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Fig 1 Hourly variations in the AOT, surface PM2s concentrations, and extinction coefficients for spherical particles according to multiple
measurements (left panels) and as simulated by NICAM (right panels) in northern Japan, including Hokkaido (138.5E-146.0E, 41.5N-
46.0N) and Niigata (138.9E, 37.8N). The AOT was retrieved from the Himawari-8/AHI and GOMS/GOCI. The surface PMa2s
concentrations were observed by the Atmospheric Environmental Regional Observation System (AEROS) at Hokkaido. The extinction
coefficients were retrieved from NIES-LIDAR. The shaded gray areas in the vertical profiles represent undefined values because of cloud
and raindrop contamination and altitude effects. The marks of closed squares in colors around the top in the panels of NICAM-simulated
AOT and surface PM2s concentrations represent the periods of the high contribution of sulfate in blue (>30% of the total AOT) and in
cyan (>50% of the total AOT) to the total AOT and those in the high (>50%) contribution of carbonaceous aerosols in red (for Siberian
biomass burning) to the total AOT. The bottom-right panel represents the temporal variation of the major species for the extinction of
spherical aerosols obtained by NICAM. The results were defined as those in the high (>50%) contribution of sulfate to the total extinction
and those in the high (>50%) contribution of carbonaceous aerosols (Siberian biomass burning, BB, and non-Siberian BB) to the total
extinction when the total extinction exceeded 0.02 km-L. This figure is referred from Figure 8 in Goto et al. (2019).
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Wb Lo TNV, ZTOTED RTANALT AX, T VO KPR DR
RELTWD eI, /N OFEE D KZEK D 1 5 8k 2h 5 A3 /N GFAfh &
NTWDATREMESR, (EEOEKX, &, EEOE THEIZHST) BEAD
W FHENET ECEBHAN 3 TROVAREENSSZS b5, 2019 4F
X, ZO2RICEELAEDLEREZHFE T TV FETH D,
B 785 &
® WJIMEA, ZkEBH, 2018:SCALE-RM Z W/ 2~ kT B FORGF
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WREEFE (12 R U7 B 1280 2 5HRIEBIOEEEZHA LML, FOKRE « [UE~OFEIZET
HHMREEDDZ L2 HAE LT” Years of the Maritime Continent (YMC)” &N oY =7 MHARK
Bt R L9 5 RERIEFESIFET IV NICAM W ET — 2 25 L, HEMEENICET 2T 217> 72,
SHROIRBE N ZBFS 2 L CHE L 72 5 KAKOMERE R Z BMGE (Tkn A v a) HET—FMNOHE
H U, R COENFEIZ LD ERES OEWORE LTI, TR, LTIyl ) (IR ()
&b oKARSEEO B EAMAHABIC A b7z, #ETIEE BMOMNMEN KR L, B EHOERE IR 23y
DF) 2~3fFETH o7z, ZHHORMIL 2015 4 (U E1 Nino 4E) & 2017 4F (LaNina 4E) [ZHSBLCTRS
NToh, #2015 EDRE ETIREN R b RE o7z, &R E LT, #.ETiX 2017 4512 2015 4EIC L CHA
R LA R E B TR S, B LTI 2015 EOXTRE T CHEERRBEAR N, Zhb
OFEFIL, B2, 52 Bl Nino DR % b SBREEFICKE VT, ARMIZENIC L 2 /KKK KRG
BENITTZ & BRI 5,

1. [ZLC&HIZ

EERIEH ) FET VIS KL D B EREERIT, ]B - [REICHETALEEHHLRE 2 — L L AICHTARD OO AEFEE LTH
HAThs, KFETIE, 2EREMBET /L NICAM (Satoh et al. 2014) & FWW7oH km~+% km A > ¥ = OFEFERR I L O
EITH ZLI2& D ERKBERO A =X LOBREB LT VICB T 28/ Eom LIcET 225052 E2AME LTW
%, WREBORRIERIBE CH DHERIE (1 > RRUTRIK) Tk, WESACRMOMERIC L D RE 2 A AMEE S A
L, REBGICRE 8% KX, METT B CIXER 7 22 = 7 h YMC (Years of the Maritime Continent)®—
BRLELT, A FTHARICBOCERBRIZER L (2015 4F 11—-12 AR LN 2017 4 11 A—2018 £ 1 A), NICAM & 7=
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KOBFHRMEOKRIEE R 2 WME Lz, AEEIL, SHROEBRWEZHET 2 ECEHEE & 2 5 KRR EICOWCTERILEZITV, HEkE
TOENREIC L DB OEWOREOB RN HELET L,

2. MEHE - A&

ERE GRS Ol B 0 R e n B B A F e, PRI ENC TR < B 2 W B & RF 2SI IZ 8 7o Sy fRAE CHUS 95
TENTED, ZOREETENL, NICAM (Tkm A v =) (255 7 HEFHE (1[E/H, 0000 UTC FIHE) o 6 BFRIRIEOH ) (R
W, OKERE) ZHVOKREKOBREZGEH Lz (B2 PIET Nasuno et al. 2017 ([ZFER), RFETIX, A~ T EB%
G REETEE (90-120E, 12S-8N; Fig. 1 e, f OHGHIEFE) ZxtGaEiks L, ELEEWE EOH 2220 T, 2015 4 (11 A 1
A-12A 2 AWHIA, 556y ) BLO20174 (11 H 15 0 -F4FE 1 H 15 BMHA, 62k v b)) Hxoty oKL D=
VIRY y MO EIT o, T2 T, BITHEO ERS TH HEEREEIZ OV TREE R,

3. HREER

ENE KRR ORESM D 2 RY Y MENT S, BE L TIKERRO %I L 5234 (1200 UTC; 1900 LT)
WA, 81 (0000 UTC; 0700 LT) (ZH/N& 720 | ¥E L CIIWA & 725 2 &, ke LTo R EHOREE (HWNEZE) AL 2
~3 RS ER D (Fig.l a-d), Zhbix, Bk AEMAEBICET2B8IFEE (e.g., Yokoi et al. 2017) L¥EAH
HITH D, BHE/2 Bl Nino £ TdH 72 2015 4E L La Nina 4E T o 72 2017 4E Tl MERFRICE T DRTEDOIR DTN K& < Bp
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[10=8 kqfug/fs] (108 ka/eg/s] -15 -1 -05 -02 0 02 05 1 1.5{10 ka/fkgy

R LT, B EICRBWT EL Nino 126F 9 EFFROFLIC X 2 boMmElEBEAARIC R o5 (Fig.1 b, d), FEETIE
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M & LR A L & 50 ETORVBIEA R TE S (Fig. 1 e, ), ZORRIE, B LTI BRI MK S
KT T, BRI A B =X 5 (F 203 B EHSER S 2 T AT O RKAORLENR) (280 BRBZEENCAE S KRR 1L
S, FIEENOERALT D 2 L ERET 5, JHULE . WREORE LTI, El Nino AFI12i%, EHE/KRFE~DINE & LT
Wb s PR LERE ERIC LY EOBRKRZAENAET D LD Jiang and Li (2018) O ER E L&A TH D, H
JAEAZRENC X B KR RERNE DS KB N IR BN SRS I E BB LTI, B B TRFIC A o RPECRITRISEINTER(LT 5
BRIESIZBWTRELSRD I ENREIND,

