]

00:00 on 01 April 2020

Top height [m]

10000.0

Number of tracer 10000
Din [pm]/Dinax [mm] 0.65/96.0
Median [mm)] 0.25

SD 1.0

g 0.017
Ambient pressure around the vent [hPa] 1013.0
Ambient temperature around the vent [K] 300.0
Ambient air density around the vent [kg/m3] | 1.293

Top height [km agl]

50 T T

45

35

30

20

10

10°

1
10*

1(I)5 165
Total mass [t]

|
107 108

Figure 3.1 Power law for total eruption mass
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Figure 3.2 Size distribution
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Figure 3.3 Relationship between density and size of tracers

- 929 -



Altitude [km agl]

SBIFIEAT BT R

F 845 2021

10

10

0

100 200 300 400 500 600 700

0

0 |
100 200 300 400 500 600 700 0

100 200 300 400 500 600 700

0
0

100 200 300 400 500 600 70

0

100 200 300 400 500 600 700

0

100 200 300 400 500 600 700

0 100 200 300 400 500 600 700

100 200 300 400 500 600 700

¢ =+6

0

100 200 300 400 500 600 700

Number of tracers

0

100 200 300 400 500 600 700

0
0

100 200 300 400 500 600 700

Figure 3.4 Vertical distribution of tracers
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Figure 3.5 Shape of eruption plume
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BA4E ANME

FT A VETILVTH D ATM IZANT B KEHIE. KRTFD GPV 74—~ v hTdH % NuSDaS T Table [EA iZ
RYTBEEPBETH D, ZI T, BMETHR GPV o BT 5 HikLBIMEKRG2ERT 3 HEzHdd T35, wih
H ATM FHE 217502 GPV s TIER T 5 (Figure B,

4.1 FUETFH GPV » o E#:

[RETEMETHN —F v THRIEHEHEINTWS, GSM OB & EEBEOKER GPV (MUF, 2% FEH GPV)
& MSM & LFM O$hE &GRS GPV (BT, XY /RN ESEEGE GPV) OB&a%2HIz, ATM HEIZ 6L
BEEALET L /L2 BRRS, 10D GPV O#F# % Table N IZRT, ZNS51E, MR RTTA LI MUY

Table 4.1 Specifications of JMA-NWP GPVs used in the ATM calculations (as of October 2020)

NWP-GPV GSM (upper) | GSM (lower) MSM \ LFM
Vertical plane p-level Vertical high resolution z-level
Forecast time 132 h (00, 06, 18 UTC) 51 h (03, 06, 09, 10 h (hourly)

264 h (12 UTC) 15, 18, 21 UTC)
39 h (00, 12 UTC)
Temporal resolution 6 h 3h (FT= 0-132) 1h
6 h (FT=138-264)
Forecast domain Global Japan and its surroundings
Output resolution 2.50° 0.50° 5 km 2 km
Output levels” 28 + 1 21 +1 76 +1 58 + 1
Input elements’ U, V, OMG, Z, T, RH, CWC# PHI} P1 U, V, W, P, T, Dens, QV, QC, QI, SMQR!
SMQSISMQGIzs$ SLE FLATS FLONS
Vertical plane Surface
Forecast time Same as above
Temporal resolution 3 h (FT= 0-132)
6 h (FT=138-264)
Forecast domain Global
Output resolution 0.25°
Output levels 1
Input elements’ U, V, T, RH, RAIN

* Each level is shown in Table E2.

T CWC: Cloud water content (including ice), Dens: Air density, FLAT: Latitude of grid, FLON: Longitude of grid, OMG: Vertical
p-velocity, P: Air pressure, PHI: Geopotential, QC: Mixing ratio (cloud water), QI: Mixing ratio (cloud ice), QV: Specific humidity,
RAIN: Accumulated precipitation (total), RH: Relative humidity, SL: Land coverage rate, SMQG: Accumulated precipitation
(graupel), SMQR: Accumulated precipitation (rain), SMQS: Accumulated precipitation (snow), T: Air temperature, U: z-wind
speed, V: y-wind speed, W: Vertical wind speed, Z: Geopotential height, ZS: Terrain height of the model.

 Only lower GPV (> 100 hPa).

§ Without atmospheric levels (only initial time).

9 Without atmospheric levels.
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) —® Ef_lwrl ¥ Mf vhrc IZHBET 2 — LIt X D KX FILELE X N5,

411 FE Z

(1) #&E- -BE

T O (NuSDaS ##4 : FLAT) 8 XU E (FLON) (&, #fi%2E (°) & LT, #H&Xm (SURF) O
FREOMIMNT B, BEZAELARVDT, KT 2DRMHHLADOATH S,

LERGER GPV 04, RS MM (NuSDaS 1 @ 2 ot EfE4 : LL) TH 2D T, KEEFM (1,7) 28
T BRRE 0° < X< 360°, #EE —90° < ¢ < 90° 1F, x,y HEOK TR Dy, D, [7] > 0. HE#ERO vy- e (1
#5) (io,jo) BLTZDREE - FEE Mo, po [7] DI TIEHM S

A=+ (i —ig)Dy (4.1)
Y = Yo — (] _jO)Dy

TROTHEMNT 2%, SITAY T FME £72 < ATM FHRICHIE S 2720, B THIETO GPV L b —D2H% L
T 360° Zaxld, L0 DRERLF UMEKHL TWD,

AV /BHEREEREE GPV D56, 5 )L MEAMHENE (LM) TH Y., FETFROME - REZIETD GPV
IZHBDT, TDXEIENT 5,

Q & &

w4 (NuSDaS %#4 : Z) 13, SURF IZE TR 2 M L. KRB EE TR OB R (AL : m as) T
M9 2, JTDO GPV OINEKEED ST HERR D LG 3 T 5 D & IR 26 2 O CHEZMSMT 201z L, 4
P AR D 15 A5 1R IR 28 b U 72\ O TR D AN T 5,

LERGIET GPV 054, KUEEERE (NuSDaS il 1 @ 3 KycHilE4 : PP) TH O, &ETFHO (VARF Iy
V) EENIED GPV IZH 2 DT, ZTOMEWKEEL L THNT 5,

AY /RN E SR G E GPV D54, SENA 7Y v NER (ZS) THh2DT, Bk TREk 2B 2 EE 2 m
asl] ~NOZHUIRA % AV 5 (EH, ZO0R),

z= Qe + 2 f(Ck) 3
S 2T (e BETVOMEHEMAR, f(Cr) ZERERBIET O TNE L0 GPV OMBFRIRICS Y, 2 BUTT
BRZEFNVIEFZTH 5,
ETIER

SIRGIEH GPV D04, HIERMIZBT2VART VY v L & % g TEHSZVART VU v IV EE

P
Zs = m (4.4)
ZETIVERE L U TIRINT 5.
AV RMEREERREE GPV 056, D GPV I &% £ D £ KM 5,
BET VDKM T RO NG L ETIVEGE % Figure B0 12, A8R1ET O & % Table B2 12/R 9, 7272 U Figure
I (), (d) DAY/ JAHSAE R ARGIE GPV O TR T-01% 10 3 DA TRRLTE D, Table L2 OAKRE

JETH GPV Q& IREERK & RE L2 FHTH 5,

HE2) RIZAZBHF TV 2SO, NuSDaS i y fili & b2 5 M & (il TS 2720 TH 5, ATM R TIE, % - #EL 40, NuSDaS
MogEAT GPV IZET y Bz oA E AR (= jmax — J + 1, Jmax FHEAETH) LThSHALTVS,

2Table E2 IR THOAFD, 1 (K& THE) , 2,3, ..., NZGPV 0D x, NZ_GPV i3#h& (SURF) %< GPV OEH T,
EIRGHEmE (JEE) GPV 2¥ 28, 2ERQUER CIiE) GPV 221, X VIEGEMREGE GPV 76, RiftEEMEE GPV 2° 58, ki
EEHERT ATM 0L nz_gpv ¥, SURF % 1 56X 5720, HDO£HTL I3 nz_gpv = NZ_GPV + 1 OBRIZH 5 Z IR,

B7nLAr (BlzE, [H, zooR),
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Table 4.2 Standard altitude of vertical planes. Altitudes of GSM is geopotential heights (NOAA et all, [976)
and those of MSM and LFM are full-level heights above sea. (as of October 2020)
Plane GSM (upper) GSM (lower) MSM LFM
name | Pressure [hPa] | Altitude [gpm] | Pressure [hPa] | Altitude [gpm] | Altitude [m asl] | Altitude [m asl]
76 21475.92
75 20831.88
74 20200.05
73 19580.33
72 18972.61
71 18376.78
70 17792.74
69 17220.39
68 16659.62
67 16110.34
66 15572.42
65 15045.78
64 14530.30
63 14025.88
62 13532.42
61 13049.81
60 12577.95
59 12116.73
58 11666.05 19858.75
57 11225.81 19202.75
56 10795.90 18557.75
55 10376.22 17923.75
54 9966.66 17300.75
53 9567.12 16688.75
52 9177.49 16087.75
51 8797.68 15497.75
50 8427.57 14918.75
49 8067.06 14350.75
48 7716.04 13793.75
47 7374.42 13247.75
46 7042.09 12712.75
45 6718.95 12188.75
44 6404.88 11675.75
43 6099.79 11173.75
42 5803.57 10682.75
41 5516.11 10202.75
40 5237.32 9733.75
39 4967.09 9275.75
38 4705.32 8828.75
37 4451.89 8392.75
36 4206.71 7967.75
35 3969.67 7553.75
34 3740.67 7150.75
33 3519.60 6758.75
32 3306.36 6377.75
31 3100.84 6007.75
30 2902.94 5648.75
29 2712.56 5300.75
28 0.01 79302.63 2529.60 4963.75
27 0.03 72724.69 2353.93 4637.75
26 0.05 69514.94 2185.48 4322.75
25 0.07 67329.92 2024.12 4018.75
24 0.10 64946.95 1869.75 3725.75
23 0.20 60111.94 1722.28 3443.75
22 0.30 57153.66 1581.59 3172.75
21 0.50 53283.96 10.00 31054.64 1447.58 2912.75
20 0.70 50645.75 20.00 26481.22 1320.15 2663.75
19 1.00 47820.08 30.00 23848.65 1199.19 2425.75
18 2.00 42439.85 50.00 20576.17 1084.61 2198.75
17 3.00 39429.49 70.00 18441.62 976.28 1982.75
16 5.00 35776.55 100.00 16179.72 874.12 1777.75
15 7.00 33444.40 150.00 13608.42 778.01 1583.75
14 10.00 31054.64 200.00 11784.05 687.86 1400.75
13 20.00 26481.22 250.00 10362.95 603.55 1228.75
12 30.00 23848.65 300.00 9163.96 524.99 1067.75
11 50.00 20576.17 400.00 7185.44 452.06 917.75
10 70.00 18441.62 500.00 5574.44 384.67 778.75
9 100.00 16179.72 600.00 4206.43 322.71 650.75
8 150.00 13608.42 700.00 3012.18 266.07 533.75
7 200.00 11784.05 800.00 1948.99 214.66 427.75
6 250.00 10362.95 850.00 1457.30 168.36 332.75
5 300.00 9163.96 900.00 988.50 127.08 248.75
4 500.00 5574.44 925.00 761.97 90.71 175.75
3 700.00 3012.18 950.00 540.34 59.14 113.75
2 850.00 1457.30 975.00 323.38 32.27 62.75
1 1000.00 110.88 1000.00 110.88 10.00 20.00
SURF P(SURF) PHI/G P(SURF) PHI/G ZS 7S
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ATMFST 1801/01/01 00: 00Z FT= 0:00 zs
,, -
)z
45N
40N
35N
30N
¥
¥
25N N
125E 130E 135E 140E 145 50E
s oo R+ ogag B o 99509 MR Ba0Eg VAL D= 0101 o9 o
(a) GSM (upper: Ef_ UPR1)
ATMFST 1801/01/01 00: 00Z FT=_0: 00 GRI D01 zs
> L
a5 e

40N

35N

30N

25N -

25 30E 35E 140E 145 OE
5 S0 995 bhie C\9E 9 WIE 8 BEig9 T VALI D=0 01 0e: 00

(b) GSM (lower: Ef LWR1)

Figure 4.1 Horizontal grid points and modeled terrain (Japan and its surrounding area)
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GRI D10 zs

SO GYE T 86 WSE O30 08 WIE BRGERS VALY D= 01701 087001

(¢) MSM (Mf_VHRC)

(d) LFM (Lf_VHRB)

Figure 4.1 (Continued) The grid points of Figures (c¢) and (d) are thinning out one-tenth.
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412 [

(1) KER

ACEREGE, HPEE (NuSDaS E#4 : UU) mdb/El (VV) @ 2 i % [m/s] AL THNT 5.

ZHET O T OB T GPV DK EIE, FBUETFHRETFT NV TERSNTVWEKEEBIERD o,y O TH 5, 2K
KUEME GPV OEEIE LL BEERTH D o i EH KD, v g L mdbfisid—8 L Twa 0T, #Hit - mMibE%
Z D% % Table B2 O K& KM 50,

AV /RHSHE SRS GPV OB4. BIMERE N\ = 140°E, ¥R o) = 30°N, oy = 60°N @© LM EfA T
HBDT, TORNRY M (U, V,) %RACHEHE D12 [ X 72 106 - BALE (U, V) 2R L TRl 25,

U cosf  sinf U,
(V) - <— sin 6 cos@) <Vy) (4.5)
7272 URE X [°E] (281 B [AlHLA I,

In cos 1 — In cos g9

9 = ()\ - )\0) ) o= lntan (450 — @1/2) — lntan (450 - 902/2)

~0.716 (4.6)

Th5,

(2) $hER
SATEJE, (NuSDaS B4 : W) 13 [m/s] B CAGBICKHT 5 (SURF i2¥n),
SHRGET GPV OBA, 50 GPV 25 % LR G p HIE) w /5B E 8 % 50 L TR R

W= (4.7)
EREINT B, 72720 p, I IR HOEREETH B,
A / [RHERE S REE GPV O5F4. 55D GPV IZhLERERE % Z D F £KMT 5,
7B, LD GPV OMEHEZIZWITNHBRIHMETH D, B2 ATM G525 1 2 IR E AT O BRE I 8E W _EF 5T
EAEHT B72D12, BILEA I CIIKFE 9 M7 0 K& E NE IR R IR S FAFiBEE 2 %P T 5 (Table O,
ENEFRAT L 22 \WIGE L AKE 9 T B U 723548 OHl % Figure B2 (2R 9, SAEFM L2546, 2 OFHTIIMmIETH
20 % Pk hTw5b,

413 = E

% (NuSDaS #3584 : P) & [hPa] 84T SURF 2 &L 2B IS 5. 7272 Ltd GPV AXEEED GG
iZ. SURF %Pk < #&F D QUEITRFHIZAL U 7200 D TR I Z D AT 5,

EIRKLEHE GPV O%6, SURF ZFR< KKEIZFLERADT, Bl e s, HIHIRZID A KQE 8 O K+
RIRTICFAMEZMMNT 2 (SURF OM ELTIEF|MFL Z & IZHMNT 5),

AV /RHIREERERE GPV 056, D GPV IZhSKEZ T D X XHKMNT 5,

414 [ &

% (NuSDaS %324 : T) 13 [K] ¥41C SURF % &0 2T 5.
SHKEE GPV. A Y/ RMSAESILE GPV OLFhE 50 GPV 253 5% Z 0 £ 24T 2,

K (SURF) (22T, Table B0 OM |- GPV KR % LEH GPV L H UACTHEFICIEI TINS5, &l 2REEOFRIC S
F R B & O IIEKEIZ DWW T B Rk
SAEDORLALORERIT, HCIMOFHETH LA, RETIHHFICHAL R VWIRY EH2ERT U,V REOLTIEAKT 5,
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416 BELRILERE

P (b L —H—) OILIRILELREIE. MU AN T — & TH 2 BOEIRILEGRE (NuSDaS ##4 : EDDYKH) &
ML ED L, SREILEBAREL (HAL : m?/s) &2 KRS T 5 (SURF ¥ m), SRIEILEREBUL. 21 m%
EBUZHE L BRWGE, $THRAEPSDOES 2/ (=2 — 2) KB 2EAKHM~

Kz

I= 1+ k2'/ly
TWHT 5 (Blackadal, [962), 772U EETHNEd 2REHEHIZ. I S5ICHHKREAT. KABERBEBHNORKIESHE
HixEZNZT N lpa, lppL. RRBEAEDOE X % hpg, & LT,

(ks BV ViEH) (4.13)

!/

z

l l —1 1-— "> h

lo = { ra + (IpBL — lpA) €xp ( hPBL) (2 PBL) (4.14)
lpBL (2" < hppL)

T3k 2% (Holtslag and Bovilld, 1993), mAKEAHE#MS L OKRKEAEO G T IZ. RATM TSI TW
lFA =30 m, ZPBL =100 m, hPBL = 1000 m C:?Xhibf\z‘é (Table [EE)O s UT7J<X|ZE‘4\ /f\’f\ /fhiﬂE]ll\ tt/ﬂgif:
FELB T 2V ¥ — (TKE) 26 FROILBET NV BIRIE, ,994) THET 5,

0-FRAEFLASHET BH%
L R 13 2 % (BT3) ROE AKX KTE (PR T, = (U,V) OMES 7 —5 SHE L, Sk
B ERARTRD S (A, Cows, 1979; Lomis e all, T987),

U,

_ 72
K, =1 o F, (R¢) (4.15)
ZIZTF, BRELEEEZRTVF v — KV T
Ri o= .
Re=— (Pr:8iRk77 > FIVE) (4.16)

T
, —
ME—ié;—§ zv;ﬁam&g (4.17)
|00, /92| 0z

DM TH Y, Mellor and Yamada (1974, [982) DL ~)L 2 EFILIC LD 525 (Bl E, B - kH, zoog; FH,
POoR)

1-ARRETIHIOHET B HE
1-AEREFIVTIHREI NS TKE 235 254813, MELBURKZRATRD 5,

K, = CLlVTKE (4.18)

Z TNV EEE.

Cm
== — 4.1
Ch Pr (4.19)
’
c. = 0.1 (2 > hppL) (4.20)
0.2 (ZI < hpBL)

TEHFNA 2B LIZELWE T B LTS T 5,
STHEERE L GPV BILE TSk T, ATM AR CEHET 5 (85 222 11 [T,
L gy 7 SIUEAL 0y 1, (EID) ROBIEE Ty 2T, 6y = T4 /II (I = (p/poo) 74/ P, Rq/Cp = 2/7) Tk 5, 772U poo (= 1000
hPa) FHAELE,
WKL EZIET D72, WAORD D ITRRAL 0, ZHVWTWS, £z, KPROMEY 712 min [0UL /02| = 1x 1072 /s T TV, %
B, BRT T v PVEBITEG N 2B R OFELIRILERE DI 2 kD 5 (19) X2H]),
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W5 (- KA, Po0R),
(1a) A F 72 (ER) KonFThh e T 25508 77 ~ MVEi:, GATM THEAI TV Pr = 1.00

CRGEL TV AT, A SNEBARIE. RATM (Kawai, 2002) & ARIC K, < 50 m?/s © ERfEZEZ T T2
(Table D33), & HIETHE L 72 EILBIRBDH % Figure B3 127,

(a) Zero-eq. model (Mellor-Yamada Level 2) (b) One-eq. model (TKE)

Figure 4.3 Examples of vertical diffusion coefficient [m?/s] by LFM-GPV (The 12th (upper) and 3rd (lower)
atmospheric levels at 00 UTC on 08 from initial time of 16 UTC on 07 October 2016).

U5 —  HO 2B —Y v —E8% (A1, Az, B1, Ba, C1) = (0.92,0.74,16.6,10.1,0.08) — (0.92,0.59, 16.6,10.1,0.08) I2ZH T 5 = iz
ﬂ}ﬁj‘é if_ NHM Ti&, Deardorfl (TU80) I2& 0 Pro! =14 21/ JAzAyAz (Az, Ay, Az : z,y, z FFAOKERE) BAHVWSNATY
, DO08),
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417 thRmE

(1) ket

MEPELL (NuSDaS B34, : SL) 13, MIRMK 2B W T, ZBRATHBRORELZ Lo & U TS ® 2#4 % SURF
A2 R

LIRGEH GPV OE5E. 7D GPV IZHERER 2 WO T, (E2) RAPIEDEHEE 1. TASE 0 O fH % il
ERCR

A/ RMSRE E RS GPV 086, 7D GPV ICHERELY H 2 D TZ D F £/HK/MT 5,

(2) EEHEWES

USRI 12 35\ B 12 35 1 2 22 G001 HE ST (NuSDaS 324 1 ra) 13 [s/m] B6C SURF ICK#IT 2, %2400
SIS, A MR RIS RE LRV A, RGBT O AT Uy (= |Th|) 5 5 HHUE 0 22 1 T ¥ e
LT

1 "—d
Ta = In~ (4.21)
K 20
!/
—d
up = KUy, /ln z (4.22)
20

TR D (Kitada ef all, [986), 7272 UAHUSOMEE 20 & YO WA d 1%, #EFEELAY 0.5 L E O FIZAEA 126
UTC Table EEII # 2@ U, ¥ ECIZVEHEAR (SST) 5K K CHERP 2 A2 ¥ 0 mAAiixa UICEEL T
W5, fEEE SST D44l Tables E12, ET3 223 548, £RKEH GPV, 2V /R EREMEE&E GPV &
ZBEIER DR 5720, BUEFH GPV OYIHIRZI & F U A DOKEHIZDOWT, SO ERSD, F7-
LN FIES IO WL, RATM THE SN T W2 EREEE 7 < 0.3 m/s ® EREZ2#FIFTWS (Table D4),

418 =

(1) EEKE
k& (NuSDaS B#4 : CWCO) 1%, BAARS 72 b OKMH GOKYER (B4 : kg/m?) &2 KKBICHKNT 5,
SERGER CPV 054, Kb ELKYHEER ¢ [keg/kg] HdHnE, ED) RATROEELREE p, [keg/m?] 2 #H
J7=

CWC = paq-. (4.23)

%, EKkE CWC [kg/m?] & LTHNT 5,

A/ RSN E SR E GPV D54, EHZER (2R EKER) DEE pq + py (= pa) ITT BEK, FEX
DERE LWC, IWC OH™ ¢, = LWC/ (pg + pv), ¢ = IWC/ (pa + py) BH 2 DT, EARIZ (B23) R & ARk
FROfE LT,

CWC = LWC + IWC
= (pa+pv) (aw + @)
(qw + ai) (4.24)

_ D
RdTv
ERIT B, 7272 L () ROAWHE 2 K 53 3 R LM R OREHRA (LT2) A2 M7,

1295 EOBIA, 20 = 1.52 x 1074 m (#7K : SST > SST; = 271.35 K), 1.00 x 103 m (#K : SST < SST;) IK&EEL TV 5,
BLRAE X, GPV O F MNP L TWARWw 2 TR,
VRRRDOB A, T gv = py/ (pa + pv) DEHIND,

S 49 -



SEMFAT BT R Y #5845 2021

i

2) B[ - BEBE

ST (NuSDa$ %54 : CTOP) # X ORE&SE (CBASE) B&HA L2125 3 5E FHOEIZ >0 T, ik (%
fir 1 masl) TWFNE SURF 1K 25, T - REEEE, QUE. MIHEE S 72 3EAR, S FROWL R
DHECHET B,

(

JUENSHET 2%
EEB L OEEAEEICHIGT 5 5UE pr,pp ZRE LT, SN EEDOKQEND T p, & VKL R o L FRDHE
EEEREE, S5 EETHOT p KB Roz@mEL2BIHEE L #ET 2™,

B EENSHET 4%
EEB X OEBESE IS T 2HEE RH, RHy, 2% E L T, {2 OMHMMEE WO T RH, [Z&E LU 71
FEOEGE*EBESE, 512 LETHOTRE, L0 TA-AEEL2EEEELEET 2D,

KA SHET 5%
FKEO L M CWC, 235 LT, &l EEOTARIWDHT CWC, &BRIMTROME L TEME, &
51z L2 TG OWC, B FIC o 7= & R L T T 5.

