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lkjlkjlkjlkj & bl 'kks/k&i= esa xzh"edkyhu ekulwu _rq ds nkSjku mRrjh fgan egklkxj ds {ks=ksa esa laoguh 
ifjlhek lrg esa fofHkUu izdkj dh milrgksa dks of.kZr djus dh fofHkUu i)fr;ksa dks izLrqr fd;k x;k gSA 
mi;qZDr i)fr dh mi;ksfxrk dks fl) djus ds fy, vjc lkxj ¼pj.k I , vkSj I ch½] fgan egklkxj esa 
Hkwe/;js[kk ¼pj.k II ½ vkSj caxky dh [kkM+h ¼pj.k III ½ ds {ks=ksa esa twu&vxLr 1977 ds nkSjku fd, x, 
ekulwu&77 ds iz;ksx ls izkIr fd, x, lHkh miyC/k vkadM+k lsV ¼dsoy ok;qfoKkuh; izs{k.kksa½ ij fopkj fd;k 
x;k gSA 

 
laoguh ifjlhek lrg dh m/okZ/kj lajpuk ls pkj Lrjh; lajpukvksa vFkkZr~ i`"Bh; Lrj] mi es?k Lrj] 

es?k Lrj vkSj dSfiax LFkk;h Lrj dk irk pyk gSA bu Lrjksa dks lar`fIr nkc deh  ¼ih* ] gSDVkikLdy½ vkSj 
fefJr izkpy ¼β] vfoe½ ds vkSlru m/okZ/kj izksQkbyksa dk iz;ksx djrs gq, ,d nwljs ls i`Fkd fd;k tk 
ldrk gSA mPpre lh-ch-,y- dks ih* ds U;wure eku }kjk Li"V fd;k x;k gSA bl v/;;u ls ;g irk pyk 
gS fd lkekU;r% mRrjh fgan egklkxjh; {ks=ksa  esa lrg vkSj mi es?k Lrj Øe'k% 1000 gSDVkikLdy vkSj 950 
gSDVkikLdy rd QSys gq, gaSA blesa ;g Hkh irk pyk gS fd I ,] I ch] II vkSj III  pj.kksa ds nkSjku es?k Lrj 
dh xgurk esa fHkUurk ikbZ xbZ gSA bl nkSjku dh xbZ tk¡pksa ls ;g irk pyk gS fd iksrksa ij lHkh rhu pj.kksa 
ds nkSjku lh-ch-,y- dh xgurk 650 gSDVkikLdy rd ikbZ xbZ gSA 

 
ABSTRACT.  The paper introduces a different method to delineate the different sub layers in the Convective 

Boundary Layer over the north Indian Oceanic regions during the summer monsoon season. The all available data set 
(only aerological observations) from the MONSOON-77 experiment during the June-August 1977 over the Arabian Sea 
(Phase IA and IB), Equatorial Indian Ocean (Phase II) and Bay of Bengal (Phase III) regions have been considered to 
demonstrate the usefulness of the above method. 

 
The vertical structure of the Convective Boundary Layer revealed the four layered structure viz. surface layer, sub 

cloud layer, cloud layer and capping stable layer. These layers could be separated from each other by utilizing the 
averaged vertical profiles of saturation pressure deficit (P*, hPa) and mixing parameter (β, dimensionless). The CBL top 
is marked by the minimum value of P*.  The study revealed that, in general, the extent of surface and sub cloud layer 
over the north Indian Oceanic regions is up to 1000 hPa and 950 hPa respectively.  Also, it is observed that the cloud 
layer depth varies during the phases IA, IB, II and III.  The investigations revealed that  the depth of the CBL is up to 650 
hPa during  all the three phases over the ships. 

 
Key words − Convective boundary layer, Marine boundary layer, Monsoon boundary layer, Sub layers in the 

CBL, Vertical structure of the CBL, Summer monsoon season. 

