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An axisymmetric flow in a cylindrical tank with a rotating bottom: a confirmation of
theory by experimental data
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LAORI, The University of Tokyo

HIBRDP SR DR TR S N B RFRRIUC & BD 59, JERFRICE 2N DOET IV E LT, MEAZRNICKZ A
N, KOMBEEHEEE S LWV D THMAZNERIC K > T EIE R THHMEOBNZHRNDPREEINS, C
D& S FRFMEDAN OEFEE i 5 1= DICHAS & UTRE L A S aiming ., BRI G2 FH W il Fig
FIRHTINC KT B DV TG 2T > TE 2, TOHERC X > T, BEAGOMEOFHNCEHET /35 A—2 D
HERN R THINTE %,

C OHERINZELD DV TR, TNFETE Tophyjetal. (20135 EIC KB EDHH S, Z T Tld. CHMiRFR
WTlE, KB 525N 5MA#EIR L B LN AEBIERKE DD GDETNEVIT RV E WS IFEREIDE
&L BRI Z RO 285 A= 2 EPUET B0, ZOMEBIEOD & 0 ZiHiid 2B, JEERTHERROMR
& BIROFNHEE O " IRICEEIT B fAEE RS R I ND LWV D 2V ZIEICHE DO T Z T TV,

Z T T, FBICEBNERTELONIFEREZHNT, LY —LDEBBIST XA—Z « [if #9079 & L I b % ki
BEDT—=RIIDOWNWT, TTTAWMIETITo Iz HMliGED S TRl E N EE . Tophyj et al. (2013)c k% HAED & DLk
%??9 f:o

ZFORER, RIS FREINZNT A—ZIFFHEREZIEFICESHRELTWS T EHWRE Nz, B EIHH
FHEEE D IR 2 LW RGE TR, MBS 31T 2 A EE) EA Uz /NG U, 2 DRSS A 7K D[Rl S 72 38 K
FMELTLESIEDEEZI LN,

F—T— F: R, BESYE, BRI, SR
Keywords: rotating flow, boundary layer, axisymmetric flow, laboratory experiment

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

MI1S22-02 21106 FFR9:5 A 27 H 09:15-09:30

JE L CRbfRd 2 IKELD 3 FEH[REE _
Spontaneous rotation of a block ice melting on metal surface
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Flow reversals under a magnetic field induced by horizontal circulation

e 2 s Ry =t M h 2
YANAGISAWA, Takatoshi* ; HAMANO, Yozo' ; SAKURABA, Ataru?

LBPERT LB TR RN, 2 BB
LJAMSTEC,2University of Tokyo

Coherent flow structures in the outer core are controlled by the magnetic field and rotation of the Earth. It is important to know
the basic behavior of flow in relation to the magnetic field, for understanding the flow patterns observed in the real Earth anc
core dynamo simulations. On the other hand, spontaneous flow reversals generally observed in high Rayleigh number therm
convections may provide clue to the mechanism of random geomagnetic field reversals. As the most basic setting to obsen
the nature of flow structures with their time variations, we performed numerical simulations of Rayleigh-Benard convection in
a three-dimensional square vessel by an electrically conductive low Prandtl number fluid, under a uniform horizontal magnetic
field. Computed behaviors are consistent with the result of laboratory experiment (Yanagisawa et al., 2013) that shows flov
reversals, and detailed process of reversals is clarified. The key mechanism is the emergence of a global circulation in th
horizontal plane and following reconnection between rolls. An increase of global circulation induces bend and reconnectior
of convection rolls. It establishes a reversed flow state through roll number transitions. The horizontal circulation is related to
the skewed-varicose instability of two-dimensional roll structure aligned in the direction of the magnetic field. This is a newly
identified mechanism of flow reversal that works in large-scale three-dimensional geometry.

F—U— R NG, ACFIEER, AR TS > b VI, B
Keywords: flow reversal, horizontal circulation, low Prandlt number, magnetic field
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Hopf bifurcations on convection rolls toward flow reversals in a liquid metal layer with a
horizontal magnetic field
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LFaculty of Engineering, Hokkaido UniversiBJAMSTEC

Spontaneous flow reversals of convection rolls that were recently observed in experiments using a liquid metal layer in a bo;
under a horizontal magnetic field (Yanagisawaal., 2011) have collected attentions related to geomagnetic polarity reversals.

