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Abstract 

The influence of Sea Surface Temperature (SST) on tropical cyclone formed in the Bay of 

Bengal w as e xamined, u sing 314 m onths (N ovember 1981 • December 200 7) of  N ational 

Oceanic and Atmospheric Administration (NOAA) Optimum Interpolation version 2 weekly 

mean SST data. The study area was from 5.5-21.5ºN to 80.5-95.5°E; with a total 272 g rid 

points a t 1º  ×  1º  g rid s pans w ere f ound. D uring t he study period, 1 62 disturbances w ere 

formed over the Bay of Bengal. 91 were cyclones, among these cyclones 38 were cyclonic 

storms (CS), 23 were severe cyclonic storms (SCS), 28 were very severe cyclonic storms 

(VSCS) a nd 2 w ere super cyclones (S C). M ore than 8 6% c yclones are formed i n the 

observed months having positive SST anomalies. The average of the contemporaneous SST 

at t he f ormation t ime of  CS, S CS, V SCS a nd S C w as 28.93, 29.08, 29.27  and 29.41º C, 

respectively. The frequency o f c yclone s hows positive t rend i n pre -monsoon s eason a nd 

negative t rends all ot her s easons with i ncreasing S ST. T he dura tion of  c yclone s hows 

positive trends in winter and pre-monsoon seasons and negative trends in monsoon and post-

monsoon s easons w ith i ncreasing S ST. The f ormation of  S CS, V SCS a nd S C s tarts after 

27.50ºC and increases with increasing SST but di scontinuously. However, the intensity o f 

cyclone has a step-like rather than continuous relationship with SST. It is seen that the 

depressions which are formed in April have 100% probability of intensification to convert 

into VSCS or SC. The most active zone for powerful cyclone (VSCS and SC) formation is 

located within area-3 (7.5ºN •  latitude < 13.5ºN) where the temporal average SST is higher 

(around 28.7 0ºC) and the ra te of  de clining t emperature w ith i ncreasing l atitude is ne arly 

constant (0.01ºC/latitude). The retention time of the disturbances within the area-3 shows the 

highest v alue. A t the in itial s tage, the s peed of  t he di sturbance re mains l ess. So the 

consumption of heat energy from the reservoir, which has nearly constant 0.010ºC/latitude 

and higher SST, remains lower. As the heat acts as fuel for cyclone, adequate heat energy 

lingers the cyclone to survive in area-3. It is found that when the disturbance moves to the 

higher latitudinal direction the speed gradually increases and the SST decreases. As the SST 

decreases the heat energy also decreases. It may be due to the augmentation of wind speed 

as the supplied energy does not cope with the burning up of heat energy. For this reason the 

highest number of cyclones die out within area-1 (within 17.5ºN •  latitude < 21.5ºN) where 

the SST decrease was the highest of value 0.36ºC/latitude.  
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Chapter One 
 

Introduction 
 
1.1 Prelude 

Bangladesh is a  d ensely popul ated country with 1099/ km2

19 coastal di stricts, covering 32% area and about 33% of the total population of 

Bangladesh, are the cyclone prone area. The coastal area i s f lat low-lying land having 

altitude less than 3m from the mean sea level. The climate of Bangladesh is a part of the 

humid t ropics w ith t he H imalayas l ying i n t he nor th a nd t he f unnel s haped c oast 

touching the Bay of Bengal in the south. Owing to the funnel shaped coast of the Bay of 

Bengal, t he c yclones formed in it frequently make l andfall on the coastal ar ea o f 

Bangladesh. The cyclones formed in the Bay of Bengal also move towards the eastern 

coast of  India, towards Myanmar and sporadically into Sri Lanka. The c yclones cause 

the maximum damage when they come into Bangladesh and north-eastern coast of India 

(Tahmeed et al. 2005). This is because of the low flat terrain, high density of population 

and mostly tin-shed and thatched houses.  

. T he c oastal ar ea o f 

Bangladesh is one of the most hazardous coasts in the world in terms of the number of 

people who suffer from various types of environmental hazards every year. Among the 

diversity of  e nvironmental pe rils t he c yclone i s one  of  t he m ost pe rilous t ypes of  

disaster. Due t o the s carcity of  da ta, overall s cientific r esearch in Bangladesh 

particularly relating to cyclone is inadequate.  

The working and maintenance of the tropical cyclones (TCs), the most destructive 

of a ll the  na tural di sasters, is s till a  puz zle. T he ge nesis a nd development of  t his 

magnificent heat engine is being pondered by atmospheric scientists from many years. 

TC g enesis i s one  of  t he f ew atmospheric pr ocesses t hat a re poor ly un derstood. T he 

climatological conditions unde r which t ropical cyclones o ccur ha ve n ow be en w ell 

established ove r de cades of  r esearch. T he i mportance of  m onsoon c irculations i n 

determining tropical cyclone characteristics is  related to the six primary environmental 

factors d efined b y Gray ( 1968, 1975)  to be f avorable f or t ropical c yclone formation. 

These include (i) large values of low-level cyclonic relative vorticity, (ii) a location that 
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is at  l east a f ew de grees pol e-ward of the e quator, ( iii) w eak ve rtical w ind s hear, ( iv) 

large va lues of  r elative humidity i n t he l ower a nd m iddle t roposphere, ( v) c onditional 

instability throughout a deep tropospheric layer, and (vi) Sea surface temperature (SST) 

above 26ºC. The existence of such conditions is common in the tropics.  

Several recent publications (Emanuel 1987, 2000 , and 2005) have shown that the 

intensity of  T C is  linked with rising SST. It is  w ell e stablished that S ST>26°C i s a 

requirement for TC formation in the current climate (Palmen 1948). Webster et al (2005) 

found a n i ncrease t rend i n t ropical c yclone number, dur ation a nd i ntensity with 

increasing SST in North Indian Ocean basin. All these research have fueled the debate 

on whether warming environment i s causing an increase in intensity of  TC. Mark and 

Adam (2008) used a statistical model to disentangle the two main hurricane predictions - 

SST and near-surface trade wind speed. These two variables together explain about 80% 

of the variance observed in tropical Atlantic hurricane activity between 1965 and 2005. 

Their result indicates that 0.5°C increase of SST in August – September SST, an average 

40% i ncrease i n hur ricane a ctivity, a  m easure i ncluding bot h num ber a nd s everity o f 

storms. T heir s tudy s howed t hat i f t he S ST i ncreases b y 2 °

Jadhav a nd M unot (2008) examined the int ensity as w ell a s du ration of  low  

pressure system (LPS) in association with the increasing SST in the Bay of Bengal. They 

classified LPS into two categories, viz.: (1) only low-pressure areas (LPA) and (2) more 

intense s ystems l ike de pressions/storms ( DDS).They found t hat t he f requency and 

duration of LPA (DDS) during the monsoon season are positively (negatively) correlated 

with S STs of  t he B ay of B engal dur ing w inter, pr e-monsoon a nd m onsoon s eason 

indicating warmer SST of the Bay of Bengal may not be favorable for intensifying lows 

into depressions. Mandake and Bhide (2003) found decreasing trend of storm frequency 

on decadal scale with the increase of SST during monsoon season over Bay of Bengal. 

C b y 2100 AD, m aximum 

wind speeds of hurricanes could increase by 63%, with damage from hurricanes rising in 

proportion to the cube of the wind speed. This is because the warm ocean water provides 

sensible heat and water vapor that fuels the intense convection of a hurricane, and assists 

the conversion of a depression to a cyclone. 
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They us ed m onthly m ean S ST da ta which may obscure as sociations between tropical 

cyclone and the actual SST over which the storm exists.  

1.2 Objectives of the Research 

The objectives of this research work are to i) determine the trends of SST and cyclone 

frequency a cross t he B ay of Bengal, ii) d etermine t he v ariation of  S ST a nd c yclone 

duration, iii) determine SST anomaly, iv) determine the seasonal and yearly SST trends, 

v) e xamine t he r elationship be tween t he S ST and t he i ntensity of  t he c yclone, vi ) 

determine the area of powerful cyclone formation and longest residence time. 

These results may have the potential to provide information to explain spatial and 

temporal variability characteristics of cyclone. The results also could be used to predict 

the intensity, frequency and duration of the tropical cyclones, which will originate in the 

Bay of Bengal.  
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Chapter Two 
 

Literature Review 
 
2.1 Introduction 

This chapter will review relevant studies on SST and cyclone activity on global level as 

well as regional, sea surface temperature and tropical cyclone activities. Due to paucity 

of similar type of work on the Bay of Bengal area the works but related to other basins 

also mentioned, which have provided motivations and ideas for the researcher to conduct 

this study. 

2.2 Cyclone activity and SST  

 Tropical c yclones ar e t he m ost de vastating of all na tural di sasters. One of  t he m ost 

interesting i ssues i s how  T C a ctivity w ill c hange unde r global warming, a nd w hether 

increasing s ea s urface t emperature ( SST) d ue t o anthropogenic c limate cha nge 

influences both the frequency and intensity of TCs.  

On global l evel, num erous s tudies ba sed on  obs erved records ha ve a rgued f or a  

large increase in TC intensity, linked to warming SST that may be associated with global 

warming (Emanuel 200 5; W ebster e t a l. 2005) . S ince hi gh S ST i s one  of  t he m ain 

factors for TC genesis and intensification (Gray 1968), an increase in SST could bring 

about an increase in TC activity. Despite this simple argument, it is still unclear whether 

such a relationship occurs in observations (Landsea et al. 2006; Pilke et al. 2006). It is 

argued that the recent increase in f requency of  i ntense t yphoons i s l ikely a pa rt of  the 

large int erdecadal v ariations in the num ber of  in tense T Cs r elated to similar temporal 

fluctuations in the a tmospheric environment. Furthermore, i t i s reported that there i s a  

negative correlation in cyclone intensity with local tropical SSTs (Chan 2006). Quite a 

few pi oneer w orks ha ve ut ilized the c limate mode ls f or s tudying th e inf luence of  

greenhouse warming on  t he t ropical s torm c limatology ( Broccoli a nd Manabe 1990;  

Bengtsson e t a l. 1996, Sugi e t a l. 2002;  T sutsui 2002;  K nutson a nd T uleya 2004;  

McDonald et al. 2005; Oouchi et al. 2006; Gualdi et al. 2008, and among others). Recent 

high-resolution climate models show an enhanced TC activity in terms of the storm wind 

or pr ecipitation due  t o underlying S ST i ncreases, but  s how a d ecreased T C genesis 
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frequency ov er t he globe. However, there a re s till l arge di screpancies i n terms o f 

regional cha nges am ong various m odel s imulations. T hese r esults r equire t horough 

understanding of the relationship between TC activity and the spatial distribution of SST 

changes (Chauvin e t a l. 2006) . Approximately, o ne-third of  a ll TCs or iginate over t he 

western North Pacific (WNP) ( Elsner a nd Liu 2003). O ver t he pa st d ecades, m any 

studies ha ve p aid a ttention t o t he r elationship be tween TC a ctivity i n t he W NP a nd 

tropical Pacific SST (i.e., El Nin˜o and Southern Oscillation, ENSO) in terms of genesis 

location, t rack, i ntensity and num ber ba sed on the obs ervations (Chan 1985; Lander 

1994; Chen et al. 1998, Chia and Ropelewski 2002; Wang and Chan 2002) and coupled 

general c irculation m odels ( CGCMs) ( Iizuka and M atsuura 2008) . These s tudies ha ve 

reached in the agreement that ENSO plays a role in determining the distribution of TCs 

over the WNP. During El Nin˜o the mean genesis location of TCs is shifted to the east. 

During La Nina, on the other hand, the mean genesis location of TCs tends to shift to the 

northwest ( Chan 1985;  L ander 1994, C hen e t a l. 1998;  C hia a nd R opelewski 2002 ; 

Wang and Chan 2002; Iizuka and Matsuura 2008). Regarding the relationship between 

the T C f requency ov er t he W NP a nd E NSO, how ever, t he r esults ha ve not  be en 

consistent i n a ll c ases ( Ramage a nd H ori 1981;  P an 1982;  D ong 1988;  W u a nd Lau 

1992; Lander 1993, 1994; Camargo and Sobel 2005). It has been pointed out that there is 

no significant linear relation between ENSO and the TC frequency, which is mainly due 

to differences in data and technique or due to other factors, such as quasi-biennial and 

interdecadal os cillation influencing T C oc currence num ber. Other s tudies ha ve ar gued 

that there is a nonlinear relation between the number of TCs and ENSO (Chan and Shi 

1996; Chen et al. 1998;  Chan 2000;  Wang and Chan 2002). Such results require more 

understanding of  t he r elationship be tween t he num ber of  T Cs i n t he WNP a nd t he 

tropical Pacific SST. 

