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lkj & bl 'kks/k&i= esa o"kZ 2002 dh xzh"edkyhu ekulwu o"kkZ _rq ds nkSjku vjc lkxj ds iwohZ {ks=ksa 
esa ok;qeaMyh; ifjlhek Lrj ¼,- ch- ,y-½ dh izeq[k fo’ks"krkvksa dk vaos"k.k djus ds fy, v/;;u fd;k x;k 
gSA bl dk;Z gsrq nks fLFkj voLFkkvksa ¼30 twu&10 tqykbZ rFkk 22 tqykbZ & 5 vxLr 2002½ ds fy, vkjesDl 
2002 ds igys pj.k ds nkSjku vks- vkj- oh- lkxjdU;k ij ,df=r fd, x, ok;q foKku laca/kh izs{k.kksa vkSj 
/kjkryh; ekSle foKku ls lacaf/kr izs{k.kksa ij fopkj fd;k x;k gSA bu izs{k.kksa dk mi;ksx djrs gq, 
ok;qeaMyh; ifjlhek LRkj vkSj fofHkUu /kjkryh; izkpyksa ds LFkkfud ifjorZuksa dh m/okZ/kj lajpuk dh tkap dh 
xbZA bl tkap ls izkIr gq, ifj.kkeksa ls fofHkUu /kjkryh; ekSle oSKkfud izkpyksa esa egRoiw.kZ nSfud fHkUurkvksa 
dk irk pyk  gSA bl v/;;u ls ;g Hkh Kkr gqvk gS fd ok;qeaMyh; ifjlhek Lrj  dh m/okZ/kj lajpuk ij 
virVh; nzks.kh dk dksbZ izHkko ugha iM+rk gSA ok;qeaMyh; ifjlhek Lrj esa gYds mies?k Lrj] xgu es?k Lrj] 
detksj fLFkj Lrj ds lkFk cgqLrjh; lajpuk dk irk pyk gS vkSj pØokrh; ifjlapj.k ds le; 2&4 vxLr 
2002 esa ok;qeaMyh; ifjlhek Lrj rd c<+ tkrs gSaA pawfd ok;qeaMyh; ifjlhek Lrj xgu mies?k ds LRkj] 
gYds es?k ds Lrj] rhoz fLFkj Lrj izfrykseh lrg ds lkFk lac) gksrk gS vr% Hkkjr ds if’peh rV ds 
lkFk&lkFk ns[kh xbZ virVh; detksj nzks.kh ds izHkkoLo:Ik ok;qeaMyh; ifjlhek Lrj dh xgjkbZ de gks tkrh 
gSA 

 
ABSTRACT.  A study has been carried out to explore the salient features of the Atmospheric Boundary Layer 

(ABL) over the eastern Arabian Sea regions during the summer monsoon season of 2002. For this purpose the aerological 
observations and surface meteorological observations collected onboard ORV Sagar Kanya during the Phase-I of 
ARMEX-2002 for the two stationary positions (30 June-10 July and 22 July – 5 August 2002) have been considered. 
Utilizing these observations the vertical structure of the Atmospheric Boundary Layer and the temporal variation of 
different surface parameters has been investigated. The results showed prominent diurnal variation in different surface 
meteorological parameters. The study also revealed that there is no influence of the offshore trough on the vertical 
structure of the Atmospheric Boundary Layer. The ABL showed multilayered structure with shallow sub cloud layer, 
deep cloud layer, weak stable layer and the ABL extending up to higher levels in the presence of the cyclonic circulation 
(2-4 August 2002). Whereas the ABL is associated with deep sub cloud layer, shallow cloud layer, strong stable layer 
(inversion layer) and shallow ABL depth under the influence of weak offshore trough observed along the west coast of 
India.  
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1.  Introduction 
 
 

Knowledge of the thermodynamic structure of the 
Atmospheric Boundary Layer (ABL) over the Arabian Sea 
during summer monsoon are invaluable for understanding 
the monsoonal flow. Radiosondes from ships and 
dropsondes from aircraft during the International Indian 
Ocean Expedition (IIOE, 1963-65) provided for the first 
time some insight into the temperature and moisture 
stratification in the lower troposphere (Colon, 1964) over 
the Arabian Sea particularly in the region north of 10° N. 

