HERY I 2 L — Z TN — Earth Simulator JAMSTEC Proposed Project —

7 2 Y TWVRHEFERZ 2B S A 7 L ORGEIIC B9 2 %

ST
NSRS OEIE WRERREERES 77V r—varoR
e

NSRS ZIE WERRREREE 77V r—varoR
g 3 WIS 7T r— 3 v K
FRE Ffik RISk T

3 S E R ERT  ERS LB L v & —

MBEWCHIELZT YTV —=2 MLy A7 22 R L. RSB AT — & AL R 2 e e & L 7 3 ks

B/
W

RIZHZ 5

2RI Y A7 L FEBRIC XD IR L 2o MEEERDEZEAR [ & 5w ] QX D dekilE L TR SN2 T4 Y

BT =7 ZE LT A &L D, 2016 4 9 HICAERVEHEEZEBE L2 7 —  Karl OB THAFE M 155 2

LW 6N LT,

T, COVATLADOFHI G ERAKERET VD O RAIMEREETIVANEXWMZ L EIZLY, HilehT—7%
LY AT 228 L7, —FH. TOVATLAOTF—=7 LG Z2MA L. ERERKICHT L7 =7 LY A7 4 % it

FTMD TR L 720

FoU—F: 7rHrTNT=FEAL, B Y AT AR, N — ¥ Karl, REGEERGGE TV, &R KK

1. It

PRI ZE BRI ARG 1. A & By F TR & M TRk &
GBINAZFER L CTwbo, RFEIL 7rH 7T
FOL G R T — LY AT %0 L7282 A
TAEBRET)LICLD, Bllog 8y b EERD
WCRFM Ly e Bl S A T A ORREHIHILTAH I L &

HwE 3%,

BT — % % K& F 723 RE A€ 7 VA
52 EICk D, BEHSIE T DT OREFEME) 2k
TR EHEOTMBNT— 7ty v TR
B MAEH] 2MET 2, HAOFRILY 25 2 % F
ML, BEoBlills—5 2 Ls5/ Livnein) %
EROSWREIC 22 0 . TR ZEDZALD S Z OBl 7 — 5 ©
WAL ERMICEET A Z DT REIC R B, oF Y, H
LOFEARX T Z A L PR REPEICB T A RIS 2 <,
BB AT A2 & T 270002155 2 LA
TEEE b, T2, REUFERGRNDO T — 5 AL
A, FRERPF YLV I LRBETH D,

INLOWSERELZEL, Bl Iab—vark
HEG L7 PR e o se skl 2 v L. B A 7
AWFFEIC BT AR 2 TR ] & 25 2 L 2 HIET,

1.1 F—% M t> A5 & ALEDAS2 OBEE

AFES-LETKF 7 » % ¥ 7 )V 57— # [t ¥ A 5 & Ver. 2
(ALEDAS2) [1]1E. PG TH LMK I 2L -2 H
KEKIEERET NV (AFES) &, 7T— ¥ LG TH 55
7 vy IVEA V<7 4V (LETKE) 225745,
FEASE LK T119 (8 100 km) . $715 L48 (%513 3 hPa)
THb, TYHry7n Ay =8t 63, 5 Bt
= VK- 400 km, $515 0.4 Inp. A7 L v FIBEFEIL 0.1

261

(FEfE) THo., KERETFHE > ¥ — (NCEP) 25w
L7z #l5— % (PREPBUFR) % 6 B4z FMLd %,

12 PN —% > b ALERA2 DR

ALEDAS2 # W72 EBRN 7 ¥ 3 ¥ 70V KA AT 7 —
Z 4w b ALERA2 % 2008 4 1 A HMEEEL. WMfZEa 3 2
=7 A TNFHCHRE D — 3 (http://www.jamstec.go.jp/alera/)
W OIHRAR L TWwbs BED stream 1253021 T 53
DD, 2017 EPERKEE T 2018451 HETHEL T 5o