If applying magnetic field is strong enough, convection disappears because of energy dissipation in Hartmann boundary layer ¢
the side wall of box. On the other hand, the convection in liquid metal layers that have extremely small Prandtl number easily
achieves thermal turbulence condition without applying magnetic field. In the intermediate cases of magnetic field, quasi-twc
dimensional rolls aligned parallel to the magnetic field are formed and instabilities occur toward losing two-dimensionality with

decreasing the intensity of magnetic field. The flow reversals appear in this way to the thermal turbulence. Decreasing th
intensity of magnetic field also produces decrease of the dominant number of convection rolls in the fluid layer. Yanagisawa
et al. (2013) explained that the flow reversals consist of competition between two modes having different number of rolls and
relatively fast switching of flow direction is caused by Skewed-Varicose instability that was reported as one of instabilities on
two-dimensional rolls in general Rayleigh-Benard convection in shallow fluid layers. Including the instability Bxisytime

scale, there are three different time scales, oscillation of convection rollsOfith s) and the flow reversals with(100 s). And

we can assume that the flow reversals consist of three different mechanisms.

We performed detailed experimental investigations of process of transitions on convection rolls with decreasing the intensity
of magnetic field from quasi-two dimensional rolls toward flow reversals. For rectangular box filled by liquid gallium with
200 mm=200 mm=*40 mm in dimensions, ultrasonic velocity profiling (UVP) and thermistor probes were adopted to capture
spatio-temporal velocity profiles and time fluctuation of temperature. These information provide the number of rolls, magnitude
of velocity in the directions perpendicular or parallel to the magnetic field, dominant frequency of roll oscillation and intensity
of temperature fluctuations. Summarizing the results elucidated that in the process of decreasing of magnetic field primary an
secondary Hopf bifurcations occur. The first bifurcation keeps two-dimensionality on the rolls and the second one provides
three-dimensional motion on the rolls. Fluid motions parallel to the magnetic field become considerable and corresponding flov
velocity takes from 4 to 5 mm/s. Traveling time of fluid particles in the fluid layer with this velocity scaled$1f0 s). We can
deduce that the development of three-dimensional motion provides large scale, long time scale motion in the fluid layer triggerin
SV instability for the flow reversals.

Keywords: Geomagnetic polarity reversals, Liquid metal flow, Thermal convection
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A phenomenological model for convective cell size in a fluid layer with internal heat
generation at low Rayleigh numbers

HEZS —BB 1 ; falds ®oK 2 IR #85] 2 ; Davaille Anné ; A1 #i— 2 ; Wi 2245 4
KUMAGAI, Ichiro ™* ; ABE, Ryuta ; TASAKA, Yuji 2 ; DAVAILLE, Anne? ; MURAI, Yuichi? ;
YANAGISAWA, Takatoshf
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ISchool of Science and Engineering, Meisei Universifaculty of Engineering, Hokkaido Universitylaboratoire FAST,
CNRS, Universite Pairs-SudDepartment of Deep Earth Structure and Dynamics Research, JAMSTEC

The convective behavior of a fluid layer with internal heat generation at low Rayleigh numbkeiR@/Ralc< 12) was
experimentally investigated. The horizontal fluid layer of 0.5 wt% KCI water solution was internally heated by Joule heating
using the electric current. We quantitatively measured 2-D temperature and velocity fields by seeding the micro-encapsulate
thermo-chromic liquid crystals in the fluid layer. We experimentally obtained the fluid dynamic scaling on non-dimensional
temperature and the maximum downwelling velocity as a function of the Rayleigh number, and also refined the experimenta
data obtained by the previous studies. The scaling relations were combined with a phenomenological model based on the stabili
of the top thermal boundary layer. This phenomenological model consistently explained the increase in convective wavelengtl
with increasing the Rayleigh number.