Useful datasets are also provided through the experiments 
like Indo-Soviet Monsoon Experiment (ISMEX-73), 
MONSOON-77, MONEX-79, MONTBLEX-90, 
BOBMEX-99 and more recently INDOEX-2000. 
Utilization of these dataset has helped in exploring the 
detailed structure of the Atmospheric Boundary Layer 
(ABL) over the oceanic as well as land regions (Pant, 
1977, 1978 1982; Ghosh et al., 1978; Mohanty et al., 
1983; Parasnis and Morwal, 1991a; 1993a; Morwal, 2003; 
Sam et al., 2001; Holt and Sethuraman, 1987). In the 
present paper, observations collected during the recent 
experiment   called  Arabian   Sea   Monsoon   Experiment  
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Figs. 1(a-h).  Position of the offshore trough (marked by double dashed line) along the west coast of India for some representative days 
during POS 1 (a-d) and POS 2(e-h). Also the position of the ship during stationary positions is marked in Fig. 1(d) 

 
 
(ARMEX) have been utilized. In order to explore the 
vertical structure of the ABL over the Arabian Sea during 
the summer monsoon season, radiosonde observations and 
the Automatic Weather Station data have been utilized.  

This study, in particular, provides the average features of 
the marine ABL for observations collected at two 
stationary positions during the Phase-I of ARMEX i.e., 
during 24 June to 15 August, 2002. 
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Fig. 2. Temporal variation of different thermo dynamical parameters at the surface at POS1 (30 June – 10 July 2002) 

 
 
2.  Location of observations and meteorological 

conditions 
 

High resolution aerological observations are 
collected during Phase-I of ARMEX onboard ORV Sagar 
Kanya during 24 June to 15 August 2002. Also, surface 
meteorological observations (at deck level, 12 m) are 
collected using the Automatic Weather Station at an 
interval of 10 minutes. During Phase-I of ARMEX the 
ship is stationary at two positions viz. POS1 (16° 94′ N, 
7l° 20′ E) and POS2 (15° 38′ N, 72° 18′ E) and it is shown 
in Fig. 1(d). The periods associated with these two 
stationary positions are 30 June (0000 UTC) to 10 July 
(1111 UTC) and 22 July (0021 UTC) to 5 August (0536 
UTC). The dataset contains 23 and 37 radiosonde ascents 
respectively at POS1 and POS2. As far as synoptic 
conditions are concerned, the off shore trough along the 
west coast persisted on most of the days from 20 May to 
17 September along different parts of west coast except 
during 25-31 July 2002. The exact position of the offshore 
trough (as described in the Weather Summary, Mausam, 
2003) during the observational period of ARMEX Phase-I 
Experiment is given in Table 1. The position of the 
offshore trough for some days during POS1 and POS2 is 
shown in Figs. 1(a-h). In general, the offshore trough is 
very weak. There was a cyclonic circulation between 2.1 
and 4 km asl off coasts of Karnataka and Goa during the 
first week of August 2002. It remained stationary during 
2-3 August and became less marked on 4 August 2002. 
The surface winds over the Arabian Sea were nearly 

normal (7.5-10 m sec-1) in June whereas during July they 
were less than normal (10 - 12 m sec-1) by 2.5 m sec-1 to 
the north of 15° N. 
 
3.  Method of analysis 
 

For better understanding of the monsoon activity in 
association with the ABL thermodynamic structure over 
the Arabian Sea regions, the Saturation Point (SP) concept 
introduced by Betts (1982) is used. When an unsaturated 
air parcel is lifted dry adiabatically along the constant 
mixing ratio line till saturation is attained, that level is 
termed as Saturation Level (SL). Thus, the point of 
intersection  of  dry adiabat through T and constant mixing 
ratio line through Td is known as SP and is specified by 
parameters such as θSL, qSL and pSL. In the present study 
SP for all practical purposes means LCL at different levels 
since the environment considered here is unsaturated. SP 
is unchanged during dry/moist adiabatic ascent/descent. 
However, under the influence of some physical processes 
SP can change. These processes are radiative 
cooling/warming and precipitation/evaporation of falling 
precipitation (Betts, 1982). Further, P* i.e., saturation 
pressure deficit is defined as 

 
P* = pSL - p 
 
Where p is the air parcel pressure and pSL is pressure 

at saturation level. P* indicates the lack of saturation        
in  the  layer p to pSL. It is positive in the cloudy region (or  
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Fig. 3. Same as Fig. 1 at POS2 (22 July – 5 August 2002) 

 
 
 
 
negative values with small magnitude) and negative in the 
unsaturated region (high negative values). The vertical 
profiles of P* resemble the vertical profiles of relative 
humidity. 

