
IC/92/111
INTERNAL REPORT
(Limited Distribution)

' ,;"•. • International Atomic Energy Agency

/ and

United Nations Educational Scientific and Cultural Organization

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

THE DISTRIBUTION OF THE ANNUAL AND SEMIANNUAL CYCLES
IN THE TROPICS

W.L. Sumathipala *

International Centre for Theoretical Physics, Trieste, Italy.

Si L „£
• • • •" ™ A b s t r a c t

The distributions of annual and semiannual cycles in the tropics

are studied using outgoing long-wave radiation (OLR), and FGGE level

III b wind data. Amplitudes and variances of first and second

harmonics (in the time domain) of low level zonal wind (U) are

largest over monsoon regions of the eastern hemisphere and account

for more than 80% of the variance. The first harmonic of OLR shows

largest amplitudes over the continental regions between 10-15 degrees

from the equator. The first harmonics of both low-level wind and OLR

show standing character. The second and third harmonics of U are

characterised by cross equatorial and clockwise phase propagation.

All three harmonics are "phase locked" in the monsoon region of the

eastern hemisphere during summer. Amplitude of the first harmonic of

low level meridional wind (V) is prominent at the Somalia coast and

Malaysia. Amplitude variations of first and second harmonics of

upper level zonal wind exhibit the response of subtropical jet

streams to monsoon and inter-monsoon convective activity. Fairly

strong amplitudes of OLR are found over the equatorial land areas

where rainfall is maximum during the transition periods.
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1. Introduction

Solar radiation is the external and major energy source that

drives the atmosphere, hydrosphere, and biosphere system. Once the

solar energy is received in the atmosphere, processes in varying

lengths in time and space scale take place in the atmosphere.

These processes influence each other and can produce phenomena that

are completely out of the periodicity of processes that generate them

(Sumathipala and Murakami, 1988; Murakami and Sumathipala, 1989).

However, if these internal and nonlinear processes are excluded, the

march of the sun across latitudes of the earth will have a dominant

influence on periodicity of atmospheric fluctuations. Since the

movement of the sun is extremely regular, it may be appealing to

assume clear periodicity in atmospheric variables in theoretical

studies. At high latitudes in both northern and southern

hemispheres, large amplitude annual cycle which fluctuates between

summer and winter extreme values is clearly observed over land, ocean

and the atmosphere (Wallace and Hobbs, 1977; Meehl, 1991). However,

in the tropice, this signal is weak and the annual cycle is not

prominent. Over the tropics, sun is overhead twice a year at a given

place on its northward and southward movement, and it is expected to

have a strong semiannual cycle. However meteorological parameters

are influenced by various complex physical processes and interactions

among them in the earth atmosphere system. Therefore the long term

pure cycles are mixed with short term as well as long term irregular

fluctuations, and the end result is a very complicated one.

In a study based on monthly mean satellite cloudiness, Murakami

(1975) found that the amplitude of both the first (yearly) and the

second (half-yearly) harmonics were minima at the equator. Hsu and

Wallace (1976), in their study of the global distribution of the

annual and semiannual cycles in precipitation, found that the Indian

monsoon region displayed a pronounced late summer maximum. According

to Murakami (1980), outgoing long-wave radiation (OUR) data showed

areas of maximum amplitudes of the yearly wave in the Indian and

Indonesian monsoon regions and the equatorial African and South

American continents. In a study on the annual cycle of the tropical

Pacific atmosphere and ocean, Horel (1982) found similarities in the

annual cycle of rainfall, surface wind convergence, outgoing infrared

radiation and albedo in the region dominated by tropical convection.

The aim of this study is to examine the spatial and temporal

distributions of annual cycle and semiannual cycles of atmospheric

variables in the tropics. ThiB is done through harmonic analysis of

wind and OLR data of the FGGE year. The amplitudes and variances of

these at various locations are described. Further, spatial

distribution of phase of these cycles (harmonics) are studied to

investigate the propagating characteristics at different locations in

the equatorial tropics. This type of study will give insight not

only to the north-south distribution of the cycles, but also to east-

west contrast which is important in the general circulation. This

will shed some light on the magnitude and variation of the

atmospheric processes in the east-west direction due to distribution

of ocean and land where the external forcing (solar heating) is

zonally uniform. Study related to phase propagation will be useful

to highlight the areas which are most important for observation.

