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ABSTRACT 

The combined use of both radiosonde data and three-dimensional satellite derived data over ocean and land is 

useful for a better understanding of atmospheric thermodynamics. Here, an attempt is made to study the ther-

modynamic structure of convective atmosphere during pre-monsoon season over southwest peninsular India 

utilizing satellite derived data and radiosonde data. The stability indices were computed for the selected stations 

over southwest peninsular India viz: Thiruvananthapuram and Cochin, using the radiosonde data for five pre- 

monsoon seasons. The stability indices studied for the region are Showalter Index (SI), K Index (KI), Lifted In-

dex (LI), Total Totals Index (TTI), Humidity Index (HI), Deep Convective Index (DCI) and thermodynamic pa-

rameters such as Convective Available Potential Energy (CAPE) and Convective Inhibition Energy (CINE). The 

traditional Showalter Index has been modified to incorporate the thermodynamics over tropical region. MODIS 

data over South Peninsular India are also used for the study. When there is a convective system over south pen-

insular India, the value of LI over the region is less than −4. On the other hand, the region where LI is more than 

2 is comparatively stable without any convection. Similarly, when KI values are in the range 35 to 40, there is a 

possibility for convection. The threshold value for TTI is found to be between 50 and 55. Further, we found that 

prior to convection, dry bulb temperature at 1000, 850, 700 and 500 hPa is minimum and the dew point tem-

perature is a maximum, which leads to increase in relative humidity. The total column water vapor is maximum 

in the convective region and minimum in the stable region. The threshold values for the different stability indices 

are found to agree with that reported in literature. 
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1. Introduction 

Convective activity in the atmosphere is driven by the 

instability prevailing over the atmosphere. Many meth-

ods were employed for assessing the convective activity 

of the atmosphere. Many researchers have extensively at- 

tempted forecasts of thunderstorms using stability indices 

and classified their skill scores (Huntrieser et al. [1]; 

Schultz [2]; Fuelberg et al. [3]; Jacovides and Yonetani 

[4]; Peppier [5]). It is important to validate different 

thunderstorm indices over different regions for a better 

forecast. A simple stability index was developed by Sho- 

walter [6], based on the thermodynamic principles to give 

a quick assessment on the thunderstorm possibility. Since  

then many other stability indices were developed for the 

prediction of convective activity over the mid latitude 

region. They are Lifted index (Galway [7]), K Index 

(George [8]), SWEAT (Miller [9]), and CAPE (Mon- 

crieff and Green [10], Kunz [11]) studied about the skill 

of convective parameters and indices to predict the con- 

vective activity over the South West Germany. He could 

obtain better results with the use of SI, LI and KI. Con- 

vective indices are used to obtain a quick check of thun-

derstorm possibility. They were found to have threshold 

values of which is the possibility for the formation of 

convective activity and hence occurrence of thunder- 

storm. They are derived from the daily radiosonde data.  
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These indices are useful in the prediction of severe 

weather events. 

Over the Indian region, especially over northeast In- 

dia, several studies on thunderstorm forecasting were 

conducted in the past (Rao and Raman [12]; Tyagi [13]; 

Koteswaram and Srinivasan [14]). Synoptic features asso- 

ciated with pre-monsoon thunderstorms over Assam 

were studied by Sen and Basu [15]. A study by Choud- 

hary [16] revealed that the low level convergence and 

orographic lifting are principal causes for thunderstorm 

development in northeastern region of India. Mukho- 

padhyay et al. [17] studied the pre-monsoon thunder- 

storm activities using conventional thunderstorm indices 

over three northeast Indian stations. Karmakar and Alam 

[18] analyzed the potential of different stability indices 

and their spatial distribution over Dhaka. They studied the 

indices using a frequency table and range of values for 

each index. 

Over the Indian region, several studies were carried 

out about the relation of thunderstorm indices with ther-

modynamic parameters on convective activity (Kumar, 

[19]; Asoilal [20]; Lal [21]; Tyagi et al. [22]; Litta and 

Mohanty [23]). The convective activity prevailing over 

the atmosphere is the feeding mechanism for the devel-

opment of weather systems such as thunderstorms and 

cyclones. The variations in marine atmospheric bound-

ary layer as well as the heat budget components associ-

ated with the formation of a super cyclone Gonu in the 

Arabian Sea have been studied extensively by Jayakris- 

hnan and Babu [24,25]. In this study, we made an at-

tempt to understand the role of stability indices and 

thermodynamic parameters for identifying convective 

activity of the atmosphere over southwest peninsular In-

dia during pre-monsoon season utilizing radiosonde data 

and three-dimensional satellite derived data. 

