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ABSTRACT. The paper introduces a different method to detmehe different sub layers in the Convective
Boundary Layer over the north Indian Oceanic regidaring the summer monsoon season. The all alaitidia set
(only aerological observations) from the MONSOONexperiment during the June-August 1977 over thebian Sea
(Phase IA and IB), Equatorial Indian Ocean (Ph#jsand Bay of Bengal (Phase lll) regions have beensidered to
demonstrate the usefulness of the above method.

The vertical structure of the Convective Boundaayér revealed the four layered structure surface layer, sub
cloud layer, cloud layer and capping stable layiérese layers could be separated from each othertiliging the
averaged vertical profiles of saturation presswficd (P*, hPa) and mixing parametes,(dimensionless). The CBL top
is marked by the minimum value Bf. The study revealed that, in general, the ext#rgurface and sub cloud layer
over the north Indian Oceanic regions is up to 18P@ and 950 hPa respectively. Also, it is obsethat the cloud
layer depth varies during the phases IA, IB, Il #idThe investigations revealed that the degtthe CBL is up to 650
hPa during all the three phases over the ships.

Key words — Convective boundary layer, Marine boundary layé¢onsoon boundary layer, Sub layers in the
CBL, Vertical structure of the CBL, Summer monsseason.

1. Introduction explore its vertical structure. The thermodynaniocture
of the CBL over the oceanic regions has been iiyessd

The Convective Boundary Layer (CBL) over tropical using conserved variable analysis (Betts and Aldtec

and subtropical oceans plays a critical role inutating 1987; Parasnis and Morwal, 1993a; 1993b; Morwad(20

surface energy and moisture fluxes and controlting 2002).

convective transfer of energy and moisture to tree f

atmosphere. Hence, the knowledge of the structlitkeo The tropical boundary layer differs from the

CBL is therefore basic to an understanding of the boundary layer at mid and high latitudes. As oneveso

thermodynamics of the large-scale atmospherictowards the equator the Coriolis force changeschvim

circulations. Significant advances have been maue i turn changes the dynamics of the tropical boundary

recent years for the understanding of the physitk ta layer. Another important difference is the riglaly high
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Fig. 1. Location of the ships (denoted by open circlgjrduthe stationary positions in
the phases A, 1B, Il and Il over the north Indi@cean

moisture content of the tropical boundary layervited

by evaporation of water from the oceans in the it®p
(Malkus, 1962). During the undisturbed atmospheric
conditions the tropical boundary layer has welliroked
multilayered structure. The different layers arafae
layer, mixed (sub cloud) layer, transition laydoud layer
and inversion (highly stable) layer. These layers a
characterized by different temperature and moisiapse
rates (Malkus, 1956). The structure of the boundayer
observed during the southwest monsoon is diffefremh

the tropical boundary layer in many aspects — ohe o
which is its generation and another is the drivfagce
which is responsible for establishment of the monso
(Holt and Sethuraman, 1986).

In view of the above, it is interesting to study th
structure of the CBL during the summer monsoon@gas
since due to moist convective activity inversiopeles are
either not present or found at higher levels. lis thaper
an attempt has been made to use a different agprfoac
delineating the different sub layers of the CBL and
confirm its applicability to the observations cclied
through MONSOON-77 experiment over the north Indian
Oceanic regions during the summer monsoon season. F
this purpose concepts of Saturation Point (SP)raix¢hg
parameter[§) have been utilized. The use of the air parcel
Saturation Point has proved of great value in preging

and modeling atmospheric CBL and transport (Betts,

1985). The SP frame work is discussed and usedanym
workers in their papers (Betts, 1982a; b; 1983t8Band

Albrecht, 1987; Parasnis and Morwal, 1991; Parasnis
1991; Morwal, 1998).