For the regional level, in a study Shaji et al. (2003) discussed the seasonal cycle of 

the heat budget in the basins of Arabian Sea, Bay of Bengal and  the Equatorial Indian 

Ocean. They described that the Indian Ocean is a relatively poorly studied area and data 

coverage of  t his ar ea is al so sparse. While some da ta s ets do exist, they are 

predominantly on coarse s pace a nd t ime scales. The e arlier efforts, s uch as t he 
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International Indian Ocean Expedition (IIOE), the Monsoon Experiment (MONEX) and 

the F GGE ( First G ARP G lobal E xperiment) Indian O cean E xperiment ( INDEX), 

extensively obs erved t he e quatorial and w estern Indian O cean basins ( Wyrtki, 1971;  

Schott, 1983; Swallow et al., 1983; Schott et al., 1988). The projects, such as the Indian 

Joint G lobal O cean F lux Studies ( JGOFS), T ropical O cean a nd G lobal A tmosphere 

(TOGA) a nd t he W orld O cean C irculation E xperiment ( WOCE), ha ve s ubstantially 

improved t he qua ntity of t he m easured d ata i n t his r egion. A dditionally, i ndividual 

studies have also contributed in recent years to the understanding of the dynamics in the 

Indian Ocean. There a re a f ew at lases cove ring the Indian Ocean (e.g. Wyrtki, 1971;  

Hastenrath a nd Lamb, 1979; C utler a nd S wallow, 1984;  R ao et al., 1989), w hich 

contribute s ignificantly t o our  unde rstanding o f the t ropical Indian Ocean d ynamics. 

However, the observations are not detailed enough to study mesoscale dynamic features. 

On t he m odeling a spects, be ginning with t he pi oneering e fforts o f C ox ( 1970, 1976, 

1979), numerous modeling studies have endeavored to explain the observed flow in the 

Tropical Indian Ocean. Most of these studies were concentrated on t he development of 

barotropic/reduced gravity m odels o r pr ognostic m odels w hich m ainly deal w ith t he 

upper ocean circulation (e.g. Hurlburt and Thompson, 1976; Luther and O’Brien, 1985; 

McCreary and K undu, 1986;  K indle a nd T hompson, 1989;  W oodbury et al., 1989;  

Jensen, 1990; P otemra et al., 1991;  M cCreary et al., 1993) . D iagnostic a nd s emi-

diagnostic modeling techniques have also been adapted to describe the climatic state of 

the Indian Ocean (Bahulayan and Shaji, 1996;  Shaji et al., 1999, 2000) . Modeling has 

also been used to s tudy the effect of  the throughflow on r emote currents. Godfrey and 

Golding (1981) and McCreay and Kundu (1986) found that the input f rom the Pacific 

through the Indonesian passages significantly affects, at least regionally, the sea surface 

temperature ( SST) and surface he at flux of  t he Indian Ocean. Recently, t he O cean 

General C irculation M odel ( OGCM) M OM2 ha s a lso be come a n i mportant t ool f or 

studies related to the seasonal and interannual va riations of  circulation in the Tropical 

Indian Ocean (Wacongne and Pacanowski, 1996; Vinayachandran and Yamagata, 1998; 

Vinayachandran et al., 1999).  
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The Indian s ubcontinent di vides t he North Indian O cean i nto t wo s emi-enclosed 

tropical basins the Arabian Sea to the west and the Bay of Bengal to the east. These two 

basins m erge w ith t he E quatorial Indian O cean a t t heir s outhern bounda ry, w here 

interaction with the rest of the Indian Ocean occurs. Although the Bay of Bengal and the 

Arabian Sea are l ocated i n the s ame l atitudinal be lt and are i nfluenced by m onsoons, 

oceanographically these two basins exhibit remarkable di fferences. Unlike the Arabian 

Sea, a l arge qua ntity of  f reshwater ent ers t he B ay as  r ainfall and as r iver di scharge 

(UNESCO, 1971). In the Arabian Sea, evaporation exceeds precipitation and it receives 

very s aline w ater f rom t he m arginal s eas, the R ed Sea and the P ersian Gulf. As a 

consequence, the western part of the North Indian Ocean is very saline in contrast to an 

anomalously f resh e astern pa rt. T he Bay o f B engal i s f avorable for t he ge nesis and 

maintenance of  s ynoptic s cale di sturbances s uch a s l ows, de pressions a nd c yclones 

because t he S ST of  B ay is above t he t hreshold ( 26.5˚C) for active generation of 

convection ov er a l arge pa rt o f t he year ( Hastenrath a nd Lamb, 1979 ). O n t he ot her 

hand, t he A rabian S ea west of  a bout 70̊E is too cold throughout most of the year to 

generate such disturbances. 

Some w orks ha ve be en done  on c yclonic di sturbances s uch a s de pressions a nd 

cyclonic s torms i n t he B ay of  B engal. Koteswaram a nd George ( 1958), R ao and 

Jayaraman (1958), Sikka (1977), Joseph (1981) and Saha et al. (1981) and some others 

have e xtensively s tudied t he de pressions/storms during t he m onsoon s eason. M andal 

(1991) s tudied year-to-year fluctuations i n t he f requency o f c yclonic di sturbances a nd 

found a  ne gative t rend since t he 1950s . P atwardhan a nd B halme ( 2001) obs erved a 

significant ne gative t rend i n t he f requency of  c yclonic di sturbances dur ing t he r ecent 

years. M ooley and S hukla ( 1987) examined s ome c haracteristic f eatures of  Low 

Pressure System (LPS) in terms of formation, location, movement and duration of LPS. 

This work was further extended by Sikka (2006), carrying out statistical analysis of the 

low-pressure s ystems. X avier a nd J oseph ( 2000) s howed t hat f requency o f 

depressions/storms de pends on t he ve rtical w ind s hear. R ajeevan e t al. ( 2000a, b)  

noticed a statistically negative trend in the activity of the depressions/storms during the 

Indian monsoon season for the period 1951–1998 in spite of  above-normal SST of the 
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Bay of Bengal. Singh (2001) investigated long-term trends in the frequency of cyclonic 

disturbances ov er t he Bay of B engal and t he A rabian S ea us ing t he 10 0-year ( 1890–

1999) data and found significant negative trends. Jadhav (2002) studied the performance 

of m onthly m onsoon r ainfall of  t he m eteorological s ubdivisions w ith r espect t o t he 

location a nd dur ation o f LPS. M andake a nd B hide ( 2003) f ound d ecreasing s torm 

frequency in spite of increasing SST of Bay of Bengal. Dash et al. (2004) discussed the 

unfavourable a tmospheric c onditions ove r t he B ay of  Bengal r esponsible f or t he 

decreasing f requency o f de pressions/storms dur ing m onsoon s eason f or t he r ecent 

decades. Jadhav and Munot (2004) made statistical analysis of all the total low-pressure 

systems that occurred during the monsoon season and showed that decadal frequency of 

LPS r emains un changed and only t he num ber o f LPS da y h as s ignificantly i ncreased 

during the period 1971–1990. 
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Sea Surface Temperature 
 
2.3 Ocean Temperature Profile 

The ocean can be d ivided into t hree ve rtical z ones as shown in F ig.2.1, depending on 

temperature. The t op layer i s t he surface l ayer, or mix ed layer. This la yer is  the  mos t 

easily influenced with solar energy (the sun's heat), wind and rain. The next layer is the 

thermocline. Here the water temperature drops as the depth increases. The last layer is 

the deep-water la yer. Water t emperature i n this z one de creases s lowly as de pth 

increases. Water t emperature i n the deepest pa rts of  t he oc ean is averages about  36° F 

(2°C). 

 

 
 
Fig 2.1. Ocean temperature profile (Source: website). 
 
2.3.1 Sea Surface Temperature  

The temperature structure of the upper ocean is quite complex and depends on va rious 

processes act ing at t he surface and  on the f irst m eters o f w ater column. The air-sea 

interface is affected by process responsible for the heat transfer between the ocean and 

the atmosphere: the net long wave radiation, the heat convection between the air and the 

sea and the heating or  cooling due  to moisture t ransfer. With in the ocean, the heat i s 

redistributed b y m olecular di ffusivity and t abulated di ffusivity. T he h eating r elated t o 

the light absorption is another process modifying temperature of warm column. All this 

processes a cting a t di fferent de pths a nd de pth r anges c omplicate t he de finition of  t he 
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SST a nd t he i nter c omparison w ith di fferent i nstruments a nd m odels. E very S ST 

observation depends on t he measurement technique and sensor that is used, the vertical 

position of the measurement with in the water column, the local history of all component 

heat flux conditions, and the time of day the measurement was obtained (Donlon, 2002). 

The ge neral de finition of  SST is t hat it i s the w ater t emperature at  t he s urface ( or at  

1meter be low t he s ea s urface). However, t he e xacting m eaning of  ‘surface’ w ill va ry 

according to the measurement method used because different things are actually being 

measured. 

2.3.2 Vertical structure of SST 

The vertical structure of SST can be generally classified as follows: 

a. The interface SST, SST

The interface SST, SST
int 

int is the temperature of an infinitely thin layer at the exact air-

sea interface. It represents the temperature at the top of the SSTskin

b. The skin SST, SST

 layer (and hence the 

top of  the t emperature gradient i n that l ayer) a nd cannot b e m easured using cu rrent 

technology.  

The skin SST, SST
skin 

skin

The temperature gradient within this layer is given by the ocean atmospheric heat 

fluxes. The skin temperature is measured by radiometers operating in the spectral region 

of 3.7 to 12µm (thermal infrared). 

, is a temperature measured by a radiometer at depth. Within a thin 

layer (~500µm) at the water side of the air-sea interface where conductive and diffusive 

heat t ransfer pr ocess do minate ( where t he m olecular di ffusion a nd he at c onductivity 

dominate). 

The a dvanced V ery High R esolution R adiometers ( AVHRR) and A long T rack 

Scanning Radiometers ( ATSR) ar e s ensors m easuring i n t he t hermal i nfrared (Wick, 

2002). T he s ignal o f t hese s ensors pot ential i s a pproximately 10µ m i nto t he w ater 

column.  

A short temperature gradient characteristically maintained in this thin layer shows 

SSTskin varies according to depth within the layer and because the penetration depth of 

the e mitted r adiation i s a f unction of  t he w ave l ength of  t he r adiation, t he va lue of  
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SSTskin varies dependant on the wavelength used to for measurement. This is the basis of 

measuring t he s kin temperature gr adient us ing i nfrared interferometer at  wave l engths 

shorter t han 5 µm. C onsequently, S STskin should a lways be  quot ed a t s pecific 

wavelengths in the water column, for example, SSTskin10.5µm. However, over the parts 

of t he i nfrared s pectrum us ed t o m ake t he m easurements of  S STskin presented i n t his 

study, t he va riation i n p enetration de pth i s ve ry s mall, a nd t he va lues of  S STskin 

measured b y i deal i nfrared r adiometers a nd expected t o va ry b y l ess t han 0.01 K, a nd 

wavelength dependence of SSTskin

c. The sub-skin SST, SST

 can be ignored. 

The subskin S ST, S ST
subskin 

subskin

d. The bulk SST or SST

 represents t he t emperature at  t he ba se of  t he s kin layer. 

Beyond the skin layer, the temperature is affected by turbulent mixing and insolation. It 

varies on a  time scale of minutes and may be influenced by solar warming. Its depth of 

the s ub-skin i s of  t he order of  1m m.Sensor w orking a  l ow f requency ( 6-10GHz) wi th 

microwave measure the sub-skin SST. 

The bulk SST or SST
depth 

depth

e. The Constant Temperature Layer SST, SSTCTL 

 is the temperature of the water column under the skin layer at 

a depth completely immersed in the turbulent ocean. This temperature is observed by in 

situ buoys, CTD and XBT measurements. 

The constant t emperature l ayer SST, SSTCTL is the sea t emperature at  a  depth where 

the temperature is not significantly affected by the solar radiation. The diurnal variations 

are less t han 0.20̊C  .The e ffective pos ition of  t his c onstant t emperature l ayer can 

therefore vary from one location to another. 

2.3.3 Sea temperature with the Time and Space 

Since the solar radiation is an important process, the night heat distribution in the upper 

ocean is different from the day temperature profile which is shown in the Fig. 2.2. Due 

to this time and space variation, the SST should be given as a temperature measurement 

at a s pecified depth and i deally at  a t ime of  da y. S everal s atellite s waths ha ve be en 

combined by taking the maximum temperature. Also day t ime images have been used, 

which reduces t he i nformation for t he s ubsurface l ayers. The s ea s urface t emperature 
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was assimilated at 14:00 GMT. The model sea surface temperature reaches its maximum 

on this diurnal cycle at this time.  

The ini tial r esolution of the  SST is  1km. Despite the  load of the  SST is  linear 

with respect to the number of  observations; there is  no interest to assimilate this huge 

resolution temperature i n the coarse r esolution model. The resolution was degraded to 

10km w here t he hi gh resolution i nformation i n t he S ST i s not  e xpected t o ha ve a 

significant impact on the Ligurian sea model. The SST data is therefore split into a 1km 

resolution SST covering mainly the provinçial-basis and a 10km resolution SST of the 

rest of the Mediterranean. 

 

 
 

Fig 2.2. The di fference be tween t he pr e-dawn temperature at  1 -5m de pths a nd 

temperature at varies depths during night (a) and during day (b). (Adapted from 

Donlon (2002)) (Source: website). 

