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

kK R D ZEENC 9 PR PO B S E D TR AL

I FAL

AR FIA i RKS i KB
e

AR FIA SRS T H RS T
ER BEEHE  AERAY  FHbIREEEeT

175 e 15 I TE B

BROMENFABEER L L BICED LI IEDLLZONEIRELMETH 5, ARORKMEEIZHEIIKRIZE>TRKEL 2
Y IE=VENDLDOT, WHHAKBRELEARORKIBELILICKE R A 237 V25252 L FHEIND . RITZRIEHH#E
BB EHEBDOY A7 OFRENZHLNICT LI 2 HWE LT, L ETA2EBUICOWT, BIERAR TRkAmE B
L2 R REBEDOBRD 57 v A —1) ¥ 7 EBREFERM L 72o FORMME - BEFUEIZIE, 21 IS EZEE TN 7 o
75 b CRGHIGEHASENE L 72 20km FHEFEDEIRAKZAE TV (MRI-AGCM) EBi% V720 AGCM 1254 $ 2 B 47
VA=) v T EEE, EREET IV CReSS &\ TACHRIREE 2km TI7 o 720 FHEMEBUI ML AT, THBER
S LCH 2 AilEmKiRIZ, BUEAE. RRLE. S51221 HRAREE 2 51I2oN T, BIZF IICHREZ LD LA
DA HNTze ZOWMAKMD G TENENOFEIHEAET 2 HMUTONT, H£H 70 FHHNUIONWTF Y Y Ay —1) v 7
B difti Uy AL B9 2 BB DO W TR &R 2 N7z, F oM, EAROBIINE & B, XY IRViRETHh
BEICHET 2REDE 2 b LR ENTZ,

F—U—F: BE, JELE, 5V A=) YT ERGEETOV, T

1. O HME E% O 75 A CTREMIEFT A I M L 72 20km 1R O 4 ERK
PEEBAL RIS HAT 2R BEUIE T ¥ 7 HIFIIEED KETVEBROBRICHEAET 2HEICO VT, ¥ U A
IVICKEELDLLL, HRICBUIZHMKEORKDE  F—NVEBRET-7. ZOEBRTIE 21 KoM
HEZmoTWwWb, —HT BREKET YV TOEAIZBEY THL, EREEHED 25 EMICOVTY Y Y A — IV
T, BELKERTOHH 5. BEUTHIR RICHETIH BitiTole 2OV F VA IIBITEEHRETNVEROT—
WEAEDI B N =P r7ury R TRD 20200, 728 2 I ECHRH A BB 58 SI-CAT
BHLZL, $HKOBEZ DL V) T TEETH  (Social Implementation Program on Climate Change Adaptation
bo ThbHLEMOBKIREIZBEGIKGEDRARET  Technology) & EATF—<&LTWA LI, WEFTTE
Hbo TORBIBENFHEETHE LDHICEDL LD THAWELIET > TV HIEREKIZOWTOHEEME 5t
LONIIRELBETH %, BROEKBEIBEEKE RETLIENTELME—DOERBEEEKRETVIERT
WCEoTRELSHMESNS (2% 213 Emanuel (1986)[1]  H D95 TH b, RFEOEREI. 21 IR &I REEK
DK RETREE) o WHKIRO ZMBEETIAE ) ZMbIEEm RISz TBIERREICB T 2 EBE M2 < [LEh3 25
DWBEICRERA X7 V2L 222 ERPHEEING, Al 122V, HILKFEEDIZEA LD 2 & 0L
WERRBRALIAE WG BOBEI AT L L V) 2T E1dE WHEBIT, 2km & W) IEFICEWIFGE TEMBGET TV
COMZEARLTEY (72& Z1E. Elsner et al. 2008[2])s  ZHWTF I Y AF =) VY FE BRIV, TN OHRE
Tsuboki et al. (2015)[3] & 21 HALEPFOLMHETIEA ==  ZHTT 55 TH 5o Tsuboki et al. (2015) TiE. FHEEE
BREAHARICD EFET 2 WHEEZIRN L 72, £, 7— Hoflsr o /iEIcs HEBE £z Ty Ialb—2Y 3
¥ O S BEOEERKBREOMEIILELTWS 21757205 AR TIZIBOE WEHEHRZ H W T
CEMPRENTWS (Kossin et al. 2014[4])o F72. LB ¥y 27— Y 7EREZTH. WIITF—71Z2KTD
FTHEEDI B, T T —4, 5ORMOBOWAPL,  HWEHOF—F (1545TL) E3KRTLORKADT—% (6
BEOREKBEDOHRITRENTE TS (Meiand Xie  WHE) THY., HEHOT— 7 5 5 3R KERHRA
2016[5]) 0 SO DEATHIFEIE. AL L & It RO AR E RSSO G, T KA TF—
KFEFEICBI2HMOEE) 2795, HRREMFMET 2001k, AEOHBER A=A AICHET 258 %17T9
HHHEE TR L TWA I EEZRL TV, CENTRTDH Do RSB 2 BEOMEIZZ D%
ARUFFEAREIL 2016 FEDOMIR Y I 2 L —F — kD5 ALY 7 F VPl T& % 21 il KOKBEIZOWTO
I L AR A CEM L CEX 2RO Y I 2 WAL VAN, S-CAT ICA SN D X ) ITHAMIC X ) i
L= a YIIROBELMESITONG, TNHORE fFINTwb I Lidifkk BEDS 30 F/E) o5&
TRALIBYFUTOb L, 20 WKBEEHTFNER T BT L2EROMEEILTH S, RIFFETIE, HRRR

