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lkj & bl 'kks/k&Ik= esa] ckWc esDl 1999 dh vof/k ds nkSjku caxky dh [kkM+h esa rkixfrdh; izkpyksa ds 
nSfud vkSj LFkkfud ifjorZu tSls fd loaguh miyC/k fLFkfrt ÅtkZ ¼lh-,-ih-bZ-½] laoguh vo:) ÅtkZ         
¼lh-vkbZ-,u-bZ-½] vknzZ LFkSfrd ÅtkZ ¼,e-,l-bZ½] laoguh :Ik ls mRiUu vf/kdre Å?oZokg xfr  ¼MCY;w-eSDl½ 
vkSj vfoeh; xfrt izkpy ¼,y.½ dk v/;;u djus dk iz;kl fd;k x;k gSA bl v/;;u ls ;g Kkr gksrk gS 
fd caxky dh [kkM+h esa bu rkixfrdh; izkpyksa esa fof’k"V izdkj dk nSfud ifjorZu gksrk gSA lh-,-ih-bZ- dk 
vkSlr eku fnu dh vis{kk jkr ds le; vf/kd ik;k x;k gS vkSj lh-vkbZ-,u-b-Z ,oa ,e-,l-bZ- dk _.kkRed 
eku jkr dh vis{kk fnu ds le; vf/kd ik;k x;kA bl v/;;u ls ;g Hkh irk pyrk gS fd iz;ksx dh vof/k 
ds vf/kdka’k  fnuksa esa fuEu {kksHkeaMy laoguh :Ik ls vfLFkj ¼vknzZ½ FkkA lh-,-ih-bZ- ds la;qDr fo’ys"k.k ls ;g 
irk pyrk gS fd Jhyadk&rfeyukMq rV ds lehi] nf{k.k&if’pe vkSj lehiorhZ  if’pe e/; [kkMh] laoguh 
:Ik ls vf/kd vfLFkj gS rFkk ckjh&ckjh ls vkus okys mrkj p<ko] mlesa fuf"Ø; xq:Ro rjaxksa dh mifLFkfr 
dh vksj Hkh ladsr djrk gSA 

 
 
ABSTRACT. An attempt has been made to study the diurnal and spatial variation of thermo-dynamical parameters 

viz., Convective Available Potential Energy (CAPE), Convective Inhibition Energy (CINE), Moist Static Energy (MSE), 
convectively generated maximum updraft speed (Wmax) and non-dimensional kinetic parameter (L) over Bay of Bengal 
during BOBMEX-1999 period. The study reveals that there is a marked diurnal variation in these thermodynamic 
parameters over Bay of Bengal. The average value of the CAPE was found to be more during the night than in the day 
and the negative value of CINE and MSE are found to be more during the day than in the night.  The study also shows 
that during the period of experiment on most of the days, lower troposphere was convectively unstable (moist). The 
composite analysis of CAPE shows that southwest & adjoining west-central Bay near Sri Lanka - Tamil Nadu coast is 
more convectively unstable and an alternate rise and fall in it also indicates the presence of inertia gravity waves. 

 
Key words – Convective available potential energy, Convective inhibition energy, Moist static energy.  

 
 
 

1. Introduction 
 

It is well known that in the southwest monsoon 
(SWM) season, meso-scale weather phenomena are 
embedded into the synoptic scale SWM circulation. These 
meso-scale weather phenomena include the development 
of strong convections such as convectively generated 
inertia gravity waves (IGW). These meso-scale weather 
phenomena are reflected by the occurrence of isolated 
heavy rainfall on individual days, succeeding and 
preceding the days with comparatively less rainfall due to 
availability of sufficient moisture.  To identify isolated 
heavy rainfall events, which are due to meso-scale 
weather phenomena, embedded in synoptic scale SWM 
circulation, it is required to examine the station data on 

contrasting rainfall days. Based on studies over tropical 
oceanic and land regions of the Caribbean and over the 
Pacific regions of the tropics Reihl (1954), Reihl et al., 
(1973) have shown that the days associated with less or no 
precipitation activity did contain less moisture than that on 
the days with good rainfall. Mukherjee and Ramana 
Murthy (1978) in their studies related to contrasting 
rainfall features and associated thermodynamic behavior 
over Mumbai found that the difference in static stability 
and precipitable water content (PWC) between 
consecutive days of contrasting rainfall was not 
significant. Further, Williams and Renno (1993) have 
shown that isolated heavy rainfall on any isolated day 
results not only from a higher value of CAPE, rather it 
results from the combined effect of a high positive value 
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of CAPE and low negative value of CINE.  In a recent 
study (Dutta and De, 1999) related to behaviour of 
thermo-dynamical parameters viz., CAPE, MSE and 
Scorer parameter, and low-level instability it is found that 
in most cases CAPE was more on the day of heavy 
rainfall. 
 