 
2.3.4 Techniques for Measuring SST 

a. Earliest Technique 

A thermometer was dipped into a bucket of water manually drawn from the sea surface. 
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b. First automated technique 

This was done by measuring the temperature of water intake port of large ships. This is 

not al ways consistent. The de pth of t he water i ntake as  w ell as  ex actly w here t he 

temperature is taken can vary from vessel to vessel. 

c. Fixed buoys 

A thermometer a ttached to a moored or dr ifting buoy in the ocean would measure the 

temperature as  a s pecific de pth (example t he t op 1m be low t he s ea s urface). It is  the  

most exact and repeatable measurements and the depth of water temperature is exactly 

1m. 

d. Satellite 

Since 1980s satellites have been increasingly utilized to measure SST and have provided 

an e normous l eap i n our  a bility t o vi ew t he s patial a nd t emporal va riation i n S ST. A  

satellite i nfrared radiometer m easure t he t emperature of  a ve ry t hin layer ( about 

10micrometer, thick) or s kin of  t he oc ean (leading t o t he ph rase s kin t emperature) 

representing the top millimeter.  

Satellite measurements of SST are far more consistent and in some cases, accurate 

that the in situ temperature measurements described above. The satellite measurement is 

made b y s ensing t he o cean i n t wo o r m ore w avelength i n t he i nfrared pa rt of  t he 

electromagnetic spectrum, which can then be empirically related to SST. 

These wavelengths are chosen because they are, 

1. With in the peak of the black body radiation expected from the Earth and 

2. Able to transmit well through the atmosphere 

The satellite measure SST provides both a synoptic view of the ocean and a high 

frequency of  r epeat vi ews, a llowing t he e xamination of  ba sin-wide uppe r oc ean 

dynamics not  pos sible ships or  bu oys. F or e xample, a  s hip t raveling a t 10  knots 

(20km/hr) w ould r equire 10  years t o cover t he s ame area a  s atellite c overs i n two 

minutes. 
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2.3.5 Difficulties with Satellite based Absolute SST 

1. Because a ll the radiation emanates f rom the top “skin” of  the ocean, approximately 

the top 0.01mm or less, it may not represent the bulk temperature of the upper meter of 

the oc ean due p rimarily t o effects of  s olar s urface he ating i n t he d ay t ime, and back 

radiation and sensible he at los s a t ni ght a s well a s f rom th e ef fects of  s urface 

evaporation. 

2. The satellite cannot look through clouds creating a fair weather bias in the long term 

trends of  S ST. N onetheless, t hese di fficulties a re s mall c ompared t o t he be nefits i n 

understanding gained from satellite SST estimates. 

2.3.6 Sea Surface Temperature Determination 

In t he i nfrared, t he e missivity of  t he e arth’s s ea a nd l and s urface i s ne ar uni ty. A s a  

result, i n t he a bsence of  c loud or  atmospheric attenuation, t he br ightness t emperature 

observed w ith a  s paceborne w indow radiometer i s equa l t o s urface s kin temperature. 

However, cloud and water vapor absorption usually prohibit direct interpretation of the 

window channel da ta so that a lgorithm needs to be  applied to the data to a lleviate the 

influence.  

The algorithms and instrumental approach have evolved from the use of  a  s ingle 

window c hannel on  a  p olar or biting s atellite to the us e of  mul tispectral r adiometer 

observation from both polar orbiting and geostationary satellites. 

A sun synchronous polar orbiting satellite passes a given geographical location and 

similar local times each days, normally shortly afternoon and midnight, to measure SST. 

In the presence of SST diurnal variation, if clouds at a location tend to appear at one of 

these times (say afternoon), the climatology will be biased towards the other time (night 

SST). If c louds te nd to appear a t bot h times, the S ST c limatology mus t be  e stimated 

from other data. If the cloud diurnal variation varies seasonal, say clouds tend to appear 

in t he a fternoon i n s ummer bu t not  in  w inter, the S ST w ill be  bi ased tow ards the  

nighttime SST in summer but not in winter. 

A weekly 1˚ spatial resolution optimum interpolation (OI) sea surface temperature 

(SST) a nalysis ha s be en pr oduced a t t he National O ceanic and Atmospheric 



 15 

Administration (NOAA) using both in situ and satellite data. This weekly SST data has 

been used for the thesis work. 
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Tropical Cyclone 
 
2.4 Historical Overview 

The term cyclone is derived from the Greek word ‘kyklos’ meaning coil of snakes. The 

British-Indian scientist and meteorologist Henry Piddington coined the word ‘Cyclone’ 

to represent whirling s torms expressing sufficiently the  tendency to circular mot ion in 

his book T he S ailor’s Horn-book f or t he Law of  Storms, pub lished i n 1848. O ther 

meteorologist o f the  world immediately accepted the te rm and it is  s till current today. 

Satellite pi ctures o f c yclones s how that t he nom enclature i s v ery a ppropriate. 

Technically a cyclone i s an area of l ow pr essure w here s trong w inds blow a round a  

center i n an ant iclockwise direction in t he N orthern Hemisphere and  a clockwise 

direction i n t he S outhern Hemisphere. C yclones oc curring i n t he t ropical r egions a re 

called tropical cyclones and those occurring elsewhere are called extra tropical cyclones.  

Tropical Cyclone is a generic term for a low pressure system that usually forms in 

the tropics. All t he t ropical s eas of  t he earth with t he exception of south Atlantic and 

southeast pa cific give birth t o de adly a tmospheric phe nomenon known as t ropical 

cyclones. On an average, 80 t ropical cyclones are formed every year all over the globe. 

Tropical c yclones ar e cyclones ( area of  concentration of  ki netic e nergy w hich i s 

equivalent t o s aying t hat c yclones a re regions o f s trong w inds) w hich f orm over t he 

warm ( generally t ropical) oc ean water a nd d raw t heir e nergy from e vaporation a nd 

condensation. They are characterized by a s trong area o f low pressure in the center of  

which s trong wind swirls in a  counter-clockwise di rection in the nor thern hemisphere. 

Tropical cyclones are associated with strong thunderstorms, high winds and flooding. 

 2.5 Cyclone Formation Areas 

Cyclones commonly develop in areas near, but not at the equator, as shown in the Fig. 

2.3. Observations show that no c yclones form within 5 de grees latitude of the equator. 

Because the Coriolis force is too weak there to get air to rotate around a low pressure 

rather than flow from high to low pressure, which it does initially. If there is no rotation 

of air there is no s torm. This is a reason why cyclone formation does not occur at low 

latitudes. As t hey m ove acr oss t he oc eans t heir pa ths ar e s teered by t he pr esence of  
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existing low and high pressure s ystems, as well as the Coreolis force. The latter force 

causes the storms to eventually start turning to the right in the northern hemisphere and 

to the left in the southern hemisphere.  

 

 
 
Fig.2.3. Areas w here c yclones f orm a nd t ravel pa ths w ith a nnual pe rcentages of  

cyclones in each region. (Source: website) 

 
It i s seen that about 12% of  all t ropical c yclones develop in the Atlantic Ocean. 

Those that begin to form near the coast of Africa are often referred to as "Cape Verde" 

hurricanes, because the area in which they develop is near the Cape Verde Islands. 15% 

of all tropical cyclones develop in the eastern Pacific Ocean, 30% develop in the western 

Pacific Ocean, 24% in the Indian Ocean both north and south of the equator, and 12% 

develop in the southern Pacific Ocean. It is notable that essentially no tropical cyclones 

develop south of the Equator in the Atlantic Ocean. 

2.6 The Birth of a Cyclone 

To unde rgo t ropical cyclone f ormation, t here a re s everal f avorable pr e c ursor 

environmental conditions that must be in place (Gray 1968, 1979):  

1. Warm ocean waters (of at least 26.5°C) throughout a sufficient depth (at least on the 

order of  50 m). Warm waters ar e ne cessary t o f uel t he he at eng ine of  t he t ropical 

cyclone. 
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2. An atmosphere which cools fast enough with height such that it is potentially unstable 

to moist convection. It i s the thunderstorm activity which allows the heat stored in the 

ocean waters to be liberated for the tropical cyclone development. 

3. Relatively moi st la yers ne ar th e mid -troposphere ( 5 km ). D ry m id l evels a re not  

conducive f or a llowing t he c ontinuing de velopment of  w idespread t hunderstorm 

activity. 

4. A minimum distance of at least 500 km from the equator. For tropical cyclogenesis to 

occur, there is a requirement for non-negligible amounts of the Coriolis force to provide 

for near gradient wind balance to occur. Without the Coriolis force, the low pressure of 

the disturbance cannot be maintained. 

5. A  pr e-existing ne ar-surface di sturbance w ith s ufficient vor ticity and  conve rgence. 

Tropical cyclones cannot be generated spontaneously. To develop, they require a weakly 

organized system with sizable spin and low level inflow. 

6. Low values (less than about 10 m /s) of vertical wind shear between the surface and 

the upper troposphere. Vertical wind shear is the magnitude of wind change with height. 

Large values of vertical wind shear disrupt the incipient tropical cyclone and can prevent 

genesis, or, if a tropical cyclone has already formed, large vertical shear can weaken or 

destroy the t ropical c yclone b y i nterfering w ith t he or ganization of  de ep c onvection 

around the cyclone center. 

Having these conditions met is necessary, but not sufficient as many disturbances 

that a ppear t o ha ve f avorable c onditions do no t de velop. R ecent w ork ( Velasco a nd 

Fritsch 1987, C hen a nd F rank 1993,  E manuel 1993)  ha s i dentified t hat l arge 

thunderstorm systems (called mesoscale convective complexes [MCC]) often produce an 

inertially s table, warm core vortex in the trailing altostratus decks o f the  MCC. These 

mesovortices have a horizontal scale of approximately 100 to 200 km , are strongest in 

the mi d-troposphere ( 5 km) a nd ha ve no appreciable s ignature a t t he surface. Zehr 

(1992) hypothesizes that genesis of  the t ropical cyclones occurs in two s tages: s tage 1  

occurs when the MCC produces a mesoscale vortex and stage 2 oc curs when a second 

blow up of  convection at t he m esoscale vor tex initiates t he i ntensification process of  

lowering central pressure and increasing swirling winds.  



 19 

2.7 Rotation of a Cyclone 

Cyclonic rotation is a term used to describe the rotating movement of a tropical storm. In 

the N orthern H emisphere, t ropical s torms r otate c ounterclockwise. In t he S outhern 

Hemisphere, t ropical cyclones r otate c lockwise. Both di rections of  r otation a re due  t o 

the Coriolis Effect. 

2.7.1 Coriolis Effect 

Coriolis Effect arises due to Coriolis force. This pseudo-force was named after Gaspard-

Gustave Coriolis, a French scientist who published a paper on circular motion in 1835. 

The C oriolis is  s een in rotating s ystems w hen objects on them move  in  tha t r otating 

system. It first became obvious when armies started using long range artillery. Gunners 

realised that their shells were landing to the r ight of  their intended targets ( this was in 

the N orthern H emisphere a s far f ewer w ars w ere f ought i n t he S outhern Hemisphere; 

there the shells would have landed to the left of the intended target).   

All free-moving objects, including wind, are deflected to the right of their path of 

motion in the Northern Hemisphere. 

The reason for this deflection is the Coriolis force:   

 
 
 
where m is the mass and u is the velocity vector of a fluid parcel, and Ω is the rotation 

vector of the Earth. 

The magnitude of the Coriolis force is: 

 
 
 
where φ is the  la titude, f = 2Ω sinφ  is cal led t he C oriolis pa rameter, and u is the  

magnitude of the velocity. 

The Coriolis force written in vector form clearly indicates that  

– It is directed at right angles to the direction of air flow.   

– It affects only wind direction, not the wind speed. 

( )u•F ×= 2mcoriolis

mfu

sinu•2mFcoriolis

=
= φ
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– Its m agnitude i s affected b y w ind s peed (the stronger t he w ind, t he 

greater the deflecting force). 

– Its ma gnitude i ncreases from z ero a t t he E quator t o a  m aximum a t the 

poles. 

The Coriolis force thus has the effect of deflecting air flow as shown in Fig. 2.4.  It also 

has the effect of deflecting ocean currents. 

 

 
 

Fig.2.4. Coriolis deflection of winds blowing eastward at different latitudes. After a few 

hours the winds along the 20th, 40th

   

 and 60th parallels appear to veer off course. 

This deflection (which does not occur at the equator) is caused by Earth’s rotation, 

which c hanges t he or ientation of  t he s urface ove r w hich t he w inds a re m oving. 
(Source: website) 

If a s ingle packet of  ai r moves towards an area of low pressure, in the Northern 

Hemisphere, the pr essure di fference, creates due  to di fferent heating effect of  the sun, 

will always push the air packet directly towards the centre of the low pressure but that 

the Coriolis force will seem to apply a force at 90° to its path (in this case to the right). 