 
1. Introduction  

       
The Convective Boundary Layer (CBL) over tropical 

and subtropical oceans plays a critical role in regulating 
surface energy and moisture fluxes and controlling the 
convective transfer of energy and moisture to the free 
atmosphere. Hence, the knowledge of the structure of the 
CBL is therefore basic to an understanding of the 
thermodynamics of the large-scale atmospheric 
circulations. Significant advances have been made in 
recent years for the understanding of the physics and to 

explore its vertical structure. The thermodynamic structure 
of the CBL over the oceanic regions has been investigated 
using conserved variable analysis (Betts and Albrecht, 
1987; Parasnis and Morwal, 1993a; 1993b; Morwal, 2000; 
2002). 
                   

The tropical boundary layer differs from the 
boundary layer at mid and high latitudes. As one moves 
towards the equator the Coriolis force changes, which in 
turn changes the dynamics of the tropical boundary     
layer.  Another  important  difference is the relatively high  
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Fig. 1.  Location of the ships (denoted by open circle) during the stationary positions in 
the phases  IA, IB, II and III over the north Indian Ocean 

 
 
moisture content of the tropical boundary layer provided 
by evaporation of water from the oceans in the tropics 
(Malkus, 1962). During the undisturbed atmospheric 
conditions the tropical boundary layer has well defined 
multilayered structure. The different layers are surface 
layer, mixed (sub cloud) layer, transition layer, cloud layer 
and inversion (highly stable) layer. These layers are 
characterized by different temperature and moisture lapse 
rates (Malkus, 1956). The structure of the boundary layer 
observed during the southwest monsoon is different from 
the tropical boundary layer in many aspects – one of 
which is its generation and another is the driving force 
which is responsible for establishment of the monsoon 
(Holt and Sethuraman, 1986).  

 
In view of the above, it is interesting to study the 

structure of the CBL during the summer monsoon season, 
since due to moist convective activity inversion layers are 
either not present or found at higher levels. In this paper 
an attempt has been made to use a different approach for 
delineating the different sub layers of the CBL and to 
confirm its applicability to the observations collected 
through MONSOON-77 experiment over the north Indian 
Oceanic regions during the summer monsoon season. For 
this purpose concepts of Saturation Point (SP) and mixing 
parameter (β) have been utilized. The use of the air parcel 
Saturation Point has proved of great value in interpreting 
and modeling atmospheric CBL and transport (Betts, 
1985). The SP frame work is discussed and used by many 
workers in their papers (Betts, 1982a; b; 1983; Betts and 

Albrecht, 1987; Parasnis and Morwal, 1991; Parasnis, 
1991; Morwal, 1998). 
  
2. Location of observations and data 
 

MONSOON-77 was conducted over the north Indian 
Ocean during the summer monsoon season of 1977. The 
experiment was completed in three phases viz. Arabian 
Sea Phase of Monsoon-77 (Phase IA & IB), Equatorial 
Indian Ocean phase of Monsoon-77 (Phase II) and Bay of 
Bengal phase of Monsoon-77 (Phase III). The experiment 
started on 7 June 1977 with Phase IA in the Arabian Sea 
and ended with Phase III in the Bay of Bengal on 21 
August 1977. In all five erstwhile USSR research vessels 
viz. Shirshov, Okean, Priboy, Priliv  and Shokalsky  have 
been used. Out of these five ships only four research 
vessels which were stationary during the period of 
observation and formed a polygon were utilized to collect 
the observations over the above mentioned oceanic 
regions. Daily four radiosonde ascents were made at 0000, 
0600,1200 and 1800 UTC synoptic hours.   
 

In the present paper, in order to delineate the 
different sub layers in the CBL, aerological observations 
at an interval of 25-30 hPa from surface up to 400 hPa 
have been considered. Fig. 1 shows the location of four 
research vessels (open circle) in the stationary polygons 
for all the phases. The periods of deployment and the 
position of stationary observation for the phases IA, IB, II 
and III were 7 – 20 June 1977 (10° – 14° N, 64° – 68° E), 
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29 June – 16 July 1977 (10° – 14° N, 64° – 68° E), 25 – 
31 July 1977 (2° S – 2° N, 76° – 80° E) and 11 – 18 
August 1977 (15° – 19°N, 87° – 91°E) respectively.  
During the Phase IA the southwest monsoon over the 
Arabian Sea was in the transient onset conditions whereas 
during Phase IB, Phase II and Phase III the southwest 
monsoon has completely spread over the Indian regions. 
The prevailing synoptic weather conditions during the 
observational periods in Phase IA, IB, II and III are 
described elsewhere (Parasnis and Morwal, 1993a;  
Morwal, 2000 and Morwal, 2002).   
 
