- Earth Simulator Proposed Research Project -

2017-18 FF2E4 L 201920 FFBEA D AGCM (2 L % B 5EHR

AR A
A FRRT: e 2Bt se e o 4 —
EH

PO FnSex!, mE ST, N B, ke

* ZHRY RFBUEMEIRAIITER,  RAURSYE Jelnfl A5 7et o 7 —, < BILRY: MiiT A 225

2017-18 AEDAIPE B A Z P IERIC AREDb -, —77, 2019-20 EDOXITHE BB LA HIEA
K Elpol-. AWFRIL, RKEKBERET /L ACN OF 3 TVERICIES X, Bl S -1 KIER
FEIL 2017-18 FEDFEA A FHHTE Ap—J7, 2019-20 FEDIELIZHF G L CW = mREMEZ R L72. 2017-18
EAFITBWCE, BAMI TN &N FE ToRRIEERZE S TR CORIBMRZL, AGCM FEBR Tk
HECE otz 2L, 2—TJ 3T KELEOHEN Y = v MR GERHFET D ONMAAER, HELKE
AGCM & TR > TV Z ENEENRER TH S, ZORDAAOEN I, B S 7203 W K IER
Lo TR ENTZ LD TRPSTZmREMENE W LR ENTZ. —F T, 2019-20 ELZFETBWT
1, AGCM X B ARAHE CHI S - BRIEHERAE L SRR AZ FE Lz, Y v N Lo ONAH,
K O TORRIEEIZ OV T AGCM X L < FHMEL TWe., S ICHEKE oW mAKR ML, MW
FOLL L ARMNECERFEEZ =5 L, 52 2019-20 EDREAIZBWTIE, ZDE 51T B HE K
ERZEERIETH -T2 ERIB I LTz,

F—U— N RA, EA, PR, KRKERET LV

1. IXC®IT 51T,

[RIRFHIC A L CUNVEBRWIED A o REEX A

2017-18 F-DAIIVE B A Z LI EEICKIR MK <
720, B Z RSN R EE ERl 2 [1]. F
== BRI RE S MR KRR O ZE HAE B DTG R

B3, ZDFEEAO—>DOUR L LTRSS T D, FEBE,

T DA DOENE L FH IR (SST) DIKIERZE
DR TE, J=—=xBRLEANTHS (K1 H).
F-EEALRBEE TS SST OEIRREDMHER STV
A, —J5, 2019-20 FEDK (T 1898 LEDFEFHBALALIK R b
BN L 2oz [2]. HERRRLICINZ, #EERME LT
DARIEFE 2R FEEE) & EOABIEENC £ 5 A ARFHTE~D
FELIRADI N Z OBAOEH & ST\ 5.

sst DJF 2018 OISST anm

X1 &2 (DJF) ‘F¥EmKiRmzE K SEi) &
R (/). (1)2017-18 4, (F) 2019-20 4.

A= VBGNIHEE = > b EOREERIE L, Z0OKIC
Ko THARMHIOREA 25 ZR I L2 Lo ER ST
WA 3], R, BEA 2 REEPETRIC SST O miR m7E7) i
RTED W1ITF). —FHT, BAIRCILATEEREAIC
HEIRFZESFEL TR Y, KREIEBR~OHBO R
BEZHILD.

ABFED BENE, KRKIEERET L (AGCM) FEHERICHS
&, INHLEL LIREA~D, Bl L HEREZNETO
SST RZEDF 55 7HNT5 Z £ THD.

2. EfESERR

AN CIIMHENFZEBR RS CRIZE ST RRUKRTIEER
ET /L AFES Ve, KEMRREEIE TI19 () 100 km),
ENEL 56 JB T 5. VEREKIR L KB HE T — 2 1L A B0
0ISST v2 &M e, ABRICEBI S i ifEmKiRE 5 2 72
Global Ocean, Global Atmosphere (GOGA) ZEHR, ZAE: (&
B 25.5 FELLT) OAICEB SN EARE 5%, F&
W E IR EME % 5 2 7~ Tropical Ocean, Global
Atmosphere (TOGA) ZEBR, HHrEEE DB X417 SST
% 5.z 72 Midlatitude Ocean, Global Atmosphere (MOGA)
KB, SRR OHRRKIES % -5 (CLM) 52
B, OF 4 SDFEBREAT 72, KT TR TOFEER TKE
%5 % 7. EBRHRIL 20172019 4 9 A D
2018 (2020)4=3 A THY, ZNEITH0 AL/ 3—DT
P TNVEREITo T2, BEDIRLKEOREIETOE
BRC—ETH5D. GOGA FEBRE CIM FErE D7 Y7L
SEEDZEN, BER SSTRZE~DRFIGE EEZZ B, [H
FRIZ, TOGA 2k (MOGA F2hR) & CIM Felk & D= vy (Fh



