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ABSTRACT
Relationship between  Indian Summer Monsoon Rainfall (ISMR) and South Indian Convergence
Zone (SICZ)  has been studied using rainfall and cloud data for a period of 29 years (1979,1982-
2009).That the SICZ forms an important element of Southwest Monsoon (SWM) circulation
system, plays a crucial  role in its development and its intra-seasonal changes (‘active’/ ’break’
cycle) have been confirmed. The intensity of SICZ is inversely related to the intensity of SWM,
in general: When SICZ is weak and close to equator allowing large Cross Equatorial Flow (CEF)
of  southeast trades  into the North Indian Ocean (NIO) SWM is active and vice versa. This inverse
relationship also exists between the activity of SICZ during the period  January-May. It is  shown
that the features of SICZ, as seen in the patterns of clouds developing in the near equatorial regions
of  Indian Ocean (IO) during the period January-May,  contain signals about likely performance
of   summer monsoon over India. A method of  quantifying the activity of  SICZ and detecting
the signals, as precursor to the  performance of SWM over the  Indian subcontinent,  are discussed.

INTRODUCTION

ISMR refers to total rainfall during the period 1 June
to 30 September for India as a whole.  Based on the
average rainfall during the period 1941-1990, ISMR
is 89 cm. Though it accounts for about 80% of the
annual rainfall for India as a whole and as much as
90% in some of the states, ISMR exhibits large inter-
annual variability (Fig.1). This variation has made
socio-economic impacts. The need for a reliable
forecast of drought and excess rainfall, not only for
country as a whole, but  for each  meteorological sub-
division (numbering 36) has been felt for long.
Seasonal forecasting of summer monsoon rainfall has,
therefore, remained one of the important aspects of
weather forecasting in India. Though seasonal
forecast  of ISMR is being issued since 1886
(Blandford 1884), predicting drought and excess
rainfall seasons has remained a challenge till date.
None of the statistical or dynamical models could
predict the recent droughts of 2002, 2004 and 2009.
Recently, Gadgil, Rajeevan &  Francis (2007) have
discussed the limitations of operational models in
forecasting extremes of  summer monsoon rainfall.

They have noted that reliable seasonal forecast of
summer monsoon rainfall, particularly of its extremes,
i.e., ‘Flood’ and ‘Drought’ is still elusive.

In the context of the above mentioned scenario of
seasonal forecasting of ISMR, a  model proposed by
Gupta & Prasad (1992,1993) ( hereafter referred to as
SICZ Model) should be considered as an important
development. The model has since produced
reasonably good forecasts for  ISMR  for the past 20
years (1990-2009) (Fig.2).The results of verification of
forecasts for the years 1990-1992 and 1990-1998 are
found to be reliable and satisfactory as reported by
Prasad ( 1993, 2000, 2001).

The model  uses only one data, i.e., satellite
observed cloud data from IO region to find the
features in the development of SICZ. SICZ had not
been recognized as an element of summer monsoon
circulation system  till 1981 (Saha 1971;
Krishnamurty & Bhalme,1976; Prasad, Mishra &
Jain 1978; Sikka & Gadgil,1980; Yasunari 1980,
1981) when Prasad (1981,1982) reported its
important role in the development of Indian summer
monsoon and its different phases. This was followed
by Prasad, Mishra & Jain (1983), Prasad et al.,
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(1988), Johri & Prasad (1990), Gupta & Prasad
(1991,1992), De, Prasad & Vaidya 1995), De &
Mukhopadhyay (2002) and Gadgil & Joseph (2003)
who further confirmed the findings.

The SICZ model scores over other models of
seasonal forecasting of rainfall on several counts.
While the role of other models is limited to giving
seasonal forecast of ISMR, SICZ model monitors the

activity of SICZ throughout the year and has
successfully explained the following, in addition to
forecast of ISMR: (i) intra-seasonal changes in
summer monsoon, i.e., ‘active’/’break’ cycle, (ii)
delayed onset of monsoon over Kerala  (iii)  early
withdrawal of monsoon from north and central India,
(iv) development of  ‘dry’ and ‘wet’ spells etc. SICZ
model  is also used for predicting rainfall in individual

Figure 1. Indian Summer Monsoon Rainfall (ISMR) 1875-2009.

Figure 2. Forecast ISMR for the period 1990-2009  from SICZ  and operational models.