SERGER GPV., AV /RN EESREE GPV &b ICREL SHET 2 HEE2T 74V e LTV, p,pp 72
EDOUZWEIZEHEKTEEL TH D, Table O TRET 5, HMBEEZITEKELOHELZEH - ERSE
Dl % Figure B4 1Z/R7,

419 HfERRKE

FefE gk E (BEKEEE) 1. M (NuSDaS E#4 : SMQR1H) - & (SMQS1H) - #% (SMQG1H) OFEIZH 1T T,
[kg/m?] BATCHMNT 5.

SHEEE GPV 0B, Mtk GPV I fIHIRA» 5 OREEMKR (B4 : kg/m?) 455 0T, AiEF#REL L
DAENEIMD 1 HR B D ICFH LS %, T - He KA, me LTRIT 5 (SMQSIH & SMQGIH I
B E ),

A /SR AR GPV D4, - - BT
A e DS Mo AR T B,

NS

RERIZ RSB (BLAL - kg/m?) B3 5 DT, Hifla] I

4.2 BEBEXIIDENK

ATM OHMMEERZ1T S HEIE, BEFH GPV 3 ib 31, KAKARSRE 1 kot OKE—#R) OHEMKK % E
T35, ZOHMALIZ, Table B3 IZHIRTEERET 7 Ao, [AEFERIICRTT AL 27 MUY ) —0 Ideal iZH 5
ETVa— VT ATM IZ AT 572D NuSDaS #{Epd 5, Table B3 OAMHD EEXEZDMEIE, EEROBHMWIZIG
UCTHERIIRETDHIENTE S,

43 MEHEORKTOT774ILHED

95 D HiX0EE B2 i TR - ER L 7RG D GPV 226, ATM TEHH % b L —H —Dfiitiiic 13 5 E220

BERZWES, XV e LT Table C2 THEYT % largenull % AWT, BIHMEIC/NE 2 AfE (- largenull), ZEHEICKERIEM
(large null) ZMEHHL T3,

WS EH o DHEEHETI, RN RO EDE N R YR EETE T, BH - ZESEIZIFRE—RIzh 5,

VTE S TIED 5 EBAOERGETIR, KEHEORIZHIG S 2 HHEE OB A2 Rk TIHE0H 5,

18 L3k GPV OBHEMEIE 3 % 721% 6 Bl & (Table E),
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A, SE. SRS LUPELAEEE2, GPV ONEREZ 2 ITHERNEL TH AT 5, EBOREMNEDGEIX, 6
DA T & FARIC . AR 28T 2 IRTZEREINER U T S BB IRZNIC RN S 5, ZORE T 0 7 7 A4 Vi,
BAIZRERTTALZ )Y Y —DPoint IZHBEVa— WO MRETIDIZRT 74—~y b CTFFA ML
N3, MSM QW% 5 2 5 A VR (MA) © GPV RS LKA TR 7 74 VOHl% Figure B3 125K,
KLE&TB 7 740k, WIHME (ERE) 2ERT 220D ANETH 25, ATM RMKITIEEZA T LW,

44 FEBT—Y

B ETAIH [2] T R7z & 512, GPV FiLHL TG FARRITZ K 5 & SIThiE N T A —& ([ ECD), K2k
oA (B ET2) X0 SST D&l (% ET3) O&REHNA TV T 22 ANT 5,

ATM ARIZEFEA ST E10 7V T =&, A[ET—XDHAT NuSDaS (& N2 EHERDSNDOEHT — X1
2\,

e 2 10 24 32 &5 de so cacne MMM

(a) Cloud base (RH) (b) Cloud base (CWC) (d) JMA composit radar (R/A)

Figure 4.4 Examples of cloud top and base [km asl] by LFM-GPV (00 UTC on 08 from initial time of 16
UTC on 07 October 2016). Thresholds of (a) relative humidity RHy = 60 %, RHy = 80 % and
(b) cloud water content CWC; is zero, respectively. In the case of estimation by atmospheric
pressure (p; = 100 hPa, p, = 700 hPa), the cloud top is 16.14-17.31 km asl and the cloud base is
2.79-3.48 km asl. Observation times of (c) meteorological satellites image and (d) weather radar

analysis, shown as a reference, are the same valid time of GPV.
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Table 4.3 Setting example of ideal GPV

alt temp pres dens u \4 w vdf cwc ctop cbase rain snow  grpl
0.0 288.150 1013.25 1.2250 0.0d+0 0.0d+0 0.0d+0 0.0d+0 1.0d-3 1.0d+4 1.0d+3 0.0d+0 0.0d+0 0.0d+0

50.0 287.825 1007.2 1.2191 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.04-3
500.0 284.900 954.61 1.1673 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
1000.0 281.651 898.76 1.1117 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
1500.0 278.402 845.59 1.0581 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
2000.0 275.154 795.01 1.0066 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.04-3
2500.0 271.906 746.91 9.5695d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
3000.0 268.659 701.21 9.0925d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
3500.0 265.413 657.80 8.6340d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
4000.0 262.166 616.60 8.1935d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
4500.0 258.921 577.52 7.7704d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
5000.0 255.676 540.48 7.3643d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
5500.0 252.431 505.39 6.9747d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
6000.0 249.187 472.17 6.6011d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
6500.0 245.943 440.75 6.2431d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
7000.0 242.700 411.05 5.9002d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
7500.0 239.457 382.99 5.5719d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
8000.0 236.215 356.51 5.2579d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
8500.0 232.974 331.54 4.9576d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
9000.0 229.733 308.00 4.6706d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
9500.0 226.492 285.84 4.3966d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
10000.0 223.252 264.99 4.1351d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
10500.0 220.013 245.40 3.8857d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
11000.0 216.774 226.99 3.6480d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
12000.0 216.650 193.99 3.1194d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
13000.0 216.650 165.79 2.6660d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
14000.0 216.650 141.70 2.2786d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
15000.0 216.650 121.11 1.9476d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
16000.0 216.650 103.52 1.6647d-1 1.0d+1 0.0d4+0 0.0d+0 0.0d4+0 1.04-3
17000.0 216.650  88.497 1.4230d4-1 1.0d+1 0.0d4+0 0.0d+0 0.0d+0 1.04-3
18000.0 216.650 75.652 1.2165d-1 1.0d+1 0.0d4+0 0.0d+0 0.0d+0 1.0d-3
19000.0 216.650 64.674 1.0400d-1 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
20000.0 216.650 55.293 8.8910d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
21000.0 217.581  47.289 7.57156d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
22000.0 218.574  40.475 6.4510d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
23000.0 219.597  34.668 5.5006d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
24000.0 220.560 29.717 4.6938d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
25000.0 221.552  25.492 4.0084d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
26000.0 222.544  21.883 3.4257d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
27000.0 223.536  18.799 2.9298d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
28000.0 224.527 16.161 2.5076d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
29000.0 225.518  13.904 2.1478d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
30000.0 226.509  11.970 1.8410d4-2 1.0d+1 0.0d4+0 0.0d4+0 0.0d4+0 1.04-3
31000.0 227.500 10.312 1.5792d-2 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
32000.0 228.490 8.8906 1.3555d-2 1.0d+1 0.0d4+0 0.0d+0 0.0d+0 1.04-3
34000.0 233.743 6.6341 9.8874d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
36000.0 239.282 4.9852 7.2579d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
38000.0 244.818 3.7713 5.3666d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
40000.0 250.350 2.8714 3.9957d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
42000.0 255.878 2.1996 2.9948d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
44000.0 261.403 1.6949 2.2589d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
46000.0 266.925 1.3134 1.7142d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
48000.0 270.650 1.0229 1.3167d4-3 1.0d+1 0.0d4+0 0.0d+0 0.0d+0 1.04-3
50000.0 270.650 7.9779d-1 1.0269d-3 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
55000.0 260.771 4.2625d-1 5.6810d-4 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
60000.0 247.021 2.1958d-1 3.0968d-4 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
65000.0 233.292 1.0929d-1 1.6321d-4 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
70000.0 219.585 5.2209d-2 8.2829d-5 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
75000.0 208.399 2.3881d-2 3.9921d-5 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
80000.0 198.639 1.0524d-2 1.8458d4-5 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3
85000.0 188.893 4.4568d-3 8.2196d-6 1.0d+1 0.0d+0 0.0d+0 0.0d+0 1.0d-3

alt: Plane altitude [m asl], temp: Air temperature [K], pres: Air pressure [hPa], dens: Air density [kg/m3], u: Eastward wind
speed [m/s], v: Northward wind speed [m/s], w: Vertical wind speed [m/s], vdf: Vertical diffusion coefficient [m?/s], cwc: Cloud
water content [kg/m3], ctop: Cloud top [m asl], cbase: Cloud base [m asl], rain: Precipitation intensity (rain) [mm/h], snow:
Precipitation intensity (snow) [mm/h], grpl: Precipitation intensity (graupel) [mm/h]. In this example, temp, pres and dens are

given by standard atmosphere (NOAA et all, T978H).
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Figure 4.5 Example of vertical profiles of atmosphere above emission point (mean profiles with 1 ¢ form 1 km

to 21 km asl). Input GPVs are three-hourly MA (initial of MSM) during May, August, November
2019 and February 2020. Emission point is set at Asosan (Table B3) as an example. (a) Wind
speed, (b) air pressure, (c¢) temperature and (d) density are derived by Sections BT 2-BTH. (e)
Kinematic viscosity and (f) mean free path of air are calculated by Equation (Z19) divided by air

density and Equation (2220), respectively.
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BOE MR L

AETIE, ATMIZ &2 FHIZDOWTHREES %, fle LT, BEDHT VAA OFEHRNEIZH 5 KILKED FHIZE
LT, 2 HTRIKTIMOERNEICD 58 T KW 2bb Bk - O FRICE U THREEYT 5.

51 KIUKEDFRICE T KRG

ATM OEBRHDEAKFI D — D% VAA KB 2 KIWKEDO FRIFHRTH 5, VAA OFEREIT> TV DHH
VAAC Tld, 2020 £ERKZHRIZEHTOET LV TH D GATM 5. ATM IZEHZ2 FELTWS, TI TAHT
E. ETFVEICES PHEMEOZL A2 BT 3 -OICE T VO E RIE421T 5, 727U, VAA TlEAZ T D
KUK GRHEKLIK) HHZEREOENIC G 2 2508 % TR RELTWA I eh s, K - BEEIXKIKEIZR LT
LTiioh,

ATM & GATM THEEL TV AYHBRIIFA U TH D, EEPERBHRICKREHET L L3N TR A
ATA2RGGEECEDOEMERALZ-H, ATM & GATM OFHNZIF K EREWIZWZ 23/ I N5, LRI
REBRBEWNZASNRD 5720, FPHRELTOTNREVAERSI N B3, B2 H), Z0&EWNE, ATM &
GATM T RKGOWNFHENRRR D Z BN TEEEZ 6N, ThbE, ATM 054, &b —Y—Dfi#E
DREGFERET VO ROME NV —F — DR EICHFF L 2RSS —FH T, GATM Tlk, E7L10
BILELCR&S & GATM HOM T AU HIFZ L., ZORMI N T ROME L —H —OMEIZE S5 IZHAIT 5,
DF 0, K&EE ML=V —OMNEICEMNFET S EHIE. ATM & 1B, GATM 26, WS EWHEH S, NiF
B DEAA D D, DF D ZEHMNRBEZ LD BI/EMRH 5720 . GATM I THFDRIE A D00 ATM
(& 2RI 2R E R ME S TN EL D A Z NP TV E W REA D B,

AHTRTEIHIZ, METLOFHIE, KEEOWO NI LB EBLNEETOEVNHFRELIZASNIZED
D, FOENMINE L, KLUKED FHIK (Figures BEI~bER) Tk, FELALRBHBTERVEETH -7, ZDI L
25, GATM 725 ATM ANDE FIVEHIZMES FHIREOZLIXIF L A ER WYl U7z, AR Tk, MEED ik
ERERIZDOWTHIET 5,

511 NWHRET BHEH

ATM & GATM DR & MFEIZH 20, IEFEDOEKFEH & U T TOEHF 2 U7z (Table B), Z28. Wit
Tk, EFVOMERY 3HMI L OFHREIC L DEEMNT (SARDHETEZI 22 U7z, 72770, TableBEI D& B
. FHRMD S b FHEMFLAD2DIE—E (RO O H) THD77-D, WMEEH FIWMEMT D H BHRZNZH L TDOMA
X?Of:o

IVAA #35Ti, BADOTEEMED S WERO KNI DWT, BRANRE K EEE L ZBKO PRlR Y6175 Twd, BIKPRIOKEEZ DWW TIRR
fiii % 2,

ZNEEIERIE n BEE TS N B,

39 VAAC Tl BEEBAOKILKEEZEHRLTE D, ARl RG22 2 AW TKIKZEOBEEPEEE ML THRLTWD, UFT
X, % OENTHER 2 TIRERT & P8,
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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

512 EtHEDERE

HIHHEDORE IZET VDO FHKEIZRESFET S, Lizh> T, BROEF VO FHlZ IS 5 720121%, T
B [ECEME (0 KKK FDNAE) 25 Z AL E LW, EFILVOHEBOBEIZ, %2 GIHME % F
T22, ETNVOEVZOPYMEOENZOPHEHAH LN, £Z T, ATM & GATM THWA#HEIZ, &%
WWHE VAAC PBHETHHALTWA Y AT LATEREINZHDEHWSEZ e LY —J, EFAVDREIZDNVT

i, GATM IZ&DHE T ATM OEFAAS v F %

1 v F 72 ¥ % Table B2 23R T,

Table 5.2 Settings of the JMA-ATM experiments

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 BI~bR IZmY, £F & UTTFREMRT (SA) HRIZEDTWS,

BEDPSHSENRE ST, WITNOEFIZEWTH 2 O0DEFIVBTHYE 5 ZEWNIASNT, ZORD ST
DOEALIZIFE ALHERTE RV, 72770, M RE b ThREVLEASNS, FlZIE, Casel IZBWTIE, db~
Dk DA ATM O S50 F 225 < 18 D F#Ml (FT=18) TiX, T< LT TIEH 55 GATM (ZHA
28 ATM OFHIT 2 KINKEIZEVIEETH D, ZDL D% ATM O FHIT 2 KIKED /D GATM (2R TIE
WP TH BMEAIZ. ZOEFIES TMHMOERTEALNEZD, THLREMTIKIFLACHRTERWEETH S,

4B VAAC TIRFIREMITICE N5 BIHEE & 40 S WIHEE ER LT3,
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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 AETROIZE TN O T & FHE M O KILIKEIZ DWW THULMLE OB % Figure B9 127539, FHHIC
Lo Tk, ATM & GATM THTDEVWDAALNSE D, BBULREMKOHEIE 2> TH 0, BHERFMEDEWITA
S, UL, ElUAEESIL, KEGOWFHEAEDEVWH D Z720, FTHRIPAMPEBLIZRZIZONTHOT Ak
HEWRALNDE, ZOEWNIHDTHTH D, Figure B 5 51E ATM & GATM O X5 53 EWFHITH % 90
NRETH D, T T, FPWEMHOKKEDHFLIE L T T IV O TR KILKED dUIMEE O B % P8I 2
ciz7my bU7z (Figure EI0), ZOMERZ L, WTINOHEFIIBNVTH, FHRPFE (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 Tz, —J5. FWERNT O KK EOHRIZ, #idR O FOMLIE & FRIZE Y T vz AWTEHEL 78,

FR U7 HETRDZHETNO TR E FTREMFTOKILKEOHMEZ 3R I iI27my L7 D% Figure
BTN IZRT . FHIZ L > TRIZIZERZEDD, FHEVLIZE T GATM IZHART ATM O 535 WH#EFEIZ KK
ExPHUTREANAS NS, WETNVOMEBE (GATM 233 % ATM OER) (Figure 512) %5 FH#iE YT
(& 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. BUAEROFHIN (Figures BI~BER) 7
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)

5.2 BTARYOFAICET HIREE

SET BT 2BIMBMET VOEBFHADDS 5 —212, HE LD HTENBEIKFHIZE T 20 N K, $0b
BLEETKILIK (BEK) & EOMEEZ RIS NTRL/NS RIEAS (BB oTllAH 5, Aficik, ATM GHRIZ X
B R R L AR D TR OWT, FIHE, AJiEs O ATM G DBEDEWIZ L B MEEZT D,

ATM i, FEAHTHRARZ L DI, GATM & & HIZ RATM THEE LU TV YHLEREERE L TWE, ThET
GATM THEATUTE KUK EDO FHIZBIL T, HIHET VO FHFEIZ K E B W20 Z & IIFTHI CHMEE L 72,
RATM THEATUTERIK - BEEO FHICEI L TR, 3 B2 BIZ¥IT 5 — 5 DWW T, 3 623 JH T HIEBMRGE
ERGE

52.1 NWHRET BHEH

BRI - BERET I DMREEIL, 2015 FEDOF L WIRIKFHOEHAMGE. & EBICRERKAEIH X 7z 2016 4 10 A 8
I B 5% 1L B P K D =g ([ - ATH, 2007, Ishiief_all, 2008; Safo_efall, POIR) %2055 & 35, MELIZHWZRE
K- BB, SRT O ERSBIHL, BMEEAEE (JIMA-MOT) 2 X 28{HiFEES L OCHEBGEAEOMRER (FBIX
HY 73 (N, BERXKEOBUH - 20 Higt, BEEEOBIH - 9 Mif), B L 52 Huf) ZMAL .

522 EIHEODERE

TR DIETIE, WHMED ESP OE\WZ &5 RATM & DR, ASEOEMEYH GPV 8 L' ATM D E R+
BOENIDOWTHEET 5, MALIZH 72 01T o L EHEEFTE DR EIZ DWW T, Suzuki (T983) ([ZED < HIHME DR E %
Table B3 (2, ATM FHAOILEEE % Table 54 (p. @) IZF & DD,

o5 623 1H [2] % MR <MGEEIC B W THIEIZ IV Table 523 OB &1L, KRV — X — (Safo et all, ROIR) B
F UGG R (Ishiiefall, 200IR) 12 X 2 f#ii %2 5512, BEEE 220X 72 RATM THIORKBIHIOH b /73
VT3 2 FREEN S b I WA a7 (B2 EH[T) 2WMo7-EE2RE Lz, B RRIZ, Bl =&
kiR 2 2512, (B3) A THET 2R H R B E (E& M0, 2or) C X2 E e AT 5 &5 ITiE

SRRl TR GH) 1id, BeRER a1 TR, BARAE D > 10 mm OB T KILBOAHHRRIRE T3 (KR, 201d),
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U7z,

MK - BT Z T 258D ATM DX A LATY 7 Atld, Vo7 - 7y ZETHIKTER GERBIE S 0™E A 1
5 —iED 60 B (FERE) 2wU 180 (IEK)) KV EL»DOR—ZAZX A LBETRE 10 0T OH N2 EX 556
(Figure B2), EREL L LT, At = 200,300,600 2317 51505, R HE LU 72 B3 (Figure 210 (¢)) »*
SV - 7y RIED At = 300 WA EIEA 1 7 —ED 60 L D EEIMETT 22 2056, At = 200 BIZHHE L7z,

BEBKES X ORKERED M OBEEN REZIE, WL 7 H 16 UTC (8 H 01 ) @ LFM O 9 RifH %%
fES % i/ RATM OFFHRICEDE, 2MH 03 I 15 SRR I Nz BIK T GE) O FH& 7% &AL 8 H 08
RET& L7

Table 5.3 Settings of the eruption source parameter based on Suzuki (IU83)

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 (B33)
Grain-size distribution | Log-normal with D,, = 0.25 mm, op = 1.0 | Equation (B2)
Cutoff size Dax = 96 mm, D, = 0.65 pm
Particle density Pmax = 1000 kg/m3, ppin = 2400 kg/m? Equation (B132)
Release constant 8 =0.017 Equation (8147)

523 FRIFERDMREE : FHMEDLHLE

HIgME e LT, 28 B i Tl R 72 Suzuki (T983) O ESP &, BEIK OBUIE % Wififhr U 72 [shil (201R) O iR % F
WZIBEIZDWT, RATM & ATM O PSR % g - #MEEd 5,

(1) Suzuki (1983) DO#HEAE
BERIRE

PIAfEIZ Snzuki (T983) @O ESP 2 AW72540 ATM & RATM (2 & 2 FERKED FHIE L 2 D#%45 % Figure
BEI3 2R T, BHICRUZBEKDOBD D (o) /7L (o) OBIMPIAIZL T, ATM D&M A T#EM X RATM &
BBCREL (63) ADORBEULRIFEUC, #pE - Z2Ro%E - N 72237 - Ay bRa7 (EEZAH[I) 2
) Ebdhictk®) Th b Z &iE, Figure B4 (a) (28 L7z POD-SR X1 727 5 4 (Raebber, 2009) 75 R
x5, EREICIE, FHIE - RMSE ¥ 5 IC80EL TWA 2 (Figure B3 (b)), = huld ATM AT i < A1
EDOARMEFEIEIZRRNT 5 Z & % [2)] THERAT 5, 4. Figure B3 (c) 124 532 4340 E #1293 70 2 B O IR I 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 2B W T, HERMEE GPV @ 10 R FH®ENH 1 S T\w3 (Table E),
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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
(T983), 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 5.14 Verification diagrams of Figure b3
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Figure 5.15 Same calculations as in Figure 513, 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 b3, 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 [shii
(201R), 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 BI3. Right figures show enlarged near volcano

of the left ones.
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Figure 5.18 Verification diagrams of Figure 54
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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
(r983), 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 B3,
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Figure 5.20 Verification diagrams of Figure BT (Lf is the same as ATM of Figure 514)
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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
(r9%83), 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 513.
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Figure 6.1 Homepage of Redmine: JMA-ATM (as of October 2020)
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Figure 6.2 Ticket list of Redmine: JMA-ATM (as of October 2020)
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Figure 6.3 SVN’s repository of Redmine: JMA-ATM (as of October 2020)
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Figure 6.4 Example of particle data plotted by AVS/Express. Same case of volcanic ash fall prediction shown

in Figure B13 (a). Color shade indicates common logarithmic grain size log D [mm)].
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Figure 6.5 Example of PANDAH plot. Same case as in Figure B4, i.e. Figures (a) and (f) are same as in

Figures B3 (a) and B3 (a), respectively, but plot area is widened.
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Figure 6.5 (Continued)
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Table 6.1 2 x 2 contingency table. FO, FX, XO and XX indicate the number of occurrences in each category,
respectively, and N = FO + FX 4+ XO + XX is the total number of events.