2. Data and Methodology 

The thermodynamic structure of the atmosphere was 

studied in detail for the southwest peninsular India dur-

ing pre-monsoon season (March to May) for five years 

(2003-2007) employing stability indices and thermody-

namic parameters. We made analysis for the two stations 

viz: Thiruvananthapuram (TVM: 8˚48'N, 79˚5'E) and 

Cochin (9˚5'N, 76˚27'E), utilizing radiosonde data. The 

stability indices used for the study include Showalter 

Index (SI), K Index (KI), Lifted Index (LI), Total Totals 

Index (TTI), Humidity Index (HI) and Deep Convective 

Index (DCI). Tuduri and Ramis [26] suggested that sta-

bility indices need not be effective outside the geo-

graphical locations for which it was originally developed. 

To improve the performance of Showalter Index further, 

it was modified for the region by incorporating Lifting  

Condensation Level (LCL) as the saturation level rather 

than simply approximating the saturation level as 850 

hPa and named as modified Showalter Index. Here, the 

modification of SI was done by lifting air parcel from 

950 hPa to LCL dry adiabatically and then saturated 

adiabatically from LCL to 500 hPa. We made the modi-

fication considering that the air parcel gets saturated first 

at LCL, which is generally at a lower level below 850 

hPa in the tropics. High CAPE values above 1000 J∙kg
−1

 

and CINE values less than −100 J∙kg
−1

 were considered 

as the indicators for convective activity. We took ra-

diosonde observation at 12 UTC because the thermody-

namic structure in the afternoon (local time 17:30 IST) 

reflects convective activity. METEOSAT cloud image-

ries are used to identify the cloud pattern associated with 

meso scale convective system. 

MODIS Data Description 

While the MODIS is not a sounding instrument, it does 

have many of the spectral bands found on the High reso-

lution Infrared Radiation Sounder (HIRS). Thus it is pos-

sible to generate profiles of temperature and moisture as 

well as total column estimates of precipitable water va-

por, ozone, and atmospheric stability from the MODIS 

infrared radiance measurements. The MODIS Atmospheric 

Profile product consists of several parameters: they are 

total-ozone burden, atmospheric stability, temperature 

and moisture profiles, and atmospheric water vapor. All 

of these parameters are produced day and night for Level 

2 at 5 × 5 1-km pixel resolution when at least 9 FOVs are 

cloud free. There are two MODIS Atmosphere Profile 

data product files: MOD07_L2, containing data collected 

from the Terra platform; and MYD07_L2, containing 

data collected from the Aqua platform. There are differ-

ent levels of processed data which range from L0 through 

L4. L0 data is raw instrument data at full resolution and 

is used as input for L1 processing. For our study we used 

the Terra level-2 data (http://ladsweb.nascom.nasa.gov/). 

The data is in HDF format. We processed the HDF 

data using HDF processing softwares available and con-

verted the data into ASCII. Then the different parameters 

were computed using the available data. 

MODIS sensor on board EOS satellite series gives at-

mospheric profiles of temperature, humidity and water 

vapor content with high spatial resolution. It also gives 

different stability indices such as Lifted Index, K Index, 

Total Totals Index, temperature at 1000, 950, 850, 700 

and 500 hPa levels and dew point temperature in these 

levels. MODIS data was downloaded from the archives 

of MODIS for pre-monsoon season in which thunder-

storm occurred over the station. 

The thermodynamic parameters, CAPE (Convective  
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Available Potential Energy), CINE (Convection Inhibi-

tion Energy) and different stability indices were eva- 

luated from the radiosonde data (procured from the 

RAOB site: (http://www.esrl.noaa.gov/raobs/) as per the 

detailed methodology described in Babu [27] based on 

the following equations 

( ) ( )  ln
PLNB

vp ve d

PLFC

CAPE T T R d P=− −∫        (1) 

( ) ( )
Surface

  ln
PLFC

vp ve d

P

CINE T T R d P=− −∫       (2) 

where PLFC is the level of free convection for the air par-

cel raised from the surface, PLNB is the level of neutral 

buoyancy for the parcel, Tve is the virtual temperature of 

the environment at pressure level P through which parcel 

rises, Tvp is the virtual temperature of the parcel and Rd is 

ideal gas constant for dry air. 

Many studies were reported on stability indices for the 

prediction of thunderstorms (Anthes [28]; Neumann [29] 

described application of different stability indices for 

forecasting of convective clouds. During convective si- 

tuations, advection of warm air in the lower levels and 

cold air in the upper levels increase the conditional insta-

bility favoring the development of severe weather events 

(Rao [30]; Rao et al. [31]. SI (Showalter [6], LI (Galway 

[7]), KI (George [8]), TTI (Miller [9]), HI (Litynska et al. 