2. Location of observationsand data

MONSOON-77 was conducted over the north Indian
Ocean during the summer monsoon season of 1977. The
experiment was completed in three phases Arabian

Sea Phase of Monsoon-77 (Phase IA & IB), Equatorial
Indian Ocean phase of Monsoon-77 (Phase Il) anddBay
Bengal phase of Monsoon-77 (Phase IIl). The exparm
started on 7 June 1977 with Phase IA in the AralSaa

and ended with Phase Il in the Bay of Bengal on 21
August 1977. In all five erstwhile USSR researchsets

viz. Shirshov, Okean, Priboy, Priliv and Shokalskgvén
been used. Out of these five ships only four retear
vessels which were stationary during the period of
observation and formed a polygon were utilizeddbthect

the observations over the above mentioned oceanic
regions. Daily four radiosonde ascents were ma@®@o,
0600,1200 and 1800 UTC synoptic hours.

In the present paper, in order to delineate the
different sub layers in the CBL, aerological obsgions
at an interval of 25-30 hPa from surface up to 46@&
have been considered. Fig. 1 shows the locatiofowf
research vessels (open circle) in the stationatygpos
for all the phases. The periods of deployment drel t
position of stationary observation for the phaggesiB, Il
and Ill were 7 — 20 June 1977 (1014 N, 64 — 68 E),
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29 June — 16 July 1977 (16 14 N, 64 — 68 E), 25 — study of boundary layer in terms of their distribut of

31 July 1977 2S -2 N, 76 — 80 E) and 11 — 18 ps. (p) provides a framework both for classificatiomda
August 1977 (15 — 19N, 87 — 9I°E) respectively. — assessment of degree of mixing within and betwedn s
During the Phase IA the southwest monsoon over thelayers as well as a powerful framework for a gehera
Arabian Sea was in the transient onset conditiomsreas ~ Parameterization of boundary layer structure (Betts
during Phase IB, Phase Il and Phase Ill the southwe 1985).

monsoon has completely spread over the Indian msgio

The prevailing synoptic weather conditions durir t In the present study radiosonde observations
observational periods in Phase IA, IB, Il and Ifea collected by research vessels in the stationaritipos at
described elsewhere (Parasnis and Morwal, 1993a8-houry interval have been used. The values of

Morwal, 2000 and Morwal, 2002). temperatureT) and dew point temperatur&g) which are
available at an interval of 25 — 30 hPa are subfbtd
3.  Method of analysis linear interpolation using 1-2-1 filter in order get the

values at an interval of 10 hPa for each indivicasdents.

In order to differentiate the different sub layarshe =~ These interpolated values have been used to get the
vertical structure of the CBL over the oceanic oegia  average vertical profiles of and Ty for each ship for
different method is introduced in this paper. Thetmd  different phases. Different thermodynamical paramset
is based on the Saturation Point (SP) conceptcBheept ~ such as saturation level pressures (phPa), mixing
of Saturation Point was introduced by Betts (1982hen parameter [, dimensionless), saturation pressure deficit
an unsaturated air parcel is lifted dry adiabaced a  (P*, hPa) have been computed from surface up to¥Re0
level where it attains saturation with the avaiabl level at an interval of 10 hPa utilizing averagesitical
moisture, then that level is known as Saturatiowele profiles of T andTy.

(SL) and is denoted bysp A point on this level, which is
uniquely specified by @, 6s., 0s1) is known as saturation 4. Resultsand discussion
point. The saturation point is unchanged duringrdoyst

adiabatic ascent or descent. A parameter calledagiin It is observed from the previous investigations

pressure deficit (P*) can be defined as (Parasnis and Morwal, 1993a; Morwal, 1998; 200@} th
P* profiles show different slopes in different dalyers of

P*=pg -p the CBL which include surface layer, sub cloud faye

cloud layer and stable layer. Also, average valti o
; ; : differs in different sub layers (Parasnis, 199)eiefore,
Where p is the pressure of the air parcel. P* is an. ) A . ;
indicator of Igck of sgturation in the Iaye? p te.plt is in order to dlfferent!ate the.vanous sub layershia CBL
positive in the cloudy regions and negative in the the approach used is described below.

unsaturated regions. High negative values of R¥ ar Th ‘ | is ch terized by abrupt ch
indicative of more subsaturation or low relativerfidity. € surtace layer IS charactérized by abrupt change

P* is very useful to delineate the different supeks in the N B values. Itis very shallow layer (depth < 10 hpas)