Observations
Predictions Total
Yes No
FO FX FO + FX
Yes
(Hit) (False alarm)
N X0 XX X0 + XX
0
(Miss) (Correct rejection)
Total FO + XO FX + XX N

(1) =37
BB BWT, B0 D /B UICHT B FMOB D /7LD 4 48 (Table E1) 75 AT 5.,

HR IZ LITEWEEE P LT WS,

iRV K
FX
= — < < .
FAR = :5—rx (0 < FARK1) (6.4)

FAR ZE¥ 0T W ME E IR 0 D30,

R¥LE

XO
FO + XO
MR F¥BIZEWIE Y Hk U2,

MR = (0K MR < 1) (6.5)

NATRAAT

_ FO+FX
FO + XO

Bl X 1 ITEWIEENA T ADINE N,

BI (BI > 0) (6.6)

Abvy b7
_ FO

FO + FX + XO
TS (& L ITEWIEEREEDR LW,

TS (0<TS<1) (6.7)

fRE

FO

POD =570 =

1-MR (0<POD<KI) (6.8)

SHitlhx =1 — FAR € [0,1]. #iiiz y = POD € [0,1] iKHl>722'57, 2D &, Bl=y/z, TS= (1/z+1/y—1)"! &&d=H,
DYZ7 ETNATAZ7 OFERIFER (Bl =1 13MEE 1 0K, ALy b 237 OEFEUIE A MR (TS = 1I13%EE (1,1) ox
J&) TERINS, POD,FAR, B, TS® 4 2372 F O THRATDZI LN TE, ERAATHIWVIFEET I 70D (1,1) 1TE8DL, ARG,
Figures 614 (a), BI8 (a), B20 (a) and 622 (a) 25,
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(2) Fi98E - THRTIHY-FRE (RMSE)
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ANEHEKR 1 HIRREDOBRENH D Z s, B3) RLAREDOBREN DD LEZSND, KT, AN HLHY 72255\ I
(weak plume) DBEIXBEDPHEEICRD R TVWI LITFERETRETH S, MEAROFTHVIEMDEZ AL 2 Hi@EDITR s
ATAEME S Bl (20001) 12 & DS WT 5, & /- Waads (T993) % Nastm (Z007) 2 &g, i o7 < Al
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e THR 2HVWTHREEEZ R A7z, TKILWKEOHER] % TKIWKEDK] OFME L2000, HELPHEUZRS XX
WRHIE IR ST, ZORHERU THRIEZTI ZENEE LWL, 72, FllENZKNKEOHREZHET 28O
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gz, MEEICE T 2L (BB EZ01E) O e LT, ATM o IfEE & pAaMEm4 (K-, poisa) %
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WEZN EIE 272000 - ARSI TW L, ATM OFGOBEEZ L DAZELELET LVHRE LD
IZHETEINEHDTH 5,

B E

JMA-ATM ORI F#E & O VAA BB 1T 2 BZEMITER L TR QG077 HUE KL KO LR O i BUE R &
flifEz XU, h BRHEEE, KIBAMBIKFHRAER, SHEAREMEE, ol VAAC OJIIOHERHEEE, AAK
PHE, ISR KL PGER R R, (A RERAT M E, EE PERCE . MUK LB - B O TR
RO EE R, MEE SRR, BRI ERMEME, PER AR, WELIE, IR HE
EHEMRDOIM NN EEIZPEROB TR o TE Y £, BUE FHRADOBFRE. KEWILHT DK P A EAH5E
HBEB LUOREZBEDERE— KA 6D JHER - THIEICLD, AMBUEINE LA, ZIITEHNAELET,
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FEkA 70O7ZLDT4L7 MK

ATM 782755074 L7 IR (T4 L2 hUY Y —) 20T, GPV Z#ET0EZ 5 12 ESP 8 & O
ATM GHEARKIZBIE S 5 85 2 IRHIZR T, Atm & SVN (Figure B33) @ trunk O FIZEPNTWS, &7« L2
kU #13 Table B0 O3 FFREHIHE > T W2,

TALUMNIEDODER

Table A.1

Classification of directory of the JMA-ATM

Class

‘ Character limit ‘

Example

Remarks

Shell script: Sh/Primary/Secondary/ Name

Primary 8 Tf, Tp, etc. Job group name
Secondary 8 Comm, Post
Name 8 FcAtm.sh, PreGpvMf_vhrc.sh, etc.

Source code:

Module/Primary/Src/Secondary/ Tertiary/ Quaternary/ Name

Primary 16 Atm

Secondary 16 Atm, Products, Tools, etc.

Tertiary 16 Comm, Fcst, Ini, Misc, Pre, etc. (Optional)
Quaternary 32 Esp, Gpv, Point, etc. (Optional)
Name 64 variable.f90, main_atm.f90, etc.

Load module: Module/Primary/[Exe|Mk] /Secondary/ Tertiary/ Name

Primary 16 Atm

Secondary 16 Atm, Products, Tools, etc.

Tertiary 16 Comm, Post (Optional)
Name 64 atm.imxx, atm.imxx.mk, etc.

Constant: Const/Primary/Secondary/ Tertiary/ Name

Primary 16 Atm

Secondary 16 Atm, Nusdef, Tools, etc.

Tertiary 16 Comm, Tf, Tp, etc. (Optional)
Name 128 setting template.conf, sst.dat, typ.dat,

veg.dat, fcst_atm.def, etc.

Variable data: Data/Primary/YYYYmmddHHMM/ Secondary/ Tertiary/ Name

Primary 16 Tf, Tp, etc. Job group name
Secondary 16 Fcst, Ini, Monit, Parm, Post, Pre, Succ, etc. (Optional)
Tertiary 16 Mf.Latest, Tp.Latest, Mpilog.txd, etc. (Optional)
Name 99 ini_particle.dat, fcst_particle.dat

YYYYmmddHHMM is base time (Tp) or start time (Tf).
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FA4LYNYY Y —
Atm/
|-— Const/ EHBHET 71V

- Atm/ ATM E# 7 71 VEE
|-- Atm/ GPV §is, ATM EDO X —2L41) 2 b (OR1), HEKRK, €8T —
|-- Nusdef/ ATM AJH GPV. ATM 1@ NuSDaS E#&E 7 7 1 )V
|-- Tdvar/  (FMLESH)
|-- Tools/ Wk - MGEDFKE T 7 1 L
“-—- Vafs/ VAFS Bi#EDERET 71 )V

N
X

- Doc/ KFFaA2b

| -- README
“—- Tec_rep_mri/ (AH)

- Jcl_script/ JCL 774N (B47¥ VA2 ) 7~ DHERIE)

|-- Jcl_auto/ IN—F VETH
“—— Jcl_class/ XIEEHUZEATH

- Jobs/ VaTHEAAZY T

|-- Pbs/ PBS 771 (NAPS )
“-= Pjm/ PIM 771N (KEWHERA—N"—a v a—XH)

- Module/ YV —AI—KNEET 71

“—— Atm/ ATM 78727 L8
|-- Exe/ H—RFREYa—J
|-- Mk/ AA 2774
|-— Pbf/ PBF 774 (A1 2774 NVDHERET)
*—- Src¢/ V—Aa—FR
|-— Atm/ BHIEET VDAL Vv ELOY T
| |-- Comm/ HEEY a—)b (. ZH. NIA—XZAA1vF,| I/O BEfRRE)
|-- Fcst/ ETFIAIK
|-- Ini/ fIHE
| |—— Comb/ ([A{b&EEH)
| -- Esp/ HGIEET IV
|-— Misc/ ZOfth (WEEsi, EEAH, RN, L8k Y)
|-- Mpi/ WMiFIGHEBREE
|-- Pre/  HUALE
| |-- Gpv/ FEF#H GPV £
| |-— Ef_lwrl/ 2KFHR (KUEm (REE RE)) GPV £#
|-- Ideal/ MAHSEERA GPV &%
|-- Lf_mlvb/ BHFH (asuca EFIVE) GPV £
|-- Ma_mlva/ A Vf#EHr (NHM € FIIVHE) GPV £
|-- Ma_mlvb/ XA Vf#E#Hr (asuca TIVE) GPV £#
|—— Mf_mlva/ AV /FEF#H (NHM €7 )VEH) GPV £
- Mf_vhrc/ XV /R TR GREEMREE) GPV £#
- P01nt/ B RO R& T 7 71 VA
“-- Process/ J% - YBLdfE
- Products/ NV—F v - JuXxs +AH
|-- Comm/ HBEYa2—)L (EH)
|-- Vaa/ VAA
T—— Vaff/ PEIKTREE
- Tdvar/ ([F{bREE:E)
“—-— Tools/ Y —VHH
|-- Comm/ IEEY -V (EH)
|-- Monit/ w4k
“—-— Verif/ #RGEF

- Setup/ FETEEE (x—LVAMKE, Yz IVER IR RE)

|-- MRI/ RSB A—N—a v ¥ a— &R
|-- NAPS10/ NAPS H

*—- PC/ A FIFHEREH (BCP ST

Sh/ FETV VA2V T H
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T B FREORN

GPV HiLE & ATM RO 70 —F ¥ — b & XA L3 b= IZDOWTERT 5,

Bl 7O0—F+—Vh

Figure B iZ GPV FilEE & ATM §tEO&K Y a 770 —7 (JG) ©Y a7 7u—%,-3, ZI7TTp ik GPV i
JLEE, TE X ATM Gt JG £ 2K T,

Tp Tf

START

Const/

Succ/[E|M|L]f.Latest/ Succ/Tp.Latest/

pre_gpv.nus

Succ/Ta.lLatest/

Figure B.1 Job flows of the Transport pre (Tp) and forecast (Tf). Each square box shows a job. setting.conf
is configuration file of NAMELIST, *.dat are constant data, fcst_*.nus are original GPVs and
pre_gpv.nus is transformed GPV for ATM. IniComb is an optional job when using an analysis by

the data assimilation (Ta).

oad/ IR T NEDEMKk

Ef EHOERIENT D 5 DT
Fc FHIT B

Ini HIHAME

Lf ISpiR

Mf AV T

Mk TuXxo hEERT S
Monit T AXNEERT S
Pre AL

Verif MEES %

1Z 1 Z N Transport pre, Transport forecast DR, 7272 UBUE TV —F L IZE BRI N4 TR,
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A4 TATS LDFEDRN

Va7 FATM TEFIND ATM OET T I L (A v Tur7h) OFFEOBELTORNE, YV —2Aa—F
DERY TN —F VOIFH UIZ > TrRS, WD ZBAS 28 OHIRL OREEZ BT 5720, ATM DR
i) write_tracer & T HiJ) write_atm_grid IXHFEE D)V — 7 timeloop D HETIT> TV 5,

program main_atm

call mpi_ini !! MPI ##i{k

SEMFAT BT R Y #5845 2021

call read_namelist_pre !! *—ZAY AL (GPV §ifL# : NAMELIST PRE) #tiAA
call read_namelist_anl !! *—AV X+ (Ffb#EE A : NAMELIST_ANL) A&

call read_namelist
call check_namelist

call set_tracer_ini

call mpi_particle_num_set
call timeset_gpv_ini

call set_stage_ini

call emission_stage_allocate
call read_gpv_ini

call timeset_atm_ini

call read_atm_grid_def

call atm_grid_allocate

call read_namelist_atm_layer
call set_atm_grid_ini

call gpv_allocate

call tracer_allocate

call random_ini

1oR—
R

LY AN (ATM % : NAMELIST) #tid &
LU A DR

AN L — Y — 8 E3E

1t MPI #

1 REZI A — N (GE¥EREH] : TIMECARD) FoA M

1R AT — VBERE

VL R B S O BB AF

't NuSDaS (GPV AJ) ¥R D FiA H

VY BEZI — K (BHEBHIAES4] : TIMECARD_RUN) 3%5A A&
11 NuSDaS (ATM i) #& T1EHmDFeA A

CATM H (B BEH OB EIAT

1 2 —AVU AN (ATM & (W& E) : NAMELIST) #tiA A
1ATM ) (R&T) D EEFREEERE

1Y GPV AR5 OB EIAF 1

1 =Y — 5 OB EIA

VL ELERIAE

1|

call read_gpv_const !! GPV (FH) AN

call read_initial_tracer !! b L —H —HIHIMHE A A

call write_

tracer_ini 1 ATM 1 Chi (~Ny X))

call wrk_tracer_allocate
call index_tracer_allocate
call gpv_tracer_allocate
call diffusion_allocate
call set_local_timestep_ini
call increment_allocate
call set_local_timestep_coef !! WflfEs (FiBhigs) &%

timeloop: do
call monit_timestep !! X1 ALAAT Y TDE=X

call drive_atm
call set_exit_flag

'Y b b= — (FEEAR) BS O BEIAF
b b—=9— (R A OBEILT
' b —4%— (GPV ) BLHI DENEIR 1Y
' REGERE AT

VrRREIRE S (BERERD B

Uy IR 2D il 81 D BN AT 1

1 ATM RERERE 23
( n_flag_timing finish ) !! FEHH& T DWW

call set_input_flag ( n_flag timing_input ) !! GPV AJID¥|kr
call set_output_flag( n_flag timing_output ) !! ATM 1D ¥k

call drive_atm_prepost !! ATM Hif&MLIH

call
call
call
call
call
call
call

set_timestep
activate_tracer
find_tracer_gpv_ij
intp_zs_tracer
judge_fallout

1 XA LAT Y THRE

1ML —H—D TS5 FHE (GHERE)

1 ML= —AED GPV DKM 7T 5 HEHE
1R =Y —HiE O FIOVEE S A
VORI DR R EIE

adjust_position_tracer !! ML —¥—{iEOHFHE BIEL - PEY)

find_tracer_atm_ij

=Y —fED ATM ) (F&F) DA TS5 HEE
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call tracer2grid LCATM #0 (R7) EOFH

call set_final_flag NN —Y—07 I 7EE GHEKT)
if ( n_flag timing_output == m_flag_is_timing ) then

call write_tracer !! ATM 51 Chi¥)

call write_atm_grid !! ATM 5 (#&F)
end if

if ( n_flag timing finish == m_flag is_timing ) exit timeloop !! BT
if ( n_flag timing_input == m_flag_is_timing ) then
call read_gpv !! GPV AJ

end if

call drive_atm_pre !! ATM FijLHf

call find_tracer_gpv_k L =Y —fIED GPV OERK T F SR
call set_interpolation_time !! GPV DNFRHIFEE
call intp_gpv_tracer 't GPV @ b L —H% — LA D K22 N

call drive_atm_run !! ATM FFREAKL
call calc_tendency_long !! ¥BiEfE : RREZMEOFHE (RWXALZATY T)

call proc_decay 1 R

call proc_washout VUMM (SRR )

call proc_rainout Ve RS (EATEED

call proc_deposition_dry AR

call proc_diffusion_horizontal !! ZKEHLEK

call proc_diffusion_vertical !! ShiEHLEX

call sum_tendency_long REZ RO BT (RWEALAATY )

local_timeloop: do n_timeloop_stage = 1, n_timeloop_stage_max
if ( n_timeloop_stage >= 2 ) then
call drive_atm_pre_local !'! ATM il (WX A LAT v )

call time_integral 1 RS

call find_tracer_gpv_ij !! bl —HY—fiBED GPV OKVHEFFSHR

call find_tracer_gpv_k 1R =Y —fiED GPV OHERK T HSHER

call intp_gpv_tracer_part !! GPV @ b L —HY — (@B DKRZER-INGF (—5)
end if

call calc_tendency !! Ji7#itfE : RHIZ/LEOFHAE (KWX A LXT v )
call proc_advection_horizontal !! KER i

call proc_advection_vertical L SRER R
call proc_fallout_gravity 1 EAET
call sum_tendency_part HOREZERO R B W R A LARAT Y )

end do local_timeloop
call sum_tendency !! KfIZ{LRDE LI (&)

call drive_atm_post !! ATM #MLHL
call time_integral !! Mifif&%

call timeset_next L REE R[] D BT
call timestamp_tracer !! b L —H¥ — DRI

end do timeloop

call increment_deallocate V1 REFEIRE A0 BE B D B U iR R
call diffusion_deallocate UV EECEFE LS D B 1 R R
call gpv_tracer_deallocate e b —Y%— (GPV ) BFDEIN T fiEER
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call index_tracer_deallocate
call wrk_tracer_deallocate
call tracer_deallocate

call gpv_deallocate

call atm_grid_deallocate

call emission_stage_deallocate

call mpi_final !! MPI 2LEE

stop
end program main_atm

SEMFAT BT R Y #5845 2021

1ML —Y— (BFEH) B OB iR
1ML =Y — (FEEZER) BLSO B iR
1 L= — R H O E S )RR

1Y GPV AJIHECH O EIAS 1 AR

1ATM o (&) Bls SR RER
V0RO IR S o EAE L B

- 88 -



SEMFAT BT R Y #5845 2021

B2 #4433 bO—)L

FEHHKS [UTC] RAR—ARKY T 1 7EErNAE ATM St HOKZ H — R ik, GPV i o
Succ/Tp.Latest/timecard.txt EfE¥T + L7 MV E T D timecard.txt ® 2 Wb H ., ThETh v s 5
Lh 5137 7 A V4 TIMECARD, TIMECARD RUN THIWT#$, TIMECARD ¥ GPV DHRMERFL (R—ZA X A L :
GPV B FRIEDL G IREH, WL THh o, ATM §HE EORKE ZDR—Z X1 Ln S ORGERRIZ & - THil
W35, $7bb ATM ORAHHERWE (X1 LAZXTy ) At &3 28, BBt IERXR—ZAX A LE2t=0LLT
At 2% END : t =nAt(n € N), 7272 UE% D b L —H—DORUHIEZNE Z ORI A & 3T 20T, BUbBiih
EHORY ORI 721HE L D WA 7 v 7 Aty (< At) TEHHE TS (Figure B2),

ATgpy
GPv O 0/ \.

. 1
Base time Input GPV u
(TIMECARD) A,

ATM  Qr==========m=mmmee oy

€— Q—
Q\D
5
=2
<——Q<——0

!

Calculation start time Output ATM
(TIMECARD_RUN)

ATgcst
Figure B.2 Time control of the JMA-ATM. At is the time step of ATM and Aty is first time step right after

emission. ATgpv, ATatm and ATgcgT are the intervals of input GPV, output ATM and forecast
time of ATM, respectively.

IRV — 712 B W T, GPV A, ATM s KOO T ixz 0o ol Z AT & U T, A THIES
%,

mod(t,AT) =t — [AtT} <e FRIE mod (t,AT)> AT —¢ (B.1)

72720 e B AN IVWETH 5,

ATM O LN DWW T, Figure B2IZRUZR—AR A LERBMEUVUTRALAT Y TTHENFELTD
WhaEHEARET S, Zofizr—LY AN - X5 A—X n switch atm output (Table DI3) IZ & 0, FIHFAMHRZ
PO L ZMARLTOHOPTRETH 5, BEDHE., XA LAT Y TOWY HIZLoT, KALA L H KL
BEDRVE EFHENRLDOAT v T Z5E U TEHET % (Figure B3),

ATgpy
Gpv O ?/ \‘

Base time Input GPV / ) l AT,
(TIMECARD) P v Aty ATAt,"&ta A J A\
I

~ N REREY

Calculation start time Output ATM
(TIMECARD_RUN)

ATFCST

Figure B.3 Time control of the JMA-ATM (Output from calculation start time case). Aty (= At — Atg) is last

time step just before the output, and the other variables are the same as Figure BZ.
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NS

ftix C BH—F

ATM Ak (R ) CHATZEERERE NI A-X, ERBIVRE#REZ LD, ESPEK (ER#E) &
GPV fiiu¥ (5@ =) THHTZI2E0EAL, V—AI—NTiEZNTN, £2BEY 2—) (variable.f90), /<
FA—REYa—) (parm.£90), EHEY 2 —)l (const.f90). Numerical Recipes (nrtype.£90, Press et all,
1996) B & OREER (mytype.£90) OREFEY 2 —)LIZE &, public BN & variable.£90 (21X save B ®
DI TTE— VAR LTHET S, FEVa—b - TN —FUhrsid, BERHDE% use B ST only
EOTHAT S, 2EIE, Walz @0 57010, BMTEEEPEL 2 LS ITRVWARIBHAL TS,

Cl FEZEH-E
EREHE Table CTICE LB, (KD DR—LU A MCHBAL v F, AT A=K, (FREBRIRS.

