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INTRODUCTION 

Mesoscale Convective Systems (MCSs) transport 

mass, water, and momentum from lower atmosphere 

level to higher levels and play a vital role in tropical ra-

diative budget (Del Genio et al., 2005). They are also 

important for Earth’s water cycle as they produce most 

of the accumulated rainfall (Roca et al., 2014; Kumar et 

al., 2019a). Global Atlantic Research Program Atlantic 

Tropical Experiment (GATE, 1974) supplied the first 

understanding of MCS (Houze and Betts, 1981). Byers 

and Braham (1949) used airborne data to investigate 

the life cycle of MCSs and mainly divided them into 

phases, namely the initial, mature and dissipating 

phase. 

The present study uses Tropical Rainfall Measuring 

Mission Precipitation Radar (TRMM-PR) data to study 

the climatology of precipitating cloud systems (PCSs) 

over tropical oceanic areas. The life span of a majority 

of MCSs is from a few to several hours (Houze and 

Betts, 1981; Houze, 1989) and the TRMM revisit time is 

at least several hours. In view of this, the only TRMM 

data are not suitable for the study of the life cycle of 

MCSs. On the other hand, the features of the attenuat-

ed corrected radar reflectivity factor (Ze) field that char-

acterize the different phases of an MCS life cycle may 

be exploited to study the spatial variations in MCS 

properties (Houze, 1982, Kumar and Bhat, 2019). For 

example, the formative and intensifying stages mainly 

consist of convective cells, and a melting band is ab-

sent while intense/tall Cumulonimbus clouds (Cbs) 

along with a bright band (BB) are present in the mature 
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phase (Houze and Betts, 1981; Kumar 2017a;b; Kumar 

et al., 2020a). In the dissipating stage, fraction of active 

Cb clouds are small and a melting band is prominently 

present (Houze and Chang 1977; Houze, 1982). Rela-

tive are of Ze filed also varies in convective and strati-

form precipitation (Houze and Betts, 1981; Houze, 

1989; Kumar and Bhat, 2019; Kumar et al., 2020a). 

 Historically, geostationary Infrared observations were 

used to investigate life cycle of MCSs (Chen and 

Houze, 1997; Machado et al., 1998; Mathon and Lau-

rent, 2001). Now a days, scientists are frequently com-

bining the, ground-based radar, geostationary satellite 

and TRMM sensors to extract the properties of MCSs 

(Kondo et al., 2006; Futyan and Del Genio, 2007; 

Cetrone and Houze, 2009; Imaoka and Nakamura, 

2012; Bhat and Kumar, 2015; Kumar et al., 2020a). For 

example, Futyan and Genio (2007) compared the life 

cycle of MCS over Africa and Latin America by combin-

ing the TRMM-PR and TRMM Lightning Imaging Sen-

sor (LIS) sensors using a cloud tracking algorithm They 

observed the fundamental differences within the life 

cycle over land and oceans. Cetrone and Houze (2009) 

combined the TRMM-PR, CloudSat cloud profiling radar 

(CPR) and ground-based radar to investigate anvil 

clouds over Bay of Bengal, the Maritime Continent, and 

West Africa. Imaoka and Nakamura (2012) investigated 

the life cycle properties of tropical cold cloud systems 

using ground-based radar, namely Multifunctional 

Transport Satellite-1R ( MTSAT-1R) and TRMM-PR 

data. They divided the life cycle of cloud clusters into 1h 

to 5h durations and observed the vertical profiles of 

convective and stratiform rainfall within the different 

phases of evolution. Convective and stratiform precipi-

tation fraction area is an indication of the evolution of 

cloud systems, and TRMM-PR based observation 

shows the compatible convective stratiform statistics 

with various airborne and ground-based radar data 

(Schumacher and Houze, 2000; Heymsfield et al., 

2010).  

