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A diagnostic study of interannual variability of Indian summer monsoon
using outgoing longwave radiation (OLR) data
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ABSTRACT. Using the monthly outgoing longwave radiation (OLR) data obtained from NOAA
polar orbiting satellites, during the period 1979-92, composite OLR anomalies in respect of good
monsoon years (1983 and 1988), bad monsoon years (1982 and 1987 for the case associated with
ENSO and 1979 and 1986 separately for the case without ENSO) and normal monsoon years (1980,
1981, 1984, 1985, 1989, 1990, 1991 & 1992) were examined. The computation has been performed
over the global tropics (30°N-30°S) bounded between the longitudes S0°E and 130°W (through date
line) on 5° longitude x 5° latitude grid.

There are significant differences in the spatial distributions of composite OLR anomalies between
these four cases from the month of April to September indicating spatial and temporal changes in
the organized convective pattern. For the good monsoon years persistent negative anomalies indicating
enhanced convective activity were observed over the Indonesian regions, whereas large positive
anomalies indicating depressed convective activity were observed over equatorial Pacific just west of
date line. During the bad monsoon years above normal convection was observed over Pacific region
(ENSO case) and over equatorial Indian Ocean (Non ENSO case). During normal monsoon years,
the spatial patterns of OLR anomalies were similar to that of good monsoon years, but with weaker
anomalies. These observations can be explained through the relative interaction between tropical
convergence zone (TCZ) over the Indian sub-continent and that over the north Indian Ocean and
Pacific. The eastward shift of the convective activity during El-Nino years can be auributed to
shift/reversal of Walker circulation. There are strong signals of OLR anomalies during premonsoon
months which may be useful in inferring the nature of the subsequent monsoon activity.

Key words — Outgoing longwave radiation (OLR), Anomaly, Convective activity, Tropical
convergence zone (TCZ), Good and bad monsoon years
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1. Introduction

Monsoon is one of the most consistent global
phenomena, which is affecting a large number of
tropical countries where half of the total world
population resides. Indian summer monsoon is the
major source of water (about 70-90%) for most parts
of the country. The country’s agriculture, power
generation and industrial production substantially
depend on the monsoon rains. Large scale failures of
the monsoon upset the country’s economy and result
in intense suffering of the masses. There has been a
pressing need to indicate in advance the performance
of the monsoon. Indian summer circulation and rainfall
shows high variability in different space and time
scales. The space scale varies between as small as a
rainfall regime represented by rainfall recorded at a
rainguage station to all India scale. The time scale
varies from day, to interannual, to decades, centuries
and even millenia.

Interannual variations of Indian monsoon rainfall
is caused by many global and regional features, the
most important global feature being El-Nino-Southern
Oscillation (ENSO). Relationship between ENSO and
Indian monsoon rainfall has been extensively studied
(Sikka 1980, Angell 1981, Keshavamurty 1982,
Rasmusson and Carpenter 1983, Shukla and Mooley
1987, Ropelewski and Halpert 1987, Parthasarathy and
Sontakke 1988, Bhalme eral. 1990). The possible
mechanisms which affect Indian monsoon are through
reversal/eastward shift of Walker circulation
(Krishnamurty et al. 1989), large scale intrusion of
mid-latitude westerlies (Arkin 1982) and upper
tropospheric circulation and thermal anomalics north
of India (Krishnamurty et al. 1989, Rajeevan 1993 a).
Krishnamurty er al. (1989) who studied the physical
causes of the drought (1987) found that ENSO related
shift in the convection (from west Pacific o gast
Pacific) was evident even before the monsoon season.

The purpose of the present study is (o examine
the spatial and temporal changes in convection patterns
associated with the intcrannual variability of Indian
summer monsoon by making use of long time series
of monthly outgoing longwave radiation (OLR) data.

