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Abstract: The occurrence and intensity of convective cloud 

systems are greatly influenced by atmospheric conditions. A study 

has been carried to investigate the association between properties of 

Mesoscale Convective Systems and prevailing atmospheric 

conditions over southern peninsular India, a tropical area. Distinct 

seasonal and diurnal variations of the properties of MCSs, 

atmospheric convective parameters and their association have been 

observed. Monthly average occurrence of Mesoscale Convective 

Systems is found to be higher during south-west monsoon and is 

associated with higher precipitable water content. The deepest and 

strongest Mesoscale Convective Systems are found to occur during 

the pre-monsoon season during which locally developed instability 

and the local atmospheric conditions predominantly control the 

intensity of observed Mesoscale Convective Systems. During the 

south-west and the north-east monsoon, the intensity of Mesoscale 

Convective Systems over the region is predominantly controlled by 

the large scale atmospheric conditions. Over southern peninsular 

India though the Mesoscale Convective Systems are deeper during 

the north-east monsoon but they are relatively stronger in the 

south-west monsoon. 

Index Terms: Mesoscale Convective Systems, monsoon, 

convective available potential energy, surface temperature, rainfall. 

I. INTRODUCTION 

Mesoscale Convective Systems (MCSs) are mostly 

cumulonimbus cloud systems of different sizes and includes 

weather systems such as tropical cyclones, squall lines among 

others. MCSs occur with an ensemble of thunderstorms 

producing a contiguous precipitation area, with at least ~100 km 

or more in horizontal scale in one direction and have significant 

contribution to rainfall (Houze, 1993). They mainly emerge over 
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the tropical area and represent 10% to 20% of total cloud 

population but associated with 70% to 80% of total observed 

rainfall over tropic (Mohr et al., 1999; Nesbitt et al., 2006; Roca 

et al., 2014; Zhao, 2022). MCSs over tropical land are much 

more intense and show strong variability in comparison with 

tropical ocean (Nesbitt et al., 2000, Peterson and Rutledge, 

2001, Sharma et. al., 2009). High intensity MCSs cause extreme 

weather events and frequency of such weather extremes has 

increased in last few decades and is projected to increase with 

climate change (Feng et al., 2016; Taylor et al., 2017; 

Schumacher & Rasmussen, 2020). Occurrence of MCSs over 

continental regions are influenced by orography of the region 

and are more frequent near mountain ranges (Morel and Senesi, 

2002). In addition to an efficient triggering source such as a 

mountain ridge, strong diurnal heating and sufficient humidity at 

low level play important role in developing MCSs (Augustine et 

al., 1989). In addition to strong thermodynamic environment 

such as high Convective Available Potential Energy (CAPE) and 

Surface Temperature (ST), factors like less Convective 

Inhibition (CIN) and strong wind circulation play important role 

in occurrence of MCSs (Bhowmik et al., 2008). 

The occurrence and intensity of convective cloud systems are 

greatly influenced by synoptic conditions such as daytime 

heating, moisture, pressure etc. Studies of favourable 

atmospheric conditions for MCSs are often region specific and 

100 years of research on MCSs in different climate regimes of 

the world has highlighted how prevailing atmospheric conditions 

can impact initiation, development, and intensity of MCSs 

(Houze, 2018). In addition to an efficient triggering mechanism 

and favourable atmospheric conditions, formation of MCSs 

requires sufficient atmospheric instability (Doswell et al., 1996; 

Schumacher & Johnson, 2005). Atmospheric instability can be 

studied in terms of atmospheric parameters like Convective 
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Available Potential Energy (CAPE), Convective Inhibition 