Now it is well known that the thermo-dynamical and 
dynamical structure of atmosphere over Bay of Bengal 
plays important role in determining the behaviour of 
monsoon dynamics over the Indian continent because of 
convectively generated instabilities.  To understand the 
behaviour of these instabilities and their contribution in 
monsoon dynamics over Indian continent it is necessary to 
understand the spatial as well as temporal variation of 
thermo-dynamical and dynamical structure of atmosphere 
over this region.  For this purpose under the Indian 
Climate Research Program (ICRP), an experiment called 
Bay of Bengal Monsoon Experiment (BOBMEX) 1999 
was designed.  Dutta & Rao (2001) have studied the 
diurnal and spatial variation of thermodynamic parameters 
over land along the east coast of India during BOBMEX 
1999. Their study revealed that the maximum value of 
CAPE occurred in the early morning or night & that of 
CINE was found to be in the afternoon over Kolkata. The 
study also showed that the value of the CINE was 
sensitive to the location of level of free convection (LFC) 
and value of CAPE was sensitive to the upper level 
buoyancy force and the location of level of neutral 
buoyancy (LNB).  Objective of present study is to 
understand the diurnal and spatial variation of the above-
mentioned convective parameters over Bay of Bengal 
during BOBMEX 1999. 
 
2. Data 
 

Upper air radiosonde (RS) data at different locations 
over Bay of Bengal on all the BOBMEX (1999) days, viz., 
19th to 29th June, 1st, 3rd to 8th, 10th, 11th, 17th and 23rd July 
for 0600 UTC, 0700 UTC, 1800 UTC and 1900 UTC have 
been used for the present study.  Area of present study is 
the oceanic part of the latitude and longitude box 
extending from 0° N to 17° N and 72° E to 88° E. RS data 
at different locations over this area has been obtained from 
the National Data Centre, India Meteorological 
Department, Pune.  
 
3. Methodology 
 

3.1. In the present study CAPE has been calculated 
using the formula 
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Where,  
 

TVE  =  Virtual temperature of the environment at 
pressure level p.  

 
TVP  =  Virtual temperature at pressure level p of 

an air parcel following pseudo adiabat          
through surface wet bulb temperature.  

 
PLFC  =  Pressure at the level of free convection 

(LFC) 
 
PLNB =  Pressure at the level of neutral buoyancy 

(LNB) 
 
ZLFC  =  Height of the LFC and  
 
ZLNB  =  Height of the LNB. 
  
Physically CAPE may be interpreted as the 

maximum amount of potential energy, possessed by air 
parcel, solely due to convection, convertible to vertical 
kinetic energy. In T -  diagram it represents the positive 
area.  

  
In some soundings LNB is not found and then the 

integral representing CAPE is evaluated numerically 
between the pressure level PLFC  and 200 hPa. 

 
3.2. The convectively generated maximum updraft 

(Wmax) is calculated using CAPE given by the formula 
 

CAPE2Wmax                                                 (2) 

(Williams and Reno, 1993) 
 
 
3.3.  CINE is computed using the formula following 

William and Renno (1993) as : 
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Where, ZSFC, ZLFC are the height of the surface and 

LFC respectively above mean sea level and PSFC, PLFC are 
the pressures at the surface and at LFC respectively.  

  
Physically, CINE may be interpreted as the amount 

of energy that must be supplied to an air parcel up to LFC 
following pseudo adiabat through the surface wet bulb 
temperature, to overcome the resistance inhibiting 
convection, owing to the low level stability of the 
atmosphere.  
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TABLE 1 
 

Temporal and spatial distribution of computed thermodynamic parameters 
 

Lat. 
(°) 

Long. 
(°) 

Time  
(hrs) 

CAPE 
(J kg-1) 

CINE 
(J kg-1) 

Height weighted
averaged MSE,

 (J kg-1) 