TRMM-PR provides the Ze data and could be very use-

ful to see the climatology and regional differences in the 

PCS on a global basis. Not much information is availa-

ble during different phases of evolution over different 

tropical oceanic regimes. The present study aims to fill 

this gap. One of the main objectives is to draw a clima-

tological vertical profile of the Ze during different phas-

es of life cycle over tropical oceanic areas. It will help 

us quantify which tropical ocean regimes have intense 

rainfall during particular phases. So, the present study 

explored the vertical characteristics of PCSs over vari-

ous tropical oceanic areas during different states of 

evolution, which are proxy for the life cycle of MCS. The 

TRMM-PR provides data around the globe, and the 

total data size is very huge. So, carrying the analysis 

over the entire globe is a huge task, and thus twelve 

oceanic areas were considered here to investigate the 

vertical characteristics of PCSs during different phases 

of evolution. 

MATERIALS  AND METHODS 

Data                                                                                                                             

TRMM-PR is the first space borne precipitation radar 

operated since December 1997 (Kummerow et al., 

1998). The PR operates at 13.8 GHz (2.2 cm wave-

length, Ku band), with the horizontal and vertical reso-

lution of ~5 km ´ ~5 km and 0.25 km, respectively. The 

swath width of PR increased from 215 km to 247 km in 

August 2001, as its height was increased from 350 km 

to 402.5 km. TRMM-PR consists of 49 beams, each 

separated by 0.71°, and the extreme beams make an 

angle of 17° with the central beam (25th beam). Here 

the present study used TRMM 2A25 data, whose pri-

mary product is Ze in dBZ and derived as Ze (dBZ) 

=10´log(Z) where Z is in mm6m-3. It is very important to 

know that TRMM PR does not provide the actual 

height, but the distance at each 0.25 km along each PR 

beam starts from the Earth's Ellipsoid. The present 

study has corrected the altitude information for each 

PR beam and algorithm is well described in Bhat and 

Kumar (2015); Kumar and Bhat, (2015, 2016). Also, 

TRMM 2A23 data is used for convective and stratiform 

rain classification (Awaka et al., 2009). TRMM data is 

used for 15 years of period from 1998 to 2014. The 

present study also used the National Centers for Envi-

ronmental Prediction (NCEP, Kalnay et al., 1996) data 

at 2.5°´2.5° grid resolution, for sea surface temperature 

(SST), temperature and specific humidity profiles for 

same period. The present study selected twelve ocean-

ic areas over tropical oceans, based on SST derived 

from NCEP data (Fig. 1). The twelve oceanic areas 

(Fig. 1)  are the climatological the warmest SSTs in the 

JJAS (June-July-August-September) and JFM (January

-February-March) months (Kumar and Bhat, 2016). 

SST was chosen because it is well documented that it 

largely influences deep convection (Graham and Bar-

nett, 1987; Waliser and Graham, 1993; Sherwood et 

al., 2004). 

 

Precipitating cloud systems (PCS), three  

dimensional vertical PCS (3DCVS) 

The definition of PCS and 3DCVS are briefly explained 

in Kumar (2016) and discussed briefly here also. For 

identifying PCSs, it is essential to fix a Ze threshold at 

some reference height from radar echoes (Roca et al., 

2017). Since TRMM-PR provides the three-dimensional 

field of Ze, the present study first projected the maxi-

mum Ze from all the PR levels. A PCS is defined as an 

area of the connected pixels with Ze≥17 dBZ in X-Y 

directions as well as along the diagonal direction 

(Kumar et al., 2019b; Kumar et al., 2020b) in the maxi-

mum projection. PCSs containing at least one radar 
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pixel of Ze>40 dBZ were considered here for study as 

they represented strong convective echoes (Kumar and 

Silva, 2019;2020). Fig. 2 shows an example of PCS 

captured over Myanmar regimes by TRMM PR. The 

color bar in dBZ unit shows the intense precipitation 

areas (Ze≥40 dBZ), followed by the weaker radar Ze. 

Fig. 3 shows an example of the three-dimension verti-

cal structure (3DCVS) of PCS. 3DCVS contains the 

vertical extension of PR beams over the area of a PCS. 

