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Abstract
We use 100 years data for studying correlative effects between solar cycle and rainfall over Tamil 
Nadu. For the period of different solar cycles, we compute the correlation coefficients for the 
seasonal months of Jan-Feb (JF), Mar-May (MAM), June-Sept (JJAS) and Oct-Dec (OND) and 
annual mean data. We find that: (i) with a moderate - to high significance; Tamil Nadu rainfall 
is correlated with the sunspot activity and (ii) there is an overall trend that during the period of 
high sunspot activity, occurrence of rainfall is low compared to the period of low sunspot activity.

We speculate in this study a possible physical connection between the occurrence of the 
rainfall and the sunspot activities and the flux of galactic cosmic rays. Some of the negative 
correlations between the occurrences of the sunspot and rainfall activities obtained for different 
solar cycle periods are interpreted as effects of aerosols on the rain forming clouds due to either 
intermittent volcanic eruptions or due to intrusion of interstellar dust particles in the earth’s 
atmosphere.

Introduction

Fluctuations in solar activity are undoubtedly a factor 
affecting weather and climate. Although the results 
of some of the studies are conflicting, Indian weather 
and climate, in general is inversely related to sunspots 
(Bhalme et al 1981).Several papers are documented 
to find out the association between solar activity and 
rainfall. Recently Hiremath 2006 made a correlation 
study between sunspot number and Indian rainfall. 
According to him, the weak solar activity leads to 
heavy rainfall in Indian region. Sunspot number 
is one of the best indicators of solar activity. Here, 
smoothed sunspot number is taken as an indicator 
of solar activity. 

The possible linkage between the daily rainfall 
of Tamil Nadu and the daily values of the sum 
of k-indices during geomagnetic great storms and 
magnetically quiet days has been investigated 
making use of superposed epoch methods, frequency 
distribution, power spectral and cross spectral 
analyses. Geomagnetic activity during great storms 
and rainfall have a common 15-day periodicity which 
is significant at the 99 per cent level (Reddy et al  
1984).The k-index is a code that is related to the 
maximum fluctuations of horizontal components 
observed on a magnetometer relative to a quite day, 
during a three-hour interval.  It is found that strong 

solar activity, to some extent, increases the seasonal 
wind pattern and thereby increases the Tamil Nadu 
rainfall. In the present study, we investigate the 
effect of the solar activity for a short term (~ 11yrs) 
scale and study the cycle-to-cycle variations of the 
influence of the solar activity on the rainfall over 
Tamil Nadu.

Data and analysis

We consider 100 years (1901-2000) data of the 
sunspot number and the rainfall over Tamil Nadu. 
The sunspot number data is obtained from the 
website ftp.ngdc.noaa.gov/ STP/SOLAR_DATA/
SUNSPOT_NUMBERS and the rainfall data is 
obtained from the Regional Meteorological Centre, 
Chennai. In the present analysis, we use the seasonal 
(including the spring, the southwest, the northeast 
and the winter monsoon) and the annual (averaged 
for the period of 12 months) rainfall data.

We compute to find out probable relationship 
between Tamil Nadu rainfall and solar activity. The 
different nomenclatures for the seasonal rainfall 
occurrences are given as follows. We combine the 
winter rainfall data for the months of January and 
February and denote it as JF. For the combined months 
of the March, April and May, spring rainfall data set, 
we denote it as MAM. In the rest of the months, the 
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rainfall variability is dominated by the southwest 
(June, July, August and September) and northeast 
(October, November and December) monsoons, 
which we denote as JJAS and OND respectively. For 
a particular year, we compute the average of all the 
12 months rainfall data and call it as annual mean 
of the rainfall data. For similar combined months 
(JF, MAM, JJAS, OND), we collect the sunspot 
data. For each year, by using 12 months data, we 
compute annual mean of the sunspots. In Table 1, 
we present the Spearman Rank-order correlation 
coefficients computed between the occurrences of 
sunspot and rainfall activities from the data. This 
method (Press et al. 1992) of finding the correlation 

between two variabilities is more robust than the 
usual method (i.e., by linear correlation). The first 
column represents the solar cycle period and the 
second column the length of the solar cycle. In the 
third to last columns, the results for the combined 
seasonal months of JF (winter), MAM (summer), JJAS 
(southwest), OND (northeast) and the annual mean 
correlation coefficients are presented.  