Also the size of the Coriolis force increases as the speed of the air packet increases. 
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Fig.2.5. Effect of Coriolis force on wind which is moving towards low pressure centre 

due to air pressure force. (Source: website) 

 

The pa cket of  ai r s tarts t o move di rectly t owards t he ar ea of  low pr essure (Fig. 

2.5). Its velocity is low and so the Coriolis force is also small. However combined effect 

of Coriolis for ce and pressure f orce deflect t he flow of  a ir s lightly t owards t he r ight 

along the r esultant force di rection. Meanwhile the speed of pa cket of  ai r i s i ncreasing 

due to the pressure gradient so the Coriolis force also increasing and simultaneously the 

air deflection increases.   

This net force is sufficient to provide the centripetal force needed to keep the body 

of air rotating around the area of low pressure. The air cannot flow in rapidly and so the 

area of low pressure can survive for days or even weeks, travelling across the globe and 

influencing t he w eather as i t doe s. This de flecting a ir ul timately r otates the  w ater in 

counter-clock wise around the low pressure area. 

So finally, if t here w ere a l ow pressure ar ea on  a non -rotating pl anet the n the 

surrounding high pressure air would rapidly f lood in to f ill i t; only on  rotating planets 

can sustained weather systems exist.  
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2.8 Cyclone Structure 

The main parts, as shown in Fig.2.6, of a cyclone are the rainbands on i ts outer edges, 

the eye, and the eyewall. Air spirals in toward the center in a counter-clockwise pattern, 

and out  t he t op i n t he opposite di rection. In t he ve ry c enter of  t he s torm, a ir s inks, 

forming the cloud-free eye. 

 

 
 

Fig.2.6. Details of a cyclone structure. (Source: website) 

 
2.8.1 The Eye 

The cyclone's center is a relatively calm, clear area usually 20-40 miles across. People in 

the midst of a cyclone are often amazed at how the incredibly fierce winds and rain can 

suddenly s top and the sky clear when the eye comes over them. Then, just as quickly, 

the winds and rain begin again, but this time from the opposite direction. 

2.8.2 The Eyewall 

The dense wall of thunderstorms surrounding the eye has the strongest winds within the 

storm. Changes in the s tructure of  the e ye and eyewall can cause changes in the wind 

speed, which is an indicator of the storm's intensity. The eye can grow or shrink in size, 

and double (concentric) eyewalls can form. 
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2.8.3 The Spiral Rainbands 

The s torm's out er rainbands ( often w ith c yclone or  t ropical s torm-force w inds) can  

extend a few hundred miles from the center. These dense bands of thunderstorms, which 

spiral slowly counterclockwise, range in width from a few miles to tens of miles and are 

50 t o 300 miles long. S ometimes t he ba nds a nd t he e ye a re obs cured b y higher l evel 

clouds, making it difficult for forecasters to use satellite imagery to monitor the storm. 

2.9 Cyclone Size 

Typical cyclones are about 300 miles wide although they can vary considerably. Size is 

not ne cessarily a n i ndication of  c yclone i ntensity. Cyclone-force w inds can extend 

outward to about 25 miles from the storm center of a small cyclone and to more than 150 

miles f or a l arge one . The ar ea ove r w hich tropical s torm-force w inds oc cur i s even 

greater, ranging as far out as almost 300 miles from the eye of a large cyclone. 

2.10 Death of a Cyclone 

One very common way that hurricanes die i s b y moving over cool water. The F ig.2.7 

shows the average sea surface temperatures in the world during the month of November. 

The warmest seas are colored red. Tropical cyclones can survive in tropical areas with 

warm s eas, but  w hen t hey m ove out  ove r c ooler w aters such as the yellow and g reen 

areas they quickly start to lose their power. 

 

 
 
Fig.2.7. World map of  the oc eans s hows s ea s urface t emperatures b y color. (Source: 

website) 



 24 

In t he e quatorial z one, s hading i s br ight r ed a nd or ange, i ndicating w arm 

temperatures. In t he midlatitudes, shading goes t o yellow and green, i ndicating cooler 

sea s urface t emperatures. C ooler s eas a re f ound a long t he N orth a nd S outh A merican 

west coasts, and the Southwest African coast. In the higher latitudes, shading goes from 

blue to purple, indicating much colder sea surfaces. 
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     Chapter Three 
 

Data and Methods 
 
3.1 Data used and methodology 

In t his s tudy t he t ropical c yclone da ta dur ing 1981 -2007 h ave be en t aken f rom 

Bangladesh Meteorological D epartment (BMD) to assess the  va riability of tr opical 

cyclone i ntensity, f requency and dur ation. Initial l ocation c oordinates 

(latitude/longitude) for all t he t ropical di sturbances de veloped i n t he Bay o f Bengal 

during t he above m entioned pe riod a re t abulated. The da ta o f t ropical di sturbances as 

well as  t he S ST ar e t abulated season wise, na mely pr e-monsoon ( March, A pril a nd 

May), m onsoon ( June, J uly, A ugust a nd S eptember), pos t-monsoon ( October a nd 

November) a nd w inter (December, J anuary and F ebruary). T he weekly mean S ST 

dataset a re c ollected from the  N ational O ceanic a nd Atmospheric Administration 

Climate D ata C enter. SST ha s t aken b y m atching t he year, m onth, w eek a nd pos ition 

(latitude and longitude) of the cyclone.  
 

 
 

Fig. 3.1. Rectangular box in the regional map showing the study area.  
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The study area have been taken from 5.5-21.5°N and 80.5-95.5°

 

E which is shown 

in t he F ig. 3.1; f rom t hat ar ea at  1 º interval of  l atitude a nd l ongitude t otal 272  

observation grid points for SST are obtained. Spatial and temporal averages of the SST 

data a re pr epared. T o f ind S ST a nomaly, l ong t erm s patio-temporal average S ST ha s 

deducted from contemporaneous (during the formation of cyclone) SST.  

 
 

Fig. 3.2. The three rectangular boxes in the regional map showing the regions of interest.  
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For analysis pur pose t he s tudy area h as be en s ubdivided i nto 3 a reas (Fig. 3.2), 

namely, area-1 ( 17.5ºN •  l atitude <  21.5ºN ), a rea -2 ( 13.5ºN •  l atitude < 17.5ºN ) a nd 

area-3 (7.5ºN •  latitude < 13.5ºN). 
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Chapter Four 
 

Results and Discussion 
 
 

4.1 Categorization of Tropical Disturbances 

The intensity of tropical disturbances is defined depending on the maximum wind speed. 

The tropical disturbances are subdivided and categorized as shown in Table 4.1 bellow. 
 

Table 4.1. Classification of cyclone develop in the Bay of Bengal. 

 

Sl. No. Name of disturbances 
Maximum sustained wind speed 

(km/h) 

1 Low <31 

2 Well marked low (WML) 31 – 40 

3 Depression (D) 41 – 50 

4 Deep depression (DD) 51 – 61 

5 Cyclonic storm (CS) 62 – 88 

6 Severe cyclonic storm (SCS) 89 – 117 

7 Very severe cyclonic storm (VSCS) 118 – 220 

8 Super cyclone (SC) >220 

 

4.2 Life Snatching Cyclones 

During the study period (1981-2007), 91 cyclones formed in the Bay of Bengal among 

them 16 (18%) cyclones made landfall in the coastal region of Bangladesh. 12 (75%) of 

them w ere l ife s natching. A br ief s tatistics of  SST a nd de cease due  t o c yclones i n 

Bangladesh are shown in Table 4.2. Fatality figure caused by the killer cyclone on 29-30 

in April 1991 was the highest 138882.  
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The hi ghest ( lowest) S ST w as 30.33ºC  ( 26.18ºC) a t t he l and f alling l ocation of  

VSCS (CS) on May 20, 1998 (December 10, 1981). The SST at the land falling location 

of the killer cyclone was 29.24ºC. 
 

Table 4.2. Statistics of fatalities due to cyclones in Bangladesh. 

 

Serial No. 

 

Date of Landfall 

 

Nature of the 

phenomena 

SST at land falling 

location (˚C) 
Fatality 

1 December 10, 1981 CS 26.18 72 

2 October 15, 1983 CS 28.70 43 

3 May 24, 1985 SCS 28.83 4364 

4 November 29, 1988 VSCS 27.37 6133a 

5 April 29, 1991 SC 29.24 138882 

6 May 02, 1994 VSCS 28.89 188 

7 May 19, 1997 VSCS 29.25 155 

8 September 27, 1997 VSCS 29.58 78 

9 May 20, 1998 VSCS 30.33 14 

10 October 28, 2000 CS 29.93 3 

11 November 12, 2002 CS 28.75 2 

12 November 15, 2007 SC  28.54 3363 

a

 

both Bangladesh and India, 

4.3 Statistics on Seasonal SST and Cyclones  

Table 4.3 shows the seasonal distribution of tropical cyclones, their duration and average 

spatial S ST. From th is Table it is  c lear tha t th e f ormation of S CS a nd VSCS w ere 

dominated during the pr e-monsoon a nd pos t-monsoon pe riods. T he S ST w as 28.85ºC  

(28.79ºC) with s tandard deviation 0.21ºC (0.22ºC) in the pre-monsoon (post-monsoon) 

period. D uring pr e-monsoon pe riod 1 7 cyclones w ere f ormed, 3 of t hem w ere C S, 5 
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were SCS, 8 were VSCS and the rest 1 was SC. In the post-monsoon period 46 cyclones 

were formed, 17 of them were CS, 12 were SCS, 16 were VSCS and 1 was SC. The SST 

was the highest (lowest), 28.93ºC (27.17ºC) with standard deviation 0.26ºC (0.25ºC), in 

the monsoon (winter) season. During the monsoon period the number of total cyclones 

was 16, among them 13 were CS, 2 was SCS and 1 was VSCS. The number of tropical 

cyclone was the lowest in the winter season, 12 out of 91. In this season the number of 

CS was 5, SCS was 4 and VSCS was 3. The number of VSCS was the lowest, 4% (1 out 

of 2 8), during the m onsoon pe riod. F rom t he T able 4.3 it is  a lso found tha t the  tot al 

cyclonic hours during the period 1981-2007 was 4858. In the post-monsoon period there 

were 53% (2909 hours out of 5449 hours) of the total cyclonic hours. 
 

Table 4.3. Various types of  t ropical cyclones formed in the four seasons within 1981-

2007, t heir t otal num ber, dur ation, s easonal mean S ST a nd s tandard de viation of  

seasonal mean SST. 
 

   Seasons  

   Winter Pre-monsoon Monsoon Post-monsoon Total 

C
yc

lo
ne

s 

 

CS 

Number 5 3 13 17 38 

Duration (hour) 255 105 324 1042 1756 

 

SCS 

Number 4 5 2 12 23 

Duration (hour) 201 351 150 615 1317 

 

VSCS 

Number 3 8 1 16 28 

Duration (hour) 264 680 65 1147 2156 

SC 
Number 0 1 0 1 2 

Duration (hour) 0 115 0 105 220 

 

Total 

Cyclone 12 17 16 46 91 

Duration (hour) 720 1251 569 2909 5449 

SST  (˚C) 27.17 28.85 28.93 28.79 

Standard deviation of SST  (˚C) 0.25 0.21 0.26 0.22 

 

It i s found t hat t he f ormation of  S CS, V SCS and S C w ere l ower a t t he l owest 

(27.17˚C in winter) and highest (28.93˚C in monsoon) SST, than that of SST in between 
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(28.85˚C in pre-monsoon and 28.79˚C in post-monsoon). Although SST was the highest 

in the monsoon period, tropical cyclones generally were less observed. This is due to the 

fact that the monsoon trough is generally located to the north over land during summer 

(Frank 1987) . Hence, the required d ynamical conditions, relative vor ticity and ve rtical 

wind shear, for tropical cyclone formation (Gray 1979) are not satisfied. 
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4.4 Distribution of Depressions 

 

The monthly and annual distributions of depressions which were formed in the Bay of 

Bengal are shown in the Table 4.4. 46  depressions formed during the study period and 

the percentage of occurrence was highest (21.7%) in the month of August and October. 

The yearly a verage f ormation of  de pression w as 1.7 a nd t he hi ghest number ( 6) of  

depression was formed in the year of 1991 and 2006. 
 
