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ABSTRACT

The mechanisms of the maintenance and oscillation of 1982 summer {ropical 200-hPa mean easterly flow
and exira-long waves are investigated in terms of the energy cquations in wavenumber-Trequency space.
Calculation results show that the difference in heating between land and sea and the boundary effect serve as
the main source of energy: frictional dissipation as the sink: the conversion of available potential energy
into kinetic takes place dominantly in the waves of number 1-2; such transformation is accomplished in
just a small ameunt in zonal mean flow and therefore can be ignored because of the value,

In the intetaction between wave and zonal mean fow, the latter loses its available potential and gains
kinetic cnergy. The tropical easterly belt aver 20°N-5°8 is found barotropically stable and that over 10°N-
525, unstable. The waves of number 2 and 1 manifest themselves a primary source and sink of kinetic
enersy, respectively. in the interplay between waves and between zonal mean flow and wave.

It is found that zona) mean Pow and the waves of number 1-2 have a roughly 40-and 20-day oscilla-
tional period of hinetic energy. respectively, whose primary mechanism is the transfer of barotropic encray,
the conversion of baroclimic energy. and the boundary effect.

I. INTRODLUCTION

The linearity theory accounts satisfactorily for the dampening and developing mechanism
of  smallamplitude waves in the atmosphere. For waves of finite amplitude, however,
the non-linearity theary is of much importance. Fjdtoft {1933) and Lorenz (1960} are con-
cerned with possible mechanistns and dyvnamical processes of the non-linear interaction of
waves: Sallzman (1957) shows thal the energy equations of the atmospheric motion can
extend to be used in wavenumber spuce in terms of the alongside-parallel Fourier expan-
sion. and hence the properties of the non-lincar effect can be explored with actual meteoro-
logical data; subsequently Kao (1968) indicates thal the encrgy equations in wavenumber space
can also be extended 1o apply to wavenumber-frequency space, which makes it possible to in-
vestigate the mechanism of varied frequency oseillations, of different-scale waves in the real
atmasphere.

The mechunism 13 explored for the growth and decay of mid-tropaspheric waves for the
northern winter in witvenumber-frequency space (Kao and Chi, 1978): the mechanism for
the energy maintenance al upper-tropospheric 200 hPa over the belt [5°N-15°8 is examined
for the summer of 1967 and 1972, respectivelv (Kanamitsu et. al,, 1972; Krishnamurti, 1978).
Besides, enormous work has bean done by Murakami (1977) and even more complete in-
vestigation by Depradine (1978). In particular, Lin Hai (1987) indicates that the mechanism
for the energy maintenance of tropical zonal mean flow and waves ol various scales is fully
revealed through the calculation of all the terms of the energy equations with tropical
200 -hPa data for 1983, A significant difference. however, exists between their results because
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of the belts considered. Therefore, maore calculation cuses are needed for comparison
and wverification in order to get the fullest possible knowledge of the enerpetics of the

waves in the tropical aimosphere.
[I. THE ENERGY EQUATIONS WITH CALCULATIONS

With the aid of the energy equations in wavenumber space on spherical coordinates pre-
senled by Saltzman {1937). wc have
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denote kinetic encrgy (KE) and available potential energy (APE), respectively, of wave

K#*: @, and g the latitude of the northern and southern boundary, respectively (and there-

fore (1) and (2} represeat mean condition of the helt under study); ¢, specific heat at

constant pressure: - ([T -Cp,R™'pa T1/0p)  where {77 denotes the regionglly-

averaged condition.

The reader is referred to Saltzman (1937) for the specific expressions of the terms in (1)

and (2. and here only their physical meanings are indicated, viz.:

N« [ W .4) -non-linear effect, which represents the contribution of the interaction berween
waves {IbWW) to the KE change rate of wave A (K = 0)3

A . (K .¢) -the contribulion 1o the KE change rate of the inferaction between wave K (A o)
and zonal mean flow:

A. (K 1)-the conversion rate of APE into KE of wave K
A. (K .i)-geopotential convergence, i.e.. the contrihution to the KE change rate of wave

& made by the pressure work due 10 the difference between the boundaries;

. al K ,1)-KE convergence rdte caused by the difference in space due to IbWW, which is
and N, denoting  convergences, north-south

s

composed of  N..
horizomtal and wertical, respectively:

G UK 6 -the residual term, including calculation errors and dissip
K due 1o Reynalds molecular viscosity stress;