The number along the x-axis refers to individual PR 

within the PR swath area. The present study arranged 

the TRMM PR beams based on their echo-base height. 

The echo-base height is defined based on the first oc-

currence of 17 dBZ (minimum detectable signal from 

PR, Li and Schumacher, 2011). Within the population 

of the cloud systems, small cloud systems could con-

tribute to a higher number, but their contribution in total 

rainfall is much less (Kumar et al., 2019b; Kumar et al., 

2020b). Thus, the present study set a minimum PCSs 

area for further analysis. Only PCSs were considered, 

which had a minimum area of 200 km2 and the PCSs 

where at least 5% TRMM PR beams must cross the 4 

km altitude within PCS to avoid too shallow clouds 

(Kumar and Bhat, 2017; Kumar, 2018).  

 

Method of analysis 

Radar reflectivity is calculated considering the hydro-

meteors in liquid phase (Houze, 1993) in the radar da-

ta. In general, the single polarized radar provides the 

Ze, which is purely interpreted as cloud property, and 

understands as the condensed water per unit volume 

(Houze, 1993). This is the basis of Z-R relationship, 

which does not include the radar characteristics. So,   

Ze was converted in the physical space of CLW using 

the relation M=3.44´Z(4/7) ´10(-6) (where M is in gm-3 and 

Z is in mm6 m-3) (Greene and Clark, 1972). The area of 

PCSs varies from 200 km2 to more than 25000 km2 

among selected areas, so the absolute average CLW 

may be affected by the number of cloudy pixels. To 

minimize the effect of the size of PCSs, normalized 

CLW (NCLW) was defined for each PCSs. NCLW is 

calculated by dividing the CLW at each PR vertical lev-

el by the highest CLW at any PR level, which was used 

to identify the maturity levels (e.g., RMLs). Convective 

rain rate keeps increasing towards the Earth surface 

from rain top to a very low level (2-3 km), and stratiform 

rain rate a peak around the freezing level (~4.5 km) 

(Liu and Fu, 2001). NCLW had peaks either above or 

below the 3 km altitude (not shown). Based on NCLW, 

peak altitude RML was defined.                                                         

RML = Maximum NCLW (4-6 km)/Maximum NCLW (1-

3 km)   Eq. 1 

Fig. 4 shows the RMLs distribution within the selected 

areas. Here the lower (upper) edge of box showed the 

25 (75) percentiles, whereas the red line showed the 

median value. Bay of Bengal (R-1) and Maritime Conti-

nent (R-4) showed the highest median value of RML 

(0.9) during June to September (JJAS) months and 

January to March (JFM) months, respectively e.g. most 

matured PCSs. Central Pacific Ocean (R-6) and Atlan-

tic Ocean (B-5) showed the least RML during JJAS and 

JFM months.  

Fig. 5 shows the vertical cross-section for various 

RMLs. The left-hand panels showed the projection of 

maximum Ze on the surface, whereas the right side 

showed the corresponding composite vertical profiles. 

It will help us to visualize the RMLs. For example, 

RML1 PCSs were quite small and discrete. The Ze val-

Fig. 1. SST over the ten-year period from 2001 to 2010. NCEP reanalysis SSTs products are shown. Upper row shows 

the climatological SST for the months between June to September, whereas lower row shows the climatological SST for 

the months between January to march months. Areas selected for detailed analysis are shown by rectangular boxes. 

Colorbar shows the sea surface temperature in °C 
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ues in the PCS core are not very high and end up be-

tween 35-40 dBZ. RML2 PCS showed that PCS core 

Ze was higher than 40 dBZ up to 6-8 km altitude and 

few PR beams were crossing 15 km altitude, too, alt-

hough the BB is absent in the vertical structure. RML3 

PCS showed the weak signature of BB (scan number, 

6030-6040) with trailing stratiform clouds (scan num-

ber, 5960-5990). It could correspond to mature phase 

of PCSs. RML4 PCSs have a strong BB (scan number 

2940-3000) and stratiform clouds trailing the individual 

deep cloud cells, with the highest Ze value near the 

surface. The Vertical structure of RML3 and RML4 

were nearly similar so the study chose an algorithm to 

separate the weak and strong BB.     