South Indian Convergence Zone Model: A new approach to seasonal
forecasting of summer monsoon rainfall in India

235

meteorological subdivisions of India (36).
A method had been  proposed by Gupta & Prasad

(1992) to quantify the activity of SICZ  by assigning
an index, called  SICZ Activity Index (SAI)), ranked
from 1 to 20, to  pre-monsoon ( April-May) cloud
features. As per the inverse relationship between
SICZ and  the summer monsoon,  the lowest value
of the index (=1) was assigned to the cloud features
in the year 1988 when  ISMR was 18% above
normal. The highest value of the index (=20) had
been assigned to the cloud features in the severe
drought year 1972 when ISMR was 26% below
normal. The value of the index assigned to cloud
features during the period of model development,
1972-1989, and thereafter till 2009, are given in
Table 1. It was found that the activity index so
assigned was significantly correlated with ISMR ( CC
>.9 ). The linear regression equation  between SAI
and ISMR (R) was found to be

R = -2.3  x  SAI + 120.5
where R is expressed in Cm.  As mentioned

earlier, the results of verification of forecasts  for the
years 1990-1992  and 1990-1998 were found to be
reliable and satisfactory. Verification of forecasts for
ISMR, for the period 1990-2009 are given in Fig.2.
The forecasts of  operational model (Gowariker et al.,
1989) have also been included in Fig.2 for the sake
of comparison. SICZ model forecast   was reasonably
good (in 17 years out of the 20 years), except in the
years  1999, 2001 and 2005 when the difference
between the forecast and realized rainfall  was large.
This aspect shall be examined in a future study.

Recently, the methodology of assigning  SAI,
using cloud data for pre-monsoon months of April
and May,  has  been improved  and tested for the
sub-division of Tamilnadu and Pondicherry ( Prasad,
Singh & Subramanian 2010).The verification results
have shown that the forecast of  SWM seasonal

rainfall for the sub-division of  Tamilnadu and
Pondicherry has improved. In the present study we
have examined the improved methodology for
predicting ISMR and rainfall in meteorological sub-
divisions. In an effort to detect the signals, as
precursor of likely performance of summer monsoon,
as early as possible, cloud data for the period January-
March have also been studied and  included in
assigning SAI.

DATA USED AND METHOD OF ANALYSIS

Rainfall data for the period 1972-2009 published by
IMD in ‘Mausam’ under ‘Weather Summary’ for
southwest monsoon season  have been used in the
study. Cloud data for the months of January to May
for a period of 37 years (1972-2009 except 1978
when cloud data was not available from 16th March)
and for SWM season ( June-September) for 29 years
(1979,1982-2009) have been used in the study.
Reader is referred to a recent paper by Prasad, Singh
and Subramanian (2010) for the method of analysis
of cloud data.

FORECASTING ASPECTS OF ACTIVITY OF
SICZ

The new approach to seasonal forecasting of summer
monsoon rainfall is based on the finding that the
activity of SICZ during the period January-May has
a relationship with its activity during SWM season.
The activity of SICZ during the period January-May
contains signals, as precursors of likely performance
of summer monsoon.  For the purpose of recognizing
these signals in  cloud data, years have been grouped
into ‘Normal’, ‘Excess’ and ‘Deficient’ monsoons.
Mean cloudiness and cloud anomalies for the 3
groups of years have been worked out and used here.

 Table 1. South Indian Convergence Zone (SICZ) Activity Index (SAI) during the period 1972-2009.
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Mean  cloudiness and cloud anomalies during
June-September of ‘Normal’, ‘Excess’ and ‘defi-
cient’ monsoons

Fig.3a shows the mean cloudiness during June-
September for 10 ‘Normal’ monsoon years
(1989,1990,1993,1995,1996,1997,2005,2006,2007,2008)
( Fig.1). ISMR was either normal or within ± 5% of
normal in these years. Fig.3b shows mean cloudiness
for 3 ‘Excess’ monsoon years (1983, 1988, 1994).

Similarly, Fig.3c shows mean cloudiness for 6
‘Deficient’ monsoon years (1982, 1986, 1987, 2002,
2004, 2009). Cloud anomalies for these 3 groups of
years are given in Fig.4a-c. Main features of
cloudiness and cloud anomalies pertaining to these
3 groups of years  are briefly summarized in Table 2.
It follows from the   description  of mean cloudiness
and cloud anomalies  that there is a pattern in the
development of equatorial cloudiness during 3 groups
of years.

Figure 3a-c. Mean cloudiness during  June-September of  ‘Normal’, ‘Excess’ and ‘Deficient’ monsoons.
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Table 2. Main features of mean cloudiness and cloud anomalies during SWM season.

