WERY I 2 L — & AFEHE — Earth Simulator Proposed Research Project —

HPOREJE K SR 5 S B AR Il RETRIC 5 2 5 i

BT
Ay HRURSE  JeuRb e v & —
e

Ay WK JeuRl R e v 8 —
[ 1R SEAE KRB TR

HIT S WK SeumRl AT~ & —
WEERRIEBISHE TS r—va vy oK
N WA JerRl R v & —

B O LM IR GBS DTG R € O J ) OFREAFELLB Y OWAER T TRV, P o JiE T KR AT R R 2 D%
BRI E 2 g mIZEHIE S 2 72012, RAKEBRET IV IERZEEL 720 7NV FHERSEME LTH 2 72
KL OB RBINCEED C 32480 T, (1) EFRTHEALBH D, (2) (1) LFE L. H LU TKIRA AL Z Ft
Fgfe. 3) (2) EFU. HLUEKPFEOATHITEL. (4) (2) LFEU, HUKRWETHIL L. (5) Baio
HEBD Y PEEEIIREE (LB L). (6) BB, MEEEEILHH ), O METHL, K4 I1ZOWT
FER L7215 X N=DT Y% TVEBROMELEAD S MR KA B O TR O B B VEBEELTG B 235 1L S 4,
BEUCERB SN B PE)H Y = v b EREMICRAT 2 2 L 2P 5N L7z & 61T JLPE AT O KA AL 130 it P 2%
BB OBACE U ACHEE B O SRR T 2 #0] S & 2 R b RIR Sz —T5, JLHORHE L X it R R BRI 124
169 B AR T I BEPE O MR DT, Bl K Z B 2 & OB O A 7% 5§, M KIRZ B~ D )5
P 7 RAUSE S 559 2 Rtk AR S 7z,

¥ — F P EEEARIEER G, IR, 7 2 T LS, KARIEERE S, TV = — = 3 - RRE),

P A IR AT
1. IZL®IZ Zheng et al. 2000 [1]) ZKIRARZ= R U CREE MG B 23
RER RGO ALE D G ZIHE S i RISA T 28Tk, =)V = —= 3 -F 5#EE) (ENSO)

L RERROFBUP MR LM T L 2DoH b, TD— 7 ERZIM AL B2 0 U CIE W 7w et 25
Hv K& - EIINET 284 2BROLBHEERIC . ZORE)N [RAOZUIE] & L TREPRERFF
PEo THICEB LT, (HZ) KL &N 2 RER HTLRRmnds, ZoMohEdEmcias L Ene
WELLEOLTWD, B - DDA IOFT  LAVRIRTVA,

