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ABSTRACT

Analyses are made of all terms in the vorticity equation for the atmosphere at low latitudes by using
the scale analysis theory, with the result that for synotic-scale motion the baroclinic term, i. e. the twisting
term and the vorticity vertical-transport term, approximates in order to the relative—vorticity advection,
divergence and @ term, With intensified atmospheric disturbance ratios of the gterm to others become
smaller while the others stay in more or less fixed proportions between them. This statement has been
confirmed by the results of 22 typhoons calculated covering a large area in low latitudes. Besides, the baro-
clinic term for the genesis and development of 6 typhoons over 1979—1980 is calculated and the results ob—
tained show that it has significant effect. Finally, the baroclinicity is shown not to be ignored in dealing
with synoptics and dynamics of synoptic-scale systems such as typhoons and easterly waves.

I. INTRODUCTION

It is believed that the low-latitude atmosphere has baroclinicity little enough to be
completely neglected and is viewed as being barotropict). Yet R. W. Reeves et al. {1979)
indicates that results acquired through study of local precipitation over the tropic Atlantic
are somewhat incompatible to the traditional hypothesis'”). Based on the scale analysis of
vertical motion and temperature fluctuation of the atmosphere, Cao and Wu (1980) show
that only when the tropic circulation has considerably large zonal scale can its motion ap—
proach a barotropicized state and quasi-barotropy can hardly exist when the meridian scale
is close to the zonal one®! . This paper is deveted to a further study of the baroclinicity
of synoptic-scale motion and demonstrates its importance by a great number of calculation

facts.
II. THE NONDIMENSIONAL EQUATION

For a friction—ignorable adiabatic system the vorticity equation can assume the form
2G+O=—VVG+D-GHOTV
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For a low-latitude region

(f+Lv-¥=Ev-V,
from which Eq. (1) can be rewritten as
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Introducing characteristic scales and supposing that the system has the same distance and
speed scales in longitudinal and latitudinal directions, we have

x =L%E, y =17, z =HZ, p=pP3a,
{ 4 =la, v =Up, o =&, { =& (3)
¢t =T, B =BB, }=Ff, D=2D,

where tilde—over letters denote dimensionless quantities with the order of 10%, and &, g,
Q.L U H, P, T, Band F represet the respective order of divergence, vorticity, vertical
speed, length, speed, altitude, pressure, time, £ and £ For simplicity we assume that in
this system
A,QiAyQtf_\me—Q )
Af=Apé=A,E~E.
Putting (3) and (4) into {2), we have
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Ay and D, denote orders of the relative-vorticity advection and divergenece term,
tespectively, ¥, of the vorticity vertical-transport term and T, and B, of the twisting and
g term, separately, And it is apparent from (5) that expressions of these orders are as
follows:

5y Di=E£°
{8)

1. COMPARISON OF THE BAROCLINIC TERM TO OTHERS

1. Comparisons of the Twisting Term to the Relative Vorticity Advection, Divergence and
£ Term
From (6) we get

A =1pP/ L “pg-
The non-dimensional continuous equation is in the form

Q 26 B2 B8 _
o+ (o~ o )70
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where the expression of the characteristic units is

9] ;
o~ (85
Putting (8) into (7} gives
Tu _#£
Ad &7
and for low-latitude regions we assume
&~k
which, when put into (8), gives
Tw a .
~:4d'~10 , i.e, To~dy, {10
which indicates that the twisting term is close to the relative-vorticity advection term in
magnitude.
From (6) we can obtain
T, 20U
Y AT an
and from (8) it becomes
T, U
D, = tL- (12}
For a system of synoptic scale L and U can be assumed to be
L~10°ms U~10' m 571, (13)
For the atmosphere at low latitudes £ can be taken as
E~107F 571, (14)
Substituting (13) and (14) into (12) gives
Tw o . '
*D—‘.'NIO i.e. Tu~1l, (15)

which implies that the twisting term is close in order to the relative vorticity divergence

term.
Also from (6) the following expression holds

Ty Q
B, “LBP" (16)
Inserting (8), (9), (13) and (14) into {16) and assumingl¥]
B~10""5"'m™", (17}
we get
—T—“’~10°, i.e. T w~Bos (18)

which signifies that the twisting term approximates roughly to the £ term in order.

