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ABSTRACT. A comparative study of the low frequency oscillations during the southwest monsoon seasons
of 1986 and 1987 is presented in this paper. The parameter used to study these oscillations is the fractional cloud
cover, colder than a threshold temperature over each area of 2.5” Lat. /Long. covering Arabian Sea, Bay of Bengal

and part of Indian Ocean, using INSAT-IB IR data.

The time-latitude sections indicate a regular northward movement o
torial Indian Ocean to about 30 N with a pzriod of 30-40 days.
spectral analysis by DFT method. This was computed for each area of 5° Lat. in width

data was subjected to the

and 10 Long. in length. The results irdizate that ihis mode can
obliterated. The period is cnhanced to 60 days between

Transieat systems with the associated convection are seen to be moving westwards north of §°
Comparatively poorer activity of monsoon of 1987 is possibly due to overall
n of transient disturbances activity and their smaller zonal scale.

periodicity of less than 10 days.
less cloudiness and the suppressio

1. Introduction

The importance of low frequency oscillations in the
summer monsoon circulation over and around India was
emphasized by Yasunari (1979). By analysing the fluctua-
tions in the cloudiness obtained by NOAA satellite
values, for the year 1973 (which is a normal monsoon
year) he detected two major modes with periodicitics
around 40 days and around 15 days. His subsequent
studies revealed an interesting northward propagation of
30-50 day parturbations which originate in the equatorial
Indian Ocean and dissipate near the foothills of Tibetan
plateau (Yasunari 1980, 1981). The meridional propaga-
tion of these low frequency modes is related to the phase
changes between active and break monsoon. Ever since
their discovery (Murakami 1976), these low frequency
modes have been studied by many scientists. Krishna-
murti and Subramanyam (1982) presented a mapping of
30-50 day filtered wind fields at 850 mb over an extensive

(51)

f the cloud maxima starting from equa-
The phase speed is about 0.9° Lat./day. This

be seen up to 25° N latitude beyond which it gets
20°& 25" N in 1987, which is a drought year,

N with a

region during the period 2 May to 28 July 1979, They
found a steady northward propagation of anomalies of
troughs and ridges from the equator to about 30°N-
with a meridional phase speed of 0.75° latitude/day.
Other interesting studies of these oscillations were
carried out using wind and geopotential fields (Murakami
1985, Yasunari 1985, Ahlquist 1985). By analysing the
weekly rainfall departures for Indian sub-divisions for
monsoon seasons for five years, De and Vaidya (1987)
observed that the 30-50 day oscillation not only shows
considerable variation from year to year, but the north-
ward propagation of this mode also appears to be
irregular. They further concluded that large part of the
intra-seasonal oscillations in the rainfall is explained due
to the synoptic scale disturbances, while the low
frequency mode explains only 10% of the observed
variance in rainfall. Tyengar (1987) performed statistical
analysis of weekly rainfall over 8 stations in the southern
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Fig. 1. Mean cloudiness (fractional) for the monsoon season
of 1987 expressed as percentages

India. He found a prominent 40-day periodicity mn the
rainfall of Mangalore which is located on the west coast
and which receives its maximum rainfall during the
southwest monsoon season.

Using GMS infrared data Murakami (1983) found
a systematic northward progression of highly convective
cloud bands with a period of 30 to 40 days, across Indo-
China and Bay of Bengal region during the monsoon
season of 1979. He further calculated that the regions of
strong and weak monsoon westerlies at 850 mb level
are highly coincident with the enhanced and suppressed
convective regions. Sikka and Gadgil (1980) also investi-
gated the northward propagation of this mode in terms of
the cloudiness changes. Murakami et al. (1984)
investigated these low frequency oscillations during the
summer 1979 using the FGGE level 111 B data. They
showed that v spectrum at 850 mb over the monsoon
region shows peaks with period shorter than ten days
while the u’ spectrum at the same level indicates a
pronounced 40-50 day peak over monsoon region, where
1’ and v' are the intra-seasonal transient variations in the
wind components as defined by them. They conclude that
these transient systems in and around the monsoon
trough move westward and contribute to the intensifica-
tion of the cenvective activity and monsoonal zonal
flow and as a result of the interaction between the
transient systems and the monsoon trough, the 40-50 day
mode becomes prominent near 153°N. During break
monsoon conditions, the activities of the transient
systems and associated convection are below normal.
From their study, it appears that the transient disturban-
ces play an active role in determining the performance of
the monsoon.