4. FLEHESHEDEE

HER EORE - [REBICB T DM REORRIEE OFRBIOBMERD H Z L2 HNE LT, INCEPBNMIR 255 +254
K7 km Ay adtBr —2 AW HEMETNCET 2B 217 572, SHEDOIRD BN E RS 5728, KIEK O E R 5
FEHL, L LSRG OEVICOW TR, E (MR Tixdl @) clkzbo (BkoLE L &A1)
RIRZIEN R DI, ORIEIIE Lo REEICKRE N7, 72, 2015 F L 2017 FEO DL, MEH/KRRAZIZL DK
L7 1152 - B RE 08 L Y CORBREIEOEINT L < AIST DA, B ETIRRANR T o 220 LT L0 EMR
ISENBND Z LR oTo, ZORRIT, FEHINIRBIONA GHtiE T IR ORI A0E) (2RE 5 KBS D255/
DONTHYTILES (Nasuno 2019), 5 HDIZEIZIWT, El Nino BIBREDE R & — )L O RKIBLELEE O BB L ZHiN D25 E)
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AWFZEIE, TR RKIBEIIET. [GWERT T, ZAEUM B ITBE S V7o R ER
E7 /L (OGCM) DEFARABIZIS 1T 2 KS - M) - Bt O A28 U T, K[UETERES
L ORUEEB D A T = X LB DWHEOEFNZTH D LI, ENENOET VOB BITHE
SNTCHIEERAMET D,
MR E

Open-MP ®°F v v ¥ aFa—=r 7HEORRNRFETI o —F — (R TS
Nzt OTEH LN, fxDY 7 o= T7IZiEE L THy @B b a2 1525 72 O12idmn v oK
T8RRI L 72 5, WEET LV TIE N L —F—OBMOKELZ L5 L BEED AT +—<
VANE ET D LR o TV D, MRL.COM [Z8LIK Tix Prather (1986)12 X v #£"8 i 7-
Second-Order Moments Scheme (SOM) ZEHEDKEHTEAF—L E L THWWTWNWS, ZDAF—
LFBEFICBITDL P L= =D ZROE—A L N RFEIELZETRIESND P L—1F
—DIBRR E R LLSBAFT D ENTE D, ZDRAX—NTIEFITHEENE VD, ZDORE L
LTAEY —HEENZ L, BURTIHBEET VTR ObHEANBEVL—F v &2 5T
%s SOM ON—F > OFtERE LR XD Z LI BEROWET T VOFHESR FRICKE
SEBERT AT, AEEIT, T T SOMAL—F L DF ¥ v aFa—=r 7 %R, SOM T
13502 < OFEHNEAE 4503, FA O S, Original @ =2— R TIEEAOMEBEN LT 5720
¥y vanblidAHL 2 ETHERERTRENTND Z Enbholz, (M 1.) Tune thDOH =
— R CIIEEIFRIFRFIMEEN D ESN 2 — DSOS E L DD LT 4%FEH -7 L1 Fv v
= X AN 25-50%FL DT 5 2 & T, SOM DL—F T 1T%DEE 0] 21, OGCM 4k
TH BN DEHEIIZEN o T,
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original

fx (i,j,k) = alfqg * (sx(irm,j,k) + ss * 3.0d@ * alfl x sxx(irm,j,k))
fxx(i,j,k) = alf = alfq * sxx(irm,j,k)
fy (i,j,k) = alf =* (sy(irm,j,k) + ss * alfl % sxy(irm, j,k))
fz (i,j,k) = alf * (sz(irm,j,k) + ss * alfl * szx(irm, j,k))
fxy(i,j,k) = alfq * sxy(irm,j,k)
fzx(i,j,k) = alfq * szx(irm,j,k)
fyy(i,j,k) = alf =* syy(irm,j,k)
fzz(i,j,k) = alf * szz(irm,j,k)
fyz(i,j,k) = alf = syz(irm,j,k)

Tune #
ff(ix, 1,3,k) alfqg (sx(irm,j,k) + ss * 3.0d@ * alfl * sxx(irm, j,k))
fflixx,1,3,k) alf alfq * sxx(irm, j,k)
ff(iy ,1i,3,k) alf (sy(irm,j,k) + ss * alf1 * sxy(irm,j,k))
ff(iz ,1,3,k) alf (sz(irm,j,k) + ss * alf1 * szx(irm,j,k))

ff(ixy,1,3,k)
ff(izx,1,3,k)
ffiyy,1,3,k)
ff(izz,1,j,k)
ff(iyz,1i,3,k)

alfqg szx(irm, j, k)
alf syy(irm, j,k)
alf szz(irm, j,k)

*
*
*
*
alfq * sxy(irm, j,k)
*
*
*
alf * syz(irm,j,k)

%] 1: SOM @ original =— K& Tune D=2 — K

F 72, OpenMP F5/ -7 DR AIZ L D mi b b il iz, KEMTHW LTV D FX100 (28T
L. OpenMP fER1T3 72 < & & BENESIE2ME < 72 O RIZRERITH 5753, OpenMP F57~-1T
Zfi N L7277 prefetch 23V —7"—ARAD X 0 < OfFNIEx (K2), #RELTLL Fv v
VaIREFRETNRY, bThTIEH LB EEIICER ST, T L 9HIZ, OpenMP D JF
TR RWEE LSRN ENEVN, HIERE I TO LT SOBELHABER TN ZLERT
X HAlRetEE R LT,
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Original Code
do k =1, km
<<< Loop-information Start >>>
<<< [PARALLELIZATION]
<<< Standard iteration count: 4
<<< Loop-information End >>>
do j =1, jmu
<<< Loop-information Start >>>
<<<  [OPTIMIZATION]
<< PREFETCH(HARD) Expected by compiler :

<< dzu, dzumin

<< PREFETCH(SOFT) : 48

<<< SEQUENTIAL : 48

<K< ddzu: 24, aindl: 24

<<< Loop-information End >>>
do i =2, imu

aind1(i,j) = 0.D@

dzumin(i, j,k) = dzu(i,j,k)

ddzu(i,j) = dzu(i,j,k) - dzu(i-1,j,k)

if (ddzu(i,j) > @.D@) then
dzumin(i,j,k) = dzu(i-1,3j,k)
aind1(i,j) = 1.D@

else
ddzu(i,j) = -ddzu(i,j)

end if

end do
end do
end do

Tuned Code
!$omp parallel
!$omp do private(i,j,aind1,aind2,ddzu,ddzv,hl1,hl2,hl13,hl4)
do k =1, km
do j =1, jmu
<<< Loop-information Start >>>
<<< [OPTIMIZATION]
<< PREFETCH(HARD) Expected by compiler :

<<< dzu
<<< PREFETCH(SOFT) : 72
<< SEQUENTIAL : 72
<<< dzumin: 24, (unknown): 48
<<< Loop-information End >>>
do i =2, imu

aind1(i,j) = 0.D0

dzumin(i,j,k) = dzu(i,j,k)

ddzu(i,j) = dzu(i,j,k) - dzu(i-1,j,k)

if (ddzu(i,j) > @.D@) then
dzumin(i,j,k) = dzu(i-1,3j,k)
aind1(i,j) = 1.D@

else
ddzu(i,j) = -ddzu(i,j)

end if

end do
end do
end do

2: OpenMP #57~:174# AHij(original code) & 4fi Af%(tuned code)d == — K
BXOZW A vE—, %E Tld Prefetch (220D BHH A X3 48 v b
72 ~E 15 527> TWNWDZ ENRDNnD,
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1. FHEHFRIHRRES

B RRER ST 7 /L RO KU 7 L DBESE
2. {ERER

TIOT A=V OMEY R 2 b— 3 DO OWMELERE DO & EL & T — 2 L TED
BA%E
3. #RMREA

SORHED, SRtESE RS NIBER R)IEnEE BEY SRdERE] (KEUT T
T i)
4. BIRAB

TIOT A=V DT RNEEZED DT, miREE OB RE 2 BT D,
5. IRNE

B RRERKE T /WS LT BEFE DUGE AT O To O OMIZE 24T 5, o7 —Z[FAfkF
£ & LT LETKF Of58%17 5
6. BIRAR

o fiEGE (TL959) EERET /MTHW T, ZivE TR L CE MR - EICL S
EE RS - FEf e & OYEER OB AR S LICEBR A T o7, LLF Tl BIEBAFRET
DREGITEERET )V OYELEIRIZ OV TSR R & RSN R 2 WS T 5,