THOWRMEZERT 51213, FHTBNShLH - F Lo L. SEROFHINIAEH S 7z SST 7 — 4 13 Bl 8l
P ORGIGER R A CHEE2 S5O S &) MlHAK WD 2O IRREI R, RANKE O - K
i (Sea Surface Temperature; SST) K2 K O 434 D 2 B~ R BT BV B R F IS ) KIRAT R Y& B
DIEEE LTEDOREFTN I NE L 002 E$ 208N ALFRHINTORG, TE, RPEICED L5E7 V—
Hbo TNIHTZ2EERBEL LT REENTFHIMREMSE 7 iR o KRR O 28 B) 25K 5006 B 72 % 58 )
(potential predictability) | #%&% 4. ZHLid. SST RiEKHAG L% Z &%, AFES # JH 72 AGCM B (Okajima et
DORMAENEEICHIBTE 2L LT ZUIHTZREE al. 2014 [2]) R KRG 7V CFES ORI O fif
EWEBOLD % HHTEXLEA5THY. BIIE N/ SST AT (Taguchi et al. 2012 [3]) 2B R L7 2B, fERD
LR FHEREME LTEH A TRAKRIEEET IV AGCM ORIRE I KIBETER OME 2 R#HT 2 1213 T
(Atmospheric General Circulation Model: AGCM) D7 ¥ %> 5 TH D7D, HERD AGCM FEERTIZKIRATHR O KE K
TS & AT “AMIP (Atmospheric Model Intercomparison  JEBRIZ 52 2 8 S T3l STV R WITEEMED D 56
Project) EEE” P OFMITEX %, DL &, TryHr7u ZZCARBE TR, W30 FEEHR S N EBINNIC X
PO 2N, KR K) ZENCHTAIREE L ZESMREED SST 2. fER L 0 b EWACERREE CikE
THFEMIC T RE S [RAUSE] Ko ZOFEEY o L7 AFES O T HBEREMNE LTS AT v v T VE
AUN—HOI OO EE, FHPMREEZ TNEZE)] B BICHEo &, KIRATH OSBRI 3 5 %83 &
Gr LRSI N Do AR P REEME VIR T, TR RERSG OBIEWN P TR 2 Haiis 2 2 L % H
SUBE ] B O [NEEE) ] X585 05l MET 5. £ [RAORTG] 24 LB OLE O
B3 5720, PRITHEY 7V D SN AR, B F drfE e~ o 5 b 2 2058k 2 28 3R AN AR 70y se k12 &
HiPMsEEL W EFHIi S NS, fEROMZETIE (BIIE, (TR LT 5.

33



Annual Report of the Earth Simulator April 2016 - March 2017

2. BwgLER

7 Y T IVHEERIZIZAFES (AGCM For Earth Simulator;
Kuwano-Yoshida et al. 2010[4]) " f# & BE R (T119;100km AH
W BRIES6 B, E 7V B ~0.1hPa) & W 720 T B R 4
P& UCf BN X % OISST iR -k 7 — & %32
RG220 & ORI 120.25° T KIATHRE D> H KEHE B
ANOFRBIAPEZ SN TV 5o — 5, IERIE IR T I 22 1y
L L7:SST 5% 5-2 5 2 & COKILATHED & D8 E N
A B L 720 2 B G2 BRIZ A2 ERIZOISST 2 G- 2 72 [ Global
Ocean-Global Atmosphere (GOGA) F8% | TH %, F 72, Ehaiy
(20°N ~20°S) ® A IZOISST BLll il (4F %« ZEydH ). P
BRI Z DR (A ZB % L) 2 2hEnb 2 5
[ Tropical Ocean-Global Atmosphere (TOGA FZ8%) |, ¥ (2
TR EE IR I OISST BN, BT IR D A KB % 5- 2. %
[ Midlatitude Ocean-Global Atmosphere (MOGA) 5 | § &
NZENFENE L 720 & 512, GOGA EERIZKIE & & i e
WO HIKILA T 2 N2 WP L S & 72 [H#EEESST *F
WALIEER 1D 920 U 720 0 2T L sk & Jb RS b
RGN RRE L7528 D FE0ili L 720 P28 sEEICiE s
6FEICDOVTENZENIS A Y N—DRGHET LTWh,

3. MR

DAF L AU RS2 P BE 12 TR D P BB Bl %0 24755 20
D FE B A EERA S (12~2 1) 1B 54
RAERNT B0 K1 IGHHEEE SST A AL 2 A2 112 it
L7z 3D FER L, GOGA FBi & 1% Z 300hPa HIVH A,
DFEE LT, KO KRR S O - FERBEO
HEERTRE R > Twd, LR LR ET
& BT E A TRk, AREM THEL L TB D, i
R AR ASE O _F oo V9 a2 J AR S Tw5b 2
EERLTWD, ZOMREIBEVEEILGE 2% T
BILENzZEERELTWS (XIE), 25 DVEE &
BEEEE OZbIE, W — ke KERREEBRICBVW T
Z % KA #RT DR % 2L S 72 Ogawa et al. (2012[5];
2016[6]) DFER LA TH 5. BB, FHEEOBENHR
DA ZOE EOWEO A% 5§, ok ETHEy
WAL LAERAEMOEROZILLT &R LT
L5 0 a2 OBBEIEIHL TRV,