This in turn will help meteorologists in studies as well ae forecasts

of onset and withdrawal of monsoons in the northern and southern

hemisphere s.

2. Data and computational procedures

This study utilized daily zonal and meridional winds (U,V) at two

levels (200 and 85O hPa) which are representative of upper and lower

levels of the troposphere. These data were extracted from the First

GARP {Global Atmosphere Research Programme) Global Experiment (FGGE)

level III b data set prepared by the European Centre for Medium Range

Weather Forecasts (ECMWF) at a reduced resolution of 3.75' latitude-

longitude intervals for the tropical belt from 37,5°N to 37.5'S.

Twice-daily OLR data obtained from National Oceanic and Atmospheric

Administration (NOAA) polar orbiting satellites were digitized on a

2.5ex2.5° grid, and the resolution was then reduced to 3.75ex3.75°

latitude longitude intervals. Daily OLR was obtained by averaging

the twice-daily (0330LST, 1530LST) values.

By applying harmonic analysis to FGGE year daily data, the

yearly (first harmonic), half yearly (second harmonic), one-third

yearly (third harmonic) cycles were computed. For example, U can be

expressed as

U(t) = Uo + U«i Sin wt + Uoi Cos wt + U.2 Sin 2wt + UO2 Cos 2wt

+ U,3 Sin 3wt + Uo3 Cos 3wt + —



= Uo + Cos (iwt - di)

where Uo = annual mean, w=2Vyear (365 days), and t=days.
Amplitude Ui and the pha.ee di of the i*h harmonic are given by

Ui -J\}*i.z + and di =

Using this method, amplitudes Ui, Ua, U3 and phase di, d2, d3

for the Is"* three harmonicB were calculated at every grid point in

the study domain. Variance of the amplitudes of each harmonics was

also computed and analyzed.

3. Low level winds

3.1 Amplitude and variance of harmonics

Amplitudes of the first, second, and third harmonics of the

aonal wind at 850 hPa are shown in Fig. 1. Contrasting differences

between eastern and western hemisphere© are clearly evident in both

the first and second harmonics. Monsoon areas of the eastern

hemisphere stand out with large amplitudes of both first and second

harmonics. First harmonic has a maximum amplitude with valueB

exceeding 10 ms-1 over the western Arabian Sea and the area of high

amplitude extends from Arabian Sea to South China Sea around 10*N. A

comparable secondary maximum with values grater than 8 ms""1 can be

seen over Indonesian SeaB north of Australia. The amplitude is just

over 2 ms-1 in the east Pacific and east Atlantic where the Inter

Tropical convergence Zone (ITCZ) is located. In the eastern

hemisphere monsoon domain, the wind direction changes by 180 s in the

course of the year and therefore the annual cycle is very strong.

However, in the western hemisphere tropics, winds are mostly easterly

throughout the year and only the Bmall variations in speed contribute

to low amplitudes.

The amplitude of the second harmonic is half that of the first

almost everywhere, and the distribution cloBely resembles the first

harmonic. This indicates that not only the first but also the second

harmonic is associated with the monsoon activity. The third

harmonic, on the other hand, has an amplitude of 2 ms"1 over the

Central American monsoon region and relatively small amplitudes can
be seen in the eastern hemisphere tropics. In general, the

amplitudes are small along the equator in all the three modes,

indicating the steadiness and persistence of the 850 hPa U component

at the equator (westerly in the eastern hemisphere and easterly in

the western hemisphere) throughout the year.