CBL. The slope of P* is different in different stdyers. ~ adiacent to the ocean surface. This layer is tofyesub
Another parameteg, is defined as cloud layer which is associated with increasingdref P*

values and nearly constant valuesfo{slope < 0.2 per
5 100 hPa). The sub cloud layer is generally wellediand
= %Ps.. the T and Ty profiles converge in this layer. The next layer
op is cloud layer which has nearly constant valueB*o&nd
continuously increasing trend @ Maximum values of
The vertical distribution of §(p) and B (p) are the P* is the characteristic feature observed & dloud
unlikely to be the same for all convective reginiBstts, layer. In this layer th& andTy profiles are nearly parallel
1982a). In well mixed stratocumulus layer, the renti to each other. Above cloud layer exists a layerighenore
cloud and sub cloud layer is thoroughly mixed stable as compared to cloud laydr.and Ty profiles
approximately to a single SP correspondin@®+o0 up to diverge from each other in this layer. This is tedras
the cloud top inversion (Betts, 1985). In shallownulus capping stable layer or capping inversion layerethejing
layer there is some uncoupling between the suldcimd on the stability of the layer. In this layer both &nd 3
cloud layers so that the cloud is not thoroughlyxedias  show decreasing trend. THg profiles show a sudden
the sub cloud layer, this corresponds to a largéwevof  jump at the top of each sub layer which is consideas
B (< 1). In transition between scattered cumulus waet the delimiter between the different sub layers. TRL
mixed stratocumulus layer, there clearly exists the top is associated with minimum value of P* ghehows a
possibility of B in the range 0 to 1. Thus the diagnostic sudden drop above the CBL top.

p
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Figs 2(a&b). Average vertical profiles of (a) Figs 3(a&b). Same as Figs. 2(agb) during the
Saturation Pressure Deficit P* phase IB over the Arabian Sea
(shifted by —25 hPa for N, =50 hPa ]
for W and —75 hPa for S) and (b) 4.1. Arabian sea phase (phases |A and I B)

Mixing parameter3 (shifted by 0.5

units for N, 1.0 units for W and 1.5 ; :
units for S) during the phase IA over The number of radiosonde soundings undertaken

the Arabian Sea over the Arabian Sea region during the Phase 1A thwe
four shipsviz. Shirshov, Okean, Priboy and Priliv are 54,

The aerological observations considered in the 37, 49 and 52 whereas they are 70, 71, 69 and 68se
present study are collected over the oceanic regionng of Phase IB. The vertical profiles of average P4 @rfor
southwest monsoon seasbe June — August 1977. In the Phases IA and IB are shown in Figs. 2(a&b) figs.
the Arabian Sea Phase (Phase IA and IB) the reasearc3 (a&b) respectively. Tables 1 and 2 give the detldie
vessels forming the polygon were Shirshov (E), @kea the number of radiosonde ascents, surface pressure,
(N), Priboy (W) and Priliv (S). Whereas in the Etpral Lifting Condensation Level (LCL), CBL top, P* at CB
Indian Ocean phase (Phase Il) and Bay of Bengadgha top and average values pfand P* in different sub layers
(Phase 1ll) the research vessels were Shirshovd@Egan along with top of each layer for different shipsRhases

(N in Phase Il and S in Phase Ill), Priboy (S ira&hll IA and IB respectively.
and N in phase Ill) and Shokalsky (W). Over the sam
regions Raoet al. (1985) utilized the surface marine By following the criteria described above for

meteorological and solar radiation data to descthee  determining the extent of different sub layershie CBL
space-time variability of surface atmospheric layer it is seen from Figs. 2 (a&b) that the extent of Hurface
characteristics and the ocean surface heat budgelayer is from the ocean surface up to 1000 hPa ther
components. However, there is no study carriedtloait different ships in Phase IA. In this layer averaghies of
utilizes the whole aerological data set availaldarifig B vary from 0.54 to 0.97 and P* is in the range 855 to
the stationary periods) from the MONSOON-77 —65.6 hPa (Table 1). The sub cloud layer extendsoup
experiment. With this in view, the above study is 950 hPa over Priboy (W) and Priliv (S) whereas itip to
undertaken and the results of the investigationr dkie 900 hPa over Shirshov (E) and Okean (N). In taiger
three regions are discussed in the following sutimses. B is nearly constant and P* is gradually increasing.
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TABLE 1