& (F D -he contribution of IbWW to the APE change rate of wave K {K +0):

M, (K ,£)-the rate of transport of APE of zonal mean flow 10 that of wave JL (K = 0):

K . (K ,t)-the rate of conversion opposite to A (K1)

N gy (K o) -the convergence rate of APE resulting from the difference in space caused
by the interaclion between wave K and other types, which consists of ¥ 5, (K )

ation of KE of wuave

* The wave of number, say, L, 2, & cte. will be represented as wave 1, 2. K, etc. hereafter.

et
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and NV ,,. (K ,f), the convergences in both directions as denoted for
Nogn, and N ... respectively;

H (K )-the contlribution of nen-adiabatic heating to the APE change rale of wave K
with calculation errors invalved; .

If K =0, then (1) and (2} arc degencrated into the equations for the KE and APE of zonal

mean flow, e,
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represent the KE and APE of zonal mean flow, respectively: [~/ the deviation of zanal
averages with respect to regional means; and

Moloa) = = D MK (9)
M0, = - 2 MR (10}
=1

denote the contribution to the KE and APE of zonal mean flow of the interaction hetween
zomal mean flow and wave (IbFW). The other terms of (5) and {6) have the similar inter-
pretation to those for wave K.

Tn addition. adopted in the present study are the KE equations in wavenumber-fregnency
space developed by Kao (I978). namely,
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As for »=-0, it indicates the time-averaged condition. From (1), (2). (5} and (6) we
derive the balance equations for the maintenance mechanism governing the KE and APE
of both wave and zonal mean flow. that is,
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Computation is made of the ECWMF/WMO data at 1200 GMT hetween July | and
September 2 (64 days altogether), 1982 in terms of the above equations. Since our main
interest lies in planetary-scale waves, interpolation is performed of the primitive data at 64
points alongside the parallels with the grid of 5° » 5.625° instead of 2.5° ®2.3% in oredr 1w
facilitate Tast Fourier transform (FFT). The manipulation is indicated in Lin Hai {1987\

11l. PROPFRTIES OF ZONAL MEAN FLOW

As shown in Fig 1, a great depth of easterly flow is observed above 700 hPa be-
tween 20°N -39S for the summer of 1982, with the strongest easterly at over 16 m s~ at 100
hPa and the 200-hPa one near 5°N. 1t can also be seen that the extent of the casterly flow
is narrowest in the vicinity of 200 hPa, widening downward and below 700 hPa a small
region of westerly wind appears belween 2.5°N-12.5°N, which is the rcflection of the
equatorial westerly flow. As compared with the summer conditions of other years, es-
pecially those of 1983, it is obvious that both the upper easterly and lower westerly winds
are a bit stronger in 1982, This may be associated with the event of ENSO of that vear,
which caused the weakening of the Walker circulation near the equatorial Pacific, thus
leading to the reinforcement of both the winds at lower latitudes. Vet in the year of
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Fig. . The meridional vertical cross-section of zonal mean wind aver the period of July | 10 September
2. 1982,

1972, when a similar event occurred, the upper mean easterly flow there was weak, which
remains 1o be  studied.

It should be noled here that the 64-day zonal mean Aow is diverse from the zonal winds
at different meridions and times. As far as the 200-hPa tropical easterly belt under con-
sideration is concerned, therc s a break in northern South America and the Caribbean
Sea. and sometimes in the middle of the Pacific.  And even though no break occurs the cast-
erly belt is quite narrow over these areas. Some contribution of westerly Aow, thercfore,
would be indicated on the map of zonal mean flow, which is obviously small in magni-
tude and hence would not distort the characteristics of the flow and present no difficulties for
aur  discussion.

V. MAINTENANCE OF KE OF BOTH WAVE AND ZONAL MEAN FLOW

Since our attention is focused on the low-latitude upper-tropospheric easterly flow.
the region in question will be confined to 20°N-5°S at the 200-hPa level.