 
 
Conserved variable diagrams (θe - q) are very useful 

to understand the influence of different physical processes 
and convective mixing on the vertical structure of the 
ABL. The mixing line is straight line on these diagrams. 
Both the axes, i.e., θe on X and q on Y, represent 
conserved variables. A single mixing line structure is 
produced under the influence of convective mixing 
processes and when it is modified by the different physical 
processes, as described above, a double mixing line 
structure is produced (Betts and Albrecht, 1987). The top 
of the ABL is represented by a kink i.e., change in slope 
of the mixing line. These diagrams have been used in 
many studies to understand the thermo dynamical 
structure of the ABL (Betts and Albrecht, 1987; Parasnis 
and Morwal, 1991b; 1993a, b; Parasnis et al., 1991; Sam 
et al., 2001; Emanuel, 1994). To examine the type of 
convection, Kloesel and Albrecht (1989) have classified 
the radiosonde soundings into three types of idealized 
profiles depending on the vertical profiles of θe and θes 
and the path of the non entraining air parcel rising from 
the mean sub cloud layer. These classes are: (i) Inversion 

sounding (ii) High θe sounding and (iii) Low θe sounding. 
Inversion sounding represents shallow convection, High 
θe sounding represents deep convection and the Low θe 
sounding is associated with the suppressed convection. 
More details of this technique are discussed by Morwal 
and Seetaramayya (2003). The above methods can be 
applied over land as well as over oceanic regions to 
characterize the differences in the thermodynamic 
structure of the atmospheric boundary layer. 
 
 

The 12-hourly high resolution radiosonde 
observations collected onboard ORV Sagar Kanya have 
been used to investigate the characteristic features of the 
thermodynamic structure of the marine ABL. Different 
thermodynamical parameters such as potential 
temperature (θ in K), virtual potential temperature (θv in 
K), humidity mixing ratio (q in g kg-1), equivalent 
potential temperature (θe in K), saturated equivalent 
potential temperature (θes in K), pressure at saturation 
level (pSL in hPa) and saturation pressure deficit (P* in 
hPa) have been computed from surface up to 400 hPa 
level for each individual ascent and also for the average 
datasets at both the stationary positions utilizing the 
vertical profiles of p, T and RH. Also, for AWS data the 
parameters such as Lifting Condensation Level (LCL in 
hPa), q, θ and θe have been computed for the period 
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associated with stationary positions. The different 
formulae used in computation are described in Morwal 
(1998). 
 
4. Results and discussion 

 
4.1. Distribution of surface meteorological 

parameters 
 
The daily march of surface meteorological 

parameters viz., surface pressure, potential temperature, 
LCL height, mixing ratio, θe, wind direction, wind speed 
and rainfall for POS1 and POS2 is given in Figs. 2&3 
respectively. For both the stationary positions surface 
pressure showed prominent semi diurnal variation. From 
these figures it is clearly evident that the variation in 
surface pressure is more at POS2 (1001 - 1011 hPa) as 
compared to that at POS1 (1003 - 1008 hPa) which is in 
support of the prevailing weather conditions during the 
two stationary periods. At POS1 the temporal variation in 
pressure is subtle in nature whereas at POS2 they showed 
increasing trend during 22-24 July, decreasing trend 
during 25 July - 31 July and nearly constant values from  
1 - 4 August and increasing trend thereafter. The pressure 
values are high during 23-29 July as compared to other 
days at POS2. This is in support of the fact that there is no 
offshore trough along the west coast during 25-31 July as 
reported in the weather summary. The thermo dynamical 
parameters viz., θ, q, θe and LCL showed diurnal 
variations. The temporal variation in these parameters is 
less at POS1 as compared to that at POS2. This may 
possibly be due to the fact that during first stationary 
period the weak offshore trough prevailed and as such the 
synoptic conditions are found to be more or less same 
throughout the observational period. All the 
thermodynamic parameters showed large temporal 
variations, specifically during 2-4 August as the second 
stationary period is associated with continuously changing 
weather conditions i.e., presence of offshore trough (22-24 
July) to absence of offshore trough (25 - 31 July) and then 
existence of cyclonic circulation associated with offshore 
trough (2-4 August). The position of the offshore trough 
along the west coast of India during the observational 
period is described in Table 1. 