L ayerwise average values of Mixing parameter B and Saturation Pressure Deficit P* along with
surface pressure, LCL, CBL top and P* at the CBL top during the Phase | A over the Arabian Sea

Shi
Parameter Shirshov (E) Okean (N) - Priboy (W) Priliv (S)
(12°N, 68°E) (14N, 66°E) (12°N, 64E) (1O°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
Top (hPa) 1000.0 1000.0 1000.0 1000.0
Avg. B 0.86 0.82 0.97 0.54
Avg. P*(hPa) -59.8 -55.5 -65.3 -65.6
Sub cloud layer
Top (hPa) 900.00 900.00 950.00 950.00
Avg. B 0.83 0.76 0.71 0.67
Avg. P*(hPa) -49.14 -40.57 -56.53 -54.0
Cloud layer
Top (hPa) 750.00 750.00 800.00 850.00
Avg. B 1.05 1.09 1.06 1.09
Avg. P*(hPa) -42.50 -33.51 -50.13 -49.98
Stable layer
Top (hPa) 650.00 650.00 650.00 650.00
Avg. B 1.23 1.25 1.26 1.16
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 Pritie t

These values are comparable to those obtained

average values @@ and P* in the sub cloud layer are by Parasnis and Morwal (1993a) over the same

0.83, 0.76, 0.71, 0.67 ane49.14,-40.4,-56.53,-54.0
respectively. It is noticed that over all the shipsis
minimum in the sub cloud layer as compared to that
other layers except over Priliv. The minimum vabfe
in the sub cloud layer (or mixed layer) indicateattsub
cloud layers are more well mixed as compared t@roth
layers in the CBL. The cloud layer, which is abtve sub
cloud layer, varies in the range 850-750 hPa ferfttur
locations. From Table 1 it is seen that the vali®is
maximum in cloud layer indicating less sub satoratjor
more humidity) in this layer in comparison to otleyers.
The cloud layer is capped by a more stable lay&ichv
extends up to 650 hPa at all the ships. In thierdy

region utilizing the limited data set from the
present data set. Thus it is evident from average
values of B and P* in different layers thaf3 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 Talile

it is observed that the values pffor all the ships in
cloud layer (1.05 <@ < 1.09) are less than that of
the overlying stable layer (1.16 & < 1.26) indicating
less mixing in the stable layerf indicates the
amount of mixing present in the layer which is nedily
related to the stability of the layer. Thus the abstudy

shows sharp increasing trend whereas P* decreasemdicates that the influence of the ocean surfacemare

sharply. The CBL top is observed at 650 hPa oll¢ha

visible up to cloud layer (more mixed) as compated

four vertices of the polygon and is associated with layers above (mixing is less or stability in theda is

minimum value of P*.

more).
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TABLE 2

L ayerwise average values of Mixing parameter B and Saturation Pressure Deficit P* along with
surface pressure, LCL, CBL top during the Phase I B over the Arabian Sea

Parameter Shirshov (E) Okean (N) Shin Priboy (W) Priliv (S)
(12°N, 68°E) (14°N, 66°E) (12°N, 64°E) (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
Top (hPa) 1000.0 1000.0 1000.0 1000.0
Avg. B 0.82 0.63 0.78 0.74
Avg. P*(hPa) -62.0 -55.2 -59.2 -60.9
Sub cloud layer
Top (hPa) 950.00 950.00 950.00 950.00
Avg. B 0.75 0.71 0.75 0.66
Avg. P*(hPa) -53.8 -45.44 -51.36 -49.73
Cloud layer
Top (hPa) 800.00 800.00 850.00 850.00
Avg. B 1.08 1.13 1.14 1.09
Avg. P*(hPa) -49.97 -42.36 -50.6 -43.91
Stable layer
Top (hPa) 700.00 700.00 700.00 700.00
Avg. B 1.29 1.46 1.30 1.33
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* an@ for Phase IB over all the ships, it is
observed that the surface layer extends from sgacsu
up to 1000 hPa witB and P* varying form 0.63 to 0.82
and -55.2 to —62.0 hPa respectively. The sub dayer,
in general, extends up to 950 hPa and is associsited
minimum values off3 (varies from 0.68 to 0.75) as
compared to other layers. In the cloud layer P*egr
from —45.4 to —53.8 hPa over the four location®ase
IB. The extent of the cloud layer is up to 850 hivar
Priboy and Priliv and up to 800 hPa over Shirshod a
Okean. The cloud layer is deeper at Shirshov anga®k
as compared to that over Priboy and Priliv whichhie
effect of prevailing weather conditions and synoptale
disturbances as stated by Parasnis and Morwal 6993
Here it is noticed that in the cloud layer P* hamximum
values {.e. maximum relative humidity) anfd has high
values as compared to sub cloud layer for all thipss
The stable layer is up to 700 hPa over all thesshipd is
associated with average valuespoénd P* in the range