Fig. 6 shows the average NCLW for various RMLs over 

the central Pacific Ocean. PCSs with RML <0.75 peak 

at 2 km while above 2 km, RML decreases with alti-

tude. As PCSs mature, average NCLW increases with 

altitude, and attains highest magnitude for RML ≥1.0. 

Also, PCSs for RML >0.75 has a peak near the freez-

ing level and indicate the existence of BB (Fig 5). The 

study separates the RML into four groups, which corre-

spond to various RMLs during the life cycle of PCSs 

and classifies the PCSs with and without BB (as dis-

cussed earlier, Table 1). Fig. 7 shows the number of 

PCSs classified during different RMLs over different 

areas and most of the time PCSs are observed in 

RML3. 

RESULTS 

Nearly 50000 TRMM PR swaths are considered here to 

study the climatology of PCSs over various tropical 

oceanic areas.  

 

Average profiles of radar reflectivity (Ze) during  

various RMLs 

Fig. 8 shows the average vertical profile of Ze in PCSs 

for different RMLs. To reduce the confusion, only the 

extreme cases are labelled by thick and colored lines 

whereas the rest of the areas are shown by thin black 

lines. Average Ze profiles show nearly similar vertical 

trends over different tropical oceanic areas, but aver-

age Ze are different for different RMLs. RML1 and 

RML2 PCSs show a decrease in average Ze towards 

the cloud top to cloud base. RML3 PCSs show the evo-

lution of the BB as Ze peaks near the freezing level. The 

strongest feature of BB is observed in RML4 PCSs and 

average Ze is highest between 4-4.5 km, near to freez-

ing level. During all the RML, average Ze decreases 

above 4.5 km and regional differences are observed 

below 4.5 km. Average Ze profiles show the RML1 and 

RML2 PCSs are more like the PCSs in initial stage as 

Ze peaks near the surface (Leary and Houze, 1979), 

whereas RML3 and RML4 PCSs show a peak near 

freezing level and more like to mature and dissipating 

stage (Leary and Houze, 1979; Williams et al., 1989). 

Average vertical profiles show nearly similar average 

vertical profiles and similar evolution patterns in PCSs 

(Roca et al., 2017) among various tropical oceanic re-

gimes. During the initial stage (RML1 PCSs) the east 

equatorial Ocean (B-2), Central Pacific Ocean (B-4) 

and Atlantic Ocean (B-5) show the highest Ze values 

whereas north Pacific Ocean (R-5) and Atlantic Ocean 

(R-7) shows the least values at all the PR levels. As the 

PCSs intensify (RML2 PCSs), Maritime Continent (R-4) 

and Atlantic Ocean (B-5) show the highest Ze, whereas 

center Pacific (R-5) and Atlantic Ocean (R-7) have the 

least Ze. During mature stage (RML3 PCSs), the Atlan-

tic Ocean (B-5) and Bay of Bengal (R-1) have the high-

er Ze whereas Central Pacific (R-5) has the least Ze in 

average vertical profiles. In dissipating stage (RML4 

PCSs) Bay of Bengal (R-1) has the highest Ze at all the 

PR levels, whereas Equatorial Indian Ocean (B-1) and 

R-3 have the least Ze. The regional differences are 

highest either in the initial stage or dissipating stage, 

and least in the mature stage.  

