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* An informal history of the GFD Program written by George Veronis.
https://gfd.whoi.edu/archive/an-informal-history-veronis/
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* Greenspan, H. P., 1968: The Theory of Rotating Fluids
 Turner, J. S., 1973: Buoyancy Effects in Fluids

* Charney, J. G, 1973: Planetary Fluid Dynamics
* Padlosky, J., 1979: Geophysical Fluid Dynamics
* Gill, A. E., 1982: Amosphere—Ocean Dynamics
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e Hayashi, Y.-Y. and T. Matsuno, 1984:
Internal gravity wave enhancement by the chemical release due to oxygen recombination.
In Dynamics of the Middle Atmosphere, Proceedings of a U.S.-Japan Seminar Honolulu, Hawaii,
8—12 November, 1982, eds. J. R. Holton and T. Matsuno, 141-160, Terra Pub
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* Hayashi, Y.-Y. and T. Matsuno, 1984: Amplitude of Rossby wavetrains on a sphere. J. Met. Soc.
Japan, 62, 377-387.

ZRTTEEARE =K (B A X2 EFREBRTIIB LD L)

« MK #1987 2R TTEEAORE—FEDIRFHH. [ER AT/ —F, 156, 29-48.

GEARRBAEAOFED) O 7—AFARES>TFOIRILF— FOEE=S

e Hayashi, Y.-Y. and W. R. Young, 1987: Stable and unstable shear modes of rotating parallel flows in
shallow water. J. Fluid Mech., 184, 477-504.

SATEH o
« ZOHTY (0FR) Aot AARFEEN LA



1. NERE R AT

¥ W»Eg;_)w- Y
AW

Honolulu, Hawaii, November 8-12, 1982 R 0 o \ | '

by LA K% (Manabu D. Yamanaka)

Map=Middle Atmosphere Program B X+t37}— 1982.11



+—

Middle Atmosphere Program HKt=
Honolulu,Hawaii, 8-12, Nov. 1982

Map=




2. ARE—K AP

« ORE—RDIKMEITHK
Hayashi, Y.-Y. and T. Matsuno, 1984:

Amplitude of Rossby wavetrains on a sphere.
J. Met. Soc. Japan, 62, 377-387.

AlA R EE R BRSO T Tl
ARE—KIE=TFo>9<I(RAIZA>T)IEIRT S
FORAESSEOIRIILX—OUE BT

B[ XNCARG

P —ZAIREDT

FEFESA . BSA . BERBI—SAD
KEHE#E 2—@FE K

(HITAC M) —X>5T1)—X)
(ZF%4E

KX F(FHE AL THRERY T =2 D

Fig. I Spherical harmonic function cos?¢’ cos(v¢’)
with »=10.



2.ARE—iE A5

. EEHBORE—RK _
M FEIT, 1987 ZRITEFEORE—RDIEH .
KR /—k, 156, 29-48.

© PSI  (STEADY) H1E [XNCARG

OV + 10,V + (1 — 6yy) 0, | = —rVe

n:x'
A :
a —E—H GER) : I
r—0 % ::,.:
8. [V +1] =0

LONGITUDE (2xPI)

CONTOUR FAOM -1.0000 T0  1.0000 CONTOUR INTEAVAL OF 0.10000 Pr(3,3) = -0.37693€-01

r_
6 HMIBIC L - THE ThicEle A —Eo 6—59&[‘1@0%&&#%%].2;
sin(R cos a')da’ O¥flf7, :



o BB %L

@Walsh Cottage,
WHOI Summer GFD Progaram
1984 “Geological Fluid
Dynamics” by Herbert Huppert
R REEZBITE W -ZEHLEK
Tt i AR

AFTEia - IUi & 5 - IRBFRER D
=AIZHEE V=10V

https://gfd.whoi.edu/gfd-life-at-
gfd/albums/?album=818&album ses=1#aigpl-album-gallery-1

