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A Tentative View on Development of Tropical Disturbances

Nobuyoshi Shimizu*

Meteorological Satellite Center

Abstract
Tropical upper tropospheric synoptic-scale wave disturbances, mostly caused by

cut-off lows, induce corresponding lower and middle tropospheric disturbances prefer-

entially in the region of vertical easterly shear. These synoptic-scale waves develop

due to dynamic instability of the vertical shear of the tropical atmosphere.

Cloud cluster-scale motions develop spontaneously in the core regions of the

synoptic-scale wave disturbances.

The upward motion decreases the moist static

stability and is , in turn, intensified by the decrease of moist static stability. This

recurrent process eventually produces a warm core in the convectively unstable layer.

The intense upward motion induces cyclonic vorticity at the lower levels and anticy-

clonic vorticity at the upper levels of the troposphere.

1. Introduction

1.1 General

The question of what produces typhoons
has not yet been answered clearly in spite of
many years of works by many researchers.
Resolution of this question is necessary for
synoptic forecasters to issue reliable warnings
about potential disasters. This paper, therefore,
presents a tentative view on the development of
pre-typhoon tropical disturbances which may
aid in the study of typhoon.

Extensive classical works have been revi-
ewed by Yanai (1964). Many synoptic features
of the background environmental fields respon-
sible for the development of tropical distur-
bances have been clarified by observational
studies by Yanai (1961), Reed and Recker (1971),
Gray (1968,1978), Frank (1977), McBride and
Zehr (1981) and Lee (1989).

Numerical simulations of the formation of
typhoons in convective unstable atmospheric
conditions were not sufficient due to sensitivity
of the governing equations to cumulus-scale
motions (Kasahara 1960, Syono 1960). To over-
come this problem, the idea of Conditional
Instability of the Second Kind (CISK) has been
successfully utilized in theoretical numerical
models since it was first introduced by Charney
and Eliassen (1964) and Ooyama (1964). How-
ever, CISK uses the initial disturbance as the
basis of its calculations. Its genesis and the
mechanism of CISK require further study in
synoptic fashion to understand the development
of tropical disturbances.

1.2 Some aspects of environmental fields for
tropical disturbances

Figure 1 is reproduced from Gray (1978).
The top and bottom figures, taken from his fig.
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Fig.1: Smoothed wind field at 200 mb (top) and at the gradient level ~ 950 mb (bottom) during July through
September and cyclone origin locations for 20 years (middle), reproduced from Gray (1978).
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regions of hurricanes and typhoons are com-
monly characterized by the easterly and north-
erly components at 200 mb and the westerly
and southerly components at the gradient level.
The background large-scale fields are not bar-
otropic but are baroclinic though the horizontal
temperature gradient may not be large because
of small Coriolis factor.

Table 1, taken from Lilly (1960), shows the
values of dry and moist static stability oy and

ow for the mean hurricane season tropical atmo-

275 19935128

sphere. Since the wind fields over the typhoon
genesis region are very similar to those over the
hurricane genesis region, similar moist static
stabilities to those of Lilly (1960) may be obser-
ved, as evidenced by Palmen (1948) and Kasa-
hara (1954). Mean upward motions considered
to be related to winds over the western North
Pacific and the western North Atlantic tropical
areas seem to cause similar moist static stabil-
ities over both areas.

Figure 2, taken from Gray (1978), shows the

Table 1: Values of dry and moist static stability for the mean hurricane season tropical atmosphere, after
Lilly (1960).

Pressure (mb.) 7¢(10-3m.2mb.-2 sec.~2) o w(103m.2mb.~2 sec.-?)
6.04 —9.96
9.24 —8.00

12.95 —5.81
14.85 —5.54
16, 87 —5.40
18,26 —6,04
20.7 —. 58
24,6 —-3.31
28.2 —4.06
32.0 —2.32
36.7 -1.30
39.0 4.02
39.3 8.17
42,1 17.92
43.3 30.3
104.2 96.9
164, 159
344, 341
788, 784,
1837. 1837.