2. Bl Y AT LFEERD I
ALERA2 &R F—% & L, BlllT— % D
W AT LFER) &4T- 72

R (B

21 dewsiiED 5 ¥4V v FENPE OB IR RE D
HEBE P HMOKEEEN G 2 BB
N) = OFHFE oM Fid, KERMER &5
EEARPT S L CTEELFETH 2, N r— v 0kl
FHOKEEL, EEDETFTNVRFALTEOMREN LT
ThL THOMNY 28653 28I 7 — & /OB
I ELTWS, TRETOMETIE, NITF—rD
HLRELTERBSN ROy TS Y FHENY 75— D
BB FHBEON LICEETH L LIRHBL TS, L
L. PREEICELREL 2N 7 — v oiilkiz, EEOKA
PEROWE X Z T A b, N) Fr—ro Ll
FTHLBMPEETH L EARBEIN TV, £ T,
O REIGERY O FHAEE %2 10 [ &2 Tw» bk
5 I F v RN AR BRI R)E L 72 BT IR SUE o HE
FHIEEICG 2 28 2B Y A7 A EBRIC X Y 7z,
RIFFeCld. HodvuhiiE LTt ERpFZEm [4 50 ]



Annual Report of the Earth Simulator April 2017 - March 2018

T2016 EEEFH L OFKICE R S Nz B (K1) %
4L L7z AT 7 — % (CTL) & AL L CTw 20 W AT
F—% (OSE) #fEk L. ThZhzWiifEs Lz

X1 HEEEHERTZEAT (A 5] OBIME (R BXOh+
FRMZEIC X D 2016 4E 9 IR BIN AT S 7zt
MO A5 6 Bl A8 HLZERE Global Hawk) o R

ENY r— > Karl OB ZRLTW5b,

15N + T T T 7 T T T
JOW 60W 50W 40W 30w 20w 10w 0 10E

15N 1 T T T T T T T
70W 60W 50W 40W 30w 20w 1ow O 10E

25 30[33 ]4-0 45
[& 5] ToBMBIENZ AL L7258 (CTLE L) &H
ILL T WEE: (OSEf. T) 128174, 2.0 HE® 300
hPa D JEGE (f2) B (B a v & —) & 330 K & EEO I (kk
I H =) DFHEER (63 A v S—F1) , KL, IHATE (),
BTV TNRAN— RIFRB) . 7oy TV (K
L) TONY) 7 — o Karl DR

262

B% (CTLf, OSEf) %177 »72 [ABW]| OFIF I VT
B AS R BV B2 L 72 B AU O HE T R EE S 5
ZBWBERNRDL720, 201649 FICKW L @8 L7
NY = [Karl] 12 H L. 45 H PO EH» S &
THROBEZ IR L 720 RO RIS, MM X

DN r—VEBTHE TSN ey TV FRAF 5
D6 HEOBTCOMNS V4V Y FB GEHIZ 1 H2
7225, BT 1 H 2 Mo@msliilsirbns) b
LTWbIZENbrolzd, &OBEOKRKE I 7-dbh
WOBNZ SV THET 5,

CTLf Tld, OSEfIZltXKarl OHHEDIHBTETHEY,
45 H#% D Karl D ESFHTE Tz (K2 k). —F
@ OSEf 1. Karl DHHENTHIHTETE LT, 45HHED
CTLEWCHEARFEMICHE LTz (M2 T)s THENL
LEORAMEESGZ KT 5 &, 2 HFHRTH M 7047
BEIZEWDEDH D, T Karl OMERICHEL L EZ S
Nz, TNHOWIEHER, S, dLliED T V4V v 7§l
WELZFTRLEBOWMBEHLOFHIEE D M L3¢ T
Wb ZEDbholz

(ARHiIZ 2] BT L720)

3. Bl T —F LY AT A D%

PR T — ORI L, 20 XY EELRE
Wy AT 2EBREMRET D20, Hilzkr—5 ALy
AT AN 7B - SR B L OBRREILIR 2 Be Ry 19 12 o
DTW5h, WAITLT, HERY I 2L — & A5EE [AFES
WA KERADEEERIER Y I 21—V 3
v GRERERSE RN - M RFEEIR) LT, &
BRRETIUAT VY v TN F—F bz L7z A
T ADHREDHED TV D,

31 EIRKZBEHER G ET IV CFES Z w77 v H
¥ TIWVRERHRNT > A T 5 DR

KAKBBEFNVIZEDS VT =S LY 27 2 DY
B HERKIR S HEAR 53 A & 42 A v N =TI O B R S1M
ELTHZALE, WHHAEDZXTL v RO/ S
TLE o T2 BAFEICEBT 2 MHKIRES & FkE
EEOMAMBIRZ & K& R B O 8  #Y)ic
LT & Vv, X512, TRITON 7' 4 7 & O EFE B
T AN WENIBET T il FRRERE LSBT 57
B, FOAMEZE T B 7201 RE & W E RS
WA DYATLADLETH S,