Table C.1 Main variables (variable.f90)

Variable name [ Description Remarks
Basic variable
n_tracer Number of tracer
n_stage Number of emission stages
Breakdown variable
n_tracer_esp Number of tracer (ESP)
n_tracer_anl Number of tracer (ANL)
n_stage_esp Number of emission stages (ESP)
n_stage_anl Number of emission stages (ANL)
Setting of MPI
n_tracer_mpi Total number of tracer (each MPT)
n_tracer mpi_start Number of tracer (start of each MPI)
n_tracer_mpi_end Number of tracer (end of each MPI)
mpi_myrank Rank (each MPI)
mpi_rank_num Sum of rank
iompi_log Unit number of MPI log
log mpi file name of MPI log
Source variable
emission_start_time(5) Start time of release 1st [UTC]
starttime_seqmin Start time [sequential min]
elapse_starttime Initial elapse time [sec]
emission_duration Total duration of emission [sec]
emission_mass Total mass of emission [kg]
Source variable at each stage
n_tracer_stage(n_stage) Number of tracer at each stage
source_name_stage (n_stage) Name of source e.g. "Fujisan”
source_lat_stage(n_stage) Latitude of source [deg]
source_lon_stage(n_stage) Longitude of source [deg]
source_btm_asl_stage(n_stage) Bottom altitude of source [m asl]
source_top_asl_stage(n_stage) Top altitude of source [m asl]
emission_start_time_stage(n_stage, 5) Emission start time at each stage [UTC]
emission_duration_stage(n_stage) Emission duration at each stage [sec]
emission mass_stage(n_stage) Emission mass at each stage [kg]
cutoff min_stage(n_stage) Cutoff grain size (Min) [m]
cutoff max_stage(n-stage) Cutoff grain size (Max) [m]
median_diameter_stage(n_stage) Median diameter of size distribution [m)]
sig_stage(n_stage) Standard deviation of size distribution
emission_point_id_stage(n_stage) Emission point ID 8-Byte Integer
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Table C.1 (Continued)
Variable name [ Description Remarks
Tracer variable
tracer_tag(n_tracer) Tags of tracer Table 3
tracer_lat (n_tracer) Latitude of tracer [deg]
tracer_lon(n_tracer) Longitude of tracer [deg]
tracer_alt (n_tracer) Altitude of tracer [m asl]
tracer_size(n_tracer) Diameter of tracer [m)]
tracer_dens (n_tracer) Density of tracer [kg/m®]
tracer_mass (n_tracer) Mass of tracer [kg]
tracer_release_time(n-tracer) Release time of tracer [sec]
tracer_current_time(n_tracer) Current/stop time of tracer [sec]
n_flag tracer(n_tracer) Action flag of tracer Table 3

Atmospheric GPV parameter

basetime_gpv(5)

Base time [UTC]

basetime_seq min

Base time [sequential min]

fcst_time_gpv

Forecast time of input GPV [sec]

interval_gpv

Time interval of input GPV [sec]

Atmospheric GPV parameter (Space)

plane_name_gpv(ne_gpv)

Plane namelist for NWP-GPV

element_gpv(ne_gpv)

Element namelist for NWP-GPV

Allocate after

NUSDAS_INQ_CNTL

nz_gpv Vertical plane number

nx_gpv Grid number of EW direction
ny_gpv Grid number of NS direction
ne_gpv Element number

GPV cut area parameter

cut_startpoint_ix

Startpoint of EW direction (cut)

cut_startpoint_jy

Startpoint of NS direction (cut)

cut_endpoint_ix

Endpoint of EW direction (cut)

cut_endpoint_jy

Endpoint of NS direction (cut)

Original atmospheric GPV parameter (NuSDaS typ

el-3)

typel-air NuSDaS Typel (atmosphere)
type2_air NuSDaS Type2 (atmosphere)
type3_air NuSDaS Type3 (atmosphere)

member_air

NuSDaS member (atmosphere)

air_basepoint._ix

Basepoint of EW direction

air_basepoint_jy

Basepoint of NS direction

air_basepoint_lat

Basepoint latitude [deg]

air_basepoint_lon

Basepoint longitude [deg]

air_distance_x

Grid distance of EW direction [deg or m]

air_distance.y

Grid distance of NS direction [deg or m)]

air_standard_latl

Standard latitudel [deg]

air_standard_lat2

Standard latitude2 [deg]

air_standard_lonl

Standard longitude [deg]

nx_air

Grid number of EW direction (air)

ny._air

Grid number of NS direction (air)

Original surface GPV parameter (NuSDaS typel-3)

typel_surf

NuSDaS Typel (surface land)

type2_surf

NuSDaS Type2 (surface land)

type3_surf

NuSDaS Type3 (surface land)

member_surf

NuSDaS member (surface land)

surf_basepoint_ix

Basepoint of EW direction

surf_basepoint_jy

Basepoint of NS direction

surf_basepoint_lat

Basepoint latitude [deg]

surf_basepoint_lon

Basepoint longitude [deg]

surf_distance_x

Grid distance of EW direction [deg or m]

surf_distance.y

Grid distance of NS direction [deg or m]

surf_standard_latil

Standard latitudel [deg]

surf_standard_lat2

Standard latitude2 [deg]

surf_standard_lonl

Standard longitude [deg]

nx_surf

Grid number of EW direction (surface)

ny_surf

Grid number of NS direction (surface)

Input atmospheric GPV parameter for ATM

(NuSDaS typel—-3)

typel_gpv NuSDasS Typel (input ATM)
type2-gpv NuSDaS Type2 (input ATM)
type3_gpv NuSDasS Type3 (input ATM)

member_gpv

NuSDaS member (input ATM)
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Table C.1 (Continued)

Variable name [ Description Remarks
Input atmospheric GPV for ATM (Constant)
lat_gpv(nx_gpv, ny_gpv) Latitude of grid [deg]
lon_gpv(nx_gpv, ny-gpv) Longitude of grid [deg]
zs_gpv (nx_gpv, ny_gpv) Modeled terrain elevation [m asl]
sl_gpv(nx_gpv, ny-gpv) Land coverage rate
Input atmospheric GPV for ATM (Before)
alt_gpvl(nx_gpv, ny_gpv, nz.gpv) Altitude of grid [m asl]
u_gpvl(nx_gpv, ny_gpv, nz_gpv) Horizontal wind (EW) [m/s]
v_gpvl(nx_gpv, ny.-gpv, nz_gpv) Horizontal wind (NS) [m/s]
w_gpvl(nx_gpv, ny_gpv, nz_gpv) Vertical wind [m/s]
vdens_gpv1(nx_gpv, ny-gpv, nz_gpv) Air density [kg/m?®]
temp_gpvl(nx_gpv, ny_gpv, nz_gpv) Air temperature [K]
pres_gpvl(nx_gpv, ny_gpv, nz_gpv) Air pressure [hPa]
vdf_gpvl(nx_gpv, ny_gpv, nz_gpv) Vertical diffusion coefficient [m?/s]
resist_air_gpvi(nx_gpv, ny-gpv) Aerodynamic resistance [s/m]
cwc_gpvl(nx_gpv, ny_gpv, nz.gpv) Cloud water content [kg/m?]
cloud-top-gpvl(nx_gpv, ny_gpv) Cloud top [m asl]
cloud base_gpv1l(nx_gpv, ny-gpv) Cloud base [m asl]
rain_gpvl(nx_gpv, ny_gpv) Precipitation intensity (rain) [mm/h]
snow_gpv1l(nx_gpv, ny_gpv) Precipitation intensity (snow) [mm/h]
grpl_gpvl(nx_gpv, ny_gpv) Precipitation intensity (graupel) [mm/h]
Input atmospheric GPV for ATM (After)
alt_gpv2(nx_gpv, ny_gpv, nz.gpv) Altitude of grid [m asl]
u_gpv2(nx_gpv, ny-gpv, nz_gpv) Horizontal wind (EW) [m/s]
v_gpv2(nx_gpv, ny-gpv, nz_gpv) Horizontal wind (NS) [m/s]
w_gpv2(nx_gpv, ny-gpv, nz_gpv) Vertical wind [m/s]
dens_gpv2(nx_gpv, ny-gpv, nz_gpv) Air density [kg/m’]
temp_gpv2(nx_gpv, ny_gpv, nz_gpv) Air temperature [K]
pres_gpv2(nx_gpv, ny_gpv, nz_gpv) Air pressure [hPa]
vdf_gpv2(nx_gpv, ny_gpv, nz.gpv) Vertical diffusion coefficient [m?/s]
resist_air_gpv2(nx_gpv, ny_gpv) Aerodynamic resistance [s/m]
cwec_gpv2(nx_gpv, ny-gpv, Nz_gpv) Cloud water content [kg/mg]
cloud_top_gpv2(nx_gpv, ny_gpv) Cloud top [m asl]
cloud-base_gpv2(nx_gpv, ny-gpv) Cloud base [m asl]
rain_gpv2(nx_gpv, ny_gpv) Precipitation intensity (rain) [mm/h]
snow_gpv2(nx_gpv, ny-gpv) Precipitation intensity (snow) [mm/h]
grpl_gpv2(nx_gpv, ny_gpv) Precipitation intensity (graupel) [mm/h]
Input GPV grid index & interpolation time at tracer
tracer_gpv_ii(n_tracer mpi) Grid index (EW) at tracer point
tracer_gpv_jj(n-tracer mpi) Grid index (NS) at tracer point
tracer_gpv.k1(2, 2, n_tracermpi) Grid index (before Z) neighbor tracer point
tracer_gpv.k2(2, 2, n-tracer_mpi) Grid index (after Z) neighbor tracer point
tracer_gpv_time(n_tracer mpi) Interpolation time from nearest GPV
Interpolate atmospheric GPV to tracer point
u_at_tracer(n_tracer_mpi) Horizontal wind (EW) [m/s]
v_at_tracer(n_tracer_ mpi) Horizontal wind (NS) [m/s]
w_at_tracer(n_tracer_ mpi) Vertical wind [m/s]
dens_at_tracer(n_tracer mpi) Air density at tracer level [kg/m?]
temp_at_tracer(n_tracer_mpi) Air temperature at tracer level [K]
pres_at_tracer(n_tracer_mpi) Air Pressure at tracer level [hPa]
vdf_at_tracer(n_tracer mpi) Vertical diffusion coef. at tracer level [m?/s]
resist_air_at_tracer(n_tracer mpi) Aerodynamic resistance at tracer point [s/m]
cwc_at_tracer (n_tracer mpi) Cloud water content at tracer level [kg/m?)
cloud-top-at_tracer(n_-tracer mpi) Cloud top at tracer point [m asl]
cloud_base_at_tracer(n_tracer mpi) Cloud base at tracer point [m asl]
rain_under_tracer (n_tracer mpi) Rain under tracer point [mm]
snow_under_tracer (n_tracer_mpi) Snow under tracer point [mm)]
grpl_under_tracer(n_tracer mpi) Graupel under tracer point [mm)]
Diagnostic variable at tracer point
yuragi_u(n_tracer_mpi) Fluctuation of horizontal wind (EW) [m/s]
yuragi_v(n_tracer_ mpi) Fluctuation of horizontal wind (NS) [m/s]
Input data variable
roughness_length(m_parm_vegetation_type2) Roughness length [m] m_parm_vegetation_type2
displacement_height (m_parm vegetation_type2) Zero-plane displacement [m)] =25
vegetation mask(nx_surf_t1319, ny_surf_t1319) Vegetation distribution nx_surf_t1319 = 640
sst_climate (nx_surf_t1319, ny_surf_t1319) Sea surface temperature [K] ny_surf_t1319 = 320
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Table C.1 (Continued)

Variable name

[ Description

Remarks

ATM calculation variable

atm_end_time(5)

End of ATM forecast time [UTC]

fcst_time_atm

Forecast time of ATM from basetime [sec]

dt_atm

Global time step [sec]

dt_atm_mod

Time step (modified) [sec]

rk_weight (n_timeloop_stage max)

Runge-Kutta weights (b-coefficients)

rk_node (n_timeloop_stage max)

Runge-Kutta nodes (c-coefficients)

interval_atm

Time interval of output ATM [sec]

Tendency variable

dt(n_tracer_mpi)

Time step [sec]

dlatdt(n_-tracer_mpi)

Sum of latitude increment (total step) [deg]

dlondt (n_tracer_mpi)

Sum of longitude increment (total step) [deg]

daltdt(n_-tracer_mpi)

Sum of altitude increment (total step) [m]

Output ATM parameter (Space)

plane_name_atm(nz_atm)

Plane namelist for output ATM

plane_alt_atm(nz_atm)

Plane altitude [m asl]

plane_thickness_atm(nz_atm)

Thickness of ATM layer [m]

nz_atm Vertical plane number
nx_atm Grid number of EW direction
ny_atm Grid number of NS direction

atm_basepoint_ix

Basepoint of EW direction

atm_basepoint_jy

Basepoint of NS direction

atm_basepoint_lat

Basepoint latitude [deg]

atm_basepoint_lon

Basepoint longitude [deg]

atm_distance_x

Grid distance of EW direction [deg]

atm_distance_y

Grid distance of NS direction [deg]

lat_atm(nx_atm, ny_atm)

Latitude of grid [deg]

lon_atm(nx_atm, ny_atm)

Longitude of grid [deg]

Output ATM parameter (NuSDaS typel-3)

typel_atm

NuSDaS Typel (output ATM)

type2_atm

NuSDaS Type2 (output ATM)

type3_atm

NuSDaS Type3 (output ATM)

member_atm

NuSDaS member (output ATM)

Output ATM grid index at tracer

tracer_atm_ii(n_tracer_mpi)

Grid index (EW) at tracer point

tracer_atm_jj(n-tracer_mpi)

Grid index (NS) at tracer point

Output ATM variable (Eulerian grid)

grid_atm_dep-total (nx_atm, ny-atm)

Total deposition (TDEP) [kg/m?]

grid_atm_dep_gravity(nx_atm, ny_atm)

Gravitational fallout (FOUT) [kg/m?]

grid_atm_dep_dry_dep(nx_atm, ny_atm)

Dry deposition (DDEP) [kg/m?]

grid_atm_dep_washout (nx_atm, ny_atm)

Wet scavenging (washout) (WOUT) [kg/m?]

grid_atm_dep_rainout (nx_atm, ny_atm)

Wet scavenging (rainout) (ROUT) [kg/m?]

grid_atm max_size(nx_atm, ny_atm)

Maximum grain size (MAXD) [m]

grid_atmmax_alt(nx_atm, ny_atm)

Tracer cloud top (CTOP) [m asl]

grid_atmmin_alt(nx_atm, ny_atm)

Tracer cloud base (CBASE) [m asl]

grid_atm_clm_content (nx_atm, ny_atm)

Total column content (TCLM) [kg/m?]

grid_atm_air_concent (nx_atm, ny_atm, nz_atm)

Atmospheric concentration (ACON) [kg/m?]

Time control

n_timeloop_stage

Local timeloop stage counter

n_timeloop_stage max

Local timeloop stage number

validtime_seq min

Valid time [sequential min]

n_total_step

Total time step (for monitor)

n_current_step

Current time step (for monitor)

n_flag timing finish

Exiting flag in timeloop

n_flag timing_input

Input flag in timeloop

n_flag timing_output

Output flag in timeloop

elapse_time

Elapse time from basetime [sec]

Other variable

seed

Random seed (Xorshift)

Appendix O
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Table C.2 Main parameters (parm.£90)

Parameter name Description [ Value Remarks
ATM control (Tracer)
Status flag
m_flag tracer_status_before_active Not active tracer (before calculate) -1
m_flag tracer_status_active Active tracer 1
m_flag tracer_status_suspended Suspended tracer 2
m_flag tracer_status_out Not active tracer (after calculate) 0
Result flag
m_flag tracer result_air In air 1
m_flag tracer_result_reflection Surface reflection 2
m_flag tracer_result_fallout Fallout 11
m_flag tracer_result_deposition_dry Dry deposition 21
m_flag tracer_result_washout_rain Washout by rain 31
m_flag tracer_result_washout_snow ‘Washout by snow 32
m_flag_tracer_result_washout_grpl Washout by graupel 33
m_flag tracer_result_rainout Rainout 41
m_flag tracer_result_top_out Over model top 0
m_flag tracer_result_bottom_out Under model surface 10
m_flag tracer_result_domain_out Out of domain 90
m_flag tracer_result_decay out Decayed tracer 99
ATM control (Process)
m_switch_process_off Process OFF 0
m_switch_process_on Process ON 1
Time control
m_flag_is_not_timing Elapse time check (not action) 0
m_flag is_timing Elapse time check ( action) 1
Misc
m_flag misc_off System OFF 0
m_flag misc_on System ON 1
Space interpolation: GPV lattice to Tracer point
idw Inverse distance weight 1 >1
Epsila
time_epsilon Small number for time interpolation epsilon5 = 1.e-5_rp
space_epsilon Small number for space interpolation epsilon6 = 1l.e-6._rp
Null
large null [ Large number for null value [ 1. _rp/epsilon? = 1l.et7_rp
I/0
io_rank [ Rank number for I/O [ 0 [ MPI output for RANKO
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Table C.3 Constants
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(const.£90)

Constant name [

Description

[ Value

Remarks

Universal constants

pi i 3.14159265358979323846_rp

rad_unit [rad/°] pi / 180.._rp

deg_unit [°/rad] 180._rp / pi
Constants for Earth

earth_radius Earth radius Rg [m)] 6.371e+6_rp
inv_earth_radius Inverse Earth radius 1/Rg [1/m] 1..rp / earth radius
earth_circumference Earth circumference 27 Rg [m] 2..rp * pi * earth_radius
earth_semi_major_axis Semi-major axis [m] 6.378137e+6_rp | GRS&0
inv_earth_flattening Inverse Earth flattening 298.257222101.rp | GRS80
grav Gravitational constant g [m/s?] 9.80665_rp
Constants for Air

gas_ideal Ideal-gas constant R* [J/mol/K] 8.31.rp

gas_dry Gas constant R4 [J/kg/K] for dry air 287.05_rp

gas_vapor Gas constant R, [J/kg/K] for water vapor 461.5_rp

dens_water Water density under standard state [kg/m?] 1000._rp
inv_gas_kappa Cp/Ra 7.xrp / 2..rp | For diatomic molecule
gas_kappa Rq/Cp 1..rp / inv_gas_kappa | = 0.286
cp-dry Specific heat Cp, [J/kg/K] at constant pressure inv_gas_kappa * gas.dry | = 1004.675
gas_epsilon € gas_dry / gas_vapor | = 0.622
standard_temp Standard temperature [K] 273.15_rp
standard_pres Standard pressure po [hPa] 1013.25_rp
reference_pres poo_[hPa] 1000._rp For potential temperature
sound_velocity Sound velocity for dry air [m/s] 331.45_rp

karman Karman constant 0.4.rp

Tetens’ parameters for saturation vapor pressure

standard_vapor_pres Standard saturation vapor pressure [hPa] 6.11_rp
tetens_factor_water Tetens’ factor for water 7.5rp * log(10._rp) = 17.27
tetens_temp_water Tetens’ temperature for water [K] 237.3_rp
tetens_factor_ice Tetens’ factor for ice 9.5.rp * log(10._rp) = 21.875
tetens_temp_ice Tetens’ temperature for ice [K] 265.5_rp
Sutherland’s parameters for viscosity and MFP

sutherland_temp Sutherland constant Cs [K] 117._rp

base_temp Reference temperature Ty [K] 293.15.rp
base_viscos Viscosity no [Pa.s] at Tp 18.18e-6_rp
base_freepath Mean free path MFPq [m] at pg and Ty 6.62e-8_rp
Cunningham’s parameters for slip correction

cc_factor_a a-factor of Cunningham correction 1.257_rp
cc_factor_b b-factor of Cunningham correction 0.400_rp
cc_factor_c c-factor of Cunningham correction 1.100_rp

Epsila

epsilon2 1l.e-2_rp

epsilon3d 1.e-3_rp

epsilon4 1.e-4.rp

epsilonb 1.e-5_rp

epsilon6 1.e-6_rp

epsilon7 1l.e-7_rp

epsilon8 1.e-8.rp

epsilon9 1.e-9_rp

epsilonl0 1.e-10_rp

epsilonil l.e-11_rp

epsilonl2 1.e-12_rp

epsiloni3 1.e-13.rp

epsiloni4 1.e-14_rp

epsilonlb 1.e-15_rp
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Table C.4 Kind types (nrtype.£90)

Symbolic name [ Description [ Value Remarks
Numerical Recipes types (Bress_ef_all, [996)
sp Single precision kind (1.0e0) =4
dp Double precision kind(1.0d0) =8
Select precision
rp Precision for real variables sp

dp | Default

NuSDaS read/write data array types
r4type Single precision ’R4°
r8type Double precision ’R8’

Select precision

rktype Precision for user data array type r4type

r8type Default

C5 WERE-F
ATM TR 5 iM% Table CH 12 E L b 5,

Table C.5 Derived types (mytype.£90)

Component name [ Component type [ Description Remarks
TYPE tag
tracer_id integer(4) ID of tracer 1,2, ..., n_tracer
emission_stage_id integer(4) ID of emission stage 1,2, ..., n_stage
emission_point_id integer(8) ID of emission point 8-Byte Integer
TYPE flag
status integer(4) Status flag of tracer
result integer(4) Result flag of tracer
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OFtHHER T DY AN (ESP YA :emission_time_series.txt) HHAET S, GPV il (Tp) DX — L4
VA MR 2 TETRHTERT 1« L2 b Y Const W OfEET 4 L2 b YD Parm iI2AE—2DIZH L, ATM FHi
(Tf) DF—L VAL ESP YA M Parm iZH 22—V =S 5507 7 1)L (conf 7 7 1 )L : setting.conf)
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D.1 GPVHEILEDR—L X b