 

Table 4.4. Monthly and annual occurrence number of depressions in the Bay of Bengal 

during 1981-2007. 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 0 0 0 0 0 0 0 
1982 0 0 0 0 0 0 0 0 0 0 0 0 0 
1983 0 0 0 0 0 0 0 0 0 0 0 0 0 
1984 0 0 0 0 0 0 0 0 0 0 0 0 0 
1985 0 0 0 0 0 0 0 0 0 0 0 0 0 
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 
1989 0 0 0 0 1 0 0 0 0 0 0 0 1 
1990 0 0 0 0 0 0 0 3 0 0 0 0 3 
1991 0 0 0 0 0 1 1 1 1 2 0 0 6 
1992 0 0 0 0 0 0 1 0 0 0 0 0 1 
1993 0 0 0 0 0 2 0 0 1 0 0 0 3 
1994 0 0 1 0 0 0 0 0 0 0 0 0 1 
1995 0 0 0 0 2 0 0 0 0 0 0 0 2 
1996 0 0 0 0 0 0 0 0 0 0 0 0 0 
1997 0 0 0 0 0 1 2 2 0 0 0 0 5 
1998 0 0 0 0 0 1 0 0 0 2 0 0 3 
1999 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001 0 0 0 0 0 1 1 0 0 1 0 0 4 
2002 0 0 0 0 1 0 0 0 0 1 0 0 2 
2003 0 0 0 0 0 0 1 0 0 1 0 0 2 
2004 0 0 0 0 0 0 0 0 0 1 0 0 1 
2005 0 0 0 0 0 0 0 0 1 0 0 0 2 
2006 0 0 0 0 0 0 0 3 2 1 0 0 6 
2007 0 0 0 0 1 1 0 1 0 1 0 0 4 
Total 0 0 1 0 5 7 6 10 5 10 0 0 46 
Mean 0.0 0.0 0.0 0.0 0.2 0.3 0.2 0.4 0.2 0.4 0.0 0.0 1.7 
% of 

Annual 0.0 0.0 2.2 0.0 10.9 15.2 13.0 21.7 10.9 21.7 0.0 0.0 100.0 
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4.5 Distribution of Deep Depressions 

 

The monthly and annual distributions of deep depressions which were formed in the Bay 

of B engal are s hown i n t he T able 4.5. 25  de ep de pressions formed du ring t he s tudy 

period and the percentage of occurrence was highest (36%) in the month of October. The 

yearly a verage f ormation of  de ep de pression w as 0.9 a nd t he hi ghest num ber ( 5) of  

disturbance was formed in the year of 1989. 
 
Table 4.5. Monthly a nd annual occurrence num ber of de ep d epressions in the Bay of  
Bengal during 1981-2007.  
 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 0 0 0 0 0 0 0 
1982 0 0 0 0 0 0 0 0 0 0 0 0 0 
1983 0 0 0 0 0 0 0 0 0 0 0 0 0 
1984 0 0 0 0 0 0 0 0 0 0 0 0 0 
1985 0 0 0 0 0 0 0 0 0 0 0 0 0 
1986 0 0 0 0 1 0 0 1 1 0 0 0 3 
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 
1989 0 0 0 0 0 1 1 0 0 2 1 0 5 
1990 0 0 0 0 0 0 0 0 0 1 0 0 1 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 
1992 0 0 0 0 0 0 0 0 0 2 0 0 2 
1993 0 0 0 0 0 0 0 0 0 0 0 0 0 
1994 0 0 0 0 0 0 0 0 0 1 0 0 1 
1995 0 0 0 0 0 0 0 0 0 0 0 0 0 
1996 0 0 0 0 1 0 0 0 1 1 0 0 3 
1997 0 0 0 0 0 0 0 1 0 0 0 0 1 
1998 0 0 0 0 0 0 0 0 0 0 0 0 0 
1999 0 1 0 0 0 0 0 0 0 0 0 0 1 
2000 0 0 0 0 0 0 0 0 0 1 0 1 2 
2001 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 0 0 0 0 0 0 0 0 0 1 0 0 1 
2004 0 0 0 0 0 0 0 0 0 0 0 0 0 
2005 0 0 0 0 0 0 0 0 1 0 0 1 2 
2006 0 0 0 0 0 0 0 1 0 0 0 0 1 
2007 0 0 0 0 0 1 0 0 1 0 0 0 2 
Total 0 1 0 0 2 2 1 3 4 9 1 2 25 
Mean 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.3 0.0 0.1 0.9 

% of Annual 0.0 4.0 0.0 0.0 8.0 8.0 4.0 12.0 16.0 36.0 4.0 8.0 100.0 
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4.6 Distribution of Cyclonic Storms 

 

The monthly and annual distributions of cyclonic storms which were formed in the Bay 

of Bengal are shown in the Table 4.6. 44 cyclonic storms formed during the study period 

and the percentage of occurrence was highest (27.3%) in the month of November. The 

yearly a verage f ormation of  c yclonic s torm w as 1.6 a nd t he hi ghest num ber ( 10) of  

cyclonic storm was formed in the year of 1981. 
 
 

Table 4.6. Monthly a nd a nnual occurrence num ber of c yclonic s torms i n t he Bay o f 

Bengal during 1981-2007. 
 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 1 2 2 1 4 0 10 
1982 0 0 0 0 0 1 1 3 1 0 0 0 6 
1983 0 0 0 0 0 1 0 0 0 1 1 1 4 
1984 0 0 0 0 0 0 1 1 0 0 0 0 2 
1985 0 0 0 0 0 0 0 0 1 0 0 0 1 
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 
1987 0 0 0 0 0 1 0 0 0 0 0 1 2 
1988 0 0 0 0 0 0 0 0 0 0 0 1 1 
1989 0 0 0 0 0 1 0 0 0 0 0 0 1 
1990 0 0 0 0 0 0 0 0 0 0 1 0 1 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 
1992 0 0 0 0 0 0 0 0 0 0 1 0 1 
1993 0 0 0 0 0 0 0 0 0 0 0 0 0 
1994 0 0 0 0 0 0 0 0 0 0 0 0 0 
1995 0 0 0 0 0 1 0 0 0 0 0 0 1 
1996 0 0 0 0 0 0 0 0 0 1 0 0 1 
1997 0 0 0 0 0 0 0 0 0 0 1 0 1 
1998 0 0 0 0 0 0 0 0 0 0 1 0 1 
1999 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 0 0 1 0 0 0 0 0 0 1 0 0 2 
2001 0 0 0 0 0 0 0 0 0 1 0 0 1 
2002 0 0 0 0 0 0 0 0 0 0 2 0 2 
2003 0 0 0 0 1 0 0 0 0 0 0 0 1 
2004 0 0 0 0 0 0 0 0 0 0 0 0 0 
2005 1 0 0 0 0 0 0 0 0 1 1 1 4 
2006 0 0 0 0 0 0 0 0 0 0 0 0 0 
2007 0 0 0 0 1 0 0 0 0 0 0 0 1 
Total 1 0 1 0 2 5 3 6 4 6 12 4 44 
Mean 0.0 0.0 0.0 0.0 0.1 0.2 0.1 0.2 0.1 0.2 0.4 0.1 1.6 

% of Annual 2.3 0.0 2.3 0.0 4.5 11.4 6.8 13.6 9.1 13.6 27.3 9.1 100.0 
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4.7 Distribution of Severe Cyclonic Storms 
 

The monthly and annual distributions of  severe cyclonic s torms which were formed in 

the Bay of Bengal are shown in the Table 4.7. 23 severe cyclonic storms were formed in 

the m onths of  M ay, J une, O ctober, November a nd D ecember dur ing t he s tudy pe riod 

and t he pe rcentage o f o ccurrence w as hi ghest ( 30.4%) i n t he m onth of  O ctober. T he 

yearly average formation of severe cyclonic storm was 0.9 and the highest number (4) of 

severe cyclonic storm was formed in the year of 1985. 
 

 

Table 4.7. Monthly and annual occurrence number of severe cyclonic storms in the Bay 

of Bengal during 1981-2007. 
 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 0 0 0 0 0 0 0 
1982 0 0 0 0 0 1 0 0 0 2 0 0 3 
1983 0 0 0 0 0 0 0 0 0 2 0 0 2 
1984 0 0 0 0 0 0 0 0 0 0 0 0 0 
1985 0 0 0 0 0 0 0 0 0 2 1 1 4 
1986 0 0 0 0 0 0 0 0 0 0 1 0 1 
1987 0 0 0 0 0 0 0 0 0 1 0 0 1 
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 
1989 0 0 0 0 0 0 0 0 0 0 0 0 0 
1990 0 0 0 0 0 0 0 0 0 0 0 1 1 
1991 0 0 0 0 1 0 0 0 0 0 1 0 2 
1992 0 0 0 0 1 0 0 0 0 0 0 0 1 
1993 0 0 0 0 0 0 0 0 0 0 0 1 1 
1994 0 0 0 0 0 0 0 0 0 0 0 0 0 
1995 0 0 0 0 0 0 0 0 0 0 1 0 1 
1996 0 0 0 0 1 1 0 0 0 0 1 0 3 
1997 0 0 0 0 0 0 0 0 0 0 0 0 0 
1998 0 0 0 0 0 0 0 0 0 0 0 0 0 
1999 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 0 0 0 0 1 0 0 0 0 0 0 1 2 
2004 0 0 0 0 1 0 0 0 0 0 0 0 1 
2005 0 0 0 0 0 0 0 0 0 0 0 0 0 
2006 0 0 0 0 0 0 0 0 0 0 0 0 0 
2007 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 5 2 0 0 0 7 5 4 23 
Mean 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.3 0.2 0.1 0.9 

% of Annual 0.0 0.0 0.0 0.0 21.7 8.7 0.0 0.0 0.0 30.4 21.7 17.4 100.0 
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4.8 Distribution of Very Severe Cyclonic Storms and Super Cyclones 
 

The m onthly and annual di stributions of  ve ry s evere c yclonic s torms s uper c yclones 

which w ere f ormed i n t he Bay o f Bengal a re s hown i n t he T able 4.8. 30 ve ry severe 

cyclonic s torms a nd s uper c yclones w ere f ormed dur ing t he s tudy period a nd t he 

percentage o f o ccurrence was hi ghest (43.3%) i n t he month of  November. The yearly 

average formation of  ve ry severe c yclonic s torms and super c yclones was 1.1 a nd the 

highest number (3) of very severe cyclonic storms and super cyclones was formed in the 

year of 1984 and 1987. 
 

Table 4.8. Monthly and annual occurrence number of very severe cyclonic storms and 
super cyclones in the Bay of Bengal during 1981-2007. 
 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 0 0 0 0 0 1 1 
1982 0 0 0 0 1 0 0 0 0 0 0 0 1 
1983 0 0 0 0 0 0 0 0 0 0 1 0 1 
1984 0 0 0 0 0 0 0 0 0 1 2 0 3 
1985 0 0 0 0 1 0 0 0 0 0 0 0 1 
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 
1987 0 1 0 0 0 0 0 0 0 1 1 0 3 
1988 0 0 0 0 0 0 0 0 0 0 2 0 2 
1989 0 0 0 0 1 0 0 0 0 0 1 0 2 
1990 0 0 0 0 1 0 0 0 0 0 0 0 1 
1991 0 0 0 1 0 0 0 0 0 0 0 0 1 
1992 0 0 0 0 0 0 0 0 0 0 1 0 1 
1993 0 0 0 0 0 0 0 0 0 0 0 0 0 
1994 0 0 0 1 0 0 0 0 0 0 0 0 1 
1995 0 0 0 0 0 0 0 0 0 0 1 0 1 
1996 0 0 0 0 0 0 0 0 0 0 1 1 2 
1997 0 0 0 0 1 0 0 0 1 0 0 0 2 
1998 0 0 0 0 1 0 0 0 0 0 1 0 2 
1999 0 0 0 0 0 0 0 0 0 2 0 0 2 
2000 0 0 0 0 0 0 0 0 0 0 1 0 1 
2001 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 0 0 0 0 0 0 0 0 0 0 0 0 0 
2004 0 0 0 0 0 0 0 0 0 0 0 0 0 
2005 0 0 0 0 0 0 0 0 0 0 0 0 0 
2006 0 0 0 1 0 0 0 0 0 0 0 0 1 
2007 0 0 0 0 0 0 0 0 0 0 1 0 1 
Total 0 1 0 3 6 0 0 0 1 4 13 2 30 
Mean 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.5 0.1 1.1 

% of Annual 0.0 3.3 0.0 10.0 20.0 0.0 0.0 0.0 3.3 13.3 43.3 6.7 100.0 
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4.9 Distribution of Cyclones 

The m onthly and a nnual di stributions of  c yclones ( including cyclonic s torms, s evere 

cyclonic storms, very severe cyclonic storms and super cyclones) which were formed in 

the Bay of Bengal are shown in the Table 4.9. Total 97 cyclones formed during the study 

period and the percentage of occurrence was highest (30.9%) in the month of November. 

The yearly average formation of c yclones w as 3. 6 and t he hi ghest n umber ( 11) of  

cyclones was formed in the year of 1981. 
 