Z 2T, ALEDAS2 # R L. £FRKKAMERAEE TV
CFES ~“KABIM 7 — & Z W L L KRS O A ZABIET 25
727 ¥ A7 5 CLEDAS-A %ZHg5E L 7= (B13), 2008 4 8
1 H2BER L7z 2 7 A B OFEBRN 2 Ff#NT (CLERA-A)
TlE, £ OKRKRWBHEREE T T VICE S N5 KRN
AT AT B D OO, KHRE T REOKIRP LR 2
7L v FIZALERA2 X Y KL TBY, LTHRNRZR
TV FOBPNHEPERENT WD Z Ldbho iz,
F MUBT—2 2R CTFETHEELTVWSICLH
HBOF, TrH YT A Y N—=H 5 L 7228 F R o 22



HWERY I 2 L — FFrNEE — Barth Simulator JAMSTEC Proposed Project —

MIAIBIICI1Z, ALERA2 Tid i S N v v K aiRic
P 5 KB 22 HE A% CLERA-A IZIXBFEFEL T, Thd
ORI, Ty H TV TF—=F LY AT 2% vk
KFBHTICB VT, RAKMEER T TN Tld % < RFImE
WEET VARG ZEOBENLEEEZ2RIET 2D
DTHbo

(ARHZ [3] 232 L 720)

(a) AFES-LETKF

merge | <&

LETKF
o |

(a) ALEDAS2 ([11 D K212 % 3 I2®ZE) B L ()
CLEDAS-A O F—% 70 —Fx— b, EFBIZARTIF—
%, MIENIZUH A KT, CLEDAS-A Tld, FH#E
T V7S AFES 7 5 CFES NABH SN TW A, 77— ik
#8451 ALEDAS2 D FTH 5o

32 &R KA 7T — 7 Ab ¥ X 7 & AFES-Venus-
LETKF data assimilation system (VALEDAS)
DBAFE

A, T LI HERR A DANC S Hvwo s X9

%o T &7, Sl o T4aREKKITD W T AFES-

LETKF 2 X—2 |2 L7c7— 2 b Fz @356 2 &1

L7z

D END 7N — T H3BAFES % fili I & 2 UK ARG BR

E 7 )V (AFES-Venus) (24 O 7V — 7 T ER KM

100
g5
40
85
80

Height [km]

75

70

65
60
0 60 120 180 240 300 360
Longitude [deq]
150 175 200 225 250

[K1

Height [km]

W2 B %E % D T & 72 ALEDAS2 @ LETKF 7 — % WAL #R
5% ¥ A 8. AFES-Venus-LETKF 7 — % [i{b ¥ 2 5 4
(VALEDAS) %% L7, VALEDAS &, &8 KK DB
F = wREEMICHLT A2 ENTEETH Y, BED
SRR X B8 57— ¥ % AFES-Venus I[ZHU D 3A T C
ERufEE ol TNIZK ST, I F TRAKRMEE
EFNVTOTHEPEEED 5 VIARTRETH - 72 [RAA —
N—b—7—=a ] HER, FuERICL->TRSM
T RA DO RN OME) O FFHAT — & FMGIC X > TH]
BEE B ZEPWIFES N, ZNICE D X H = A LHAR
HEOMMPMEEIN S Z LM sn s,

VALEDAS O M Z R T 720, Bfiv Izl —v 3
VTSN BB T — & & BEDOE&EERRE [Venus
Express] O T — % 2 V72 FLFEBZ 1T 5 720 &
EE LT, EFVICKEGMBADOHEH 2 5.2 5% WikET
MOz V, BTV TIRHEHRTE WA E»T— 5
FLIC L > CTHHTE D02 WA L2, BWikz &
BT —5 L LT, EFVICKBEIMEO AZBK S % &
D (BewikERRETE %) HALEEO MRS
BB, % L T Venus Express ¥ #X @ Venus Monitoring
Camera (VMC) 258 sz [HFEo ] B %
WAL, EFAANERLT 2 & T, B Eo HEE
DT A MNEBEEIT- 720 TOME. BMERLT S L
TETNTORMHPEOBBDEEL 2D Lbho
72(M4)o ZoH LT —=F ALY AT A %Mz 5.
GREERE (Hro&] BT ICEHTLZ LI
0. EROROMPESEHINEL LHFI NS,

(Ai1Z [4],[PR1] Z 312 L720)