 
The parameters θ, q and θe, in general, showed 

higher values at POS1 compared to POS2 indicating 
warm, moist and more convective surface layer at POS1. 
At POS2 the surface layer is cool and dry, specifically 
more pronounced during 2 - 4 August. The rainfall data 
showed precipitation during 2-4 August. The cooling and 
drying may possibly be associated with the precipitation 
and downdrafts as seen from the rainfall distribution. 
Similar features were observed by Betts (1976)                 
and   Parasnis   and  Morwal  (1993a)  while  studying  the  

TABLE 1 
 

Position of the offshore trough along the west coast of  
India during 2002 

 
Period Position of the offshore trough 

20 Jun – 24 Jun Gujarat coast to Kerala coast 

25 Jun – 26 Jun North Arabian Sea to Karnataka coast 

27 Jun – 8 Jul South Gujarat coast to Kerala coast 

9 Jul – 13 Jul Maharashtra coast to Kerala coast 

14 Jul – 17 Jul Maharashtra coast to Karnataka coast 

18 Jul – 24 Jul Maharashtra coast to Kerala coast 

1 Aug – 2 Aug Karnataka coast to Kerala coast 

3 Aug – 21 Aug Maharashtra coast to Kerala coast 
 

 
 
 

modification of the boundary layer due to the rainfall 
events. The daily march of θe at the surface indicated 
more moist convective activity at POS1 as compared to 
POS2. The moist convective activity depends on both 
parameters i.e., surface temperature and humidity. As 
mentioned earlier, at POS1 the surface layer is warm and 
moist indicating more convective activity. The maximum 
diurnal variation is observed during the period 2-5 August. 
The LCL varied between 960 - 930 hPa at POS1        
whereas at POS2 the variation is from 1000 - 930 hPa 
which is mainly during 2 - 4 August. At POS1 the        
winds are southwesterly and wind speed varied between         
8 - 11 msec-1. The winds are southwesterly to 
northwesterly at POS2 and wind speed showed large 
variations (6 - 14 msec-1). During both the stationary 
periods the surface layer was found to be becoming cool 
and dry after the rainfall events. 
 

Thus the temporal distribution of different          
thermo dynamical parameters at the surface showed more 
or less similar variations when there is no convective 
activity and large variations are observed during the 
periods associated with active monsoon conditions/ 
convective events. 
 

4.2. Vertical structure of the ABL 
 

In order to bring out the differences in the vertical 
structure of the ABL, three different cases based on the 
prevalent synoptic weather conditions have been 
considered. In Case I with the view to emphasize the 
influence of the presence of the offshore trough along         
the  west  coast  of  India  two  soundings  collected  in the  



 
 
226                            MAUSAM, 56, 1 (January 2005) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Vertical profiles of different thermo dynamical parameters viz., potential temperature (θ), mixing ratio (q), equivalent 
potential temperature (θe), saturated equivalent potential temperature (θes), saturation pressure deficit (P*), u and v 
components of winds and conserved variable diagrams (θe-q) on 2 July 2002 and 30 July 2002 at 1200 UTC 

 
 
 
 
presence (2 July 2002 at 1200 UTC) and absence (30 July 
2002 at 1200 UTC) of the offshore trough have been 
considered.  On 2 July the position of the offshore trough 
was from south Gujarat coast to Karnataka coast (Table 1) 
and on 30 July there was no trough along the west coast. 
In Case II in order to explore the influence of cyclonic 
circulation associated with offshore trough off the west 
coast of India two soundings collected in the presence          
(2 August 2002 at 1200 UTC) and absence (5 July 2002 at 
1200 UTC)  of  cyclonic  circulation have been used. On  
5 July the trough off the west coast was running from 
south Gujarat coast to Karnataka coast and on 2 August its 
position was from Karnataka coast to Kerala coast     
(Table 1). Also, there was a cyclonic circulation   near 
Karnataka coast during 2 - 4 August 2002. In Case III the 
average of 23 (30 June – 10 July) and 37 (22 July –            
5 August) radiosonde ascents respectively at POS1 and 
POS2 have been utilized to characterize the averaged 
vertical thermodynamic structure of the ABL. 
 