O I l | g
g
:E -2 E | él
o WINDS | Fod.
S l4 ! -
Ny I gl |
| I |
% 2 |
% - 6 | '3| |
] ! | E
& |-s é{ WINDS
- ]
10 | !
A C D
f T =
Eq. IO°N 20°N

Fig.2: Schematic north-south cross-section of zonal winds relative to the position of a doldrum or monsoon
equatorial trough showing easterly shear to the south and westerly shear to the north, reproduced from
Gray (1978).
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north-south cross-section of zonal wind in the
vicinity of the typical typhoon genesis location.
Pre-storm cloud clusters tend to be located
close to the north of the doldrum trough, south
of which is characterized by lower tropospheric
westerly winds and upper easterly winds.
Therefore, vertical easterly shears are evident
in the equatorial latitudes close to the typical
genesis location. Pre-storm cloud clusters are
located in regions that are almost calm with
little shear, although the ambient wave distur-
bances are influenced by the appreciable verti-
cal shears.

1.3 Some aspects of synoptic-scale wave distur-
bances

N, T and S refer to the ridge, north wind,
trough and south wind of the wave defined by
the lower tropospheric structure of the mean
wave respectively. The meridional wind speed
of about 2.5 m sec™! seems characteristic of the
wave disturbances that traversed the area
located around 10°N where f =0.25x 10~* sec™!.
The horizontal characteritic scale Ly is taken
as ~ 1000 km by assuming a quarter of the
mean wavelength, as has been suggested, to be
3800 km. The waves are finally characterized
by the Rossby number given by

-V
R°*fLH 0.1 1

This Rossby number is one order smaller than

HEIGHT, km

0

PRESSURE, mb

Fig.3: Composite diagram of meridional wind speed (m sec™) for
the network of Kwajalein, Eniwetok and Ponape. The letters R,
N,T and S refer to the ridge, north wind, trough and south wind
regions, respectively, of the wave as defined by its structure in
the lower troposphere, reproduced from Reed and Recker (1971).

Figure 3, taken from Reed and Recker
(1971), shows a composite diagram of the merid-
ional wind speed (in m sec™) of the synoptic-
scale wave disturbances that traversed the
equatorial western Pacific triangular area de-
scribed by Kwajalein, Eniwetok and Ponape
with an interval of 5 days and an average wave
speed of 7° of longitude per day. The letters R,

what has been used since Charney (1963)
because different V (~10m sec™?!) and f (~0.1 X
10~* sec~)have been used for the same Ly. The
latter estimation R, ~ 1 seems unrealistic
because disturbances with such strong winds
(~ 10 m sec™*) are rarely observed in the area
around 4° N where f ~ 0.1 X10 *sec™! is valid.
The Richardson number is defined by

— 10—
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_ AR
Ri=ow/ (a_p) (2)

The vertical variation of the meridional wind is
about 3 m sec™! in the lower layer from 1000 mb
to 500 mb. The Richardson number at 750 mb
of the lower layer is estimated as R; ~-150 by
assuming ow=-5.4x10"%m?smb~%+sec™? from
Table 1. Similarly, Ri at 250 mb of the upper
layer is estimated as R; ~ 300.

It is now possible to assume that the tropi-
cal synoptic-scale wave disturbances are char-
acterized by | RoR; | > 10 at 750 mb and 250 mb
and quasi-geostrophic approximation is used in
the vorticity and divergence equations at these
levels.

The pseudoadiabatic process provides a
good approximation for the moist disturbances

rig= S (] [ 0 O 0

Fig.4: Infrared picture of GMS at 00 UTC June 10 1979. Cirrus streak along W~X~Y~Z s

and the pseudoadiabatic thermodynamic equa-
tion is applied at the 500 mb level. The moist
static stability plays an important role in this
The hydrostatic
assumption is valid for the synoptic-scale wave

pseudoadiabatic process.

disturbances according to Syono (1953). In this
assumption, L, <Ly is required wheve L, is the
vertical characheristic scale.

Figure 4 is a typical picture taken by the
Geostationary Meteorological Satellite (GMS)
showing excitment of upper tropospheric wave
disturbances by cut-off lows like the one
labeled C in the mid-oceanic planetary trough.
Anticyclonic vortexes of the upper tropospher-
ic Sub-Equatorial Ridge (SER), south of the
wavy streak of cirrus, are intensified by this
sort of cut-off low. Shimizu (1983) has shown
several waves of this sort propagated westward

‘s

- . ’ i “'4?‘ %

uggests an

upper tropospheric synoptic-scale wave likely caused by cut-off lows such as C.