SCHR

[1] Enomoto, T., T. Miyoshi, Q. Moteki, J. Inoue, M. Hattori,
A. Kuwano-Yoshida, N. Komori, and S. Yamane:
Observing-system research and ensemble data assimilation
at JAMSTEC. In Data Assimilation for Atmospheric,
Oceanic and Hydrologic Applications (Vol. I1I), S. K.
Park & L. Xu (ed.), chap. 21, pp. 509-526, Springer,

100
a5
90
85
80
75
70

65

60

60

120 180 240
Longitude [deq]

300 360

150 175 200 225 250

[K1

4 HEHE GFEER) LR (77 —) ORERENIEN. AR L. A ELd ) FEBEOME. HE 70 km QT — 5 O
AT 5 LT Lo T SERKQAEETHEW BRSNSl It D ImBEOBERLY LT~ L TV b,

263



Annual Report of the Earth Simulator April 2017 - March 2018

doi:10.1007/978-3-642-35088-7_21, February 2013.

Sato, K., J. Inoue, A. Yamazaki, J.-H. Kim, A. Makshtas,
V. Kustov, M. Maturilli, and K. Dethloff: Impact on
predictability of tropical and mid-latitude cyclones by
extra Arctic observations. Scientific Reports, 8, 12104,
doi:10.1038/s41598-018-30594-4, August 2018.

Komori, N., T. Enomoto, T. Miyoshi, A. Yamazaki,
A. Kuwano-Yoshida, and B. Taguchi: Ensemble-based
atmospheric reanalysis using a global coupled atmosphere—
ocean GCM. Monthly Weather Review, doi:10.1175/
MWR-D-17-0361.1, accepted, August 2018.

264

[4] Sugimoto, N., A. Yamazaki, T. Kouyama, H. Kashimura,

T. Enomoto, and M. Takagi: Development of an ensemble
Kalman filter data assimilation system for the Venusian
atmosphere. Scientific Reports, 7, 9321, doi:10.1038/
s41598-017-09461-1, August 2017.

TVAY Y=
[PRI1] BERESRRONE - EETZE I TERAE - HOMRESE RS

ERORKKOWN % FFH T 5440 A OB 56177
THO TR —ERZHERE (Hro& ] BT —
5 OEH Y 7 FITEH A3 HEIC—, 2017 4F- 8 H 25 H.



HERY I 2 L — Z TN — Earth Simulator JAMSTEC Proposed Project —

Observing System Research using Ensemble-based Data

Assimilation Methods

Project Representative

Nobumasa Komori

Authors

Nobumasa Komori
Akira Yamazaki
Kazutoshi Sato
Jun Inoue

Kitami Institute of Technology

Application Laboratory, Japan Agency for Marine-Earth Science and Technology

Application Laboratory, Japan Agency for Marine-Earth Science and Technology
Application Laboratory, Japan Agency for Marine-Earth Science and Technology

Arctic Environment Research Center, National Institute of Polar Research

By using our own ensemble-based data assimilation system, we conducted observing system experiments to investigate the

influence of additional observations on the accuracy of the analyses and forecasts. Additional Arctic radiosonde observations from

the RV Mirai improved forecast skill of the track of Tropical Storm Karl in the North Atlantic in September 2016.

In addition, a new system has been constructed by replacing an atmospheric general circulation model in our existing system with

a coupled atmosphere—ocean general circulation model. Moreover, we have developed a data assimilation system for the Venusian

atmosphere for the first time, of which the data assimilation portion is based on our system in this project.

Keywords: Ensemble-based data assimilation, observing system experiment, Tropical Storm Karl, coupled atmosphere—ocean

general circulation model, Venusian atmosphere

1. Introduction

We have developed the AFES-LETKF ensemble data
assimilation system ver. 2 (ALEDAS2) [1], which consists of
AFES (atmospheric general circulation model for the Earth
Simulator) as the forecast model and the LETKF (local ensemble
transform Kalman filter) as the data assimilation scheme,
and constructed the AFES-LETKF experimental ensemble
reanalysis ver. 2 (ALERA2) from January 2008 to the present
by assimilating observational data of the National Centers for
Environmental Prediction (NCEP) global data assimilation
system (PREPBUFR). Several observing system experiments
are conducted by using the ALERA2 as the reference to

investigate the influence of the specific observations.

2. The impact of Arctic radiosonde observations on

tropical cyclone over the mid latitude

The forecast skill of tropical cyclone (TC) tracks has
improved substantially in recent decades because of the
advance of both numerical weather prediction models and data
assimilation techniques. However, initial fields for forecast
is improved by dropsonde observations near TC, suggesting
that observations over the Arctic, which has large uncertainty
and error in reanalysis data, would have strong potential for
improving TC forecasts in the extratropics. Here, using an
observing system experiment (OSE), we investigate the impacts
of additional Arctic radiosonde from ships during summer 2016.