[32]), and DCI (Barlow [33]) values were computed us-

ing the following equations. 

Showalter Stability Index: 500 500pSI T T= −    (3) 

where T500 is the dry bulb temperature at 500 hPa and 

500pT  is the parcel temperature at 500 hPa in which the 

parcel is being lifted from 950 hPa to LCL dry adiabati-

cally and then saturated adiabatically from LCL to 500 

hPa 

Surface based Lifted Index: 500 500pLI T T= −     (4) 

Where T500 is the dry bulb temperature at 500 hPa and 

500pT  is the parcel temperature in which the parcel is 

being lifted from surface to LCL dry adiabatically and 

then saturated adiabatically to 500 hPa. 

( ) ( )850 500 850 700 700d dKI T T T T T= − + − −      (5) 

( )850 850 5002dTTI T T T= − − ∗          (6) 

( ) ( ) ( )
850 700 500d d dHI T T T T T T= − + − + −     (7) 

( )
850dDCI T T LI= + −             (8) 

where T is the temperature and 
dT  is the dew point 

temperature at corresponding levels. 

3. Results and Discussions 

3.1. Analysis of Stability Indices Derived Using 
Radiosonde Data during Pre-Monsoon  
Season 

3.1.1. Modified Showalter Index 

Figure 1(a) gives the different ranges of Modified SI and 

their frequency of occurence for convective activity over 

Cochin and Thiruvananthapuram. The different ranges 

are from −9 to 12 with an interval of 3. We found that 

maximum probability of 90% is in the range of 0 to −3, 

followed by 84% in the range of 3 to 0 and 82% in the 

range of −3 to −6 for Cochin. For Thiruvananthapuram 

also more frequencies are towards the lower range of 

Modified Showalter Index and the maximum probability 

is 88% in the frequency range of −6 to −9. In the study 

by Karmakar and Alam [18], they obtained maximum 

frequency range for SI when the value of SI is between 

−3 to 3. There is a sharp increase in the probability for 

convection when the Showalter Index values decrease, 

which shows the suitability of modified Showalter Index 

as an appropriate predictor for convective activity in the 

region. 

3.1.2. Lifted Index 

In the literature, although no specific LI thresholds were 

developed, the value −2 was used as an upper bound for 

convection by Miller ([34,35]) while David and Smith 

[36] found values < 0 for LI during convective activity. 

Figure 1(b) shows the ranges of LI values and their fre-

quency distribution for Cochin and Thiruvananthapuram 

for the pre-monsoon periods. Maximum percentage of 

occurrence of convection for LI is noticed when the 

value of LI is below −3. For Cochin, maximum probabil-

ity of 92% and 83% are obtained, when LI values are in 

the range −3 to −6 and −6 to −9 respectively. In the case 

of LI also there is a linear dependency on decreasing LI 

and increasing convection, which confirms the suitability 

of LI for the prediction of convection over tropics. For 

Thiruvananthapuram, the maximum probability for con-

vection of 90% and 86% were obtained when LI values 

are in the range 0 to −3 and −3 to −6 respectively. 

3.1.3. Total Totals Index 

The threshold value of TTI was found to be +44 by 

Miller [34,35]. Figure 1(c) gives the ranges and percen- 

tage of convection of Total Totals Index. TTI values ran- 

ge from 30 to 60 with an interval of 5. More percentage 

of convection was obtained for Cochin when TTI values 

are in the range 50 - 55. For Thiruvananthapuram, more 

probability of convection was obtained when TTI values 

are in the range 40 - 45. TTI values do not show linear 

dependency on the convective activity as evident from 

the figure. So TTI alone is not a good predictor when   
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Figure 1. Percentage of occurrence of convection of the different stability indices: (a) Showalter index; (b) Lifted Index; (c) 

Total totals index; (d) Humidity Index; (e) K Index; (f) Deep Convective index. 
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considered individually over the study region. 

3.1.4. Humidity Index 

The normal values of HI range from 20 to 35. Figure 1(d) 

represents the percentage of convection with HI values. 

More probability of 82% and 78% were obtained when 

the HI values are in the range 25 - 30 and 30 - 35 respec-

tively, for Cochin. For Thiruvananthapuram, maximum 

probability of 85% is obtained when HI is in the range 25 

- 30. This shows that HI is a comparatively good predic-

tor for convection. 