47



Annual Report of the Earth Simulator April 2017 - March 2018

EORBML NG ETLDT, 20X AT I
BT B ENTED, KWRTHNT LT v Ar—Y
YT EBOMAIT, BAOIROBEERLHEE Z MR TE
% 2km & W) IRIGETEMBL 20T, FHEOR RO G E
BRIEICOWTHREWICEFHTEXLZ LW ShE, H
RS, EARREGE, 21 KA mEE LT 5 LT, £
T, BRI, B E R EO&M AR LICT S 2 E T,

SEROBROZALEZHOSNTTEEDTH 5,

2. Bilie s &t

RWfFETH Y v A —1) v ZFEBITH B K€ 7V
. HIERY I 2 L — 5 O DICEISE S 7 IR E R T
7 )V CReSS (Cloud Resolving Storm Simulator) T & 5,
CReSS I )% + MR DHIE 7V T, KFICHK
HHAREE R R, SRS, 7Y v FEEESR (M IZE 5 K
PR & EEER) VT WD, FHMERIE 3 RILO
B Sr ImA R R RS, ELREE) T AL F —,
KRAELGREGL, BIUE - BKICHETLIETH D, 22H
DFEBUNIE T2, RS E— FRR RSB 2
HeTwa, Z-RROEHE LTI, 2K MK 2K,
EBLUHONOREBIUEK F. HoNoOKE
JETH Do HLuBARIEELRER) = 4L F—2 vz 1.5 K
DrU—T v —Thb, 72, MEMBIERLEH - KEX
OWMEMMPS DT T v 7 AR EOMEFHBHIEA S
TWwa, HiiZTHOZEETVEHWT, B35
K2 &, W IEEE 1 RTOBILHH X Z v Tw
o ¥ YA =) Y TEBRD XD VP MEREITO &
EREIRET VO LD ARBE LR T — & 2 MHE - BiR
it LCThH %, F72. MY L RRTM (Rapid Radiative
Transfer Model) % 3& A L 720 CReSS O FEMIIZD W Tl
Tsuboki and Sakakibara (2002)[6] &+ F72Z N Z H w7z ¥
I 2 b—¥ 3 YHEBRIZOWTIE Tsuboki (2008)[7] &M L

