HEBRET IS HEHTE 6 )

A B A B B Z G AL

&

£

PRAR R P

(RREERT:77. 4. 25 FREEHI 77, 4. 25; 2FEHM77. 5. 2)

]

3

RELBENNRHEMTERBENER - REEFEANAED T, - BMEHRTFEE
M - MEARRBEHE » BMNE TRAREANES » Eady M Charney 3% 1
BRRTARBRTEANRR « EEFREHNE » 8AME Lindzen #5% o £6E At »

B R ERN EEREE 2 MWAR o
B @ 5 MELE FBE

Key words: baroclinic, barotropic, instability

==x/5} B

AREFFENES LA L R—BHEMERE
2 QBRI RIR MR — S DI SRR AR o #e sl
DERELEFKE  BEENARESHRBESEREH
I _LF A TR o RE B TEAG + BEE
F AR RAERAE » 2650 S i b e R
& R B FRERE o SERE 5 BB TR
AR ERRN (Hadley Circulation) o 4
mEREES (Coriolis force) FIfEf » WEEA
KBRS EE BT R » KO E 30°
FERRIEE o £ EEE » BRFEINARES
FEE—BBHED c EREHTEEEREGE
FIRFEBIL » WIEFHERRWIDERESHNHER
HRTIERE » SRR 2 R A B T 4
AR IFR o

SE LBy R AT EE IR ? 2B A R Y
@ F B RTINS BHREMA DD
B (FRse ERETD) CEAHME - BB IE
HF o B EEEARRHARS S AEIHEH
#B1Feh o 42 Charney (1M7)F Eady (1949)
B sE R R » BT B RS ERERSE » 7
BEOEET  THRBSEBKT RERETE
X ARFRERYERASEZEHERSE » Al

EEBRRMBRMETEE - 5—HH Kuo
(14N W E » HFHRBE K TR L EE
FOR: » AR R RER ] DR R B R
EHEK - EERZRMB/EETRE < B—F&
FHE@iRA (zonal wind), 1 » HEERENE
o AELIEN 0 FROABAKFHEERY)
» LR AR N BT IE RN A B
kg o

P 4 58 R A 7 TR AR TR S 8 B Y SRR AR
» A IO AP EE R 4 T BT A R BERYAMAR © 7E

RPN AE B AT IR R L B OB &

MMERER - TEZH » BN BRETRERSE
FAREREARNES » Eady 1 Charney #:%
o TEHE + WM R EBETREME  AREHR
IE B A REA IR 8 2 IR DU o BB —B » HE
15 BB A A o

— > TRENEHF

HEENAREBOREG BT 78T &
TR R R AR R IREY » SR MmNk
BRI LRE - BRMFRARRERSH B
FRRE-LIR B WOR N » T LR A M (R B A A e
TR o ERRBETHIOVELN  RMATLDRRDS
HIEBI R o RIS RAPRGERIETAT LI

— 87 —



TERBAN SR E AT » 78 SN L3E
PO PR e i B R T AT RN F

N ﬁ?t +U_)q+ gi aam 2

X0y oz ERE R RERR MY -
URERRS » FEEHRFRE B E R M
HYEE o & BRBIIRBEKE > A no BETR

HEABRIALE o
_0%% 0% 1 8 0. Bp
=% +6‘y * g, 8z S &z @.2)
fmy _ o _0°U 1 8 4, 8U
By P ey oy S o @
O« BREFBHGE » ARAEANRE . FAISE
mEIBY
B =20 cos ¢o :
_stDz_Lu_ —
S_TUTLT'— L2 (2.4)

N.? & Brunt-Vaisala i€ L » D1 U, 2
T BERBERE o fo RERE b 0957
B2 e a RURHMWEE » L, 2 Internal
Rossby radius of deformation » f (2.4)
BFLEH L ARMHRHEENRE - NE&MR
HREETHEL A E—EEY - SAIRFEAR

8u

E(¢)~ﬂjZTJ' dy dz », [uv By

HERRRE  ERNIREENER -
 HRERGEE BREY = 1T EEE
ERE  AERAEEEERSFR O » R

-~ 08 _ 29
V=05 Y=k ] (2.5)

TR BRNBEREEXTH  FiBFE

I o fMTIHER » BT LVBER R e -
i) g¢ U a9
(gr+ U)oL -2 wo

z=0
EREER » BITEBEEHER

(1) BB —E KT » FiLfE 2z =2, 0 38
FEEGR (2.6) — o

(2) 2 RTEEIRIE o BB B BERASMRE
Y BERE M T R LR o FM RIS R R R e
14 »

Jim [ 4y fg=q

RS OE AR R A - BRI DR BT
HIEEAER o MR (2.1) |LL p, 0%+ R 1Y
U REBETERES » RB— 0535
BRI R R BFIB3

Bo)- [ ay an (55 (55

8¢
By

E(¢) REDRMEST - ¢ 2.9 AMTLLEH
St — T RETAL AR LA I o B S>> 1 0% -
(PREEAESR » MS<T 10 » SrEM LB EE -
(2.8) PHBATRE  ERBATEAT » HABE
TFERKTRBERY  BHRERT ERERH
B hBRRER A EE W AR DI AE T S
BRBRHIER - ARRFALEL » BESEEH
SRS HE » BERRVIR T S5 HEAT o ﬁ% :

— 08U d¢

——uva—y=f(—) (ay ) Gy (2.10)
T A (?f),( 22 )20 21y

() FTRRE ¢ SRE BT LB - (2.8
) 2 (2.10)70 (2.11) HiAnE » SRR T 5
ABBEFRAN  BEESHHAERE ERNHEL
By (phase variation) FALIESF B2