Since the fluctuations in the cloudiness are one of the
most important measures of those in the monsoon
rainfall, cloudiness data from the meteorological
satellites can provide immediate and invaluable infor-
mation on the large scale monsoon circulation system,
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Wiile all the earlier studies of these low frequency
oscillations over Indian monsoon region were carried
out with twice daily cloudiness values of the polar
orbitting satellites, in the present study we used the data
of INSAT-1B, which is more frequent and yields a better
sampling for daily values,

Although the long period (40 days) oscillations are
present in any monsoon season, the question arises
whether there is any change in the periodicity in a bad
monsoon year and if so, at what latitude it can be seen ?
Is there any variation of this mode with latitude ? If
so, up to what latitude this mode is seen ? What role,
if any, the transient disturbances play in the monsoon
activity ? These are some of the questions we examined in
the present study

2. Data

The Indian Natonal Sateliite (INSAT-1B) 15 a threc-
axis stabilized satellite and has its principal sensor Very
High Resolution Radiometer (VHRR). The VHRR s
capable of producing an infrared (IR) and visible full
disc earth image every thirty minutes. The IR sensor has
a linear resolving power of about 11 km at nadir and can
discriminate temperature differences of 1 K or less, while
the resolution of the visible sensor is 2.75 km. During
normal operations, the ingests are processed every three
hours

In the present study, we unsed the three hourly IR
digital data for the monsoon period of 1986 and 1987.
The cloudiness is expressed as a fractional area covered
by clouds colder than a given threshold temperature
(called fractional cloud cover) over every 2.5° Lat./
Long sub-area, while the area chosen for the study
extends from 50°E to 1007 E and 35°N to 20°S, The
daily values of this fractional cloud cover for the
monsoon season are used. The missing values are interpo-
lated from those of the previous day and the following
day. There are only twosuch cases in September 1986

1. Method

As indicated above, the area of analysis (area extending
irom 50° F to 100° E and 357 N to 20°S) was divided into
smaller areas, hercafter called “*boxes™ of 2,52, 5% Lat./
Long. and are serially numbered starting from the Ist
row. All three hourly IR images of the day™ (8/day) are
used for the study. The calculation of the fractional cloud
cover is carried out i the following steps :

Step I — A sixteen-class histogram is defined in cach
box. There are 12 classes of 5 K interval between 270 and
210 K and two classes at 10K interval between the
temperatures  210-190 K. Two more classes with
temperatures > 270 K and -< 190 K complete the 16
classes of the histogram.

Step 11 — The grey shade value of each pixel
(picture clement of size 11 km < 11 km) is read and is
converted to the corresponding temperature according 1o
a lookup table. Depending on its position each pixel is
assigned a “’box™ number, which is more or less constant
as the INSAT is a three-axis stabilized satellite. Normally
serveral hundred pixels lie in a box. All the pixels which
are outside the area of analysis and missing lines, if
any, are climinated by the software from entering into the
processing. Based on the temperature value each pixel in
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Figs, 2a&b). Time-latitude cross-scctions of fractional cloudiness : (a) for monsoon season of 1986 and (b) for monsoon

season of 1987,  Fractional

interval of 20°,,

a box is placed in the appropriate class of the histogram.
At the completion of this step all the histograms of all the
“boxes™ in an image are filled up.

Step HI— Step 2 is repeated for all the three houly IR
data images of the day. Then the daily total of all the
frequencies in each class are made, using the data of all §
images ol the day

Step IV Alter having obtamed the daily totals., the
fractional cloud cover for cach box is calculated by :

Sum of all the pixels colder than a chosen
threshold temperature

~ Total number of pixels in a box

The threshold temperature in this case 15 chosen to be
200 K, as this represents most ol the convective clouds
(top = 8 km) in this season. Therefore, it does not repre-
sent the total cloudiness. Since our aim is to study the

fluctuations in the convective activity associated with
the low frequency oscillations, this temperature threshold

i cloudiness values are expressed as percentages.
Thick dashed lines indicate the movement of the cloud maxima

Isopleths are drawn atithe

suits well. All the discussions in the following section
pertain to the fractional cloudiness only,

