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ABSTRACT 
In this paper, we use fractal dimensional analysis to investigate the Tamil Nadu rainfall dynamics. We 

analyze the time series data of Tamil Nadu rainfall (annual, south west and northeast) using Hurst 

exponent. We use the rescaled range (R/S) analysis to estimate the Hurst exponent for 110 years rainfall 

data. The result shows a varying degree of persistence over shorter and longer time scales corresponding 

to distinct values of the Hurst exponent. Our studies suggest that Hurst exponent(H) of the annual rainfall 

of Tamil Nadu is H=1 which predicts its periodic motion, for the southwest rainfall  H=0.725 i.e. the time 

series covers more ‗distance‘ than a random walk and is a case of persistent motion and for the northeast 

rainfall  H=0.5 the time series is purely random. Further we analysis the fractal dimension for the Tamil 

Nadu rainfall; however, the fractal dimension of the annual and southwest rainfall of Tamil Nadu 

decreases to 1, the process becomes more and more predictable as it exhibits ―persistence‖ behavior. The 

northeast rainfall fractal dimension D for the time series is 1.5, which indicates that there is no correlation 

between amplitude changes corresponding to two successive time intervals. Therefore, no trend in 

amplitude can be discerned from the time series and hence the process is unpredictable.  

______________________________________________________________________________ 
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INTRODUCTION 

Tamil Nadu formerly known as Madras state is 

the only sub-division of the Indian union which 

receives more rainfall in the northeast monsoon 

(October-December) season than in the 

southwest monsoon (June- September) season. 

In the previous study based on 80 years rainfall 

data from 1891, it was found that the southeast 

and northeast monsoon seasons contribute about 

34% and 47% respectively to the mean annual 

rainfall of this region
1 

.Thus the rainfall received 

in Tamil Nadu during the northeast monsoon 

season is of great economic value. Major 

agricultural operations are normally undertaken 

during that season. It has, however, been noted 

that the rainfall during northeast monsoon is 

highly variable
2
. Therefore, if its behavior could 

be predicted in advance, it would go a long way 

toward helping the agricultural and industrial 

activities of the region. 

The southwest monsoon is a part of the 

equatorial westerly, and as such it is humid, 

unstable and of considerable vertical extent. On 

the other hand, the northeast monsoon is a part 

of the northeast trades and is comparatively dry, 
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stable and of lesser vertical extent, about 1 to 2 

Km. As a result of the fundamental differences 

in the origin and structure of these two 

monsoons, Tamil Nadu receives varying 

amounts of rainfall during the two rainy periods. 

Rao
3
 observed that in the same year, there is an 

indication that a good northeast monsoon 

rainfall over Tamil Nadu is generally associated 

with deficient or normal southwest monsoon 

rainfall and vice versa. Raj et al
4
 and Raj

5
 have 

identified a few upper air parameters that have 

predictive potential for northeast monsoon 

rainfall over Tamil Nadu and the southern 

region. The annual variability of Indian summer 

monsoon and northeast monsoon rainfall is 

determined by external forcings and nonlinear 

internal dynamics. Surface air temperature is one 

of the factors that influence monsoon variability. 

The distribution of surface air temperature over 

land and sea determines the locations of heat 

source and sink which in turn affect circulation 

pattern through thermal and latent heat energy 

exchange between atmosphere and the surface 

beneath.  

The Hurst exponent is a parameter that 

quantifies the persistent or anti-persistent (past 

trends tend to reverse in future) behavior of a 

time series. It determines whether the given time 

series is completely random or has some long-

term memory. Fractal dimensional analysis of 

geophysical time series is a well established 

investigative tool for exploring the dynamics. 

This was initiated by Mandelbrot and Wallis in 

their series of seminal papers
6-8 

on this subject. 

This has been followed up by application of the 

techniques to various geophysical phenomena
9-12 

. Fractal dimensional analysis is particularly well 

suited to analyze the variability of a given time 

series.  