The first harmonic accounts for most of the variance in the

monsoon regions and the variance over the west Arabian Sea exceeds

8O5K (Fig. 2a). A region of 60% or more variance are found over the

east Arabian Sea, south Bay of Bengal and the Indonesian Seas. Only

a weak secondary maximum can be noted over the tropical east Pacific

and northeast Atlantic where the annual cycle is noticeable. This

shows the characteristics of strong easterlies in the area. The

least variance is over the subtropical Pacific and Atlantic Oceans

where the first harmonic is weak. Very similar to amplitude, the

variance of the second harmonic is relatively large over the Indian

monsoon region, equatorial Indian Ocean, western North Pacific and

the Indonesian region, whereas it ie around 10% over the east

Pacific, Central America and equatorial west Africa (Fig. 2b). Once

again the subtropical regions of the major oceans show minimum

values, indicating less fluctuation at low frequency modes. The

first and second harmonics together accounts for more than 80% of the

variance in the major monsoon areas of the eastern hemisphere. The

maximum variance of the third harmonic is largest over Central

America and the values are 10 - 15% (Fig. 2c). Subtropics,

especially the south Pacific Ocean, stand out with relatively large

variances.

In the case of the meridional wind, the first harmonic has a

prominent amplitude of greater than 7 ma-i at the east coast of

Africa which may be attributed to the variation of low level jet

(Fig. 3a), A substantially large secondary maximum to the east of

Malaysia is a consequence of the cross equatorial flow during the two

winter and summer monsoons. The amplitude over the reBt of the

equatorial area is very weak, indicating the dominance of the zonal

flow with very small meridional component.

The largest amplitude of the second harmonic (2 ms-1) ie located
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off the east coast of Africa in the region where the core of the low

level jet is located (Fig. 3b). Rest of the equatorial area shows

unnoticeable amplitudes. Third harmonic has an amplitude greater

than 1 JIB"1 over the Arabian Sea as compared to very small values

over the rest of the tropics (Fig. 3c).

The variance of the first harmonic is largest and exceeds 70%

over Somalia. More than 40% variance is found over Malaysia and New

Guinea. Oceans are characterized by email variance. Relatively

large (12%) variance of the second harmonic is found over limited

regions in the Arabian Sea, northeast of Australia, and the northeast

Pacific.

3.2 Phase propagation

Phase angles dt at different locations were identified in terms

of the twelve months of the year and is represented by a number to

indicates the month of the year. The phase of the first harmonic

(Fig. 4a) indicates that at 850 hPa U is maximum ( westerly) over the

Arabian Sea, the Bay of Bengal, and the South China Sea in July and

minimum (easterly) in January. Over the south Indian Ocean, the

maximum is in February (westerly) and the minimum is in August

(easterly). Over the southern hemisphere monsoon region (Indonesia -

northern Australia ~ New Guinea - the western South Pacific), 850

hPa westerlies become strongest in January and February. Further,

the phase of the first harmonic shows zonally oriented regions of

summer (winter) phase along about 0° - 20°N (0° - 20°S) which is the

dominating monsoon character. Surprisingly, no cross equatorial

phase propagation ia evident in the annual wave (Fig. 4a). The

eastern North Pacific indicates a late summer phase. Westerlies

spread in this area when the easterlies recede in September.

Equatorial north Atlantic indicates northern summer phase which

agrees with the general climatology for the region.

The second harmonic exhibits a systematic clockwise phase

propagation over the maritime continent - Indian Ocean - South

region (Fig. 4b). Over the Indonesian Seas, westerly perturbations

become maximum in January. These westerly perturbations then

propagate westward across the eastern Indian Ocean, through the

central equatorial Indian Ocean in April and through south India in

July to northeast India in September and October. From December

through April, the disturbances continue to propagate clockwise

across southern China and the western North Pacific east of the

Philippines, eventually returning to the Indonesian Seas in January.