3. Method of analysis 
          

In order to differentiate the different sub layers in the 
vertical structure of the CBL over the oceanic regions a 
different method is introduced in this paper. The method 
is based on the Saturation Point (SP) concept. The concept 
of Saturation Point was introduced by Betts (1982). When 
an unsaturated air parcel is lifted dry adiabatically to a 
level where it attains saturation with the available 
moisture, then that level is known as Saturation Level 
(SL) and is denoted by pSL. A point on this level, which is 
uniquely specified by (pSL, θSL, qSL) is known as saturation 
point. The saturation point is unchanged during dry/moist 
adiabatic ascent or descent. A parameter called saturation 
pressure deficit (P*) can be defined as 

 
ppP* SL −=  

 
Where p is the pressure of the air parcel. P* is an 

indicator of lack of saturation in the layer p to pSL. It is 
positive in the cloudy regions and negative in the 
unsaturated regions.  High negative values of P* are 
indicative of more subsaturation or low relative humidity. 
P* is very useful to delineate the different sub layers in the 
CBL. The slope of P* is different in different sub layers. 
Another parameter, β, is defined as 
                           

p

p
β

SL

∂
∂

=  

 
The vertical distribution of pSL(p) and β (p) are 

unlikely to be the same for all convective regimes (Betts, 
1982a). In well mixed stratocumulus layer, the entire 
cloud and sub cloud layer is thoroughly mixed 
approximately to a single SP corresponding to β= 0 up to 
the cloud top inversion (Betts, 1985). In shallow cumulus 
layer there  is some uncoupling between the sub cloud and 
cloud layers so that the cloud is not thoroughly mixed as 
the sub cloud layer, this corresponds to a larger value of   
β (< 1). In transition between scattered cumulus and well 
mixed stratocumulus layer, there clearly exists the 
possibility of β in the range 0 to 1. Thus the diagnostic 

study of boundary layer in terms of their distribution of 
pSL (p) provides a framework both for classification and 
assessment of degree of mixing within and between sub 
layers as well as a powerful framework for a general 
parameterization of boundary layer structure (Betts, 
1985). 

 
In the present study radiosonde observations 

collected by research vessels in the stationary positions at 
6-houry interval have been used. The values of 
temperature (T) and dew point temperature (Td) which are 
available at an interval of 25 – 30 hPa are subjected to 
linear interpolation using 1-2-1 filter in order to get the 
values at an interval of 10 hPa for each individual ascents. 
These interpolated values have been used to get the 
average vertical profiles of T and Td for each ship for 
different phases. Different thermodynamical parameters 
such as saturation level pressure (pSL, hPa), mixing 
parameter (β, dimensionless), saturation pressure deficit 
(P*, hPa) have been computed from surface up to 400 hPa 
level at an interval of 10 hPa utilizing averaged vertical 
profiles of T and Td. 

 
4. Results and discussion 

 
It is observed from the previous investigations 

(Parasnis and Morwal, 1993a; Morwal, 1998; 2000) that 
P* profiles show different slopes in different sub layers of 
the CBL which include surface layer, sub cloud layer, 
cloud layer and stable layer. Also, average value of β 
differs in different sub layers (Parasnis, 1991). Therefore, 
in order to differentiate the various sub layers in the CBL 
the approach used is described below.  

 
The surface layer is characterized by abrupt change 

in β values. It is very shallow layer (depth < 10 hPa) just 
adjacent to the ocean surface. This layer is topped by sub 
cloud layer which is associated with increasing trend of P* 
values and nearly constant values of β (slope < 0.2 per 
100 hPa). The sub cloud layer is generally well mixed and 
the T and Td profiles converge in this layer. The next layer 
is cloud layer which has nearly constant values of P* and 
continuously increasing trend of β. Maximum values of 
the P* is the characteristic feature observed in the cloud 
layer. In this layer the T and Td profiles are nearly parallel 
to each other. Above cloud layer exists a layer that is more 
stable as compared to cloud layer. T and Td profiles 
diverge from each other in this layer. This is termed as 
capping stable layer or capping inversion layer depending 
on the stability of the layer. In this layer both P* and β 
show decreasing trend. The β profiles show a sudden 
jump at the top of each sub layer which is considered as 
the delimiter between the different sub layers. The CBL 
top is associated with minimum value of P* and β shows a 
sudden drop above the CBL top. 
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Figs. 2(a&b). Average vertical profiles of (a) 