— 11—
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existence of synoptic-scale wave disturbance. Mesoscale cloud clusters S (later tropical storm 19 Sarah
1979) and R (later tropical storm 18 Roger 1979) are coexistent near the centers of the cyclonic curvature

of the cloud band.

from mid September to early October of 1979.
The wavelength and the period seemed to be
about 2000 km and 5 days, respectively. A
typical I'TCZ wave disturbance shown in Figure
5 seemed to develop in response to upper
The horizontal

scales of cloud clusters S and R are about a few

tropospheric disturbances.

hundred km and the spacing between them is
about 2000 km. These are two characteristic
scales in this ITCZ wave disturbance. If cloud
patterns are almost quasi-stationary, the dis-
persion velocities of the respective components
should be almost the same.

1.4 Objects of present tentative view
The present view aims at synoptic under-
standing of the genesis and development of

tropical disturbances in convectively unstable
atmosphere with vertical shears of zonal winds.
Particular attention is paid to the possible role
of upper tropospheric wave disturbances in the
development of ITCZ wave disturbances. Com-
bined pseudoadiabatic and quasi-geostrophic
approximation is used for the disturbances in
the I'TCZ as well as hydrostatic approximation.
These assumptions seem realistic and provide
us with an understanding of the development of
tropical disturbances.

Basic equations are given in section 2. The
development of synoptic-scale wave distur-
bances is discussed in section 3 by use of two
level model. Development of cloud cluster-
scale disturbances is discussed in section 4.
Preferential vertical easterly shear over wester-

19—
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ly shear is stressed in the development of tropi-
cal disturbances in section 5. The results are

summarized in section 6.
2. Basic Equations

The equation of state of the moist air with
pressure p, specific volume «, temperature T
and mixing ratio q is given by,

Pa=R.T, 3
where R, is the gas constant of the moist air
and is related to the gas constant of the dry air
R4 as given by

Ru= (1+0.608¢)R.. (4)
Rn is greater than R4 by only about 2 percent
even if q is 30 g/kg. The equation of state,
however, will not appear in the following dis-
cussion, because it has been used implicitly.

The thermodynamic equation for moist air
disturbance in a pseudoadiabatic process is

given by
ad _
(37T V:'V) a-ow=0 (5)

where V is the horizontal velocity, @ the verti-
cal p-velocity, t the time and ¢ the moist static
stability defined by

aalnﬁe

= (®)

where 6, is the equivalent potential tempera-
ture.

The hydrostatic approximation is assumed
and is given by

o, _

ap+a (0] (7)
where ¢ is the geopotential. Disturbances
whose horizontal scale Ly and vertical scale Ly

satisfy the condition that Ly/Ly>1, are consid-
ered under this hydrostatic approximation.

So, discussion will be made on disturbances
which are characterized by Ly ~ 10 km and
Ly = 100 km. Under the hydrostatic approxi-
mation, the pressure coordinates (x,y,p,t) are
used where x is eastward and y northward, and
p decreases upward. The equation of continu-
ity is given by

V-V +g_6;:0' (8)
The vorticity equation under quasi-
geostrophic approximation is given by
Lt v, VE+HHLV V=0 (9)
where ¢ is the relative vorticity, v, is the

nondivergent wind and f, is the Coriolis facter
at the latitude in question. The divergence
equation under quasi-geostrophic approxima-
tion is given by

f,V2—V24=0 (10)

where 1 is the stream function.

3. Development of synoptic-scale wave
component

3.1 Linearized equations

Putting v =U1i +vj, where i and j are
eastward and northward unit vectors, respec-
tively, and U and v are mean zonal wind and
disturbed meridional wind, respectively. We get

two linearized equations on a 8 -plane;

o o, o°¢ oY . dw_
(at+U8x) 8x2+ﬁax f°ap 0, 1
3,10, 0¥y dUdy S _
( +Uax) ap  ap ax+fow—0, 12

and

91n0B,

S=—-A ap

13

where A and @, are the mean specific volume
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and the mean equivalent potential temperature,
respectively, and S is the mean moist static
stability, similar to ¢, in Table 1.

3.2 Linear analysis of motion in two-level
model

An atmospheric model is shown in Figure 6
with a negative zonal wind U, and a positive
zonal wind U; at upper and lower levels 1 and
3, respectively. Therefore, it has a negative
vertical shear AU. A schematic vertical distri-
bution of the moist static stability is shown by
the S ~ S curve which is negative in the lower
levels 4 and 3, slightly negative at the middle
level 2, positive at level 1 and very large at
level 0. The p-velocity e is assumed to vanish
at levels 0 and 4.

AP < ‘u1

v T —3

4

Fig.6: A model atmosphere having vertical easter-
ly shear with upper negative wind U, and lower
positive wind U;. Moist static stability is shown
by S~S which is negative in the lower layer,
positive in the upper layer and slightly negative at
middle level 2.