Tuble 1 summarizes the calculation results of all terms in (13) and (15} with only
witves 0-16 considered owing to the sharp decrease  in the order of magnitude of the energy
spectrum with the increasing wavenumber. It is clear that the acquisition of KE by zonal
mean flow is atteibuted chiefly to: i) the work done by the lateral boundary pressure (A, .1
and i) the IbFW (A{,). For the former case the acquisition is due 1o the fact that the
action of the 200-hPa South Asian and Mexican highs on the north side of the belt
results in the divergence flow crossing the isobars in the direction of gradients from the
centers, and the zonal flow is thus accelerated on the south side of the systems and
for the tatter zonal mean flow gains KF from waves, with the maximum contribution made
by wuve 2. through bharotropical transfer (A{;). As for the transformation of APE into
KE {A,). it can be neglected because of s minute and negative magnitude as a
result of the Hadley circulation quite weak at that time. On the other hand, the Reynolds
molecular viscosily stress {(7) brings about the dissipation of KE of zonal mean flow,
thus maintaining the easterly flow,
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Table 1. Calkulasion Results of the Ters in (133 and {15} for 20°N-5°8. Lnicc m’ 572 day™!

Wavenumber K Mg M Ay N Noye: Air G
4l .0 Lol 1.9 0.0 1.9 1.93 —2. 48
L %8 115 1.07 =310 .62 2,77 - B2
U ng 1.12 .88 1. 15 i 19 3.31 0,48

0.0 628 acsz 1.ev L.0Y (N 0.5l

1.92 9.6 [ a.26 -0l 1.18 0.9
] 1.14 J.18 .23 —0.% 8.0 - .45 S-0.84
i 1.20 - 02T 4.2 —0.39 - 0.80 --0.23 3.33
7 1,04 =097 0.02 -G.07 4.06 -0.53 .25
B 015 [ ] .13 BN 0.01 L] 305
Bl a.th 0,14 .17 g.01 --0.04 0,27 n.29
" .41 n.2l Q.09 U .71 .08 a.zl
11 a0 -0.07 .48 a.13 .04 006 Q.08
T 110 LAPREF n.1h 9.1 —3.10 8.01 f.23
13 —0,43 —-0.0% [OE 0,23 0.8 .13 7.6
13 .04 --0.0% - 3.2 1.43 aan -0.14 .11
15 L] -9 .04 0.24 0.0 .04 0.20
16 U b S-0.07 0.31 0.04 0.02 .05 a.11

As regards waves, they obtain KE from various sources, usually the conversion of APE
being one of the important ones for most waves . exiremely significant for waves [-2, almost
by onc order of magnitude greater than in other types. This oceurs owing to the discre-
pancy in the east-west direct thermal circulation resulting from the land-sea thermal differ-
ence.  The pressure work at the lateral boundary (A, ,) serves as a main source of KE
for waves 1-4 and $-11 alike, and deprives 5-7 of their KE. Waves 12-16 are not consid-
ered here because of their order of magnitude.

The lateral boundary convergence in the non-linear IbWW (A, ) plays a negative role
in the increase of KE for waves 9-10, with wave 9 having a tiny posilive value, and
il has substantial offect on mere waves b-3. This indicates that the non-lincar ThWW
amang these extra-long waves in the tropical easterlies causes their KE to diverge 1o both
sides. i.c.. to be transported to westerlies. The convergence in vertical  (V cp.) plays a
considerable role in making KE of wave 1-2 grow in contrast with others. On the whole,
however, the boundary convergence results in the dissipation of KE of the waves consid-
ered.

Since the barotropical transfer of KE is guite complex in IbWW and IbFW, the
cxchange is schemarically shown in Fig. 2 for discussion. It is apparent that in [bFW
(11,3 all waves excepl I, 5 and 8 lose KE, with wave 2 losing most and wave ! gaining
most. On Lhe whole, waves 1-16 lose their KE to zonal mean flow. Hence it can be
assumed  thal easterlies are burotropically stable, a result identical with the calculation
for the 1983 summer (Lin Hai, 1987) and different from that derived by some researchers
{sce, for instance, Kanamitsu et al, 1972). Also, Kanamitsu et al. {1972} indicates
an enormous cxchange of energy between wave 11 and zonal mean flow, the former losing
lo the latter. Yet waves 4-15 pain KE, and the uftimate result is that waves acquire
KE from the flow, suggesting a barotrapically unstablie condition.  This may be due to the
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regions under investigation. Kanamitsu et al. (1972) takes for caleulation the ares
15°N-15°8 including the SH subtropical westerly jet stream, thus leading to a fact that
the fow averaged over the zonal belt is westerly. On account of the eflect of the inclination
of the trough and ridge, mean westerly {easterly) flow is barotropically unstable (stable).
However, it is not the case in the vicinity of the equator. Figure 3 is a chart showing
the exchange of barotropical energy within 10°N-5°S for the period of July-early Scptem-
ber, 1982, It is evident from Fig. 3 that such waves as [, 3-5 and 7-8 obiain from and
waves 2. & and 9-16 (but 12) lose KE to zonal mean flow with the result that these waves
acquire energy oul of the flow, indicating that the zonal belt is of barotropical instability.
This is probably attributable 1o the non-inclination of the trough and ridge near the cqua-
tor. It can , therefore, be assumed that within 20°N-5°S there is a subbelt 20°-10°N
of barotropical stability of intense easterly flow, which conceals the barotropical instability