Keywords: internal heat generation, natural convection, cell size, visualization, experiment, fluid mechanics
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On solid state flow induced by Joule heating in the inner core of the Earth
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Takehiro (2011)CiZ, N OFRNZ5 | Z L T T EHK & U T, WENMEER TH 2 S NG DNERANE A LHET 3
Vo —)VBVRIRR LTz, BARIIC, BRIEFRAAIEIE O 2 2, ANiATEE 0 O k11 Z)VRESG Y 72 NIEIMEER I BV T
HZTHE LIz LT A, REET IR, i T ERRORNDIRZ—UME 5Nz, TORNGIZIME & OB R Hx
PEoTHD, WRIMEEIF (ICB) 12T 0 TARWIEE DR IDIFEL TV, TOX S BHRNGHIE S NI EKIZ, ICB
TOBARGEMN L LT DOERR N —ETHE T EEZHNTWS T EICH D, B ICB Z218E T % YE OHZ LAV B
WTHBTERRELTVS. LA LENS, HETIIMEOHZILOEEIZARTH D, & LE I HE L O3S A
UL, TRNOENRR T DIFEIEIC K D ICB WA LMIMWDFET S &Icin 57259, TDX S BREMENDETET 3 &,
WAL DR E 7S K BIFIDMENE, W Oz 5 2 rleEEN 5 5.
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B TISHTOBRRR D 0 IS A T, IREEELARSIEEICE LW & EISTTER O DRI X D1 ENT
A9 %% Tz, BRIEGARTEE O UL 2, 50 0, b a1 XV 7 3 K OREEN %25 2, BRI TF
HENTVWERTARZR=FHWTEHELIZL T A, ICB TO h A X )VHGARIED 1072-10"1 T It U T ERHZENIRIEH
0.018 — 1.8 mEJE TWILZ I T OMEENEKR D 0 & XD HERMES NI

CTHUSH LT, HHIZ b DS % HEEE 5721, ICB 2@ > THT L ZEMH O ZEFN 3 ICRhERE (H D WVIE ICB %
o TAD TV L D2 s & H 2 1B B DML OB EIGIC X > T ICB RHICHIE S NZEEDNT VR
E Z Tz, ICB BT % REZNIIWI AR & R E OWRE 224 T, THhUCHE D B O/NZr —)L O EIGIC
Ko T ICBEMmICHEEAI NS LEZ T,

CTOBUNT VA X B % FOBUHFIERERICEHT % C LI & D, FHRRAE TORMZN IR & B 7 HRIE A
EDBND . GG O/ — )V OFEE G OHRIESS 107 1-102m/SFEE IS H U & E I N OFGEHE I H L THZALD
EEMN TR E L, ICBIZHBWNT 10710 m/sFEE DM EEN R MFE L, RmEZAMIRIEA 0.006 —0.06 MEE L 7% 5.
TAUTH LT, MG DN R — )V DGR EESG OHRIEAY 10-4-10 5 m/SFREEIC R & E 11, MHZ LD EEIT 0 U TR ZNT
DFGEREDTMTH S, ICB IS BT Z3EEHEK D0 £752 0, RIMANN 1 mICE THRIET 5.

REZANIRIENKE L ZZICONT, ICBICBU B3 EEIERTH/NE 72D, ICB E NI NEBHEEL & 1335 m & DN
WENS K515, LA LLGTE U TS ORNIERZENIC & > THFBNS T & FRED BRI TOH
NHIEEL TS, TDT L, NEBHEMOHENZ TS 53T  AHVIKEARYS—D Y 2 — )VINER E BIRIC K % Bk & o
BN VALK BEDTH Y, IHNERTROWD S THS. —J7, RGOS OIREZREENIRENAE L &BICD
NTHEHERE D E ICBBETARZL E>TLED. 2D LU, HIERPIRLO MRS J i 5L 5 M 2 3 2 DI KA AT
MREOEBICIEEAN TRV E W FEERCET S, LA LAEDNS DA XLEKS Y FIVEFRTOERT T v 7 AN
KEL X OFROHERIEG DAL B O TER SN TV EEZ 5N EBEORERNKICB O TEEREEZ Rz LTy
TerlREEDRE N TV 5.

SE K © Takehiro, S., 2011: Phys. Earth Planet. Inter., 184, 134—142.

F—T— R HIBRNRLEL 51, MIBROMLRES, MUBRIZIR A, WL MRS, BRIV 2 1 F- B4
Keywords: anisotropy of the Earth’s inner core, magnetic fields in the Earth’s outer core, flows in the Earth’s outer core, inner
core boundary of the Earth, dynamo action in the Earth’s outer core
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Formation mechanism of the Moon and Earth’s Deep Ocean-floor and plate edge crack
with multi-impact hypo

T % -
TANEKO, Akirat*

!SEED SCIENCE Labo.
!SEED SCIENCE Labo.
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TV a—LT7 b= AU TE, AZDMEISHHR® T 2 —LDRETZ00, TL—FDOEFRIZEDRKICLT
JERENT=0h, SOMEINEEDRIC L TRELTVEDh, ROEHHENDTETHEREWVEEND S,