The vertical profiles of the thermodynamic 
parameters viz., θ, q, θe, θes, P* and u and v components of 
winds from surface up to 400 hPa level and conserved 
variable diagrams (θe - q) for the above mentioned three 
cases are shown in Figs. 4-6 (Fig. 4: Case I, Fig. 5: Case II 

and Fig. 6: Case III). The onset of southwest monsoon 
over Kerala commenced on 29 May 2002, and it covered 
the entire country by 15 August 2002. In Fig. 4, the days  
2 July and 30 July belong to POS1 and POS2 respectively. 
In Fig. 5 one day each at POS1 (5 July) and POS2                  
(2 August) is considered. Fig. 6 depicts the average 
vertical profiles at POS1 and POS2. 
 

From Fig. 4 it is seen that the vertical profiles of θ 
and q on 2 July (solid line) do not differ much from that of 
30 July (dashed line) except in the layer 820-730 hPa.  
The mixed layer which is associated with nearly constant 
values of θ is from surface - 920 hPa and surface -        
940 hPa on 2 and 30 July respectively.  The layer 820-790 
hPa which  is  associated  with  sharp  increase  of  θ  and 
sharp decrease of q is representative of an inversion layer 
(or very high stable layer). This inversion layer is 
observed almost on all the days at POS1. This stable layer 
is observed between 760 to 710 hPa on 30 July 2002 and 
it is associated with less increase of θ and less decrease of 
q as compared to that on 2 July 2002. From θe, θes and P* 
profiles it is clearly seen that the moist convective activity 
is more or less same on both the days up to 820 hPa level. 
The extent of the cloud layer is more on 30 July (up to   
760 hPa)  as  compared  to  that on 2 July (up to 820 hPa).  
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Fig. 5. Same as Fig. 3 on 5 July 2002 and 2 August 2002 at 1200 UTC 
 
 
 

TABLE 2 
 

Pressure (hPa) at the top of different sub layers in the ABL along with surface pressure 
 

    Cases Surface pressure 
Layer Stable/inversion layer 

Sub cloud layer Cloud layer Top θe P* 

 Case I 
2 Jul 2002 1004.6 920 820 790 328.2 -217.9 
30 Jul 2002 1002.5 940 760 710 330.7 -174.5 
 Case II 
5 Jul 2002 1004.7 940 840 800 326.0 -242.4 
2 Aug 2002 1001.6 960 540 480 338.0 -84.3 
 Case III 
POS1 1004.1 940 830 730 332.3 -155.2 
POS2 1003.9 960 760 670 337.8 -74.0 

 
 
 
However, on 30 July the cloud layer is slightly less 
saturated in the lower layers (as seen from θe, θes and P* 
values) as compared to that on 2 July. The stable layer 
(identified by sharp decrease of θe and sharp increase of 
θes) overlying the cloud layer is very strong on 2 July in 
comparison to 30 July. The ABL (marked by arrows and 
determined at the level associated with minimum values 

of θe and P* and maximum value of θes in the vertical 
profiles) extended up to higher levels on 30 July (710 hPa) 
as compared to that on 2 July (790 hPa).  