TWZZ&E 2w,

1 FI YRy —1) v FERIIBIT D ERRIE CReSS DiXE

AKREICB T L2EBROZELELLICE LD, G
BEIRAE VE R AL K & A < B O #HI T Bk 113.8 -
158.421 FE, AL#% 10.0 — 47.0507 OB TH 5, T D
FHAESIIE TR COEBR T L L7z, BRI
FEFERE 2 F v REEE 1M A% T-Fid 2403 T, MR I
132051 TH 5o KFMBGEEITREE, HEHmEhEnNR
12.0.0186. 0.0181 £ TH 5, ZMIFITIT 2km FRIRIEIH
Y55, SREAFIANCIE KT T VBRI
100m. FE3# 350m & 725 £ ) IEEKE T2 MR LT
Bo SRIEAET1Z 24000m T THIBICIH ) R, Fh &
D ETIEESERERE BN 7Y v FEERZ Wi,
E 7V O _F 1 28000m T, 24000m L D FiZ L —
V=YYV TIALTOARY VR H )T T, RER
BTORFZIZ TV 5B, FHRIZSHEIZD W T 604800 #
(7HRM) ZERL, BEOR. 5. BKBREREICO
WTD2RTEF—FF 150 T8, RAD3IRILF—% 1
6 B L7z

RWFZETIE 21 R SBEEH FWES 70 75 A TRE
TRFEFTASFE M L 72 20km fR(5 1 O 2R SE 7 V%W 525
DFERZH VT2, T OLEREFIVERTIZARPIRIGER
20km T, 22 I2RF X I ICHFERE (1979 ~ 2003 4F) .
RS (2015 ~ 2039 4F) . B X O 21 fibfd K &M (2075
~ 2099 %) OFERDBD Y TEERILK RN D 7 — & H34
fltEhCTwb, FHEOD & &R D5%MY F Y Fid. SRES
(Special Report on Emission Scenario) A1B ¥ 1) 4 T&H %,
COEIRETFIVEBROBRICHNL BHICO VT, EfiF
RETIVCReSS B2 v A —1) v 7 EEE 1T -
720 ARHFZETIT o 725145 & 2016 4E 1 D IR RIHERERF 5 72 &
DOFELEDLET, ITRL32ORMIHEAET L2HED
Ty A=) v IEBROT =y M s (F2),

3. bt k3 5 H)mE

PUERAL N FEEICRET 2 REO ) b, IS E L
G25HRELTIHETEIARBICERHLTY Y v A7 —
VU T EREER L. BT T NVEBTIEA L-HE

G Xt PHERAL AT (RS 1 a2 D)L, WOEHITUTRELDBDOET T VA=) »
APHTRGE |82k GRREREREHH) FEBOME L L7zo ZRKEE TV OB TRLHL
gzgigﬁﬁ ;?gﬁ;f;ﬁ%m SUEAT970 hPa AT IS Ly 2 ORL{EAT 120 ~ 150°E, 15
T %3 ~ 45°N OFHIKIZH > T, 222, 970 hPa FEE DKL 5
] AAJEIZO = 7 O (604800 ) ~20°N, 115~ 160'E DFIRTE L, EHKKET VT
I - ’i%ﬁ’i%ﬁ%ﬁﬁ@ MRI ~ AGSM20kin B &R S N2 e M T A 20 EA B2 5D, Z
¥H 70T T A HEWER (AIB ¥ F Y ) DX ZHEREE L0, L b2 HEE W) HIR
BRI 7V AZBET )V 4L, 6m DT, MRI-AGCM3.2 O 570 5 M - S5 e LT
lpRry  BBRETNALH. 525N =5 BHOBBIC b > T 4,
W A RRTM (Rapid Radiative Transfer Model) . R
= AT BRI WC 2 E— XY L2 E2IRT LI, HHRETLIET L HEEE. BAE
ES / — F¥ 128 7—F Al EREAME. BLO 21 IRERBETENENR 85,
2 HABEOME., ZREFVORBMOK. FHENROABROK. EEBEHOT LD
S AR A KL AP DR x5 A RSy
B &M 1979-2003 4E 593 1 23.7 1 85 1 71 )
Bl = W (3 2015-2039 4 541 i 21.6 1l 76 i 73 =l
21 i RS 2075-2099 4E 471 1 18.8 I 65 1l 62 =