(CIN), precipitable water etc. CAPE, CIN, moisture, 

temperature, low-level jet (LLJ), warm air advection etc.  are 

important features for development of MCSs (Augustine and 

Caracena, 1994; Raymond et al., 2003). The presence of warm 

air advection at low-level (700 mb) prior to MCS initiation 

provides upward vertical motion in the atmosphere necessary for 

development of MCSs. Horizontal air flow at 850 mb which is a 

proxy for the LLJ, advects warm and moist air to help sustain the 

system. Occurrence of MCSs as well as rainfall from MCSs 

show positive correlation with CAPE (Adam and Souza, 2009; 

Sharma and Dutta, 2012). Region of atmospheric convection is 

characterized locally by substantial CAPE and low CIN above 

the boundary layer (Colby, 1984). The most Intense MCSs are 

often result of a interactions across synoptic as well as large 

scale atmospheric disturbances generating favourable 

environmental conditions for long lasting atmospheric 

convection (Schumacher & Johnson, 2005; Taylor et al., 2017; 

Latos et al., 2021; Vizy  & Cook, 2022). Enhanced lower-level 

moisture, a warmer mid-troposphere, vertical wind shear etc. are 

associated with higher MCS precipitation (LeMone et al. 1998; 

Chen et al. 2023). An increase in sea surface temperatures (SST) 

leads to an increase in MCS occurrence over ocean but reduces it 

over land, while an elevated CO2 level leads to an overall 

increase in MCS occurrence over ocean and land (Dong et al., 

2025).  

 Several other studies have been carried out over the globe 

to study the association of atmospheric parameters with the 

strength of the convective systems (e.g. Doswell, 1987;  

Raymond et al. 2003;  Houze, 2004; Geerts and Dejene 2005; 

Nicholls  and Mohr 2010; Sohn et al., 2013; Ahmed & 

Schumacher, 2015; Chen et al. 2017; Klein et al., 2020;  Baidu 

et al. 2022; Djakouré et al., 2024, Muetzelfeldt et al., 2025). 

Meteorological proxies like hail, lightning, rain intensity etc. are 

utilized to express the strength of the convective systems. 

Many works have been carried out to investigate the relation 

between the rain intensity and the atmospheric parameters (Fu 

et al., 1999; Eshel and Farrell, 2001; Agudelo et al, 2006; Myong 

and Gammon, 2010; Sohn et al., 2013, Jeong et al., 2016). In 

addition to meteorological proxies, radar and microwave 

imager derived proxies also can be utilized to study the 

intensity of the convective systems (Zipser et al., 2006; Liu & 

Liu, 2016; Zhang et al., 2025). In the present study attempt has 

been made to study the association of intensity of MCSs in 

terms of radar and microwave imager derived proxies with 

atmospheric parameters over southern peninsular India (80 – 

160N and 730 – 800E). The study area receives rainfall during 

south-west monsoon as well as north-east monsoon. There are 

limited studies to investigate the association of radar and 

microwave imager derived proxies of convective intensity with 

the atmospheric parameters, over the globe in general and over 

the study region in particular.  

II. DATA AND METHOD  

In the present study, the number of occurrence and intensity of 

MCSs are obtained from data available from Tropical Rainfall 

Measuring Mission (TRMM) satellite. The sensors on board 

TRMM satellite are TRMM Microwave Imager (TMI), TRMM 

precipitation radar (TRMM-PR), Visible and Infrared 

Radiometer System (VIRS), Clouds and Earth’s Radiant Energy 

System (CERES) and Lightning Imaging System (LIS). In the 

present study, TMI measured polarization corrected brightness 

temperature at 85 GHz (PCT85GHz) is considered for the 

identification of MCSs while the vertical extent of the 

precipitation systems measured by TRMM-PR is considered as 

intensity of MCSs. Brightness temperature (Tb) is defined as the 

equivalent temperature of a black body that emits same intensity 

as measured for a target object (Ulaby et al., 1981). PCT85GHz is 

an indicator of ice scattering within MCSs and lower value of 

this parameter indicates stronger convection. Precipitation 

systems are considered as MCSs, when they are characterized by 

an area of at least 2000 km2 bounded by  PCT85GHz value of 250 
0K, with a minimum value of PCT85GHz in it ≤  225 0K (Mohr and 