@ 2o°N-5s L) DN5S
Unitim2e ‘gay 1 Urim?s éday !

1965-1964

() Ngthol 0N gy 1B N 18§
Unit:10-%erg -s 'tm ‘hpa ! Uri: 1o smisc¥
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Fig. 4. The loss and pain of barotropical energy among waves of 4 ditferent scales,
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of its adjacent subbelt [°N-5°S. From the chart in Fig. 2 it can also be seen that
in IbWW waves 1, 3-7, 10 and 14 eain KE from all the others, wave | abtaining most
and wave 2 losing most. However, as shown in Fig. 3. the TbWW feature over the bell
L0°N-5°S is quite different, indicating that waves 4-5 gain and all the others {excepl wave
15} lose KE, with waves 3 and 8 deprived more.

If we tuke a look at the characteristics shown in Figs. 2 and 3, we cun see that be-
tween 20°N-3°5 wave 2(1) is the principal source (sink) of KE. Tt i of intercst that Sal-
tzman et al. (1964) shows a similar result out of the calculations of the decade-averaged
mid-latitude KE exchange for 1955-1964, vet indicating that wave | scrves as the sink of
energy that comes mainly from the other waves viw TbWW.

A noticeable fact is found in wave 3. As indicated in Fig. 4a {denoting 20°N-5°5),
it gains KE via IbWW and loses through [bFW and the reversal is true for 10°N-5°S. The
results shown in Fig. 4b, d. (for low) and ¢ (for middle latitudes) are identical with that
in 4a and the [972 resull is simifar to the 1982 calculation for 10°N-5°S (see Fig. 4c¢).

From Fig. 4 it can alse be seen that, or the summer of 1967 and 1972, waves -4 gain
enormous KE by virtue of both IbWW and IbFW; in the beli 20°N-5°8 for 1982 and 1983
they obtuin substantial KE only through IbWW and lose it via IbFW, They lose the encr-
gy in either of the interactions over 10°N-5°S for 1982, a result identical with that by Sal-
tzman et al. (1964).

(7, as the sum of calculation error and Reynolds molecular viscosity stress will not
be taken into account ai wave ™7 in view of the considerable growth of the error. Yet
the stress plays a significani part in the dissipation of energy for waves 1-6, pariicularly
for wave .

V. MAINTENAMCE OF APE OF ZONAL MEAN FLOW AND WAVES

Table 2 indicates that zonal mean flow acquires APE by means of non-adiabatic heating
and conversion of KE of ils own, while in 1bFW APE is transferred from lhe flow to waves.
It is worth noting that all terms in the APE equations for zonat mean flow have minute values,
all smaller by nearly 1-2 orders than those for wave | except the IbFW term.

Also, it is evident that for practicalfy all the waves non-adiabatic heating makes their
APE grow: the IbFW gives rise to a small increase in APE of the waves and a greater
growth in waves 1-2; the IbWW causes waves 1 and 3 to lose their APE, with very little
effect on wave 2; almost all the waves have their APE transformed into KE af their
own, more imperianl being waves -6

The N-5 directed component of the lateral boundary convergence in 1bWW (N,
has a significant influence upon waves 1-3, and through the convergence waves | and 3
aftain and wave 2 loses APE while the vertical component results in the increase of APE
of waves | and 2, with the growth much higher in the former than in the latter. This indicares
that waves | and 2 in the 200-hPu casterlies possess « mechanism for getting APE from
the layers over-und underlving and the lateral boundary convergence does not make signifi-
cant contribution to APE of waves of smaller scale.