In this study, we prepared two 63-member ensemble

reanalysis data: CTL, which includes radiosonde observation

265

from ship, and OSE, which exclude this observation data,
respectively. To assess the impact of the additional radiosonde
observations at the RV Mirai on forecast skill, two sets of
ensemble forecasts (CTLf and OSEf hereafter) were performed
using these reanalyses as initial conditions. We investigated
the forecast skills of Tropical Storm Karl in September 2016.
We investigated the impact of dropsonde near typhoon by
aircraft and radiosonde at Canada stations over the high and mid
latitudes on forecast skills of Karl tracks; however, we focused
on Arctic radiosonde observation in this report.

The CTLf captured eastward movement of the cyclone
and the observed location of Karl. In contrast, in OSEf did
not capture location of Karl (Fig. 1). According to prediction
of atmospheric circulation at upper level, predicted winds in
OSEf were weaker than in CTLf, owing to a failure to predict
a southward protrusion of the trough over southern Greenland.
This prevented eastward movement of the cyclone in OSEf.
This study presents that both observation near Typhoon and
additional Arctic observation are important for improving TC
track forecast.

(This section is based on [2].)

3. Ensemble-based atmospheric reanalysis using a
global coupled atmosphere—ocean GCM
Ensemble-based atmospheric data assimilation systems are

sometimes afflicted with an underestimation of the ensemble

spread near the surface caused by the use of identical boundary

condition for all ensemble members and the lack of atmosphere—
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Fig. 1 Predicted 300-hPa wind speed (shading) and geopotential height
(black contours) with potential vorticity on 330-K surface (green
contour) at 0000 UTC 26 September 2016 in OSEf. Black and
red lines show tracks of Karl from 0000 UTC 24 September
through 1200 UTC 28 September in CTL and OSEf.
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Fig. 2 The data flow charts of (a) ALERA2 (adapted from Fig. 21.2 of
[1]) and (b) CLERA-A. Rectangles represent input/output data,
and round rectangles represent processes.
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ocean interaction. To enhance the capability of the LETKF
with AFES, a new system has been developed by replacing
AFES with the Coupled atmosphere—ocean GCM for the Earth
Simulator (CFES). Two months of a retrospective analysis—
forecast cycle with the coupled system (CLERA-A) from 1
August 2008 has been completed successfully, assimilating
atmospheric observational data (the NCEP PREPBUFR
archived at the UCAR) every 6 hours to update the atmospheric
variables, whereas the oceanic variables are subject to no
direct data assimilation. Although SST in CLERA-A suffers
from the common biases among many coupled GCMs, the
ensemble spreads of air temperature and specific humidity in
the lower troposphere are larger in CLERA-A than in ALERA2.
Therefore, the replacement of AFES with CFES successfully
contributes to mitigate an underestimation of the ensemble
spread near the surface. In addition, surface atmospheric
variables over the tropical Pacific have the basin-wide horizontal
correlation in ensemble space in CLERA-A but not in ALERA2.
This suggests the potential benefits of using a coupled GCM
rather than an atmospheric GCM even for atmospheric
reanalysis with an ensemble-based data assimilation system.
(This section is based on [3].)

4. Development of a data assimilation system for the
Venusian atmosphere: AFES-Venus—LETKF data
assimilation system (VALEDAS)

We have newly developed a data assimilation system for
the Venusian atmosphere, which is composed of the LETKF
and a Venusian Atmospheric GCM for the Earth Simulator
(AFES-Venus). We call this system VALEDAS. To examine
the validity of VALEDAS, two observational datasets were
assimilated separately into the AFES-Venus in which the
diurnal solar heating was excluded. The model itself cannot
excite the thermal tide. If VALEDAS can reproduce the thermal
tide, it can be said that the VALEDAS functions appropriately.
One dataset was idealized (pseudo) observation created by the

AFES-Venus run forced with solar heating that includes the

100
95
90
85
80

75

Height [km]

70

65

60

120
Longitude [deq]

o

180 240 300 360

150 175 200 225 250

K]

Fig. 3 Snapshots of height-longitude cross sections of temperature (color shades; K) and zonal wind (contour; m/s) for cases with (left) and without

(right) assimilating the observations. Green dotted line indicates the level where the observations were assimilated.
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