Data  

For the present study more than 110 years Tamil 

Nadu rainfall data is collected from the Indian 

meteorological department. The raw data of 

rainfall for the annual and seasonal months over 

Tamil Nadu are considered.  

 

 

METHODOLOGY 

To calculate the Hurst exponent, we estimate the 

dependence of the rescaled range on the time 

span w of observation. A time series of full 

length N is divided into a number of shorter time 

series of length w= N, N/2, N/4 ... The average 

rescaled range is then calculated for each value 

of n. For a (partial) time series of length n, the 

rescaled range is calculated as follows:  

 Calculate the mean; 

 Create a mean-adjusted series; 

 Calculate the cumulative deviate series Z; 

 Compute the range R for Z; 

 Compute the standard deviation S for the 

data; 

 Calculate the rescaled range R/S and average 

over all the partial time series of length n. 

The Hurst exponent is estimated by fitting the 

power law to the data. To estimate the value of 

the Hurst exponent, R/S is plotted against w on 

log-log axes. The slope of the linear regression 

gives the value of the Hurst exponent. If the 

Hurst exponent (H) is 0.5, then the time series is 

purely random.  If H>0.5, the time series  covers 

more ‗distance‘ than a random walk, and is a 

case of persistent motion, while if H<0.5, the 

time series covers less ‗distance‘ than a random 

walk it shows the anti- persistent behavior in 

time series. However, for periodic motion, the 

Hurst exponent is 1. 

The Hurst exponent is related to the fractal 

dimension D of the time series curve by the 

formula 

D=2-H 

If the fractal dimension D for the time series is 

1.5, there is no correlation between amplitude 

changes corresponding to two successive time 

intervals. Therefore, no trend in amplitude can 

be discerned from the time series and hence the 

http://en.wikipedia.org/wiki/Rescaled_range
http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Power_law
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process is unpredictable. However, as fractal 

dimension decreases to 1, the process becomes 

more and more predictable as it exhibits 

―persistence‖. That is, the future trend is more 

likely to follow an established trend. As the 

fractal dimension increases from 1.5 to 2, the 

process exhibits ―anti-persistence‖. That is, a 

decrease in the amplitude of the process is more 

likely to lead to an increase in the future. Hence, 

the predictability again increases.  

 

RESULT 

In order to understand the behavior of different 

dynamical systems we use the Hurst exponent. 

We consider 110 years data of southwest, 

northeast and annual rainfall of Tamil Nadu to 

calculate the Hurst exponent. Using the R/S 

method we compute the Hurst exponent as 

discussed in the methodology section, the Hurst 

exponent   and fractal dimension are found to be 

(i) for southwest rainfall H=0.725 and 

D=1.2 

(ii) for northeast rainfall H=0.5 and D=1.5 

(iii) for annual rainfall H=1 and D=1 

In fig 1(a),(b)&(c) the slope of the linear 

regression  gives the Hurst exponent for 

southwest, northeast and annual rainfall of Tamil 

Nadu. 

 

CONCLUSION 

Hurst exponent for southwest, northeast and 

annual rainfall of Tamil Nadu is estimated 

separately. Fractal dimension analysis is 

determined for all these three seasons using 

Hurst component. Hurst component of northeast 

is lower than both southwest and annual. Its 

Hurst exponent is 0.5 and fractal dimension D 

value is 1.5. It implies that northeast rainfall 

prediction is very complicated and is of 

unpredictable nature. In the cases of southwest 

Hurst exponent value is 0.725 and fractal 

dimension value is 1.2. It implies that further 

trend is more and more likely to follow an 

established trend. Tamil Nadu annual rainfall 

trend based on Hurst and fractal dimension is 

similar to southwest is periodic in nature. Both 

southwest and annual rainfall of Tamil Nadu is 

more or less similar and predictable. 

 

 

 

Fig 1(a) log R/S vs. log w for southwest rainfall of Tamil Nadu 
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Fig 1(b) log R/S vs. log w for northeast rainfall of Tamil Nadu 

 

 

Fig 1(c) log R/S vs. log w for annual rainfall of Tamil Nadu 
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