6.1 PSR D) LT 7 LR O SE

AEFEL, LUNORTREITRIRET L (KRBT 2019) O Sl 2 e o
FREtaAT o7,

® FAMHIT N7 7R RELENDHiRE

® i [JE D HURANGRY S A TR

® S HiD Iy 7 g ERZBHR ORI A H A D L ERIR D SRS A T A

BARBIZIE, L FIOR LT3R ok 2 KGrake 7 /ycEm L, 7 —Z Rk
A 7 VA E TR E I LT, TRIOZ L& RS LTz,
® HFEZMEHEHL O
> ZNET, 77Uy FHIIZ D A L5 RKOBEHUNRICE L TiE, Iwasaki et
al.(198912 & 2 E R L O, BEFURRiER (T HIRAROFEEIC L0 B Hi> T
o Al FRHIRE O T IWT L0 HERR 2RI 5729, Lott and
Miller (1997), Vosper(2015)(Z & % & /33 itaFe & blocked flow 182 &% OY, Beljaars et al.
(200012 & D HTPHEELTARILO T A 2 VB —v = VA HRA Lz,

® [iEiHEfe
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> BRIy 7 7p SRR ORI A2 B A L ERIRO EIRNA T A T S 7
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® FEZE|C L 2 EB B OW L

> FHEIC K D EBEEIEOW A REELT 5720, EHEEORE CHWOIEET V&
B R OEECTHWD b O LRz, EIRIEHEENC L DA M D78 EOLEE
AT T,
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SYNOP i@#i2%f+ % CTRL & TEST @ ME & fi#& DEEZK 2 (R, FXy bk
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201708 T (K) GOOZvOLCDZO01708 — Te
det T+036 basetimeHH=(12) validtime HH fOO

T

2001708 T (K} NOLCDZ01708 — GOOZCnti201708

det T+036 14 etln eHH=(12) validtimeHH= (D0}

il lﬂ_ﬁf%‘“’;&:}{f %%Z‘

£, BUFOXE LTI oA T BN L TRENR T E HRIEIC SN TG,
200hPa 128 > 731 7 AWM DR R T E 72 (XMK),

LPID HRYTH % MBI 2 8EEORIIWAREE TE 7z, Lol fIReHIZEOH
2 M CREE g T — 2 A COREBLNT — 2 OFIEANEAD U, B OxtiikE e
DEDFRAGE PSS 5 72 EOFT- 28R b Roh o7z,
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Fig. 1 (a) Growth rate (unit: day') of the most unstable mode computed for the basic flow composed of the T21
truncated 5-hPa streamfunction of the ensemble mean field on each prediction date (the abscissa) of the forecast
starting from 6 to 28 January 2009 (the ordinate) during 2009 winter. The radius of the filled circle is proportional
to the growth rate, and its color also indicates the range of the growth rate as shown in the legend. The vertical red
line denotes day 0 (24 January), and the slanting blue line 4-day forecasts. (b) As in (a), except for 2010 winter.
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Pressure (hPa)

Fig. 2 (a) Growth rate (unit: day™') of the most unstable mode computed for the basic flow composed of the T21
truncated streamfunction at each pressure level (the ordinate) of the 4-day ensemble mean forecast on each
verification date (the abscissa) during 2009 winter. Contour interval is 0.1 day-!, and regions where the growth rate
is larger than 0.6 (1.0) day™' are lightly (heavily) shaded in red. The vertical red line denotes day 0 (24 January), and

(a) January 2009

(b) January 2010
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the horizontal blue 5 hPa. (b) As in (a), except for 2010 winter.

Fig. 31220094F O SSWHBR K B AT IC S DN R L EE— ROKFEMEEZ ~T, 22
T, AL, ShPaii BB O T v v T A EH4R T E Li-, BARE T, W
QMR L A HT HEAIOWKREZRL TS, BFOoNTEARLEEE— NOKI

(b) day -5 (Jan. ]9)
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Verification Date

Basic Flow (5 hPa)
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First Mode

Second Mode

Fig. 3 (top) Horizontal structure of the basic flow given by the T21 truncated 5-hPa streamfunction field (unit: 107
m? s™!) of the 4-day ensemble mean forecast on day —6 (a), day —5 (b), day —4 (c), and day —3 (d) during 2009 winte.
(middle and bottom) Streamfunction field for the first and second unstable modes computed for the basic flow. The
first (second) number in parentheses at the top of each panel indicates the growth rate (unit: day ') and the period
(unit: day) of the unstable mode, respectively. Stationary modes with a zero imaginary component of the eigenvalue

are designated by the period of the infinity (o).
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T, WiGICELS o EHERITE B,

(2) F&d

K[EMFIEFTAGCMZ W TERE L7727 > % > 7 A THMEBRIZE D | 200941 H O i
53 ZBISSW O TR v iE FIFTIZ7 AR EE & 0 20104F 1 H O M Z A R SSW o> T~ il v] 6
R (4B RRE) IS0 BN EBRHLMNI T, Fio, FEFREELE IR E
FHRERITES S LEMMATITEZ Y, 200941 H OSSWD A KL IRF T, g 16 B8R 1%
HFCMD TREERIREL 2D EBRH LN o7, —F . 2010:1H OSSW
DERBEORBEMERICIT. REEPKEVWARLEE— FIIHFELRV, o T,
REROREBRARLEET— NOFIELXIT D [ PHIERE ] 23 F 5k e B G BRI N
TEL 7272902, 20094E1 ] OSSWO PRI R S s IZ < o7 L B X b D,
SROMER :

WPEIE R RBEER T, KEROKERARLEENEL LML, REEE
— FO3RITCHEE R EICOWNWT IO 2D LM ERND 5,

51 RSCER

Mukougawa, H., Noguchi, S., Kuroda, Y., Mizuta, R. and Kodera, K., 2017: Dynamics and predictability of
downward propagating stratospheric planetary waves observed in March 2007. J. Atmos. Sci., 74, 3533-
3550.

Noguchi, S., Mukougawa, H., Kuroda, Y., Mizuta, R., Yabu, R. and Yoshimura, H., 2016: Predictability of
the stratospheric polar vortex breakdown: An ensemble reforecast experiment for the splitting event in
January 2009. J. Geophys. Res. Atmos., 121, 3388-3404.
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— fi 3k [l BF 72
REES TROAEELEERICET S2BERFERET T VORKBIL]

3t [/ A FE &

S EGREARR), DNEIE 2, BRI S, NI 2

1 [ESroFEpE ik N MEEEFJE B A R kT 7 v & AL AR ZE PT
2: ESLHTIERE SEIE N WEVEOPJERA AN ILMBRELBRSME LV X —
3: [ELHFFEB FEIE N WEEATEBE A vy V7 — 23 T HPT

WEEB
ZEHI D O HUERIR B AL R 7 — L O K5 2 B TR BE o 1) | R OV e 92 1k oD A IS
T2, KBEETNVOEERO DO ThHIWBHERBEERET NVOKEBILEZITS, &
7z, THAREREORIEL P ZINICHEDLLIME T ot 2OMHICIRY MR, 22056
BoNL2MAEETVHEBILIEE~T7 4 — F XXy 735, SFEEX. 7 VKB
—BR L LT, bk 2 e TEWKEMEETRIL - RREBHERBEERERET LD
MR L ERAEAT - 1,