Table 4.9. Monthly a nd a nnual occurrence num ber of cyclones i n the Bay o f B engal 

during 1981-2007. 
 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 1 2 2 1 4 1 11 
1982 0 0 0 0 1 2 1 3 1 2 0 0 10 
1983 0 0 0 0 0 1 0 0 0 3 2 1 7 
1984 0 0 0 0 0 0 1 1 0 1 2 0 5 
1985 0 0 0 0 1 0 0 0 1 2 1 1 6 
1986 0 0 0 0 0 0 0 0 0 0 1 0 1 
1987 0 1 0 0 0 1 0 0 0 2 1 1 6 
1988 0 0 0 0 0 0 0 0 0 0 2 1 3 
1989 0 0 0 0 1 1 0 0 0 0 1 0 3 
1990 0 0 0 0 1 0 0 0 0 0 1 1 3 
1991 0 0 0 1 1 0 0 0 0 0 1 0 3 
1992 0 0 0 0 1 0 0 0 0 0 2 0 3 
1993 0 0 0 0 0 0 0 0 0 0 0 1 1 
1994 0 0 0 1 0 0 0 0 0 0 0 0 1 
1995 0 0 0 0 0 1 0 0 0 0 2 0 3 
1996 0 0 0 0 1 1 0 0 0 1 2 1 6 
1997 0 0 0 0 1 0 0 0 1 0 1 0 3 
1998 0 0 0 0 1 0 0 0 0 0 2 0 3 
1999 0 0 0 0 0 0 0 0 0 2 0 0 2 
2000 0 0 1 0 0 0 0 0 0 1 1 0 3 
2001 0 0 0 0 0 0 0 0 0 1 0 0 1 
2002 0 0 0 0 0 0 0 0 0 0 2 0 2 
2003 0 0 0 0 2 0 0 0 0 0 0 1 3 
2004 0 0 0 0 1 0 0 0 0 0 0 0 1 
2005 1 0 0 0 0 0 0 0 0 1 1 1 4 
2006 0 0 0 1 0 0 0 0 0 0 0 0 1 
2007 0 0 0 0 1 0 0 0 0 0 1 0 2 
Total 1 1 1 3 13 7 3 6 5 17 30 10 97 
Mean 0.0 0.0 0.0 0.1 0.5 0.3 0.1 0.2 0.2 0.6 1.1 0.4 3.6 

% of Annual 1.0 1.0 1.0 3.1 13.4 7.2 3.1 6.2 5.2 17.5 30.9 10.3 100.0 
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4.10 Distribution of Disturbances  

The m onthly and a nnual di stributions of  di sturbances ( including d epressions, de ep 

depressions, c yclonic s torms, s evere c yclonic s torms, ve ry s evere cyclonic s torms and 

super cyclones) which were formed in the Bay of Bengal are shown in the Table 4.10.   
 

Table 4.10. Monthly and a nnual occurrence n umber of di sturbances i n t he Bay o f 

Bengal during 1981-2007. 
 

Year J F M A M J J A S O N D Annual 
1981 0 0 0 0 0 0 1 2 2 1 4 1 11 
1982 0 0 0 0 1 2 1 3 1 2 0 0 10 
1983 0 0 0 0 0 1 0 0 0 3 2 1 7 
1984 0 0 0 0 0 0 1 1 0 1 2 0 5 
1985 0 0 0 0 1 0 0 0 1 2 1 1 6 
1986 0 0 0 0 1 0 0 1 1 0 1 0 4 
1987 0 1 0 0 0 1 0 0 0 2 1 1 6 
1988 0 0 0 0 0 0 0 0 0 0 2 1 3 
1989 0 0 0 0 2 2 1 0 0 2 2 0 9 
1990 0 0 0 0 1 0 0 3 0 1 1 1 7 
1991 0 0 0 1 1 1 1 1 1 2 1 0 9 
1992 0 0 0 0 1 0 1 0 0 2 2 0 6 
1993 0 0 0 0 0 2 0 0 1 0 0 1 4 
1994 0 0 1 1 0 0 0 0 0 1 0 0 3 
1995 0 0 0 0 2 1 0 0 0 0 2 0 5 
1996 0 0 0 0 2 1 0 0 1 2 2 1 9 
1997 0 0 0 0 1 1 2 3 1 0 1 0 9 
1998 0 0 0 0 1 1 0 0 0 2 2 0 6 
1999 0 1 0 0 0 0 0 0 0 2 0 0 3 
2000 0 0 1 0 0 0 0 0 0 2 1 1 5 
2001 0 0 0 0 0 1 1 0 0 2 1 0 5 
2002 0 0 0 0 1 0 0 0 0 1 2 0 4 
2003 0 0 0 0 2 0 1 0 0 2 0 1 6 
2004 0 0 0 0 1 0 0 0 0 1 0 0 2 
2005 1 0 0 0 0 0 0 0 2 1 2 2 8 
2006 0 0 0 1 0 0 0 4 2 1 0 0 8 
2007 0 0 0 0 2 2 0 1 1 1 1 0 8 
Total 1 2 2 3 20 16 10 19 14 36 33 12 168 
Mean 0.0 0.1 0.1 0.1 0.7 0.6 0.4 0.7 0.5 1.3 1.2 0.4 6.2 

% of Annual 0.6 1.2 1.2 1.8 11.9 9.5 6.0 11.3 8.3 21.4 19.6 7.1 100.0 
 

168 disturbances formed during the study period and the percentage of occurrence 

was hi ghest ( 21.4%) i n t he m onth of  O ctober. T he yearly a verage formation of  
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disturbances was 6.2 and the highest number (11) of disturbances was formed in the year 

of 1981. T here w ere 3 disturbances w hich w ere f ormed on 14/ 6/1990, 12/9/2000 a nd 

1/10/2000 but their latitude and longitude were not mentioned in the BMD’s Log Book, 

so these were excluded.    
 

4.11 Monthly and Yearly Distributions of Tropical Disturbances and SST 

Within t he s tudy pe riod t he t otal num ber o f f ormation o f di sturbance (including 

depression, deep depression, cyclonic storm, severe cyclonic storm, very severe cyclonic 

storm and super cyclone) were 168 as shown in Figure 4.1, 54% (91 out of 168) of them 

were cyclone. Maximum occurrence number (13) of VSCS and SC was in the month of 

November, whereas t he m ost a ctive m onth f or t he f ormation of SC S w as i n O ctober. 

Maximum number (12) of CS was formed in the month of November. In the month of 

October maximum number (9) of DD was also formed. The most active months for the 

formation of D were in August and October and the number was 10. 
 

 
Fig.4.1. Monthly occurrence number of tropical disturbance and SST during the period 

1981-2007 
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The F igure 4.2 s hows the yearly number of  di sturbances and corresponding SST. The 

warmest year w as 1998;  i n t his year 6 di sturbances w ere f ormed. In t he c oolest year, 

1984, the formation of disturbances was 5 a nd the maximum frequency of cyclone was 

in the year of 1982. 
 

 
Fig.4.2. Yearly occurrence number of t ropical di sturbances and SST during the period 

1981-2007. 
 

 

4.12 Distribution of Monthly SST Anomalies and Cyclones  

Figure 4.3 shows the monthly distribution of SST anomalies of the Bay of Bengal. The 

positive a nomalies w ere i n t he m onths f rom A pril t o N ovember. O n t he ot her ha nd, 

negative anom alies w ere i n the m onths from December t o March. In t he pos itive 

anomalies there were two peaks, one major peak was in the month of May and another 

minor peak in October. In May and October the SST were 5% and 1% more than the 

average spatial SST, respectively. The highest negative anomaly was found in January. 

The value of SST was 6% less than the average spatial SST. 
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Fig. 4.3. Monthly distribution of SST anomalies of the Bay of Bengal during 1981-2007. 
 

From Fi gure 4.4 i t i s f ound t hat t he hi ghest oc currence of  c yclones w as i n t he 

month of  N ovember. In this m onth c yclone f ormation w as 3 3% ( 30 out of  91) of  t he 

total cyclones. From Figure 4.4 it is clear that occurrence of cyclones show two peaks, 

one major peak was in the month of November and the other minor peak was in May. 

From Figure 4.3 and Figure 4.4 it is found the percentage of cyclone formation in 

the m onth of  m inor pos itive pe ak S ST a nomaly (Figure 4.3) w as 18% ( 16 out of  91) 

whereas 14% (13 out of 91) cyclones formed on the month of highest positive peak SST 

anomaly ( Figure 4.3). O n t he ot her ha nd i n t he highest n egative S ST a nomaly m onth 

which was in J anuary, t he number of  c yclones formation was 1% (1 out  of  91) of  the 

total cyclones. There were 4 m onths (December, January, February and March) having 

negative SST anomalies. During that 4 months 14% (13 out of 91) of the total cyclones 

were formed and in last 3 months (January, February and March) only 3% (3 out of 91) 

cyclones were found. 
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Fig. 4.4. Monthly di stribution of  91 cyclones f ormed ove r t he B ay of  Bengal du ring 

1981-2007. 
 

4.13 Trends of SST and Tropical Cyclone Frequency  

The SST shows positive trend in the winter season (Figure 4.5). In each winter season 

the increment of SST was 0.011˚C. The tropical cyclone formation shows negative trend 

(Figure 4.5). In each winter season the decreasing rate of cyclone formation was 0.012.  

 
Fig.4.5. Trends of tropical cyclone frequency and SST in winter season from 1982-2007. 
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The S ST s hows positive trend in pr e-monsoon season ( Figure 4.6). In e ach pr e-

monsoon season the increment of SST was 0.003˚C. The tropical cyclone formation also 

shows positive t rend (Figure 4.6). In e ach pr e-monsoon s eason t he i ncreasing r ate of  

cyclone formation was 0.014.  

 
Fig.4.6. Trends of tropical cyclone frequency and SST in pre-monsoon season from 

1982-2007. 

 
The SST shows positive trend in monsoon season (Figure 4.7). In each monsoon 

season t he i ncrement o f S ST w as 0.003 ˚C. The t ropical c yclone f ormation shows 

negative trend (Figure 4.7). In e ach m onsoon s eason t he de creasing r ate of  c yclone 

formation was 0.094. 
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Fig.4.7. Trends of t ropical cyclone frequency and SST in monsoon season from 1982-

2007. 
 

The SST shows positive trend in post-monsoon season (Figure 4.8). In each post-

monsoon t he i ncrement of  S ST w as 0.01 1˚C. The t ropical c yclone f ormation s hows 

negative trend (Figure 4.8). In each post-monsoon season the decreasing rate of cyclone 

formation was 0.089.  

 
Fig.4.8. Trends of  t ropical c yclone f requency and S ST i n post-monsoon season f rom 

1982-2007. 
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Figure 4.9  shows yearly t rend of  S ST w hich w as pos itive t hroughout t he s tudy 

period. The yearly increment of SST was 0.008˚

 

C. The tropical cyclone formation shows 

negative t rend ( Figure 4.9). The de creasing r ate of  c yclone f ormation per year w as 

0.170.  

 
Fig.4.9. Yearly trends of tropical cyclone frequency and SST from 1981-2007. 
 

So the frequency of cyclone showing positive trend in pre-monsoon season and in 

all other seasons it was showing negative trends. 
 

 The decadal variation of SST and cyclone frequency is shown in Figure 4.10. The 

increasing trend of SST was 0.040C and decreasing trend of cyclone frequency was 17.5 

per decade.  In the first decade (1981-1990) the number of total cyclone formation was 

49 and the SST was 28.410C whereas in the second decade (1991-2000) the number of 

cyclone formation was 28 and the SST was 28.470C and in the third decade (2001-2007) 

the number of cyclone formation was 14 and the SST was 28.490

 

C. It is found that the 

frequency of  t ropical c yclone i n s econd de cade and i n t hird decade w as, r espectively, 

42% and 150% lower than the first decade.   
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Fig. 4.10: Decadal trends of tropical cyclone frequency and SST from 1981-2007. 

 

4.14 Trends of SST and Tropical Cyclone Duration 

 

The SST shows positive t rend in the winter season (Figure 4.11) . In each winter 

season the increment of SST was 0.011˚

 

C. The duration of tropical cyclone also shows 

positive t rend ( Figure 4.11). In e ach w inter s eason t he i ncreasing r ate of  c yclone 

duration was 0.529 h/winter.  

 
Fig.4.11. Variation of SST and TC duration in winter season during 1982-2007. 
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The SST shows pos itive t rend in t he pre-monsoon season (Figure 4.12). In each 

pre-monsoon season the increment of SST was 0.003˚C. The duration of tropical cyclone 

also shows positive trend (Figure 4.12). In each pre-monsoon season the increasing rate 

of cyclone duration was 0.964 h/ pre-monsoon.     

 
Fig. 4.12.Variation of SST and TC duration in pre-monsoon season during 1982-2007. 

 

The S ST s hows pos itive t rend i n t he m onsoon s eason ( Figure 4.13). I n e ach 

monsoon s eason t he i ncrement of  S ST w as 0.00 3˚C. T he dur ation of  t ropical c yclone 

shows negative t rend ( Figure 4.13). In e ach m onsoon s eason t he decreasing rate of  

cyclone duration was 2.557 h/monsoon. 
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Fig. 4.13. Variation of  SST and TC duration in monsoon season during 1982-2007. 

The SST shows positive trend in the post-monsoon season (Figure 4.14). In each 

post-monsoon s eason t he i ncrement of  S ST w as 0.0 11˚

                                                                                                                                                                                                                                                                                   

C. T he dur ation of  t ropical 

cyclone shows negative trend (Figure 4.14). In each post-monsoon season the decreasing 

rate of cyclone duration was 2.831 h/post-monsoon.   

 
Fig. 4.14. Variation of SST and TC duration in post-monsoon season during 1982-2007. 
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Figure 4.15 shows yearly t rend of SST which was positive through out the study 

period. T he yearly i ncrement of  S ST w as 0.008 ˚

 

C. T he duration of  tropical c yclone 

shows negative trend. The decreasing rate of cyclone duration per year was 3.895 h/year.  