GPV RiLHL D % — Y A ME, namgpv, namwadj, namdiff, namra, namcloud TH 5, GPV O I &1z
Const (Z/HE LU TIEXT 1+ L2 b YD Parm IZ namelist.txt ¥ LTCI¥—L, YV—RIA—=FKR5E 771 V%
NAMELIST PRE CTHHWT AT 5, &HB. ANT S GPV (NuSDaS) O 7Bk FilfE & ORAREHRIZ, *+—24
YA NTIS X7, Const/Atm/Nusdef (25 5% GPV @ NuSDaS E#&H 7 7 1 WZEP NI EFHHH S 5 AN S,

R, BEX—LVANDNRITRA—R%2RIZELDB,

LRA=LV AT - 85 A—=&Z1F, #lZ1E Table D4 @ n_switch_calcmass D& 512, 1 DUPBENTHETRWVZEEDS THEINTWVWS R
AV FNH D, TR O FEIBMI NS W REEE2EZTOI L TH S,
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Table D.1 namgpv: Setting parameters of GPV

Variable name Variable type Description Default Remarks
fcst_time_gpv real Forecast time of input 475200.0 | From TIMECARD (base
GPV [s] (GSM) | time)
140400.0
(MSM)
36000.0
(LFM)
interval_gpv real Time interval of input 10800.0
GPV [s] (GSM(lower))
21600.0
(GSM((upper))
3600.0
(MSM, LFM)
Switch name Switch kind Option Value Remarks
n_switch_coordinate_vertical Vertical coordinates p-coordinate 1 GSM
z-coordinate 2 MSM, LFM
n_switch_terrain Model terrain OFF 0 Flat
ON 1
n_switch_surf_gpv Surface GPV OFF 0
ON 1
Variable name Variable type Description Default Remarks
Original GPV: NuSDaS (atmosphere)
typel-air character(8) Typel _GSMLLPP | Lat/Lon coordinate, p-
(GSM) | plane
-MSMLMZS Lambert coordinate,
(MSM) | modelled plane
_LFMLMZS
(LFM)
type2.air character(4) Type2 FCSV | Forecast value (instanta-
neous)
type3.air character(4) Type3 LWR1
(GSM(lower))
UPR1
(GSM((upper))
VHRC | Very high resolution
(MSM) | GPV
VHRB
(LFM)
member_air character(4) Member
Original GPV: NuSDaS (surface)
typel_surf character(8) Typel _GSMLLLY | Lat/Lon coordinate
(GSM)
_MSMLMLY | Lambert coordinate
(MSM)
_LFMLMLY
(LFM)
type2_surf character(4) Type2 FCSV | Forecast value (instanta-
neous)
type3_surf character(4) Type3 STD1
(GSM)
SFC2
(MSM, LFM)
member_surf character(4) Member
Transformed GPV: NuSDaS (for ATM input)
typel_gpv character(8) Typel _ATMFGZZ Free grid, z-coordinate
type2_gpv character(4) Type2 FCSV | Forecast value (instanta-
neous)
type3_gpv character(4) Type3 GPV1
member_gpv character(4) Member
Table D.2 namwadj: Adjust parameters of vertical wind
Switch name Switch kind Option Value Remarks
n_switch_wind_vertical_average Spatial average of verti- OFF 0
cal wind
ON 9 nine-grid cells
n_switch_wind_terrain_following Terrain following wind Only surface 1
Under lowest level 2
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Table D.3 namdiff: Setting parameters of diffusion

Switch name Switch kind Option Value Remarks
n_switch_-diffusion_type_ horizontal | Horizontal fluctuation Fickian diffusion eq. 1
Langevin eq. (1st order) 2
n_switch diffusion_type_vertical Vertical diffusion Const. 1
Zero-eq. model (MY2) 2
One-eq. model (TKE) 3
Variable name Variable type Description Default Remarks
diffusion_coef_horizontal_ limit real Horizontal diffusion co- 5.684 x 10%
efficient (Max) [m?/s]
diffusion_coef_vertical_ limit real Vertical diffusion coeffi- 5.000 x 10!
cient (Max) [m?/s]
diffusion_timescale horizontal real Lagrangian time scale 5.0 x 10%
(horizontal) [s]
turbulent_u_ini real Initial turbulent velocity 0.253
(B-W) [m/s]
turbulent_v_ini real Initial turbulent velocity 0.253
(N-S) [m/s]
dt_max_diffusion_vertical real Max time step of vertical 200.0
diffusion [s]
boundary_layer_depth real Boundary layer depth [m 1000.0
agl]
asym_length_scale_boundary_layer real Asymptotic length scale 100.0
(in boundary layer) [m)]
asym_length_scale_free_air real Asymptotic length scale 30.0
(in free air) [m]
Table D.4 namra: Setting parameters of dry deposition
Switch name Switch kind Option Value Remarks
n_switch resistance_aerodynamic Aerodynamic resistance Uniform 1
Diagnosis 2
Variable name Variable type Description Default Remarks
deposition_velocity limit real Deposition velocity (up- 0.3
pre limit) [m/s]
surface_layer_depth real Surface boundary layer 100.0
depth [m agl]
Table D.5 namcloud: Setting parameters of cloud top/base height
Switch name Switch kind Option Value Remarks
n_switch_cloud height Diagnosis of cloud Air pressure (P) 1
height Relative humidity (RH) 2
Cloud water content 3
(CWCQ)
Variable name Variable type Description Default Remarks
threshold_pres_cloud_top real Threshold of P (cloud 100.0 Only n_switch_cloud
top) [hPa] height = 1
threshold_pres_cloud.-base real Threshold of P (cloud 700.0
base) [hPa]
threshold_rh_cloud._top real Threshold of RH (cloud 60.0 Only n_switch_cloud
top) [%] _height = 2
threshold_rh_cloud_base real Threshold of RH (cloud 80.0
base) [%]
threshold_cwc_cloud real Threshold of CWC 0.0 Only n_switch_cloud

[kg/m®]

_height = 3
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ATM D& — LY A ME, namsrcinfo, namsrcopt, namsrcparm, nampoint, namgpvcut, namatmcal,

namfall, namwdep, namdecay, namatmout, namatmalt T & % . Parm/setting.conf ( ff & D) » &
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ER:E
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Table D.6 namsrcinfo: Basic parameter of ESP

Variable name Variable type Description Default Remarks
n_tracer_esp integer Tracer number of ESP 250, 000 Sum of each emission
tracer (12th field of Ta-
ble O-T3)
n_stage_esp integer Emission source (stage) 1
number of ESP
Table D.7 namsrcopt: Option parameters of ESP
Switch name Switch kind Option Value Remarks
n_switch_shape horizontal Shape of emission source | Line 1
Inverted cone 2
n_switch_shape_vertical Vertical distribution of Uniform 1
emission source Suzuki function 2 Suzuki (I9%3)
n_switch_emission_rate Formation time of Uniform 1
emission source Diffusion time 2
n_switch_size_ distribution Grain-size distribution Single 0 Fixed median
of tracer Uniform 1 Min-Max sizes
Log-normal 2
n_switch_particle_density Density distribution of Uniform 1
tracer Specific 2 Size dependent
n_switchmass_distribution Mass  distribution  of Uniform 1
tracer
n_switch_calc_mass Total mass of emission Power law 1

Table D.8 namsrcparm: Setting parameters of ESP (Suzuki, T983)

Variable name Variable type Description Default Remarks
entrainment_eruption_column real Entrainment coefficient 0.198
of eruption column
lambda real Power of plume rising 1.0
velocity
eddy-diffusion real Parameter of eddy dif- 400.0 x 10~% (Diffusion coef.) oc t3/2
fusivity inside plume
[m?/s%/2]
emission_ratio real Adjust ratio of emission 1.0
mass
km_mass real Coefficient  for  total 193.0 | ~6.95 x 10°kg/km* /h
mass [kg/km? /s]
power _mass real Power exponent of 4.0
plume height for total
mass
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Table D.9 nampoint: Setting parameter of Point

Switch name Switch kind Option Value Remarks
n_switch_point_vertical_profile Output of point value For ESP 1
Vertical profile 2
Table D.10 namgpvcut: Setting parameters of GPV (CUT)
Switch name Switch kind Option Value Remarks
n_switch_cut_gpv Cut region OFF 0
ON 1 NUSDAS_CUT
Variable name Variable type Description Default Remarks
cut_startpoint_ix integer Lower limit index of z- Valid for n_switch_cut_gpv
direction -1
cut_endpoint_ix integer Upper limit index of z-
direction
cut_startpoint_jy integer Lower limit index of y-
direction
cut_endpoint_jy integer Upper limit index of y-
direction
Table D.11 namatmcal: Basic parameters of ATM
Variable name Variable type Description Default Remarks
dt_atm real Time step [s] 200.0 Case of n_switch_integral
_method= 4
atm_end-time (1) integer End time of ATM fore-
cast (Year) [UTC]
atm_end-time(2) integer End time of ATM fore-
cast (Month) [UTC]
atm_end-time(3) integer End time of ATM fore-
cast (Day) [UTC]
atm_end-time (4) integer End time of ATM fore-
cast (Hour) [UTC]
atm_end_time(5) integer End time of ATM fore-
cast (Minutes) [UTC]
Switch name Switch kind Option Value Remarks
n_switch_advection_ horizontal Horizontal advection OFF 0
ON 1
n_switch_advection_vertical Vertical advection OFF 0
ON 1
n_switch_-diffusion_-horizontal Horizontal diffusion OFF 0
ON 1
n_switch diffusion_vertical Vertical diffusion OFF 0
ON 1
n_switch_-fallout_gravity Gravitational fallout OFF 0
ON 1
n_switch_deposition_dry Dry deposition OFF 0
ON 1
n_switch_scavenging below_cloud Wet scavenging OFF 0 | Washout
(Below cloud) ON 1
n_switch_scavenging_in_cloud ‘Wet scavenging OFF 0 Rainout
(In cloud) ON 1
n_switch reflection_surface Reflection OFF 0
(On surface) ON 1
n_switch_decay Decay OFF 0
ON 1
n_switch-cycle_calc Cycle calculation OFF 0
Add previous forecast 1 TBD
(same basetime)
Continue previous fore- 2 TBD
cast (different basetime)
n_switch_time_integral Time reversal flag Forward 1
Backward -1 TBD
n_switch_integral method Time integral method Euler 1 1st order w/ one stage
Runge-Kutta 4 | 4th order w/ four stages
n_switch_tendency horizontal Space integral method Local coordinate 1 Horizontal advection
Spherical triangle 2 and diffusion
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Table D.12 namfall: Setting parameters of gravitational fallout

Switch name Switch kind Option Value Remarks
n_switch_terminal_velocity Terminal fall velocity Stokes’ law 1
Suzuki’s law 2 | Buzuki (I9X3)
n_switch-slip_correction Slip correction OFF 0
Cunningham correction 1
Variable name Variable type Description Default Remarks
form real Shape factor of tracer 1/3 | Wilson __and __Huang
(ra7za)
maxd_dens real Density of Max grain 1000.0
size [kg/m?®]
mind_dens real Density of Min grain size 2400.0
[kg/m?]
Table D.13 namwdep: Setting parameters of wet scavenging
Switch name Switch kind Option Value Remarks
n_switch_scavenging_tracer_type Tracer species Noble gas 0
Depositing gas 1
Particle 2
Variable name Variable type Description Default Remarks
scavenging_coef_rain real Scavenging A-coefficient 2.98 x 107°
(rain) [1/s]
scavenging power_rain real Scavenging B-coefficient 0.75
(rain)
threshold_intensity_rain real Precipitation threshold 999.9
(rain) [mm/h]
scavenging_coef_snow real Scavenging A-coefficient 2.98 x 10~°
(snow) [1/s]
scavenging_power_snow real Scavenging B-coefficient 0.30
(snow)
threshold_intensity_snow real Precipitation threshold 999.9
(snow) [mm/h]
scavenging_coef _grpl real Scavenging A-coefficient 2.98 x 107°
(graupel) [1/s]
scavenging power_grpl real Scavenging B-coefficient 0.30
(graupel)
threshold_intensity_grpl real Precipitation threshold 999.9
(graupel) [mm/h]
henry_const real Henry constant [M/atm]* 8.0 x 1072 Only n_switch_scavenging
_tracer_type= 1
fraction.nuclei real Fraction of particles that 0.9 Only n_switch_scavenging
is activated _tracer_type= 2
“ M = mol/L
Table D.14 namdecay: Setting parameters of decay
Variable name Variable type Description Default Remarks
half_life real Half-lifetime [d] 1.10 x 10* | Only n_switch decay= 1
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Table D.15 namatmout:

Output parameters of ATM

Variable name Variable type Description Default Remarks
interval_atm real Time interval of output 3600.0
ATM [s]
Switch name Switch kind Option Value Remarks
n_switch_atm_output Output timing From TIMECARD (base 1 VAFF
time)
From TIMECARD_RUN 2 | VAA
(calculation start time)
n_switch_atm_value_deposit Value attribute (deposi- Snap 1
tion)
Mean 2
Accumulated 3 | VAFF
n_switch_atm_value_concent Value attribute (concen- Snap 1 VAA
tration)
Mean 2
n_switch_atm_interp Space interpolation Nearest neighbor 1
Bi-Linear 2
Output ATM: NuSDaS
typel_atm character(8) Typel _ATMLLLY | Lat/Lon coordinate
type2_atm character(4) Type2 FCAV | Forecast value (accumu-
lated)
type3.atm character(4) Type3 STD1
member_atm character(4) Member
Table D.16 namatmalt: z-plane parameters of ATM
Variable name Variable type Description Default Remarks
plane_alt_atm real Plane altitude [m asl] 0.0, ~ 0, 18000, 55000 ft.
5486.4, Number of planes is ar-
16764.0 | bitrarily
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BHIERIZEAED ESP 12147 (1 Va—FK) 12 & ® T emission_time_series.txt IZFEA L. WHEEIEE D 5
e (H%xoltFE2 AT —Y LIER) 352 La— RBBIERLT S, TOT7 44—~ v b2 TFRIIRT,

Table D.17 Format of ESP list (emission_time_series.txt)

Column index [ Variable type [ Description Default Remarks
Record #1

1 character(24) Name of source

2 real Latitude of source [°]

3 real Longitude of source [°]

4 integer Start time of emission (year) [UTC] TIMECARD_RUN

5 integer Start time of emission (month) [UTC]

6 integer Start time of emission (day) [UTC]

7 integer Start time of emission (hour) [UTC]

8 integer Start time of emission (minutes) [UTC]

9 real Duration of emission [s] 600.0

10 real Bottom altitude of source [m asl]

11 real Top altitude of source [m asl]

12 integer Number of tracer in this stage 40,000 | VAA

250,000 VAFF

13 real Cutoff grain size (Min) [m] 0.65 x 10~ °

14 real Cutoff grain size (Max) [m] 9.60 x 10~ 2

15 real Median diameter of grain-size distribution [m)] 2.50 x 10~ %

16 real Standard deviation of grain-size distribution 1.0

17 real Release constant in Suzuki function 0.017 | B of Suzuki (L983)

18 integer(8) ID of emission point

Record #2- (Same format as Record #1)

D4 conf774Ib

=Y —=DFEHET S conf 7 71L& ATM

bk FRIZE LD D,

FHEOAXA—LY AN (F02) BELCESP YA (% 053) Oxf

Table D.18 Correspondence of NAMELIST (ATM), ESP list and configuration file (setting.conf)

Enviroment variable of configuration file ESP list Remarks
STAGE_01 Record #1 Table T2
STAGE_02 Record #2
STAGE_50 Record #50

Enviroment variable of configuration file NAMELIST of ATM Remarks
Option of ESP
N_SWITCH_SHAPE_HORIZONTAL n_switch_shape_horizontal Table =2
N_SWITCH_-SHAPE_VERTICAL n_switch_shape_vertical
N_SWITCH_EMISSION_RATE n_switch_emission_rate
N_SWITCH_SIZE_DISTRIBUTION n_switch_size_distribution
N_SWITCH_PARTICLE_DENSITY n_switch_particle_density
N_SWITCH_-MASS_DISTRIBUTION n_switch_mass_distribution
N_SWITCH_CALC_MASS n_switch_calc_mass
Parameter of ESP
ENTRAINMENT_ERUPTION_COLUMN entrainment_eruption_column Table X3
LAMBDA lambda
EDDY_DIFFUSION eddy-diffusion
EMISSION_RATIO emission_ratio
KM_MASS km_mass
POWER_MASS power_mass
Point setting
N_SWITCH_POINT_VERTICAL_PROFILE n_switch_point_vertical_profile Table 9
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Table D.18 (Continued)

Enviroment variable of configuration file [ NAMELIST of ATM Remarks
GPV (CUT) settings
N_SWITCH_.CUT_GPV n_switch_cut_gpv Table IO
CUT_STARTPOINT_IX cut_startpoint_ix
CUT_-ENDPOINT_IX cut_endpoint_ix
CUT_STARTPOINT_JY cut_startpoint_jy
CUT_ENDPOINT_JY cut_endpoint_jy
ATM settings
DT_ATM dt_atm Table O—TT
ATM_END_TIME_YYYY atm_end_time(1)
ATM_END_TIME_MM atm_end_time(2)
ATM_END_TIME_DD atm_end_time(3)
ATM_END_TIME_HH atm_end_time(4)
ATM_END_TIME_MIN atm_end_time(5)
N_SWITCH_ADVECTION_HORIZONTAL n_switch_advection_horizontal
N_SWITCH_ADVECTION_VERTICAL n_switch_advection_vertical
N_SWITCH_DIFFUSION_HORIZONTAL n_switch_diffusion_horizontal
N_SWITCH_DIFFUSION_VERTICAL n_switch_diffusion_vertical
N_SWITCH_FALLOUT_GRAVITY n_switch_fallout_gravity
N_SWITCH_.DEPOSITION_DRY n_switch_deposition_dry
N_SWITCH_SCAVENGING_BELOW_CLOUD n_switch_scavenging_below_cloud
N_SWITCH_SCAVENGING_IN_.CLOUD n_switch_scavenging_in_cloud
N_SWITCH_REFLECTION_SURFACE n_switch_reflection_surface
N_SWITCH_DECAY n_switch_decay
N_SWITCH_CYCLE_CALC n_switch_cycle_calc
N_SWITCH_TIME_INTEGRAL n_switch_time_integral
N_SWITCH_.INTEGRAL_METHOD n_switch-integral_method
N_SWITCH_-TENDENCY_HORIZONTAL n_switch_tendency_horizontal
Settings of gravitational fallout
N_SWITCH_-TERMINAL_VELOCITY n_switch_terminal_velocity Table [OT2
N_SWITCH_SLIP_.CORRECTION n_switch_slip_correction
FORM form
MAXD_DENS maxd_dens
MIND_DENS mind_dens
Settings of wet scavenging
N_SWITCH_SCAVENGING_TRACER_TYPE n_switch_scavenging_tracer_type Table I3
SCAVENGING_COEF_RAIN scavenging_coef_rain
SCAVENGING_POWER_RAIN scavenging_power._rain
THRESHOLD_INTENSITY_RAIN threshold_intensity_rain
SCAVENGING_COEF_SNOW scavenging_coef_snow
SCAVENGING_POWER_SNOW scavenging_power_snow
THRESHOLD_INTENSITY_SNOW threshold_intensity_snow
SCAVENGING_COEF_GRPL scavenging_coef_grpl
SCAVENGING_POWER_GRPL scavenging_power_grpl
THRESHOLD_INTENSITY_GRPL threshold_intensity_grpl
HENRY_CONST henry_const
FRACTION_NUCLEI fraction_nuclei
Parameter of decay
HALF_LIFE half_life Table I
I/0 settings
INTERVAL_ATM interval_atm Table 013
N_SWITCH_ATM_OUTPUT n_switch_atm_output
N_SWITCH_ATM_VALUE_DEPOSIT n_switch_atm_value_deposit
N_SWITCH_ATM_VALUE_CONCENT n_switch_atm_value_concent
N_SWITCH_ATM_INTERP n_switch_atm_interp
TYPE1_.ATM typel-_atm
TYPE2_ATM type2_atm
TYPE3_ATM type3_atm
MEMBER_-ATM member_atm
PLANE_ALT_ATM plane_alt_atm Table I8
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H8E AHNT—49T7x—<v b

GPV g (Figure B ® PreGpv[EIMIL]f) ZANT 2EHMT — X & ATM G5 (PrePoint & & U} FcATM)
AN TBRILEEL 72 GPV OBEE—E 23T,

El EB#HF—4%9%74—<v b

WINE ML EE THW ARG ZRNET 2 RO B -0 DEHRT — X Th BHHENNT A —x, KESHA, BH
AKiE (SST) DEEED 7 +—< v b ZFNFNAETD E12, E13 2R, fHEDHE L SST OKFESREER
640 x 320 OIEHER IR AT D A+ TH 5,

Ell HENRSX—%

Table E.1 Data format of vegetation parameter (veg.dat). The extents of vegetation type ityp = 25 (1-12:
Northern Hemisphere, 13-24: Southern Hemisphere, 25: Ice sheet), months imon = 12 and icg = 2.

Variable name ‘ Variable type ‘ Description ‘ Unit ‘ Remarks
Record #1 (Omitted)
Record #2
xgreen(ityp*imon*icg) real(8) (Omitted) Not used in ATM
xcover (itypximon*icg) real(8) (Omitted) Ditto
xz1t (ityp*imon*icg) real(8) (Omitted) Ditto
x0x (ityp*imon) real(8) Roughness length m
xd (ityp*imon) real(8) Zero-plane displacement m
El2 HEESDH

Table E.2 Data format of vegetation type (typ.dat). Grid numbers nx_surf = 640 in the West—East direction
and ny_surf = 320 in the South-North direction.

Variable name Variable type Description Unit Remarks

imask (nx_surf#*ny_surf) integer(4) Vegetation type - 0 (Water) —
13 (Ice sheet)
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IMASK

60E

1 2 3 4 5 6 7 8 9 10 1" 12 13

Figure E.1 Distribution of vegetation type (typ.dat). 1: Broadleaf evergreen, 2: Broadleaf deciduous, 3:
Mixed broadleaf deciduous and needleleaf evergreen, 4: Needleleaf evergreen, 5: Needleleaf de-
ciduous, 6: Grass and broadleaf deciduous shrubs, 7: Grass, 8: Broadleaf deciduous shrubs, 9:
Semi-desert, 10: Tundra, 11: Desert, 12: Cultivated land and 13: Ice sheet (Safo ef all, T9R9).