 

Areal evolution of PCS during different RMLs 

Fig. 9 shows the altitude evolution of 3DCVS during 

different MLS using the Normalized Fraction Precipita-

tion Area (NFPA) with altitude, which is an indication of 

the fractional area of the precipitation during different 

RML. NFPA is calculated by dividing the number of 

cloudy pixels (Ze≥17) at each altitude by the maximum 

number of cloudy pixels at any altitude within each 

PCSs. RML1, RML2, and RML3 PCSs have the highest 

NFPA near 2 km and increase above 2 km as PCSs 

mature, and RML3 PCSs show a little tendency of high-

er NFPA at 4 km. On average, 50% of maximum NFPA 

S. No. Ratio of maturity level (RML)    RML value              PCSs classification 

 1. Maturity level-1 (RML1)  RML ≤0.5 Initial stage with no BB 

 2. Maturity level-2 (RML2) 0.5< RML ≤ 0.75 Intensifying stage 

 3. Maturity level-3 (RML3) 0.75< RML < 1.0 Mature stage with weak signature of BB 

 4. Maturity level-4 (RML4) RML ≥ 1.0 Dissipating stage with strong signature of BB 

Table 1. Classification for different ratios of maturity levels (RMLs) corresponds to different stages of development.  

Corresponding stages of life of PCS for RMLs, are shown in the fourth column   
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Fig. 2. An example of a cloud system captured by the TRMM PR. Area of connected cloudy pixels with Ze ≥ 17 dBZ is 

considered as a cloud system. Color bar on the right shows the reflectivity value in dBZ 

Fig. 3. An example of three-dimensional vertical structure of cloud systems. Each TRMM-PR beam contribute to the 

cloud systems. Color bar on the right shows the reflectivity value in dBZ. Both the cloud systems show the TRMM-PR 

beams with echo-base height below the 2 km altitude and cross the 12 km and indicating the cumulonimbus clouds, 

whereas PR beams with echo-base height above the 5 km altitude are the part of anvil or stratiform precipitation 
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comes from below 3, 5, 6 and 6 km altitude as PCSs 

matures (RML1-RML4), whereas the corresponding 

height for 20% of NFPA is 5, 6.25, 8 and 8 km, respec-

tively. Above 8 km, the NFPA does not show the much 

difference and could be because of the PR sensitivity 

as at higher altitudes is not able to distinguish between 

ice and liquid phase. 

 

CFAD during different RMLs 

Contoured frequency by altitude diagram (CFAD) sum-

marizes the frequency distribution of Ze (Yuter and 

Houze, 1995). Fig. 10a shows the CFADs during differ-

ent RMLs and the dark red line shows the 5 km alti-

tude, near to 0°C level (Houze et al., 2007). Major dif-

ferences occurred immediately above and below the 0°

C level. CFADs below (above) the 0°C level showed the 

broad frequency distribution, indicating the high (low) 

probability of Ze and intense (less intense) precipitation 

(Houze et al., 2007). Below the 0°C, RML1 PCSs 

(initial/intensifying stage) showed the highest width of 

Ze within 2.5-3 km with highest modal value of 20-25 

dBZ. CFAD for RML2 PCSs showed similar character-

istics, but lower Ze ends at high altitude and corre-

sponds to the intensifying stage (Fig. 10b). RML3 and 

RML4 PCSs showed higher probability either below & 

above and only above 5 km (depends on the area) and 

showed the signature of a BB as Ze peak towards the 

right side near 5 km (Fig. 10c-d, Houze et al., 2007), 

and indicates mature and dissipating stages.  

Fig. 11 shows the convective to stratiform precipitation 

Fig. 4. Variation of RML of PCSs over the different areas. For most areas, the median of the RML is near 0.8 

Fig. 5. An example of vertical cross section of Ze for different RML 
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ratio (CSR) calculated for different RMLs. CSR is the 

highest for RML1 PCSs and decreases as the PCSs 

mature. Highest CSR, e.g., the highest convective pre-

cipitation area for RML1 PCSs supports the argument 

that RM L1 corresponds to the early stage of develop-

ment of PCSs (e.g., initial or growing stage). CSR is 

nearly ~0.5 (50%) for RML2 PCSs and higher than 

RML1 CSs. RML3 and RML4 PCSs have less convec-

tive precipitation area, while the latter has the highest 

stratiform precipitation area and shows the PCSs in 

dissipating stage. All the areas show similar trends ex-

cept over central Pacific Ocean (R-6). 