Wmax 

(ms-1) 
L Date 

5 Jul 2 83 600 1.37E-01 –31.93312 346688.4 0.52345 -0.99571 

7 Jul 6 84 600 2853.294 –69.86478 346141.8 75.54196 39.84023

11 Jul 12 81 600 2436.95 –190.3088 354481.8 69.81332 11.80524

23 Jul 17 88 600 0 0 422102.5 0  

20 Jun 10 72 700 1691.054 –206.1712 354548 58.15589 7.202183

22 Jun 10 72 700 1564.814 –163.1225 354898.2 55.94308 8.592877

24 Jun 10 72 700 1668.108 –14.72427 348266.3 57.75999 112.2897

26 Jun 10 72 700 1761.594 –149.127 350177.9 59.35645 10.81271

28 Jun 5 73 700 1370.761 –131.6472 350225.1 52.35955 9.412382

29 Jun 3 75 700 5.86E-01 –54.68124 342482.3 1.082589 -0.98928 

1 Jul 0 77 700 1910.317 –128.4272 339853.1 61.81128 13.87471

17 Jul 13 82 700 1961.127 –14.72427 353314.4 62.6279 132.1901

19 Jun 10 72 1800 3415.662 –41.65617 346331.3 82.65182 80.99654

10 Jul 12 82 1800 3131.193 –172.0146 352493.8 79.13524 17.20307

20 Jul 17 88 1800 7.51E-01 –7.37136 361105.7 1.225561 -0.89812 

21 Jun 10 72 1900 672.1144 –176.3821 354901.1 36.66373 2.810559

23 Jun 10 72 1900 1885.251 –17.0812 346126.7 61.40441 109.3699

25 Jun 10 72 1900 3656.969 –11.61306 343383 85.52156 313.9014

27 Jun 7 73 1900 1022.375 –29.20906 344079.3 45.21891 34.00198

29 Jun 2 76 1900 3015.008 –36.00405 338247.7 77.65318 82.7408 

1 Jul 1 78 1900 1.34E-01 –55.54868 341731.2 0.517687 -0.99759 

3 Jul 0 80 1900 1309.083 –31.24037 337985.3 51.16802 40.90357

4 Jul 1 82 1900 3822.004 –16.62754 333063.8 87.43002 228.8599

6 Jul 5 84 1900 2120.861 –2.019499 343011.2 65.1285 1049.192
8 Jul 9 83 1900 3092.234 –113.7335 346454.9 78.64139 26.18842

 
 
 
 
3.4. By using CAPE and CINE, computed earlier, 

following Basu and Mandal (2002)  here also we have 
computed a non-dimensional kinetic parameter (L) by 
using the formula 

where Cp is the specific heat of gas at constant 
pressure, L is the latent heat of evaporation and q is the 
specific humidity. Then weighted average of MSE () is 
defined as  
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Clearly L is large, when CAPE is large and CINE is 
small. Atmospheric state is favourable for convective 
activity when the value of L is large and moisture is 
available up to considerable depth in the atmosphere. 

Where MSEi is the MSE at the ith level, the height of 
which is Zi.  

 
 

 Both the integrals in (1) and (2) are evaluated 
numerically using Trapezoidal rule. CAPE, Wmax, CINE, 
L &  obtained at different points, over the area of the 
study at different times have been plotted and then contour 
analysis have been done to obtain their composite 
diagram. 

 
3.5. Moist static energy (MSE) of the atmosphere at 

any level is computed using the formula 
 

MSE = CpT + gZ + Lq                                            (5) 
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Fig. 1.  CAPE (J kg-1), Composite Chart for BOBMEX 
period over North Indian Ocean 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Wmax (ms-1) Composite Chart for BOBMEX period 
over North Indian Ocean 

 
 

4. Discussion 
 

4.1. Convective available potential energy (CAPE)   
 

The CAPE values computed using RS data, reported 
by ships at different locations and at different times, 
during BOBMEX 1999 period, have been given in        
Table 1. From the table it is clear that the time of 
observation may broadly be divided into two groups, viz., 
daytime (0600 UTC or 0700 UTC) and night time (1800 
UTC or 1900 UTC).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  CINE (J kg-1) Composite Chart for BOBMEX period 
over North Indian Ocean 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.   Non-Dimensional Kinetic Parameter (L) Composite 
Chart for BOBMEX period over North Indian Ocean 

 
 

From the table it is seen that at night CAPE value 
exceeds 2000 J/kg on seven occasions whereas in the day 
it exceeds that only on two occasions. Maximum value of 
CAPE was attained during night and it was 3822 J/kg. 
 

Based on the different values of CAPE, given in the  
Table 1, we have found out the mean, standard deviation 
(SD) and coefficient of variation (CV) of CAPE for 
daytime as well as for night time. The mean, SD and CV 
for daytime are found to be 1434.89 J/kg, 910.19 J/kg  and  
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Fig. 5.   MSE (J kg-1): Composite Chart for BOBMEX period 
over North Indian Ocean 

 
 
 
0.63 respectively. Those for night time are found to be 
2087.97 J/kg, 1321.19 J/kg and 0.63 respectively. 
 

To get an insight about the spatial variation of CAPE 
over Bay of Bengal, a composite diagram of CAPE has 
been prepared and shown in Fig. 1. From this Composite 
diagram it is seen that during BOBMEX 1999, highest 
CAPE value has been found over Southwest & adjoining 
West Central Bay. Also there is an alternate rise and fall 
of CAPE value over Bay of Bengal and Arabian Sea near 
the equator. This may be attributed to the westward 
propagating Inertia Gravity Waves. 
 