Annual Report of the Earth Simulator April 2020 - February 2021

EREE) SSTRZENDRRZIE EE 2 bD. FRFERD
MEpTIEAZE (12, 1,2 A) SEIZOWTITY, FBREREDT=9
JRA-55 FHRETT— & [4] % BV = FHAT O KBS 5E

1982-83 FE~2012-13 FA DI Z D Z LIZ &L VR 7.

3. 2017-18 FEDELK

201718 AEAZRIZIX, FAENT COENE: T ERT
VU VTR E CRARAEE R L, 22 CxEE)
NERThHo7eZ 27T (M1). ZiuREEREMR
TO SST RRAE~DIE L E 2 bb. —JF, [T
D AGOM COIGEITORRR Y, AlRADHHERERGERIC
JAEALT 5 ERIRS, A > FEERCIERZE (o 0 6hk
TRV 273 ZAUIEHA > REEREBER CORD
WHKEFZE (X1 TF) ~DIRE LB N5,
vp 150 DJF 2018 JRASS anm

PEEEBEEE

Gg8

2 2017-18 4Z=H5 150 hPa KUEIR COMEERT
Yixob. (b)) FHENTCOMmZE (10° s SE)

s RS (f). SERANIFEBRRE. () 2k
HHHAKIBRZAE~DOINE. & OK) s TaERE
() DA ZTRT.

vgrd 300 DJF 2018 JRASS anm

“
TN
6N
SoN g
-/
30N
208

-3 -2 -1 1 2

3
V 300 DJF 2018 goga—clm D 01-50 1 1

85558388

Gg8

3 X2 LFEEE 7277L 300 hPa FEAL/EL (ms™).

SR BBV T, =T 27 KEERGERDS B H AL
WZHT TOMALERZEDIEADFIN, FMTFE L
ACCM ISZDOWEFIIFEL (K3), WY = v b EE5
BT DM OFEEERET S, L L, WiEOMHEIT L
2. ZOMFEOTNEZ KR LT, HAREZZD 500hPa &
FESE, BT CIURRUEMRZE 2R 907, AGOM &%
TIEHEREMEEE 2R (4. b OEESRE/ G
IS, T TS CIHRIERE, %8 ClEmiE
A ZESTEY (X)), AGOM B S KRR %
BB TEedolz, ETHTCRON S EBEL—T
T B HHER Y = v b EORFNIT AGCM DA T
Aoz, HEH Yy FEHER Y2y b EEZR
FIURDDIED AGM FCTHBLS N2 o722 &%, BAR
fHECORBRANTFR SN2 - —EHH B2 b
5.

hgt 500 DJF 2018 JRASS anm

§EESEEEE

-3 -2 -1 1 2 3

BE55838

538

=
S

2 LBE. 7721 500 hPa =5 (m).

Z 500 DJF 2018 toga2 — clm D 01-50

3E55838

BEESEFE!

738

5 X4 LFEE 72720 (1) B SST RzE~Dk:
Z.(F) HEkRE SST R ~DIE.



B SST RAEDIIXIT DEESRE (K5 F) i,
RIS NSNS ODOEER SST R 200 (11 4
T) LIEFTE U AZ—ThH Y, AR COEEREA
RLTWS. —F, TEBEE SSTRAD IR 5 E A
I8 (5 F) 1, HARIE COBSEMISE NS 72
DOEIRTAZ D (XH) . £ 1R L AARMTCHE
WP L7 850 hPa SR L I0E &2 T 5 &, &
R SST ~ODIEII 1L AK THY, ZDHH 3530 2 Z#
Hr SST, 34300 1 A HEHEE SSTRAN G L TnDH 2 &
AR SAVD. T272 LT b FEARHT C OISR R % %
BHLZ20.