DISCUSSION 

In average vertical profiles (Fig. 8), Ze shows similar 

trends during different RMLs over different tropical oce-

anic areas. For example, during the initial and intensify-

ing stage, Ze was highest near the surface, whereas 

during dissipating stage, higher Ze was observed near 

0°C, which corresponded to different micro physical 

processes (Fig. 6 and 8). Ze is the product of size and 

concentration of hydrometeors and proportional to the 

6th power of the diameter of the hydrometeors (Houze, 

1993). Cloud micro physics controlled the growth and 

removal of hydrometeors (e.g., Fabry and Zawadzki, 

1995) and the vertical characteristics of Ze depended 

on the balance between the growth and removal of hy-

drometeors during different stages of development. A 

strong updraft carried the condensed water and small 

droplets (either clouds or raindrops) at higher altitudes 

during the growing (initial) and intensifying stage. While 

going upward, the size of cloud droplets increased be-

cause of condensation and collision-coalescence 

mechanism below the freezing level (Fig. 8 ; Fig. 9, 

e.g., Houze, 1993; Kumar et al. 2020c). During the ma-

ture and dissipating stage, BB peaks were near the 

freezing height (Fig. 8; Fig. 9) due to the melting of 

snow into water and able to produce higher hydromete-

ors because of the coating of water on melting snow or 

the higher fall velocity near the freezing height (Fig. 8; 

Houze, 1993). In short, the increasing tendency of Ze 

near the surface in the initial stage could be because its 

size increased, whereas decreasing tendency of Ze was 

because of the faster removal of hydrometeors (e.g., 

Beard and Pruppacher, 1969).  

The present study also compared the CFADs from past 

Fig. 6. Average of normalized cloud liquid water for PCSs 

during different maturity levels. RML higher than 0.75 

shows the increase in normalized average cloud liquid 

water near 4.5 km and coinciding with the freezing level, 

indicating the PCSs may be in the mature and dissipating 

stage, as evidenced by the bright band 

Fig. 7. Frequency of occurrence of PCSs for different RML over different tropical oceanic areas 

1278 



 

Kumar, S. and Srivastava, S. / J. Appl. & Nat. Sci. 14(4), 1272 - 1285 (2022) 

Fig. 8. An example of average reflectivity profile of PCSs during different maturity levels (RMLs). Here extreme cases 

are shown by dark color line whereas rest of the cases are shown by thin black line.  Average profile shows highest Ze 

values near 2 km in its early stages. Average vertical profiles showing the peak in reflectivity near 4 km fort the PCSs in 

mature and decaying stage 

Fig. 9. Areal evolution of fraction precipitation area for PCSs during different maturity levels. RML1, RML2 and RML3 

PCSs have the highest fraction of precipitation area at 2 km and increases at higher altitude as cloud systems mature. 

RML4 PCSs have highest fractional precipitation area at 4 km 
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Fig. 10a. Contoured frequency by altitude diagram (CFAD) of PCSs for RML <0.5 over different tropical oceanic areas. 

Colorbar on the right side shows the relative probability of occurrence of reflectivity 

Fig. 10c. CFAD of PCSs for 0.75 < RML <1.0 over different tropical oceanic areas. Colorbar on the right side shows the 

relative probability of occurrence of reflectivity 

Fig. 10b. CFAD of PCSs for 0.5< RML <0.75 over different tropical oceanic areas. Colorbar on the right side shows the 

relative probability of occurrence of reflectivity 
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studies in the literature with the CFADs presented here. 

Fig. 12 shows the CFADs for convective + stratiform 

precipitation (total reflectivity) for different MLS, and 

broad feature indicates that RML1 and RML2 PCSs 

CFADs (Fig.12a-b) were more like convective CFADs, 

whereas RML3 and RML4 PCSs CFADs (Fig.11c-d) 

were more like stratiform CFADs. PCSs belonging to 

RML1 and RML2 showed the higher Ze mode (38-42 

dBZ) below 5 km, with decreasing trends at higher alti-

tudes, like those in convective precipitation. CFADs for 

RML3 and RML4 PCSs (Fig. 12c-d) showed the Ze 

peaks near 5 km, similar to those in stratiform precipita-

tion, and Ze width showed similar decreasing trends as 

those shown in stratiform precipitation. 