T —F A7z JER U7z Drake PassagliiE (=) ~\OEZe&, iz 23 58RI 5 E— X > b & I)V—X A ii#E
ANDFVIN=F A4 ML TDIERRE . A2 REDIERE T RTFRKEDDEE . 28I E NIz KEED YL ND KB H D
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THO 175EE/OT L I 7, KEBRENC KO ILT EBEH LTV S, HBRORIINOE R I, <> hL
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Keywords: Formation mechanism of moon and Earth’s Deep Seafloor, The plate edge crack formation, Multi-impact hypothesis
Driving force of plate move, Large extinction of over and over again of organism species, Frequency curve showing a two-peak
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The Multi-Impact Hypothesis

[ The Origin of The Moon and The Earth in Multi-Impact Hyporhesis.)

The Giant Impact Hypothesis
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DT OREFHOW ZN5 L Uiz Eliassen-Palrfiilii & g 1%
A divergence-form wave-induced pressure for extending the Eliassen-Palm theory to al
waves at all latitudes

FAAR F5H) 1, @y BEKER 2 ; Greatbatch Richard
AIKI, Hidenori'* ; TAKAYA, Koutarou? ; GREATBATCH, Richard

L MR IR R RS, 2 AT PESE RS, 2SGEOMAR / University of Kiel
1 Japan Agency for Marine-Earth Science and Technoltigyoto Sangyou University GEOMAR / University of Kiel

Classical theory concerning the Eliassen-Palm relation is extended in this study to allow for a unified treatment of mid-latitude
inertia-gravity waves (MIGWSs), mid-latitude Rossby waves (MRWSs), and equatorial waves (EQWS). A conservation equation
for (what the authors call) the impulse-bolus (IB) pseudomomentum is useful because it is applicable to ageostrophic waves ar
the associated three-dimensional flux is parallel to the direction of the group velocity of MRWs. The equation has previously
been derived in an isentropic coordinate system or a shallow water model. The authors make an explicit comparison of prognost
equations for the IB pseudomomentum vector and the classical energy-based (CE) pseudomomentum vector, assuming invist
linear waves in a sufficiently- weak mean flow, to provide a basis for the former quantity to be used in an Eulerian time-mean (EM)
framework. The authors investigate what makes the three-dimensional fluxes in the IB and CE pseudomomentum equations loc
in different directions. It is found that the two fluxes are linked by a gauge transformation, previously unmentioned, associatec
with a divergence-form wave-induced pressure (symbolizediaghe present study). The quantityvanishes for MIGWs and
becomes nonzero for MRWs and EQWSs, and may be estimated using the virial theorem. Concerning the effect of waves on th
mean flow, the quantity represents an additional effect in the pressure gradient term of both (the three-dimensional versions of)
the transformed EM momentum equations and the merged form of the EM momentum equations (the latter of which is associate
with the nonacceleration theorem).

http://dx.doi.org/10.1175/JAS-D-14-0172.1

F—U— R ABME T, PR T A —i, SAERIE R

Keywords: inertia-gravity waves, mid-latitude Rossby waves, equatorial waves

Figure 1 CE (classical energy-based) Figure 2
pseudomomentum vector
SEM WIM TEM A
IB (impulse-bolus)
pseudomomentum vector
UM MEM A

quasi-Stokes velocity

DI (double-imPULSE) N o NT N b

SEM : standard Eulerian mean
TEM : transfromed Eulerian mean j Eliassen-Palm theory
MEM : merged form of Eulerian mean

Ll

Stokes-drift velocity

WIM : thickness-weighted isopycna.l-mean: isopycnal-mean theory
[GL (generalized Lagrangian)} UIM : unweighted isopycnal-mean
DLM : direct expression of Lagrangian mean ﬁ generalized Lagrangian
pseudomomentum vector TLM : transformed expression of Lagrangian mean mean theory
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Atlantic meridional overturning circulation in a variable-density, two-layer model: inter-

action with the Southern Ocean o _ _ _
Atlantic meridional overturning circulation in a variable-density, two-layer model: inter-

action with the Southern Ocean

Julian P. McCreary; Furue Ry3* ; Schloesser Fabidn Burkhardt Theodore; #7r1 1F 2
Julian P. McCreary; FURUE, Ryéd* ; SCHLOESSER, Fabidn BURKHARDT, Theodoré ; NONAKA, Masam?