Saturation Pressure Deficit P* 
(shifted by –25 hPa for N, –50 hPa 
for W and –75 hPa for S) and (b) 
Mixing parameter β (shifted by 0.5 
units for N, 1.0 units for W and 1.5 
units for S) during the phase IA over 
the Arabian Sea 

 
The aerological observations considered in the 

present study are collected over the oceanic regions during 
southwest monsoon season i.e. June – August 1977.  In 
the Arabian Sea Phase (Phase IA and IB) the research 
vessels forming the polygon were Shirshov (E), Okean 
(N), Priboy (W) and Priliv (S). Whereas in the Equatorial 
Indian Ocean phase (Phase II) and Bay of Bengal phase 
(Phase III) the research vessels were Shirshov (E), Okean 
(N in Phase II and S in Phase III), Priboy (S in Phase II 
and N in phase III) and Shokalsky (W). Over the same 
regions Rao et al. (1985) utilized the surface marine 
meteorological and solar radiation data to describe the 
space-time variability of surface atmospheric layer 
characteristics and the ocean surface heat budget 
components. However, there is no study carried out that 
utilizes the whole aerological data set available (during 
the stationary periods) from the MONSOON-77 
experiment. With this in view, the above study is 
undertaken and the results of the investigation over the 
three regions are discussed in the following subsections. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs. 3(a&b). Same as Figs. 2(a&b) during the 
phase IB over the Arabian Sea 

 
4.1. Arabian sea phase (phases IA and IB) 

 
The number of radiosonde soundings undertaken 

over the Arabian Sea region during the Phase IA over the 
four ships viz. Shirshov, Okean, Priboy and Priliv are 54, 
37, 49 and 52 whereas they are 70, 71, 69 and 69 in case 
of Phase IB. The vertical profiles of average P* and β for 
the Phases IA and IB are shown in Figs. 2(a&b) and Figs. 
3 (a&b) respectively. Tables 1 and 2 give the details like 
the number of radiosonde ascents, surface pressure, 
Lifting Condensation Level (LCL), CBL top, P* at CBL 
top and average values of β and P* in different sub layers 
along with top of each layer for different ships in Phases 
IA and IB respectively.  

 
By following the criteria described above for 

determining the extent of different sub layers in the CBL 
it is seen from Figs. 2 (a&b) that the extent of the surface 
layer is from the ocean surface up to 1000 hPa over the 
different ships in Phase IA. In this layer average values of 
β vary from 0.54 to 0.97 and P* is in the range of –55.5 to 
–65.6 hPa (Table 1). The sub cloud layer extends up to 
950 hPa over Priboy (W) and Priliv (S) whereas it is up to 
900 hPa over Shirshov (E) and Okean (N).  In  this  layer 
β is nearly constant and P* is gradually increasing.

 

 

 

 



 
 
                         MORWAL : STRUCTURE OF THE CONVECTIVE BOUNDARY LAYER        533 

TABLE 1 
 

Layerwise average values of Mixing parameter ββββ and Saturation Pressure Deficit P* along with  
surface pressure, LCL, CBL top and P* at the CBL top during the Phase IA over the Arabian Sea 

 
 Ship 

Parameter Shirshov (E) 
(12°N, 68°E) 

Okean (N) 
(14°N, 66°E) 

Priboy (W) 
(12°N, 64°E) 

Priliv (S) 
(10°N, 66°E) 

No. of obs. 54 37 49 52 

Surface pressure (hPa) 1005.2 1005.8 1005.8 1007.7 

LCL (hPa) 945.09 949.75 940.46 940.28 

 Surface layer 

1000.0 1000.0 1000.0 1000.0 

0.86 0.82 0.97 0.54 

Top (hPa) 