 
The θe - q profiles in Fig. 4 showed single mixing 

line structure on 2 July (solid line solid circle) whereas 
double  mixing  line structure is observed on 30 July (solid  
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Fig. 6. Same as Fig. 3 for averaged dataset at POS1 and POS2 
 
 
 
line open circle and shifted by 10 K). The top of the ABL 
is marked by a kink associated with the change in slope of 
both θe and q as observed by Betts and Albrecht (1987). 
On 2 July only one kink is observed at the ABL top 
whereas two distinct kinks (890 hPa and 710 hPa, marked 
by arrows in Fig. 4) are seen in the mixing line on 30 July 
2002. The low level stability analysis showed that both the 
soundings are associated with inversion. The convective 
activity is inhibited by the inversion layer. The strength of 
the inversion is more on 2 July as compared to 30 July. 
Also the inversion layer is observed at higher levels on      
30 July as compared to 2 July. Table 2 gives the top of 
different sub layers and surface pressure along with values 
of θe and P* at the top of the ABL. The vertical profiles of 
u and v components of winds showed that on 2 July winds 
are southwesterly in the ABL (790 hPa) and became 
northwesterly above. On 30 July winds are northwesterly 
from 910 hPa up to higher levels. Thus from this 
comparison it is clearly evident that in the eastern Arabian 
Sea the vertical structure of the ABL showed some 
changes in the mid levels (800-700 hPa). The mid levels 
which were warm and dry in the presence of the offshore 
trough became cool and moist in its absence. The extent of 
the mixed layer increased (890 hPa), the depth of the 
cloud  layer  decreased  and  the  ABL  is  limited to lower 
levels (790 hPa) when the offshore trough is present.   It is 

therefore noticed that in the eastern Arabian Sea the 
presence or absence of the offshore trough (synoptic scale 
feature) have no direct influence on the structure of the 
ABL but it is the position of the observational platform 
which makes the difference. Ghosh et al. (1978) have 
reported the upward shift of the inversion with 
longitudinal variation. Also, Parasnis and Morwal (1993a) 
have confirmed that the inversion layer shifts upward with 
longitude and it becomes very weak in the eastern Arabian 
Sea. The present study also confirms the earlier reported 
results. The inversion layer is strong and at lower levels at 
POS1 (16° 94′ N, 7l° 20′ E) which is observed northwest 
of POS2 (15° 38′ N, 72° 18′ E) and it is found to be 
shifting upward at POS2. 
 

From Fig. 5 it is seen that on 5 July the atmosphere 
is in general warm and dry at all levels as compared to 
that on 2 August (from θ and q profiles). There is a very 
stable layer between 840 to 800 hPa on 5 July. In this 
layer the q profile of 5 July also shows a sharp decreasing 
trend. In general, the moisture content (q profiles) is more 
on 2 August at all levels except in the layer 950 to 900 
hPa as compared to 5 July. The difference in moisture 
content between the two profiles is 1-10 g kg-1. The whole 
ABL is more saturated on 2 August as compared to that on 
5 July  as  seen  from the vertical profiles of θe, θes and P*.  
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Fig. 7.  Height of different sub layers viz., LCL (Lifting condensation level), ML (Mixed layer or sub cloud layer), CL (Cloud layer) 
and top of the ABL in the Atmospheric Boundary Layer 

 

 
 
This may be due to the prevailing cyclonic circulation on 
2nd August which is responsible for the pumping of 
moisture up to higher levels (Srinivasan and Sadasivan, 
1975). Even though the moisture content at the surface is 
same for both the days, moisture is not transported to 
higher levels on 5th July as suitable weather conditions 
were not observed. Srinivasan and Sadasivan (1975) have 
also reported higher values of θe during active monsoon 
conditions as compared to weak monsoon conditions at 
levels between 750 hPa & 400 hPa which are in support of 
the above results. On 5 July the sub cloud layer is deep 
(940 hPa), cloud layer is shallow (940-840 hPa) and          
the ABL extended up to lower levels (800 hPa) as 
compared to that on 2 August. The top of the different sub 
layers in all the three cases mentioned above is given in 
Table 2. The P* profiles indicated that the stable layer 
overlying the cloud layer is very strong on 5 July (very 
sharp decrease of P*) and it is weak on 2 August. The 
cloud layer is deep and saturated on 2 August (960-       
540 hPa).  