1.29 to 1.46 and —78.23 to —92.15 hPa respectividig.

top of the stable layer is considered as the CRLwhbich

is observed at 700 hPa and is associated with the
minimum value of P* as seen from Table 2. The C8p t

in Phase IB is lower by 50 hPa than that of PhAsét lis
clearly evident that in both the PhaseslA and IB3 and

P* show the similar tendencies in the differentelasyin

the CBL. Thus vertical profiles ¢ and P* can be used to
delineate the different sub layers in the CBL.

Phase I|A is associated with onset of southwest
monsoon and the period in Phase IB coincides vhith t
active monsoon conditions. A study carried out by
Parasnis and Morwal (1993a) to investigate the
thermodynamical characteristics of the CBL overdhme
region utilizing the part of the data showed thating the
onset period (Phase 1A) the frequency of occurreriag
reversals is negligible as compared to active phafse
monsoon (Phase IB). The present study conducted) usi
the all available data corroborates the reslitained by
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TABLE 3

L ayerwise average values of Mixing parameter B and Saturation Pressure Deficit P* along with
surface pressure, LCL, CBL top during the Phase |l over the Equatorial Indian Ocean

Shi
Shirshov (E) Okean (N) pShokalsky (W) Priboy (S)
Parameters (O°N, 8C°E) (2°N, 78E) (O°N, 76°E) (2°s, 78E)
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
Top (hPa) 1000.0 1000.00 1000.00
Avg. B 0.74 0.72 0.65
Avg. P*(hPa) -71.9 -66.2 -64.9
Sub cloud layer
@ @
Top (hPa) 950.00 950.00 800.00 950.00 950.00
Avg. B 0.63 0.65 1.07 0.68 0.64
Avg. P*(hPa) -59.74 -53.0 -66.0  -55.45 -52.52
Cloud layer
@) 2
Top (hPa) 800.00 900.00 750.00 800.00 700.00
Avg. B 1.03 1.08 1.14 1.05 1.05
Avg. P*(hPa) -49.91 -46.9 -71.5 -49.83 -49.05
Stable layer
@ @
Top (hPa) 650.00 850.00 650.00 650.00 650.00
Avg. B 1.15 1.31 1.21 1.17 1.25
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 \sabfe
B over the four ships during the Phase IA and IBsit

the ships. Also, information like surface pressur€L
height, CBL top is included in this Table. Over tie

evident that the stable layers during Phase IB areships the mean surface layer height is up to 10®9dnd

associated with higher stability.

4.2. Equatorial Indian Ocean phase (Phase 1)

sub cloud layer is up to 950 hPa which is represkhy a

minimum average values @ The depth of cloud layer
lies between 950-800 and 950-700 hPa over the BrAand
and S locations respectively and are found to becated

The stationary period 25-31 July, 1977 when the with maximum of P* values. Whereas over the N lmrat

aerological observations were collected over the &hips

the double cloud layers are observed between 980-90

(Shirshov, Okean, Priboy and Shokalsky), belongs tohPa and 800-750 hPa. Thus the cloud layers aresthior