MREANE

R TIZEE, EFMKEEORBMICRE I N2 BWMARELRELTND, £
DT T & AT AL AR HE O Hik Y 22 g OK 00 28 Ak 28 AE M BR PR A F o KR (T 5
Hz2LHEXND X 51T (e.g., Inoue et al., 2012; Nakamura et al., 2016) . #&k N (2
LEELTRKICESZEDEAOMENOGRENLTWVWD, LB -> T, HEET
NTERERMRRELAD z#Em T ORI, MBOBHEMEPIRFTHL I LDOERITK
TV, LL, REREMAETHIICHWSO D X5 A Vg4 E (AR
TR 1E) OWK-BHEET NV TORBEMEZ R D5 & R AL R E R O PG
JOMEE E O ARKMEAICZ S OMBERFAET L2 ML TWDS (eg., llicak
etal.,2016), Z O X5 LMENPECLLEKR D —> & LT, dbMifE D 322 K E Ok
EREBLEREONSSICHBLTCZIOBOET VOMBENARZL TND I ENE
FTohd, T2 THLxIEZ, RERKXBEET VICB T 24O FBIEMER L& v o KA
AT . RIREOK-MBIEET VOIBBE 22 X 27T 4 7 FHEICKY GG El
LEETVORELZED TWD,
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EF

LA KR TIE, R AT 4 Vv 7 ET NV EBE
MR RKERSFEEZH T 10 FMFED L, MR
fRHr Lz, AW ET LVOMBEIZILUL TOEY Th
%, 2-way 1 A bR O #EoOK - E T L COCO
(Kurogi et al., 2013, 2016) = AW 7/=, T 7 IV EE R
& LT, JbfE 63.3 FE L 0 RE T R AR -

L 0 Ak o db fr Bk & i oo R FE AR SR T O = i R AR
F% (Murray, 1996) Z# M L. Z otk » % 1%
FHEMFEEETOINET AV EZ R ET VIT R A
PSR HELR->TWD (K1, W AETLVOKEHBEEITZENENLK 2.5km
& 025, SMEEEIIANALED 628 (5 HXES500mMIC31E) THod, HET
DI AV 50m LLIEOIREE > % KM (PHCv3; Steele et al., 2001) ZHEF1 L
TAE YTy 7 LR ENHEMEE L, [RETHMBTT — 4% JRA-B5 X — X &
L7-WEEE T VEREVH 7 — % & » b+ JRAB5-do ver. 1.3 (Tsujino et al., 2018) @ 1990-
1999 FF Z il BE A A&k & L TH W,

FE5r 10 H O 388 miRICHBIT DR nfiad, MR KEET VICH WL LD
KRG E 1 E D E 7 /L (CMIP6 M7 COCO % [Al — » KA 5 RS THE) Tokh
B BEICESSRBEMEEICK 23T, ZOBWS TIEREEREOIED? VAR
EmERICHENIAATEY , KEM (K 20) CFZFor 7 FARR_ 6NN, 1E
ETNATIEIOWRNIEIHFERTES, RELTHBAEERITEEASNASA T ABELNAD
(K 2(b)s *ABFETNATIERBEMFERE P AKDOBEANRLLN (K 2(a). &

(a) 4 ¢

B0 25/5) 1K "

1. EF )L 0 JEE SR

(0 T T P

Temperature [C]

K 2. (a) FARETNVICEBIT S 388m EOENM, 4 104FH (1999 4) F¥, MH ., &
BOHEN ST ARERERT (K 3UBRLEBE), (b) KEMEE 1 EOREKET VI
BT D 388 mEDRAL, 1999 FE ¥, (¢) BMICHES< 400 m B OXK M (PHCvS),
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sea ice concentration
Temperature [C]

K 3. (a) XA METNICBTAH Y 1044FEH (1999 4£) 9 A O g K # E L i KR o5
fio (b) KFEMBE 1EORIKRET VITEIT 5 1999 4 9 A OVEKE B E - ¥E i 1R & 5 Ai .
(c) B #: & (#Fk: HadISST; Rayner et al., 2003, 7k i&: PHCv3),

BEACICHE D BN LR ERCTE S, —FH. o 1044EF 9 Aoikafm (X 3)
ZRL2L RAPETATIHWKBRICEELREMBENROND bO O, oM 4e
KLELTAHRDELEETAOMIZENIZTEREREWIT RV, dLMBIEK TS L2
KIEFE - KFEO 10 FMORERINAZRTH, METAOEWIT/IHI W (KEK), Z
OME XA 2 S RGEEL LR 22TV TCOERMSRELFEMHKETH D (Wang et
al., 2018) ., MW K-MEVEE T VIR T DMK MIEMBE LV bERKMETHRE L
DIMKENWZ EHZRLTWD,

FAREFTAOIT m- 388 m- 1990 m 2B HEE = X L X — (EKE) & i dH D

40

ke
=1

EKE [em2/s2]
N
=1

EKE [em2/52]
=

EKE [em2/s2]

Speed [cm/s]
Speed [em/s]
Speed [cm/s]

K 4.(a) FAPET NV ITm BOWMEHT X VX —(EKE), #H FExATE2E2R, (b) X
ARETFNVITm FEOFHE, 10 FMFEHMHE, (c,d) (a,b) R L., 7272 L 388 m &, (e,f) (a,b)
ERUL, 2770 1990m %, (a-d) & Bh T —RF— A RNRLDH - LICHEE,
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AT A 4R, T2 T EKEIX0S5[(u—w)?+ (w—-1)?%] (v (X 10 4F FH i) CTF
ZL., EEOHBEEZS A EHH & AW TITo 7, EKE ZHIFIZIH o 723t 4L o3 v
I AE R LIC, RBOALLRDLTEREBEE TRKELS RoTWDH, T eI D& 1E
TTINDHRLTEFARNETLONETT L (025 ) OALZHMTHES LEZEAT
b, dbMifE & O EKE 3D T/hEwy (MEK), FAMETALZHWVWD Z & THD
TIAMBHENOMEESN 2 HLBERITE LI ENERTE DL, HIREWNWI L IT,
XARETATIE, BBEOIBETCHLAONLIHMBIZHh D EEBOARL T
REICELD2ETHOET VIZHENBWEHRA A H > 72, ZAIFWBEDHICXL DDA
JER Bt 2 " T 5 RTHY ., SB IV EZED TVNETLVWEEZ TS,
Bk, XA FEFALOMEICIE, B— 74— MEOEFGIC RSN DK K2 H
it & AT 2 (MER) e FoRMECRBEROMELZZ TWD, Xk
FEUBIIRBICETVORELED 2%, [T T VI K D85k Tl £ o kR
ERIERFMELTERZDLDRRTHM A Y 25—V V7 EREFICERESIE., JE
EEHTPTHUEEOR Lo T HETH D,

2 E Xk

Ilicak, M. et al., An assessment of the Arctic Ocean in a suite of interannual CORE-II
simulations. Part Ill: Hydrography and fluxes, Ocean Modelling, 100, 141-161,
doi:10.1016/j.ocemo0d.2016.02.004, 2016.

Inoue, J., M. E. Hori, and K. Takaya, The Role of Barents Sea Ice in the Wintertime
Cyclone Track and Emergence of a Warm-Arctic Cold-Siberian Anomaly, J. Clim., 25,
2561-2568, d0i:10.1175/JCLI-D-11-00449.1, 2012.

Kurogi, M., H. Hasumi, and Y. Tanaka, Effects of stretching on maintaining the Kuroshio
meander, J. Geophys. Res. Oceans, 118, 1182-1194, doi: 10.1002/jgrc.20123, 2013.
Kurogi, M., Y. Tanaka, and H. Hasumi, Effects of deep bottom topography on the Kuroshio

Extension studied by a nested-grid OGCM, CLIVAR Exchanges, 69, 19-21, 2016.

Murray, R. J., Explicit generation of orthogonal grids for ocean models, Journal of
Computational Physics, 126, 251-273, 1996.

Nakamura, T., K. Yamazaki, K. Iwamoto, M. Honda, Y. Miyoshi, Y. Ogawa, Y.