Avg.  β 

Avg. P* (hPa) -59.8 -55.5 -65.3 -65.6 

 Sub cloud layer 

900.00 900.00 950.00 950.00 

0.83 0.76 0.71 0.67 

Top (hPa) 

Avg.  β 

Avg. P* (hPa)      -49.14 -40.57 -56.53 -54.0 

 Cloud layer 

750.00 750.00 800.00 850.00 

1.05 1.09 1.06 1.09 

Top (hPa) 

Avg.   β 

Avg. P* (hPa)      -42.50 -33.51 -50.13 -49.98 

 Stable layer 

650.00 650.00 650.00 650.00 

1.23 1.25 1.26 1.16 

Top (hPa) 

Avg.   β 

Avg. P* (hPa)      -65.0 -61.01 -87.11 -78.46 

CBL top (hPa) 650 650 650 650 

P* at CBL top (hPa) -71.63 -69.97 -98.49 -87.88 
 

 
Over the ships Shirshov, Okean, Priboy and Priliv the 
average values of β and  P* in the sub cloud layer are 
0.83, 0.76,  0.71,  0.67  and  −49.14, −40.4, −56.53, −54.0 
respectively. It is noticed that over all the ships β is 
minimum in the sub cloud layer as compared to that in 
other layers except over Priliv. The minimum value of β 
in the sub cloud layer (or mixed layer) indicates that sub 
cloud layers are more well mixed as compared to other 
layers in the CBL. The cloud layer, which is above the sub 
cloud layer, varies in the range 850–750 hPa for the four 
locations. From Table 1 it is seen that the value of P* is 
maximum in cloud layer indicating less sub saturation (or 
more humidity) in this layer in comparison to other layers. 
The cloud layer is capped by a more stable layer, which 
extends up to 650 hPa at all the ships. In this layer β 
shows sharp increasing trend whereas P* decreases 
sharply.  The CBL top is observed at 650 hPa over all the 
four vertices of the polygon and is associated with 
minimum value of P*.  

These values are comparable to those obtained       
by Parasnis and Morwal (1993a) over the same         
region utilizing the limited data set from the             
present data set. Thus it is evident from average          
values of β and P* in different layers that β is      
minimum in sub cloud layer and shows increasing      
trend  through cloud layer up to stable layer              
whereas the P* is maximum in the cloud layer               
and minimum in the  stable layer. Also, from Table 1       
it is observed that  the values of β for all the ships in  
cloud layer (1.05 < β < 1.09) are less than that of            
the overlying stable layer (1.16 < β < 1.26) indicating      
less mixing in the stable layer. β indicates the             
amount of mixing present in the layer which is indirectly 
related to the stability of the layer. Thus the above study  
indicates that the influence of the ocean surface is more 
visible up to cloud layer (more mixed) as compared to 
layers above (mixing is less or stability in the layer is 
more). 
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TABLE 2 
 

Layerwise average values of Mixing parameter ββββ and Saturation Pressure Deficit P* along with  
surface pressure, LCL, CBL  top during the Phase IB over the Arabian Sea 

 
 Ship 
Parameter Shirshov (E) 

(12°N, 68°E) 
Okean (N) 

(14°N, 66°E) 
Priboy (W) 

(12°N, 64°E) 
Priliv (S) 

(10°N, 66°E) 

No. of obs. 70 71 69 69 

Surface Pressure (hPa) 1005.7 1005.7 1006.1 1008.0 

LCL (hPa) 943.15 949.46 945.88 946.07 

 Surface layer 

1000.0 1000.0 1000.0 1000.0 

0.82 0.63 0.78 0.74 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -62.0 -55.2 -59.2 -60.9 

 Sub cloud layer 

950.00 950.00 950.00 950.00 

0.75 0.71 0.75 0.66 

Top (hPa) 

Avg.  β 

Avg. P* (hPa) -53.8 -45.44 -51.36 -49.73 

 Cloud layer 

800.00 800.00 850.00 850.00 

1.08 1.13 1.14 1.09 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -49.97 -42.36 -50.6 -43.91 

 Stable layer 

700.00 700.00 700.00 700.00 

1.29 1.46 1.30 1.33 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -78.23 -87.17 -92.15 -83.96 

