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Abstract: 
Tropical Cyclone activities over the North Indian Ocean (comprising Bay of Bengal and Arabian Sea) 

constitute one of the major natural disasters of our country. To understand the Tropical Cyclonic activities, 

estimations of their frequencies are necessary. In this study, the Average Annual Global Temperature and 

Cyclonic disturbance that includes Depression, Cyclonic Storm and Severe Cyclonic Storm over the North 

Indian Ocean has been analysed using Spearman Rank Correlation technique. Tropical Cyclone over the 

North Indian Ocean has decreased to some extent due to the increase in global temperature.  
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1.0 Introduction: 
A Tropical Cyclone (TC) is the generic term for a 

non-frontal synoptic scale low-pressure system 

originating over tropical or sub-tropical waters 

with organised convection and definite cyclonic 

surface wind circulation. Tropical cyclones with 

maximum sustained surface winds of less than 18 

ms
-1

 are called "tropical depressions". Once a 

tropical cyclone achieves surface wind strengths of 

at least 18ms
-1

 it is typically called a "tropical 

storm" and assigned a name. If the surface winds 

reach 33ms
-1

, the storm is called a "typhoon" in 

the Northwest Pacific Ocean, a "hurricane" in the 

North Atlantic Ocean and the Northeast Pacific 

Ocean, or it is named as a "severe tropical cyclone" 

in the Southwest Pacific Ocean and Southeast 

Indian Ocean (Neumann 1993).  

 

Tropical cyclones are seasonal phenomena: most 

tropical ocean basins have a maximum frequency 

of cyclone formation during the late summer to 

early autumn period. This is associated with the 

period of maximum Sea Surface Temperature 

(SST), although other factors, such as the seasonal 

variation of the monsoon trough location, are also 

important (Frank 1987; McBride 1995). The storm 

season in the North Atlantic becomes highly active 

during August-September-October, with a 

maximum frequency of occurrence in September 

(Neumann et al. 1985). The Western North Pacific 

region receives an average tropical cyclone 

occurrence of about 26 per year, with a maximum 

cyclonic disturbance in August and a highly 

seasonal variation. This is the highest recorded 

value when compared with any other region (Xue 

and Neumann 1984) and this is also the only  

 

region where tropical cyclogenesis has been 

observed in all months of the year (Camargo, 

Suzana J., Adam H. Sobel, 2005).  

 

Prediction of the tracks of tropical cyclones is one 

of the most difficult and challenging problems of 

current international tropical cyclone research. 

Availability of a large number of subjective and 

objective techniques reflects the level of 

importance and concern of the cyclonic 

forecasters. In recent years, attempts to associate 

tropical cyclone trends with climate change 

resulting from greenhouse warming has led to 

additional attention being paid to tropical cyclone 

prediction (e.g., Emanuel 1987; Evans 1992; 

Lighthill et al. 1994). Exploring possible changes in 

tropical cyclone activity due to global warming is 

not only of theoretical but also of practical 

importance.  

 

Records show that about 80 tropical cyclones form 

over the globe every year (McBride, 1995).
 
The 

number of cyclonic storms that form over north 

Indian Ocean is five to six per year on average 

which is about 6.5% of the total number over the 

globe (Neumann, 1993). More cyclones occur over 

Bay of Bengal than over Arabian Sea roughly in the 

ratio 4:1. On an average 2-3 cyclones affect the 

coastal belt of India every year. The globally-

averaged annual variation of cyclone occurrence is 

only about 10%. But variations in percentage do 

occur often around 30%, and no obvious 

correlations exist in variations between different 

regions (Wigley and Raper 1993). For instance, the 

average number of tropical cyclones observed 
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during 1950-1986 was 14.8, with an annual 

variation of 40% in the Australian/Southwest 

Pacific region, (Evans 1990). The quality of the 

tropical cyclone databases can be highly variable 

(Holland 1981).  

 

Gray (1968) produced a global map of genesis 

points for all tropical cyclones over the 20-year 

period 1952-1971. Over the past decade, 

compositing techniques have been developed to 

study the large scale characteristics associated 

with tropical cyclones over different regions. The 

techniques and observational approaches may 

produce errors and biases in these datasets which 

could have implications for the study of the 

natural variation of tropical cyclone activities and 

the detection of possible historical trends (Nicholls 

et al. 1998). In this paper an attempt is made to 

understand the effect of average annual global 

temperature with cyclonic disturbances over the 

North Indian Ocean. 

 

2.0 Materials and Methods: 
For this study, Spearman’s rank correlation 

technique is used to find out the statistical 

relationship between Average Annual Global 

Temperature and frequency of Cyclonic 

disturbance includes Depression, Cyclonic Storm 

and Severe Cyclonic Storm over the North Indian 

Ocean. Cyclonic Storm data are obtained from IMD 

Cyclone E- Atlas. The Global temperature data is 

collected from Indian Meteorological Department. 