Tomikawa, and J. Ukita, The stratospheric pathway for Arctic impacts on
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doi:10.1002/2016GL068330, 2016.
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WHoEiE4 - RIS BT 25 - KB AL - Tk - BB T 2 EERIBTAE
BRI ES S SHER A 970 2 BUEE 7 VIS A IA L FIEIC BT 25158
EFRMGEE S  RE—R - F R
CRRRZFERTIBHENTIERT - W EFEMN - BERBRSE)

B
AT, HHFE=ETHTE L7z, mdUKIR G &8 5 O ESLIRIESS TdH 5 CTD
(ZEY AT T BLR T L B — R R 2 I E T & H8LHIFE (Goto, Yasuda and
Nagasawa 2016; 2018 Journal of Atmosphere and Ocean Technology) % F\»
T, RARIT. WHERFFEBIFERERS . BRI KUE RN OB W TG S iz, IR
I - YRR R D ELIRBLIA T — 2\l Lo T — 2 Oftir 2 O 7=, PEEAL R
HRE 137 £ T A & (RRTE AL RF1606 #ftifE) TRoN/z, HAND =2 —F
=7 OFE D G E TOR IR K, &KRTEHRE K, 2 i L7z (X))
fii Re. TRIE T Ko 23 K, IS THEICRE S Ro TV, TR/ F —ui=R ¢ 7>
SRR K, GT e N?) THElFRES 2 ['=0. 2 N HEHERE Tk Y SL> T
BT, BV A IV ZE Rey=¢ /(v N)=30 THHJT=0.35 7°5 Re,=103 TI
=0.9 ERESVMEZ R > Tz, ZORRIT, KVFEORBIER 2 R0 5 RE O
PREILHN =L X — R & T=0. 2 20 L72K, K0 b BEIcs 2L
L THY ., WERERET VORER LICHFGT /R EZEZLOND,
51 FH STHR
1) Y. Goto, I. Yasuda and M. Nagasawa (2016): Turbulence estimation using fast-
response thermistors attached to a free-fall vertical microstructure profiler. Journal of
Atmospheric and Oceanic Technology, 33, 2065-2078.1
2) Y. Goto, I. Yasuda and M. Nagasawa (2018): Comparison of turbulence intensity
from CTD-attached and free-fall microstructure profilers. Journal of Atmosphere and
Ocean Technology, 35, 147-162, DOI: 10.1175/JTECH-D-17-0069.1

RF1606 137E T1 PF14&Wsd-W&Wmin

pressure [dBar]

log o Ko [m

15 2
latitude [°N]
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RKI{BETILFRY—)LEEIZET 2 EEMTIE

feiE - REE ELER (LBEXFARFREFHER)
R ®-FH OEM-0F @5 (UEEXFRFRMBKIRERFHER)
FE HX-BU K- A 28 (LBEXRFEXRFREFR)

1. HERBEM

AWFZED BB, &R OERFFIC L - T, KRIEE~S VT X 75— VEBOfR
{2 B LRI 2 HEdE+ 5 2 & Th D, 20w, ALl R¥EDF— LTI,
BN O REICESL ST S E R A — LOKEEILOREL L OTFHl2 . 2T
MR LIl T VEE AW THEL TV D,

2. [FEROIFERFBES = v FEILDREHA

Coupled Model Intercomparison Program phase 5 (CMIP5) (ZH2SW\W =X =
—vaURERICE D L, RO FREE Y = v MEIFEEERCIIBMIZ T N5 & T
ENTVWDA, dBERCITABICHENL TR, — %I, kDY = v b OALESCHE
AR AR Z 2L S5 T e AEF L TR Y, ALK X 5
FRIERE LA AL ER Y = v FOMiaE 7 h2IH L TS SRS Tns. —J,
BRI LIIMmAE 7 MIFSTH L3N, TNUOOMEKT 2R BIEFTHZ &
TRERTRIOARHEEEEZAE L TV D EHfI TS, L, AWFFETIE, REE(L
(2o T PR R R K IR RTRR T OB LN EETH Y, R E LT & PR
DA DR OACEER Y = v MIARERREE Z R L TWD Z LR gnoiz.

i U727 113 T85 UK FMRHEE 1.4°), $h1E. 26 8 D KK KTIEERE 7 /L (DCPAMS)
THY, WO AFEFEOEREZIT-72. 1) iBEORERYER/KIE (SST) - Mok /oAi, 2)
S4Bk SST - oK, 3) FEkOALkEEK, 4) [k FiEAE SST (35°N LAb) & Atk
WK OBERFEDO T, ENEN 30 FHFEREZIToT2. ZNHDOERNL, Yo v b
DEARITKT 2 2R, bRk, PREEIRRE L, BRI O A TN L
7=, L7587 — %13 CMIP5 &7 /U2 & 5 20 A0 EL BRI L OV RCP8.5 2
UAEBROH 17T — % %, i87F(1970-1999) & £#3(2070-2099) (2B L T 30 ET /LD
WEEPNZLIeb D THhHD. 7ok, Y= v FOZ kL SST &H A LERI TH D728, WK
SR 2000 4ED L~ULIZEE LTV 5.

CMIP5 @ 30 & /L DB/ S, FF3k 0D SST b3 AL K EPE Tl Wb (B))
DI THR L KEWVOIZH L, dEREETIEBOEERE (X3 2Bk cv—72%
b, oo SST ZcxiedT L7y =y LB LTS (K1), fFRoOH
BERICBNTYH (K 22), EREFEY -y FofmE 7 FARSHIHINTEY,
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HRE IR LIC L DR AN TH D (M 20). AL ORI OFEITRER T
HHZENBIK 2b), JEREFHETIIFBEIRRBEEN 2y b7 MBI TH S &
Wx b, —F, ERFETEYxy bRFELTEY, HEEREOREN R B
ITWD, CMIPS E7 LV CTIIAHERZTH Y T AHO—EbHZ L (¥ 1).
CAVEEVERBE IS L A HEGE O = o k(X 2d) & IR LIC L 5V = v R 5§
{EOMK T HERPIGFTHZ LT, ERPFEY =y FORFRELICRAR S 2 4 72
HBLTWAEEZEZLNA.

FEROIERELEY = v MIFEERBAAREN TH 20, EREEY =y METE
TR LT <, FRICHEEDISENAREN T o 2 B IR O TR 23
SAEEROTRE EICHBENRD EEZOND. 2, PREERELEICHT 5L
RRHE OUEAKI D DB BT D3B3m0V AT TV D2, S, W& SST 21k
OHfFE L SREO TN E @ ROONDL Z ENTERIND.

a RCP a AU700 .
; o S0
AR — o] S
= S . - “@ Sl B
60E 1206 180 120W 6w 0 120E 180 120w 0w 0
- AICE 1 : CMIP5 5 /W2 X% 700 hPa
2 TS O S G DT R . SR
= 3% O TIE T 10m/s & FR.
- 60E 120E 180 120W 60W 0 %‘l‘i‘%}i@i%?ﬂ/@ 80%HLZ))E?§
: MLSST FOLALE T
80N
70N SRR
§(§)§ ASNNEN 2 M1 ERLC. 27FL, ETVE
1 18 = <R B LD () RERRIEL, b) I
de"E T e WRHBIEAR D, (o) i IRIEL,
o | (d) PR (L DR, Eh TR
o ZZ§§§Q S EOFEIET 10 m/s L% 5
LA S AR I R . m/s R TR, RHEIE 99%D
60E 120E 180 120W 60W 0 o S
— EAKHEZ R
S& XMk

Matsumura, S., S. Ueki, and T. Horinouchi, 2019: Contrasting responses of
mid-latitude jets to the North Pacific and North Atlantic warming. Geophys.