11T

Back row: Smith, Spiegel, Hupperc, Holyer, Howard, Malkus, Grimshaw, Collins,

Worster. Middle row: Flierl, Pomeau, Fowler, Keller, Veronis, Busse, Stern,
Mellor, Young., Front row: Sparks, Zaleski, Gorlus, Bayly, Hayashi, R. Kerr,
Polvani, Taylor, 0. Kerr. Absentees: Arcefl, Dick, Fearn, Heclking, Krishnameretd,

Pedlosky, Proctor, Richter, Rhines, Ruddick, Schmitt, Stormel, Welander, Whitehead.



3. V7 —ALTEAR

- EfiTOEE

SUT—AFAEEFITEOIRILEF—FH ! Al 7 v
 William R. (Bill) Young [23#ATHLOTYU T —ARLTE \/
LI-FRERMEX/KRELOPVERIG (—HAEE=
1) DRE /
e Hayashi, Y.-Y. and W. R. Young, 1987: Stable and H _; j| '

unstable shear modes of rotating parallel flows in
shallow water. J. Fluid Mech., 184, 477-504.

TERA—HLEAD m) bR T E

FERHEKR(FE:y=0) AL
Du By + vy — u D u=U(y), v=0, h=H(y)
— — Byv = —gh, = Y T Y =4 —
Bt » q h ’ Dt 0 IB - -
v _ _
De T Py = —ghy ‘ yE I _
FEXNR (BEH-VAEHE—HK)

g=0m) By—U, =0



0.5
Cr
-0.5
0.2
kCi

Q=O0ZDAEKE

TTTT I rllv”il'rlll“ .vlolIIIjI‘L"‘ir‘LIlelvx;xig

-------_-"'{"!::
tﬂ‘.‘oc-o.oooa

[N
‘e
""4000-0.»00

||||l||||l?l;l|1|.|lflv11111n*t;tnl’gr‘;Ta!AzIaY.

0 2 4 6 8 1

T T T T T T T T T[T T T T T Ty [ rrrJrrry
I I I I | | 1 I 1

BELDOMZE explik(z — ct)] EE

7—)I-5FSREH

WTHD
1.0,3,—:

g




T —AREDEIE
[T HR)LF¥F—]

BT OB IRBT T

AREN R W
E = —’[:wlm —|— ay w]. A*E@Jﬁw
d
d—z = —iway + Pz
Wy ‘

wj = wj(k), j = 1, 2

BHiRYFD [£TR)L¥F—]

HRENEL > EATHL
k BIRYFORDMNE kORE) s<0

X B9 B/\TA2 (K

a, MEFRZRH(ZER
il(,3|a3|2—a| |2) =0 at wi =w

%



3(a)

o
.

VT —AREDEE(ARD)

« RlE RKRDARTE byBFH#E 1981 KD EISDH#E

e Satomura, T., 1981: An Investigation of Shear Instability in a Shallow Water. J. Meteor. Soc. J.,

59, 148-167

12,0

2) -~
2’
—

\

\

N\

0 f s "i 4 ‘[} ]
(&)

Curves of non-dimensional phase

velocity for Fr=35 and case 1. Solid

lines are neutral modes and dotted
lines are growth modes.

// k
8

Cr C

r

I~
Il

1.0y

i
i1

p—

| 1N ,
WA
iz

4
1
4
(b)

. 5(a) Dispersion relations for €, and Fig. 5(b) Dispersion relations for modified

C_®), Upper dashed line is C,= C,M and C_m),
0.5+Fr—1 and lower one is C,=
0.5—Fr—1,



T —AREDREE(SZYRHI?)

s FREEE—FEFIEOIRIILF— EmEHE?
>EZ =5 S -YRTRA TS A5 (by AR/ [E 1986)