LNT A R% IPRC,2JAMSTEC,® 01— R 7 A4 5 RR¥#, 4 57 2 T IVRE
HPRC, Univ. Hawaii 2JAMSTEC,?Univ. Rhode Island!Temple Univ.

The flow of the North Atlantic Deep Water (NADW) forms a global overturning circulation, in which the water sinks in the
northern North Atlantic to deep ocean, upwells in the Southern Ocean and elsewhere to the upper ocean, and returns to the No
Atlantic within the upper layer. This circulation can be described by a 1.5-layer model with the branch of the circulation after the
upwelling and before the sinking contained in the upper layer of the model. Because the connection between the Southern Oce
and each ocean basin is not well understood, however, the description of the circulation by a 1.5-layer model is not complete.

In this study, we examine the boundary layer between the Southern Ocean (where the domain is zonally cyclic) and an ocee
basin representing the Atlantic (where the Sverdrup dynamics determines the flow) in detail to derive the matching conditior
between the two regions, thereby completing the 1.5-layer description of the NADW circulation. This enables us, for example,
to theoretically predict the dependence of the strength of the NADW circulation on winds in the Southern Ocean and on the
mesoscale-eddy-mixing coefficient.

The governing equations are

-fV=-P,-rU+77%,
fu=-P,-vV,
Uy, +V, =w, +w,y,.

where ,V) = (hu,hV) is the "residual” transport vector in the upper layBr= g’ h?/2 is the integrated pressurh,is the
upper-layer thicknesg)’ = g (v - p1)/p2 is the reduced gravity;” is a zonal wind stress, and interior upwelling due to vertical
diffusion w,,, is prescribed. "Vertical viscosity? is actually an expression of horizontal mass transport due to parameterized
mesoscale eddies and can be writtenvass s £2/(g7/h), using the GM thickness diffusivity. Traditionally;,, is often
assumed constant, but we assunte be constant for simplicity.

It is easy to obtain the interior solution within each of the Atlantic basin and the Southern Ocean (not shown), but these so-
lutions do not match, requiring a zonal boundary layer. It can be shown that the boundary layer solution (total solution minus
interior solution) approximately obeys (ignoring the western boundary layer)

P, =rP’,,

wherer=2/4. This is a "diffusion equation” wherex is analogous to time. In physical terms, this equation describes
how pressure anomaly associated with Rossby waves is spread meridionally by viscosity. This equation can be solved und
the cyclicity conditionP”(x=0, y) = P"(x=-L, y) for y >y, and the eastern boundary conditiBfi(x=0, y) = P, = const. for
Y <Y., and the matching condition that the total pressure and its y derivative must be continuoug/acyQssvhere y, is the
latitude of the southern tip of South America. The solution (not shown) determines one of the unknown constants of integratior
of the interior solutions, thereby closing the problem.

Keywords: analytic model, viscosity, eddy induced transport, wind stress, Ekman transport
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Snowfall on the South Kanto region under winter pressure pattern, and by south-coas

cyclones

T R b O R
ARAMAKI, Kento!* ; IGA, Keita!

LERRURA R KU ER T
L Atmosphere and Ocean Research Institute, the University of Tokyo

BIERFEBIC B 2T L LTI, AMEFEZEERT 2B —VORSIE (MRS IX % ONH5 N3 H,
20124 1 H 23 HOBRFEEIZ. ZD X 5 HIERGKIENFEE LEWERIDAERE TRE L k- 72 (J],2012), 2D X5k
KAV ERCEIC 350) % B ER ORI B L Cld. 1A (1984)0 1 245 LT AN o LE2ER L2
HiEUC K> T RFEICAE T AICRE OREZERH L T\ 5,

AWIZE T, £9 20124E 1 H 23 HOKRFEHNSOWT, ZRIT A VI T — 2 72 AW TN 217> 120 $RBRA T —
VT, IPCZEA MR I BXR T, BIRBERICUEREDEC T\ e, AV AT—)VTRZ &, BIHOmIEH
WCNLE S 2 BEENT ) BRI O B IREEDBEE TH > 12, Fe, W EBICES. FEICEBESKDHA L. IR
FHE TR BN HEAE LR WAL E SR EREES & > Tz, BRAHETIRKERONME S 7 H8EE T, FE Tl
WA S LA, H EETE NS T OMEIICH 25 T ENDHEEADEBL TH D, IERERIC > T4 et
PERE KA FEORBERERICHE N, B FICH 7z BEEBICEERZE 5 LT W e,