 
The mixing lines on θe - q diagrams on 5 July (solid 

line with solid circle) and 2 August (solid line with open 
circle and shifted by 10 K) are also shown in Fig. 5. The 
mixing lines showed double mixing line structure on         

5 July and multiple mixing lines are observed on 2 August 
(marked by arrows). The top of the each mixing line is 
shown by a kink i.e., change in slope of θe and q. The 
double (or multiple) mixing line structure observed on            
5 July and 2 August may be associated with the 
redistribution of θ and q patterns due to falling 
precipitation and also existence of multiple cloud layers. 
The low level stability analysis indicated that the sounding 
on 5 July is representative of inversion sounding and the 
ABL  is  limited  up  to  800  hPa  i.e.,  the influence of the 
convective mixing is seen up to the base of the inversion. 
On 2 August the deep convection is indicated by the low 
level stability analysis. The wind data is not available on  
2 August. The vertical profiles of u and v components of 
wind on 5 July showed southwesterly winds in the ABL 
and northwesterly winds above. Thus the comparative 
investigation of the vertical structure of the ABL showed 
that the convection which was inhibited by the presence of 
inversion layer before the formation of the cyclonic 
circulation reached up to higher levels under the influence 
of the cyclonic circulations and the whole atmosphere 
became cool and moist.   

 
From the averaged vertical profiles of θ (Fig. 6) it is 

seen that at POS1 (solid line) θ  is more at all levels from 
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surface up to 400 hPa level except between 620-520 hPa 
as compared to that at POS2 (dashed line). An inversion 
layer is present almost on all days from 30 June to 10 July 
near about 800 hPa level (Figure not given) which is also 
evident in the averaged profile between 810 & 780 hPa. 
This layer acts as a barrier and inhibits the transport of 
heat and moisture and momentum from the lower layers to 
the higher levels (McBean, 1979). Srinivasan and 
Sadasivan (1975) reported that the moisture content is 
same up to 850 hPa level irrespective of the prevailing 
weather conditions over land as well as oceanic regions 
(Arabian sea regions). In this case it is observed that the 
humidity mixing ratio is more or less same from surface 
up to 820 hPa at both the stationary positions. However, 
above this level it is more at POS2 by ~2-3 g kg-1 in 
comparison to that at POS1. Even though the moisture 
content is same below 820 hPa level, it is not transported 
to higher levels at POS1 due to the presence of the 
inversion layer at that level. Also, this may be due to the 
absence of favourable synoptic scale disturbances which 
are responsible for the transport of moisture from surface 
to the higher levels. 

 
The vertical profiles of θe and θes showed that the 

moist convective instability in the lower layers (up to 820 
hPa) at both the positions is more or less same. Above 820 
hPa there is more moist convective activity at POS2 
(Srinivasan and Sadasivan, 1975). The mixed layer or sub 
cloud layer extends up to 940 hPa and 960 hPa 
respectively at POS1 and POS2. The depth of cloud layer 
is less (110 hPa) at POS1 as compared to POS2 (180 hPa). 
The stable layer above the cloud layer is strong at POS1 
and the ABL extends up to 730 hPa and marked by a 
sharp maximum in θes and minimum in P*. The θe 
minimum is not well pronounced and a flat θe minimum is 
observed. The ABL extends up to higher level at POS2 
(670 hPa) marked by minimum in θe and P* and 
maximum in θes. Thus the influence of the surface layer is 
visible up to higher levels at POS2. The low level stability 
criteria utilizing the θe and θes curves at POS1 and POS2 
showed that the soundings at POS1 are associated with the 
inversion soundings (shallow convection) whereas those 
at POS2 are representative of the deep convection.  
 

The conserved variable diagrams showed a single 
mixing line structure in the ABL at both the stationary 
positions and ABL top is marked by a kink (shown by 
arrows) in the curve. The double mixing line structure 
observed on individual days (as seen from the Case I and 
Case II) is not noticed in the averaged profiles. This may 
be probably due to the fact that the cloud layers of 
different depths occur at different levels and in the 
averaged profiles the effect becomes mild. The vertical 
profiles of P* indicated that the ABL is more saturated at 
POS2 as compared to that at POS1. The cloud layer 

(indicated by nearly constant and high P* values) is found 
to be deeper at POS2 as compared to POS1.  Also the 
inversion layer is clearly evident from these profiles at 
POS1. The vertical profiles of u and v components of 
winds at POS1 and POS2 showed existence of wind 
maxima around 910 hPa. At POS1 southwesterly winds 
are observed at all levels except between 800-610 hPa 
where they are northwesterly. The winds are 
northwesterly up to 610 hPa and northeasterly aloft at 
POS2.   