This completes one cycle of the clockwise propagation of the second

harmonic westerly perturbations. Similarly, second harmonic easterly

perturbations rotates clockwise along the same trajectory with a

three months time lag. Also the perturbations that starts over the

western Indian Ocean moves north across the equator, over India to

higher latitudes and a similar perturbation that starts over Japan

moves south acrosB the equator to northeast Australia. The north and

south propagation of westerlies appear to link with the semiannual

character of the heating cycle in the tropics. Eastward and westward

phase propagation may be related to the pressure fluctuations with

reference to ocean-land temperature change in the east-west

direction. This shows the path of the monsoon propagation (onset and

withdrawal) for the two monsoons of the eastern hemisphere. Over the

Pacific, a signal that originates in the southern hemisphere mid-

latitudes propagates across the equatorial regions to Central America

- Mexican region. A perturbation from the higher latitudes over the

north Atlantic reaches Central America in three months, but part of

it also moves east to northwestern Africa and finally reaches the

equatorial Atlantic.

In the third harmonic, a westerly signal that starts in the

Indian Ocean in February - March propagates northward and reaches

India by July (Fig. 4, bottom). It propagates eastward across South

China over to Northeastern Pacific by September. Then it moves south

and cross the equator in November - December and reaches the

Indonesian Seas in January. So this phase propagation enhances the

monsoon signal noted in the second harmonic.

Monthly patterns of the wind vectors for each harmonic were

plotted by using U and V components of respective harmonics. Over

the eastern hemisphere (monsoon hemisphere), equatorial crossing of

the perturbations are not evident in the monthly plots of the first

harmonic (not shown), thus showing a standing wave character.



Monthly plots of the second harmonic show cross equatorial flow and

the onset of Asian as well as Australian monsoon. Further, there is

an easterly maximum over Central America in July which opposes

westerly perturbations of the first harmonic. Hence the summer

monsoon is weak over the Central American region as compared to the

Asian monsoon where both first and second harmonics are in-phase and

produce strong westerlies. Monthly plotB reveal that the third

harmonic is in-phase with the first and second harmonics not only at

the onset of the Indian summer monsoon but also at the onset of

Indonesian - Australian monsoon. Therefore, it is evident that over

the eastern hemisphere monsoon region all three modes are phase

locked. Over Central American - Mexican monsoon region westerlies of

the first harmonic during July - August is opposed by easterlies of

the second and third harmonic. Therefore, in mid summer months, the

second and third harmonics force the area to be out of phase with the

Asian monsoon. This agrees well with the characteristics of moisture

flux variation between the two regions reported in an earlier study

(Sumathipala, 1986).

4. Upper level winds

4.1 Amplitude and variance of harmonics

High amplitudes of the first harmonic of zonal wind are located

at the subtropical latitudes and represent the annual variation of

the speeds of the subtropical jet steams in relation to monsoons.

The highest amplitude (>35 me-1) is at the strongest jet south of

Japan (Fig. 5a). Secondary maximum over North America and the

Central Australia amount to 20 ms"1. The variance of the first

harmonic exceeds BOK over Asia (not shown), while over North America

it accounts for over 7036 and over central Australia the values are

around 50%. ThiB is indicative of summer - winter standing type

oscillation. Equatorial tropics are characterized by minimum

amplitudes.

The second harmonic indicates a prominent amplitude (>10 ms"1)

over north western Australia. Amplitude greater than 6 me-1 of thiB

six months wave covers equatorial west indian ocean where major

portion of the monsoon return flow lies and whole of northern

Australia where the southern hemisphere subtropical jet Btream lies.

The second harmonic carries over 30% variance in the north Australian

and the western Indian Ocean. This region clearly stand out due to

lack of even 10% variance over the rest of the tropics.

The phase of the second harmonic {not shown) indicate that the

maximum amplitude over Australian region occur during May and

November. This is indicative of the relation that the speed maximum

at this level has with the transition periods when convective

activity and associated rainfall is maximum over equatorial tropics

(Sumathipala 1989). The outflow is maximum towards the AuBtralian

region which is reflected in the semiannual variation of the jet

stream. At the upper level, the fluctuation of the zonal wind is

dominant over Asia in the annual cycle due to strong monsoon

circulation. However, the strong inter-monsoonal activity over

equatorial tropics seem to be related to the fluctuations of

semiannual cycle over Australian region. These differences may be

due to the asymmetric distribution of land/ocean in the eastern

(monsoon) hemisphere. In the third harmonic the amplitude is maximum

over Australia and maximum variance are found over southern

hemisphere subtropics over South Africa, Australia and the Pacific,

Over the maritime continent persistent easterlies lead to minimum

amplitudes in all the three harmonics.