VL. CYCLE OF ENERGY

Following the above analyses, we construct a diagram showing the cycle of KE and APE
(Fig. 5). The processes for the cycle can be summarized as follows:
13 The non-adiabatic heating of various scales serves as the main source of energy for
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Table 2, As in Table 1, except for in (14) and (16}
Wavenumber K Ny M, K N N oau. H;
0 9,9 —0.13 0,59 9.9 0,0 3.0t
! —2.23 2. 18 —1,92 0.7 1,13 5,017
2 1.01 0,07 — 0,89 - 1,53 0.28 .07
3 -l a.al - .22 0,71t 1.32 7.349
4 —0.07 —0,00 .1l —0.§53 0.2 2.2
3 b, 18 —8.92 - 0,73 .06 ~0.0% 9.10
5 0.0l 0,00 —p.27 -p.ca —0.93 0.3
H a4.19 -9.00 - 9.02 —0.05 .12 2. 10
& b0z —0.01 1.13 — 8.0 0.01 —0.15
q -1, 13 —1.401 —n.10 n.n2 1.06 0.8
i —g.04 —~6.01 ~4.404 3,00 0.0t a1
11 —0.02 —0,00 —~0.0% — .0 0.01 ».08
12 S t.gu —9.80 —~0.10 —0.03 0.00 0,13
13 0.02 —0.08 .03 —0.03 501 9.3
11 .09 —0.92 0,02 —0.04 - 2.43 .02
15 .10 —4.41 ~0,04 —0.04 —4.02 0.01
16 0.032 —4.40 —0.00 —9.04 n.01 0.41

the upper-tropospheric casterlies, with the thermal difference between land and sea making

predominant contribution to APE of waves | and 2.

A further source is the boundary

effect including the boundary-pressure work and IbWW lateral boundary convergence, and

Fig. 5.

ayer 2W°N-3¢8, Unit:

mi~? day~!

Maintenance of energy at 200 hPx from July | to September 2 {64 days aliogether), 1982

=& represents non-linear effect and the subscripts L, s, o indicate waves -2, 3-16 and zonal

averare. respectively.
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the sink is represented by the dissipation of KE of diverse-stale waves caused by Reynolds
molecular  viscosity  stress:

2} For the mutual transformation of APE and KE of waves, the conversion into KE
is predominant, cspecially in waves t and 2, whereas the change of KE to APE is accom-
piished only in a very small amount in zonal mean flow:

3) In IbBFW the flow loses its APE but gains KE and in IbWW wuves [-16 [ose APE
and gain KE;

4)  An unbalance in the ¢nergy exchange due to IbWW occurs in the transfer of barotro-
pical energy obtained by Kunamitsu et al.  (1972), Krishnamurti et al.  (1978) and Lin Hai
{1987 (See Fig. 4). In our caleulation, however, waves 1-16 lose APE and gain KE with no
exceplion. We cannot help taking interest in the course that APE and KE follow in their trans-
fer and conversion.  The following is possible: through IbWW waves |-16 give their APE
to wives “»16, which is then converted into KE of their own and at length the KE is
transferred back to the original waves.

Vil. LOW-FREQUENCY OSCILLATION MECHANISM OF KE OF WAYES

In order to determine what distinctive periods exist in the oscillation of KE of waves of
different scales, the time-scquence power spectrum is computed of KE of zonal waves
K =90-% Results indicate the principal periods as follows (figure omitted): roughly 40 and
20 days for the zonal mean flow: 14-20 for wave 1; 20 and 7 or so for wave 2; about
10 for waves 3 and 4; 6-8 for waves 5 and 6; around 20 for wave 7; approximately 10 for
wave 8. In view of the fact that tropical flow has in itsell such conspicuous perieds of oscil-
lation as ca. 40, 20 and I4 days, it can be proved thal these periods arc intimalely
related to thosz found for the KE oscillation in the present study.

Since the KE possessed by zonal mean flow and extradong waves takes a substantial
proporiion in the total KE of upperropospheric easterlies, special attention is directed
towards the oscillation mechanisms of the 40-day period for zonal mean flow and the
20-day one for waves 1 and 2.