F 7o, BERABEIC BT 2 HRYIRM OMERSE 2T L7z & T A, 20124F 1 A 23 HOKEFHH TSR S m O M5
RiZEDNE L BN > Tzs — 5T FMREAUEIC X5 KEOHMAHRE L E 2 515 20144 2 H 8 HIC DWW T B i
Wizfrolz& T, HMENMNADKE L, EMEN > Tz, TORMREZRE 2, #ZE 30FEMICHBWV TR E T T
K L2572 46 DFEFNCDOWT, FNTT— 2 IRA-55% FU T RISRATE OM 4G N OSRERSE 75X, BUE D 20124
1A 23 HOHEM L [FAFEEDZ NI, R TH - 72345 (E5) &, g K 0 58h - 72561 (RJEsR) I fixktr-> Tz, TD
R, 46 HHDS B THJETT) & 46 (8.7%) [HJER] 1 4241 (91.3%) TH > 7z, Fiz. HIUCHT SiEE 10FE/M D
FE HIC M LIARED YRR ATz L T A, 2R 86 ) Icd 3 TRET) OBIEE 29 H (33.7%) £ 572, KEIC
BI2HF5LIKTE L. BHEHOHPT THES] ICKBEHFOHFLGIIREN T, DFUIREICBVLTIEREK E Y4
MICBET 2 ERZHNTWVS M, VR y FORIE, KJUERES/KEREOMOERZZD, [HETS] DRI,
TRJEnE | DV e FIRKUE NS Z R Uize 2D ED, Bk EAHHENICHE DN T T e IE 2 Y2 G T 580D
EEZONS, BEMEIRICHT 5L 30EMDKBICH LT, MAERKEDNFERSZ2ERTH- 72 DRI N—F
T NS X D REFHNZ 20124 1 A 23 HUSMCEFEL TW T EMBHL N L5 T2,

F—U—F: BRORE, LM, ST, TREDCR, mREE

Keywords: snowfall on the South Kanto region, winter pressure pattern, south-coast cyclones, low level convergence, stratifice
tion
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Dynamic energy efficiency of tropical cyclones with long-lived concentric eyewall in nu-
merical simulation

TEBF B T FER RO S8 AL 2
TSUJINO, SatoKi* ; TSUBOKI, Kazuhisa ; KUO, Hung-ch?

L R A EROKIEER IS 2 > 22—, 2 ENL BB RER AR AR
'HyARC, Nagoya University?Department of Atmospheric Sciences, NTU

"Eyewall” is a ring of convective clouds that encircles the eye of a tropical cyclone (TC) such as typhoon and hurricane. Multi-
ple eyewalls, named "concentric eyewall”, are observed in some TCs, and "eyewall replacement cycle” is also observed after th
formation of concentric eyewall. In the process of an eyewall replacement, the inner eyewall gradually disappears while then th
outer eyewall moves towards the TC center in closing to the previous inner eyewall. During the period of a replacement cycle
the TC intensity changes drastically. 24 percentages of TCs with concentric eyewalls maintained in a long time (over 20 hours
in satellite observations (Yang et al., 2013). The result suggests that a TC with concentric eyewall does not always underg
the replacement cycle. There are very few studies of long-lived concentric eyewall. Moreover the maintenance mechanism c
long-lived concentric eyewall is also not clear.

To understand the maintaining mechanism of concentric eyewall, we employ dynamic energy efficiency in considering the
change of kinetic energy (KE) and available potential energy (APE) due to the internal dynamics of a TC. We focus on a pa-
rameter of dynamic energy efficiency, which is proposed as an index of conversion efficiency of potential energy to KE. In
this study, dynamic energy efficiency of idealized TCs with replaced and long-lived concentric eyewall, and then, real typhoon
Bolaven (2012) with long-lived concentric eyewall was investigated, using numerical simulation results which were performed
by Tsujino and Tsuboki (2013, 2014). TC simulation data in this study were supported by an atmospheric numerical model of
three-dimensional, non-hydrostatic and full-physics, which is called by CReSS (Cloud Resolving Storm Simulator; Tsuboki and
Sakakibara, 2007).