1 BAAHT (b 30 EE~45 B, Bk 130 FE~145
) T L7z 850 hPa iR z/JiE (K). *1% 5%
THBIRIGE TR,

HfL : °C 2017-18 & 2019-20 £
JRA-55 ffisE -1.37 2.06
éi*;’_i;“@ 1. 41% 1. 51%
?&%ﬁ;sﬁ;«@ 1. 01% 0. 86%
qﬂﬁfﬁgﬂ 0. 5 0. 83%

4, 2019-20 FEDIEAL

2019-20 HEATRITIE, BN OUFAERREEES & H AR
FHETC, WERT V¥ LOIE L ADRENENENTT
TELTWe (M6 E). SOMENRTNDLIHEOD, Zih
DIRFETAER SST RZE~D ACCM JEE THEIR SN TV
(6 ). A > REEEECIE, BT CARZE, 20
SRR ENEIR(LZ R LTV D, AGOM I TR & 7t
TR B0 150-hPa KR &V T CEAFRISE D e
RTxD (KWK, ZhbEXML, o—F 27 KEEmH
5 AT T CORALROEA DR, S Vil
Bz b EOWONAY, BARTRA & AGOM A &
ITFF-H LTV (® 7). &b, ZnEEEMIC,
FAET TR BN BARMHE COBRIEMERZ & miim
72 AGOM JSEITHEL LTz (X8).

Z DOREGISE EIRIXRRE 2 — s, B SST 1R
EADIFETY, IRIERSL/NENHOD, HHENTND

(9 k). F77, TEREE SSTIRENT, bR ELSE
I EEIEEOREGIEERT (K9 F). 29 LizmE
BB, BRI CIEIRSE A=Y & D, B
(B L FEHRE SST fREZ 2o BAMITE CORIE
IEE~DFEEMIERETH D Z LITER S,

- Earth Simulator Proposed Research Project -

vp 150 DJF 2020 JRASS anm

...........

§58§838

-3 -2 =1 1 2

3
vp 150 DJF 2020 goga—clm E 50

BEE§838S

6 X2 E[EkE 7272 L 2019-20 4EAZR,

vgrd 300 DJF 2020 JRASS5 anm

-3 -2 -1 1

2 3
V 300 DJF 2020 goga—clm E 01-50 1 1

7 X3 LEEE 7277 L 2019-20 AEAZR.

hgt 500 DJF 2020 JRASS anm

80N
TON
60N
S0N
40N
30N
20N

8 X4 LIEKE 7277 L 2019-20 E4 2,



Annual Report of the Earth Simulator April 2020 - February 2021

Z 500 DJF 2020 toga2-clm E 01-50 1 1

BE28895¢

BE288F8¢

9 5 LR 7277 L 2019-20 4EATR,

4. FLHLER

Fex D AGOM FEBRCIE, 2017-18 D A AL THOEL
B TE eh oo, ZOEBEOERE LT, #Blllshiz
A = v b EOWEA AGOM P CHELTE R oT-2 &
NEPTHRTFOND. 51T, ZOHFHEEx v F O
FHHTE 20>l E LT, (1) AGCM 238 TOXFE
BRZAZ BH X T, HEEFhE 3 2 O S
BCERdocmlfetE L, QWA Y = v b LD,
B S U= B RIS EVR 2212 Lo Tt S Tuien
WCHoT-ARENE, ODELLNNEZBND. B
WA an T A7, SRETEET VERR (5] 217785
7. Bl L UC, BT — 2 015 B T A SR
BNEMRZE % B OG- 2 7.

v—vp DJF 2018 LBM—JRASS

.
A S o g
<

8555838

BESEEFES

10 ZNHEOFERTBVINEMRZ~OREISE. ST
Lo 0f 0.29 TORILA (ms™), Ao 0.17 TD
BWERT v (10° m?s™) . (1) 2017-18 E4F,
() 2019-20 4E4Z.