2. Data and methods of study

The monthly OLR data used in the study are
obtained from Climate Analysis Centre (CAC) of
NOAA, USA. These data are derived from NOAA
polar orbiting satellites digitized on a global grid of

2.5° x 2.5°. We have used the data for the period
1979-92. These data were later smoothened to
5° x 5° grid scale. Since we have used monthly data
it effectively reduces the error, if any, that could arise
due to the different equatorial crossing times of the
polar satellites used to obtain the data. These data
were also corrected for the possible instrument bias
arising due to the use of different types of sensors in
different satellites.

During the period 1979-92, two good monsoon
(flood) years (1983, 1988) occurred over India (case
A). There were also four large scale droughts, two
(1982, 1987) associated with ENSO (case B) and two
(1979, 1986) without ENSO (case C). The rest (case
D) were normal monsoon years (1980, 1981, 1984,
1985, 1989, 1990, 1991 & 1992).

Therefore, to make the diagmostic study of these
extreme years we have examined the composite OLR
anomalies over the area of global tropics bounded
between latitudes 30°N and 30°S and longitudes 50°E
and 130°W (through the date line).

A year is said to be bad (good) monsoon year
when the area weighted percentage rainfall departure
from the long term normal for the whole season is
10% below (above) normal. Otherwise the year is said
1o be normal.

The OLR anomalies were computed from a base
period of 10 years (1979-88). Composite anomaly
charts were prepared for each of these cases by taking
arithmetic mean of OLR anomalies at each grid point
for the respective years. Anomaly charts were prepared
for the months April to September.

3. Results
3.1. Good monsoon years (1983 and 1988)

Fig. la shows OLR composite anomalies for the
excess monsoon years (1983 and 1988) for the months
April to September.

The most significant feature observed in this case
was the strong negative anomalies over the Indian
subcontinent, South Indian Ocean and region extending
from Indonesia to southwest Pacific Ocean indicating
above normal conveclive activity over these regions.
Strong positive anomalies indicating depressed
convection were observed over the equatorial central
Pacific Ocean. These negative anomalies over
Indonesian region and positive anomalies over the
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Figs. 1(a&b). Composite anomalous outgoing longwave radiation (Wm'z) for (a) the good monsoon case
(Case A) and (b) the bad monsoon case (Case B). Contour intsrval is 10 Wm2. Negative
anomalies are indicated by haiched areas.
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central Pacific region constitute a dipole like pattern
of OLR anomalies (Lau and Chan 1983). This
dipole-like  pattern  was  persistent throughout
the monsoon season and was noticed even prior to
that.

During the month of April negative anomalies
were observed over south Asian. region and over
region extending from southeast Indian ocean to
southwest Pacific.

During May, negative anomalies over the south
Asian regions moved eastwards and combined with
that over the south Indian ocean. By June negative
anomalies were observed over the south Arabian sea
and over central India. In July negative anomalies
were comparatively stronger and extended over larger
parts of Indian region, consistent with the active
monsoon situations during these months. In the next
two subsequent months these negative anomalies over
the Indian and neighbouring monsoonal area persisted.

3.2. Bad monsoon years of ENSO case (1982
and 1987)

Fig. 1b shows composite OLR anomalies for the
bad monsoon years (1982 and 1987) which were
also ENSO years,

The main feature was the persisient negative
anomalies over the equatorial central Pacific region
and positive anomalies over the Indonesian and Indian
regions during the monsoon and pre-monsoon months.
This showed enhanced convective activity over the
equatorial Pacific and below normal convective
activity over the Indian and Indonesian regions.
Thus the usual dipole-like pattern (negative anomalies
over Indonesian region and positive anomalies over
the equatorial central Pacific) during good monsoon
years was found to be reversed during ENSO years.

During April, positive anomalies were observed
over Indian region and negative anomalies over Bay
of Bengal, south Indian ocean and some parts of
east Asia. During May positive anomalies were seen
over southeast Arabian Sea and Bay of Bengal in
place of negative anomalies of April which now
moved over the Indian land. During monsoon months
persistent positive anomalies were seen over the
Indian region showing below normal convective
activity. Particularly in the month of July the positive
anomalies were comparatively stronger.