Zipser, 1996). TRMM-PR observations are mainly sensitive to 

liquid phase of hydrometeors and are attenuated by rain. The  

Echo Top Height of 20-dBZ TRMM-PR echo (ETH20dBZ) is the 

maximum height of 20-dBZ radar reflectivity within the 

precipitation system. ETH20dBZ indicates the vertical extent of 

precipitation-size ice particles i.e. how high the updraft can loft 

precipitation-size ice particles within the precipitation system 

(Xu and Zipser, 2012). On the other hand, the Echo Top Height 

of 40-dBZ  TRMM-PR echo (ETH40dBZ) is the maximum height 

of 40-dBZ radar reflectivity within the precipitation system. 

ETH40dBZ indicates the vertical extent of the large precipitation-

size particles such as graupel, hail etc. i.e. how high the updraft 

can loft these large precipitation-size particles within the 

precipitation system. ETH40dBZ is a better indicator of convective 

intensity or updraft speed (Xu and Zipser, 2012). The observed 

MCSs are further categorized as deep convective systems 

(DCSs) with a criteria of ETH20dBZ ≥ 14 km  (Liu and Zipser, 

2005) and  Intense Convective Systems   (ICSs) with a criteria of 

ETH40dBZ ≥ 10 km  (Houze et al., 2007).  

The convective properties of the atmosphere have been 

studied in term of surface temperature, precipitable water 

content, Convective Available Potential Energy (CAPE), and 

Convective Inhibition Energy (CIN). Two parameters - surface 

temperature and precipitable water content are taken from NCEP 

and NCAR reanalyzed data product. These are “A” class data of 

NCEP and NCAR reanalyzed data product. Class A data is 

strongly influenced by the observed data and hence most reliable 

class. Two more atmospheric convective parameters - CAPE and 

CIN have been obtained from NOAA-CIRES 20th century 
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reanalysed (version 2) data product. CAPE is the measure of 

potential instability in atmosphere while CIN is the measure 

thermodynamic stability. CIN can prevent convection even in 

presence of high CAPE.  

MCSs and atmospheric convective parameters data 

during the years 1998-2013 are utilized for the present study.  At 

first the climatology of the seasonal and diurnal variation of the 

properties of MCSs and associated atmospheric convective 

parameters has been studied. In order to find the association 

between the properties of MCSs and atmospheric convective 

parameters, near simultaneous and collocated values of the 

atmospheric convective parameters nearest to the centroid of the 

observed MCSs are considered. Further a correlation analysis is 

carried out between the MCSs parameters and the selected 

atmospheric convective parameters. The correlation coefficient 

(CC) between the MCSs and convective parameters are 

calculated  by using the following formula 

 CC =
∑ (𝑀𝑖−𝑀̅)(𝐶𝑖−𝐶̅ )            𝑛

𝑖=1

𝑛√∑ (𝑀𝑖−𝑀̅)2 ∑ (𝐶𝑖−𝐶̅ )𝑛
𝑖=1

𝑛
𝑖=1

2
                       

Here Mi is the MCS parameter, Ci is the convective 

parameter, 𝑀̅  and 𝐶̅  are their arithmetic mean and n is the 

number of data points.       

III. RESULT AND DISCUSSION  

Occurrence of MCSs shows distinct seasonal and diurnal 

variation over the study region. The monthly average percentage 

occurrence of MCSs is found to be highest (11.5%) during 

south-west monsoon months followed by north-east monsoon 

(9.67%) and pre-monsoon months (7.67%). However highest 

occurrence (16.5%) is seen in the month of October during 

north-east monsoon and minimum in the month of January as 

shown in Fig. 3.1(a). Increased atmospheric moisture and large 

scale atmospheric circulation play an important role in 

increasing the occurrence of MCSs during monsoon. Zheng et 

al., (2008) reported occurrence of MCSs almost at any hour all 

the day during summer over China and its vicinity due to 

abundant moisture and favourable large-scale environment over 

Indian monsoon surge areas. Subrahmanyam et al., 2019 

reported that shallow, deep, and very deep convective clouds are 

abundant over Indian summer monsoon region. On diurnal scale 

maximum occurrence of MCSs is seen during the evening hours 

(16-20 hours), while the minimum occurrence of the same is 

seen during morning hours (8-10 hours) in all the three seasons. 