Figure 4a-c. Mean cloud anomalies during June-September  of  ‘Normal’, ‘Excess’ and ‘Deficient’ monsoons.
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Mean cloudiness and cloud anomalies during
January-May of ‘Normal’, ‘Excess’ and ‘deficient’
monsoons

Fig. 5a-c show the mean cloudiness during January-
May for 10 ‘Normal’ monsoons (1976, 1977, 1980,
1989, 1993, 1995, 1996, 1997, 2006), 3 ‘Excess’
monsoons (1983, 1988, 1994) and 6 ‘Deficient’
monsoons (1982, 1986, 1987, 2002 ,2004, 2009)
respectively. Cloud anomalies are shown in Fig.6a-
c. Main features of cloudiness and cloud anomalies
pertaining to these 3 groups of years  are briefly

summarized in Table 3.
It follows from the description of features of

equatorial cloudiness during January-May  that the
3 groups of years have distinct patterns of
development of cloudiness as was the case during
SWM season. For example, in the case of ‘Excess’
monsoon years, there is a tendency for equatorial
convection to move northward from the beginning of
January itself. On the contrary in the years of
‘Deficient’ monsoons convection remains confined
mainly to the south of equator from January till the
end of March.

Figure 5a-c. Same as Fig.3a-c, but for the period January-May.
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Table 3. Main features of mean cloudiness and cloud anomalies during  January-May.

QUANTIFICATION OF THE  FEATURES OF
EQUATORIAL CLOUDINESS
Quantification  of the features of equatorial cloudiness
is the most important aspect of SICZ model. This
has been shown here by assigning an index, called
SICZ Activity Index (SAI), ranked from 1 to 12, to
the   equatorial cloud features during the period
January-May. Recognition of  patterns in the
development of cloudiness in the near equatorial
regions of  IO, as discussed below, forms the basis for
assigning SAI.  Taking the ISMR data for the period,
1972-2009, the range of variation of ISMR between
an extreme drought year 1972 and a flood year 1988

is about 43%. Even a longer period, 1901-2009, data
of ISMR also gives a similar range ( 47%). This range
of variation has been divided into 12 groups and each
group represents  about 4 % variation of ISMR (Table
4). These 12 groups may also be considered as
representing 12 categories of SWM: ‘Monsoon
Category-1 (M1)’ to ‘Monsoon Category-12 (M12)’,
where  M1 refers to ‘Excess’ monsoon with
highest ISMR and  M12  to ‘Drought’  with
lowest rainfall. Development of cloud   patterns
have been discussed below for each category of
monsoon with the help of mean cloudiness and
cloud anomalies.
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Figure 6a-c. Same as  Fig. 4a-c but for the period  January-May.

‘Excess’ monsoon (  M1- M4 )

ISMR was 21%  above normal in the year 1961.
Cloud data are not available for 1961( M1 category).
There is only one year, i.e.,1988, in M2 category.
Weekly mean cloudiness for the period January-May
1988 is given in Fig. 7a. Spells of  active convection
in SIO  had a tendency to  move northward from
January itself. SICZ was completely absent in April and
May. Equatorial trough to the north of equator was well
marked from the beginning of April. These features are
reflected in the anomaly chart also (Fig.8a). Absence
of southward movement of the Spells of Positive Cloud
Anomalies (SPCAs) during January-March is another
characteristic feature of the anomaly chart.

There are 2 years (1975, 1983) in M3. Mean
cloudiness for M3 category  are given in Fig. 7b and

cloud anomalies in Fig. 8b.  The MCZ had a
tendency to move northward during January-March.
Considerable   weakening of SICZ and development
of equatorial trough to the north  was seen during
April and May.  In the anomaly chart, SPCAs as well
as Spells of Negative Cloud Anomalies (SNCAs) both
had a tendency to move to the north as well as to
the  south of equator during January-March. During
April and May, SPCAs developed at an interval of 2-
3 weeks only. There is only one year (1994) in M4
category. Mean cloudiness in the year 1994 is given
in Fig. 7c. Considerable reduction in cloud amounts
is seen during January to March. Equatorial trough
to the north of equator started developing from the
middle of April and   moved progressively northward
up to 15º N lat. Above mentioned features are seen
in the anomaly chart (Fig.8c) also.
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Normal’ monsoon ( M5 - M8)

There are 6 years (1973, 1981, 1990, 1998, 2003,
2007) in M5. Mean cloudiness and cloud anomalies
are shown in Figs.9a and Fig.10a respectively. The
MCZ associated with  SICZ  moved southward.
Equatorial trough to the north of equator developed
in the beginning of April and moved northward.
Alternate SPCAs and SNCAs developed. SNCAs were
less marked. The interval between the two
prominent SPCAs during April-May was 4 weeks.
There are 8 years (1976, 1977, 1980, 1989, 1993,
1995, 1996, 1997) in M6. SICZ was active, week
after week, during January-February (Fig. 9b). SICZ
was practically absent in April-May. Alternate
SNCAs and SPCAs developed from January to
May. SPCAs and SNCAs (Fig. 10b) moved to the
north as well as to the south. SNCAs were more
prominent.