The formula for the dynamic energy efficiency of heat and of momentum in balanced vortex, whose the primary circulation
is gradient wind balance, and the secondary circulation is induced due to convective heating and surface friction, was derive
by Kuo et al. (2013). The dynamic energy efficiency of heat and of momentum is determined by the solution of the Eliassen
transverse circulation equation with the radial temperature gradient instead of the radial heating gradient. They showed the
dynamic energy efficiency enables to explain intensity change of TC through diabatic heating and friction with analytical profile
of idealized TCs. The dynamic energy efficiency of an idealized TC with replaced concentric eyewall was increasing drastically
during the replacement cycle, and the value of dynamic energy efficiency had maximum when inner eyewall dissipated. Low
(high) dynamic energy efficiency indicates that conversion of APE to KE is inefficient (efficient) for TC'’s intensification. The
tendency of dynamic energy efficiency of TC with replaced concentric eyewall was consistent with the TC’s intensity change
during the replacement cycle. On the other hand, the dynamic energy efficiency of the idealized TC with long-lived concentric
eyewall did not increase apparently after the outer eyewall formed. The result suggests that the conversion of APE to KE in the
outer eyewall does not control much the TC intensity change. The tendency of dynamic energy efficiency resembled that of -
typical TC with single eyewall which was shown by Kuo et al. (2013). Moreover, in typhoon Bolaven (2012), the tendency of
dynamic energy efficiency also resembled that of the idealized TC with long-lived concentric eyewall. These results imply that
the dynamic energy efficiency of TCs with long-lived concentric eyewall may describe one of the universal characters of a TC
development process.

Keywords: Eliassen transverse circulation, concentric eyewall, tropical cyclone
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Optimal excitation of asymmetric perturbations on an axisymmetric barotropic vortex
with piecewise constant vorticity

My F2A
ITANO, Toshihisa*

U Bt R R ER R 2R

!Dept. Earth & Ocean Sciences, National Defense Academy

EISRAR N THNCTES NAIICH HN DRSS (D 2 i EIRO LD E B 72 85T B REE) Z=20EHIc, 3
DOREERIE L THERL S N2 TS FRIEEIRIC B9 2 AP R R 2 e 2k U, BATNICRRZ 8 LTz, 2078, £
I IEFBIEERE SRR E B U AR O™ O TRIEE L, TNEBHL T 2 o HM) R sEH Uz,
CONBERIT. EAGOWEAHEIERK S 20 AV —HORIFZ KD £33 7 b)U X TaddhEN, T NEHIAMER
e LT &, TEORFBICET 27T ML X ZHHAMHE & BRI BT8R 5N 5, T OITHIZ S &1,
L2/»A(DXE~&®%%@ ) O R TOHSFBIOERGRRANY ML &R EZEH Uiz,

I, EAGOWESHEORN 5 AEL 2BHEICKIENS, £, V2 FIROERED TRE O 5% Michalke
ammmwﬂfﬁ A5« BITRIRAR Y7 MVB X CRET AT MU, BHWICHEWLEER LS, che
WERHRAIC, [EDIE 2 FrDduivs s B O D TS SyonoDiIic BWTIE. RIGRERNY RIUH, HBITHREAN
T MIVBBZVEIRETREERY MV BB RE L TR LN R, TRV F—% /)WL E LT
BEIELNZ VDO DRERICOVWTEBNT %,

F—U— N ik, K 5E, FERAT BV, IR, a0
Keywords: optimal excitation, singular value, singular vector, barotropic vortex, multiple vortex
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Development of a general circulation model for planetary atmospheres: Single columr
model experiments

kG e b K SATE 2 PEEE A 3 R RN 4 G IR 2 AR RE T
TAKAHASHI, Yoshiyuki O.'* ; OGIHARA, Hirotak& ; NISHIZAWA, Seiya ; HARA, Tabito! ;
ISHIWATARI, Masak? ; HAYASHI, Yoshi-yuki'

IR R AR AEeRY, 2 JEHRE R 2R AR, 3 NI A TBOE NG R AR RS, * ST
IDepartment of Earth and Planetary Sciences, Kobe Univetgigpartment of Cosmosciences, Hokkaido UniversiRIKEN
Advanced Institute for Computational Scienédapan Meteorological Agency

KRNI DERIE D ZARILIEER NS 5 X ORE BRI OMEREM 2 it 2 T L 2 HIE L C, Bk 2 Z O THA R ER
KOBUERER 1T T &N TEZEERGKIEERTE TV, DCPAM (http://iwww.gfd-dennou.org/library/dcpamép i By
DA TS, AFEXKTIE, RERKDOF RO E UTHML T X7, #iE—XrIsk (SCM (Single Column Modely
B ICDOWTHRET 5. CTOK S 2R, MR LIzET VORI A2 ) L— 3 UHEYNCHEI N TS T L O
R, FDFHEENTNT A2 =2 3 Y OWHOWZRICHEHTH 5. £z, FICHBEROZM4ZE L TEbE i
FAZY L= g UHMERE BZ 2B EZM T TEDXSICIRZ S DO ZHRDTDICEEHTH 5. 75k, AW,
BIHE AICS D7) —T KGR TD T I —"T 511 U TlED TV S ILEYFLEE S A 75 ) OREEOKAD—E L LTt
HTN3B.