Direct inter-comparisons are not possible with the past 

literature because of different algorithms used in vari-

ous studies. Still, the CFADs, average profiles and 

PCSs area during different phases of evolution showed 

nearly similar features (Fig. 10 from Imaoka and Naka-

mura, 2012 and many more). It revealed that the meth-

odology was able to capture the various phases of 

PCSs. For example, Futyan and Genio (2006) studied 

the life cycle properties of the cloud clusters using 

ground-based radar and TRMM data. A close similarity 

Fig. 10d. CFAD of PCSs for RML > 1.0 over different tropical oceanic areas. Colorbar on the right side shows the rela-

tive probability of occurrence of reflectivity 

Fig. 11. Convective to stratiform ratio (CSR) during different phases of evolution e.g. RML. Sequence is same as shown 

in Fig. 8 and 9 
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Fig. 12a. CFAD for convective+stratiform precipitation for RML < 0.5 over different oceanic areas. Colorbar on the right 

side shows the relative probability of occurrence of reflectivity 

Fig. 12b. CFADs for convective + stratiform precipitation for 0.5 < RML < 0.75 over different oceanic areas. Colorbar on 

the right side shows the relative probability of occurrence of reflectivity 

Fig. 12c. CFADs for convective + stratiform precipitation for 0.75 < RML < 1.0 over different oceanic areas. Colorbar on 

the right side shows the relative probability of occurrence of reflectivity 
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was observed in CFAD for the mature stage (Fig. 6 

from Futyan and Genio, 2006) and RML3 PCSs. It is 

suggested that proposed methodology is able to cap-

ture the stage of development effectively over the At-

lantic Ocean. Imaoka and Nakamura (2012) plotted the 

average vertical profiles for different phases of evolu-

tion and a close similarity was observed between the 

present and mentioned study. At the last, it is essential 

to mention that   PR revisit time at the same locations 

in several days and is not able to track the cloud sys-

tems but using the index-based approach based on the 

vertical profiles of Ze.,  it was able to observe the clima-

tology in the three-dimensional vertical structure of 

PCSs. 

Conclusion 

The major conclusions are as follows: 

1.Average vertical profiles showed higher reflectivity 

values near the surface during the initial stage, where-

as dissipating stage PCSs showed the peak in reflectiv-

ity near the freezing height.  

2.The different chosen oceanic regimes showed the 

peak in reflectivity during different maturity levels and 

depended on the balance between growth and removal 

of hydrometeors during different maturity levels. 

3.Higher regional differences in the reflectivity values 

were observed below the freezing level, and initial and 

dissipating phase PCSs have the highest regional dif-

ferences. 

4.Higher TRMM sensitivity could lead to fewer regional 

differences above the 8 km PR vertical levels as it 

could not detect the ice. 

5.The climatology of the cloud vertical structures  

remained almost similar over all the tropical oceanic 

regimes. Average vertical profiles and CFAD did not 

vary widely over different tropical oceanic basins and 

understanding in one area could lead to other areas 

too. 

6.The convective/stratiform ratio decreased as the 

cloud system matured and was minimum during the 

decaying stage. 

 From the present study, it is quite clear that the de-

fined indexing approach is able to discriminate the 

PCSs into different phases of evolution. The different 

phases of evolution show the different vertical trends in 

Ze. Although the different regions are leading similar 

vertical trends during different phases, it is suggested 

that understanding cloud systems over one tropical 

oceanic region can be expandable to other regions too. 

The present study could be very useful from the model-

ling perspective of view as the one can gain the better 

knowledge of the cloud’s extension during different 

phases and predict them better in future.  
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