4.2 Phase propagation

The phase of the first harmonic (not shown) indicates that at

200 hPa, U is maximum (westerly) over the northern hemisphere during

January - February and minimum (easterly) in July - August.

Basically this pattern is reversed in the southern hemisphere. This

indicates zonally oriented standing wave character with

summer/winter phase in each hemisphere. In December - January, upper

level westerlies of the southern hemisphere monsoon outflow star ts

from about 10°S in the Indian Ocean, and in July, strong easterlies

of the northern hemisphere monsoon return flow reach 10°S. The

indications of phase charts are that the westerly (easterly)

perturbations propagate northward across the equator in the Indian

Ocean and the east Pacific during November - December (May - June).



Monthly plots (not shown) depict a low amplitude easterly signal

propagating northward across the equator over the Indian ocean and

east Pacific during May. A westerly perturbation takes the same

route after six months in November. This indicates the seasonal

change that takes place during the transition periods.

Limited area in the equatorial Pacific close to Central America

shows a three months phase difference with the eastern hemisphere

equatorial tropics in both second and third harmonics. This agrees

well with the low level situation in these areas.

4.3 Meridional wind

Due to the highly zonal nature of the 200 hPa wind field, the

variation of meridional component is very small and thus the

amplitude of V is negligible over the tropics. Between 15°N and 15'S

the only areas where the amplitude of the first harmonic exceeds 4

ma"1 are the maritime continent, South America, and Africa. This is

mainly due to the cross-equatorial outflow from the convective areas

in the respective summer seasons. Equatorial oceanic regions are

characterized by very small amplitudes indicating zonal flow. In the

second and third harmonics, relatively large amplitudes are located

at the subtropical latitudes (not shown). Except for over a few

places in India, Saudi Arabia, and south Indian Ocean, the regions of

equatorial continents show small values.

More than 50% of the variance are carried by the first harmonic

over Malaysian - South China regions. The variances are also fairly

high over central Africa and Central America. Oceanic regions,

including subtropics, carry little variance in the first harmonic.

The variances of the second harmonic are large over India, equatorial

Africa and the Indian Ocean.

Monthly plots of the first harmonic indicate strong cross

equatorial southerlies (northerliee) over the Malaysian peninsula and

Borneo, Africa, and South America during January February (July -

August). The strength of the cross equatorial flow is minimum in

April and October. Hence the monsoon and the seasonal effect is

clearly evident in the cross equatorial flow of the first harmonic.

In the second harmonic cross equatorial southerlies are relatively
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strong over the central Pacific in December (June) but over the

Atlantic they are strong in January (July).

5. OLR

OLR is a fairly reliable parameter in the tropics to study

convective activity. This has been confirmed at least for large

spatial scales by many studies (Murakami, 1976; Yasunari, 1979;

Murakami, 1980; Krishnamurti and Subrahmanyam, 1982; Sadler et. al,

1984; Morriesey and Sumathipala 1985; and many others). Therefore,

in this study, OLR iB considered mainly as an indicator of convective

activity. One may even consider this as a rainfall index in a very

broad sense.

The distribution of the amplitude of the first harmonic shows

the symmetry around the equator (Fig. 6). It is similar to the first

harmonic of 850 hPa U field in the Asiatic monsoon region. This

indicates the correlation between low level westerly wind and

convective activity. However OLR fluctuation is anchored over

continental regions obviously in association with the quick heating

response of landmass as compared to oceanB.

The amplitude of the first harmonic exceeds 50 Wm~2 over the

northern hemisphere monsoon region near the Burma coast (Fig. 6a).