Fig.1 Illustrates the relationship between the 
annual rainfall and annual sunspot number. The 
graph is plotted taking the year along the x axis and 
the annual rainfall in mm and the annual sunspot 
number taken along the y axis for comparison.

Fig 2 Illustrates the relationship between the 

Table 1. Cycle-to-Cycle variation of correlation coefficients for the seasonal months (JF, 
MAM, JJAS and OND) and annual raw data respectively. 

Year Length JF MAM JJAS OND Annual

1901-1911 11 -0.15 0.14 -0.4 0.44 -0.34

1912-1922 11 0.37 0.43 0.51 -0.63 0.01

1923-1933 11 0.24 -0.13 -0.08 -0.08 -0.3

1934-1944 11 -0.32 0.4 -0.01 -0.15 -0.15

1945-1955 11 -0.01 -0.23 0.09 -0.07 -0.01

1956-1966 11 0.3 0.38 -0.43 0.17 -0.23

1967-1977 11 0.45 0.15 -0.23 0.18 0.18

1978-1988 11 -0.26 0.10 -0.06 0.23 -0.24

1989-2000 12 0.04 -0.18 0.13 -0.32 -0.41

Figure 1. Relationship  between Annual Rainfall and Annual SunSpot Number
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Figure 2. Relationship between Rainfall and Sunspot Number for SOUTH WEST MONSOON

Figure 3. Relationship between Rainfall and Sunspot Number for NORTHEAST MONSOON
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rainfall and sunspot number for south west monsoon 
(june to September).  The graph is plotted taking the 
year along the x axis and the rainfall in mm and the 
sunspot number along the y axis for comparison.

In Fig.3 illustrates the relationship between the 
rainfall and sunspot number for the seasonal month 
October- December. The graph is plotted taking the 
year along the x axis and the rainfall in mm and the 
sunspot number along the y axis for comparison.

One can argue that the correlations (present in 
table 1) within a cycle are rarely significant to draw 
any conclusion. The following are the two most 
likely reasons for the low significance of correlation 
coefficients (CC).  The first problem is estimation 
of the significance of correlation coefficients (CC). 
The best and correct way is to have measured 
uncertainties in the rainfall data and compute the 
CC and their significances. Unfortunately, we do not 
have any measured uncertainties in the rainfall data, 
considered in this study. The second problem is the 
low accuracy of the rainfall data that are measured 
from the rain gauges.

Though the uncertainties in the derived 
coefficients are large, we can draw the following 
conclusions: for a particular solar cycle period, there 
appears to be an overall trend that irrespective of 
signs of the correlation coefficients, the monsoon 
rainfall variability is strongly correlated during the 

weak sunspot activity and weakly correlated during 
the strong sunspot activity. That means, during the 
11-year solar cycle, a weak sunspot activity leads 
to a strong Tamil Nadu rainfall variability and 
vice versa.

Conclusions and discussion

From the correlative analysis of 100 years data of 
the sunspot and the Tamil Nadu monsoon rainfall 
activities, the following conclusions are made:
•	 With a moderate-to-high significance, sunspot 

activity is correlated with the Tamil Nadu rainfall 
activity and

•	 Irrespective of signs of the correlation coefficients, 
for a particular period of a solar cycle, there 
appears to be an overall trend that, rainfall 
variability is low during the high solar activity 
than the low solar activity.
There is a causal relationship between the sunspot 

activity, galactic cosmic rays (GCR) and the rainfall. 
The GCR activity is the source of ions in the Earth’s 
atmosphere. We know that the condensation of water 
vapour into water drops is mediated by the ions in the 
atmosphere. Thus, any change in the GCR activity, 
correspondingly affects the rainfall variability. As 
the intensity of the GCR is inversely proportional 
to the solar activity, increase in solar activity results 

Figure 4. Correlation coefficient for the Annual rainfall and Annual sunspot number
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in reducing the intensity of the GCR flux. This 
ultimately results in both reducing the activity in 
nucleation of the cloud particles and suppressing 
the rainfall variability (Parker 1999). That means, 
during high sunspot activity, we should get a small 
correlation coefficient (considered as absolute value) 
between the occurrence of sunspot and the rainfall 
variabilities.