2017-18 A ZEOET OIEWBINERZ~DEE R T

VU IVIRENL, BNVE CEARNT COMMZE L IRIERER RSy
fizord (K2 b)), #EEWY ey b EORILRRZEITIT
BTV DO HPE FAICIERANW N, O EE 77
L L, FEAEEETIE, AADIE ChAZRTRE, #
DORFITFHRATOS D LY, AGM FOREITE. =0
Z &, BN SN2 B OXTHEEMRZENY, AGCM FRDEL
W ER AR 3 2 &, (1ZIER UL O3 % Ji
LB EERLTEY, ZIUIEG ORI TRIGER S
1, BN lEE Y > b EOREARNE Lan &
ZREL TS, Ko TZOIE SST IRFELISOER T
JAbL S 7= ATREMEDS L.

2019-20 FEDOAZ R LTI, Bl S 7= BV ekl ®h &
AT = > N EOWEOMH % AGCM H3d HFEEETFELL T
WA, ET, BIEEETF A THHEEE - v N EOE
FETETWD I e, BVFEO SSTRZED, AARFHIO
BAICHIRERLG LWz EEL6N5.

—J57, FEREETO SST RAD A% 5 % -3 Tix, £
HHOL S HAMEOERFEAZ L7256 LTV, R,
2019-20 fEDATITEH; SST R L D5 LRE%ETH
Sl ZOZE1E, PEREE SST RADEEM 273 H 0
ThHDH. LNLEFOEKRNIRA D =X LIRHTHY, 5
BOBETH 5.

e

ABFFETHIER S X 2 L— 5 ABERRE Top iR SUERE
REALBA T TR TR 5 2 58] O—BRE LT
frohiz.

STHER

n # % < % » # m &5 =
https://www. jma. go. jp/ jma/press/1803/05b/h30fuyuno
tenkou20180305. html, (2020 45 7 A (')

2] ®# & KX % o & &5 =
https://www. jma. go. jp/jma/press/2004/14b/kentoukai
20200414. html , (2020 47 A %)

[3] T., Doi, S. Behera, K., and T.
“Wintertime impacts of the 2019 super 10D on East
Letters, 47,

Yamagata,
Asia” Geophysical Research
€2020GL089456. 2020. (2020 49 H)
[4] S. Kobayashi, Y. Ota, Y. Harada, A. Ebita, M.
Moriya, H. Onoda, K. Onogi, H. Kamahori, C.
Kobayashi, H. Endo, K. Miyaoka, and K. Takahashi,
“The JRA-55 reanalysis: General specifications and
basic characteristics” , J. Meteor. Soc. Japan, 93,
5-48, 2015. (2015 43 A)

[5] M. Watanabe, and M. Kimoto,
thermal coupling in the North Atlantic: A positive
feedback” , Quart. J. Roy. Meteor. Soc., 126, 3343-
3369, 2000. (2000 4 10 A)

“Atmosphere—ocean



- Earth Simulator Proposed Research Project -

AGCM Simulations of 2017-18 and 2019-20 Winters

Project Representative
Hisashi Nakamura Research Center for Advanced Science and Technology, The

University of Tokyo

Authors

Kazuaki Nishii*!, Bunmei Taguchi*?, Yu Kosaka*3, Hisashi Nakamura*3

*IGraduate School of Bioresources, Mie University, *?Faculty of Sustainable Design, Toyama University, **Research Center
for Advanced Science and Technology, The University of Tokyo

The 2017-18 winter in Japan was colder than normal, while the 2019-20 winter in Japan was the warmest since records began
in 1898. We performed AGCM ensemble simulations to examine effects of sea surface temperature (SST) on these winter time
climate situations around Japan. Our AGCM is unable to simulate observed wave train along the subtropical jet over Eurasia
in the 2017-18 winter, a likely cause of the failure in simulating observed cyclonic height anomaly and cool anomaly over
Japan in response to the observed SST anomalies. In contrast, our AGCM is able to simulate observed wave train along the
subtropical jet in the 2019-20 winter, possibly having led to the successful simulation of observed anticyclonic height anomaly
and warm anomaly over Japan. These results suggest that the observed sea surface temperature anomaly was not likely to

contribute to the cold winter in 2017-18, while contributed to the warm winter in 2019-20.