 
Fig. 4.15. Yearly variation of SST and TC during 1981-2007. 

 

So the duration of cyclone showing positive trends in winter and in pre-monsoon 

seasons; in monsoon and post-monsoon seasons it was showing negative trends. 

 

4.15 SST and Tropical Cyclone Intensity 

 

Scatter pl ots a re c ompiled b y m atching t he year, m onth, w eek a nd pos ition of  e ach 

cyclone f irst attained its maximum intensity with the corresponding SST. In this s tudy 

the r elationship be tween S ST a nd intensity of cyclone is  not  s traightforward, similar 

results a lso shown in a  study of  Patrick e t al. (2006). But i n s tudies o f Evans (1990), 

Baik and Peak (1998) showed that the peak in intensity occurring below the maximum 

SST of the cyclones formed in the North Atlantic Ocean. It was found from the Figure 

4.16 that there was no VSCS below the SST of 27.44ºC and after the SST of 30.34ºC. 



 50 

Figure 4.16 shows t hat the c ent pe rcent of t he cyclones got t heir hi ghest w ind s peed 

within the temperature r ange 28 .00ºC to 29.50ºC. There were 7 t ropical cyclones with 

maximum wind speed •  200 km /h; 86% (6 out of 7) of them attained uppermost wind 

speed within the temperature range from 28.00ºC to 29.50ºC. After 29.50ºC the intensity 

of t he m aximum w ind s peed de picted de creasing t rend, e xcept one  c yclone got i ts 

maximum w ind s peed, 240 km /h, a t 30.22ºC . T here were 20 cyclones w ithin t he 

temperature r ange 30.5 0ºC •  t emperature > 2 9.5 0ºC. 50%  ( 10 out  of  20)  of  t hose 

cyclones got the maximum wind speed •  100 k m/h, 40% (8 out  of  20)  cyc lones were 

within the speed range 150km/h •  wind speed > 100km/h and only 10% (2 out  of  20) 

cyclones crossed 150km/h at its maximum wind speed. This suggests the existence of a 

temperature de pendency but  not  a  c ontinuous pos itive r elationship be tween m aximum 

storm intensity and SST.      

 

 

Fig. 4.16. The relationship between maximum wind speed and SST encountered prior to 

reaching the maximum wind speed. 
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The initial SST of 91 cyclones formed in the study period is plotted with maximum 

wind speed in the Figure 4.17. I t is found that the wind speed increases with SST upto 

28.5 ºC then the speed showing to decrease till 30 ºC after that the speed increases until 

30.3 ºC and it is showing decreasing trends.     

 

 

Fig. 4.17. Maximum wind speed and SST at the initial formation locations of 91 tropical 

cyclones. 
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From Table 4.11 it is clear that the formation of VSCS and SCS started after SST 

of 27.50°C a nd i ncreased w ith S ST. T he f ormation of  V SCS de creased for S ST f rom 

29.00°C t o 29.5 0°

 

C a fter tha t increased with SST. So it r evealed t hat t he intensity of 

cyclone has a step-like, rather than continuous relationship with SST. 

Table 4.11. Comparison a mong the num ber o f va rious t ypes o f c yclones a t 0.5 ºC 

temperature bins (starting from 26ºC) with the total number of weeks remaining within 

that temperature bin. 
Temperature 

bin(°C) 

No. of 

total week 
CS % of CS SCS % of SCS VSCS % of VSCS 

26<T•  26.5 14 0 0.0 0 0.0 0 0.0 
26.5<T•  27 152 0 0.0 0 0.0 0 0.0 
27<T•  27.5 132 2 1.5 0 0.0 0 0.0 
27.5<T•  28 105 0 0.0 1 1.0 2 1.9 
28<T•  28.5 196 9 4.6 6 3.1 4 2.0 
28.5<T•  29 344 10 2.9 6 1.7 8 2.3 
29<T•  29.5 247 11 4.5 4 1.6 4 1.6 
29.5<T•  30 128 1 0.8 0 0.0 4 3.1 
30<T•  30.5 42 5 11.9 5 11.9 7 16.7 
30.5<T•  31 5 0 0.0 1 20.0 1 20.0 
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4.16. SST Profile in the Study Area  
 

 The t emporal average SST w ithin t he s tudy period i s s hown i n F igure 4.18; the 

proportional c ircles s howing t he va riation of  t emporal a verage S ST, t he l argest c ircle 

indicates t he hi ghest t emporal a verage S ST w hich i s 29.02˚C and the smal lest c ircle 

indicates the lowest temporal average SST which is 27.20̊C. T he SST remained nearly 

constant along longitude but decreased towards the higher latitude. 
 

 

Fig. 4.18. Temporal av erage s ea s urface t emperature o f 272 obs ervation poi nts ( 17 

latitude points for each longitude points, i.e. 17×16=272). Gray shade indicates the 

topography in meter. 



 54 

To see the decadal SST variation in the Bay of Bengal, twelve points are taken at 

84.5,7.5; 89.5,7.5;  94.5,7.5;  84.5,11.5;  89.5,11.5;  94.5,11.5;  84.5,15.5;  8 9.5,15.5; 

94.5,15.5; 87.5,20.5;  89. 5,20.5 a nd 91.5,20.5 l ongitude a nd l atitude, t hese poi nts a re 

mentioned by a,b,c,d,e,f,g,h,I,j,k and l, respectively, in the Figure 4.19 . 

   

 
Fig. 4.19. Position of twelve points (a to l) taken in the Bay of Bengal to study the SST 

variation.  
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It i s f ound f rom F igure 4. 20 that the  SST i s f luctuating yearly. Maximum i ncrease of  

SST at all points observed in 1998.At points j,k, and l, the SST gradually decreases after 

1998.  
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Fig. 4.20 Yearly SST variation at twelve selected points in the Bay of Bengal. 
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Decadal variation of SST in the Bay of Bengal at twelve points is shown in Figure 

4.21. It is found that at points a (84.5, 7.5); b (89.5, 7.5); c (94.5, 7.5); d (84.5, 11.5); e 

(89.5, 11.5)  and f  (94.5, 11.5) SST gradually increases, normally very s evere cyclonic 

storm s tart t o form adjacent t his a rea, a t points c  and f  a round Andaman and Nicobar 

Islands, the S ST i ncreased 0.19 °C, w hich i s t he hi ghest i ncrement of  SST, i n third 

decade ( 2001-2007) c ompared t o first d ecade ( 1981-1990),  but a t ot her s ix poi nts g 

(84.5,15.5); h ( 89.5,15.5); i  (  94.5,15.5) ; j  ( 87.5,20.5); k ( 89.5,20.5); l  ( 91.5,20.5) t he 

SST decreases. The points j (87.5, 20.5), k (89.5, 20.5) and l (91.5, 20.5) which are near 

the coastal area of Bangladesh, showing the SST decreased 0.11°

 

C , which is the highest 

decrement of SST, in third decade (2001-2007) compared to first decade (1981-1990). 

 
Fig. 4.21. Decadal variation of SST at twelve points (a to l) in the Bay of Bengal. 
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4.17 Comparison of Temporal SST and Contemporaneous SST 

 

Figure 4.22 shows the comparison of average temporal SST with the contemporaneous 

SST at the formation location of CS, SCS and VSCS and SC.  
 

 
Fig.4.22. Comparison of  t emporal average S ST a nd c ontemporaneous a verage SST  a t 

the ( a) C yclonic S torm (CS) (b) S evere C yclonic S torm (SCS) and (c) V ery 

Severe Cyclonic Storm (VSCS) and Super Cyclone (SC) formation location. 
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It i s f ound t hat t he a verage of  t he t emporal average S ST w as 28.32ºC  w ith 

standard de viation 0.36 ºC at t he f ormation l ocation of  C S. T he a verage o f t he 

contemporaneous SST a t the formation time of CS, SCS, VSCS and SC was 28.93ºC, 

29.08ºC, 29.27ºC and 29.41 ºC, respectively. It i s obs erved that t he ov erall i ncrease of  

SST during tropical cyclones was 0.60ºC. At the time of CS formation the SST increased 

0.61ºC f rom the temporal average value of  SST and a t the t ime o f SCS formation the 

increment of  S ST w as 0.57ºC . Highest c ontemporaneous a verage S ST, 29. 28ºC, w as 

found at the time of formation of VSCS and SC which are most powerful cyclones. At 

this time the increment of SST was 0.63ºC from the temporal average SST 

 

4.18 Observation of Weekly SST during Cyclone Formation 

Figure 4.23 showing t he w eekly S ST di stribution of  3 w eeks be fore a nd a fter t he 

formation of a CS. The duration of the CS was 118 hours. The SST started to rise about 

2 weeks before the formation of the CS. It is found that the SST was highest (29.83˚C) at 

the formation time of  th e C S. The inc rement ( declination) of  S ST in  th e w eek of C S 

formation was 0.62˚C (0.74˚C) from the SST of 2 weeks before (after) the CS formation. 
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Fig.4.23. Weekly SST distribution at the time of a CS formation on 14/10/2000. 
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Figure 4.24 showing the weekly SST distribution of 4 weeks before and 2 weeks 

after t he formation of  a  S CS. T he dur ation of  t he S CS w as 180  hour s a nd i t w as t he 

highest duration of  a ll t he c yclones ( 91) w ithin t he s tudy pe riod. T he SST s tarted t o 

increase 4 weeks before the formation of the SCS and the highest SST was 30.54º C  in 

the week of the SCS formation.  
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Fig.4.24.  Weekly SST distribution at the time of a SCS formation on 10/5/2003. 
 

Figure 4.25 showing the weekly SST distribution of 4 weeks before and 4 weeks 

after the formation of a VSCS. The duration of the SCS was 90 hours. The SST started 

to rise 4 weeks before the formation of the VSCS. It is found that the SST was highest 

(29.86˚C) at the formation time of the VSCS. The increment (declination) of SST in the 

week of  t he V SCS f ormation w as 0.80˚C (1 . 47 C̊) fro m th e SST o f 4 week s be fore 

(after) the VSCS formation.  
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Fig.4.25. Weekly SST distribution at the time of a VSCS formation on 23/5/1989. 

Figure 4.26. depicts the weekly SST distribution of  3 w eeks before and 3 weeks 

after the formation of a SC. The duration of the SC was 115 hours. The SST started to 

rise 2 w eeks be fore t he f ormation of  t he S C. I t i s f ound that t he SST w as hi ghest 

(30.00˚C) in the formation week of  t he SC. The increment of  SST in t he week of  SC 

formation w as 1.13̊ C from the SST of 2 weeks before and the decliv ity of S ST w as 

1.69˚C immediate week after the SC landfall. 

So i t i s s een t hat the S ST i ncreased t wo t o f our w eeks pr ior t he f ormation of  a 

tropical c yclone. It i s a lso seen that t he highest increment (1.13˚C) o f SST was at the 

time of the highest intensive (super cyclone) cyclone formation.     
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Fig.4.26. Weekly SST distribution at the time of an SC formation on 25/4/1991. 

 

4.19 Probability of Intensification of disturbance and SST 

The probability of intensification of D into VSCS and SC is shown in Figure 4.27 along 

with SST in three decades. In the first decade (from 1981-1990) in (a) the total number 

of disturbances was 62 and 15 (24%) of them had converted into VSCS and SC. Only 

one depression formed in the month of February and i t had converted into VSCS. The 

percentages of intensification probabilities of D to VSCS and SC were 67% (4 out of 6) 

and 44% (7 out of 16) in the months of May and November, respectively.  



 62 

 
Fig. 4.27. Probability of intensification of D into VSCS and SC during (a) first decade 

              (1981-1990) (b) second decade (1991-2000) and (c) third decade (2001-2007). 
 

In the second decade (from 1990-2000) in (b) the total number of disturbances was 

59 and 13 (22%) of them had converted into VSCS and SC. Two depressions formed in 

the m onth of  A pril a nd c onverted i nto V SCS. T he pe rcentages of  i ntensification 

probabilities of D to VSCS and SC were 25% (2 out of 8), 45% (5 out of 11) and 33% (1 

out of 3) in the months of May, November and December, respectively. 
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In the third decade (from 2001-2007) in (c) the total number of disturbances was 

41 and 2 (5%) of them had converted into VSCS and SC. One depression formed in the 

month of April and converted into VSCS. The percentage of intensification probability 

of D to VSCS and SC was 17% (1 out of 6) in the month November. 

Overall it i s f ound t hat the i ntensification pr obability f rom D  t o V SCS and S C 

were f luctuating except in April, at the t ime of  increasing SST, the depressions which 

were formed in this month 100% of them intensified into VSCS and SC.  

The probability o f i ntensification of  CS into SCS is shown in F igure 4.28 along 

with SST in three decades. In the first decade (from 1981-1990) in (a) the total number 

of C S w as 49 a nd 12 ( 20%) of  t hem ha d c onverted i nto S CS. T he p ercentages of  

intensification probabilities of CS to SCS were 20% (1 out of 5), 70% (7 out of 10), 13% 

(2 out of  15) a nd 33% ( 2 out of  6)  i n t he m onths of  June, O ctober, N ovember a nd 

December, respectively. 