The linearized vorticity equation is applied
at levels 1 and 3, and the linearized ther-
modynamic equation is applied at level 2. The
actual vertical shear is not homogeneous but it
is assumed to be independent of y (i.e. the
meridional coordinate). The perturbations are
also assumed to be independent of y and are
described by

(—+U1—) —t ﬁg‘f? ip ,=0 (14

w52 5 6 @

(—+U36x) ax2 ax Ap @2 =

(_+Uzax)(¢1 1[’3) AU (¢1+¢3) f (2)2 =0 (16)

where

_U,+U,

U, 7

and AU = (1]

Ui tU
2

Let ¢ be the triggering upper wind distur-
bance at level 1, and v and @, be the corre-
sponding wind disturbance at level 3 and verti-
cal p-velocity at level 2, respectively, which are
excited by .
ber k are assumed for them

The wave forms with wavenum-

¢‘l \III
@s — Qz e ik(x—ct) (18)
Vs ¥,

where ¥, Q, and ¥, are the amplitudes of n,
@, and ¥ respectively, and c is the imaginary
phase speed of the waves given by ¢ = ¢ ,+ic;
where i is the unit imaginary number.

Substitution of Eq. (18) into Egs. (15) — (17)
gives

f

ik [(c—U) k*+4] wl—y‘;m:o (19
ik [(c—Us) k2+4] ‘1’3—1—%02:0 )
—ik (c—Uy) W, +ik (c—U,) W, —28Pg @

fo

For nonzero ¥,, Q, and ¥, to exist,

o B (k*+2?)
«=U: " ot 219 )
_V(42'=kHk*(AU)*—52A" )
: kz (K>+ 2 19)
where
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This treatment is for tropical disturbances
in the atmosphere with negative moist static
stability but is similar to those of Phillips
(1954), Haltiner (1970) and Holton (1979) for
extratropical disturbances in the atmosphere
with positive dry stable static stability.

3.3 Dynamic instability of the vertical shear in
convectively unstable tropics

It is clear that A2 can be negative when S,,
the mean moist static stability at level 2, is also
negative. Actual phase speeds of the wave
components of a disturbance depend on k2, 12
and B as well as U,. The second term of the
right hand side of Eq. (22) , which is referred to
as D here, is dispersive depending on k? at
certain values of A2 and 8. Figure 5 shows that
synoptic-scale wave disturbances with a wave-
length about 2000 km coexist with two cloud
masses, S and R with a horizontal scale of
about 200 km. Their coexistence requires the
condition S,=-0.26 x 107°® m?-mb~2+sec™? as
will be discussed in section 5. Figure 7 shows
the changes in D against wavelength L at 10°N
with Ap =500 mb and the same value of S,.
Waves with L longer than L, (wavenumber kg
satisfies kqs?+ A 2=0) disperse westward. While
waves with L shorter than Lo and longer than
asymptotic wavelength L. (wavenumber k.
satisfies ke2+ 2 12=0) disperse eastward. The
waves in this range may move eastward, if U,
Waves with L shorter than L. dis-
perse westward. The dispersion of cloud clus-

is small.

ters, the scale of which is a few hundred km, is
close to zero. This strongly suggests that the
cloud clusters coexist with the synoptic-scale
wave that fulfills L=L,. This also accounts for
the experimental law that a tropical distur-
bance, being composed of a synoptic-scale

BiliiReE 278 1993%F128

wave component and a few mesoscale wave
components like cloud clusters, are steered by
steering winds at a middle tropospheric level.

D
m/s6 g

1 ] Lo
2 3 4 5

X1000 km

-

—6

Fig.7: Dispersion velocity D as a function of wave-
length L for S, = -0.25 x10*m?-mb~2<sec2 Broken
and thin lines show the critical wavelength and
quasi-stationary wavelength, respectively.

Figure 8 shows a dynamic stability dia-
gram with the wavelength in thousands of km
as the abcissa, and half the absolute value of
the wind difference between the upper tropos-
pheric level (assumed to be 250 mb) and the
lower level (assumed to be 750 mb) as the
ordinate. The same moist static stability -0.26
x 107® m?+mb~2+sec™? as in Fig.7 is used. The
latitude is also taken as 10°N. Unstable waves
are longer than the critical wavelength. If the
moist static stability becomes close to zero,
then the critical wavelength becomes shorter.
This dynamic stability diagram is similar to
that given for middle latitude disturbances in
the standard atmosphere with the positive
static stability as instructed by Hartiner (1970).
It should be noted that the dynamic stability is
apparently independent of the signs of the
moist static stability, the vertical shear and the
Coriolis factor.