The maximum occurrence of MCSs during the evening hours 

may be attributed to the diurnal heating of low level of 

atmosphere (Chen & Houze, 1997; Morel & Sensei, 2002). 

The frequency distributions of the intensity of MCSs in terms 

of maximum echo-top height with 20dBZ (ETH20dBZ) and with 

40dBZ (ETH40dBZ) during the three seasons are shown in Fig. 

3.1(b) and 3.1(c) respectively. In terms of ETH20dBZ, the MCSs 

are found to be strongest during pre-monsoon (PM) followed by 

north-east monsoon (NEM) and south-west monsoon (SWM). 

The ETH20dBZ is the vertical extent of the precipitation height 

and is an indicator of how high the updraft can lift precipitation-

size ice particles (Xu and Zipser, 2012). In terms of ETH40dBZ, 

the MCSs are found to be strongest during pre-monsoon 

followed by south-west monsoon and north-east monsoon. The 

ETH40dBZ is the vertical extent of the large precipitation-size 

particles within the system, such as graupel, hail and is a better 

indicator of convective intensity or updraft speed of the 

convective cells (Xu and Zipser, 2012). The mean and standard 

 

 

 

Fig. 3.1: Seasonal Variation of properties of MCSs (a) Occurrence 

(b) Maximum Echo Top Height at 20 dBZ (c) Maximum Echo Top 

Height at 40 dBZ 
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deviation (SD) of ETH20dBZ and ETH40dBZ are given in Table 3.1. 

Seasonally the deepest and strongest MCSs in terms of ETH20dBZ 

and ETH40dBZ respectively are observed in pre-monsoon month 

and can be attributed to highly unstable atmosphere due to 

surface warming and high temperature prevailing at lower levels 

in pre-monsoon season (Litta and Mohanty, 2008; Bhowmik et 

al., 2008). The mean values and frequency distributions of 

ETH20dBZ and ETH40dBZ during the three seasons suggest a 

paradox in the intensity of MCSs over southern peninsular India 

which shows that though the MCSs are deeper during the north-

east monsoon by virtue of higher value of ETH20dBZ but they 

relatively stronger in the south-west monsoon by virtue of higher 

value of ETH40dBZ. The frequency distribution of ETH20dBZ and 

ETH40dBZ shows occurrence of deep convective systems (DCSs 

with a criteria of ETH20dBZ ≥ 14 km) during all the three seasons 

but occurrence of intense convective systems (ICSs with a 

criteria of ETH40dBZ ≥ 10 km) is found predominantly in pre-

monsoon only. Maranan et al. (2018) also reported deepest, most 

organized MCSs in March–May (early first rainy season) and 

less organised MCSs with lower cloud tops in September–

October period (second rainy season) over southern West Africa.  