51, REERRS AT OZEE L THEZ O K
O PR KRR OIRE L Lol FZ2I1cB1)
HIRKISCREOHRRAETH L (KIE) . KiEAED
N CHME T & U CARAE S B o i P 2R R D o0 B I A

1 OISST # T HBER &M E LTH A/ AFES D 15 A Y N—D T 4 ¥ TIVERIZHESL 12 ~ 1751%@13 300hPa P ELICD VT D
GOGA %L (F) AR TP-EEAREFHEER, () dERWEEEARIHHEER, OF) PRI EER, & 0% (GOGA

FEER - B ERR, M om/s). i (BBESRATIE) 1390 F 7213 95%

JERASE S S

2 Jb#E 30-40

JE VAL 140 — 155 f&'c¥ L7277 v 7V 12 ~ 1 A3 5000Pa i %

: 1 T
Sy~ & A (1-B) S00hPa L,

(FB) HFERTEE. (/) GOGA FEB, (h) TOGA FEEk., (F1) MOGA FEh. fid 95% A =M.

34



WERY I 2 L — & AFEHE — Earth Simulator Proposed Research Project —

BB OREDHOFILE LTHMN, T8 L LT
DR EB~OWEEFE O AL (RIM) AV P A
PLEASELZEEZ LN,

YA AR T W] RE PR B3 % F ATl R 12D v T HLEH
T %o GOGA FEER TIZALH AR 11C DIF 135 500hPa 1
JE 5 OWAE N F 0] BEE DMK AL T B (B .
ZNZENOFERT, 2O (b 30-40 . WHiE
140-155 ) W BEEdy & A FEIS O W L & TR KR & D AH
%2 127”3, GOGA FBi L TOGA B Tld, T
FESAE B 3 @ B AT - K (PNA) 288 — 2B -
TBY., 2OBEKFEOMHKREEZED 205,
Bai» b OEMEEEICL DL EEZ 5N 5, GOGA FEED
R LR O KIR R 22 X EBR T Z OB EOKKREH)
MRS LIEEZ N5, 72721, MOGA FEERIZH
V5 R L KR8 Y — 212 GOGA FEERICH
2wy — v EOFMENI RV S, 2o
B S OmEHE L L TORGRAEIC L - Tl
KFFHITER S NKIEMR DS b & ORGMEER %%
WAL 5 LI i E R_RBL T, LT 2
S OMAR %l U C AR R KR 28 Bl AT AE 19 - T A
ERHODLEIFEGTHURMELREING,

1)

4. FLDOLGHNDIHE

RO XH T, ERI D SFEEDOE V AGCM & SST
T =5 & A ZFEM 2 S KR AT O AEAE 25 i B o K
RARNEBRY O A7 & TG EIESR S B A 525 2 &
Z L TR AL AR T PR 0 K A ZE B3 o0 8 A2 B9 7 0T i
PO HER O SST Z T 5 DX 5-HHH 5 912 S 7z,
UAE BT K IR AT O KAEE O X 0 K 5-Al o 72
®. AFES &R EERL (T239; 40km #H24) 2 H v 7258k
REMOTETH %o F 72 REERIC B 2 KA
HARH D2 ZE$ 572912, CFES HRMEER (T119;
100km #H2Y4) % H v B i H KR 2 8L S h -8 T
T BR=ARA =D —EBRLHIBT 52 TETDH 5,

35

s

ARWFFE L SCERHFE LB E 7o ¥ = 7 b ArCS &
Bl F P = AR RS (JST) Belmont Forum [ B 3% [6] fiff 7%
(InterDec) & D—Eg L LTEMBENZDDTHh 5,

SCHR

[1] Zheng, X, H. Nakamura, and J. A. Renwick, “Potential
Predictability of Seasonal Means Based on Monthly Time
Series of Meteorological Variables”, Journal of Climate,
15, 2591-2604, 2000.