48




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

76 BLU 6 FHFTHoTze THIFINSDOLMEICHIT S
25 SEM O RRFE ALY, B, AR, 51221 #ikdE
SAECBICONBPLTwAsAZEEMNIELTWS, 2
NHIZOVTHAR 60 ~ 70 FBT DTy VA=) v 7
EEETLHILT, ARETHEIEITRNTCOHERD T
YR =) Y T EBETV. REROBROREDE N
L7,

4. R

9 KKK BED 9 o AP KREZ R L7z,
INSDWHAEIZT Y v A — Y ¥ FEBRTIIONHE
LLTH 2N, BB BT T Ty 7 2 (g,
S - BT Sy 7 2) ICX D EFEIRET S, AEO X
I VIR T, BIHKESET S5, CHICED A
JASRE R BEICE TRET L AR SN L, i
KIBIEBEEETIE 7 4 ) ¥ v i T29 ~295CT
AINFATIE 27°CRETH B TNHAERKICE D L I°C
MEEAL, 21 B RABICR D EEHIC1CIEE LR
G50 LADOLDZEIHICE D F/-MIC L) R 5205
A Z OFEDOWGHKIRD LA 5T b,

Ty A=) Y FEBRTIEIR2ICFE LD IO
A EIT o7 ENHOMRBONIREOREHKZ X 2
R L7z EORMBEICBVTH HAROEHEL2S T 41
Y UG EICH T TR AL TED,. EoHificd
BEAGEE S RS H D 2 L0 b. HRORIZH

1358 1408 145 1508 1558 164 1308 185

121
JemifE (2040 4F) . (c)21 MR A (2095 4F) o

1408

FEHE S ms' D EOWEZEXLTEBY, [KRETOEM
AT T)—TlE [ %] BRE%2bDTHD. &
Bz 21 IR REIC R B &, ENB LD ILE CET A 1HE
233 5o 21 WALRGME T ERET 25 2 AR O HI2I1Z
(B 3) ARMCEET 5 F T, 850 hPa ¥k <\ JEE 70 m s
BEIETLZH008ALNT: (K4, ThHIEEHOT

06:30Z 27SEP2098 RR, SLP (sfa003_t6716_2098v343t)
4ON] (ors- Tona s " .
““. r.v N
42N 7

40Nq 3
aan{
36N | -

34N | .

92N e
JON*
28N{ + -
26N} -
24N{e "~ 7
22N {4
20N
18N
16N 1 :

---------------

>>>>>>>>>>>

14N 1
g 4
12N- EVAEL R A T < e 05
1°N 2 PR N N R S — .
116E 120 1258 130 1 140E 145 150  156E (mm/hr)
Contouring: 5 to 70 interval 5 (m/s
: Contouring: 850 to 1015 interval 5 (hPa) ﬁ.

3 21 RERAMBICBIT A 2km fRIGETY I 2L —Y 3 v &
NIEFITHRVEROF, BOSMEIIH E5FE, Kok
EBULEE 15mss T — 3 RBKEE,

SEP2040

88 R EE3ES

=

1458 1508 1558 130E 1358 1408 1458 1508 1558 160E

AIB ¥ F V) & ORGIFEHT2ER 20km KEE TV ERD S5 2 5 N5 HHIKEGA D 9 HOBI, (a) BAELEE (1980 4F). (b) Ik

I EEREEERE

3

2 EMEETIVCReSS ZMV2F T VA=) Y 7Y alb—Y a3 Y THLNT () BIIEAM. (b) IERELE. B XU (021 i
KEBENIBIT 2 BMOKEE, @IFHEIAROGEOME, FRVHHTIE 59m/s Bl 1,