Res. Lett., In press.
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Generation mechanisms of climate variation phenomena and the role of salinity
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nE
AWFGECIE, SEIBEEET V2 W BREERICIESE | 4V FESL A FN—T— FEREIHE D HowmED
TERICHBANT 5 7' 1 & A O % 5% EEICH 2, T ORE., RS J1W 22 K 3 2 Wi 2= 23
IMREDRICB W TR KE 2R L TWD —F T, R K7 T v 7 AH IRBEEZRZLTND
ZEBHDLMNT 0T, Fin, PRI X AIERIERIRO RO EEREAF E R LD Z EARE T,
1. [FLC&HIC

AV FHEZAA R—LE— FESR (I0D) 1TEH A > FETAEL D REMEFBEHRLTHY (Saji et al. 1999), 1IED 10D (TH
(V8) A > FEREIRICA (IE) OWmEAR (SST) REZFMES, ZOBRITA v FERFEHERZ T T HARZ SRS
EOREIZHE A KT T 79 (Saji and Yamagata 2003), THUFTEZM ESEH Z LIFEELRMETH D (Luo et al. 2007),
10D 124 9 BUR 2R KR 7SS O KRR ZIL, WO K 7 7 v 7 AEORZEZ b2 b3 72, 10D 124 2 HMm A= D%
BICBWTEHEEARKE 2 7292 (Kido and Tozuka 2017). Z OAERAYR 5B+ 5 4THF28 1%, EMEMRERICE Y E -
T3, £Z T, AR TIE, BHIEREEET VA AWZREERZIT L & HI2, ERICUCIHME U A INST 21TV, €
D TE B BRE % 3 A 72,

2. ETIL

ARFFE TN L' 7 0id, SEEVEEEE S L ROMS (Shehetkin and McWilliams 2005) Tod %, fHElIE. A v FEEBGE A B
N—72% 307 E-110° E, 46° S-32° N T, AFMEMBGEE 1/3° X1/3° | FAIE 40 L)L DFEIRE 7 /LT %, World Ocean Atlas 2013
DK« Hor 5 E AWM L L. JRABS-do D KKFFMENTT —4 (Suzuki et al. 2018; Tsujino et al. 2018) & 3 KEfHfEIMET —
2 ORMEEE AT, 30FEMAY LT v 7 L, £D%, 1958 45 2015 42 F T JRAG5—do D KR FHENT 7T — % @ 3 eI [EIR
F— X CTERE) LT, MIREBE RS 1%. VErERMET — & @ ORAS4 (Balmaseda et al. 2013) Z{FEHA L, £ 7utv 2AD0OHEE5E%2#H
NRAT=OIZHEN LKL, 1 OHED THDH, RUSADERTIE, HFIEOIODFE (TAXUF) O1H1HMS LAEBBES L
7oo Fio. 10D 57 LOT — X%, 3 WRIMRT —# ORIEMEE 120 HONA/RA « T4V F—% i LTciRZET — % O b
5 ETHERR LT,

#£ 1 FEIRMEETE T L ROMS 12 & 4 % £

EBRA4 Vi - FIEER R &1
MR 2% 3 Mg T —~
NoIOD 10D 4y 72 L
NoPRCP ek B TOD Alisy 72 L
NoSWR FEI it D Fx TOD oy 7 L
NoWND JEUS S5/ JRGEE 0> Fx 10D 5378 L
NoSTRESS JEGEE O Fx 10D 572 L
NoBDRY TBESE RS D A 10D sy 72 L
3. BREER

AREILET VS, B A REEIZBIT DIED 10D (29 KR, Moy, MiRRAZ IR BB TE 2 2 L 2R L7 LT,
ETIVEBRKER O 21T 272 (Fig. 1),

RREEBROMER LY | BV A v RERMETICE T 2 EOWB R/ RAEL, BICAOBRKRERAZIZLVEREN TS Z & 038
NIl otz, —J7, A ¥ REERERO R RER D HEIC T CORADHEEEARZEL, IS HRECE > CTol & SnEH
WHREZEIC L > TR EN T\, Zhbik, 1798 (Zhang et al. 2013; Li et al. 2016; Kido and Tozuka 2017) Ti*
BENTWEAT =X LEZZFTH LD TH o7, £z, FRCEETA > FERET T, M REDZER Y — 2 OWREID
BWT, FHMBEBIC L 2B DEN, BEREEHZRZLTWDZ EBYD TRENRTZ,

—, WA v REREROEOHEEE/RE L TREN 0 LN 2RISR O 2 A0 EEREE /S RZEZ, SIERTRIS S
ORI E > THHEEND Z R, BEERI VAL o7, T2, WOWNZMIT 21TV, BRZE2 045 &, KES
BRZETIE2R <, MERRZEDHF SN X TH D Z LN bhoT-, S5, EAMETIC L 2N ROMES 7 RS, HA
v RESRERO IEO R B D RMADIRIZEEIRL TWD Z EBRH LN -T2,
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(a) MR-NolOD (c) PRCP
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Fig. 1 (a) Composite of the upper 30 m salinity difference between MR and NoIOD run during Sep. -Nov. of seven positive
10D events (in psu). (b) As in (a), but for the wind stress effect (MR-NoSTRESS). (c) As in (a), but for the precipitation
effect (MR-NoPRCP). (d)-(f) As in (a)—(c), but for subsurface salinity anomalies averaged from 50 m to 100 m depth,
respectively. The contour intervals are 0.1 psu, and anomalies significant at the 90% confidence level by a two—tailed
t test are shaded. (Adopted from Kido et al. 2019)

4. FEDHESHBDEE

FRIRIEEE T L& W E SR 218 LT, 10D IZfE D AR AZDTEEK A B = X LISAKFIE THI O TERMIC TR I N, 4%
. SFEOMETEDIRA = X LB EEMNTH N> Tl mZEDS, T0D IS KIBRZEICED XL 5 gBae 5.2 5
DONEFRITNEZNEZITND,

& E 30
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HEREBIC BT D IRBER O A 4, HERIERB TR, 7. SEHEBHBICE T 2R R 255 -0I2iE, K&aFho

REDHRKEREZ FHEICHEET INERD D, ZOEDITIFREAREET M I DBEDRIEOET U v I HEIFOEELR
FOBBET — 2 2 AV A RFICIT ) 2 EBABERARTH D, £72, PeHEROKEIZIE, =7 vy i & AREEhcE
KT 2WEICH L THET Y 72170, IBEDRKEEEEICHENT 2170 Z LN EEND, REEITRFICRKRT DA X
(CHy) IBEDOBFZEMZEICOWT, TFLVOFHIMZm LEE5720, M EBH Ry NU—27 2 A0 TRKRIBEN D&~
T v I RAEHEET DWMRNT A EhE LT, & 51T, REFRMEORREN T TSGR M9 5720, ACEMMEIE % 3 B
B2 & T s 2Bk b FEH L 7=,

2. [HREERRE - Ak

T OWENTTIE 4 WITESTE (AD-Var) & KEHEET /L NICAM-TM (Niwa et al., 2011) &~_X—R &+ 5T 2T A
NICAM-TM 4D-Var (Niwa et al., 2017a,b) ZJHU T, 2000 4E/ 5 2017 4B F T 18 EOWIM A5G & LU CIT 21T - 72, iR
WCBIT 5 CHy 7 T v 7 ADWIIHEEMIZIZ N AREIRYEH 5 — # EDGAR4. 3. 2 (Janssens—Maenhout et al., 2019)0@Rbkk LR
7 — 4 GFED4. 1s(van der Werf et al., 2017)72 X%\, & 5ICIRHCAKHN S OAEWRIEO CH P I ITbgAERET v
VISIT (Ito and Inatomi, 2012) (& X ZFEMEE AWz, FHEKREKF TO CHOWHEIRTHLKEEILT 1 & ORIGIZONT
I, Patra et al. (2011) THWHIL7Z OH O 3 RIEHAT — % (KWEE) ZFKFICx LTV IR LET VIZE 272,
BN CHy 7T v 7 A%, TE. KEEETT L NICAM-TM IZA S L, K&K CH, OIRFZEfE B O [IR AT -7, FE LT
o R EAT I D = RS X OV AT I W e v o T2 EZE O R B (e. g, Niwa et al., 2014) & HZFTU,
3RITHIZe CH IR BEAAR D BFIBM MG 21T o 72 S HIT, BT NVOKEMMGEEZT 7 40 D 223 km 2>5 112 km, 56 km & &
TR BITV, B2 DG X D EBRMETFMOMIT b E T Lz, Z OMGEERIFNED BUE EBRICOW T, Niva et al.,
(2012) TH7= “ER(bRFE (CO2) 77 v 7 AHWT, CH 721 TidZe < COZ O W T HIREFHRMEOFMZ1T - 72,