)

_gi %] ............................................. (2.8)
+h,é_(_g%)2J ....................................... (2.9)

IEBERE B AR BRI AR R SBAOBAGRIE o 2 M4 15
(P oI B, A0 5 T T 2 9 1 o B A B 1) P64 ey
' H(2.10) BE @ FMEFRSBKIHRLEHR
R o BB AR EME  AUBEHRAERS
A o

FIERE) » BEABHEERBIER » ST
HEL BT B8 B 17 PO A R A S R T Tz
BEMTRA o RN IE BRMERL » EHYac:
PRELHFEMEARBERE MR REETE
Eo

BIIRA A B —BI AR BTREAEME © &
HEO AU HERERRS ¢

¢ =R, [Py, 2)e' "D (2.12)

k BREDRRAEY » cREE  FIBER - Hc
HIHERRRIERS » 48 (2.12) RAMNEE - BRI IRI

— 88 —



500

0 15 — 10

PERSSNNN Tl s
NN L]

e

=7/ 2 NN Yot
i //

SN
U [ | ] N N\_TAS
A N s /
c 0 5 -5 % \‘5__/ o/
1000 ‘ ;
20  €0* 30° Narth o Soulh 30* s0* 907
Bl TR EE (5UE ¢ Lorzen 1967)
Figure 1. A cross section of the observed zonal winds, time- and longitude-averaged in
northern winter and southern summer conditions. {Reprinted from Lorenz
(1967) ).
[ Uo / Uo(¥)
¢ = const ¢ = const
(a) (®)
B IEERSAREERAEEFBNENERE
()2 IEREAIR BRI 5 (bLRIEEREMmER
(B4 : Pedlosky (1987), E7.3.1)
Figure 2.  (a) the slope of the perturbation streamlines for a disturbance whose Reynolds

stress extracts energy from the horizontal shear of the basic current. Not the
impression that the perturbation is “leaning” against the zonal flow so as to
decelerate it. (b) The slope of the perturbation streamlines for a disturbance
whose Reynolds stress transfers energy from the perturbations to the basic
currents, (Taken from Fig. 7.3.1 of Pedlosky (1987) ).
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Figure 3. The slope of the potential-temperature surface with respect to the horizontal
opens a “wedge of instability” of angle tan™ (dz,/dy,)8.. Fluid trajectories
within this wedge (e.g., the motion of element A to the position of B) will
release potential energy, and a fluid element on such a trajectory will be ac-
celerated away from its initial position. (Taken from Fig. 7.6.1 of Pedlosky

(1987)),
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Figure 4. The basic flow of Eady model.
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Figure 5.
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(A : Pedlosky (1987), E7.7.1

(a) The imaginary part of ¢, ¢;, as function of u = (k% + lf,)l""sz . (b) The real
part of ¢, ¢, as a function of u; note the coalescence at the critical wave
number u,. (Taken from Fig. 7.7.1 of Pedlosky (1987) ).
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Figure 6. (a) The growth rate, kcj, for the most unstable Eady mede, i.., the mode pro-

portional to cos 1'.'ry, with § = 0.25. (g) The amplitude 1®| and the phase x(=)
as a function of ﬁeight for the most unstable wave. Note that the increase of
o with = implies the tilting rearward of the wave with height, which in turn
implies the release of potential energy by the disturbance. (Taken from Fig.
7.7.2 of Pedlosky (1987) )
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Figure 8. The singularity of the stability equation in the complex Z - plane is at the
point Z., which lies slightly above the real axis if ¢; > 0. (Taken from Fig.
7.8.1 of Pedlosky (1987) ). :
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Figure 9. The real and imaginary parts of ¢ as calculated by Kuo (1973) for the case § -+

0. In this figure 13, = Re {5, 15 = Im ¢, where §, =~ 2uc where y is the non-
dimensional wave number. (Taken from Fig. 7.8.4 of Pediosky (1987) ).
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Figure 10. The amplitude and phase of the most unstable mode, i.e., at r=0.5. (Taken
from Fig. 7.8.5 of Pedlosky (1987) ).
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Figure 11. Properties of a zoal flow at 500 mb
that is characteristic of the tropos-
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the observed zonal with u and the
potential vorticity gradient 8 — uyy
yersus latitude. The dashed curve
shows an approximation to #used in
the calculations. (Taken from Fig. 1
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of Lindzen et. al. (1983) ).
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Figure 12. Nondimensional growth rate a¢; and phase speed ¢, versus horizontal wavenum-

ber ¢ for the broken-line representation of a symmetric easterly jet illustrated
by the solid line in Fig. 2. (Taken from Fig. 3 of Lindzen et. al. (1983) ).
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Perturbation geopotential (or perturbation pressure) for the most unstable dis-
turbance to the split-line velocity profile shown at the right. The tilt of the
phase lines is such that it is correlated with —v, i.e., if y points northward, east-
ward momention is carried southward and westward momentum is carried
northward. (Taken from Fig: 13.7 of Gil1 {1982)).
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An Introduction to the Theory of Baroclinic

and Barotropic Instability

Yung-An Lee
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ABSTRACT

This is a brief introduction to the theory of baroclinic and barotro-
pic instability. From energy equation and potential vorticity dynamics,
we discuss the condition for instability. In baroclinie instability section,
we introduce Eady and Charney models, discuss the similarities and
differences between these two models. In barotropic instability section,
we introduce Lindzen model. From this model, we note similarities
and differences between barotropic and baroclinic instability.
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