4 Behaviour of monsoons of 1986 and 1987

4.1. Neither of the two seasons under study is a
normal monsoon. During 1986 monsoon, 21 sub-divisions
of the country received normal (--19Y% to —19%) or
excess (-207%; or more) rainfall and 14 sub-divisions
received deficient ( — 20% to —59 °/ ) rainfall, while
in 1987 monsoon, only 14 sub-divisions received normal
or excess and 21 subdivisions received deficient rainfall,
Thus 1986 monsoon is better than that of 1987,

4.2. Advance of the monsoon

During 1986, monsoon onset over Kerala was delayed
by about five days, but was around ,normal dates over
central and south interior Karnataka. Its further advance
over the rest of the Peninsula and Gujarat was delayed by
four to seven days, as the Arabian Sea branch was stalled
between 4 June and 13 June. Due to the delay of the Bay
branch, the onset of monsoon over Assam and adjacent
States was late by about 10 days. Its advance over Orissa
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CLOUD MAXIMA

Time-longitude cross-sections  of the fractional  cloudiness for
equator-3 § expressed as percentages,  [sopleths are drawn at the
intervals of 207,. Zero isopleth isindicated by the dashed line. Con-
tnuous thin line indicates the path of the cloud maxima: (a) for
monsoon 1986 and (1) for monsoon 1987
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West Bengal & Sikkim, Bihar and Madhya Pradesh was
delayed by about 4 to 7 days, whileit was around normal
dates over U. P.. north India except west Rajasthan.

In 1987, the onset of summer monsoon over Kerala was
around normal date and its northward progress till 17
June was satisfactory. Later, both the branches stalled
and as a result over most of the northern States the onset
was delayed. It covered the whole country by 27 July
as against the normal date of 15 July. Particularly, the
onset was delayed inordinately over northwest India,
northern parts of Madhya Pradesh and parts of Gujarat.
Though in neither of these two years either monsoon
onset or its performance is normal, monsoon of 1987 is
worse of the two, leading to an unprecedented drought
over the large parts of the country. We shall try to search
the reasons for these differences.

5. Results and discussion

5.1. In Fig. 1 the mean cloudiness (fractional ) for the
monsoon season of 1987 is given. Similar map for 1986
is also prepared (not shown as the mean features are
not much different). Using the daily values, average of the
fractional cloudiness for all the 122 days of the monsoon
season for each box of 2.5” Lat./Long. is calculated and
expressed as percentages. Isopleths are drawn at the
interval of 109,. Tt shows a maximum of cloudiness over
east central Bay off Burma coast. Over the northwest
India, parts of central India and western India, the
cloudiness is very less. There is no cloudiness over
Arabian Sea west of 65°E. Over Tamilnadu and adjoin-
ing Bay areas also the cloudiness is very less. Though the
patterns are similar in 1986 and 1987, the values are
slightly higher in 1986. Considerable differences may be
seen if these patterns were compared with that of a normal
monsoon year.

5.2. In Figs. 2(a) and 2(b) the time-latitude cross-
sections of the fractional cloudiness are presented.

The latitudinal average of fractional cloudiness values
over all longitudes are calculated for each day and the
time-latitude section is prepared to study the fluctua-
tions along a meridional plane. Original values of
fractional cloudiness are used to prepare the cross-
section.

The striking difference between the years 1986 and
1987 is that there is no significant cloudiness north of
25°N in the year 1987,

Remarkable northward movement of cloudiness
maxima which is indicated by dashed line can be seen
from about 5°S to 30°N with a period of around 30-40
days. It is also seen that, when one of the maxima in
its northward journey reaches the highest latitude
belt, another spell starts from south. Thus, the meridional
fluctuations of the cloudiness appear as a repetitive
northward shift of cloudiness from Indian Ocean to
Tibetan plateau. Similar movements were also observed
by Sikka and Gadgil (1980), Yasunari (1979). The
average northward phase speed is calculated to be 0.9”
Lat./day, which is almost the same value as obtained by
Murakaii (1976) and nearer to the value as obtained
by Krishnamurti and Subramanyam (1982).

During the whole monsoon season, there are 4
spells, which move northwards. In the year 1987, only
one such spell starting from the 2nd week of August
(day 68), has gone to the northernmost latitude. The
other spells dissipated somewhat south of this position.
This has resulted in the less cloudiness, in the mean,
north of 25°N during the year 1987. It is interesting to
note that a cloud maximum appears around 2 June at
about the latitude of Trivandrum in 1987, and around 4
June in 1986 (extreme right hand side of the diagrams)
which coincide with the onset of the monsoon over
Kerala, in the respective years.

