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Abstract
Most of India’s rainfall comes during summer monsoon. The factors that influence monsoon include El Nino-La Nina
cycle and other factors like Sun spot cycle. In this paper, we are trying to find out possible correlation among rainfall
with different climate drivers (factors) like El Nino-La Nina cycle, Sun spot cycle and also with flood and draught
history. Rainfall in Northeast India is known to be influenced by four major factors: the El Niño-Southern Oscillation
(ENSO), the Equatorial Indian Ocean Oscillation (EQUINOO), the Indian Ocean Dipole (IOD) and the Madden-Julian
Oscillation (MJO).The ENSO phenomenon is known to affect the Indian monsoon.It is recognized as the most important
tropical ocean-atmosphere coupled phenomenon. It influences the Southern Oscillation, the Indian summer monsoon
rainfall and even the summer climate condition in Asia. During an El Nino event, the tropical convection and the
associated rising limb of the Walker circulation normally located in the western Pacific shift toward the anomalously
warm waters in the central and eastern Pacific. Therefore, there is an anomalous subsidence extending from the western
Pacific region to the Indian subcontinent. This subsidence suppresses convection and precipitation over the western
Pacific and the Indian subcontinent. Equatorial Indian Ocean Oscillation can be defined as a phenomenon that display a
dipole formation in terms of cumulus convection accompanied with zonal wind and rainfall anomaly in equatorial Indian
Ocean mainly confined to Arabian Sea and Bay of Bengal. The floods and droughts go well with EQUINOO incidents but
normal monsoon do not display equal uniformity with EQUINOO effect. Generally, positive EQUINOO with enhanced
cloudiness over the Western part as compared to the Eastern region is favorable to the Monsoon. We also theorize in this
study a possible physical connection between the occurrence of the rainfall variability and the sun spot activity.
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Introduction
The study area has a monsoon climate with heavy to very heavy rains, confined within four summer months
from June to September. The southwest monsoon is the main source of rain, and June is the rainiest month.
The ENSO phenomenon is considered to be most important external influence on Indian Summer Monsoon
Rainfall (ISMR) since early twentieth century. ISMR is defined as the total summer monsoon season (June–
September) rainfall averaged overall of India (Sontakkeet al.1993). Normal and above-normal ISMR occurs
during the El Niño events of the monsoon season. (Ihara et al.2008).Based on El Nino and La Nina cycle,
many researchers predict natural hazards like flood and draughts. Such prediction is not always true because
our atmosphere is highly dynamic as well as every climate drivers has its own cycle.We consider not only the
El Nino and La Nina cycle but also other climate drivers like sun spot cycle, rainfall data along with flood and
draught history of the area. Some researchers like Surajit et al. (2011), Kumar et al.(1999) and Ihara et
al.(2008) correlate precipitation (rainfall) with El Nino and La Nina cycle when others like Tripathi and
Bhattacharya (2014) with Sun spot cycle. In this study, we found that the Indian Ocean Dipole (IOD) is a
physical mode involving dynamics of the tropical Indian Ocean. We believe that the concept of IOD has given
a chance to predict climate variations originated in the tropics. An index to quantify the IOD has been defined
as the Sea Surface Temperature (SST) difference between the tropical western Indian Ocean and the tropical
south-eastern Indian Ocean(Sajiet al.1999).Recent studies have focused on establishing and presenting the
seasonal evolution of the IOD event as an independent phenomenon to ENSO (e.g. Webster et al., 1999; Saji
et al., 1999) and have looked at the possible impacts of the IOD on the global climate (Saji and Yamagata,
2003).The association between climate and Sun Spot numbers (SNs) has been a subject of interest for the
recent decades. Willett (1951) discussed some striking facts concerning the cyclical variation of sunspots and
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certain elements of climatic variations of the northern hemisphere. The connection between rainfall and SNs is
not new. Several authors have tried to extract some mathematical relationship between rainfall and solar cycle.
They observed that, in August and to some extent in July, for higher solar activity, precipitation is reduced
over the equatorial Indian Ocean and increased over the western Pacific Ocean and to a lesser extent over part
of the Indian subcontinent.

Fig. 1 India Monsoon Onset Map(Source: IMD)

About the study area
Manipur is a small state located in a hilly terrain of Northeast India with a small portion of valley in the
central part of the state and has a monsoon climate confined within four summer months from June to
September. The southwest monsoon is the main source of rain, and June is the rainiest month. There are three
seasons in the area, winter, summer and rainy season, though rainy season, as in the rest of India, coincides
with summer months. The two most important river basins of the state Manipur are Imphal river basin and
Barak river basin. Imphal river and its tributaries drain the central part of the valley and while western part is
mainly drained by the Barak and its tributaries. The Barak river basin belongs to Brahmaputra river system of
the west and the Imphal river basin is a part of the Chindwin-Irrawady river system of the east. Nambulriver is
the only main river in Manipur that flows in heart of the Imphal valley and it falls inLoktak Lake.
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Fig. 2 Map showing annual rainfall of Manipur (Source; Govt. of Manipur)

Methodology and Data Analysis
The study involves statistical and graphical analysis and correlation of rainfall data from the India
Meteorological Department (IMD), flood and drought history obtained from Manipur University, El Nino and
La Nina values from Solar Influence Data Analysis Centre and Sun spot cycle data from
www.ggweather.com. Annual rainfall data is used in this study for analysis of extreme rainfall events causing
floods. To our knowledge, this is the first study that relates rainfall events to ocean-atmospheric conditions in
the Indian Ocean with other climate drivers. In this study, we focus more frequent occurrence extreme rainfall
events in recent decades over Northeast India (particularly Manipur) and to identify the processes behind these
events. The moisture availability in the Indian region is dependent on the prevailing ocean- atmospheric
conditions in the Indian Ocean. This signifies that the IODmight play an important role in modulating rainfall
events in Northeast India(Sajiet al.1999; Yamagata et al. 2004).