3. HBRLEE

Figure 1(a)lZ CHyf AT TR ONT- CHMIRIE 7 T v 7 R &R T, TAIXYTOMT U7, W7 U7 72 ETHE R CHLEH O
DHPELINTNDN, 2 S OHIROPEH B DV TARRFGE TET - 72T T, B U 7RM 7 U7 T Em» &
BN, W77 TR OEmR R SN, T2 RO CH 7 T v 7 A% VT NICAM-TM (2 & 5 K& CH R BE O 3R 28R %
ITo TR RO—fl% Fig. 1()ITRT, 2 TR T 2BINE & O EZ1T> TWA2, FEIEHE, £, 2000 FLH]T
EDEH, ZOBOBME VWS IZRELENE HRENTWD Z EBNbh D, £io. WEHT & IS oMz & otie T
IE. BAREZET CHREOFEMES M\ LS, WfITOZYEE2MRT I N TE R, £, HET OT7lEKEE EZETO
WZEREI & D ClE, ERICHBICBM SN SBREA XV FRETATHERSN WD Z ERnbhrolz, LML, 20
BREA R FOE—7 ORESIZONTE, BRI > TUEETVOMBEICRKELF L TWD Z L b &, Fig 2
{2 NICAM-TM (2 & » THEL &7 CO, B LN CH, D E22 10 km (ZBITDIBES (9 A) Zad, Bnd, RN SEEN - Bt
B TH-> CTHEREDREZEDRLZENR DAL TND I ENDND, FHZAZ AZOWTE, EFEOTUVTELUVA—IILDK
[ b TOVEFE Ao kP URIEE) & I HO/K H e & QAR CHEEH OB T GhbEnd Z LI2L Y, & CHAREOZERHA B
KHARE~E D B b, KEDD AAR EZ8, THATE EZEIZHE SN TV DTN ATEND, £, BT VOKFFRIGE %
BT DI EIZED, ZOXD BN LV MG E RO L bbb oz (Figs. 2d-f),
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KBRS D OBEEHEYNENTOZDOREIZEZ DB BIIRE N, TDH, ~LVAYS
THEA~OFIEA L AR, T— 2RO FEEZRWTE TR AT AOREENEE T,
1T b 2R AR RE (K ESkm « 1053 IFR) C=7 v Y L DN FHE S 7 — 2 TG L
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IIMZIED REBUAT — 2 AR, XA B« KE - KEKONFENE S LONEA ) B ERE
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TW5, EYILERCLFREE SO T L L OhKEBE LTINS OWENA -
LB A D= A LD Z & T, KR - &R ORMFEHERBFLC R D RIB 25T,
DI KBRARE~OWH 72 ChgIs 0 ERRZ BT,

FFENTS

RRxET mY )b« PM25 Dkt OFEbDY 8 57 —Z DRUKIZ SV Tid NICAM-
SPRINTARS %[l L7-, k&2 EEZIZOVWTIEIMIROC 2 X— 2 & LIZ2HRKKET
IVOBFEZHED TER Y | F71Z DRAMATIC (Dynamics, RAdiation, MAterial Transport and
their mutial InteraCtions) MGCM & 44 11T 72 K EET ML, 4 H £ TICKRKIIFICD
W < ORI AR 22817 TR Y [Kuroda et al., 2016 72 F]. &EE T LITHOWVThH,
MEEZR SR DR « THIBRIZAR 2 RRALF MR 2 BEAT 5 Z LI L0, BIENREANE
BROBBUZE > TWAHFHRIZD, 2016], REETIXIZN O OFEREE LHIC, HEAKS
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BRI REKRIEERET VOBR (ERROMIEER 1) (2B LTI, lkeda(2011)
ISHOR R RKUEETZEAT CRA%E Lot niE = — R L @R OMIE 2L A T2 48
A GCM Z T, KIGHEE & MR /) & L7z SR R RRTEERE I C DU TR
L7z, EBBIOBLIN TR O N RAEBRMES & 2 2 & T, BLEeRERK O
15 % i#enm L 7= (Yamamoto, Ikeda, Takahashi & Horinouchi 2019, Icarus, 321, 232-250).

FEEOMERBIRINCERE L T, #EV AR KOV S WERERITIS T 2 BKif OFRE
TFLE U EROEEEREL, TOREE F L 7= (Yamamoto 2019, Icarus, 322,
103-113). BRI D#RE 7V B (Longuet-Higgins 1968) % 2 A # L <04 2 2 L,
4 B H B K5 GCM(Yamamoto & Takahashi 2018, Icarus, 303, 131-148) D& 5t & b -
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R OBANE Tl <, IR A ALIA L TEET IV TIHRGET DR & 5.

HEABAT L Z & T, MERmEHEOY 7 r—7— 3 RO E 10-20 km D5
WEERBNIERENS. £7=, Aphrodite Terra EZ2DETETH 55 HPE EIEE
(Bertaux et al. 2016) Z FHH. L7=. ZDOET /BT, Aphrodite Terra FZ2DETE R
PEEBORI S, I O RO ARG T 5 Z AR SND.

2. HENEBWRESLIUYA XN SOREDFEKelvin-like KE) : €2 L4
432 o~DEA

P AP/ NE L BERAEEVEE TlE, Longuet-Higgins (1968)72%:# H L 7= ER i JRiE
TN E RO N EETHH Z L AR L, ORI K D IRE M & B
DWW Cam L72 (Yamamoto 2019, Icarus, 322, 103-113) . EREIDARIE /L B ARIZ KT
JETDWENT, EFRLBBIURIAN—Z SEH DOFRE L E AR E AL R T TR
DT, AFTIE [FRE Kelvin-like J) & RKFL L, EKEDHRIE Kelvin-like 3 DAL AR
1 LKERERED Lamb /X7 A —F — (K adgm L. TROBREDO X A 4
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TlXLamb /3T A —% =V & <, #R1E Kelvin-like i O AL R 23 2 R T & 720,
Z OFIALARSTIE, # A # > GCM (Mitchell et al. 2011)D7R1E Kelvin-like 3% 07K A%
ETHLROLND. $EEFET DRE Kelvin-like 12 T, MAbFTR S & IBEERSY DAL
A D 720, BUIMERE ICEH®ESND. LrLARnDs, Zofffr ChEb bh
T RE A & Bt E, 4R B KA GCM(Yamamoto and Takahashi 2018) D] &
BTy 7 2MEXY /S, BREPERK GCM TiE, 7Ri# Kelvin-like £ OHRIF
P EHREE TN DN PEE Y = » MIT CHRAEEIEL, TEfED
7 A= EREET D 2 & CARE N & Bl L ONEBhEaE Rk S D T AR
SN,

SEOMER :

JENETEDLNTCERREDOKRIKIEERD N FOMINCEA L TiE, REERESAES
B2 RRKIEERGER L A= =0 —F—3 3 U A B = X L0 ONT
BHL72OT, WEELRE, FRBIUFERRETRELRZ.