5.3. Zonal structure of cloudiness fluctuations

In this section, we present the nature of temporal
fluctuations in the zonal cross-section.

5.3.1. Time-longitude section of cloudiness

In this analysis, time-longitude sections of each 5°
latitude zone were prepared between the latitudes of
5°S and 30°N. The aim of this analysis is to find east-
ward or westward moving disturbances with their asso-
ciated convective activity responsible for the fluctuations
of the monsoonal current. From this analysis, it should
be possible to trace the transient disturbances, found
by Murakami (1984), with their associated convective
activity, as the westward moving cloud maxima,
Though such cross-sections are prepared for each 5°
latitude belts between5°S and 30° N, we present here in
Figs. 3(a & b) and 4(a&b). the time-longitudinal cross-
sections for 57 S-equator and 10°-15°N for the years
1986 and 1987 as typical cases.

In the diagrams the longitudes are plotted as abscissa
increasing from west to east and the time in days is
represented on the ordinate increasing southwards, The
fractional cloudiness is plotted in percentages and the
isopleths are drawn at the interval of 20Y% and the
positions of maxima are located. The positionsof maxima
on different days are joined by a thin line which indicates
the direction of movement of the maxima. Dashed lines
indicate the zero isopleth.

5.3.1.1. Cross-section of 5°S-Equator

Fig. 3(a) is for the year 1986 and Fig. 3(b) is for the
year 1987.

In the zonal cross-section, predominant west to east
movement of cloudiness 1s seen. Cloudiness maxima start
from about 60°E longitude and move towards east.
Since the domain of the analysis terminates at 100° E,
the area of their dissipation, which may be further
castwards cannot be traced. Those disturoances, which
persist up to the end of the domain, are considerea as
major and those which dissipate within the domain are
considered as minor. The major disturvances seem to
have occurred roughly once in 3> days in 1900 wnile they
occurred in around 50 days in 198/, 1hese wisturbances
progressed about 5° longitude/day.

5.3.1.2. Cross-sections of 10°-15" N

The time-longitude cross-section between 10° & 15°N
is presented in Figs. 4(a) a_lnd 4(b). The patterns for
other latitude belts (north of 5% N) are similar.
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PATH OF CLOUD MAXIMA

Figs. 4 (a & b), Sume as Fig. 3 except for the latitude belt 10°-15°N

In this cross-section, the westward moving cloud
systems are dominant. The cloud maxima are seen to be
moving within the domain of broad scale _cloudmwfs
extending roughly up 1o 60° E. Comparison of the Cross-
sections for the year 1986 and 1987 indicate that (i)
there are less number of westward moving disturbances
in 1987 than in 1986, (i) the month of July 1987, in
particular, is comparatively cloudless over many
longitudes compared to July 1986, as indicated by the
zero isopleth in the former case and (i) the westward
extensions of the cloudiness, in general. are smaller
1987 than in 1986,

These cloud maxima moved at a phase speed of
47-5% Long./day with zonal scale of 20°-40° in 1986 and

12°-30°  longitudes in 1987, The average period
with which these disturbances occurred is 9.6 days.
The cloud maxima are tracked from their first appea-
rence in the domain till their dissipation. The extent
of its travel in terms of longitude and the period in days
that it took to travel that distance is noted for each
cloud maxima. The speed of each cluster is calculated
from this data and the average of all these speeds is
found. The distance travelled by a cluster before dis-
sipation is taken as the zonal scale. The number of
disturbances in each monsoon season is noted and the
period of occurrence is found from the total number of
disturbances in a monsoon season of 122 days, This
pertod is comparable to the period of 10 days obtained
by Murakami (1984) for the transient disturbances,
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It 15, therefore, possible that the maxima of convective
activity are associated with the westward moving tran-
sient disturbances,

It is further seen that majority of the disturbances
moved farther westwards in 1986, while it is not so in

1987. In fact many of them dissipated in 1987 cast of

85°E. Moreover, in the first two months. the number
of transient disturbances in the vear 1987 is less in
number than in 1986. As the activity of the monsoon
depends on the interaction of the transient disturbances
with the monsoon flow (Murakami 1984), the differ-
ences in the number of disturbances and the zonal
scale of these disturbances may explain the differences
in the overall activity of the monsoon during these
two years, the activity being poorer in 1987 than in
1986.

