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Abstract. The present paper reports studies on the association between the
mean annual sunspot numbers and the summer monsoon rainfall over India.
The cross correlations have been studied. After Box-Cox transformation,
the time spectral analysis has been executed and it has been found that
both of the time series have an important spectrum at the fifth harmonic.
An artificial neural network (ANN) model has been developed on the data
series averaged continuously by five years and the neural network could
establish a predictor-predict and relationship between the sunspot numbers
and the mean yearly summer monsoon rainfall over India.
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1. Introduction

The sunspot number (SN) is well correlated with 10.7 cm solar flux, a quantity mea-
sured by remote sensing techniques. Quite a handful of research works are avail-
able where remote sensing technique has been used to investigate various aspects of
sunspot. The SN time series provides the longest existing record of solar activity, and
is thus the best available data set for studying the long-term evolution of solar activ-
ity and, in particular, of the 11-year activity cycle. Sunspots grow over a few days
and last from several days to a few months, indicating enhanced solar activity that
modulates the weather and the climate (Bzwoski et al. (2003), Hu et al. (1997), Ja-
gannathan and Bhalme (1973), Chattopadhyay and Chattopadhyay (2011)). Associ-
ation between climate and sunspot numbers has been a subject of interest since last
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few decades. Studies have shown that the Solar magnetic activity exhibits chaoti-
cally modulated cycles with a mean period of 11 yr, which are responsible for slight
variations in solar luminosity and modulation of the solar wind, while the earth’s
atmosphere and oceans support oscillations with many different frequencies Jagan-
nathan & Bhalme (1973). Plethora of literatures have shown the presence of a near
11-year and/or an 18.6-year cycle in climatic parameters (see Chattopadhyay & Chat-
topadhyay (2011), Chattopadhyay & Chattopadhyay (2012) and references therein).
During the most active monsoon months, the monsoon through lies over the Gangetic
Plains (300N, 750E to 230N, 880E) causing increased rainfall in the plains of India. In
the present work we have implemented the spectral analysis on the Box-Cox trans-
formed time series and based on the nature of the spectra we have implemented an
averaging procedure to generate the single predictor ANN based model for Indian
summer monsoon rainfall.

2. Autocorrelation structure

In this paper, we consider the summer monsoon (June, July, August) abbreviated as
JJA rainfall time series over India collected from the website of Indian Institute of
Tropical Meteorology, Pune, and the mean annual sunspot number time series col-
lected from NOAA, Boulder, Colorado during the period from 1935 to 1998. The
autocorrelation function (ACF) of the rainfall and sunspot number time series follow-
ing the equation Wilks (2006)

rk =
Cov(x(n − k), x(n − k))√

x(n − k)
√

x(n − k)
(1)

The lower bar indicates the average of the first (n − k) data values and the upper bar
indicates the last (n − k) data values. The k indicates the order of the autocorrelation.
For rainfall time series r1 � 1, thus no persistence is observed. However, we find a
clear 11-year cycle in the ACF of the mean yearly sunspot number is observed using
equation (1). The ACF are presented in figures 1 and 2. The ACF for rainfall exhibits
random nature and the ACF for SN shows periodic behavior. From the statistical
analysis, we understand that both of the time series under consideration are positively
skewed. Thus, we apply Box-Cox transformation to the time series to stabilize the
variance as follows Chattopadhyay & Chattopadhyay (2011)

xt =
xλt − 1
λG(λ−1) (2)

Where, {xt} is the original series, G is the sample geometric mean, λ is the transforma-
tion parameter, and {zt} is the transformed series. After transforming the time series
by Box-Cox, we carry out a spectral analysis of the time series.
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Figure 1. Autocorrelation function for sum-
mer monsoon rainfall time series.
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Figure 2. Autocorrelation function for sun-
spot number time series.

3. Spectral analysis

Any data series consisting of n points can be represented by adding together a series
of n/2 harmonic functions as Wilks (2006)

yt = y +

n/2∑

k=1

{
Ak cos

[
2πkt

n

]
+ Bk sin

[
2πkt

n

]}
(3)

where Ak and Bk are Fourier coefficients. The horizontal axis of a spectrum can also be
scaled according to the reciprocal of the frequency, or the period of the kth harmonic
as

τk =
n
k

=
2π
ωk

(4)

The period τk specifies the length of time required for a cycle of frequency ωk to
be completed. In the case of monsoon rainfall time series the spectrum shows that
for monsoon rainfall time series, the most important variations in the data series are
represented by the harmonics τ4 = n/4 = 64/4 = 16 and τ31 = n/31 = 64/31 = 2.60.
In the case of sunspot number time series the most important harmonic occurs at
τ6 = 10.67. Other important harmonics are τ5 and τ7. Thus, we understand that
the most important harmonic in the two time series differ by (16 − 10.67) = 5.33
years. However, if we look at the spectral densities for the rainfall time series we find
that there is a prominent spectral density at the harmonic τ5. Thus, it is a prominent
harmonic in both of the time series.

4. ANN model

Here we establish a predictor-predictand relationship between SN and monsoon rain-
fall. Considering the small correlation between rainfall and SN time series we decide
to implement ANN as a non-linear predictive tool. ANN is implemented in the form
of multilayer perceptron (Gardner & Dorling 1998). Since the common harmonic
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contributes very little in the entire spectra, it is not logical to go for a linear regres-
sion. Considering cross-correlation between SN and rainfall, we find that there are
significant positive and negative spikes at lags separated approximately by 5. We find
that moving average of 5 years is giving much smoothness to the time series. Thus,
we try to estimate the 5 years average monsoon rainfall amount over India using the
corresponding 5 years average SNs as predictor. The study period being 1935 to 1998,
after averaging the data for 5 years we get the final time series with 60 entries. Thus,
the input matrix for the generation of ANN based prediction model is of order (60×2),
where the first column pertains to the predictor i.e. the SN, and the second column
pertains to the predictand i.e. monsoon rainfall. From the data series, 70% data are
chosen using Round Robin method as the training set and the remaining 30% data are
chosen as the test set. The ANN activation function is chosen as the sigmoid function
given by

f (x) =
1

1 + exp(−x)
(5)

After training and testing the network and validating over the entire set of 60 data, the
optimum network architecture is available with 7 hidden nodes. Finally, the model is
validated over the entire input set. After creating the optimal network, we examine
the goodness of the prediction made by the ANN in the form of multilayer perceptron
(MLP) by calculating the Willmott’s index given by

d = 1 −

∑

i

| Pi − Oi |2


∑

i

{
| Pi − Ō | + | Oi − Ō |

}2

−1

0 ≤ d ≤ 1 (6)

We find that d = 0.795 in the present model. This indicates, in general, a good model.

5. Conclusion

The study revealed that by the implementation of artificial neural network average of
five years sunspot numbers can give a good estimate for five years averaged summer
monsoon rainfall over India. Although, we could not give any year wise forecast of the
summer monsoon rainfall, a regression-like estimation has been possible. In future,
further studies may be carried out to make a yearly prediction of summer monsoon
rainfall based on yearly mean sunspot numbers.
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