E.1.3 SBEKEDSIIEE

Table E.3 Data format of climate values of SST (sst.dat). Grid numbers nx_surf = 640 in the West—East
direction and ny_surf = 320 in the South—North direction.

Variable name | Variable type | Description | Unit | Remarks

Record #1-6 (Omitted)

Record #7 (January, header)

Record #8 (January)

level character(4) (Omitted) Not used in ATM

nlem character(4) (Omitted) Ditto

title character(32) (Omitted) Ditto

unit character(16) (Omitted) Ditto

ktsd integer(4) (Omitted) Ditto

ktsa integer(4) (Omitted) Ditto

base real(4) Base K

amp real(4) Amplitude -

idata(nx_surf*ny_surf) | integer(2) SST (K) Decode by
base+tamp*idata

Record #9 (February, header)

Record #10 (February, same format as Record #8)

Record #29 (December, header)

Record #30 (December, same format as Record #8)
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Figure E.2 Monthly distribution of roughness length with vegetation parameter (veg.dat)

- 111 -

84 %5 2021

X0X [M] FEB

90N

120E 180 120W
X0X [M] APR

120E 180 120w

X0X [M] JUN
90N

120E 180 120w

X0X [M] AUG
90N

120E 180 120W
X0X [M] oCT

120E 180 120w

X0X [M] DEC
90

=

180
|
0 03 06 08 1.2 15




[EWFEFTEATHRE 2845 2021

120E 180 120W 180
XD [M] MAR XD [M] APR

180

Figure E.3 Monthly distribution of zero-plane displacement with vegetation parameter (veg.dat)
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F 845 2021

Table E.4 Elements of input GPV (pre_gpv.nus) to the JMA-ATM. The data type names of typel = _ATMFGZZ,

planes (footnote B of § E), respectively.

type2 = FCSV and type3 = GPV1. SURF and NZ_GPV mean surface and the number of atmospheric

Element Meaning Unit Plane Remarks
Z Altitude m asl | SURF, 1, 2, ..., NZ_.GPV | Only initial time in cases
of MSM and LFM
Modeled terrain elevation
is stored in SURF
SL Land coverage rate 0.01% | SURF Only initial time
0 (Sea) — 1 (Land)
FLAT Latitude ° SURF Only initial time
FLON Longitude ° SURF Only initial time
uu Horizontal wind speed in the | m/s SURF, 1, 2, ..., NZ_GPV
West—East direction
VvV Horizontal wind speed in the | m/s SURF, 1, 2, ..., NZ_.GPV
South—North direction
W Vertical wind speed m/s 1,2,..., NZ.GPV
Dens Air density kg/m®| SURF, 1, 2, ..., NZ_GPV
T Air temperature K SURF, 1, 2, ..., NZ_GPV
P Air pressure hPa SURF, 1, 2, ..., NZ_.GPV Only initial time in case
of GSM (except SURF)
EDDYKH | Turbulent diffusion coeffi- | m?/s | 1,2, ..., NZ_.GPV Vertical component
cient
ra Aerodynamic resistance s/m SURF
CWC Cloud water content kg/m3| 1,2, ..., NZ_.GPV
CTOP Cloud top m asl | SURF cf. Table D3
CBASE Cloud base m asl | SURF
SMQRI1H | Precipitation intensity mm/h | SURF
(Rain)
SMQS1H | Precipitation intensity mm/h | SURF
(Snow)
SMQG1H | Precipitation intensity mm/h | SURF

(Graupel)
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Table F.1 Text format of atmospheric profiles above emission points (point_stagenn.txt, nn =
1,2,...,n_stage). nz_gpv = NZ_.GPV 4+ 1 (NZ_GPV is the number of atmospheric planes of Ta-
ble EQ).

Column index ‘ Variable type Description ‘ Unit ‘ Remarks

Row #1 (Header caption)

Row #2 (Surface)

1 integer Start time of emission (year) UTC
2 integer Start time of emission (month)
3 integer Start time of emission (day)
4 integer Start time of emission (hour)
5 integer Start time of emission (minutes)
6 real Altitude above emission point m asl | Modeled terrain ele-
vation at surface
7 real Eastward wind speed m/s
real Northward wind speed m/s
real Vertical wind speed m/s | Null value at surface
10 real Air density kg/m?
11 real Air temperature K
12 real Air pressure hPa

Row #3 (The first atmospheric plane, same format as Row #2)

Row #nz_gpv+1 (The NZ_GPV-th atmospheric plane, same format as Row #2)

Row #nz_gpv+2 (Partition line)
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Table F.2 Data format of tracer particles (ini_particle.dat and fcst_particle.dat). Variable type of

integer means integer(4), real are selectable from real(4) or real(8).

Variable name ‘ Variable type ‘ Description ‘ Unit ‘ Remarks
Record #1
n_tracer integer Total number of | - Sum of
tracer n_tracer_stage
n_stage integer Total number of emis- | -
sion source (stage)
basetime_gpv(5) integer Base time of GPV UTC | TIMECARD
Record #2
source_name_stage(n_stage) character(24) Name of source -
source_lat_stage(n_stage) real Latitude of source °
source_lon_stage(n_stage) real Longitude of source °
emission_start_time_stage integer Start time of emission | UTC | TIMECARD_RUN
(n_stage,5)
emission_duration_stage real Duration of emission | s
(n_stage)
emission mass_stage(n_stage) | real Mass of emission kg
source_btm_asl_stage(n_stage) | real Bottom altitude m asl
source_top_asl_stage(n_stage) | real Top altitude of source | m asl
n_tracer_stage(n_stage) integer Number of tracer in | -
this stage
Record #3- (Repetition until the end of forecast time)
tracer_id(n_tracer) integer ID of tracer - Same as 1st field
of Table =3
elapse_time real Elapse time S From base time
tracer_release_time(n_tracer)| real Release time of tracer | s Ditto
tracer_current_time(n_tracer)| real Current/Stop time of | s Ditto
tracer
tracer_lat(n_tracer) real Latitude of tracer °
tracer_lon(n_tracer) real Longitude of tracer °
tracer_alt(n_tracer) real Altitude of tracer m asl
tracer_size(n_tracer) real Diameter of tracer m
tracer_dens(n_tracer) real Density of tracer kg/m3
tracer_mass(n_tracer) real Mass of tracer kg
n_falg status(n_tracer) integer Status flag of tracer -
n_flag result(n_tracer) integer Result flag of tracer -

- 116 -



F13 49JHAH774I

Table F.3 Data format of tracer tags (ini_tag.dat).
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type of integer means integer(4).

n_tracer and n_stage are given by Table EZ2. Variable

Variable name Variable type Description Unit Remarks
tracer_id(n_tracer) integer ID of tracer - 1, 2, ...,
n_tracer
emission_stage_id(n_tracer) integer ID of emission stage - 1, 2, ...,
n_stage
emission_point_id(n_tracer) integer(8) ID of emission point - 18th field of Ta-
ble T4

F2 NuSDaS IC&BHENEFR—E

ATM 26 NT2FTF—X1E NuSDaS DF — Xty b THRLTW5S, Hh

F.2.1 ATM

SEOBFHNT—%

Z A B2 TR,

Table F.4 Elements of output (fcst_atm.nus) from the JMA-ATM. The data type names of typel = ATMLLLY,

type2 = FCAV and type3 = STD1.

SURF and NZ_ATM mean surface and the number of atmo-

spheric planes set by Table T8, respectively. Time attribute of TDEP, FOUT, DDEP, WOUT
and ROUT is defined by n_switch_atm value_deposit and that of TCLM and ACON is defined
by n_switch_atm value_concent of Table IT3.

Element Meaning Unit Plane Remarks

TDEP Total deposition kg/m? | SURF =FOUT + DDEP+
+WOUT + ROUT

FOUT Gravitational fallout kg/m?| SURF N/A

DDEP Dry deposition kg/m? | SURF

WOUT Wet scavenging (Washout) kg/m? | SURF

ROUT Wet scavenging (Rainout) kg/m? | SURF

MAXD Maximum grain size m SURF From start to valid time

CTOP Tracer cloud top m asl | SURF Snap value at valid time

CBASE Tracer cloud base m asl | SURF Ditto

TCLM Total column content kg/m? | SURF

ACON Atmospheric concentration kg/m?| 1,2, ..., NZ_ATM
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LFab 20 1z B B EUELE R 65 7201213, seed ZI5IZEI T 2 K EHH D random number (FH 2 72\,

2EEMEHOBET — N T)E— M v V7T & DEEREMTEE] (Intel® Xeon® Gold 6138 (3.7 GHz) #ik) THITLZE I3, 1
fEMEDFLEE 10 [BIERKRT 5 DIZhH 5K 4 BIFEETH - 72,

S~ OFHADHTH URBMMEONTHESICHBEICZ 2D TldRW, HIZIE, MIEOKEN G ICBbN BT E . FHRORGD TG
ELNBEBUZ —EBEENH > THRBIZIZ R S RWES S,

470 AT IO Y — R R RSB HICT 5B ENH D I L ITHER,

53— RHOBEL - EROKEEIZDWTIX, sp=4, rp=8 TH 3 (Table CA), F7-EFKSIE, JE MPIBREITlE, iompi log=6 ThH 5,

6o%p, ZOY TV —Fvidnmax i b L —H—8 (n_tracer) THIENZ I LMMFLAELTH 3,

- 119 -



— =
= O © 00 N O Ui W N =

R W W W W W W W W W WNNDNDNDNDNDDNDDNDNDNR = = 2 e
= O © 00 O Ui W N HFHOWWOGW-SNOUJU k= WO O©OWwO Ut i W N

SEMFAT BT R Y #5845 2021

! Based on Marsaglia (2003) "Xorshift RNGs"

subroutine xorshift32_rng( harvest, n_max, seed )

real (rp), intent (out) :: harvest (1:n_max)

integer (sp), intent(in) B n_max

integer (sp), intent(inout):: seed

integer (sp) :: nn

integer (sp) oy 'l 32bit Integer

integer (sp), parameter:: n_32bit = 2147483647 !! 2%x32/2-1

real (rp), parameter:: inv =1._rp / ( 2._rp * real(n_32bit, rp) )

do nn = 1, n_max
y = ieor(y, ishft(y, +13))
y = ieor(y, ishft(y, -17))
y = ieor(y, ishft(y, + 5))

harvest (nn) = inv * real(y, rp) + 0.5_rp

if ( harvest(mn) < O._rp .or. 1._rp < harvest(mnn) ) then
write(io_mpi_log, *) "WARNING: RANDOM NUMBER GENERATION"

write(io_mpi_log, *) "SEED, N, Y, HARVEST = ", seed, nn, y, harvest(nn)
harvest(nn) = 0.5_rp
end if
end do

return

end subroutine xorshift32_rng

Figure G.1 Xorshift RNGs implemented in the JMA-ATM
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Figure H.1 Image of MPI parallel computing in the JMA-ATM
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Figure H.2 Relation between CPU time and MPI processor number. An example of ATM 6-hour prediction
with input GPV of LFM. The numerical calculation was executed by the MRI supercomputer.
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>k 3k 5k 3k >k 3k 5k %k %k 5k 3k %k >k ok %k %k >k 5k %k >k %k k %k %k %k 5k %k %k 5k 5k %k %k %k %k %k % 5k 3k >k % % %k %k % 5k %k %k 5% % %k % % %k %k % 5% % *k *k %

TIME STEP (ELAPSE TIME) = 19 / 120 ( 3420.0000 )
ke ke sk ok ok ok ok ok ok ok ok ok ok ok ok K K %k %k %k %k 3k K kK ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K K %K %k %k %k %k %k K K K ok ok ok ok ok ok ok ok

SET_HORIZONTAL_FLAG: #0UT OF DOMAIN (HORIZONTAL) = o/ 60493
JUDGE_FALLOUT: #UNDERGROUND TRACER = 1147 / 60493

TRACER2GRID: WEIGHT_DEPOSIT = 1.00000000000000

TRACER2GRID: WEIGHT_CONCENT = 1.00000000000000

TRACER2GRID: #FALLOUT = 1168

TRACER2GRID: #DEPOSITED = 9

TRACER2GRID: #WASHOUT (RAIN) = 0
TRACER2GRID: #WASHOUT (SNOW) = 0
TRACER2GRID: #WASHOUT (GRAUPEL) = 0
TRACER2GRID: #RAINOUT = 0
TRACER2GRID: #STILL_ACTIVE = 59346
SET_VERTICAL_FLAG : #0UT OF DOMAIN (TOP) = o/ 59346
SET_VERTICAL_FLAG : #0UT OF DOMAIN (BOTTOM) = 32 / 59346
BELOW_CLOUD_SCAVENGING (RAIN)
#WASHOUT TRACER = o/ 59314
#WASHOUT TRACER (FORCED) = o/ 59314
BELOW_CLOUD_SCAVENGING (SNOW)
#WASHOUT TRACER = o/ 59314
#WASHOUT TRACER (FORCED) = o/ 59314
BELOW_CLOUD_SCAVENGING (GRAUPEL)
#WASHOUT TRACER = o/ 59314
#WASHOUT TRACER (FORCED) = o/ 59314
DRY_DEPOSITION
#DEPOSITED TRACER = 9 / 59314
--- TFV MONITOR --------------—-—-—-—-———— - mm o mm————— - ——————

ID(N) ALT [m] PRES [hPa] TEMP [K] DENS [kg/m3] VISCOS [muPa.s]
SIZE [mm] TFV[m/s] REYNOLDS_NUM CUNNINGHAM_COR

30000 6924.100386 437.495426 262.270196 0.581076 16.637055
0.234732 1.343789 11.016914 1.001421

50000 10896.999265 253.520124 234.680512 0.376245 15.186895
0.049048 0.129211 0.157007 1.010136

60000 11815.128632 221.331332 227.337247 0.339120 14.788483
0.027668 0.045032 0.028571 1.019726

70000 11993.942197 215.506361 226.063309 0.332018 14.718806
0.006088 0.002483 0.000341 1.091388

100000 11931.432786 217.547177 226.505665 0.334512 14.743020
0.012097 0.009225 0.002532 1.045678

=== TFV MONITOR (END) - - == mmmmm oo oo oo

Figure H.3 Example of a part of a process log (time step)
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2021

=============== cpu time

sububroutine

START

~N o O W N

READ_NAMELIST
INITIALIZATION
INPUT_CONST_GPV
READ_INITIAL_TRACER
WRITE_TRACER_HEADER
PREPARE_WORK_VARIABLE

8 MAIN_LOOP_START

11 PREPOST:
12 PREPOST:
21 PREPOST:
22 PREPOST:
31 PREPOST:
32 PREPOST:
33 PREPOST:
40 PREPOST:

SET_TIMESTEP
ACTIVATE_TRACER
FIND_GPV_IJ
INTP_ZS_TRACER
FALLOUT_JUDGEMENT
POSITION_ADJUSTMENT
FIND_ATM_IJ
TRACER2GRID

50 OUTPUT_ATM

60 INPUT_GPV

71 PRE: FIND_GPV_K
72 PRE: SET_INTP_TIME
73 PRE: INTP_GPV

99 RUN_LONG:
110 RUN_LONG :
120 RUN_LONG :
130 RUN_LONG:
140 RUN_LONG:
150 RUN_LONG:
200 RUN_LONG:

DECAY

WASHOUT

RAINOUT
DRY_DEPOSITION
HORIZONTAL_DIFFUSION
VERTICAL_DIFFUSION
SUM_TENDENCY_LONG

510 RUN: HORIZONTAL_ADVECTION
520 RUN: VERTICAL_ADVECTION
530 RUN: GRAVITATIONAL_FALLOUT
600 RUN: SUM_TENDENCY_PART

700 RUN: SUM_TENDENCY

810 POST: TIME_INTEGRAL

900 DEALLOCATION

-- total cpu time --

cpu(time)

1.
440.
15584.
2876.
.00000
.00000
118.
3.
583.
.00000

32
13

60

252707.
32635.
167.
512.
88694.
9575.
6023.
108552.
19072.
879.
1899049.
173.
5622.
.00000
968.
8153.
2000.
828.
3784.
135.
4524 .
652.
1213.
1525.
1158.

53

2468363.

00000
00000
00000
00000

00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

cpu rate (%)

0.000

0.018
.631
117
.001
.001
.005
.000
.024
.002
.238
L322
.007
.021
.593
.388
.244
.398
773
.036
.936
.007
.228
.002
.039
.330
.081
.034
.153
.005
.183
.026
. 049
.062
.047

O O O O O O OO O O O O O O O OO P OO WOOoOkFr OO O OO OO OoO Ooo o

100.0000

Figure H.4 Example of a part of a process log (cpu time)
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34
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2021

3k 3k >k 3k %k 3k 3k %k 3k 3%k %k 3k %k %k 3%k %k 3k %k %k 3k %k 3k 5% >k 3%k %k %k 3%k %k 3k % >k 3%k %k %k 3% %k 3k %k %k 3% %k 3%k % %k 3%k %k %k % %k 3% % %k 3% %k % % %k %k ¥
TIME STEP (ELAPSE TIME) = 18 / 120 ( 3240.0000 )
3k 3k >k 3k 3k 3k 3k %k 3k 3k %k 3k %k 3k 3k %k 3k %k %k 3k %k 3k 5k %k 3 % %k 3k %k 3k 5% %k 3 %k % 3% %k 3%k % % 3% %k 3% % % 3%k %k % 3% % % % % 3% %k % % %k % ¥
3k 3k >k 3k %k 3k 3k %k 3k 3%k %k 3k %k %k 3%k %k 3k % %k 3%k %k %k 3% >k 3%k %k %k 3%k %k 3k % %k 3k %k %k 3% %k 3%k %k %k 3% %k 3%k % %k 3%k %k % 3% %k % % %k 3% %k % % %k %k ¥
TIME STEP (ELAPSE TIME) = 19 / 120 ( 3420.0000 )
3k 3k 3k 3k 3k 3k 3k %k 3k 3k %k 3k %k 3k 3k %k 3k % %k 3k %k 3%k 3k %k 3k % % 5k %k 3k 5% %k 3 %k % 3 %k 3k % % 3% %k 3% % % 3% % % 3% % % % % 3% %k 3% % %k % ¥
3k 3k >k 3k %k 3k 3k %k 3k 3%k %k 3k %k %k 3%k %k 3k %k %k 3%k %k 3k % >k 3%k %k %k 3%k %k 3%k % >k 3k %k %k 3% %k 3%k %k %k 3% %k %k % %k 3%k %k %k % %k % % %k 3% %k % % %k %k ¥
TIME STEP (ELAPSE TIME) = 20 / 120 ( 3600.0000 )
3k 3k >k 3k %k 3k 3k %k 3k 3 %k 3k %k 3k 3k %k 3k % %k 3k %k 3%k 5 %k 3 % % 5k %k 3k > %k 3 %k % 3% %k 3k % % 3 %k 3% 3% % 3%k % % 3% % 3% % % 3% %k % % %k % ¥
=== TRACER MONITDOR —=---- == m - oo oo oo o oo o oo oo
ID(N) TIME[sec] LAT [deg] LON [deg]
SIZE[phil DENS[kg/m3] MASS [kg] S_FLAG R_FLAG
10000 2520.000000 32.951792 131.144074
-0.133709862 1215.864286 15179.017796 0
20000 1080.000000 32.902729 131.098373
-2.709532730 1041.536263 15179.017796 0
30000 3600.000000 32.884009 131.238591
2.090913132 1644.074866 15179.017796 1
40000 1080.000000 32.910958 131.105635
-1.653814857 1083.665857 15179.017796 0
50000 3600.000000 32.880509 131.264081
4.349667633 2124.282146 15179.017796 1
60000 3600.000000 32.897585 131.252258
5.175658149 2229.863131 15179.017796 1
70000 3600.000000 32.913659 131.247070
7.359928359 2358.646038 15179.017796 1
80000 1980.000000 32.933710 131.109987
0.374139986 1288.194755 15179.017796 0
90000 720.000000 32.892450 131.084545
-0.150744525 1213.717254 15179.017796 0
100000 3600.000000 32.896682 131.248772
6.369247333 2320.152797 15179.017796 1
ID(N) TIME [sec] LAT [deg] LON [deg]
SIZE[phil DENS[kg/m3] MASS [kg] S_FLAG R_FLAG
--- TRACER MONITOR (END) ——---—- - —mm—mm - oo oo oo
--= ATM GRID MONITOR —-----=-=—--————————-m——mm— oo ———
MAX: TDEP [kg/m2], GRID(SURF) = 0.156751821858989
MAX: FOUT [kg/m2], GRID(SURF) = 0.155755171629878
MAX: DDEP [kg/m2], GRID(SURF) = 9.966502291108054E-004
MAX: WOUT [kg/m2], GRID(SURF) = 0.000000000000000E+000
MAX: ROUT [kg/m2], GRID(SURF) = 0.000000000000000E+000
MAX: MAXD [ m], GRID(SURF) = 9.591168592214949E-002
MAX: CTOP [m asl], GRID(SURF) = 12016.6716584730
MIN: CBASE[m asl], GRID(SURF) = 659.510310104424
MAX: TCLM [kg/m2], GRID(SURF) = 0.138224548475345
MAX: ACON [kg/m3], GRID( 2) = 6.923316699368353E-006
MAX: ACON [kg/m3], GRID(KMAX) = 9.102324543651221E-006
--- ATM GRID MONITOR (END) -----------—--m——-m—m—mmm oo
3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3 % % Xk Xk %k %k %k %k %k 3k 3k %k 3k 3 3k 3k 3k 3 3 % % % X Xk %k %k %k %k %k %k %k %k % 3% 3 3 3 > > % % % %k *k % % % %
TIME STEP (ELAPSE TIME) = 21 / 120 ( 3780.0000 )

3k 3 >k >k >k 3k 3k 3k 3k %k %k %k %k 3k 3k > >k %k %k %k %k 3k > > > %k %k % %k >k > > %k %k %k % %k 3k >k > %k %k > % 3%k 5 > %k % > % % % % % % % % % %k
3k 3k >k 3k 3k sk ok ok 3k sk >k 3k 3k >k ok ok sk %k 3k sk Sk >k ok ok sk >k ok 3k sk >k 3k sk sk >k ok 3k sk >k 5k sk sk sk 5k 3k sk >k 3k 3k >k >k %k %k %k %k 3k %k >k %k %k k
TIME STEP (ELAPSE TIME) = 22 / 120 ( 3960.0000 )