 

Table 3.1:  Mean and SD of MCS  parameters in  pre-monsoon, SW 

monsoon and NE monsoon seasons 

 Parameter   Unit 

Pre-

monsoon 

South-west 

monsoon 

North-east 

monsoon 

Mean 

(km) 

SD 

(km) 

 Mean 

(km) 

SD 

(km) 

 Mean 

(km) 

SD 

(km) 

ETH20 km 13.98 2.45 11.53 2.45 12.69 2.34 

ETH40 km 08.04 2.80 06.00 1.70 05.93 1.31 

 

 

Table 3.2: Mean and SD of MCS parameters during 00-06 hours, 06-

12 hours, 12-18 hours and 18-24 hours  

 Season Parameter 
  00-06 

hours 

  06-12 

hours 

12-18 

hours 

18-24 

hours 

PM ETH20dBZ  Mean (km)   12.52       12.88       14.97          13.82       

 SD (km) 2.59 2.48 2.15   2.36 

ETH40dBZ  Mean(km) 6.23       6.13       8.80        8.21       

SD (km) 1.49 1.23 3.09 2.80 

SWM ETH20dBZ  Mean(km) 10.77       10.84       12.10       2.80 

SD (km) 2.19 1.63 2.73  2.39 

ETH40dBZ  Mean(km) 5.34        5.16       6.37       6.29        

SD (km) 1.31 1.10 1.96 1.64 

NE M ETH20dBZ   Mean(km) 11.97       11.84        13.07        13.02       

SD (km) 2.27 2.32 2.09   2.50 

ETH40dBZ  Mean(km) 5.43       5.05        6.10       6.35       

SD (km) 1.09 1.19 1.18 1.51 

 

The mean and standard deviations of ETH20dBZ and ETH40dBZ 

during 00-06, 06-12, 12-18 and 18-24 hours in the pre-monsoon, 

south-west monsoon and north-east monsoon seasons are given 

Table 3.2.  Distinct diurnal variations are seen in all the three 

seasons, the same being strongest in pre-monsoon. Diurnally 

MCSs are found to be stronger in the afternoon and evening 

hours in terms of both ETH20dBZ and ETH40dBZ during all the 

three seasons. The occurrence of the DCSs (ETH20dBZ≥ 14 km), 

is also predominantly seen during the afternoon and evening 

hours, most significantly in the pre-monsoon season. In pre-

monsoon season, CAPE and surface temperature are higher 

where as CIN is lower compared to other two seasons as given 

in Table 3.3. Because of surface warming and high temperature 

prevailing at lower levels, the atmosphere is highly unstable in 

pre-monsoon season (Litta and Mohanty, 2008; Bhowmik et al., 

2008). The higher intensity of MCSs during the evening hours 

may be attributed to the diurnal heating of low level of 

atmosphere (Chen & Houze, 1997; Morel & Sensei, 2002). 

 

 

 

 

 

 

 

 

 

 

Using the TRMM observations, majority of the works over the 

South East Asia has been carried out to study the regional 

variability of the properties of  the convective systems during the 

pre-monsoon and monsoon seasons only (Hirose and Nakamura, 

2005; Houze et al., 2007; Medina et al., 2010; Romatschke et 

al., 2010;  Romatschke and Houze, 2011a; Romatschke and 

Houze, 2011b;  Qie et al. 2014; Bhat and Kumar, 2015;  

Takahashi, 2016; Roy et al., 2017). The present study 

investigates  the seasonal and diurnal variability of the properties 

of MCSs over the region during the pre-monsoon, south-east 

monsoon and north-east monsoon. The seasonal and diurnal 

variations MCS properties during the pre-monsoon and south-

west monsoon are in agreement with the previous works carried 

out over the region according to which the MCSs during the pre-

monsoon season are deeper and stronger compared to the south-

west monsoon season (Romatschke et al., 2010; Romatschke 

and Houze, 2011a; Romatschke and Houze, 2011b; Saikranthi et 

al., 2014; Roy et al., 2017). The present study provides a new 

 

 
Fig. 3.2: Seasonal Variation of Atmospheric parameters (a) CAPE 

(b) Surface Temperature (c) CIN and (d) Precipitable water 

content  
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insight in the seasonal variability of MCS properties. It shows 

that, though  the  MCSs are  deepest  and strongest in the  pre-

monsoon  season, but there is a paradox according to which 

though the  MCSs are deeper by virtue of higher  value of  

ETH20dBZ during the north-east monsoon but they are stronger in 

the south-west monsoon by virtue of higher  value of  ETH40dBZ.  