Keywords : Warm winter, Cold winter, Extratropical ocean, Atmospheric general circulation

1. Introduction

The 2017-18 winter in Japan was colder than normal in
association with enhanced East Asian winter monsoon [1]. It is
pointed out that enhanced convection in the tropics over the
Maritime continent due to the La Nina event led to the enhanced
winter monsoon. In contrast, the 2019-20 winter in Japan was the
warmest since records began in 1898 [2]. In addition to the
anthropogenic global warming, inactive convection over the
Maritime continent and the negative phase of the Arctic
Oscillation are thought as the causes of the warm winter. A recent
study [3] suggests the positive phase of the Indian dipole mode
triggered a wave train along the subtropical jet over Eurasia,
which led to the warming over Japan. The aim of this study is to
investigate the contributions of the SST anomalies to those

anomalous winters in Japan.

2. Numerical experiments

We used an atmospheric general circulation model (AGCM)
AFES (AGCM For Earth Simulator) that is configured at
horizontal resolution T119 (about 100km). We performed two
kinds of AGCM experiments forced with different lower-
boundary conditions as follows. In the Global Ocean-Global
Atmosphere (GOGA) experiment, we prescribed observed daily
SSTs over the global ocean. In the climatological (CLM)
experiment, the climatological SSTs are prescribed entirely over
the global ocean. Each of the two experiments has 50 ensemble
members integrated from September 1, 2017 (2019) through
March 31,2018 (2020). The ensemble-mean differences between
the GOGA and CLM experiments are considered as responses to
the SST anomalies. The Japanese 55-year Reanalysis (JRA-55)
dataset is used to verify the model results.

3. The cold 2017-18 winter
The upper-tropospheric velocity potential shows a negative
anomaly over the Maritime continent in the reanalysis (Fig. 1),
which suggests active convection there in this winter. This may
be due to a positive SST anomaly around the Maritime continent.
In the GOGA experiment, the region of enhanced convection is
limited in the east of the Maritime continent and convection is
suppressed in the eastern Indian Ocean. This suppression may be
due to a cold SST anomaly in the eastern tropical Indian Ocean.
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Fig. 1. Upper panel: anomalies (contour: 10° m?s') and
normalized anomalies (shade) of 150-hPa velocity
potential in 2017-18 winter in the reanalysis. Purple arrows
are for divergent wind anomalies (ms™). Lower panel:
responses of 150-hPa velocity potential (contour: 10® m?s-
). Yellow and blue shading are for positively and
negatively significant anomalies at the 5 % level. Purple

arrows are for divergent wind responses (ms™).
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In the reanalysis, positive and negative anomalies of upper-
tropospheric meridional wind form a zonal sequence over the
southern Eurasian continent and Japan (Fig. 2), which hints at a
wave train propagating along the subtropical jet. This wave train
might force a cyclonic height anomaly over the East Asia, which
enhanced the winter monsoon over the East Asia and led to the
cold winter in Japan. In the GOGA experiment, the meridional
wind responses also show a wavy pattern along the subtropical
jet. However, the phase of the wave train is different from that in
the reanalysis and might lead to an anticyclonic height response
over Japan. This anticyclonic response accompanies warm
anomaly over Japan. Thus, the responses to the global SST
anomalies in our AGCM are not consistent with the observed

anomalies.
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Fig. 2. As in Fig. 1, but for 300-hPa meridional wind (ms™).

4. The warm 2019-20 winter

The velocity potential anomalies in the tropics are positive
over the tropical Maritime continent and negative in the central
tropical Pacific in the reanalysis (Fig. 3). These anomalies are
consistent with the responses in the AGCM although the
positions are slightly different.
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Fig. 3. As in Fig. 1, but for 2019-20 winter.

The response of meridional wind anomalies over Eurasia and
Japan in the AGCM are also consistent with the anomalies in the
reanalysis (Fig. 4). The height and temperature responses are
positive over Japan, which are also consistent with the reanalysis.
These suggest that the anomalous tropical convection forced by
tropical SST anomalies triggered the wave train along the
subtropical jet and warm anomalies over Japan in the 2019/20

winter.
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Fig. 4. As in Fig. 2, but for 2019-20 winter.

5. Conclusions

Our AGCM experiments suggest that SST anomalies in the
tropics contributed to the warm winter in Japan in the 2019-20 by
triggering a wave train along the subtropical jet, while the cold
winter in Japan in the 2017-18 may not be forced by SST
anomalies. Our results suggests that the wave train along the
subtropical jet in the 2017-18 winter may not be forced by SST
anomalies.
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