3k 3 >k >k >k 3k 3k 3k 3k %k %k >k %k 3k 3k > >k %k %k %k %k %k >k > >k %k %k % %k >k >k > %k %k % % %k 3k 3 > %k % % % 3%k > 5% %k % > % % % % % %k % %k % %
3k 3k >k 3k 3k sk ok ok sk 3k >k 3k 3k sk ok ok sk 3k 3k sk 3k >k ok ok sk >k 3k 3k sk >k ok k sk >k ok sk sk >k 3k 3k 3k >k %k 3k k >k 3k 3k >k >k 5k %k %k %k 3k %k %k %k %k %
TIME STEP (ELAPSE TIME) = 23 / 120 ( 4140.0000 )

3 3 %k >k >k 3k 3k 3k 5k %k %k %k %k 3k 3k > >k %k %k %k %k >k >k > > %k %k %k %k >k >k > %k %k % % %k >k > > %k % >k % 3%k 5 5% %k % > % % % 3% % %k % %k % %

691.092713
11

725.019541
11
6681.383993
1

739.546145
11
10879.602368
1
11809.397188
1
11995.448547
1

683.217676
11

732.602274
11
11931.815756
1

ALT [m]

263
263
263

263
264
263
263
263
264

SIZE [m]

.001097111

.006541098

.000234732

.003146646

.000049048

.000027668

.000006088

.000771565

.001110142

.000012097

SIZE [m]

247
247
247

247
247
247
247
247
247

Figure H.5 Example of a part of an ATM log
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O—HILTEDTWS Fortran DI —F 4 Y ZI)L—)L e, YV A2 ) T h2EL L ZIZE& 22T TWAZ L 230b
95,
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V—=AaA—=R%IA—=FT 4 VIV =IVIlH->oTEBTEZ i, AHEE2EDIEREH L, ATMBELED I—F 1
> 7 )V—)ViL, Fortran fE# 1 —5 ¢ > 27 —)L (EF A, poo2)®, NHM (B, 2003) & & O asuca (T -,
201d) DI—F 4 YT OBAEREE LTEDT NS,

ATAIIL—Ib

2RI —Ib
o Tl T NFFANETEL, 7 UHAABBERSINES 1 77 Y (NuSDaS, NWP & &) 8LU T 1
TV TESINTWVWSIEKAX, open, close, read, write XOHIFHIHEZ LXK FTEL,
o 11713 132 XN LT 5,
o MkHEATIX T&] ZATH LMBATDIRDIZ AN, HIMLEIXFITICHIZ 5, fTRT T, 285581, & 2y
k& UTHIfTIZHIZ 5.
o BN EDXFERIE (1], write X DT 1] THE,

~ (i) ~

call NUSDAS_INQ_DEF( typel_atm, type2_atm, type3_atm, & !! IN
& N_PLANE_NUM , & !V IN
& nz_atm , & '! OUT
& 1 , & !V IN
& irtn ) ! 0OuUT

open(n_io, FILE='NAMELIST', STATUS='OLD', ACTION='READ')

write(6, '(a, i4, a26)') "RANK, LOG_FILE = ", mpi_myrank, log_mpi

g _J
EEX
use EEX

o FHIX U T use XWXV TN —F v OHRTHHT S, EYVa—ILEKTOD use IFXIKIEDOHIA % 2,
o use XD S5, contains XDRITEETDDIZEARMIIZEY TV —F o TCHHEINE LD :

Lhttps://www.mri-jma.go.jp/Project /mrinpd/coderule.html
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4 N

use nrtype , only: sp, dp, rp, rrtype

use mpi_type , only: mpi_idtype, mpi_rktype

use mytype , only: tag, flag

use variable , only: mpi_myrank, mpi_rank_num, io_mpi_log, log_mpi

use const , only: pi, rad_unit, deg_unit

use parm , only: time_epsilon, space_epsilon , &
& large_null , &
& io_rank

use func , only: tracer_size_phi, exponential_decay

use filetool , only: filetool_searchfile, filetool_searchft

use timetool , only: ctime_run

use mpi_control, only: mpi_ini, mpi_final, mpi_particle_num_set , &
& tracer_allgather_const, tracer_allgather_variable, &
& atm_grid_reduce

implicit none

include "nusdas_fort.h"

contains

DL T 5, include XIZDWTHFRRE T 5,
HARI 7 Figt & LTI,
— HEIEV2A—NVHADEZEDOY TN—F D55, KETHIENS IR ERIE, €Y 2 — V2K T use
LTH &,
— BEVaA-ILVHNDOREDY TIV—F vV TOREIGEIX, T —F U NTuse 35,
— BRUZE 5> TIE, BIAPELTEY TV —F o T8 iZuse THHLVRGVEEEHZD T, T OHEKR
ERSR

o EYVa— )L Tl private & HL (VT —F VDB E BMEMIZABLRW0),
o EVa—VHTRAMT AV TN —F U PEHDA, public XTART 5,
-~ (#) ¥ 7 )V —F > make_random_uniform DA ~

module random
implicit none

private
public :: make_random_uniform

contains
U HHEHEH R R
subroutine make_random_uniform

call xorshift32_rng
return
end subroutine make_random_uniform
s S S S s s s s
subroutine xorshift32_rng
return
end subroutine xorshift32_rng

U HHEHEH R R R
end module random

- 128 -




[EFEBAieE %845 2021
7272 UHLE # (nrtype.£90, mytype.f90). Z# (variable.f90). E#{ (const.f90). /¥ 7 X — X
(parm.£90) DEY 2 —MIZDWTIk, 2K T public EE LT &\,
save EEX

o HNAEE (Fu—NIEH) & F L7z variable.f90 IZDOW Tk, @A Tsave EE LTI\ :

module variable

use nrtype, only: sp, dp, rp
use mytype, only: tag, flag

implicit none
save
public

end module variable

mRIDEEX

o L% T — X TRIMEMRT 2EEIX 11710 1 BRE T 5, M7 T&) OFAIK. RUETH-> TEEHDH
DL THT 5,
(f51)
real (sp):: r2_wrk(1:4), &
& r4_wrk(1:4)

integer(sp):: n2_wrk(1:2)
integer(sp):: irtn

B 5l DB
o FlFDREXINTFTOHRE SR WEEEZED, allocatable BIIZ X 2BINEIG2EALTE, HELY T —
FUNT., [P 500 £ TEERSI 2R T 6 & 2 ILaHEEN 2 EAR L T5,
o MFIDRAFTRHDOEED T 5 :
e ()
do jj = 1, ny_gpv
do ii = 1, nx_gpv
rain_gpv2(ii, jj) = rain_gpvi(ii, jj)
end do
end do

A

rain_gpv2(l:nx_gpv, 1l:ny_gpv) = rain_gpvl(l:nx_gpv, 1l:ny_gpv)
- J
(&)

rain_gpv2(:, :) = rain_gpvi(:, :)

F—LYZ K
o 1AM 1T OHEE, TR I EFOFARW (FAL NFTHEHL),
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o Kb viT Tgend] TR /1 ZHNWS,
H1)

&namsrcinfo
n_tracer_esp=250000
n_stage_esp=1

/

YITIN—F
o TEBEI)., =DM E2ITS, HEZEDSEIBIZ, —DDH TN —F VIZEBOWENA->5E. 7
N—F Oy E & RET 5,
o ZETIZAMEETIZ, BB IZ-ET e HNBd L5127 5,

(@)

[ subroutine calc_tracer_size_distribution j
(& <V BT TRE

( subroutine ctsd j

o YT NV—Fra—)
— M UHOBA O 5 BUIHIR U, 7RI Tr INDL T oUuT) R E D AHAREZ RT 2 e 28 AL T 5,
R UEPZRLDIREBLTE LW,
— —F LD TEKRYH L5 (nx, ny ¥ typel, type2, type3 &) D2\ Tk, EBHEMHEHULTHN
E1ATIZE VTR,
— A DGE . SIBO#HFZPE T 5,
() ~
call swap_j( rr (1:nx, 1:ny), & !! IN

& data(l:nx, 1l:ny), & !! OUT
& nx, ny ) 1IN

call ctime_run( 50, "OUTPUT_ATM ")

call NUSDAS_ALLFILE_CLOSE( N_FOPEN_ALL, irtn )

o M THIIZ return X & &L,
e end XUTIFEYa— V%, HTNV—FrgiEL
~ (F W) ~N

end subroutine drive_atm
end module sub_atm
J
-~ (&< ~
end subroutine
end
- J

HE
o BHUL - EEULIIEZHIRT 5,
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(%)
int(n_tracer / n_sample, sp)
nint (elapse_time / 60._rp, sp)
o HEHRIX MRV FALTH) MEADLYTHET 5,

(i)
real( ny_surf_t1319 + 1, rp) / 2

TH7<

real( ny_surf_t1319 + 1, rp) / 2._rp

7272 UFEROREFREIT (HEPEPORNFIIEDLL D<) Histe T2,
(1)

work_rz ** 2._rp

TH7<

work_rz *x*x 2

o if XDK/NEIIZ T.gt.] ® [ne.| bR, [>] % [/=] 25,

aAX2b
o HAILUT, 1HHE T 257
o W) V=T 7 A VDAL BE, MFRH, BHHATAL, EHH (R R 1 DR
HH L0 5 £512¢ 5,
~ () N

Name : Atm/Fcst/main_atm.f90
Outline: Main program of the JMA-ATM
(The Japan Meteorological Agency Atmospheric Transport Model)

Release: 2019/03/01 T.Shimbori, Meteorological Research Institute/JMA
Update : 2020/06/22 T.Shimbori, ditto

!
!
!
!
!
|
!
! Update : 2020/06/24 K.Ishii , ditto

o ) : ZNENUTOEATIHE»S ANSD :
— A TarI LAOESFH L ETBOMY]

(:! cleleleldccddddeeeelelelddededddedcdeeelelelelddddededdededelelelddcdedddeddddeelelelddddeddddeeeeleledddedededd ;j

— B 7N —F VO]

(:! Bz s s s s s s s s s :)

o EFHDaAXY b BEIBUTURDOLALGZIFE LT, FiOFEXTANS,
—LRVO: Turorehz2@B L TR RNELRPHEALLUTCHE (HZ : < THEV a2 - V2T
Bl )
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1 skookook ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok ok k

! Level 0 comment (2-character indent)
1 sokokok sk ok ok ok ok sk sk sk sk sk sk sk sk ok ok sk s ke ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk o o o ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk ok ok sk ok ok ok ok ok

— LA I —F VORISR RGBT HA (BL : Y TV —F v NTE ), LIV 1D
FZ LV LI AR, WHNCRIET 2 (TANRF] 1IZLERW),

! Level 1 comment (2-character indent)
!

— LRV 2: LRV 1 OFOZREOFHHIZHA (HZ : 280,

LAV, 1, 2 20 ehoffiloRiE, RS 2ZELTHND D,
o TRIZAAV M ZANDYHIX 1] T2,
o XA &<, HAGE (234 bEGE) b,

FFF (4T h)
¢ 2 XFHDF R (I2FFE T 95,
e contains XBAREIX 2 FFE T T2 ((EUIEFRL),
o if X, do XREDNHD 2 FFRIF2HAL TS,
o LI ER DL &, HOWBEIFERITIIAT BT LV, I3 E0FTFTTERELE2SEIITS
(f51)

if ( center_lat(nn) == O._rp .and. center_lon(nn) == 0._rp &
& .and. target_lat(nn) == O._rp .and. target_lon(mn) == O._rp ) then

o IXAYVIDETRI (RITORBAME) X, I— FAXDETIZELES, bbbt v Ty h2hizdIes
JFAJE T 20, REIE2FELUTHIND D,
~ (&) ~
1

! Output
!

do nn = 1, n_stage

! Write: data
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/%;<tw%)v&w1ﬁAM%\:xybﬁﬁﬁﬁﬁ:—F$Xaéofmﬁw ~
!

! Output
!

do nn = 1, n_stage

! Write: data

do kk = 1, nz_gpv

end do

end do

ZH (RR—2)

o [0, Til, Ti:) DRNCIFAR=AZEANT, BICAR—ZA% AND (HEXRA TOHFIE), 7272 VRSO
F%z T:] THRETDLEFRIZEAR-ZE AN,

o [(J. N DRIBITIFFAIAR—A % AN\, 7277, if X do while X7 ¥, WIZERMEXHAS (.
D] DRIEZIFAR—=Z% AND, Y TV—F 2P BH L T() OMIFAR—2% ANT, [(] OF%IFH]
TEMMNEEZRZ B OIZAR=2% ANTE LW,

o "IHHHBA FOMMRIANR—AZIT B, LEZL. V—TELD L NRECEA O #mE, —F& DIl
Jis ey BB GG ITEMTE B,
~ () ~

allocate(grid_atm_air_concent(l:nx_atm, 1l:ny_atm, 1:nz_atm))

open(11, FILE='NAMELIST_ELEM', STATUS='OLD', ACTION='READ')

read(11, NML=namverif)
write(6, NML=namverif)

close(11)
deallocate(grid_atm_air_concent)

do jj =1, ny
do ii = 1, nx
data_out(ii, jj) = data_in(ii, ny-jj+1)
end do
end do

EHDHmRIL—IL

o BEERDIE ZIIMRNIZT 5 @ implicit none

o ZHOMEF X, Mk O TBA7z & 512, Numerical Recipes (nrtype.£90, Pressef all, T996) F 7z 135l
(mytype.f90) O#IEF (Tables CA, TH) » 5 use ULTHHT S, EHA - BHEAOMR kind IXEMEL T
FVA, XFHROEX len IFART S L 2T 5,
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use nrtype, only: sp, dp, rp
real (rp) 1 dx, dy
real (dp) 1 bz
integer (sp) :: nn, irtn
character(len=4):: element
G /
(X< ) ~
real i1 dx, dy
real (8):: bz
integer (4):: nn, irtn
character*4 :: element
- J
o ML —Y—IZHT HLBUL Ttracer_] Tl 2,
(i)
real(rp), allocatable:: tracer_size(:) !! Diameter of tracer [m]
real(rp), allocatable:: tracer_mass(:) !! Mass of tracer [kg]

o B DZERUIIFEW, Ti_ ). Tj_1. Tkl % n_] THHDS,

(%)
(i integer(sp):: n_tracer !! Number of tracer

— —

e MREULHL 5720, 1 XFLRBUIHET B,

o~ (E0fi)

do nn = 1, n_max

end do

-

~ (& < )

don =1, n_max

end do

J

o —MARMEREHUC Turk] ® lwork] X TEA7ZIIHOT, Tvork 4Tl & L TEKRDONZERLIZT 5,

(i)

work, workl, work2

T <

work_angle, work_randoml, work_random2

ERIMEBRIUL G W2, Ttemp £AHT] (XD,

INTGA—=FRAYF - 7ZT5DIL—I)L

Ay F

¢ XA —LUANRETHNPSEADEM In_switch HHT] (2L, YV—A2—NNTEDLHNIET SEENT

A—Z1¥ Tm_switch &Hil &3 5,
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(i)
integer(sp):: n_switch_coordinate_vertical !! Vertical coordinate 1:P, 2:Z
integer(sp), parameter:: m_switch_coordinate_vertical_p = 1 !! p-coordinate
integer(sp), parameter:: m_switch_coordinate_vertical_z = 2 !! z-coordinate

o A1 v FERIZBT 5 if it NT A —RDMHETIER AR (Table C2) 2E<,

if ( n_switch_coordinate_vertical == m_switch_coordinate_vertical_p ) then

else if ( n_switch_coordinate_vertical == m_switch_coordinate_vertical_z ) then

end if

_J

(£ N

if ( n_switch_coordinate_vertical == ) then

else if ( n_switch_coordinate_vertical == 2 ) then

end if
\ _J

737
o A1 v FLMHEMRIZ, nflag #HT) (ZH0). Im_flag ATl NG T DEE/ T A —K) Thhd 5,
o VI UERITHT S if XDFEZHIZ, AT v FOEELFEKIZT S,

Z Dt

o AT Tl 5,
o HIZDWVWTIX, HEFESA2Y 7 —F > filetool searchft THEFSEHEL TH X, open XL THRMIZ

AUk B,
o TFTND T,1, T:] X 1] REWTODVWTH, TEDZITEBUTICE > THIATES =
/(JZ\«‘WJ) ~
integer(sp), intent(in) :: n_max
real (rp), intent(in) :: dx (1:n_max), &

& dx12 (1:n_max), &

& in_datal(l:n_max), &

& in_data2(1:n_max)
real (rp), intent(out):: out_data(l:n_max)

G J
~ (&< ~

integer(sp), intent(in):: n_max

real(rp), intent(in):: dx(1:n_max)
real(rp), intent(in):: dx12(1:n_max)
real(rp), intent(in):: in_datal(l:n_max)
real(rp), intent(in):: in_data2(1l:n_max)
real(rp), intent(out):: out_data(l:n_max)

\ J
o MY —ZADHHRE T, FEL—IZHEAELAEWVWI—RIEFa L2 M) 22T WAiE, Lib/).
o LEL—IALTERWEDIK, &YV —RAa2—RKDOHLEFEDEE [IZHL 5,
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12 YR TNDEZA

VI VAT ) T RIOWTI, BEHIZHHERZ2SEZELRD, SATF 4 7V —ILEZBIZED TR, LA,
V—=ZaA—=FDaAVRA VDD RERBEN L, —E0uHMERBHEL-VwWZ s, EEHRHE2RIC
W3,

=
o JSLHATTIX,

(:#!/bin/sh :)

TR 5,
o MEZIGLT, Yz VDRY - AT a v h 774 VDE—RERET S :

set -evx
umask 022

T IIVEH

o [RHI, T RTRXF LT 5,
o VI NVERIZEBZRARHFEIMTLS K%, 7272 UHEIAAZRIZIZ DT 720,
(B1)

OLD_PATH=${PATH}
echo $1

avw v R

o Y VTHlAAENTWE A Y REMAHL, IRESFE (Perl ¥ Ruby %4 &) OMAIZBER/NRIZT 5,

() BB ~
N_TRACER_ESP="expr ${N_TRACER_ESP} + ${N_TRACER_STAGE}"

\

-~ (H) FEVNUSEEDERE ~
TOP="echo "scale=4; ${TOP} * 0.3048 " | bc"
¥zl
TOP="echo ${TOP} | awk '{printf "%.4f", ($1 * 0.3048)}'"

- J

test AV YV K
o [ 12V, if XEDMAETIZIRD XS I1zFEL -
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(i)

if [ "${YYYY}" = "" ]; then
continue
fi

o XFEHNZET S test =2\, Yz VEEDRENENZEDLS T, HIZZX TV 45— b TLK 3,
([ X${YYYY} =X ] LAV

FTRF 1vFv M)

o U—NJ - a—=F 4 V7= e[k 2FFRF] 28K T5,
o WITBEBOLGEII\DOAEEZR 2, METIZZ S 2FULEFETTT S,

~ ()
if [ "${ELEM}" = "TDEP" \
-0 "${ELEM}" - "FOUT" \
-0 "${ELEM}" - "DDEP" \
-0 ”${ELEM}" = "WDEP" \
-0 "${ELEM}" = "WoutT" \
-0 |I${ELEM}II = IIROUTH \
-o "${ELEM}" = "TCLM" ]; then
G

ZH (AR—2X)

o RERZEHLFIEIANLZ W,
o WAT\DHI, test IV K [ ] ®/31 F|OiEZIL 1 F/Z T ANS,
o U4 — MADEHEEL KEBIZIIBEDRWNED ANz,

(1)
(jHHMM_LIST="OOOO 0600 1200 1800"

E7R*axV b

o ML 3 XFHIZI% EOF 2{# 5,

~ ()

cat << EOF > NAMELIST
&namsrcinfo
n_tracer_esp=${N_TRACER_ESP}
n_stage_esp=${N_STAGE_ESP}

/

EOF

Z DAt

conf 7 7 A V7 E TEMT H 4B, HiRze—XFULTHE I L 2FA & T 5 : 02840
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THOO, BEIZIECTRT I - F 258U L TR,
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agl
asl
asuca
ATM
BCP
BI
CVS
CWC
EER
EOF
ESP
FA
FAR
GATM
gpm
GPV
GRS
GSM
HR
IR
IWC
JCL
JG
JMA
JST
LFM
LWC
MA
ME
MFP
MOT
MPI
MR
MRI
MSM
NAPS

SEMFAT BT R Y #5845 2021

Above Ground Level

Above Sea Level

Asuca is a System based on a Unified Concept for Atmosphere
Atmospheric Transport Model
Business Continuity Plan

Bias Score

Concurrent Versions System
Cloud Water Content
Environmental Emergency Response
End of File

Emission Source Parameter

Free Atmosphere

False Alarm Ratio

Global Atmospheric Transport Model
Geopotential Meter

Grid Point Value

Geodetic Reference System
Global Spectral Model

Hit Rate

Infrared

ICW Water Content

Job Control Language

Job Group

Japan Meteorological Agency
Japan Standard Time

Local Forecast Model

Liquid Water Content

Mesoscale Analysis

Mean Error

Mean Free Path

Mobile Observation Team
Message-Passing Interface

Miss Rate

Meteorological Research Institute
Mesoscale Model

Numerical Analysis and Prediction System
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NASA National Aeronautics and Space Administration
NHM Nonhydrostatic Model

NOAA National Oceanic and Atmospheric Administration
NPD Numerical Prediction Division

NuSDaS NWP Standard Dataset System

NWP Numerical Weather Prediction

PBF Program Build File-format

PBL Planetary Boundary Layer

PBS Portable Batch System

PJM Parallel Job Manager

POD Probability of Detection

R/A Radar/Rain gauge-Analyzed Precipitation
RATM Regional Atmospheric Transport Model
RMSE Root Mean Square Error

RSM Regional Spectral Model

SR Success Ratio

SST Sea Surface Temperature

SVN Subversion

TFV Terminal Fall Velocity

TKE Turbulent Kinetic Energy

TS Threat Score

US United States

UuTC Universal Time Coordinated

VAA Volcanic Ash Advisory

VAAC Volcanic Ash Advisory Center

VAFF Volcanic Ash Fall Forecast

VAFS Volcanic Ash Advisory and Ash Fall Forecast Distribution System
VAG Volcanic Ash Graphic