—15—
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Fig.8: Dynamical stability diagram for 10°N with S,

the absolute value of AU illustrated in Fig.6.
quasi-stationary wavelength, respectively.

4. Development of cluster-scale
upward motion in doldrums

A synoptic-scale tropical disturbance has
its characteristic cloud cluster in the core
region where winds are typically very weak.
The cloud cluster is a mesoscale disturbance
which is not allowed to grow by baroclinic
instability, as already shown in previous Fig.8.
The mechanism of development of the cloud
cluster should be investigated.

Perturbations in a rest state are described

by

%¥+gkxv+v¢=o ()
and

2 _g,-0 05

L,10% km

=0.26 X107* m*»mb~2-sec™? against wavelength L and
Broken and thin lines show critical wavelength and

Using Egs. (7), (8), (25) and (26), we get

Gt 1) 28+529-0 )
At the top and the bottom of the troposphere, o
is assumed to disappear and is assumed to take
the form
w=0 ent eimx 29

where m is the wavenumber of a mesoscale
cloud cluster and n is the growth rate. Putting
Eq. (28) into Eq. (27), we have:

d2Q
dp?

(n?+1£,2) —m?SQ=0 29
Now that S is a function of p, Eq. (29) is
solved by a difference method using the two-
level model shown in Figure 6, though the zonal
winds are assumed to be zero in the present
case. The following relation is obtained for

nonzero ) to exist:

— 16—
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n:\/_ (f02+¢%) (50)

If the conditionn > 0 is satisfied and any initial
trigger Q, is given, upward motions with
wavenumber m will grow. The wave number m
is not necessarily equal to the synoptic-scale
wave number. For n to be positive,

21,2

S: < T miApy @

must be fulfilled. Let f, ~ 0.25x107*+sec™?, Ap
~ 500 mb and m ~ 3.14x10°* m™~* (L ~ 200 km),
then we obtain the right hand critical static
stability S ~ - 0.005x1073 m?emb~2-sec2. Itis
possible that the actual S, ~-0.26x10"% m?e
mb~2+sec™?, adopted in the previous section,
satisfies the requirement of Eq. (31).

It seems likely that, in the cloud cluster-
scale, upward motion develops due to the verti-
cal thermal instability. This instability seems
sensitive to variation of moist static stability.
If we let do, be its mesoscale variation from S,
we get

0, =S, d0; @

Then we obtain
2
on= —% (Ap)2do, (3

Using Eq. (6) and considering that the equiva-
lent potential temperature is conserved in the
pseudoadiabatic process, we obtain

Se=— G +0) olné, | 90

at ST S B A

Since Iné./dp, ¢ and V * V , are actually small
at the middle tropospheric level, we obtain

80y ~— [? @0t @)

p2

Since [8¢/0p] is negative at p=p,, o, decrease
in association with negative w,. The decrease

of o, causes positive én to intensify «, recur-
rently. This strongly suggests that mesoscale
cloud clusters in convectively unstable atmo-
sphere develops spontaneously if the initial
motions are triggered by synoptic-scale
motions.

The intensified mesoscale upward motion
in the doldrums where the zonal wind U is very
small intensifies the relative vorticity at the
lower troposphere and weakens it at the upper
troposphere in the following manners:

Lo, o
and
%% ~ 2‘; @ &

The intensified mesoscale upward motion
warms the convectively unstable tropospheric
layer according to,

aaz
ot

0202 39

Since the product of ¢, and @, becomes enor-
mously positive, appreciable warming can take
place locally in the convectively unstable
tropospheric layer in the doldrums if a mesos-
cale convective cloud cluster is present.

5. Discussion

According to a well-known synoptic law,
synoptic-scale tropical diturbances have the
steering level in a middle tropospheric layer.
This suggests that the following relations are
fulfilled:

c.~U, and  k%s+1*~0 @9
where U, is regarded as an approximate steer-
ing wind. A wave disturbance can be quasi-
stationary with respect to the coordinate mov-
ing with U, if the wavenumber fulfills the

latter approximation. The corresponding
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wavelength L is approximated by

W= ’
Table 1, after Lilly (1960), suggests S, ~ -2.32
x10™ m’+mb~%-sec? in areas of hurricane
activity around 20°N with f, ~ 0.5x10~* sec™!.
These values give Los ~ 3000 km if Ap ~ 500
mb is used. An ITCZ wave disturbance shown
by Agee (1972) seems to have this wavelength.
While Lgs ~ 2000 km is suggested in the ITCZ
wave disturbance in the area of typhoon activ-
ity around 10°N as shown in Fig.5, then S,~ -
0.26x107* m?.mb~2-sec™? is suggested in this
area. This value of S, was used in deriving
Figs 7 and 8.