The seasonal variations of atmospheric parameters nearest to 

the centroid of the observed MCSs at near simultaneous time 

scale are shown in Fig. 3.2 with the help of frequency 

distributions in terms of % count. The mean and SD of selected 

atmospheric convective parameters are given Table 3.3.  Higher 

values of Convective Available Potential Energy (CAPE) and 

Surface Temperature (ST) are predominantly found during pre-

monsoon. Mean values of these two parameters are highest in 

pre-monsoon followed by north-east monsoon and south-west 

monsoon. Convective Inhibition (CIN) is highest in south-west 

monsoon and lowest in pre-monsoon with a moderate value in 

north-east monsoon. Precipitable water content (PWC) is found 

to be higher in south-west monsoon with moderate values in 

north-east monsoon and pre-monsoon. Thus overall the three 

seasons are characteristically different in terms of atmospheric 

convective parameters. This result is in broad agreement with 

the result of Myoung and Gammon (2010), according to which 

the most significant atmospheric convective parameter with 

respect to precipitation varies by region and season, particularly 

over the continental region.  

 

 

 

 

 

 

 

 

 

 

Diurnal variations of atmospheric convective parameters are 

shown in Table 3.4 in terms of their mean and standard deviation 

during 00-06 hours, 06-12 hours, 12-18 hours and 18-24 hours. 

It shows higher value of CAPE in the evening hours (18-24 

hours) in all the three seasons. Overall the pre-monsoon is found 

to be associated with higher values of CAPE and ST but lower 

value of CIN in comparison with other two seasons. No 

significant diurnal variation of PWC is found during the three 

seasons. Higher values of CAPE and ST result convectively 

unstable atmosphere suitable for MCS occurrence in pre-

monsoon and in the evening hours in all the three seasons 

(Bhowmik et al., 2008). Atmospheric CAPE is expected to 

increase almost everywhere where as CIN is expected to 

increase over land due to global warming (Chen et al. 2020; 

Dong et al., 2024).  This predicted increase in CAPE  may result 

more frequent intense MCSs in future (Dong et al., 2024).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Convectively unstable troposphere is a necessary but not 

sufficient condition for the development of convective systems. 

In an event of instability in a moist convection, lifting of an air 

parcel is a crucial factor for the development of the convective 

system (Doswell, 1987). Seasonally, the deepest and strongest 

MCSs in the pre-monsoon are associated with the higher values 

of CAPE, higher values of ST and smaller value of CIN. On the 

other hand, during south-west monsoon, MCSs are associated 

with lower values of CAPE, lower values of ST and higher 

values of CIN. Properties of MCSs during the north-east 

monsoon are associated with the moderate values of the selected 

atmospheric convective parameters. Highest monthly average 

occurrence of MCSs is found to be associated with 

comparatively higher value of PWC. In absence of thermal 

instability in atmosphere during monsoon as indicated by lower 

values of CAPE and ST but higher value of CIN, the occurrence 

of MCSs is influenced by PWC as a result of abundant moisture 

over the study area due to monsoon. This finding aligns with the 

study by Zheng et al., 2008 which reported frequent occurrence 

of MCSs due to abundant moisture and favourable large-scale 

environment prevailing over Indian monsoon surge areas. Klein 

Table 3.3:  Mean and SD of  atmospheric convective parameters over 

southern peninsular India  

Parameter Unit 
Pre-monsoon  SW monsoon   NE monsoon 

Mean SD Mean SD Mean SD 

CAPE J Kg-1 1189 497 537 320 666 365 

ST 0 C 29 4 25 2 26 2 

CIN J Kg-1 35 22 64 38 56 37 

PWC Kg m-2 49 6 53 5 46 7 

ST: Surface temperature, PWC: Precipitable water content 

Table 3.4: Mean and SD of the atmospheric convective parameters 

during 00-06 hours, 06-12 hours, 12-18 hours and 18-24 hours  

 Season Parameter 
00-06 

hours 

006-12 

hours 

  12-18 

 hours 

18-24 

hours 

Pre-

Monsoon 

 CAPE 

 (J kg-1) 