Indian Ocean Dipole (IOD) is an ocean-atmosphere coupled phenomenon but occurring in the Indian Ocean
Region (IOR). A positive IOD occurs when the sea surface temperatures are greater than normal in the
Arabian Sea and less than normal in the tropical eastern Indian Ocean. When the reverse is the case, a
negative IOD is said to have developed.A positive IOD leads to greater monsoon rainfall and more active
(above normal rainfall) monsoon days while negative IOD leads to less rainfall and more monsoon break days
(no rainfall).Our study also aims to determine the role of the positive phase of the three IODs on summer
monsoon rainfall.

Our study also took into account the combined effect of El Nino and positive IOD on monsoon rainfall. The
effect of El Nino in general is to decrease the monsoon rainfall over the Indian subcontinent. This study shows
that the IOD on the other hand increases the monsoon activity over India.The co-occurrence of the different
types of El Nino events over the tropical Pacific (weak to very strong) and the result of their interaction with
the three types of IOD (normal IOD, early IOD and prolonged IOD) on monsoon rainfall were studied. It was
found that during weak El Nino years there were no break events in the peak monsoon months of July and
August (early IOD), whereas in the case of moderate, strong and very strong El Nino years more break events
were observed during the mid-monsoon months.



1102 L Sherjit Singh and KhMohon Singh

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 10
October 2017

Fig.3 An Indian Map showing positive phase of the IOD. (Source: Applications Laboratory of Jamstec, the Japanese national weather forecaster)

Table. 1 Years of positive and negative IOD years and El Niño and La Niña years based on DMI (Dipole Mode Index)and Niño-3
indices. Pure events are shown in bold i.e. no El Niño during positive IOD and no La Niña during negative IOD events considering a

possible atmospheric bridge that can give rise to such interferences(Source: modified after Yamagata et al., 2004)
Year Positive IOD Negative IOD El Nino La Nina Flood in

Manipur
1961 √
1963 √ √
1964 √ √
1965 √ √
1966 √
1967 √ √
1969 √
1970 √ √
1971 √
1972 √ √
1973 √
1975 √
1976 √
1977 √
1982 √ √
1986 √
1988 √
1989 √ √
1991 √
1992 √ √
1994 √
1996 √
1997 √ √ √
1999 √ √
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Results and Discussion
The relationship between IOD and rainfall events becomes important when viewed in the background of the
ongoing warming of the Indian Ocean (Webster et al. 2005).The frequency of occurrence of IOD years in the
recent decades is high compared to the previous decades. The summermean SST anomalies show a warming
of about 0.6C in the central equatorial Indian Ocean. As a response to this enhanced anomalous warming,
anomalous convection centre moves towards the central warm region which is indicated by the negative OLR
anomalies. Low level easterly wind anomalies are strengthened associated with this increasing trend of
warming and convection in this region. This favours the generation of more frequent IOD events.The summer
monsoon rainfall in Northeast region is strongly related to the Indian Ocean SST anomalies besides other
climate drivers.

For prediction of natural calamities in the study area, topography, land use system and present drainage
system of the area play an important role.Breaching of river banks, heavy precipitation; inadequate drainage
facility and siltation are the main causes of recent floods in Manipur (Sherjit L and Dhar I., 2017). Strong
flood occurred in 1997 in Manipur even though annual rainfall of that year is 1331.20 mm only. A draught
like situation was prevalent in the year 2012 in which recorded annual rainfall is 1686.80mm. So we need to
study the history of floods and draughts, annual rainfall data, El Nino and La Nina cycle along with sun spot
cycle to predict natural calamities like floods and draughts. The following figure (Fig.4) shows the
relationship between annual precipitation and climate drivers like sun spot cycle, El Nino- La Nina cycle with
flood and draught history.

Fig.4 Graph representing the annual rainfall, occurrence of flood & draught in Imphal valley along with
events of El Nino, La Nina & average Sun spot of different years.

Fig.5 Comparison of Annual Rainfall and Average Number of Sunspot (Source: Tripathi& Bhattacharya,
2014)
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We found a good linkage between annual rainfall and average number of sunspot.From Fig. 4&5 we can
conclude that, in general, that Indian annual rainfall follows more or less same trend as the average number of
sunspot.

Conclusion
Our study establishes a relationship between rainfall events in India and IOD in recent decades besides other
factors like sun spot cycle. It is known that the extreme rainfall events over India are controlled by the cool
SST anomalies in the south equatorial Indian Ocean. We can conclude that the IOD events affect the Indian
summer monsoon on their own and thus apparently weaken or strengthen the influence of the ENSO on the
ISMR. The influence on ISMR depends on the phase and amplitude of the IOD and ENSO. Despite the
possibility that some IOD events could be linked to some ENSO events, the present approach to consider the
IOD as one of the major coupled modes in the tropics seems to be successful in evaluating the IOD's influence
on ISMR.Our study also indicates a more or less positive correlation between rainfall (annual precipitation)
and average number of sunspot on long term time scale. For prediction of monsoon related natural calamities
like flood and draught in the study area, topography, land use system and present drainage system of the area
play an important role besides monsoon rain.
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