Okajima, S., H. Nakamura, K. Nishii, T. Miyasaka, and A.
Kuwano-Yoshida, “Assessing the importance of prominent
warm SST anomalies over the midlatitude North Pacific
in forcing large-scale atmospheric anomalies during 2011
summer and autumn”, Journal of Climate, 27, 3998-3903,
2014.

B. Taguchi, H. Nakamura, M. Nonaka, N. Komori, A.
Kuwano-Yoshida, K. Takaya, and A. Goto, “Seasonal
evolution of atmospheric response to decadal SST
anomalies in the North Pacific subarctic frontal zone:
Observations and a coupled model simulation”, Journal of
Climate, 25, 111-139, 2014.

Kuwano-Yoshida, A., T. Enomoto, and W. Ohfuchi, 2010:
An improved cloud scheme for climate simulations. Quart. J.
Roy. Meteor. Soc., 136, 1583-1597, doi:10.1002/qj.660.

F. Ogawa, H. Nakamura, K. Nishii, T. Miyasaka, and A.
Kuwano-Yoshida, “Dependence of the climatological axial
latitudes of the tropospheric westerlies and storm tracks on
the latitude of an extratropical oceanic front”, Geophysical
Research Letters, 39, L05804, 2012.

F. Ogawa, H. Nakamura, K. Nishii, T. Miyasaka, and A.
Kuwano-Yoshida, “Importance of mid-latitude oceanic
frontal zones for the annular-mode variability: Inter-
basin differences in the southern annular-mode signature”,
Journal of Climate, 29, 6179-6199, 2016.



Annual Report of the Earth Simulator April 2016 - March 2017

Impacts of Extratropical Coupled Ocean-Atmosphere
Variability on Seasonal Predictability

Project Representative

Hisashi Nakamura Research Center for Advanced Science and Technology, The University of Tokyo

Authors

Hisashi Nakamura  Research Center for Advanced Science and Technology, The University of Tokyo
Kazuaki Nishii Graduate School of Bioresources, Mie University

Bunmei Taguchi Research Center for Advanced Science and Technology, The University of Tokyo

Application Laboratory, Japan Agency for Marine-Earth Science and Technology
Yu Kosaka Research Center for Advanced Science and Technology, The University of Tokyo

We have performed a set of ensemble experiments using an atmospheric general circulation model (AGCM) to evaluate the role
of midlatitude oceanic fronts in the formation of climatological-mean atmospheric circulation and also the role of oceanic variability
in the seasonal potential predictability of the atmospheric circulation. The AGCM is forced with satellite-observed high-resolution
SST with its interannual variability included in some region and masked with climatological SST in other regions. In additional
experiments, midlatitude SSTs are meridionally smoothed. Those experiments reveal that oceanic fronts act to enhance transient eddy
activity and shift westerly jet poleward. Especially, the oceanic front over the North Pacific amplifies tropospheric planetary waves
and warms up polar stratospheric temperatures. We also found that maximum of potential predictability over the eastern North Pacific
is contributed not only by remote influence from the tropical ocean but also by local SST variability in the midlatitude ocean. Our
results suggest that earlier studies underestimated the role of the midlatitude ocean in the formation and variability of the atmospheric

circulation and high-resolution SST boundary condition needs to be prescribed in AGCMs.