* Kubokawa, A., 1986: Instability caused by the coalescence of two modes of a one-layer coastal

current with a surface front. J.Oceanogr. Soc.Japan, 42, 373-380.
s TOIRILF—-EOEFHELIL.
BEIRILF—LERROIRILEF—FELEDETS:
REARDEE
(REARTEYEMRFRIE B ZINTEOEWNFEL ML HZYHD
c BODARREDHAEINEA TN E=TSAIYETIL,
HISICKLERBAEOEH--oT-

)

) 1.0 —

s o]
2 Te—

8 0.5 co TTT—— ]
-g FO
E oF /——:

F1
-05 . L / A
0

(b)

ol
ﬂ
/K
Phase velocity, ¢,

o
»
-

o
‘ .
o

o
Growth rate, ko; ©
(o] - N

38 3.9

4.0 41

Wavenumber, k

Fig. 2. Phase velocities, ¢

and growth rate,

kci, on a current with zero potential vorticity
and L=1.5 as functions of wavenumber; (a)

phase velocities of mod

es FO, F1, F2, CO and

Cl, and (b) growth rate and phase velocity
within and around the region in which modes

F0 and CO coalesce.



0-5 AR I llv”il‘rl‘l “I.”.l"
.

-

BEDWE explik(z — ct)] LEVVTHS
—)I-5TSRE
777 2 1.0'@—' ; ”

.
.
.
R
.

-10
0

.-_._ooﬂ

8 1

- - -

02 0 1.57 314 :
- o Ty Trrr Trnn LB LB T II"r".']"'T
i I | I | | | | ] X of

[ 1 Kelvin B=KR&E& T IFI=YLEA ;

i Al
- e e N - A
- /] - . s

. F .

- . AN S - - - = g
e
sl :

i { 9=07%FDTEAK?

]

1.05
(AN BEIZEEERANTILNT X
ZDE—FRIEbpAEMERIZE>TEMBKelivnE—FEFATEKLY

BEASINT-C&IE. 2D k=0 IZE S KelvinE—F (R FHE—F) (L.
k Satomura 1981 M E%E TIXFEEL ALY



ou

ot
ov

ot

VT —AREDEE

(HT=YFITENDT=ECA 4

 ORE—KABEET S (EBOND) LT —FRREIZ[ERET 50
SEA R X A ST=DT. [ KD LIS 525

_|_ u% _|_ v% —
Ox Oy
Ov Ov
Oz Oy
Ov
3_y 0.
oY

flyv=

t+u—+v—+ fly)u=

_%

v_(?:c

1 Op

po O
1 Op

po Oy

B

Y

_of
= %

==
FE )

RAOVEZIELN?
E &
'u,=U(y),'v=0 d_z_ 2).,/ ,B—Uyy i
»(M )= °

DigHREEIL
¥ — P explik(z — ct)]

RS Uly) —c=0

EFE—F Ve | Upin < ¢ < Unax



% _ Tl 1@8% &5 | (overreflection)

77— RO REMEEOBE R SIEE T 52 ETEEE

HEH&ELT-
« O —AREILIBEIRE I HKTE

Lindzen, R. S., 1988: Instability of plane parallel shear flow (toward a mechanistic
picture of how it works), PAGEOPH,126(1), 103-121

e Orr *H=X L (Orr 1907)
c c=UtLi2BES (BREB)ZHRATROEE TEAEEN IR

o KIFETHEKL

s HERZBEBRTEHONRMNR

- NEENENHZEILRI<L1/4
« ORE—KIZWKBREYILF-HL\DTHLITHEZRS

« BAKENRIIERBNREZRTLELVDTRLI N RILT S

Takehiro, S.-I. and Hayashi, Y.-Y., 1992: Overreflection and shear instability in a shallow water. J.
Fluid Mech., 236, 259-279.