In the second decade (from 1991-2000) in (b) the total number of CS was 28 and 

8 (29%) of them had converted into SCS. The percentages of intensification probabilities 

of CS to SCS were 60% (3 out of 5), 50% (1 out of 2), 27% (3 out of 11) and 50% (1 out 

of 2) in the months of May, June, November and December, respectively. 

In the third decade (from 2001-2007) in (c) the total number of CS was 14 and 3 

(21%) of them had converted into SCS. The percentages of intensification probabilities 

of CS to SCS were 50% (2 out  of  4)  and 50% (1 out  of  2)  in the months of  May and 

December, respectively. 

Overall it is  f ound that the  int ensification probability from C S to SCS w ere 

changeable. 
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Fig.4.28. Probability of  intensification of C S int o SCS during (a) first d ecade ( 1981-

1990), (b) second decade (1991-2000) and (c) third decade (2001-2007). 

 

The probability of intensification of CS into VSCS and SC is shown in Figure 4.29 

along with SST in three decades. In the f irst decade (from 1981-1990) in (a) the total 

number of CS was 49 and 15 (31%) of them had converted into VSCS and SC. One CS 

formed i n t he m onth of  F ebruary and c onverted i nto V SCS. T he pe rcentages of  
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intensification probabilities of CS to VSCS and SC were 100% (4 out of 4) and 47% (7 

out of 15) in the months of May and November, respectively. 

 

 
Fig.4.29. Probability of intensification of CS into VSCS during (a) first decade (1981-

1990), (b) second decade (1991-2000) and (c) third decade (2001-2007). 

 

In the second decade (from 1991-2000) in (b) the total number of CS was 28 and 

13 (46%) of them had converted into VSCS and SC. The CS which was formed in the 

months of April (2 CS formed) and September (1 CS formed) all of them had converted 

into VSCS and SC. The percentages of intensification probabilities of CS to VSCS and 
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SC were 40% (2 out of 5), 50% (2 out of 4), 45% (5 out of 11) and 50% (1 out of 5) in 

the months of May, October, November and December, respectively. 

In the third decade (from 2001-2007) in (c) the total number of CS was 14 and 2 

(14%) of them had converted into VSCS and SC. One CS formed in the month of April 

and converted into VSCS. The percentage of intensification probability of CS to VSCS 

and SC was 25% (1 out of 4) in the month of November. 

Overall it i s found that the intensification probability f rom CS to VSCS and SC 

were irregular except in April, at the time of increasing SST, the CS which were formed 

in this month 100% of them intensified into VSCS and SC. 
 

4.20 Area of Powerful Cyclone Formation 

In t he l ower latitudinal a rea-3 (7.5ºN •  l atitude < 13.5ºN) 72% (21 out of  2 9) V SCS 

were found (Figure 4.30). On the other hand 14% (6 out of 44) depressions were formed 

within t he s ame r egion. T he di sturbances w hich w ere formed w ithin t he area-3 had 

much probability t o c onvert i nto V SCS. A bove the ar ea-3

The di sturbances w hich w ere f ormed above t he ar ea-3 ha d l ess pr obability t o 

convert i nto V SCS. S o i t i s f ound t hat t he f ormation of V SCS was hi gher i n a rea-3 

where the SST was higher and the formation of VSCS decreased along the direction of 

higher latitude where the SST comparatively lower. 

, 8 6% (3 8 out of  44)  

depressions were formed. 
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Fig. 4.30. Initial l ocation of  ve ry s evere cyclonic s torm ( triangle) a nd de pression 

(circle). Gray shade indicates the topography in meter. 

Figure 4.31 shows t he changing be havior o f S ST w ith r espect t o l atitude. It 

illustrated that f rom hi gher to lower la titude, which is tow ard the di rection of the  

equator, t he S ST i ncreased. W ithin a rea-3 the average t emporal S ST r emains ne arly 

constant a round the v alue of  28.70ºC du ring the study pe riod. It i s found that ( Figure 

4.30) there was no formation of  VSCS and SC before 7.5ºN latitude; even though the 

SST was higher but may be due to the lack of Coriolis force there was no VSCS and SC. 

Moreover it is found that 45% (13 out of 29) VSCS and SC formed within 7.5-10.5ºN of 

area-3 and onl y 2% (1 out of  44)  depressions formed in this region. After 12.5ºN, the 
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decreasing trend of SST was higher with respect to the higher value of latitude. Within 

area-2 there were 24% (7 out of 29) VSCS and SC and the percentage of formation of 

depressions were 23% (10 out of 44). Within area-1 only one VSCS (3%) was formed, 

on the other hand the formations of depression were 64% (28 out of 44). Hence area-1 

with average temporal SST 27.75ºC was favorable for the formation of depressions and 

the f ormation of  V SCS a nd S C within the area-3 around t he a verage t emporal S ST 

28.70ºC was favorable. 

 

Fig. 4.31. Variation of average temporal SST with respect to the latitude. 
 

4.21 Area of Longest Residence Time of Cyclones 

Within the study period there were 13 di sturbances, whose duration was more than 100 

hours shown in Table 4.12. The total duration of  the above mentioned 13 disturbances 

was 1589 hours, these disturbances spent 50% (801 h) of their lifetime within the area-3, 

where t he r ate of  ch ange o f t emperature w as nearly cons tant ( 0.01ºC/latitude) w ith 

respect to increasing latitude. 42% (666 h) of their lifetime of the disturbances used up 

within area-2, w here t he de clination of  t emperature w ith r espect to increasing la titude 

was remarkably more, 0.22ºC/latitude, than the area-3. Only 8% (122 h) of their lifetime 
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consumed within area-1, the declivity of SST was the highest, 0.36ºC/latitude, inside this 

area. When the disturbance remained in area-3 it received nearly constant heat supply. 

When t he c yclone forwarded toward t he area-2 a nd a rea-1 the de creasing r ate of  

temperature gradually increased.  

 

Table 4.12. Starting poi nt, l andfall or  di e out  poi nt a nd r etention t ime i n hour  of t he 

disturbances, whose duration was more than 100 hours, in three different regions. 
 

Starting Disturbance 
 duration  
(hours)  

Duration 
in  

area-3  
(hours) 

Duration 
in  

area-2 
(hours) 

Duration 
in 

area-1 
(hours) 

Just before 
Landfall/Die out 

 
Lat(°N) 

 
Lon(°E) 

 
Lat(°N) 

 
Lon(°E) 

8.5 85.0 186 150 36 0 17.0 91.0 
15.0 89.0 118 -- 118 0 15.0 82.0 
13.0 87.0 129 -- 129 0 17.2 91.5 
10.0 90.0 102 102 0 0 12.7 82.5 
11.0 87.0 132 54 42 36 21.2 89.0 

7.0 89.0 180 75 105 0 15.0 84.0 
9.0 86.5 102 72 30 0 15.0 80.3 

10.0 93.0 111 72 27 12 20.5 89.0 
10.0 84.0 102 63 39 0 15.8 80.5 
10.0 89.0 115 51 36 28 22.3 91.8 
9.5 92.5 105 36 38 31 21.5 92.5 
9.5 90.0 102 66 36 0 16.5 92.8 
9.5 92.0 105 60 30 15 21.0 89.3 

 

It is found from Figure. 4.32 that 59% (17 out of 29) of VSCS and SC got highest 

wind speed in a rea-1. W ithin a rea-2, 28% (8 out of  29) of  t he VSCS and SC reached 

highest s peed. O nly 4 out of  2 9 (14%) a chieved t heir hi ghest w ind s peed w ithin 11 -

12.5ºN latitude of area-3. So area-3 was the region where the SST remained highest and 

nearly constant. The formation of VSCS and SC and the retention time (Table 4.12) of 

the disturbances were also highest within this area. At the initial stage the speed of the 

disturbance remains less, so the consumption of heat energy from the reservoir, of nearly 

constant and higher SST, remains lower. As the heat acts as fuel for cyclone, may be due 
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to adequate heat energy the cyclone survives more time when it stays in area-3. As the 

disturbance m oves t o t he hi gher l atitudinal di rection t he s peed gradually i ncreases 

(Figure 4.32) but the SST declines (Figure 4.30). As the SST dwindles the heat energy 

also wanes. It may be due to the augmentation of wind speed the supplied energy does 

not c ope up  w ith t he b urning up of  he at e nergy, for t his reason highest num bers of  

cyclones die out within area-1. 

 

 

Fig. 4.32. Variation of maximum wind speed of VSCS and SC with respect to latitude. 
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Chapter Five 

Conclusions 
 

The influence of sea surface temperature (SST) on tropical cyclone formed in the Bay of 

Bengal was examined, using 314 months (November 1981-December 2007) of National 

Oceanic a nd A tmospheric A dministration ( NOAA) O ptimum Interpolation ve rsion 2  

weekly m ean S ST da ta and historical cyclone da ta obt ained f rom B angladesh 

Meteorological Department. The s tudy area was from 5.5-21.5ºN to 80.5-95.5°E; from 

that area total 272 grid points for SST at 1º × 1º grid spans were found. During the study 

period, 91 c yclones w ere f ormed ove r t he B ay of B engal, among t hese c yclones 38 

cyclonic s torms (CS), 23 were severe cyclonic storms (S CS), 28 were very severe 

cyclonic storms ( VSCS) a nd 2 w ere super cyclones ( SC). The S STs w ere 27.17ºC , 

28.85ºC, 28.93ºC  a nd 28.79ºC  i n w inter, pr e-monsoon, m onsoon a nd pos t-monsoon, 

respectively. It i s found that the total cyclonic hours during the period 1981-2007 was 

5449. The s easonal dur ations of  tropical c yclones w ere 720 hours, 1 251 hours, 569 

hours and 2909 hours in winter, pre-monsoon, monsoon and post-monsoon, respectively. 

In t he winter p eriod the SST was t he l owest (27.17ºC) and the formation of  powerful 

cyclones w as a lso l owest ( 2). E ven t hough t he SST w as t he hi ghest ( 28.93ºC) i n t he 

monsoon pe riod, f ormation t ropical c yclones w ere l ess. T he pos itive S ST a nomalies 

were in the months from April to November. On the other hand, negative SST anomalies 

were i n t he m onths f rom D ecember t o M arch. In t he hi ghest ne gative S ST a nomaly 

month which was in January, the number of cyclones formation was 1% (1 out of 91) of 

the total cyclones. The SST shows increasing trends all the four seasons. The frequency 

of c yclone s hows pos itive t rends in pre-monsoon pe riod and ne gative t rends a ll ot her 

seasons. The t rends of  duration of  t ropical c yclone w ere pos itive i n w inter a nd pr e-

monsoon pe riods, in t he m onsoon a nd po st-monsoon pe riods t he t ropical c yclone 

duration shows negative trends. At the formation location of CS, SCS, VSCS and SC the 

averages of  t he t emporal a verage S STs w ere 28 .32ºC, 28.5 1ºC, 28.6 4ºC a nd 28.74 ºC 

(showing i ncreasing t rends), r espectively. D uring the time  of  formation of C S, SCS, 

VSCS a nd S C t he a verages of  t he c ontemporaneous S STs w ere 28.9 3ºC, 29.0 8ºC, 
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29.27ºC and 29.41 ºC, r espectively. The formation of  SCS, VSCS and SC started after 

27.50ºC a nd i ncreased with S ST but di scontinuously. The i ntensity of  c yclone ha s a  

step-like, r ather t han continuous r elationship w ith S ST. The ar ea-3 ( within 7.5ºN  •  

latitude < 13.5ºN) with the average temporal SST 28.70ºC was the favorable atmosphere 

for the formation of VSCS and SC. On the other hand the average temporal SST 27.75ºC 

within the area-1 (within 17.5ºN •  latitude < 21.5ºN) was the salutary environment for 

the formation of depression (D). It is seen that the SST increased two to four weeks prior 

the formation of a tropical cyclone. The intensification probability from D to VSCS and 

SC were fluctuating except in April, the depressions which were formed in this month 

100% of them intensified into VSCS and SC. The retention time of the disturbances was 

also highest within the area-3. Results showed that, although SST was the highest in the 

monsoon period, tropical cyclones generally were less observed. This is due to the fact 

that t he m onsoon t rough i s g enerally l ocated t o t he nor th ove r l and dur ing s ummer. 

Hence, the required dynamical conditions, relative vorticity and vertical wind shear, for 

tropical c yclone f ormation a re not  s atisfied. S o, t he S ST i s not  f ound t o be  t he onl y 

prevailing factor in  de termining th e ma ximum s torm int ensity and there are ot hers 

possible i nfluences. The f ull r easons be hind t he observed cha nges r emain an area o f 

active scientific inquiry. So it is urged a precautious approach to assigning an underlying 

cause in this complex system by using SST data with improved time resolution because 

the use of weekly SST data here may have veiled an association between the formation 

of severe tropical cyclone and the actual SST over which the storm exists. 
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