3.3. Bad monsoon years of non-ENSO case (1979
and 1986)

During the period 1979-92 we had two bad
monsoons (1979 and 1986) which were not ENSO
years. However, 1986 cannot be completely treated
under this category because the El-Nino event of
1986-87 was started during the second half of 1986,
so instead of taking composite of 1979 and 1986,
these years were treated and studied separately.

Fig. 2a shows the OLR anomalies for the year
1979.

The important feature is the persistent positive
anomalies over the south Asian monsoon region
throughout the monsoon and pre-monsoon seasons.
Negative anomalies were observed over the north Indian
ocean during the monsoon months except in August.
During August negative anomalies were observed over
south Indian ocean. The negative anomalies were also
observed over east Asia in June and over northeast
Pacific in July.

Fig. 2b shows the OLR anomalies for the year
1986. Except for April and June during all other
months positive OLR anomalies were seen over the
Indian region which means that June had above normal
convection and it was supported by above normal
(11%) rainfall activity over India during that month.
However, the subsequent months were deficient. It was
clearly evident from Fig. 2b that the negative OLR
anomalies moved from west Pacific to equatorial Pacific
from April to September in accordance with the typical
El-Nino event, that was the process which staried by
mid 1986.

3.4. Normal monsoon years (1980, 1981, 1984,
1989, 1990, 1991 and 1992)

Fig. 3 shows composite OLR anomalies for the
normal monsoon years.

The spatial patterns of OLR anomalies were almost
similar to that of good monsoon case, but anomalies
were comparatively weaker. Negative anomalies were
observed over the Indian region, south Indian Ocean
and region extending from Indonesia to southwest
Pacific Ocean and positive anomalies were observed
over cquatorial central Pacific Ocean. This features
persisted through the monsoon season.

In April, negative anomalies were observed over
Bay of Bengal, equatorial region extending from
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Figs. 2(a&b). Anomalous outgoing longwave radiation (Wm_z) for the year (a) 1979 (Case C) and (b)
1986 (Case C). Contour interval is 10 Wm™2. Negative anomalies are indicated by hatched
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Fig. 3. Anomalous outgoing longwave radiation (Wm™) for the normal monsoon case (Case D). Contour
interval is 10Wm ™. Negative anomalies are indicated by hatched areas.
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Number of depressions and lows during monsoon season from 1979 to 1992
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Indonesian region to west Pacific and some parts of
east Asia. In the subsequent months these negative
anomalies over the equatorial region slowly moved
northward and persisted over the northwest Pacific
throughout the monsoon season. Except for May and
July weak positive anomalies were seen over the north
Indian Ocean.

4. Discussions

In the previous section we have observed that there
were significant differences in spatial and temporal
OLR anomaly patterns between good monsoon years,
bad monsoon years (EI-Nino case), bad monsoon years
(Non EI-Nino case) and normal monsoon years.

During the bad monsoon years, it was observed
that convection was more than normal over Pacific
region (El-Nino case) as well as over equatorial Indian
Ocean (e.g., 1979). This eastward shift in strong
convection from equatorial west Pacific to east Pacific
was very much pronounced during El-Nino years;
indicating the eastward shift of the ascending branch
of Walker circulation. This eastward shift in convection
pattern is very much clear in Fig. 4, which is the time
- longitude plot of OLR anomalies averaged between
5°S and 5°N. The eastward shift was observed during

1982, 1987 and 1992 (El-Nino episodes). The figure
also indicates a periodicity of four to five years between
two successive El-Nino episodes. It is also important
to notice that these eastward shifts were observed even
prior t0 monsoon season; this signal could be useful
in the prediction of Indian monsoon seasonal rainfall.
However, a suitable Index indicating this eastward shift
in Walker circulation by the month of April or May
should be developed for inclusion in LRF empirical
models.

The eastward shift in OLR anomalies indicates the
reversal of dipole-like structure in OLR anomalies
generally found in the equatorial Indian and Pacific
regions. This reversal of dipole-like structure is an
important mode of variation of OLR anomalies found
in the tropics (Lau and Chan 1983).