2. Comparisons of the Vorticity Verticol-Transport Term with the Relative Vorticity Advection,
Divergence and B Term

From (6) it can be obtained that
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and putting (8), (9), (13) and {14) into {19) gives

~Z:~10°, ie.  VidAas (20)
and that

V., £ 2

b P"g"/ D)= ps (21)
and substituting (8) into (21) gives

13" ~10%, i.e. Vo~ (22)
and that

Ve &

4=~ /B, (23)
and inserting (8), (9), (13), (14) and (17) into (23) gives

b ~10°, i.e. V~8B.. (24)

o
These mean that vorticity vertical-transport term approximates in order to the relative-
vorticity advection, divergence and £ term.

IV. THE BAROCLINIC AND g TERM WITHIN THE REGION COVERED BY A SEVERE
TYPHOON

The region covered by a severe typhoon is marked by strong winds. Sometimes the ex~-
traordinary typhoon has a maximal speed of about 100 m s~' near its center. Hence we
assume the order of wind speed in the typhoon ares to be

J~10* m s™*,
where k=2 is for the typhoon with the maximal speed of over 50 m s~! near the center and
k=1 for ordinary typhoons.

Using (8), we have

"B. ~PLE~ BL" (28)

In accordance with the definitons of divergence and vorticity the expressions of their orders
are

u U
B~7y  E~T (26)

Puiting (26) into (25), and from (13) and (17), we get
Te
B

~10571, ' (273

Therefore, over an extraordinary-typhoon area with wind speed of over 50 m s=!', U~10?
where k=2. Then we have

";,"wlo‘, i.e. T,>B.. (28)
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For ordinary typhoons k=1,

g“’fqoa ie., To~B,. (29)
Employing (8) and (26), we obtain from {23) the following
Ve _&E U
B, TBU " LB (30)
From (13} and (17) we have
¥, -
*B“"*vlﬂ* ) (31)
For a strong-wind region of an extraordinary typhoon, where k=2,
4 . .
B:»—vmf, e VF,>8as (32)

and for a usuval typhoon, where k=1,

'%:—'vm“, le ¥V.~B.. (33)

[t is shown that within the strong-wind region of an extraordinary typhoon the baroclinic
term may surpass the S term in order.

It is found in the same way that the ratio of the baroclinic term both to the relative—
vorticity advection term and to the divergence term remains more or less constant, without
varying with the wind speed of the systern.  This means that their orders and effects are roughly
close to one another. Thus, it is clear from the above analyses that the 8 term shows
decreasing effect with intensified disturbance. It must be noted here that only in synoptic—
scale, longwave and extra-longwave motions is such behavior of the g term one of the
principal features of low-latitude atmospheric motion®**9,

V. CALCULATION RESULTS OF ALL TERMS IN THE VORTICITY EQUATION IN THE LOW
LATITUDE ATMOSPHERE

The data are used for calculation of 22 observational times from an area covering 90°—
155°F and 5°8—35°N and calculation results involve 100°—I45°E and 5°—23°N. In the
calculated region there occurred 8 severe typhoons whose maximal wind speed>32 m s¢
near the center, § ordinary typhoons (18—32 m s7?) and 6 typhoon—free occasions when
tropical depression activities took place locally. These three categories refer to intense
disturbance, disturbance and stable state of the atmosphere, respectively. The data are grid
wind data and ¢ is computed by the continuous equation and then the resulis are corrected.
All terms for the 500 hPa level are evaluated by using data from the surface, 700- and 500-
hPa maps. For the sake of analysis and comparison the arithmetic averaging is performed,
according to observing times and terms, of absolute values of all the terms obtained through
calculation for each grid point to give averages, as shown in Ref. [4].

The table indicates that:

(1) For the low-latitude atmosphere the vertical transport term and twisting term are
both close to the divergence term in magnitude, about half the value of the advection term
and roughly one third the value of the g term, hence it follows that the baroclinic term
cannot be neglected.
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Table 1. Averages Obtained through Calculation for Fach Observing Time and Total Means for the

v— Three States of the Atmosphere at Low Latitudes
L | | [ R —
Atmospheric ||’ ol |7'“_';iry‘¢| N D 'T ol wl £ (P 0 (Ba( [Ba] (B l (Bl
State o 1 um | ,1 .;|+|D-||!Ad!} 1D } Forh
Intense l/ | T "7"7_-_ S 7"—‘ [
’ 0.88 | 0.59 | 0.46 | 0.42 | 1.05 | .59 | 0.53 | 0.48 0.61 1.22 . 1.78 | 2.28 | 2.50
!— Disturbance I
Disturbance 0.47 [ 0.22 1 0.25 | 0.20  0.78 ] 0.47 | 0.58 | 0.43 0.65 1.66 | 3.55 [ 3.12{3.90
e e | —— - | S I R
Stable 0.37 ' 0.15 | 0.18 | 0.15 | 0.69 | 0. 41 | 0.49 | 0. 41 ' 0.63 1.86 [ 4.60 | 3.83 | 4.60
] e | L
Average* 9.57 | 0.32 ) 0.30 | 0.26 | 0.84 | 0.56 | 0.53 ! 0.46 } 0.63 ) 1.47 | 2.63 | 2.80 } 3.23