49



Annual Report of the Earth Simulator April 2017 - March 2018

BWAEET, FEEICERESTIE 20134812710 VI
B L 72 A — 28— {58 Haiyan (2013) & [lAED K 2 g &
DEET LI ENTFHEINS,

MSLP,MWS (sfa003_t6716_2098v343t)
00

90
o901 ek tne me we

980 1 L 80
970

960 1 70
950 1

940 1 - 60
930 |1/

920 1 50
910

900 1 - 40
890 1

880 1 - 30
870 1

860 1 - 20

850 1
840

24SEP 5
2098

4 IR L BB AL (GRID &kt s ()
D7 HMOREMZAL FRfrE A+ L ¥ VRIS % GSM
DB LT & A L,

25SEP 26SEP 27SEP 28SEP 29SEP 30SEP

5. &%

21 R ABEEE TR 70 7 5 A TREMIEFT A3
i L 72 20km SRR E DO 2B K E TV (MRI-AGCM) 5
BCHAT2HEEO) B, tET2E50% AT, 2R
RETIVCReSS W72 v R r—1) ¥ VIR % 1T -
Too BUERME. ERBLME, S 51221 KRR E 25
WZoN T, WHARERD LAPALNDL, ENENEMEIC
T B BREICOW T, KGR 2km T 7 » A —
V¥ T ER R &R 70 FEICOWTERK L. IR
T % IS D W TREER & R EE & STz, W KIR O
WIS LTy 21 IR R AU TR ISRV R E T e
WCEEST A RANTFET E, ZOZ L IFRBEEH L LD
WHEE IR O BRI WTY A7 AT 52 L &R
LCTWwWb, ZOEBEOFKERIIMB EDOF— 512DV T 1554
Bk & v D IER IR SRR D T — ¥ 5N THE D,
ZOT— 5 3RO BMFEDOWIE R SRS b,

50

R

WERY I 2 L= FHICBVT, FHEOETICTE N
PR=Pb2WVZLEEDIZ, AML=VOfiHA EIC
BRoFto v w2 F LA % 2 I L TR
HLEFET,

SCHR

[1] Emanuel, K. A. (1986), An air-sea interaction theory for
tropical cyclones. Part I: Steady-state maintenance, J.
Atmos. Sci., 43, 585-604.

Elsner, J. B., J. P. Kossin, and T. H. Jagger (2008), The
increasing intensity of the strongest tropical cyclones,
Nature, 455, 92-95.

Tsuboki, K. (2008), High-resolution simulations of high-
impact weather systems using the cloud-resolving model on
the Earth Simulator, High Resolution Numerical Modeling
of the Atmosphere and Ocean, edited by K. Hamilton, and
W. Ohfuchi, 141-156, Springer, New Y ork.

Kossin, J. P., Emanuel, K. A. & Vecchi, G. A., (2014),
The poleward migration of the location of tropical cyclone
maximum intensity. Nature 509, 349-352.

Mei, W. and S.-P. Xie (2016), Intensification of landfalling
typhoons over the northwest Pacific since the late 1970s,
Nature Geoscience, DOI: 10.1038/NGEO2792.

Tsuboki, K., M. K. Yoshioka, T. Shinoda, M. Kato, S. Kanada,
and A. Kitoh (2015), Future increase of supertyphoon intensity
associated with climate change, Geophys. Res. Lett., 42, 646—
652, doi:10.1002/2014GL061793.

Tsuboki, K., and A. Sakakibara (2002), Large-scale parallel
computing of Cloud Resolving Storm Simulator, High
Performance Computing, edited by H. P. Zima, K. Joe, M.
Sato, Y. Seo, and M. Shimasaki, pp. 243-259, Springer,
New York.