The negative correlations in some of the cycle 
periods could be due to the changing spatial and the 
temporal occurrence pattern of the aerosol particles 
or due to intrusion of interstellar dust particles in 
the atmosphere. The recent study (Vinoj et al. 2004) 
shows the rain-deficit of the summer monsoon due to 
large aerosol optical depths. In fact there is a constant 
accretion ~(4.0 ± 2.6) 10v  Kg/year) of cosmic 
dust due to extra terrestrial origin on the earth‘s 
atmosphere (Lone & Brownlee 1993; Yada et al .2000; 
Lal & Jull 2002). A mechanism has been proposed 
that involves coupling between the ionosphere and 
troposphere (Manish Tiwari et al 2007). Ionosphere 
is the region in the atmosphere (at the altitude of 
~80-250 km) where the atoms absorb the incoming 
solar energy in the UV band and produce ions and 
free electrons. The varying solar activity also varies 
with the ionospheric charge, which is intimately 
coupled with tropospheric thunderstorms. Variations 
in ionospheric electric field will thus affect the electric 
charge on the clouds, which in turn play an important 
role in coalescence of droplets and condensation of 
water vapour.

References

Bhalme,H,N., Reddy,R.S., Mooley,D.A. and   Ramana 
Murty,BH.V. 1991. Solar activity and Indian weather/ 
climate, proc. Indian. Acad.Sci. (Earth Planet. Sci.) 
Vol. 90, No.3, pp.245-262.

Hiremath,K.M.2006. The influence of solar activity on the 
rainfall over India, J. Astrophys. AStr. 27, 367-372 

Reddy,R.S.,Raja Rao,K.S.and Ramana Murty,Bh.V.  1984. 
Linkage between rainfall singularities and geomagnetic 
activity, Archives for meteorology, Geophysics, and 
Bioclimatology, Ser.A 33,127-142

Pr e s s , W. H. ,  Te u ko l s ky,  Ve t t e r l i n g ,  W. T.  a n d 
Flannery,B.P.1992. A family of models of partially 
relaxed stellar systems, Numerical Recipes inC (2nd 
edn.),Cambridge: Cambridge University Press,p.640.

Parker, E.N. 1999. Solar physics-Sunny side of global 
warming, Nature, 399, 416.

Vinoj, V., Sateesh, S.K., Suresh Babu, S. and   Krishna 
Murthy, K.2004. Radiative forcing by aerosols over the 
Bay of Bengal region derived from ship-borne, island-
based and satellite, Annales. Geophysicae, 22, 3073.

Lone, S.G.and  Brownlee, D.E. 1993 science, 262, 550.
Yada,T. 2000, The influence of solar activity on the rainfall 

over India, Meteor. Planet. Sci., 35(5) A 173.
Lal ,D. and  Jull, A.J.T. 2002. The influence of solar activity 

on the rainfall over India, Astrophys.J., 576, 1090.
Manish Tiwari and Rengaswamy Ramesh.   2007.Solar 

variability in the past and Palacoclimate data 
pertaining to the southwest monsoon, current 
science,vol.93,no4,25 August.

Raajalakshmi Aditya : Born in 1976, Ms.Raajalakshmi Aditya has M.Sc., & M.Phil. in 
Physics. Qualified in the State level Eligibility Test for Lecturers. Currently, pursuing 
her Ph.D. in the University of Madras. She possesses 9 years’ experience in teaching 
Physics for under-graduate and post- graduate students. She is presently working as an 
Assistant Professor in Government Arts & Science College at Tiruttani. An expert in 
electromagnetic theory and nuclear physics and her current research interests include 
atmospheric sciences and weather predictions. 

Dr.R.Samuel Selvaraj completed his M.Sc,. and Ph.D. in Physics and is working as 
Assistant Professor in Physics at  Presidency college, Chennai. He has vast research and 
academic background in Physics. Presently he guides many research scholars for their PhD.  
An expert in Non-linear dynamics. His current research interests include environmental 
science, atmospheric sciences, disaster prediction, and weather prediction. He has number 
of international and national publications to his credit.