 
Thus the ABL at POS1 and POS2 is represented by 

layered vertical structure. The ABL at POS2 is associated 
with more moist convective activity reaching up to higher 
levels, shallow mixed layers, thick cloud layers (180 hPa) 
and ABL extending up to higher levels (670 hPa) and a 
single mixing line structure. 
 

Fig. 7 shows the temporal variation of the height of 
the different sub layers in the ABL (in hPa) viz., LCL, 
mixed layer (or sub cloud layer), cloud layer and top of 
the ABL at POS1 and POS2 for all the days considered in 
this study. During both the periods it is observed that the 
LCL is below the mixed layer indicating the saturation of 
the upper part of the mixed layers. Similar feature was 
observed by Parasnis et al. (1991) over a coastal station 
during MONTBLEX-1990 and also by Parasnis and 
Morwal (1993a) over the Arabian Sea region. In general, 
the LCL is observed at higher levels at POS1 as compared 
to POS2. The mixed layers are shallow at POS2 as 
compared to those at POS1. The cloud layer depth is more 
during the period 22-25 July and 2-4 August 2002. The 
ABL extends up to higher levels during 9-10 July and 2-4 
August. This may be due to the presence of disturbance 
along the west coast of India which resulted in a more 
moist convective activity.  
 
5. Concluding remarks 
 

A study has been carried out over the eastern 
Arabian Sea utilizing the aerological observations and 
surface meteorological observations collected through 
Arabian Sea Monsoon Experiment-2002. The data 
pertains to two stationary positions in the Arabian Sea at 
POS1 (16° 94′ N, 71° 20′ E) and POS2 (15° 38′ N, 72°  
18′ E) during the period 30 June – 10 July and 22 July –         
5 August 2002 respectively. The results of the study 
showed that : 

 
(i) Surface meteorological parameters at both the 
stationary positions indicated prominent diurnal variations 
in the different thermo dynamical parameters. Also, the 
variations in different thermo dynamical parameters are of 
subtle nature. Under the influence of the synoptic scale 
disturbance [Cyclonic circulation (CC) associated with 
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offshore trough] all the thermodynamical parameters 
showed large variations. Further, the surface layer which 
was warm, moist and convective became cool, dry and 
less convective (i.e., decrease in θe) after the convective 
events. 
 
(ii) Vertical structure of the ABL showed that an 
inversion layer persisted in all the ascents around 800 hPa 
at POS1. This inversion layer showed upward shift at 
POS2 with weakening of the inversion strength. The 
inversion layers were not observed during the disturbed 
conditions.  
 
(iii) The structure of the ABL showed multilayered 
structure with variation in the thickness of different sub 
layers due to presence/absence of the weak offshore 
trough and the cyclonic circulation embedded in it. In 
general up to 820 hPa the atmosphere is more or less same 
at both the stationary positions. However, above this level 
the atmosphere is cool and moist at POS2 as compared to 
POS1. At POS1 the ABL showed deep mixed layers, 
shallow cloud layers and strong inversion layers whereas 
the mixed layers become shallow, cloud layers deepened 
and the inversion layer becomes weak at POS2. Under the 
influence of the cyclonic circulation the whole ABL 
becomes homogeneous. The extent of the ABL at POS1 
(30 June – 10 July), POS2 under three different conditions 
viz. (i) in the presence of offshore trough (22-25 July)           
(ii) in the absence offshore trough (26 July - 1 August) 
and (iii) under the influence of the CC (2-4 August) is 
found to be up to 770, 610, 720 and 560 hPa respectively 
(indicated by horizontal line in Fig. 7).  
 
(iv) Conserved variable diagrams (θe-q) revealed the 
existence of double mixing lines except on the occasions 
when the inversion layer is observed below 750 hPa (at 
POS1). This may possibly be due to the existence of 
multiple cloud layers. 
 
(v) Low level stability analysis, utilizing the vertical 
profiles of θe and θes and the constant θe line from 980 hPa 
level, showed that all the soundings at POS1 and POS2 
(except sounding obtained during 2-4 August) are 
classified as inversion soundings and they are associated 
with shallow convection. However, the soundings 
collected during the period of cyclonic circulation along 
the west coast of India are classified as high θe soundings 
and they showed deep moist convection. 
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