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

Future Change of Tropical Cyclones in the Western North
Pacific with the Increase of Sea Surface Temperature

Project Representative

Kazuhisa Tsuboki Institute for Space-Earth Environmental Research, Nagoya University
Authors
Kazuhisa Tsuboki Institute for Space-Earth Environmental Research, Nagoya University

Mayumi K. Yoshioka Institute for Space-Earth Environmental Research, Nagoya University

National Institute of Information and Communications Technology

Future change of typhoon intensity with the climate change is a big concern. Since the typhoon intensity is largely controlled by
sea surface temperature (SST), its change has a significant impact on the maximum intensity of typhoon. The objective of the present
study is a future projection of typhoon risks in the mid-latitude. We conducted high-resolution downscaling simulations of typhoons
in the present, near-future and the late twenty-first century climates. The initial and boundary conditions for simulations are provided
by the 20-km-mesh atmospheric general circulation model of the Meteorological Research Institute (MRI-AGCM) experiments in
Kakushin Program. Using the CReSS model, 2-km-mesh downscaling simulations of the AGCM-simulated typhoons were performed
for each climate. The simulation domain covers the most area of the western North Pacific. The SST in the domain increases about
1 °C from the present climate to the near-future climate and 2 °C to the late twenty-first century climate. In each climate, about 70
cases of typhoon were simulated by 2-km-mesh CReSS. The result shows that more intense typhoons reach higher latitude with the

increase of SST.

Keywords: Typhoon, Climate change, Downscaling simulation, Cloud-resolving model, Future projection

1. Introduction the Earth Simulator Projects made in 2016 by the same authors.
Typhoons in the western North Pacific are the major cause In these researches, we performed downscaling simulations
of weather disasters in East Asia including Japan. The number of typhoons simulated in 20-km-mesh AGCM experiments
of typhoon in this region is the largest in the globe. Typhoon performed by the Japan Meteorological Agency (JMA),
is the strongest tropical cyclone among tropical cyclones. The Meteorological Research Institute (MRI) in the Kakushin
future change of typhoon in the western North Pacific will Program based on the A1B scenario of SRES (Special Report
have great impact on the East Asian countries. In particular, on Emission Scenario). In the experiments of MRI, a near-future
the future change of typhoon intensity is a big concern. Since climate experiment was performed as well as the simulation of
the maximum intensity of typhoon is largely controlled by the late twenty-first century climate and present climate. These
the sea surface temperature (SST) (e.g., Emanuel 1986 [1]), data were provided for downscaling simulations of typhoon
its change with the climate change has a large impact on the using a cloud-resolving model named the Cloud Resolving
typhoon intensity. Previous studies of tropical cyclones change Storm Simulator (CReSS). Because near-future changes of
showed that the intensity of intense tropical cyclone increases climate and related weather are a big concern, as found in SI-
with the climate change (e.g., Elsner et al. 2008 [2]). Tsuboki et CAT (the Social Implementation Program on Climate Change
al. (2015) showed that the maximum intensity of supertyphoon Adaptation Technology), for example.
in the western North Pacific will increases by the late twenty- In the present study, we performed downscaling simulations
first century. They also pointed out a possibility of landfall of typhoons in these climates and compared characteristics of
of supertyphoon on the main islands of Japan in late twenty- typhoons. We focused on northward moving typhoons in the
first century. Kossin et al. (2014)[4] showed locations of the present, near-future, and late twenty-first century climates. The
life-time maximum intensity of tropical cyclone is migrating simulations were performed in a large domain covering the most
northward on the basis of the detailed examination of best-track area of the western North Pacific with a very high resolution of
data. Mei and Xie (2016)[5] found that landfalling typhoons 2 km. Tsuboki et al. (2015) performed simulations in different
of category 4 or more is increasing in the last decades. These computational domains for each typhoon. On the other hand,
previous studies indicate that risks of typhoon disaster are the computational domain is common in all the experiments in
increasing in the mid-latitude regions. the present study. This makes it easy to compare the intensity

The present study is an extension of the previous works of  distributions of the three climate simulations.
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2. Model and experimental design