PSR 72 B KRR KIEER 7 /L DBAFE T, Yamamoto et al. (2019) % & fRg (L L,
&7 E FEOBRRA TH D W BIRR 2 /152 TIEIR T 2 LR O 5. RIS,
TS IR, HHMRE 2 — R &SR OME 2 MAAATZ BN /242 GCM
THEGE « FHHLTE 5002 ZA 2 T T O2RFTUTR 5720,
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PESFEE 7 /L Regional Ocean Modeling System (ROMS; Haidvogel et al., 2008) &
ERARESRE T /L NEMURO (North Pacific Ecosystem Model for Understanding
Regional Oceanography; Kishi et al., 2007) , 35 X UMSHAlFE 7 /L NEMURO.FISH
(NEMURO For Including Saury and Herring; Ito et al., 2004) % #% & =472 ROMS-
NEMURO.FISH (Rose et al, 2015) Z ALPE KA A %512 OAKFOREST | CHESE, 7
% L. CCSR Ocean Component Model (COCO; Hasumi, 2006) I Cat-5 S v 7=k A fE
RET VAT 5, AR, 5] ke SEEET /L ROMS Ot R 217
VN, < OENEERTRIZ IV TEEE & 72 2 BRI O FEMEIC DUV TGRS KO
R#&E1T-7

o

WEFERR:

23 2 =7 4 —ET/NTHHLHHBETEE T v ROMS Z JLPE AR ERNICERE
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NEEFEZ . FREBRIZ TN RS E RE LTHflT 22 &, TETV
DYURZEHEDTE T, £, 3) IHHERET N O EZEF E TRET 27290,
SODA (Simple Ocean Data Assimilation) ver.2.1.6 D &SR % {75 SR,
CORE?2 (Coordinated Ocean-ice Reference Experiments) % {52 s 5 5&th & L 7= 1958
ED 5 2008 4F £ TOEMEFEERELE S & . SODA (Simple Ocean Data Assimilation)
ver.3.3.1 DFFRFERE T HRSAMFIC. CORE2, MERRA, JRA-S5 % KI5 R4
& L7z 1980 ££2> 5 2015 £ £ COREEREEICRE L 7= (K2) . T DFHHIC
BT, BRESBERITICE W T, Hy HB~RAE T, KRN % B
L BAR TS D RTEDMER X Nz, &) e FilE~TRAT 23R L TER & o
AFRAREAS 200 kmfREECH 0 | FHBLR A L 2 BE SRR & v, K
oW ZI S 2 &, b) FRFICE T 2400, B, RETHE, mAtitE o
FIREIEAS 20 457 (9 140 km) ICERE S LT\ 5 728, FEMICTEIG 2358 LAt
THREIN TP RT = A T0knA TicZ o TH Y, BRIOH S FifE~Dii
AL EERE offic, FRBEZR ERFELLT ORISR > TWwWD 2 b DET
fRD OHL 72, D70, 7 AFURETRMITRSIC 351 2 A5 % 100
AICEE S 2 & RIS FIFICRA LR T b 2 2MELL T 5,

SRR, ACERIMERE R Z L E T oS TR harmonic TG PE(RE %
i L T\ 7223, Smagorinsky BT ZRBHIC AR B L 72465, o B IC R RA
5 X951, Wy HBc BT 5 B IIHENOES oz (K3) . LAl
2255 AR RO BT 6 S OEREe it OALE M i iR L T o IR %
DEFETH o7z, JLEANIEELFIC B\ TEFRUCSIH 5 RO E v, 7
SEFUIE D SIS TEREIC S TR WBNA D o 72730 FEEE — BB kg1 & i
BLZETMCERL (M4) | BUEEHRZEM L 7225, A0 Bt X
OERE OO E DS - F w3~ 5 R FIERIC R4 L 72, BIFE L. MRSt
DOEFRFENICEI T 2 8T XA — 2% JiET 2L L b, ETARNICEIT 2 HHEANT
v ADfENT R HED JRRDFRIHICH 72 o T 5,

—J7. IKEEWFSE - BEBREBHTE L 72 Ll A TEBTFEIESR £ 7 v FRA-ROMS 1
TR RRR R B e R £ 7L eNEMURO % #5272 E 7 v % V7 Rk 3l
ERE L. FTEROERER 2 & Ui EE PR R 2 RS-, 2hbooT
HIESESAT 2 I TA 7 7 4 v C/NERF SR — [91E€ 7 v eNEMURO.FISH %

63
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B-grid fidi& % FH\» % £ & ©. Ringler and Randall (2002) ® ZM-grid fic
BErERLT RCHEEL ot BEE - FOREZ R CTZ 5 2 & 23,
6 MM T2 2T R P CHE2® 5T\ % (Miura 2007), B-grid
Fi & i 3 2B X % Bl-grid & B2-grid @ RMHIC X > CEH S 3 C

67



O EHEE-FORNBREREDN VI ) Rl EER S L ERBTE
MO BB OE TR EE TR O IERIZIE ET 7 H o FEM
HERoTWEIHTHL I LD 5, EMBEIFK & 7% 2 8% 7 HH
FEOREIZ, B-grid idEAZ M2 2 & CIE 20 @K Ty ikdnz e
HiffE 2,

LA L7Aa2ds, B-grid BLiE @ 1E 20 [ T~ D EE I3 FmE 6 A O
Rl CHAIClE R, W D2 DREL L EL -7, 1 DHOREIL,
B L 2R/ EEE N EOREAR R TH - 72, Fili 6 ATEK T IcB T Z-
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L. AGCM 1238 T, SST FRHENZED, EDORRE DK EDF 2 EBZ 3 TELDMNIZ
OWTC, GIEEERA T 5, 512, SSTHRHIN TRy DA 2 BEiRE L EOIOITBEL
TNDDPZHOWTHRHIIT 5, FrZH A2 DEDLT U7 A= HUKIZE B L, KEUKTE
BROZENZ BT HEERY PR T 0 R 2O T, il 250 T 5,

WFFERCR - AGCM ITEDfHTIE S & | fm sCicfa BHEL T\, BEHHFEL LT, H#
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Takahashi, H. G., and J. Polcher, 2019: Weakening of rainfall intensity on wet soils over the
wet Asian monsoon region using a high-resolution regional climate model. Progress in Earth
and Planetary Science, 6, 26, doi:10.1186/s40645-019-0272-3

ABSTRACT: This study estimated the sensitivity of rainfall characteristics (rainfall amount,
rainfall frequency, rainfall intensity, and rainfall extremes based on 30-min intervals) to
land—surface conditions over Southeast Asia, which has a wet land surface during the rainy
season. To obtain the regional difference in sensitivity and simulate basic cloud—precipitation
systems, we used a high-resolution regional climate model. To extract the systematic signals
of sensitivity and exclude random errors, a series of six sensitivity experiments, which were
driven by a reanalysis dataset and the observed sea surface temperature (SST), were
conducted over the Indochina Peninsula. In our experiments, soil moisture was prescribed at
0.20, 0.25, 0.30, 0.35, 0.40, and 0.45 m3 m —3 over the whole domain and during the whole
calculation period. More experiments would allow us to divide the responses into systematic
signals and random noise. The slope of a meteorological variable as a function of the six
prescribed soil moisture values was defined as the sensitivity. It was found that the sensitivity
of rainfall frequency to soil moisture was positive overall, whereas the sensitivity of rainfall

intensity was negative overall, although evapotranspiration (sensible heat flux) increased
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(decreased) in a manner similar to the increase in soil moisture over the whole domain. The
sensitivity of rainfall amount to an increase in soil moisture was dependent on the location.
This implies that the response of rainfall characteristics to soil moisture is not simple,
suggesting that changes in rainfall characteristics are not solely determined by
evapotranspiration. In addition, the sensitivity of rainfall characteristics displayed remarkable
regional characteristics. The characteristics described above were noticeable over the inland
flat plains. We also discussed the mechanism in the response of rainfall characteristics to soil
moisture. The coupling of an increase in water vapor in the planetary boundary layer and a
decrease of sensible heat flux can explain the response. The increase in water vapor in the
planetary boundary layer was associated with a reduction of the development of deep

convections and an increase of boundary layer clouds.

ABOMBEA: Gkt O HRE BiEd,
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€7 /L MIROC (Watanabe et al., 2010; Watanabe et al., 2011) T,
F2 i € 7 /LI MATSIRO 2L T % (Takataetal., 2003). & DOFfEE €
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