¥ £



Z &% & 5T | (overreflection)

e Lindzen 1988

U-c:0 B chonges sign
+ ‘

N
| a 15 -2 b 110 c 12
—
O : S =g [
1
I ke N A SR |
a a
- 3 KR bRV | REREL, o |
d \\ L\ ]
yc y| y| \ ~
~
yb \\“ "‘\ I
etc. (Beﬂ : B' Uyy) \\\ :‘k\‘ oL
~

[ 32 Region 11 et >0, U-c>0, Eﬂﬂ_ -k¥ >0 == wave behovior er |
u-c \\ Q | —
B \\\ :\L I H
Region 2@ Beﬂ <0, U-c>0, =L kB <o == exponential \\\\\ —

/ y-c behavior RN \L\ |

) Region 3* Befr <0, U-c<0, Beit _ 42 50 == wove behovior k . 1

T = 9O R 26T e« MR U-c
Cq € 2T

Region 4 Possible exponentiol behavior depending on behavior of
U and choice of k.

Orgr, W. M. F. (1907), The stability or instability of the steady motions of a perfect liquid and of a viscous
liguid, Proc. Roy. Irish Acad. 427, 9-138.



ST —FREDEE EHEE—F DKL

c ARE—KMEET L (EBHONDG) U7 —FREIZIEXIET S
ILENRZAGED =D T, NEOHRIE IFERAFEZLGLN?

SEEEICIRZ IR Z 5K
- FEEX
lga, K., 2013: Shear instability as a resonance between neutral waves hidden
in a shear flow. J. Fluid Mech., 715, 452-476

« PILEAERE—RCEIN TRAGGOTLE DI ERELGENDTRAS
FOITLTRNIE KLY



VT — A EREDEE
BEERRIICIR A LR 2 5 &L 4a (Iga 2013)

l

IR

Q

FIGURE 7. A method to open a small window region in the basic state. We make the velocity
profile of the basic state linear, or make the potential vorticity profile uniform, only in a very
small region y; < y < y,: with this modification, neutral waves can exist inside this window
region.

1.0

0.5

0.5

1.0

[ T S

T T [N S S A 1N [N N S S

2

o b



VT —AREDEE

« REFEBROMBEIERA
 Iga WX E TIET=WLV S hhoF=TE
T —AREITEODHEEERMBIRTEIZAS
« SRITTATHEL, F=EAEKelviniREORE —IK
e Sakai, S., 1989: Rossby-Kelvin instability: a new type of ageostrophic instability caused by
a resonance between Rossby waves and gravity waves. J. Fluid Mech., 202, 149-176.

s V7 —AEREDFHIIHEERAIIREZALEN
- BREBHIITSATHETAIRILF— EEENRET HENFE
s REARTHEHIRILE—OEFHEORELZELDD
RETES
- BREZEATEELRS
o WKBAHEHET HDLOLGIETHAHEMHE
« BELIXNRITESTH KL
o FAMEMNNKIELTECGEE .. EZ ANSEARAREIL

e Poiseuille & ?




VT —AEBEENT (")

- BHBEHBFEELOLEVEVFRETE GEfiE—FDEIR)
« ARVWEIRE (by:BHHED
« RBNZOEN, —DEH DI
o EHRE—FvsRUED. FBRIFTHRITIRLTIALD TIEE B S F = (HIBHZE) LAWY
- BRETORINAEFES=EDEFHETEHRE—FNRIL TEDEFHEDKNE DML
* Case, 1960: Stability of Inviscid Plane Couette Flow. Phys. Fluid, 3, 143-148
o A3 TéHhHCouette jildt?
e Thorncroft and Hoskins, 1990: Frontal Cyclogenesis. J. Atmos. Sci.,47, 2317-2336
s MIRIUA—TA—BEDRERTLE



VT —AETEDRIH:
S - f&%)"f‘ﬂ]?b\l,\_t&')h;h

e K. Takano, 1989: On the Mechanism of Overreflection of a Barotropic Rossby
Wave. J. Met. Soc. Japan, 76, 191-203
« U-C=0 &Qy=0 DHI EFEFRERENSTH
s FFGEERITERENGERMN?
« FHEM A5 E DFER
* Poiseuille RDAZTE
Linzen1988IZRE &k (L8 H M K<IIGETE TALY

c T ENDHBEIEIKRED R AR
o HENZLDIEENEHEKelvin-Rossby R ETE ?
o FRILIRENSREVTYTENVATESLMN?