The numerical model used in the present study is the Cloud
Resolving Storm Simulator (CReSS) which has been developed
for numerical simulations on the Earth Simulator. The basic
equations of CReSS are the non-hydrostatic and compressible
equation systems. The horizontal coordinates are orthogonal
curvilinear type including the orthogonal linear coordinates
(Cartesian coordinates) as the special case. The vertical
coordinate is hybrid coordinate composed of a terrain-following
coordinate and height coordinate. Using a stretching technique
of the vertical coordinate, the lower levels are calculated
with fine grid spacing. Prognostic variables are the three-
dimensional velocity components, perturbations of pressure
and potential temperature, water vapor mixing ratio, sub-grid-
scale turbulent kinetic energy (TKE), and mixing ratios and
number concentrations of cloud microphysical variables. A
finite difference scheme is used for spatial discretization. The
dependent variables are set on a staggered grid: the Arakawa-C
grid in horizontal and the Lorenz grid in vertical. For time
integration, the mode-splitting technique is used. Terms
related to sound waves of the basic equation are integrated
with a small time step and other terms with a large time step.
Several different types of initial and boundary conditions are
available for idealized and prediction experiments. The bulk
parameterization of cold rain considers water vapor, rain, cloud,
ice, snow, and graupel. Double moment of liquid and ice phases
is optionally available. Parameterizations of the sub-grid scale
eddy motions in CReSS are one-order closure or the 1.5-order
closure with TKE. Heat, moisture and momentum fluxes at the
earth surface are calculated by bulk schemes. One-dimensional
thermal conductivity model is used for calculation of ground

temperature. One-dimensional diffusion model is used for

Table 1 Experimental setting of downscaling simulation.
Western North Pacific (fixed)

2 km in long.-lat. coordinates
X:2403,Y: 2051

Min. 100m, average 350m

Domain

H. resolution

H. grid number

V. resolution

V. grid number 83
Integration period |7 days for each typhoon (604800 sec)

Initial and boundary  MRIAGSM20km
condition Kakushin Program

Land model Thermal cond. model , 41 levels, 6m
One-dim. Model, 41 levels, 40m

RRTM (Rapid Radiative Transfer Model)
Two-moment bulk for cold rain

128 nodes

Ocean model

Radiation

Cloud physics

ES node number

the ocean mixing layer. The atmospheric and cloud radiation
is calculated by RRTM (Rapid Radiative Transfer Model).
A detailed description of CReSS is given by Tsuboki and
Sakakibara (2002). Some simulation experiments of typhoon
and heavy rainfall using CReSS are presented in Tsuboki (2008).

Table 1 summarizes the experimental settings in the
present study. The computational domain is large enough to
cover mostly the western North Pacific: 113.8-158.421°E and
0.0-47.0507°N. The horizontal coordinates are longitude and
latitude. The grid numbers are 2403 and 2051 in longitude and
latitude directions, respectively. The horizontal resolutions are
0.0186 in longitude and 0.0181 in latitude. These resolutions
correspond to about 2 km. The vertical grid number is 83 and
the lowest grid spacing is 100 m. The vertical grid spacing is
stretched with an average grid spacing of 350 m. The vertical
coordinate is a hybrid type: terrain following below 24000
m and height coordinate above that. The model top height is
28000 m and a dumping layer is set above 24000 m in height
to prevent reflections of waves. An integration time is 604800
seconds (7 days) for each typhoon. The surface two-dimensional
data are output every 15 minutes and upper atmospheric data
every 6 hours.

The initial and boundary conditions are provided by the
20-km resolution MRI-AGCM in the Kakushin Program. As
summarized in Table 2, three climate output data are available:
present climate (1979-2003), near-future climate (2015-2039),
and the late twenty-first climate (2075-2099). The future climate
SST was estimated using the present climate SST and a multi-
model ensemble of 18 SSTs based on the SRES A1B emission
scenario. Dynamic downscaling simulations of typhoons
found in the AGCM simulations in the three climates were
performed using the CReSS model. The number of simulations

is summarized in Table 2.

3. Northward moving typhoons

The downscaling simulations of the present study focus
on the northward moving typhoons because they have impact
on the mid-latitude regions. We selected target typhoons for
CReSS simulation according to the following criteria. 1) The
life-time minimum sea level pressure of AGCM typhoons is 970
hPa or below in the region of 120-150°E and 15-45°N. 2) The
central pressure reaches 970 hPa in the region of 115-160°E
and 5-20°N. 3) The northernmost point of the AGCM typhoon
is beyond 20°N.