 

4.2. Convectively generated maximum updraft 
(Wmax) 

 
Convectively generated maximum updraft have been 

computed from CAPE values for each case and given in 
Table 1. From the table it is seen that during night it 
exceeds the value 60 ms-1 on eight occasions whereas in 
the day it exceeds that only 4 times. At night Wmax attains 
its highest value of 87.4 ms-1.   
 

Based on the different values of Wmax, given in the 
Table 1, we have found out the mean, standard deviation 
(SD) and coefficient of variation (CV) of Wmax for day 
time as well as for night time. The mean, SD and CV for 
daytime are found to be 46.25 m/s, 27.04 m/s and  0.58 
respectively. Those for night time are found to be 57.87 
m/s, 28.75 m/s and 0.50 respectively. 

Composite diagram for Wmax (Fig. 2) shows similar 
pattern as that of CAPE. 
 

4.3. Convective inhibition energy (CINE)  
 

Similar to CAPE, the values of CINE are computed 
and have been given in the Table 1. From the table it is 
clear that negative value of CINE exceeds -100 J/kg on six 
occasions during the day, whereas it exceeds the same 
value only on three occasions at night. In the night, 
negative maximum value of CINE was -176 J/kg, whereas 
that in the day it was -206 J/kg. 
 

Based on the different values of CINE, given in the 
Table 1, we have found out the mean, standard deviation 
(SD) and coefficient of variation (CV) of CINE for day 
time as well as for night time. The mean, SD and CV for 
day time are found to be –96.23 J/kg, -70.48 J/kg and 0.73 
respectively. Those for night time are found to be –54.65 
J/kg, -55.75 J/kg and 1.02 respectively. 

 
It is clear from the composite diagram of CINE   

(Fig. 3), that minimum negative value of CINE (more than 
-50 J/kg) was available near the equator, which shows that 
low-level convective inhibition was less near the equator.  
 
 

4.4.  Non-dimensional kinetic parameter (L) 
 

The value of L at different locations over Bay of 
Bengal at different timings during BOBMEX, 1999 has 
been given in Table 1.  From the table, it is clear that L 
exceeds the value 50 on six occasions at night whereas it 
exceeds 50 only on two occasions in the day.   

 
Based on the different values of L, given in the    

Table 1, we have found out the mean, standard deviation 
(SD) and coefficient of variation (CV) of L for day time as 
well as for night time. The mean, SD and CV for day time 
are found to be 31.28, 44.29 and 1.42 respectively. Those 
for night time are found to be 152.64, 274.3 and 1.8 
respectively. 

 
To have an insight about the spatial variation of L, 

we may look at the composite diagram of L (Fig. 4).  
From this diagram, it is clear that L is maximum over 
South Bay. So, this region is prone to have more 
convective activity.  
 

4.5. Weighted average of MSE () over Bay of 
Bengal  

 
The weighted average of MSE values as computed at 

different locations and at different times, during 
BOBMEX 1999  period,  has  been given in Table 1. From  
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Fig. 6.  Vertical Profile of MSE: Composite   Chart for BOBMEX 

period over North Indian Ocean 

 
the table it is clear that the maximum value of MSE 
(422102.5 J/kg) was attained at 0600 UTC and the 
minimum value of MSE (333063.8 J/kg) was attained at 
1900 UTC. 
 

Based on the different values of , given in the  
Table 1, we have found out the mean, standard deviation 
(SD) and coefficient of variation (CV) of  for day time as 
well as for night time. The mean, SD and CV for day time 
are found to be 355264.983 J/kg, 20676.66 J/kg and 0.58 
respectively. Those for night time are found to be           
–345301.15 J/kg, 7194.75 J/kg and 0.021 respectively. 

     

 
The composite diagram of MSE (Fig. 5) shows that 

the value of weighted average of MSE is increasing in the 
northeasterly direction from the southwest Bay. 
 

Since the vertical profiles of MSE on each of the 25 
BOBMEX 1999 days show similar pattern, hence instead 
of showing each of these 25 vertical profiles, a composite 
vertical profile has been prepared and shown in Fig. 6. 
The composite profile shows that, MSE decreases with 
height in the lower level, which indicates that over Bay of 
Bengal the atmosphere is moist convectively unstable in 
the lower troposphere. 
 
5.  Conclusions 
 

From the above study, following conclusions may be 
made : 
  

During the period of study (BOBMEX 1999) with 
available data over different parts of Bay of Bengal 
(BOB). 

 

(i) The mean value of CAPE was found to be more 
during night time than in the day time. 

(ii) Mean value of CINE and  was found to be more in 
the day time than in the night time.  
 
(iii) Atmosphere in the lower tropospheric levels over 
Bay of Bengal was highly convectively unstable (moist). 
  
(iv) Southwest and adjoining west central Bay was 
comparatively more convectively unstable. 
 
(v) Alternate rise and fall in the value of CAPE near the 
equator indicates the presence of Inertia Gravity Waves. 
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