Keywords: extratropical ocean-atmosphere coupling, potential predictability, Atmospheric general circulation model,
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1. Introduction that variability of the extratropical SST fronts can significantly
“Potential predictability” (PP) is a quantity that evaluates modulate the atmospheric circulation (Okajima et al. 2014 [2];
how much of monthly or seasonal-mean atmospheric variability Taguchi et al. 2012 [3]). We here reevaluate the role of the
is explained by external forcing like variability of sea surface extratropical SST fronts and ocean variability in the formation
temperature (SST) and sea ice. This can be estimated by a of climatological-mean atmospheric circulation as well as in the
series of ensemble experiments using AGCM with observed atmospheric PP using a modern AGCM forced with satellite-
SST and sea ice prescribed as its lower boundary condition. observed SST dataset, which has a higher resolution than
Interannual variability of the simulated ensemble-mean fields previously used.
can be considered as predictable atmospheric “response” to
SST and sea ice variability, while variability across ensemble 2. Experimenta] design
members as unpredictable “internal variability”. It has been We use AFES (AGCM For Earth Simulator; Kuwano-Yoshida
shown that the atmospheric PP is large over the tropics where et al. 2010[4]) configured at horizontal resolution T119 (~100km),
atmospheric convection is sensitive to the SST variability, while with 56 vertical levels covering from the surface to ~0.1hPa.
it is moderate over the extratropical North Pacific where tropical The prescribed SST is OISST compiled on a 0.25°x0.25° grid.
ocean variability affects the atmospheric circulation through Our 15-member ensemble experiments consist of six different
the “atmospheric bridge”, and is very low in other extratropical types of experiments according to the prescribed SST: (i) “Global
regions (Zheng et al. 2000[1]). However, in earlier studies, the Ocean-Global Atmosphere (GOGA) experiment” forced with
resolution of AGCM and SST boundary condition was relatively observed SST globally, (ii) “Tropical Ocean-Global Atmosphere
low, the latter unable to well represent SST fronts associated (TOGA) experiment” with interannually-varying SST only in
with westerly boundary currents, leading to underestimation of ~ the tropics, and daily climatological SST in the extratropics,
ocean to the atmosphere heat fluxes, hence of their impact on the (ii1) “Midlatitude Ocean-Global Atmosphere (MOGA)” with

atmospheric circulation, whereas our recent studies have shown interannually-varying SST only in the extratropics and daily
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climatological SST in the tropics, (iv) “GOGA with smoothed
SST” (same as (i) but with meridionally smoothed SST in
midlatitudes), (v) As in (iv) but smoothed only in the North
Pacific, (vi) As in (iv) but smoothed only in the North Atlantic.

3. Results

We first focus on wintertime-mean circulation (December
through February). AGCM experiments reveals that SST fronts
tend to shift the westerly jet axis poleward in association with
enhancement of transient eddy activity. Especially over the
Far East, this poleward shift of the westerly jet accompanies
amplification of the tropospheric planetary waves, leading
to enhanced upward propagation of planetary waves into the
stratosphere, which results in warming of the polar stratosphere.

Second, we examine the role of oceanic variability in the
seasonal potential predictability. There is a maximum of PP
of 500-hPa geopotential height over the eastern North Pacific
in GOGA and TOGA experiments. In both experiments, the
height variability around the maximum is associated with
the circulation pattern similar to the Pacific North American
(PNA) pattern and tropical SST anomalies, which suggests
that the maximum PP is contributed by remote influence from
the tropical oceanic variability. On the other hand, the height
variability in MOGA experiment accompanies SST anomalies
over the midlatitude North Pacific and circulation anomalies,
both of which have some similarity to those anomalies observed
in GOGA experiment over the North Pacific. The results
suggest that the circulation anomaly over the North Pacific once
forced by tropical ocean variability, induces SST anomalies in
midlatitudes via the atmospheric bridge, which in turn locally

reinforces the original circulation anomalies.
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4. Conclusions
By conducting a set of ensemble AGCM experiments forced

with various SST boundary conditions, we have demonstrated a
significant role of extratropical SST fronts and SST variability
in formation and variability of the extratropical atmospheric
circulation. We plan to extend our experiments using a higher-
resolution AGCM and coupled GCM, which should evaluate
more realistic role of fine structure of SST variability and the

extra-tropical air-sea interaction.
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