Mean 1018 1123 1237 1376 

SD 484 527 484 489 

ST (oC) 
Mean 27 28 30 29 

SD  3  3 4 4 

  CIN 

 (J kg-1) 

Mean 47 27 35   28 

SD 24 20 19   22 

  PWC 

(kg m-2) 

Mean 51 50  49 47 

SD 7  8 7 4 

SW 

Monsoon 

 CAPE 

  (J kg-1) 

Mean 457 325 531 623 

SD 537 277 292 385 

ST (oC) 
Mean 25  24  27 25 

SD 2 2 3 2 

   CIN 

  (J kg-1) 

Mean 68 76  60 51 

SD 51 32 32 32 

  PWC 

(kg m-2) 

Mean 53 52 53  52 

SD 5 4 5 5 

NE 

Monsoon 

  CAPE 

   (J kg-1) 

Mean 586 606 750  724 

SD 311 428 374  347 

ST (oC) 
Mean 24 25 26  25 

SD 2 2 2   2 

   CIN 

  (J kg-1) 

Mean 58  71 44   51 

SD 37  46 32  34 

PWC 

(kg m-2) 

Mean 45  49 46 47 

SD 8 8 6 6 
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et al., (2020) also reported less unstable, moist regime from June 

onward with increased MCS frequency over southern West 

Africa. They attributed this increased MCS frequency to total 

column water vapour. Diurnally, the deepest and most intense 

MCSs  are found in the evening hours  during the pre-monsoon 

and are associated  with the maximum  mean value of the CAPE, 

smaller value of  CIN and  higher mean surface temperature.  

 

The quantitative association between the properties of MCSs 

and atmospheric convective parameters has been expressed in 

terms of correlation coefficient (CC). Overall the bulk parameter 

MCS count has highest correlation (CC = 0.76) with PWC while 

the intensity parameters are found to have better correlation with 

CAPE and surface temperature. Manzanilla and Miranda (2012) 

reported good correlations between MCS direction of motion 

and precipitable water content indicating significant influence of 

atmospheric moisture in occurrence of MCSs. Muetzelfeldt et 

al., (2025) reported that the total column water vapour 

among other environmental variables is a useful predictor of 

MCS occurrence. During the pre-monsoon season, the two 

selected intensity parameters ETH20dBZ
 and ETH40dBZ are found 

to have maximum correlation of 0.50 and 0.72 respectively with 

surface temperature. The significant correlation of MCSs 

parameters with surface temperature during the pre-monsoon 

suggests that the development of MCSs is initiated by locally 

developed instability and the local atmospheric conditions 

predominantly control the intensity of observed MCSs. During 

the south-west monsoon, ETH20dBZ
 and ETH40dBZ are found have 

maximum correlation of 0.51 and 0.40 respectively with CAPE. 