While large amplitudes exist over the southern hemisphere monsoon

region, pairs of large amplitude areas straddle the equator over the

equatorial African and American continents. The strength of the

prominent seasonal Hadley circulations and their equatorial crossing

can be inferred in these three regions. As in the wind fields, the

yearly amplitude is small over the equatorial oceans.

Compared to the first harmonic, the amplitude of the second

harmonic is almost half everywhere (Fig. 6b). The largest amplitude

(>25 Wm~2) of the second harmonic is around 22°N over central India

which indicates that the second harmonic is also dominant in this

area. Other large amplitude areas include Australian monsoon region,

Mexican, and equatorial South American regions. Further, it is also

interesting to note large amplitudes near the equator (Central

America, Singapore, Malaysia, and Sri Lanka) where double maxima of

rainfall are observed (Sumathipala 1989). In these areas the second
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harmonic is compatible with or even stronger than the first harmonic.

The first harmonic has the winter phaBe in the Indian monsoon

region and Central American region. This indicates suppressed

convective activity and high OLR values in these areas. Similarly,

the southern hemisphere monsoon regions and continents around 10-208S

indicate southern winter phase (Fig. 7a). During winter months

equatorial continents are characterized by suppressed convection and

high OLR, whereas in respective summer months, due to excessive

heating, deep convection, especially over continents, produce low

OLR. Over the equatorial oceanic regions, high albedo, large heat

capacity, and ocean circulations minimize the annual variation of sea

surface temperature and hence the amplitude of OLR fluctuation.

Over India, the phase of the second harmonic falls on April (and

October) which is congruent with high surface temperatures and dry

weather during the inter-monsoons (Fig. 7b). North Australian and

Mexican regions also exhibit the in-phaee relation with the central

Indian region indicating the same character in the OLR. Very close

to the equator in the region of Sri Lanka , Malaysia and even Central

America, OLR is maximum in January - February. So, the OLR is

minimum in April - May after three months from maximum amplitude in

the six months cycle. Similarly, minimum OLR and maximum convective

activity will follow in October - November in the next six months

cycle. Therefore, the activity of the transition periods are

depicted in the six months cycle in these areas. Interestingly, the

OLR perturbations that originate in the Indian Ocean and South

America move over to the northern hemisphere, and there is a

southward movement of perturbations from western Pacific to Australia

(Fig. 7b).

6. Concluding remarks

Using outgoing long-wave radiation (OLR) and daily winds from

FGGE level HI b wind data, space-time structures of the first three

harmonics in the equatorial tropics have been investigated. Although

the fluctuations on various time scales are found in the atmosphere

the dominant harmonics are in the tropical atmosphere are the annual

and semiannual cycles. This is shown by the amplitude of the first
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and second harmonics of low level zonal wind and OLS. Further, this

study shows the major role played by the monsoon region in the

general circulation in this time scale by showing largest values

amplitudes (>10 me"1 and >B ms"1, respectively) and accounting for

more than 80SS of the variance. The first harmonic of both U and OLR

are standing oscillations in the two monsoon regions of the eastern

hemisphere.

The large amplitude of the second harmonic in the monsoon domain

indicate the dominance of Asian monsoon in the general circulation.

The phase propagation of the second harmonic enhance the monsoon and

help the onset and withdrawal in both Australian and Asian summer

monsoons. This is aided by the systematic clockwise phase

propagation over the maritime continent, Indian Ocean, Southeast Asia

regions. TMB half yearly wave is in-phase with the summer monsoon

in the northern as well as the southern hemisphere. The phase

propagation of the second harmonic in the east Pacific indicates

suppressed activity of the Mexican - Central American summer monsoon.

The amplitude of the third harmonic is large over east Pacific

monsoon region and the south Pacific Ocean while the phase

propagation of second and third harmonics show an in-phase relation

with the first monsoons of the eastern hemisphere, but are out of

phase over the east Pacific. All three modes are 'phase locked" over

Indian monsoon region during peak monsoon months. In contrast, the

second and the third harmonics are out of phase with the first in the

Mexican region, which indicates a weak summer monsoon over that

region. The meridional component of the low level wind shows large

amplitudes in the firBt harmonic at the Somalia coast and Over

Malaysia due to the cross-equatorial flows during summer and winter.