« EARMIZQ=0lT38WME T &t ?




4. XTI
c hEBNIAIZERET S

Nakajima and Matsuno, 1988 : Numerical Experiments Concerning the Origin
of Cloud Clusters in the Tropical Atmosphere. J. Met. Soc. Japan, 66, 309-329
. SOERSIKET LB, FIBSIC. KSSAER T EERT) fEH EN T
ALK TEL:
c BEFND (G THL?)ZKDE VAL —L 3V EGBICEME—DORRE
D ERBCHRIZE B
« CAICHLT, XMit/EBDOMEtISIRICEDENIBEZETRE I HLETH%E
B52RFTRIZRELT, AhUIZ, REBREA£=1T
« MBFFSADHEE? BIADRE"?
o EINE, LRTRS R FEEBEORRATEB 2T RABEE DL A ELIZETEIC
BTHZS
« MIERK/N\SAFTOREXF RO LR TREOIEXTH
S>KEENED




(i) X

g‘f”"’ CASE NR QvRP T: 51 K
10.2
0 — : =

o 32 64 86 X (KM) 128

I'ig. 2b. Same as Fig. 2a but for mixing ratio of water

vapor.
Z(KM) - CASE NR PSI T: 511 H
15,1 1 :
3 :
s
° H <
: v i
O AN X -3
A N
A E I itk
wig > i
10 ' = e
N i\\'}‘ N t
i) “F '
v I . . I
. (I
S6 X (KM) 128

Fig. 2d. Same as Fig. 2a but for mass stream function.
Contour interval is 2000 kg m-1s1

BT BT EMBEFELLL

zxm)  case R PS]
15

zkm  cpse R OVAP 1S H - 27 H MERN
HoR!

1C.2 1
i i

128 389 ykmy 512

Fig. 4d. Same as Fig. 4a but for mixing ratio of water
vapor. Contour interval is 1 g/kg.

1S H - 27 H MERN

L.

T

10,27

ecl ~o e ™ !
1SS
2'4: ~ / 4
i S
5‘::::::::::::—‘f” ° - - -?Ei
ox -
o 128 256 384 512

X(KM)

Iig. 4a. 12 hour averaged mass stream function in the
X-Zsection in casc R. Contour interval is 500 kg

1l
e %5

Nakajima and Matsuno 1988

Zl‘::“' CASE RD QVAP T: 45 H

o 28 256 384 X(KM) 512

Fig. 7. The mixing ratio of water vapor at T=45h,
Contour interval is 1 g/kg.

24 H - 36 H MERN
'VU"’W” VS

\-\v\ B T

KM case RO psi
51 4y Ty

10.2

oy

i \‘\‘\\\
\\\\ o

3 /,2 \)

- 4 //

256 384 X(KM) 5i2

Fig. 6. The 12 hour averaged mass stream function in
the X-Z section in case RD. Contour interval is 100

misl,
" M3 - MRS Y



Nakajima and Matsuno 1988

case R precipitation (mm/hour)

512
M

)
\

e — I

TTTTeS ey T rse” T T T

o

f‘}'

X(km)
256 384
A AT TA A My A
2}& ! P’\{"U\ f\\‘ “1\ f} 3\. H\‘p\; !’, ‘)\“"\(\ T

i
\

i

TP

128
}

Bl

A
|

i

!

)

i!