The Spearman Rank Correlation (ρ) is a non-

parametric measure of statistical dependence 

between two variables. It is a test for correlation 

using ranked data. As we use the rank order than 

the actual values for determining the association 

between the two set of values it is called a “rank 

correlation.” The actual data are ranked, usually in 

ascending order i.e., a rank order 1 is allotted to 

the smallest values of each variable in x and y. The 

rank order n is given to the largest variable. If two 

or more values of the variable x and y are tied, 

they are each assigned the average of the rank 

positions otherwise they would have been 

assigned individually if ties had not occurred. For 

each of the n values of the variables, a set of rank 

difference is obtained, d = Rx - Ry as the sum of the 

difference in rank of paired values is zero i.e., 

∑d=0, we use ∑d
2
. Finally Spearman Rank 

Correlation (ρ) is  

Ρ = 1- (6 ∑d
2
/n

2
-n) 

Where n is the number of data considered and d is 

the difference between the ranks of each 

observation on the two variables. The rank 

correlation coefficient is a relative measure which 

varies from -1 through 0 to +1. 
 

 

3.0 Results and Discussion: 
In this present work, we have analysed 110 years 

of data (1891-2000) of Average Annual Global 

Temperature and frequency of Cyclonic 

disturbance includes Depression, Cyclonic Storm 

and Severe Cyclonic Storm over the North Indian 

Ocean and introduced them to Spearman’s Rank 

Correlation technique. Correlation value was 

found to be -0.03. The corresponding correlated 

value for the Average Annual Global Temperature 

and frequency of Southwest Monsoon Cyclonic 

disturbance was found to be -0.221. The 

correlated values are least negative. Thorough 

analysis shows the decreasing trend in the 

Tropical Cyclone disturbance over the North 

Indian Ocean due to the increase in the Annual 

Average Global Temperature. 

 

The annual frequency of the cyclonic disturbances 

data over North Indian Ocean is obtained from 

IMD Cyclone E- Atlas plotted against the average 

annual global temperature data from IMD. The 

criteria followed by the Indian Meteorological 

Department to classify the tropical disturbance are 

on the basis of maximum sustained winds (usually 

expressed in knots/kmph). The tropical 

disturbance o less than 17 are called low pressure 

area. About 17-27 knots are called depressions, 

28-33 knots are deep depressions, 34-47 are 

cyclonic storm, 48-63 knots are severe cyclonic 

storm, and 64-119 are very severe cyclonic storm 

and 120 and above are termed as super cyclone.  

Fig. 1 shows the number of cyclones that includes 

depressions, cyclonic storm and severe cyclonic 

storm over north Indian Ocean has reduced for the 

past two decades with an increase in the annual 

average global temperature. It may be noted that 

for the first time in the last 115 years of data 

available with (IMD), not a single depression or 

cyclonic storm formed over the Indian region, 

including the Bay of Bengal, and Arabian sea 

during the monsoon season of 2002 (Nirupa sen, 

2003). Fig. 2 gives a vivid picture of the decreasing 

trend of tropical cyclones over the North Indian 

Ocean. As we see from Fig. 3 that the number of 

Southwest Monsoon Cyclones over the North 

Indian Ocean have decreased considerably for the 

past two decades. Fig. 4 shows the number of 

Southwest Monsoon Cyclones over North Indian 

Ocean also very much decreased for the period 

1891-2000 due to the increase in the global 

temperature. 
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Fig. 1: Average Annual Global Temperature vs Number of Cyclones (including Depressions (D), Cyclonic 

Storms (CS) and Severe Cyclonic Storms (SCS)) over North Indian Ocean for the period 1891-2000. 

 

 

Fig. 2: Number of Cyclones (including Depressions, Cyclonic Storms and Severe Cyclonic Storms) over 

North Indian Ocean for the period 1891-2000. 
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Fig. 3: Number of Southwest Monsoon Cyclones (including Depressions, Cyclonic Storms and Severe 

Cyclonic Storms) over North Indian Ocean for the period 1891-2000. 

 

 

 

Fig. 4: Average Annual Global Temperature vs Number of monsoon Cyclone over North Indian Ocean  

for the period 1891-2000. 

 

 

The term ‘cyclone’ is a generic term covering all 

the four atmospheric disturbances, namely, low 

pressure areas, depressions, deep depressions and 

cyclonic storms.  Fig. 1 and Fig. 4 illustrate the 

effect of increase in global temperature on the 

cyclonic disturbances over the north Indian Ocean. 

From this we infer a decreasing trend of cyclonic 

disturbance happens to be followed with an 

increase in the global temperature.  

 

 
 

4.0 Conclusion: 
From this paper we infer that with an increase in 

the Average Annual Global Temperature, the 

number of Cyclones as well as the number of 

Southwest Monsoon Cyclones has very much 

decreased over the North Indian Ocean for the 

past two decades. The negative correlated values 

for these also coincide with the graphical 

illustrations. 
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