Filtering is carried out by using the band-pass filicring technigue (see Murakami, 1979).
For zonal mean flow the KE band width is taken as 35-45 and for waves 1 and 2 as 15-
25 days, and a filtering curve is thus obtained (fipure omitted). Then with the aid of the
curve, each eycle of the KE oscillation is divided into 4 phases: phase [ for low-valued KE,
where  Eqi— (/7). % 85%; phase Il for its gorwth; phase NI for its
high values, where 7, — (E ) mes X 853 phase 1V for its decrease. Finally, the aver-
ages of the terms in {11} and (12} for each phase are found through calculation and composited
averaging is donc of thesc cycles. It is noted that during the 64 days for waves |
and 2 three cycles are oblained and for zonal mean flow only one observed because of
the length of the oscillation period taken. The results are summarized in tables 3, 4 and
S. It is evident that &f /& is positive at phase I and negative at IV, with very small
absolute values for the other phases. 1i can also be seen that the whole process of the KE
oscillation can not be accounted for by any individual or any set of terms because such
oscillation is the result of the combined cffect of all these terms.  On the other hand, for the
different phase some of the terms make greater contribution. For the 40-day period of
zonal mean flow, IbFW (frictional dissipation) is the main factor for increasing (decreas-
ing) KE, and therefore this period depends chiefly on the non-inear barotropical effect
within casterlies. For waves | and 2, however, barotropical transfer and barochinic and
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boundary effect come into play. As far as the 20-day period of wave | is concerned.
Axgs Ay and N, (G and N, ;) are the major factors for increasing (decreasing)
KE and for wave 2, A,.and A, (V,.,; andG,) make KE grow (decay). Therclore,
in any dynamic mode! dealing with low-frequency oscillation, it is necessary to tlake into ac-
count non-linear barotropical and baroclinic effect, and mid-and low-latitude IbFW and

[bWW.

Table 3. The Mechanism of the 40-day KE Oscillation Period of Zonal Mean Flow.

Unit: m* s day—!

Phase I I i} N
Period  (day) 13-19 20-31 32-38 39-51

trend THin, upward max dewnward

aE/at —0.02 .83 0.03 0.80

My 1.94 L.31* 2,12 0.33

Ax - 0.79 0.46 0.59 D.05

Axgp 1.07 0.51 2.50 2,27

Gy —3.14 —1.43 —5.28 —3.50*

* Values of the main factors (the same below).

Table 4. The Mechanism of the 20-day KE Oscillation Period of Wave [, with the Unit as Jndicated in Table 3

Phase 1 I Ir v
Period 10-12 13-18 19-21 22-27
{day) 28-31 32-39 40~44 45-50
trend min. upward max. downward
al}at 0.05 1.81 —p.10 —2.77
N 3.11 3847 3.08 2.34
My .40 a.79 1.24 1.869
Ao 3.99 3.45* .20 §.07
N ~3.50 — 2.7 —1.92 —5.74*
N 0,82 1.02 1.08 —0.03
Any 1.78 4.34* 2.21 2.06
Gy —8.53 —§.38 —1¢4.97 —11,24*
Table 5. As.in Table 4 except for Wave 2
Phase T I m '
Period 19-12 13-12 19-21 22-27
{day) 28-31 32-39 40-44 15-50
trend min. upward max. downward
EYF T —0.02 a.41 a.01 S0.48
N —1.37 —0.60 —3.63 -0.614
M —0.05 —1.02 —1.96 —0.84
Ay 0.4 1.03* 1.95 1.23
N ks --0.61 —0.06 —0.09 —3.98*
Ny 0,29 9.30 a.464 0.43
Are 1.43 2.73* 5.75 5.30
G —~0.65 ~1.07 0.33 —1,98"
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YII. CONCLLUDING REMARKS

From the above calculations and analyses we have arrived at the following conclusions:

i) The principal source of energy for maintaining tropical upper-tropospheric easter-
lies is the E-W land-sea thermal difference. which produces APE for extra-long waves that
is then converted into KE for maintaining the casterlies by means of E-W direct thermal
circulation. On the other hand, boundary pressure work is also a substantial contribu-
tion 1o the maintenance of KE of easterlies.  And the main sink is fiictional dissipation and
non-linear transport of KE ta westerlies.

ii) Calculations of the non-linear iransport of barotropical energy indicate that for
waves 1-16, in general, easterlies are barotropically stable but a barotropically unstable
belt is observed near the equator.

iy Zonal mean easterly flow and waves 1-2 have the major KE oscillation periods
of 40 and 20 days, respectively, and the primary physical mechanism for oscillation is the
transfer of barotropical energy; conversion of baroclinic energy, and boundary effect. There-
fore, interaction between mid-and low-latitude should be considered in addition to
baroclinic effect in any dynamical model for quasi-periodic oscillation phenomena in the

atmosphere.
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