12 18 24
TIME (hour)

IFig. 3. Time cvolution of the horizontal distribution of
precipitation intensity at the surface in case R.
Contour interval is 40 mm/hr. The maximum value is
193 mm/hr.

o
(o]

case F precipitation (mm/hour)
'r:-! A A d
[} =&
—— - =
= o= = <\—;—:¢ 5% i St
T -
< S <
S — ¥ T e _ —
2 — 49 et —
—_—— e ]
39 35 —_—
=3 .
~ E— =
£ w© AT
; [tp) = ——
~ O —
> —— -
yv
=== —
=, s s 217 ~ ==
3 —— .—_r_,—,__-u,’:’""
— —, 45— Sy
. —
| —— .
N 2—"'—=~:__"—f‘-<;gs
—_
0 12 24 36 48

TIME (hour)

Fig. 8. Time evolution of horizontal distribution of
surface precipitation intensity in case I'. The
maximum value is 73 mm/hr.

EELANDE

X ¢ 353 - Uug KM TIME = 27.5 HR

S 7z
n

(KM)
foo q

6.0

24

L R——
0]

PST COLD ARIR (DTH<Q)
X : 353 - 4u8 KM TIME = 27.5 HR

: - ey
RH: 33 -932%

GLI9>1.£-4

[ig. 10b. Quter boundaries of clouds at the same time
as Fig. 10a defined by the contours of 0.1 g/kg total



IHE—RITETILE
Nakajim, Abe & Hayashi 1992
* GCM (B BEDEHEES>GCMEARZTIL XY 5 =14 xt iR F &

A= cAICEA N Z - I ZE T B S
Ab = ~ 7ok LE =5
Ao
Fir "'
(Wint | a b
10 LI L B A L L 10 T T T T T T
2
10 - 108 F
l()3 — — 3
10
= w
I~ -1
2 10 Z
g "r ] Z w0l
5] e
& -4
o s A
10° - 08 F ?
¢ Ts= 250K 300K 350K TS =a5u 300'( 350K
10 10 F 400
450K
, S00K.
100 500K — 107 }_
Ts (K] \
10 ||.11|11|J_l11||l|11|I1||| loK P [ 1 1 1 1
FIG. 6. The relationships between T, and F,mehen Drois changed. 0.0 1000 200.0 0.0  400.0 0 B 6 5 4 33 1
F,*mo, for the case of the saturation water vapor atmosphere, the . : . 300. 00. 500. 07107 10 10 107 100 10° 107 LO
blackbody radiation ¢T'§, and the Komabayashi-Ingersoll limit are TEMPERATURE [K) MOLE FRACTION

also indicated. )
FIG. 4. The relationships between p and (a) T and (b) x,.



SRE—XRTETILEZE (EEESTTIL)

—

 (EBRIEBIETIL

e Satoh and Hayashi 1992: Simple cumulus model in one-dimensional
radiative convective equilibrium problems. J. Atmos. Sci., 49, 1202-1220

Zrf-
Sarachik 1978, 1985,
Lindzen, Hou, Farrell 1982
Y @E%
(0]

Fi1G. 1. Schematic cumulonimbus convection (left)
and the cumulus model (right).
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Figure 1. Horizontal cross sections at 62.5 m height of (a, c) vertical velocity, (d) vertical vorticity, and (b) three-dimensional structure of vertical vorticity in the LES:ET )l/
5 m resolution run at 14:30 LT. Figure 1a displays the entire domain of the simulation, while Figures 1b-1d represent the 1 km x 1 km subsection of the domain
denoted by the rectangle in Figure 1a. The depth of the region in Figure 1b is 300 m from the surface, Left and right color bars correspond to vertical velocity SCALE'LES

and vertical vorticity, respectively.
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Fig. 2 Morphology of the observed and the simulated planetary-scale streak structures. a Edge-enhanced image of Venus' night-side obtained from the S& 0) — _|;~
image in Fig. 1; see Methods for the edge-emphasis process. b Vertical velocity at an altitude of 60 km simulated in STD after 3 Earth years (about 9.38 AF E - 71
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