VOD Volcanic Observation Division

VPS Virtual Private Server

WMO World Meteorological Organization
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(Kazuo Saito, Teruyuki Kato, Hisaki Eito and Chiashi Muroi, 2001)

REBLOMKTO 7 o 7vFnd—R AFAORERNE & /REHTERT 7 0w 7 VA 0 2 —R FREET 20
filer. (Rppelgz - H RGEIINASE, 2004)

Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale
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(Takayuki Tokieda and Hisayuki Y. Inoue, 2004)
PostScript @ — N & A3 5> —/L"PLOTPS"~ = = 7 /L (NEE.Z, 2004)
Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato, 2004)
REGIT B OREHIFEATIZ I 1T 2 Wb ORI A ST AEHET 2 D R — v & 2 D2 EMED FRFl
(CPIT2DRRA - PSR (BN - 20— A - PEREE - - SEBPALE) - B ST - PR - 3R 2 - A
& B AT - RIFFHH - & W - S B RS - 1K 36 - R TEHM - SkER - ol %, 2004)
Re-evaluation for scale and stability of CO: standard gases used as long-term observations at the Japan Meteorological
Agency and the Meteorological Research Institute (Hidekazu Matsueda, Kazuto Suda, Sakiko Nishioka, Toshirou Hirano,
Yousuke, Sawa, Kazuhiro Tuboi, Tsutumi, Hitomi Kamiya, Kazuhiro Nemoto, Hideki Nagai, Masashi Yoshida, Sonoki
Iwano, Osamu Yamamoto, Hideaki Morishita, Kamata, Akira Wada, 2004)
RIS AEMFEDFEM R ET U > 71T & D AR A OHEE RS 17 LI BT 258 (MU I LRTSESS, 2005)
A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology
and Volcanology Research Department, 2005)
KRG T 7L (MRLCOM) figah (ERFIEES, 2005)
Meteorological Research Institute Community Ocean Model (MRI.COM) Manual (Oceanographical Research Department,
2005)
A AR T E ORI KR & N LIRS O /TREMICET 20178 (B KRITIEES - THATFEES, 2005)
Study of Precipitation Mechanisms in Snow Clouds over the Sea of Japan and Feasibility of Their Modification by
Seeding (Physical Meteorology Research Department, Forecast Research Department, 2005)
2004 4 HA EREBROBEE & BREY; (B EBFFEE, 2006)
Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006)
SRR E AR MED 2003 4R [EF L FIEBREE (FILIER, 2006)
2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama,
2006)
REF LK P OBBIMENR T v AL (SFe) DMEFHED @ EAL & SFe #EUEN 2 DRI ZEVEDTE (Rl
Z. AIHES. FE P R, 2007)
Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SF¢) and evaluation of SFe standard
gas stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007)
HIERIEIRALIC X 2 HAEHT DR ZABIZBIT 2178 (B8 XRARH, BRI - 00 HREMFFEES, 2008)
Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory,
Atmospheric Environment and Applied Meteorology Research Department, 2008)
KUEBFHAGFIEOBAFEIIZE (MU K LFFERS, 2008)
Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008)
BAIZ 1T DIEIER AR JOH R 7 v 4B X5 REFHE S AT [T X D 8K ORIE S 27 L OREE
LTN1995 40D 2006 AEOPERER (FILIER, BEIFEN, BB O, ToHEBEA, BT, #rH ¥, Hartmut
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)
Establishment of a cold charcoal trap-gas chromatography-gas counting system for 8Kr measurements in Japan and results
from 1995 to 2006 (Michio Aoyama, Kenji Fujii, Katsumi Hirose, Yasuhito Igarashi, Keisuke Isogai, Wataru Nitta,
Hartmut Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)
EMREIC L 2 4 FEOFEFBRGE R Ol (PErfth, A% B, JUREE1T, 2008)
Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi
Ishizaki and Nobuyuki Shikama, 2008)
CMIP3 ¥ VFETNT 4 T VP 2RI LI Rk O KR - Mok Ai OHEE OKH 52, BISLAH, TR
Pk, fi B =], 2008)
Estimation of the Future Distribution of Sea Surface Temperature and Sea Ice Using the CMIP3 Multi-model Ensemble
Mean (Ryo Mizuta, Yukimasa Adachi, Seiji Yukimoto and Shoji Kusunoki, 2008)
PRt D 7 v —t 1 & FIW T2 50 e R 1 A B 0 AT SR 1B K DK O @S EE pHr E Gk 75, APHEDS, &k
NE&, B G ASE, 2008)
Precise Spectrophotometric Measurement of Seawater pHr with an Automated Apparatus using a Flow Cell in a Closed
Circuit (Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008)
S I TE PR A YE 0D 2006 4F [E B L [R) SE B 45 (F 111E K,J. Barwell-Clarke, S. Becker, M. Blum, Braga E.S.,
S. C. Coverly, E. Czobik, 1. Dahlléf, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes,
Ming-Ming Jin, % 75)A3E, R. Kerouel, J5/AR% 7, M. Knockaert, N. Kress, K. A. Krogslund, AEZS1EJE, S. Leterme,
Yarong Li, ¥§HEX, =2 2, T. Moutin, ¥/ H &=, KHEH, G. Nausch, A. Nybakk, M. K. Ngirchechol, /]N11{% 58,
J. van Ooijen, XM Z5H, I. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, F5fE—%, 1EfEE—HF, C.
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 75k %%, A.
Youénou, Jia-Zhong Zhang, 2008)
2006 Inter-laboratory Comparison Study for Reference Material for Nutrients in Seawater (M. Aoyama, J. Barwell-Clarke,
S. Becker, M. Blum, Braga E. S., S. C. Coverly, E. Czobik, 1. Dahllof, M. H. Dai, G. O. Donnell, C. Engelke, G. C. Gong,
Gi-Hoon Hong, D. J. Hydes, M. M. Jin, H. Kasai, R. Kerouel, Y. Kiyomono, M. Knockaert, N. Kress, K. A. Krogslund, M.
Kumagai, S. Leterme, Yarong Li, S. Masuda, T. Miyao, T. Moutin, A. Murata, N. Nagai, G. Nausch, M. K. Ngirchechol, A.
Nybakk, H. Ogawa, J. van Ooijen, H. Ota, J. M. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, K. Saito, K.
Sato, C. Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, T.
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Yoshimura A. Youénou, J. Z. Zhang, 2008)
KGR IERT I HEEE 7 /L (MRLCOM); 3 hﬁﬁwﬁ GhEpidz, AHER, A)I—8S, FReE, hExe, [hhE
BR, ;rBﬂEEA% Al CREWFFERTHEERTIEES) |, 2010)
Reference manual for the Meteorological Research Institute Community Ocean Model (MRI.COM) Version 3 (Hiroyuki
Tsujino, Tatsuo Motoi, Ichiro Ishikawa, Mikitoshi Hirabara, Hideyuki Nakano, Goro Yamanaka, Tamaki Yasuda, and
Hiroshi Ishizaki (Oceanographic Research Department), 2010)
SRR E AL AE D 2008 FEFEIE R FE#H S (F1LEJ, Carol Anstey, Janet Barwell-Clarke, Frangois
Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’ amico, Ingela Dahllsf,
Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, P[5, F: =4,
£ Bt =, David J. Hydes, %5V /i, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, FEZIE Y,
Sophie C. Leterme, Claire Mahaffey, 3¢, Pascal Morin, Thierry Moutin, Dominique Munaron, #f & =, Giinther
Nausch, /NI1{%5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove,
Patrick Raimbault, Malcolm Rose, 75—, FTBRZZH, 12k —RR, Cristopher Schmidt, Monika Schiitt, Theresa M.
Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward,
Paul Worsfold, 5 #1%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater (7 |18, Carol Anstey, Janet
Barwell-Clarke, Frangois Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahllf, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, -
g s, J E1E4ER, A HkE=, David J. Hydes, % /5 /~#E, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A.
Krogslund, RE4¥IEYE, Sophie C. Leterme, Claire Mahaffey, > #J, Pascal Morin, Thierry Moutin, Dominique Munaron,
M B Z, Giinther Nausch, /NI 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier
Pierre-Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, X%, FBEZZ W, {EBE7E —BB, Cristopher
Schmidt, Monika Schiitt, Theresa M. Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz,
Linda White, E. Malcolm. S. Woodward, Paul Worsfold, 75#%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
RN A b 72 O ORI B AKCHE O T BB S O MR K OVRKBREE - BBV O TRICEET 598 (KIRE KRG E -
ERHTRG A R G B - R BT RGE - ik IL ) KRG B - PR G A - T R G B - B U
FRER - BEBER R R IR BT R E - s KRG - TITZE, 2010)
Studies on formation process of line-shaped rainfall systems and predictability of rainfall intensity and moving speed
(Osaka District Meteorological Observatory, Hikone Local Meteorological Observatory, Kyoto Local Meteorological
Observatory, Nara Local Meteorological Observatory, Wakayama Local Meteorological Observatory, Kobe Marine
Observatory, Matsue Local Meteorological Observatory, Tottori Local Meteorological Observatory, Maizuru Marine
Observatory, Hiroshima Local Meteorological Observatory, Tokushima Local Meteorological Observatory AND Forecast
Research Department, 2010)
WWRP At A Y 8y 7 2008 THEEG/MFFEHHFRE 7 v = 7~ B, B, JRELL, Wh5L, KAk, 1
FRE, —ArdiE, dfEkE, 2010)
WWRP Beijing Olympics 2008 Forecast Demonstration/Research and Development Project (BOSFDP/RDP) (Kazuo Saito,
Masaru Kunii, Masahiro Hara, Hiromu Seko, Tabito Hara, Munehiko Yamaguchi, Takemasa Miyoshi and Wai-kin Wong,
2010)
SRR O PR L ) K OV - BVEHUR OFEE B OMFTE (MK LRFZER, 2011)
Improvement in prediction accuracy for the Tokai earthquake and research of the preparation process of the Tonankai and
the Nankai earthquakes (Seismology and Volcanology Research Department, 2011)
RGMTEFTHIER > A7 L8 7 V5 1R (MRI-EESM1) —E 7 L OFLili— ((7ARRE, HAHIE, RIAEZ, SR
L, IR, R, HPRE, WARE, MIE, PRI, RN, WK, B, RSN, RE
WakfE, 2011)
Meteorological Research Institute-Earth System Model Version 1 (MRI-ESM1) — Model Description — (Seiji Yukimoto,
Hiromasa Yoshimura, Masahiro Hosaka, Tomonori Sakami, Hiroyuki Tsujino, Mikitoshi Hirabara, Taichu Y. Tanaka,
Makoto Deushi, Atsushi Obata, Hideyuki Nakano, Yukimasa Adachi, Eiki Shindo, Shoukichi Yabu, Tomoaki Ose and Akio
Kitoh, 2011)
W7 V7 Mk RS K ERGRIEIRAL FFTE (Griefnd, BEM, MES, WL, B, N Ees, LI,
JIHBHR R, AxHARY, KEEEKTE, Nurjanna Joko Trilaksono, #F##5, iBEf8 1, Le Duc, Kieu Thi Xin, #H{R{,
Krushna Chandra Gouda, 2011)
International Research for Prevention and Mitigation of Meteorological Disasters in Southeast Asia (Kazuo Saito, Tohru
Kuroda, Syugo Hayashi, Hiromu Seko, Masaru Kunii, Yoshinori Shoji, Mitsuru Ueno, Takuya Kawabata, Shigeo Yoden,
Shigenori Otsuka, Nurjanna Joko Trilaksono, Tieh-Yong Koh, Syunya Koseki, Le Duc, Kieu Thi Xin, Wai-Kin Wong and
Krushna Chandra Gouda, 2011)
KFHECRIT D RA—MEER “IRILRFE 7 7 v 7 ZAHEEFIE (AR, VHEF, A, #1138, 2012)
A method for estimating the sea-air CO2 flux in the Pacific Ocean (Hiroyuki Sugimoto, Naotaka Hiraishi, Masao Ishii and
Takashi Midorikawa, 2012)
KPEIC BT 2 KRR —WHER LR E 7 7 v 7 AHEEFIE (BEF—T8, ISR, BT, FERVE, A
E, APRHURES, SRR, R, B, dEORRS, KRR, VEHHE, 2012)
Development of a flask sampling and its high-precision measuring system for greenhouse gases observations using a cargo
aircraft C-130H (Kazuhiro Tsuboi, Hidekazu Matsueda, Yousuke Sawa, Yosuke Niwa Masamichi Nakamura, Daisuke
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Kuboike, Shohei Iwatsubo, Kazuyuki Saito Yoshikazu Hanamiya, Kentaro Tsuji, Hidehiro Ohmori, Hidehiro Nishi, 2012)
ERSs R YT A EFBEMEE AW 7 v Y LRRgE (I JEEE AN, Weijun Li, Peter.R Buseck, [ FH25HE, R
W, BILGHE], BEARET, WSS, HERREE, =H TR, e, KEBE, BRIHCE, Aoomst, 1AK%, Pradeep
Khatri, FILEE, WHRRE, Koaia], MLES, SORER, BT, Ml =, B\ikres, |, 125
%i £, 2013)
International Symposium on Aerosol Studies Explored by Electron Microscopy (Yasuhito Igarashi, Weijun Li, Peter. R.
Buseck, Kikuo Okada, Daizhou Zhang, Kouji Adachi, Yuji Fujitani, Hikari Shimadera, Daisuke Goto, Chizu Mitsui,
Masashi Nojima, Naga Oshima, Hitoshi Matsui, Hiroshi Ishimoto, Atsushi Matsuki, Pradeep Khatri, Tomoki Nakayama,
Shohei Mukai, Kenji Ohishi, Norihito Mayama, Tetsuo Sakamoto, Hiroaki Naoe, Yuji Zaizen, Hiroki Shiozuru, Taichu Y.
Tanaka and Mizuo Kajino, 2013)
~ 7 IEE O E BRHEREIR OB & AU EES < KINEBEHIE O @ AT B3 T8 (R K I ZEs,
2013)
Development of Quantitative Detection Techniques of Magma Activity and Improvement of Evaluation of Volcanic
Activity Level (Seismology and Volcanology Research Department, MRI, 2013)
TRk 23 4 (2011 4F) AU ORSEREM RIS K 2 B & O BMA AR E (ke BTHE T, dEaL%, MBE
", AF—¥, BY—7, 2013)
Reports on Field Surveys of Tsunami Heights from the 2011 off the Pacific Coast of Tohoku Earthquake (Yutaka Hayashi,
Kenji Maeda, Hiroaki Tsushima, Masami Okada, Kazuhiro Kimura and Kazuhiro Iwakiri, 2013)
RAEFRD T2 D DKRBEMFEFHT o T AT AT 2AOME L T oISH (s, KHZE, SHHBE, 2M
&=, 1, 2014)
Meteorological Research Institute Ensemble Prediction System (MRI-EPS) for climate research - Outline and its
applications — (Shoukichi Yabu, Ryo Mizuta, Hiromasa Yoshimura, Yuhji Kuroda, and Hitoshi Mukougawa, 2014)
F AR MUl D 0 I UARELHUR IS AR DL B3 2 AT9E (MR I LATF 78, AL, KRR, ALIRE X
R[ER, MEEXKER, KREXASER, BREXISRR, KSR A, 2014)
Survey of moderate repeating earthquakes in Japan (Seismology and Volcanology Research Department of MRI,
Seismology and Volcanology Department, Meteorological College, Sapporo Regional Headquarters, Sendai Regional
Headquarters, Osaka Regional Headquarters, Fukuoka Regional Headquarters, and Okinawa Regional Headquarters, 2014)
REHTFEFTIE R ) FHIB R E 7T /T & D AT DOREREREE TR OWT (xR, AEEE,
WZH, fEREERR, BPBRE, JORZEER, KHgE, HPE, SRS, AJRSER], 2015)
Projection of Future Climate Change around Japan by using MRI Non-hydrostatic Regional Climate Model (Hidetaka
Sasaki, Akihiko Murata, Hiroaki Kawase, Mizuki Hanafusa, Masaya Nosaka, Mitsuo Oh’izumi, Ryou Mizuta, Toshinori
Aoyagi, Fumitake Shido, and Koji Ishihara, 2015)
B A O EAEEOKERT OB (ERETR, (LR, xE5L5%E, 2015)
Development of a new pop-up ocean-bottom pressure gauge (Kenji Hirata, Akira Yamazaki, and Hiroaki Tsushima, 2015)
2012 £ - 2013 T AAIZ B « bR L 7o BB OB & Rtk (L& M+, /blsE, IBETR, AW, RIAEE,
2015)
Summary and Characteristics of Approaching and Landfalling Tropical Cyclones in Japan in 2012 and 2013 (Naoko
Kitabatake, Ryo Oyama, Udai Shimada, Tomoaki Sakuragi and Masahiro Sawada, 2015)
WMOE 55— R FEF U BT 2 RGN HT 2 2 7 F— MEE) & KRG ORKILBET Y 7 G
1, BYRMOE, R, Draxler, FURA, S-HIET, AMAM, KHMZ, BHF, KARD, s, RE5mE, Bl
W, MR, EAEY, SFHEH, FHECE, AWE48, M.C. Hort, S.J. Leadbetter, G. Wotawa, D. Arnold, C.
Maurer, A. Malo, R. Servranckx, P. Chen, 2015)
Contribution of JMA to the WMO Technical Task Team on Meteorological Analyses for Fukushima Daiichi Nuclear
Power Plant Accident and Relevant Atmospheric Transport Modelling at MRI(K. Saito, T. Shimbori, R. Draxler, T. Hara,
E. Toyoda, Y. Honda, K. Nagata, T. Fujita, M. Sakamoto, T. Kato, M. Kajino, T.T. Sekiyama, T.Y. Tanaka, T. Maki, H.
Terada, M. Chino, T. Iwasaki, M.C. Hort, S.J. Leadbetter, G. Wotawa, D. Arnold, C. Maurer, A. Malo, R. Servranckx and P.
Chen, 2015)
TR B HUE O R R O BNRFROHEAR 1T BE 3~ D AF9E (MUEREEAIT 2838, 2017)
Research on rapid estimation of the parameters for large earthquakes along trenches (Seismology and Tsunami Research
Department, 2017)
2013-2015 FEPa.2 K OFT=2 1 > 72T D8 (GARITE, RME, Bk —, 2#E, AF—¥F, flfE
I, 2017)
Studies on Monitoring of the 2013 — 2015 Nishinoshima Eruption (Akimichi Takagi, Yutaka Nagaoka, Keiichi Fukui,
Shinobu Ando, Kazuhiro Kimura, and Hiroaki Tsuchiyama, 2017)
2012 47> 5 2016 I FEfi S A7 IR =R ABINZEE T 2 M AL EER (iceGGO) (PP —TE, HiE#mIE, 2
BFHF, MBS, SRR, FAREE, BRI, UK. MERER. EARMIT, BB, MR,
EEUSHERE, W5 SUE — FHLE AR RE.L, AR, AN, BEIER, IR, IS, BT, 2017)
InterComparison Experiments for Greenhouse Gases Observation (iceGGO) in 2012-2016 (A K. Tsuboi, T. Nakazawa, H.
Matsueda, T. Machida, S. Aoki, S. Morimoto, D. Goto, T. Shimosaka, K. Kato, N. Aoki, T. Watanabe, H. Mukai, Y.
Tohjima, K. Katsumata, S. Murayama, S. Ishidoya, T. Fujitani, H. Koide, M. Takahashi, T. Kawasaki, A. Takizawa and Y.
Sawa, 2017)
KRGHFZEATE VBT 7 /L5 4 I(MRLCOMvA g GEEfldZ . iy sz SoR=E, H)IA-5. B, A
g, P ERS CRGAFZERTIE: - HIERIL 2SR | 2017)
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Reference Manual for the Meteorological Research Institute Community Ocean Model version 4 (MRI.COMv4)
(Hiroyuki Tsujino, Hideyuki Nakano, Kei Sakamoto, Shogo Urakawa, Mikitoshi Hirabara, Hiroshi Ishizaki, and Goro
Yamanaka, (Oceanography and Geochemistry Research Department), 2017)

LW - KWNBAEDOLIESGOH - ZU9MEOMR & Fodtohhtl GEAmE (THRITER) - KRE XK
RH - ERHGRRE - ST REE - PG RS - REMAKERE - LT REE - KRR
K5 - ML RSRE - MITHTREE - BRMG KRG - Sl i xg s - s <%s - il <g
B AT SR, 2018)

Extraction and Validation of Necessary Conditions and Analysis of Sufficient Conditions for Causing Heavy Rainfall
(Hiroshige TSUGUTI (Forecast Research Department), Osaka District Meteorological Observatory, Hikone Local
Meteorological Observatory, Kyoto Local Meteorologica Observatory, Kobe Local Meteorological Observatory, Nara
Local Meteorological Observatory, Wakayama Local Meteorological Observatory, Hiroshima Local Meteorological
Observatory, Okayama Local Meteorological Observatory, Matsue Local Meteorological Observatory, Tottori Local
Meteorological Observatory, Takamatsu Local Meteorological Observatory, Tokushima Local Meteorological Observatory,
Matsuyama Local Meteorological Observatory and Kochi Local Meteorological Observatory), 2018)

BERTH - THEIRREAT R Y 27 FF— A2k D 5 AEBRGRE T8I A 4 20 (LnEE, BH
TR, WHHEE, AR ESE(EEDIZER), KAEEE GEIT)) |, 2019)

Development of 5-day Typhoon Intensity Forecast Guidance by the Project Team for Improvement in Operational
Typhoon Forecasts and Analysis (Munehiko Yamaguchi, Udai Shimada, Masahiro Sawada, Takeshi Iriguchi(Typhoon
Research Department, Meteorological Research Institute), and Hiromi Owada(Japan Meteorological Agency), 2019)

B AT IR T S 2 7 2 10 4R FEAEATME (JPN Atlas 2020) CAMERCEE., SRS, MOKBUA, IHRERL, &
BFRPEIE(REROSIBRERTEET)) |, 2020)

The 10-year reanalysis dataset of an operational system for monitoring and forecasting coastal and open-ocean status
around Japan (JPN Atlas 2020) (Nariaki Hirose, Kei Sakamoto, Norihisa Usui, Goro Yamanaka, and Nadao Kohno
(Department of Atmosphere, Ocean and Earth System Modeling Research, Meteorological Research Institute), 2020)
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