CBL top (hPa) 700 700 700 700 

P* at CBL top (hPa) -89.95 -105.91 -105.22 -101.82 

 
 

From Figs. 3 (a&b), which depicts vertical profiles 
of average P* and β for Phase IB over all the ships, it is 
observed that the surface layer extends from sea surface  
up  to 1000 hPa with β and P* varying form 0.63 to 0.82 
and –55.2 to –62.0 hPa respectively. The sub cloud layer, 
in general, extends up to 950 hPa and is associated with 
minimum values of β (varies from 0.68 to 0.75) as 
compared to other layers. In the cloud layer P* varies 
from –45.4 to –53.8 hPa over the four locations in Phase 
IB. The extent of the cloud layer is up to 850 hPa over 
Priboy and Priliv and up to 800 hPa over Shirshov and 
Okean. The cloud layer is deeper at Shirshov and Okean 
as compared to that over Priboy and Priliv which is the 
effect of prevailing weather conditions and synoptic scale 
disturbances as stated by Parasnis and Morwal (1993a). 
Here it is noticed that in the cloud layer P* has maximum 
values (i.e. maximum relative humidity) and β has high 
values as compared to sub cloud layer for all the ships. 
The stable layer is up to 700 hPa over all the ships and is 
associated with average values of β and P* in the  range 

1.29 to 1.46 and –78.23 to –92.15 hPa respectively. The 
top of the stable layer is considered as the CBL top which 
is observed at 700 hPa and is associated with the 
minimum value of P* as seen from Table 2. The CBL top 
in Phase IB is lower by 50 hPa than that of Phase IA. It is 
clearly evident that in both the Phases i.e. IA and IB β and 
P* show the similar tendencies in the different layers in 
the CBL. Thus vertical profiles of β and P* can be used to 
delineate the different sub layers in the CBL. 
 

Phase IA is associated with onset of southwest 
monsoon and the period in Phase IB coincides with the 
active monsoon conditions. A study carried out by 
Parasnis and Morwal (1993a) to investigate the 
thermodynamical characteristics of the CBL over the same 
region utilizing the part of the data showed that during the 
onset period (Phase IA) the frequency of occurrence of q-
reversals is negligible as compared to active phase of 
monsoon (Phase IB). The present study conducted using 
the  all  available  data corroborates the results obtained by  
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TABLE 3 
 

Layerwise average values of Mixing parameter ββββ and Saturation Pressure Deficit P* along with  
surface pressure, LCL, CBL  top during the Phase II over the Equatorial Indian Ocean 

 
 Ship 

 
Parameters 

Shirshov (E) 
(0°N, 80°E) 

Okean (N) 
(2°N, 78°E) 

Shokalsky (W) 
(0°N, 76°E) 

Priboy (S) 
(2°S, 78°E) 

No. of obs. 24 24 21 24 

Surface Pressure (hPa) 1007.5 1008.9 1008.2 1008.6 

LCL (hPa) 934.65 943.77 940.85 942.21 

 Surface layer 

1000.0 - 1000.00 1000.00 

0.74 - 0.72 0.65 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -71.9 - -66.2 -64.9 

 Sub cloud layer 

 

950.00 

(1)                 (2) 

950.00        800.00 

 

950.00 

 

950.00 

0.63 0.65               1.07 0.68 0.64 

 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -59.74 -53.0             -66.0 -55.45 -52.52 

 Cloud layer 

 

800.00 

(1)                 (2) 

900.00        750.00 

 

800.00 

 

700.00 

1.03 1.08                1.14 1.05 1.05 

 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -49.91 -46.9             -71.5 -49.83 -49.05 

 Stable layer 

 

650.00 

(1)                 (2) 

850.00        650.00 

 

650.00 

 

650.00 

1.15 1.31                1.21 1.17 1.25 

 

Top (hPa) 

Avg.  β 

Avg. P* (hPa) -71.3 -58.0             -87.0 -69.3 -66.88 

CBL top (hPa) 650 650 650 650 

P* at CBL top (hPa) -79.88 -94.77 -81.59 -71.74 
 

 
Parasnis and Morwal (1993a). By comparing the values of 
β over the four ships during the Phase IA and IB it is 
evident that the stable layers during Phase IB are 
associated with higher stability. 
 