The correlations between the MCSs and atmospheric convective 

parameters during the north-east monsoon are found to be 

insignificant. During south-west and north-east monsoon, the 

occurrence of MCSs is found to be more in absence of local 

developed thermal instability indicated by lower CAPE and 

higher CIN. This is in contrast with the finding of Dong et 

al., (2024) according to which higher CIN contributes 

significantly to a decrease in MCS occurrence in presence of 

lower CAPE. The higher occurrence of MCS during monsoon in 

absence of local developed thermal instability and the relatively 

weak correlation of MCSs parameter with surface temperature 

during the south-west monsoon and insignificant correlation of 

MCSs parameter with surface temperature during the north-east 

monsoon suggests that the intensity of MCSs over the regions 

are predominantly controlled by the large scale atmospheric 

conditions during these two seasons, where the local 

atmospheric conditions contribute relatively less. While smaller 

scale processes like MCSs are difficult to predict in current 

global and climate models, larger scale process like 

Convectively Coupled Equatorial Waves(CCEWs) can be 

predicted with higher accuracy (Ying and Zhang, 2017; Dias et 

al., 2018; Judt, 2020). An observational understanding of how 

characteristics of MCSs are related to the large scale 

atmospheric conditions can be helpful for improve prediction of 

smaller scale processes like MCSs. Overall the seasonal 

variation in the correlation coefficient also suggests that the 

different mechanism play important role for the development of 

the MCSs in each season. The results of the present study are 

broadly in agreement with Myoung and Gammon (2010), 

Nicholls and Mohr (2010), Wang et al., (2014). Myoung and 

Gammon (2010) reported that the most significant atmospheric 

convective parameter with respect to precipitation varies by 

region and season, particularly over the continental region. 

Nicholls and Mohr (2010) reported that the value of the CAPE 

and some other atmospheric parameters were greater for the 

intense convective systems compared to the non intense 

convective systems. Wang et al., 2014 reported that compared 

with non-MCSs, environments of MCSs are often associated 

with large-scale atmospheric conditions.   

 

 

 

 

 

 

 

 

 

CONCLUSION 

The present study provides a comprehensive view of the 

seasonal and diurnal variation of the properties of MCSs and 

their association with atmospheric convective parameters over 

the southern peninsular India. A distinct seasonal and diurnal 

variation of the properties of MCS, atmospheric convective 

parameters and their association has been observed. Monthly 

average occurrence of MCSs is found to be higher during south-

west monsoon and is associated with higher precipitable water 

content. The deepest and strongest MCSs are found to occur 

during the pre-monsoon season, the most convective season 

associated with the maximum mean surface temperature, 

moderate precipitable water content, maximum CAPE and 

minimum CIN. During the south-west monsoon, properties of 

MCSs are associated with lower values of CAPE, lower values 

of ST and higher values of CIN while during the north-east 

monsoon they are associated with the moderate values of the 

selected atmospheric convective parameters. This study shows a 

paradox in the properties of MCSs which suggests that though 

the MCSs are deeper during the north-east monsoon but they are 

stronger in the south-west monsoon. The occurrence of the 

deeper MCSs including the DCSs and stronger MCSs including 

the ICSs are found to be more during the evening hours in all the 

Table 3.5: Seasonal variation of Association of MCS parameters 

with CAPE and surface temperature in terms of correlation 

coefficient (CC) 

Season Parameter 
CC with 

CAPE ST 

Pre-

Monsoon 

ETH20 dBZ 0.30 0.50 

ETH40 dBZ 0.37 0.72 

SW 

Monsoon 

ETH20 dBZ 0.51 0.28 

ETH40 dBZ 0.40 0.39 

NE 

Monsoon 

ETH20 dBZ 0.17 0.16 

ETH40 dBZ 0.13 0.12 
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three seasons. The deepest and most intense MCSs are found to 

occur in the evening hours during the pre-monsoon season and 

are associated with the maximum mean value of the CAPE, 

smaller value of  CIN and  higher mean surface temperature. 

Overall the bulk parameter MCS count has highest correlation 

(CC = 0.76) with PWC while the intensity parameters are found 

to have better correlation with CAPE and surface temperature 

with comparatively higher correlation during the pre-monsoon 

season. During the pre-monsoon the development of MCSs is 

initiated by locally developed instability and the local 

atmospheric conditions predominantly control the intensity of 

observed MCSs. During the south-west monsoon and the north-

east monsoon the intensity of MCSs over the study region are 

predominantly controlled by the large scale atmospheric 

conditions. The results of the present study are broadly in 

agreement with previous studies and is expected to be helpful to 

understand the climatology of MCSs over the study region. 
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