The highest amplitude of the zonal wind at 200 hPa for both the

first and second harmonic is at the subtropical jet streams. While

the first harmonic carries 60% of the variance, all three modes

collectively account for nearly 90% of the variance at the

subtropical jet streams of both hemispheres. This represents the

variation of the det streams in response to tropical convection and

outflows on the annual and seasonal time scales. The phase of the

second harmonic over Australia during May and November probably

13



reflect the response of this region at upper levels to strong

convective activity over equatorial region during transition months.

While OLR, response to low level wind fluctuation, is also

anchored over the equatorial land roaBeeB (the three continents). As

in the first, the amplitude of the second harmonic has large values

in the major monsoon areas and the primary maximum is over India

around 22°N. So, ae stated by Ramage (1971), the convective activity

is maximum north of the low level zonal wind (westerly) maximum. The

phase propagation from one hemisphere to the other across the equator

may be inferred at a few places in the Indian Ocean and Central

America. Further, the amplitude is fairly strong over equatorial

land areas and low OLR phase is during April - May (October -

November) and as reported by Sumathipala (1989), the rainfall maxima

are found during these transition periods. In summary, the

convective area (atmospheric energy source) in the eastern hemisphere

moves in a clockwise sense in response to the semiannual character of

heating and supplement the annual monsoon cycle in the eastern

hemisphere.

One year's data were used in this study and the conclusions have

to be reexamined, with a data set which covers large time period, for

confirmation. But with the reliable agreement between the two

independent variables, OLR and wind field, and with large scale

climatic features, these findings may be generalized as persistent

features in the tropics. Ocean and land play a vital role in

atmospheric processes by providing large portion of energy that

drives the atmosphere. Tropical oceans, in particular, contribute a

major share of this energy. Therefore it will be very useful and

interesting to study the seasonal cycles in sea surface temperature

and their influence on convection, annual and semiannual cycles in

the atmospheric parameters.
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Figure captions.

Fig.l. Amplitude of zonal wind at 850 hPa. First harmonic (a),

contour intervals are at 2 ms"1 and hatching denotes areas

greater than 2 ms"1. Second and third harmonics (b, c), interval

1 ms-i and hatching denotes areas greater than 1 ms-1.

Fig.2. Variance of 850 hPa zonal wind. First harmonic (a), contour

intervals are at 10 and hatching denotes areas greater than 50.

Second harmonic (b), contour interval are at 5 and

hatching denotes areas grater than 20. Third harmonic (c),

contour intervals are at 2 and hatching denotes areas grater

than 6.

Fig.3. Amplitude of meridional wind at 850 hPa. First harmonic (a),

contour intervals are at 2 ms-1 and hatching denotes areas

greater than 2 ms"1. Second and third harmonics (b and c),

contour interval are at 1 ms-1 and hatching denotes areas grater

than 1 Bis-i.

Fig.4. Phase of zonal wind at 650 hPa. Numbers denote month of the

year. 0, N, D indicate October, November, and December

respectively. First harmonic (a), second harmonic (b), (months

of the second half of the year are represented by the same six

numbers) and third harmonic (c) (one number represents three

different months of the year).

Fig.5. As in Fig. 1 except for 200 hPa. First harmonic (a), contour

intervale are at 5 ms-1 and hatching denotes areas greater than

10 ms-1. Second harmonic (b), contour intervals are at 2 ms- 1

and hatching denotes areas greater than 4 ms-1. Third harmonic (c),

contour intervals are at 1.5 ms-1 and hatching denoteB areas

greater than 3 ms"1.

Fig.6. Amplitude of OLR. Contour intervals are at 5 Win"2. FirBt

harmonic (a), hatching denotes areas greater than 25 Wm-z.

Second harmonic (b), hatching denotes areas greater than 10Wm-2.

Fig.7. As in Fig. 3 except for OLR. First harmonic (a) and second

harmonic (b).
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