Numbers of selected typhoon of AGCM are 85, 76, and 65 in

present, near-future, and the late twenty-first century climates,

Table 2 Summary of periods, numbers of AGCM-typhoons, northing typhoons and cases for downscaling experiments in each climate.

climate Period Number of AGCM-typhoon Average umber Northing typhoon Number of case

Present 1979-2003 593 23.7 85 71 cases
Near-future 2015-2039 541 21.6 76 73 cases

Future 2075-2099 471 18.8 65 62 cases
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respectively. Using CReSS, we performed downscaling
simulations of 60~70 typhoons in each climate. They are almost

all the selected northward moving typhoons in each climate.

4. Result

Since SST is the primary factor to determine typhoon
intensity, monthly average SSTs of September of the three
climates are compared in Fig. 1. The SST is used for the lower
boundary condition in ocean area. It changes from the initial
value owing to the vertical diffusion of heat, radiation, and latent
and sensible heat fluxes at the surface. In general, SST decreases
below a typhoon and suppresses the typhoon development. SST
is about 29~29.5°C to the east of the Philippines and 27°C to
the south of the main islands of Japan in the present climate. It
increases 1°C in the near-future climate and 2°C in the warmer
climate of the late twenty-first century.

Figure 2 shows the typhoon tracks obtained in the
downscaling simulations of each climate. They are distributed
almost all the area of the western North Pacific. The red lines
indicate periods of the maximum wind speed of 59 m s™ or
larger. This corresponds to the most intense typhoon category
of JMA. In general, the red lines extend to higher latitude in the

warmer climates. In the warmer climate of the late twenty-first

(b)

(a)

SEP1880

161

Fig. 1 Monthly average sea surface temperature of September obtained from 20-km resolution MRI AGCM based on A1B scenario and used for the

SEP2040

century, an extremely intense typhoon was found (Fig. 3). The
central pressure is nearly 850 hPa and the maximum surface

wind speed is 70 m s (Fig. 4). They are extremely intense and
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Fig. 3 An example of extremely intense typhoon simulated by the
2-km-mesh CReSS model in the global warming climate of the
late twenty-first century. Black contours are sea level pressure,
red contours are surface wind speed of 15 m s, and the color
shadings are precipitation intensity (mm h™).
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cloud-resolving downscaling simulations: (a) the present climate (1980), (b) the near-future climate (2040), and (c) the late twenty-first century
climate (2095).
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Fig. 2 Tracks of simulated typhoons obtained from the downscaling simulations using CReSS: (a) the present, (b) near future, and (c) the late twenty-

first century climates. The closed circles are the initial points of typhoons in the initial time. The red parts of track indicate that the maximum

. . a0
wind speed is 59 m s™ or more.
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severe disaster is expected with their landfall as a huge disaster

occurred with the landfall of Supertyphoon Haiyan (2013) over

the Philippines.
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Fig. 4 Time series of the central sea level pressure (black line) and
maximum surface wind speed of the simulated typhoon shown
in Fig. 3 for the 7 days. The red and orange lines are those of the
corresponding AGCM typhoon, respectively.

5. Summary

Using 20-km resolution MRI AGCM output data, CReSS
made downscaling simulations of northward moving typhoons
over the western North Pacific in present, near-future, and the
late twenty-first century climates. SST used for the bottom
boundary condition increases from present climate to the near-
future climate, and then to the climate of the late twenty-first
century. In each climate, roughly 70 typhoons were selected for
the downscaling simulations and those were performed with a
high-resolution of 2 km using CReSS. We examined tracks and
intensity of the simulated typhoons. With increase of SST, more
intense typhoons reach to the mid-latitude. This indicates that
typhoon risk increases even in the mid-latitude in the warmer
future climate. The output data of CReSS are obtained every
15 minutes for the surface data and every six hours for the

atmospheric data. They will be provided for disaster researches.
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