DCPAM (&, BRI IAEMESEIEE THRZED TR RERGKIERET IV THS. COETIVE, TVITTH
2 AT MV TR P b, e, SLets, BEes, fHAEE 70, 2 LT HEMEAEE TV &N
TIETIVIEK BEIETIVE VS YRR ZHAGDEEDTHS. £z, AETIVORETIE, I—FZIZFEAL
ZHG 5 LR W IOt RE B K CIE—UEIEDNARE L 55 K S ICEGET L T 5.

AIFFE T, DCPAM ICHE L 2/8T A2 Y ¥ — 3 VY OMRZHNE LT, XD 4 DOSHE—RTHBRZ1T- Tz
(1) ICRCCM Z254# (InterComparison of Radiation Codes in Climate Models; Ellingson et al., 1991), (2) GABLS2 (GEWEX
Atmospheric Boundary Layer Study 2; Svensson et al., 26444, (3) TWP-ICE (Tropical Warm Pool International Cloud
Experiment)ZZi& (Davies et al., 2013), (AKEHFEEER. < T, 3, 4DFERFERIC DV THHUANRS.

TWP-ICEZZR T, BIHNCESD < 98D TOMESHERE, SLIERE, FHRSEEOISEIC K > TERE NS KK 2 i
%. SR OFER T, FEER, JERHRIERR R, TLHERRICZ NN Relaxed Arakawa-Schuber +— . (Moorthi and
Suarez, 1992), Le Treut and Li (199D % — /s, Mellor and Yamada (1982) level 2% Fi\ 7z, FERO YIS R, Bk g
DOBEZE K F MTIEAMD SCM DR (Davies et al., 2013y AN TH B T 2R LTV LM LM S, DCPAM
T D NTAHRIEE, SHRE FEICB O THOET IV E D &/hEWlEmE RSNz, 5% 2 OB DV THIHRTNL
TETHS.

MORFERE, KHRETERE ) D@ IO R TETIVOREHERE, FLIFHERRIC X > TR E 15 KR O RAURSE O
NG . SRIOFE T, SLFDERICIE, Mellor and Yamada (1982) level 28 W . REROFERE S NI-EREOEm X
RUIREDHZE, — 20T, ZIItDMFRAEE T IV (e.g., Odaka, 2001 K> TERHEINT XL DB ZREANTD
. PIZAE, BEREOEE W, FIARKRICB O THNR XX FORDEEIC, HIERK D £ &< 5 kmfEE L %5, 514,
DK DOFHEIC T T EREIERR LI O K S BME—XTHERZFH L T PETH 5.

F—T— R BB, KAKBERE TV, B, 2, ShiE—J0tE TV
Keywords: planetary atmosphere, general circulation model, Earth, Mars, Single column model
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On the solution of the system modelling non-linear stratified rotating fluid
On the solution of the system modelling non-linear stratified rotating fluid

GINIATOULLINE, Andreit*
GINIATOULLINE, Andrei'*

'Los Andes University, Colombia, South America
'Los Andes University, Colombia, South America

We consider non-linear motion of exponentially stratified fluid which is rotating over the vertical axis.

The model is used to describe the three-dimensional velocity camp of the flows of the Atmosphere and the Ocean.
Analytically, we prove the local existence and the uniqueness of the solution.

For the solution, we also prove the convergence of the numerical algorithm by using the Galerkin method.

F—7— I: geophysical fluid dynamics, rotating fluid, stratified fluid in a homogeneous gravity field, dynamics of the Atmo-
sphere and the Ocean, approximate solution by Galerkin method, mathematical qualitative properties of the solutions of PDE
Keywords: geophysical fluid dynamics, rotating fluid, stratified fluid in a homogeneous gravity field, dynamics of the Atmosphere
and the Ocean, approximate solution by Galerkin method, mathematical qualitative properties of the solutions of PDE
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