*Ratios for the average regime are obtained by calculating averaged values of each term, whose pnit is
10-10 g-2,

(2) The baroclinic term becomes larger when a typhoon occurs within the calculated
area. In general, the more intense the tempest, the more considerable the baroclinicity is.
For all these atmospheric states, however, no great difference arises in ratios of the baro-
clinic term to the advection or the divergence term; the ratio of |7,| +|V,] to | Ayl

+1D;| stays more stable, over the range of 0.61 to 0.65.

(3) The more stable the atmosphere, the smaller the value of divergence is. For the
stable atmosphere and that of normal disturbance, divergence vaule is about half that of the
advection and roughly equal to the vertical transport value but slightly less than that of the
twisting term.

(4) The £ term is the greatest of all, manifesting itself one of the main characteristics of
the low-latitude atmospheric motion. The less stable the atmosphere, the greater the A value
becomes with increasing. On the other hand, as the instability grows, other terms increase
more quickly because of the faster motions, vertical and horizontal. This leads to the fact
that the 2 term grows relatively slowly in terms of its ratio to others, The table summari-
zes results over a large area.  As we expect, if the area is limited only for typhoons, the vatue
of # will not be necessarily larger than those of other terms.

V1. THE SIGNIFICANCE OF THE BAROCLINIC TERM DURING TYPHOON'S GENESIS AND
DEYELOPMENT

The 1979—1980 data of 10 observing times from 6 typhoons are used for computation
with the longitude-latitude grid distance being 4 x4.  Others associated with the calculations
are the same as part ¥ . The results obtained are for the center. Strictly speaking, the center
has small (almost zero) wind speed, and therefore only relative—vorticity divergence, twist-
ing and vorticity vertical-transport terms are caleulated, For simplicity, averages of absolute
values of all terms are given and the correlation coeflicients are found of values of all terms
with changes in vorticity in the typhoon’s center for the next 24 hr, Such correlations (de-
noted as R) can be obtained by '
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Z(z ~2)(Q- 0
R= ‘=

1/2 (Z,—Z)- Z(o @)*

where Q,; is the change in vorticity; Z, represents D,, T, and V, of all samples; m=10,

Table 2. The Mean Absolute Values of D, , T, and ¥, and the Correlation Cocfiicient &

| D, T. V.
Mean Absolute 0.44 0.29 0.36
Yalues* (1g-2s-z (10-s7% {10~z 57%)
R 0.87 0.69 0.82

Table 2 indicates main calculation results, which have the following implications:

(1) In the case of magnitude the twisting term is the smallest and the divergence the
largest of these three, which are, however, of the same order.

{2) These terms have high correlation with the change in relative vorticity of the typhoon
for a short period of time in advance but that for the twisting is slightly low, chmheless
the correlations among the three terms are essentizlly close to each other.

(3} The effect of vorticity vertical-transport and twisting terms are significant and
therefore cannot be neglected.

it must be noted thai the above results may lack high represemaiiveness because of the
data only of 10 observing times from 6 typhoons. It is the limited number of data that
keeps us from more caiculations.

VI, SUMMARY

(1) For the synoptic—scale system at low latitudes the baroclinic term is close in order
to the relative—vorticity advection, divergence and g8 term, their effects being almost identical
except that the baroclinicity has smaller value.

{2) With intensified disturbance of such systems the £ tesm is decreased in its ratio
to others and in an extracrdinary typhoon the value of £ is probably smalles than that of
the baroclinic ierm and others.

(3) During typhoon’s genesis and development, the baroclinic term is close in valoe to
the others. They are in more or less positive correlation with variations of intensity of a
typhoon.

(4) For the systems such as typhoons and easterly waves, the baroclinic term shows
effect too considerable to be ignored.

The author wishes to express thanks to Prof. Wu Rongsheng of Nanjing University for his valuable
guidance.
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