It is generally assumed that interannual variation
of Indian monsoon rainfall is associated with the spatial
and temporal variations of continental tropical
convergence zone (TCZ) over Indian region (Gadgil
1988, Sikka 1980). TCZ is a zone of large convergence
and organized precipitation. The space time variations
of TCZ over the Indian region are linked to the genesis,
intensity and propagation of the monsoon disturbances
embedded on it.
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Table 1 shows the number of depressions and lows
during the monsoon season of 1979-92. It can be seen
that the number of monsoonal lows were comparatively
more during good monsoon years like 1983 and 1988.
The persistent negative OLR anomalies over Indian
region during the monsoon season of good monsoon
years (Fig. 1a) are the indications of stronger continental
TCZ and its associated stronger cyclogenesis.

However, continental TCZ over Indian region
becomes weak during some years, in association with
the stronger eastern end of the continental TCZ (over
West Pacific) and stronger oceanic TCZ over Indian
ocean.

There is an inverse relationship of intensity and
duration of the active spells of the TCZ over the
Indian monsoon zone to that of the active spells of

. Negative anomalies are indicated by hatched areas.

TCZ over the eastern sector over west Pacific (Joseph
1990, Rajeevan 1993b) and TCZ over the Indian ocean
(Gadgil 1988). These inverse relationships were evident
in OLR anomaly charts discussed in the earlier sections.
For example, during 1979, the negative anomalies over
equatorial Indian Ocean (Fig. 2a) were indicating a
stronger oceanic TCZ and depressed convective activity
over Indian continental region (Fig. 2a). During good
monsoon years (1983 and 1988) continental TCZ over
Indian region was active as inferred from the persistent
negative OLR anomalies (Fig. 1a). In 1986, on the
other hand, eastern end of continental TCZ was active
as indicated by negative anomalies. By mid 1986 the
eastward shift of Walker circulation also resulted in
below normal rainfall activity over India.

Weak but negative composite OLR anomalies over
the monsoonal area for the normal monsoon case
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indicate that continental TCZ was equally active
throughout the area. Weak positive anomalies over
north Indian Ocean during some monsoon months also
indicates that oceanic TCZ was comparatively inactive
during those months.

It is also important to note that the selective
mechanism which controls the activity of oceanic TCZ,
continental TCZ over Indian region and eastern end
of continental TCZ and their interactions is operative
on intra-seasonal time scales also.

5. Conclusions

The following conclusions can be drawn from this
study :

(1) There were significant differences in spatial and
temporal OLR anomaly patterns between good
and bad monsoon years indicating spatial and
temporal changes in the organised convective
patterns.

(#) During the good monsoon years (1983 and
1988) continental TCZ over Indian region was
active as indicated by strong and persistent
negative OLR anomalies. Convection over
central and east Pacific was below normal as
indicated by positive anomalies.

(iif) During bad monsoon during El-Nino years (1982
and 1987) it was found that the ascending
branch of Walker circulation shifted eastwards
and convection was more than normal over
central and east Pacific. The normal dipole-like
structure of OLR anomaly pattern was found
reversed. This eastward shift and reversal of
dipole-like structure was evident even prior to
monsoon season.

(iv) During bad monsoon in 1979, it was found that
oceanic TCZ over equatorial Indian Ocean was
active as indicated by persistent negative
anomales. Continental TCZ over the Indian
region was however inactive.

(v) In the normal monsoon case continental TCZ
was active throughout the monsoonal area but
activity was comparatively weaker than that of
the good monsoon case. The oceanic TCZ over
Indian Ocean was found to be comparatively
inactive during the normal monsoon.

(vi) The interactions between continental TCZ over
Indian region, eastemm end of continental TCZ

over Pacific and oceanic TCZ over Indian region
as proposed and documented by previous
researchers were also evident in the OLR
anomaly patterns discussed in this study.

More empirical and theoretical studies are required
1o establish the interactions between TCZ’s mentioned
in this study. Also attempts should be made to
model, suitably, the eastward shift in convection
pattern found during the bad monsoon years, in LRF
models.
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