4.2. Equatorial Indian Ocean phase (Phase II) 
 

The stationary period 25-31 July, 1977 when the 
aerological observations were collected over the four ships 
(Shirshov, Okean, Priboy and Shokalsky), belongs to 
Equatorial Indian Ocean region (2° S - 2° N, 76° - 80° E). 
The total number of radiosonde observations undertaken 
in Phase II are 93. The ship wise distribution is shown in 
Table 3. The vertical profiles of average P* and β for all 
the ships are shown in Figs. 4(a&b). Table 3 gives the 
layerwise distribution of average values of β and P* for all 

the ships. Also, information like surface pressure, LCL 
height, CBL top is included in this Table. Over all the 
ships the mean surface layer height is up to 1000 hPa and 
sub cloud layer is up to 950 hPa which is represented by a 
minimum average values of β. The depth of cloud layer 
lies between 950-800 and 950-700 hPa over the E and W   
and S locations respectively and are found to be associated 
with maximum of P* values. Whereas over the N location 
the double cloud layers are observed between 950-900 
hPa and 800-750 hPa. Thus the cloud layers are thicker for 
the ship located in the south of equator as compared to 
that over north or equator. For the ships located at the 
equator the cloud thickness is same. This supports the 
findings of Morwal (2000). The stable layer overlying the 
cloud layer extends up to 650 hPa which also represents 
the  CBL  top.  In  this  layer  the  average  values  of P* is  
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Figs. 4(a&b). Same as Figs. 2(a&b) during the 
phase II over the Equatorial Indian 
Ocean 

 
minimum and β is maximum. From Table 3 it is noticed 
that the values of P* for Priboy, which is located south of 
the Equator, is more in all the layers as compared to that 
over other ships indicating more saturation in the CBL. 
Also, the layerwise averages of P* at the two ships 
(Shirshov and Shokalsky) located at the Equator are more 
or less similar implying that CBL has more or less similar 
CBL characteristics at the two locations separated by 4° 
longitudes. CBL is less saturated at the location north of 
Equator as seen from P* values in different layers.  

 
4.3. Bay of  Bengal  phase (phase III) 

 
The radiosonde ascents were taken during the period 

11–18 August 1977, when the four research vessels 
forming polygon were stationary, in the northern Bay of 
Bengal region (15° - 19° N, 87° - 91° E). Total 115 
soundings have been considered for the present study. The 
vertical profiles of average values of P* and β at the four 
locations are shown in Figs. 5(a&b) respectively.  
Layerwise average values of β and P* and other 
parameters like surface pressure, LCL, CBL top for the 
four  ships  are  given  in Table 4.  From Fig. 5 it is clearly  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs. 5(a&b). Same as Figs. 2(a&b) during the 
phase III over the Bay of Bengal 

 
 
evident that in this phase the extent of the surface layer 
and sub cloud layer is up to 1000 hPa and 950 hPa 
respectively. The P* shows increasing trend in the sub 
cloud layer and the average value varies in the range –29.9 
to –42.7 hPa. In the surface layer average values of β have 
no specific trend however they are found to be minimum 
in the sub cloud layer except for the ship Priboy (Table 4).  
The cloud layer is represented by nearly constant values of 
P* and the average value of β is same over all the ships 
(1.06). In general, the cloud layer extends up to 750 hPa 
but at Shirshov it is shallow and is limited to 800 hPa.  In 
a similar way the stable layer is associated with sharp 
decreasing trend of P* with the lowest value at the CBL 
top which is at 650 hPa over all the ships except over 
Shirshov. The stable layer is represented by the highest 
average values of β and minimum values of P* averages. 
The results obtained over the Bay of Bengal region are in 
support of the investigations carried out by Morwal 
(2002). 