Putting ¢ ~ U, + iG/kq where G is the
growth rate, we get

 ke’AU—B—ikeG
Vs 1 PAUT A TikeG W )

and
@y ™~ I-kJ?A—p [_kqszAU+ﬁ+iquG] V’l (42)

Eq. (41) shows the response of 5 to ¢1. The
growth rate G of the quasi-stationary wave
with k=kqs are known if v,(=ik ), vi(=ik ¢) and
AU are given by numerical predictions. Eq. (42)
shows the response of w, to ¥,. The value of w,
is evaluated if AU, G and v, are given. If AU
= ~1.3 m/s, G= ~2.0X107% s (~14 hours of
e-folding time) and v, = ~2.5 m/s are given, a,
= ~130x10~°* mb/s, which is similar to the
vertical p-volocity estimated by Reed and
Recker (1971). If the daily genesis potential of
tropical cyclone is defined by DGP = &-&
similarly to McBride and Zehr (1981), it is given
by

DGP= 2 kzm%w ®
Eq. (43) gives stimation of DGP if AU, G and y»,
are given which is very useful in predicting
genesis of tropical cyclone.

Considering the simplest case where G ~(
is valid, we get

3k* (AUY—p2~0 (@4

In this simple case, it is suggested that the
response of ¢, to 4y, for AU <0 is about 14
times as large as that for AU> 0. Strong low
level winds tend to respond to triggering upper
level winds in the case of easterly shear rather
than westerly shear. The response of w, to ¥,
when AU <0 is about 4 times larger than for
AU> 0. The DGP for easterly shear is about 4
times larger than for westerly shear.

These relations clearly explain why tropi-
cal storms originate preferentially in the west-
ern North Pacific and western North Atlantic
where vertical easterly shears are more fre-
quent due to the Tibetan and the Mexican
Plateaus, respectively. These shears, as well as
atmospheric convective instability, are more
likely to lead to tropical cyclogenesis.

CISK is generally accepted by meteorolo-
gists as necessary dynamic and thermodynamic
process for tropical cyclone formation, but
CISK calculationa are based on the initial
disturbance which has not yet been explained.
which
develop through this dynamic instability may

Synoptic-scale wave disturbances

trigger the CISK mechanism. In this paper, we
focused on the role of upper tropospheric wave
disturbances that are mostly caused by cut-off
lows in the mid-oceanic planetary trough
region.

Dynamic and thermodynamic background
of CISK was explained clearly. A reciprocal
process was found between decreased moist

—18—
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static stability due to upward motion and in-
creased upward motion due to decreased moist
static stability. This reciprocal process clearly
induces a local warm core in the region of
intense upward motion. If we introduce m for
mesoscale wavenumber in stead of kg in Eq.
(41), we get

_m*AU—imG

V5= AU TimG ¥ )

where 8 was omitted in comparison with the
other two terms. It is clear that ¢~ - ¢, if AU
~ (. This inverse phase difference suggests

warm air between them.
6. Summary

A tentative view was presented concerning
development of tropical disturbances in the
western North tropical Pacific area where the
atmosphere is convectively unstable and has
vertical easterly shear. Adoption of realistic
moist static stability and characteristic wind
allowed us to use pseudoadiabatic and quasi-
geostrophic approximation for the synoptic-
scale wave disturbances.

The synoptic-scale disturbances were
found to develop due to the dynamic instability
of the vertical wind shear in the convectively
unstable tropical atmosphere. Preference of
easterly shear over westerly shear was found to
generate tropical cyclones.

Cluster-scale disturbances in convectively
unstable atmosphere in the doldrums were
found to develop spontaneously because upward
motions are intensified by decreases of moist
static stability and the decreases of the moist
static stability are, in turn, caused by the inten-
sified upward motions. This reciprocal process
causes the formation of the warm core of tropi-
cal disturbance. It also induces strong cyclonic
vorticly at the lower level and anticyclonic
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vorticity at the upper level of the troposphere.
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