3.1.5. K Index 

Figure 1(e) depicts the percentage of occurrence of con-

vection of KI. The values are divided into different 

ranges starting from 20 and ending in 60. For these KI 

values, the frequency of occurrence of convection has 

been calculated. Over Cochin, maximum probability of 

77%, 76% and 74% were obtained when KI values are in 

the range 25 - 30, 30 - 35, and 35 - 40 respectively. For 

Thiruvananthapuram, maximum percentage of occurrence 

were obtained as 84%, 88% and 75% in the frequency 

range, 25 - 30, 30 - 35 and 35 - 40. 

3.1.6. Deep Convective Index 

The frequency percentage of DCI values are shown in 

Figure 1(f). DCI values are given with a frequency start- 

ing from 30 and ending in 50 with an interval of 5. It is 

found that for Cochin, the maximum probability of 86% 

and 91% were noticed when the DCI values are in the 

range 35 - 40 and 40 - 45. But for Thiruvananthapuram, 

maximum percentage of 88% is obtained when DCI val-

ues are in the range 30 - 35. It is evident that if DCI val-

ues are above 35, there is a possibility of convective ac-

tivity. 

3.2. Analysis of Thermodynamic Structure of 
Atmosphere during Occurrence of a  
Thunderstorm on 29th April 2010 Using 
MODIS Data 

Synoptic Situation on 29th April 2010 

On 29
th

 April 2010, a thunderstorm activity was reported 

at 5.30 PM IST over Cochin. The pre-convective struc-

ture of the atmosphere is captured by MODIS satellite. 

Figure 2 shows the METEOSAT cloud images over 

south Indian region on 29
th

 April 2010. The figure repre-

sents cloud observations during 00 UTC, 06 UTC, 12 

UTC and 18 UTC. The cloudiness associated with the 

thunderstorm activity is evident from the satellite image 

at 12 UTC. Different stability indices and three-dimen- 

sional structure of the atmosphere are studied here. 

Analysis of stability indices SI, LI, KI, TTI, DCI, HI 

and thermodynamic parameters LCL, LFC, CAPE CINE 

Figure 3 gives the spatial distribution of different stabil- 

 

Figure 2. Meteosat images on 29 April 2010. 

 

 

Figure 3. Spatial distribution of thermodynamic indices on 

29 April 2010 (a) SI; (b) LI; (c) KI; (d) TTI. 

 

ity indices over South Indian peninsula on 29
th

 April 

2010 at 10.55 IST. From IMD reports, a mesoscale con-

vective system was formed over the region on the eve-

ning of 29
th

 April. We have examined three-dimensional 

spatial distribution of thermodynamic parameters and 

indices over the region at the time of occurrence of con-

vective system. 

In the region of formation of thunderstorm, Showalter 

Index value was between −1 to −5 which shows high 

unstable nature of the atmosphere which is favorable for 

convection (Figure 3(a)). The LI also shows favorable 

condition for unstable atmosphere with value between −2 

to −7 (Figure 3(b)). The value of KI is in between 28 - 

32, which also agrees with the convective nature of the 

atmosphere (Figure 3(c)). The TTI has value in between 

44 - 48, which also show the conducive state for convec-

tive activity (Figure 3(d)). In the region of formation of 

thunderstorm, the LCL and LFC values (Figures 4(a) 

and (b)) come to low pressure levels with values 952 and 

900 hPa respectively. Due to the high convective nature 

of the system, the CAPE values were between 3000 to 

4000 J∙kg
−1

 (Figure 4(c)) and CINE values were below 

−700 J∙kg
−1

 (Figure 4(d)) that also favours convection. 

Over the convective region DCI have value between 35 

to 40 and HI is having value between 12 to 18 (Figures 5 

(a) and (b)). 
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Figure 4. Spatial distribution of thermodynamic parameters 

on 29 April 2010 (a) LCL; (b) LFC; (c) CAPE; (d) CINE. 

3.3. Comparison between MODIS and  
Radiosonde Data 

Tables 1-7 give the comparison of stability indices and 

thermodynamic parameters derived using MODIS data 

and radiosonde (RAOB: RAwinsonde OBservation) data 

during the pre-monsoon season of March-May, 2006. 

The parameters are computed for Cochin station for dif- 

ferent days. From the table it is evident that almost all the 

parameters are in good agreement with the MODIS data 

in comparison with the radiosonde data. So MODIS at-

omspheric profile product could be used in the regions 

where radiosonde data is absent. Figure 6(a) gives the 

comparison of dry bulb temperature profile using MO- 

DIS and radiosonde data. From the figure it is obvious 

that the temperature values using radiosonde and MODIS 

data are in good agreement. Also Figure 6(b) depicts the 

comparison between dew point temperature derived us-

ing both radiosonde and MODIS data. Dew point tem- 

 

 

Figure 5. Spatial distribution of thermodynamic indices on 29 April 2010 (a) DCI; (b) HI. 