 
Rao et al. (1985) observed that the surface layer of 

Bay of Bengal is more saturated than that of Arabian Sea 
during MONSOON-77 experiment, which is in support of  
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TABLE 4 
 

Layerwise average values of Mixing parameter ββββ and Saturation Pressure Deficit P* along with  
surface pressure, LCL, CBL  top during the Phase III over the Bay of Bengal 

 
 Ship 
 
Parameter 

Shirshov (E) 
(17°N, 91°E) 

Priboy (N) 
(19°N, 89°E) 

Shokalsky (W) 
(17°N, 87°E) 

Okean (S) 
(15°N, 89°E) 

No. of obs. 24 31 28 32 

Surface Pressure (hPa) 1004.8 1004.2 1004.8 1007.0 

LCL (hPa) 967.64 971.89 966.03 963.52 

 Surface layer 

1000.0 1000.0 1000.0 1000.0 

1.6 -0.14 0.74 0.79 

Top (hPa) 

Avg.   β 

Avg. P* (hPa) -38.6 -29.9 -38.2 -42.7 

 Sub cloud layer 

950.00 950.00 950.00 950.00 

0.77 1.14 0.80 0.85 

Top (hPa) 

Avg.   β 

Avg. P* (hPa)      -32.99 -31.74 -31.64 -37.59 

 Cloud layer 

800.00 750.00 750.00 750.00 

1.06 1.06 1.06 1.06 

Top (hPa) 

Avg.   β 

Avg. P* (hPa)      -34.9 -43.3 -34.9 -40.4 

 Stable layer 

700.00 650.00 650.00 650.00 

1.11 1.01 1.13 1.08 

Top (hPa) 

Avg.   β 

Avg. P* (hPa)     -43.2 -47.3 -46.9 -51.0 

CBL top (hPa) 700 650 650 650 

P* at CBL top (hPa) -47.7 -47.57 -53.16 -54.47 

 
 
less subsaturation (or high relative humidity) observed  
over the Bay of Bengal  region as compared to those over 
Arabian Sea and Equatorial Indian Ocean regions.  

 
5. Summary of the results 
 

The investigations have been carried out to explore 
the utilization of the method to delineate the different sub 
layers in the Convective Boundary Layer during the 
summer monsoon season over the Indian Oceanic regions. 
For this purpose the complete data set consisting of 
aerological observations collected through MONSOON-
77 experiment over the Arabian Sea, Equatorial Indian 
Ocean and Bay of Bengal regions during southwest 
monsoon (June–August 1977) of 1977 have been 
considered. The application of the method confirms its 
usefulness in determining the different sub layers in the 
CBL and the  results of the study are summarized as 
follows. 

The vertical structure of the CBL includes four sub 
layers i.e. surface layer, sub cloud or mixed layer, cloud 
layer and the overlying stable layer. The vertical profiles 
of P* and β have different slopes in different sub       
layers and are separated by a sudden jump in vertical 
profiles of β. 

 
 
The extent of the surface layer, characterized by 

abrupt slopes of P* and β, is found to be from the ocean 
surface up to 1000 hPa over all the ships and during all the 
three phases i.e. Phase IA and IB, Phase II and Phase III. 

 
The sub cloud layer above the surface layer is 

associated with increasing trend of P* and minimum 
values of β (< 1.0). The sub cloud layer, in general, 
extends up to 950 hPa which is in agreement with the 
previous findings over the Arabian Sea region (Parasnis 
and Morwal, 1993), Equatorial Indian Oceanic regions 
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(Morwal, 2000) and Bay of Bengal (Morwal, 2002; Bhat 
et al., 2000). 

 
The cloud layer which is above the sub cloud layer 

and below the capping stable layer has maximum values 
of P* and values of β continuously increasing. In general 
β is nearly equal to 1.0 and P* is nearly constant in the 
cloud layer. The depth of the cloud during the Phase IA 
and IB, Phase II and Phase III lies between 100-150 hPa, 
50-250 hPa and 150-200 hPa respectively. The cloud layer 
thickness is more over the southern  equatorial Indian 
oceanic region as compared to that over northern and 
equatorial regions and also Arabian Sea and Bay of 
Bengal regions.  

 
The capping stable layer overlying the cloud layer is 

specified by the decreasing values of P* and increasing 
trend of β. The CBL top is associated with the minimum 
value of P*.  The average profiles of P* and β showed that 
the CBL over the north Indian Oceanic regions extends up 
to 650 hPa for all the phases during the summer monsoon 
season. 
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