The activity of the monsoon durig July 15 crucial
in the context of its overall performance in a given
year. This is borne out from the fact that over most
of the meteorological sub-divisions the July rainfall,
being the highest, contributes maximum to the seasonal
totals. Over a very small number of syb-divisions Auygust

ramntall 1s  highest, but only marginally. Murakami
et ul. (1984) have also shown that substantial northe
ward moisture transport occurs in the month of July
which contributes to the rainfall over northern India.
During the other months of the monsoon season the
transport 1s much less.

Therefore, failure of monsoon during July may
result in below normal rainfall for the season over many
northern States. This is what seems to have happened
during 1987, Comparatively less activity of the monsoon
in the year 1987 can be seen from these two cross-
sections from the month of July (day 31 to day 61),
where general cloudiness is not only less in July 1987,
but the activity of the transient disturbances also is
much suppressed. These observations, thus, indicate
that the interaction of the westward moving synoplic
scale transient systems play an important role in keep-
ing up the activity of the monsoon.

5.4, Spectral analysis

In the earlier sections, the characteristics of the tem-
poral fyctuations of cloudiness, in the zonul andd
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meridional cross-sections, were presented. The periodici-
ties of these fluctuations are roughly estimated.

To determine the predominant periodicities. spectral
analysis by direct Fourier transform method is applied 1o
to the fractional cloudiness data, and the results are
presented in this section. The aim of this analysis is 10
examine (/) the latitudinal extent of this 30-40 days
mode and (/) the differences, if any. in the periodicities
of these modes in the year 1987 which is a very bud
monsoon year as compared to 1986,  Spectral analysis
has been performed on the data of both the years,

The time period of each data set is 122 davs (June-
September). Power spectra were calculated for euch
block of widthof 57 latitude - 10 Jongitude in leagth.
The results are presented in Fig. 5. The upper part ol the
figure pertains to the latitudinal belts 20 - 25 N and
10°-15°N for the year 1986 and the lower portion
pertains to the same latitudinal belts for the year 1987
On the ordinate power frequency is represented
while log frequency is represented on the abscissa. The
advantages of this type of representation were discussed
by Zangvil (1977).

Examination of the spectral analysis for all the blocks
indicate the same periodicity of 30-40 days in the year
1986 while the periodicity is enhanced in the year 1987
in the 20°- 257 N latitudinal belt. This mode can be seen
up to 25° N and north of this belt it gets obliterated.

As seen from Fig. 5 for the latitudinal belt 10 - 15 N
two modes are prominent. one near about 30 days in
1986 and the other between 10 & 15 days. During the
monsoon season of 1987, the first mode has a periodicity
of 40 days while the periodicity of the second mode
remains the same. Thus, the 30-day mode periodicity
shows interannual variation (De and Vaidva 1987).
Another mode. though less prominent. 15 also seen
around & days.

In the 20°- 25° N latitudinal belt striking difTerence 1s
seen in both the years. While in the year 1986, the
primary mode has a periodicity of 30-40 days. it is
enhanced to 60 days in the year [987. Similar enhanced
periodicity of 60 days was found by Yasunari (1980)
for the year 1972 when the cloudiness data (for a block ol
10°- 20° N and 70°-100° E ) was subjected 1o specural
analysis. But in this case. we could find this enhanced
primary mode between latitudinal belt ol 20725 N
only. It is noteworthy that this region is subjected 1c
severe drought during 1987.

6. Conclusions

(i) The fractional cloudiness shows a penodiaty ol
30-40 days in both the years 1986 and 1987 up to the
latitude of 20°N. This mode gets obliterated north ol
25N in both these years. The periodicity ol this mode in
the latitudinal belt 107- 15" N seems to vary in small
range, whether the monsoon is normal or below normal.
But the real differences of the mode can be seen north
of this belt which distinguishes i below normal monsoon
year from a normal monsoon year. In a bad monsoon
year the periodicity of this mode is enhanced.

RAO ¢t al.

(71) The transient disturbances, which move westward,
north of 5 N.play an important role in keeping up the
activity of the monsoon. It can tentatively be said that the
frequency of occurrence of these disturbances plays an
important role in the sustenance of the active monsoon
conditions.

(i) These patterns for a normal monsoon year are
also to be studied to coniirm the above conclusions.
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