 
Table 1. Comparison on MODIS and RAOB profiles on 1st March 2006, 17:55 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 959 730 1457 -52 35 47 17.8 40 −4.9 −3.9 

RAOB 

12 UTC 
837.2 896.0 2478.7 −12.1 25 33.3 15 29.9 −5.2 −2.69 

 
Table 2. Comparison on MODIS and RAOB profiles on 7st March 2006, 05:30 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 997 722 1533 −191 34 48 21.5 39 −6.2 −3.6 

RAOB 

00 UTC 
944.8 620.0 1169.5 −432.8 31.0 48.6 58.1 39.7 −2.18 −4.6 
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Table 3. Comparison on MODIS and RAOB profiles on 11th March 2006, 06:00 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 959 888 2233 −31 34 50 25.6 43 −6.5 −6.6 

RAOB 

00 UTC 
980.0 950 2427 −58 34.1 49.8 26.0 38.1 −7.7 −7.7 

 
Table 4. Comparison on MODIS and RAOB profiles on 2nd April 2006, 05:25 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 939 686 1656 −263 16 40 55 30 −2.7 −1.1 

RAOB 

00 UTC 
946.9 886.0 1124.4 −39.6 35.3 438 30 38.6 −4.2 −5.8 

 
Table 5. Comparison on MODIS and RAOB profiles on 3rd April 2006, 17:00 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 952 686 630 −214 23 42 44.2 32 −2.8 −0.4 

RAOB 

00 UTC 
969.3 969.3 877.4 3.1 29.4 42.0 44.7 36.1 −7.12 −7.12 

 
Table 6. Comparison on MODIS and RAOB profiles on 4th April 2006, 17:40 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 957 694 829 −204 27 44 36.2 36 −3.7 −1.2 

RAOB 

00 UTC 
881.2 814.0 501.6 −45.2 32.1 44.6 52.0 41.3 −5.7 −1.55 

. 
Table 7. Comparison on MODIS and RAOB profiles on 21st May 2006, 17:00 UTC. 

DATA LCL LFC CAPE CINE KI TTI HI DCI LI SI 

MODIS 960 726 1226 −114 42 50 45 39 −4.3 −3.5 

RAOB 

00 UTC 
822.6 740 1193 −130 28 43 28 38 −2.8 1.14 

 

    
(a)                                                          (b) 

Figure 6. Comparison of (a) T profile and (b) Td profile using radiosonde data and MODIS data. 

 

perature profiles obtained from MODIS and radiosonde 

shows good agreement. The Root Mean Square error was 

found out using the equation 

( )2

1RMS Error

n

i
Tr Tm

n

=
−

= ∑
          (9) 
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Where Tr is the temperature derived from radiosonde 

data and Tm is the temperature from MODIS data. For 

the dew point temperature the R.M.S. error was 4.11 and 

for the dry bulb temperature the R.M.S error estimate 

was 3.57 as can be viewed from Figure 6. Also we have 

found out the RMS error for the T and Td at different 

heights and found that RMS error is varying at different 

heights between the observed value and satellite derived 

one. 

4. Conclusion 

The radio sonde data can be used over the land region 

and utilized for the assessment of convection. But when 

there is a lack of data over the oceanic region, the 

MODIS atmospheric profile product data could replace 

the radiosonde data. Here comes the potential use of sat-

ellite derived data in assessing the convection and fore-

casting weather activity. A comparison between ra-

diosonde data and MODIS data has been done and found 

that it is closely matching. The convective activity of the 

atmosphere over southwest peninsular India responds to 

the values of thermodynamic indices and parameters 

during pre-monsoon. The skill scores of different stabil-

ity indices during convective activity are brought out. 

The Showalter index is modified by incorporating LCL 

value at the saturation level since the saturation level is 

below 850 hPa and the modified Showalter Index yields 

encouraging results for assessing convective activity over 

southwest Peninsular Indian region. The possibility of 

convection using different stability indices and thermo-

dynamic profiles was studied using MODIS data. Three- 

dimensional thermodynamic structure is obtained through 

MODIS satellite derived products. The LI has very low 

negative values in the range −4 to −5 over unstable re-

gions. The values of KI are in the range 40 - 45 over the 

unstable region. The TTI values are in the range 50 - 55 

over the unstable regions and very low values over the 

stable regions. 
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