There are 4 years (1999, 2005, 2006, 2008) in
M7. Mean cloudiness for  this category (Fig.9c) is
similar to that for  M6. However, the axis of MCZ
associated with SICZ moved to more southerly

latitudes during February and March. Negative cloud
anomalies (Fig.10c) dominated the areas to the south
of equator till February. Three weak SPCAs developed
in April and  May at an interval  of 2-3 weeks. There
are 3 years (1984,1992, 2000) in M8. SICZ
remained active from January till May (Fig.9d).  A
weak trough developed to the north of   equator in
May. This feature, also seen in the anomaly chart
(Fig.10d), is a significant change from the cloud
features associated with M2 –M7.Three prominent
SNCAs developed at an interval of  6-7 weeks.

‘Deficient’ monsoons ( M9- M12)

There are 3 years (1985,1991,2001) in M9. SICZ
remained active from January to May but for 2 weeks
in April (Fig.11a.). April SPCAs (Fig. 12a) moved
more to the south of equator.   May SPCAs was
mainly confined to areas south of equator. There are
4 years (1974,1982,1986,2004) in M10. SICZ
remained active from January to March   in a more
southerly  latitude (Fig. 11b). A weak trough
developed to the north of equator from the beginning

Table 4. Monsoon Category, range of  % departure of  ISMR ,  year ( % departure of ISMR) and number of years
when cloud data was available during the period January-May 1972-2009

(

≥ 23         20
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Figure 7a-c. Mean cloudiness during Jan-May of  ‘Excess’ monsoons [M2-M4].

Figure 8a-c. Mean cloud  anomalies during Jan-May of  ‘Excess’ monsoons [M2-M4].
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of April but it remained confined to the areas south
of 10º N lat. only.  An important feature of the
anomaly chart (Fig. 12b) is the   appearance of
alternate SPCAs and SNCAs which lasted for 3-4
weeks in continuation. This feature is typically
associated with ‘Drought’. The other ‘Drought’ signal
present in the anomaly chart  is a very weak S-N
oscillation.

There is only one year (2002) in M11. SICZ
remained active from January to April  but for  2

weeks in February (Fig.11c). Thereafter SICZ
developed for 3-4 weeks in continuation from the
last week of April. In the  anomaly chart (Fig.12c)
development of SPCAs and SNCs for 4 weeks in
continuation is seen from January to May. The other
prominent feature of the anomaly chart is movement
of  SPCAs both to the north and south of equator.
There are 3 years (1972,1979,2009) in M12. Cloud
data for the period January-March was not available
in 1972 and there were some missing data in 1979.

Figure 9a-d. Same as Fig.7  but  for  ‘Normal’ monsoons [M5-M8].
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SICZ remained active from January to April
(Fig.11d).  SICZ continued to remain active for a
period of 4 weeks in continuation.  Movement of the
MCZ both to the north and south of equator during
pre-monsoon months was the other feature of the
mean cloudiness. In the anomaly chart (Fig. 12d)

SPCAs were prominent from the second half of
January till the second half of March. While the
SNCAs continued for 3 weeks in continuation,
SPCAs lasted for 2 weeks only. Both type of
anomalies moved to the north as well to the south
of equator.

Figure 10a-d. Same as Fig.8  but  for  ‘Normal’ monsoons [ M5-M8].
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The analysis of mean cloudiness and cloud
anomalies have shown that they differ from one
category of monsoon to another. Therefore, the
cloud features for ach category could be

assigned an index.  Thus the cloud features
pertaining to M2-M12 categories of southwest
monsoon could be assigned SAI from 2 to 12
respectively.

Figure 11a-d. Same as  Fig.7  but for  ‘Deficient’ monsoons [M9-M12].
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CONCLUSIONS

Long period satellite observed cloud data from the
Indian Ocean region have confirmed the earlier
findings that SICZ forms an important element of
Indian summer monsoon circulation system and that
it  plays a crucial role in the development of Indian
summer monsoon and its intra-seasonal changes.
There is, in general, an inverse relationship between
the intensity of SICZ and summer monsoon.

Activity of SICZ during the period January-May
contains signals about likely performance of summer

monsoon over India. These signals could be detected
with the help of  mean cloudiness and cloud
anomalies. The features identified in mean cloudiness
and cloud anomalies pertaining to different categories
of monsoon could be used to assign SICZ Activity
Index (SAI).

The improved method of assigning SAI,
correlation coefficients between SAI and ISMR as
well as seasonal southwest monsoon rainfall in each
meteorological sub-division, regression equations and
verification of  forecasts  shall be included in Pt II of
the study.

Figure 12a-d. Same as  Fig.8  but for  ‘Deficient’ monsoons [M9-M12].
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