Equatorial Indian Ocean region°(3 - 2 N, 76 - 8C° E).
The total number of radiosonde observations unkenta
in Phase Il are 93. The ship wise distributionhieven in
Table 3. The vertical profiles of average P* ghtbr all
the ships are shown in Figs. 4(a&b). Table 3 githes
layerwise distribution of average valuegodnd P* for all

the ship located in the south of equator as condpare
that over north or equator. For the ships locatedha
equator the cloud thickness is same. This suppbes
findings of Morwal (2000). The stable layer ovenlgithe
cloud layer extends up to 650 hPa which also remtss
the CBL top. In this layer the average wealwf P*is
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Figs. 4(a&b). Same as Figs. 2(a&b) during the Figs. 5(a&b). Same as Figs. 2(a&b) during the
phase Il over the Equatorial Indian phase Il over the Bay of Bengal

Ocean

minimum andp is maximum. From Table 3 it is noticed evident that in this phase the extent of the serflayer

that the values of P* for Priboy, which is locatmlth of and sub cloud layer is up to 1000 hPa and 950 hPa
the Equator, is more in all the layers as compé#oetthat respectively. The P* shows increasing trend in $hé
over other ships indicating more saturation in €RL. cloud layer and the average value varies in thgaa29.9
Also, the layerwise averages of P* at the two shipsto —42.7 hPa. In the surface layer average valtiBshave
(Shirshov and Shokalsky) located at the Equatomaoee no specific trend however they are found to be mimm

or less similar implying that CBL has more or legsilar in the sub cloud layer except for the ship Pribbatie 4).
CBL characteristics at the two locations separdgd® The cloud layer is represented by nearly constahtes of
longitudes. CBL is less saturated at the locatiortmof P* and the average value Bfis same over all the ships

Equator as seen from P* values in different layers. (1.06). In general, the cloud layer extends up 30 fPa
but at Shirshov it is shallow and is limited to 8®a. In
4.3. Bay of Bengal phase (phaselll) a similar way the stable layer is associated whharg

decreasing trend of P* with the lowest value at @&L

The radiosonde ascents were taken during the periodop which is at 650 hPa over all the ships excemr o
11-18 August 1977, when the four research vesselsShirshov. The stable layer is represented by tiy@dsit
forming polygon were stationary, in the northerny B average values @ and minimum values of P* averages.
Bengal region (15- 19 N, 87 - 91° E). Total 115  The results obtained over the Bay of Bengal reginin
soundings have been considered for the present.sthe support of the investigations carried out by Morwal
vertical profiles of average values of P* ghét the four ~ (2002).
locations are shown in Figs. 5(a&b) respectively.
Layerwise average values o and P* and other Raoet al. (1985) observed that the surface layer of
parameters like surface pressure, LCL, CBL toptfer ~ Bay of Bengal is more saturated than that of AnalSaa
four ships are given in Table 4. From Figt Biclearly ~ during MONSOON-77 experiment, which is in suppdrt o
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TABLE 4

L ayerwise average values of Mixing parameter B and Saturation Pressure Deficit P* along with
surface pressure, LCL, CBL top during the Phase 11 over the Bay of Bengal

Ship
Shirshov (E) Priboy (N) Shokalsky (W) Okean (S)
Parameter (17N, 91°E) (19N, 89E) (17N, 87E) (15°N, 89E)
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
Top (hPa) 1000.0 1000.0 1000.0 1000.0
Avg. B 1.6 -0.14 0.74 0.79
Avg. P*(hPa) -38.6 -29.9 -38.2 -42.7
Sub cloud layer
Top (hPa) 950.00 950.00 950.00 950.00
Avg. B 0.77 1.14 0.80 0.85
Avg. P*(hPa) -32.99 -31.74 -31.64 -37.59
Cloud layer
Top (hPa) 800.00 750.00 750.00 750.00
Avg. B 1.06 1.06 1.06 1.06
Avg. P*(hPa) -34.9 -43.3 -34.9 -40.4
Stable layer
Top (hPa) 700.00 650.00 650.00 650.00
Avg. B 1.11 1.01 1.13 1.08
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) olesd The vertical structure of the CBL includes four sub
over the Bay of Bengal region as compared to tlose layersi.e. surface layer, sub cloud or mixed layer, cloud
Arabian Sea and Equatorial Indian Ocean regions. layer and the overlying stable layer. The vertjgadfiles
of P* and B have different slopes in different sub
5. Summary of theresults layers and are separated by a sudden jump in akrtic
profiles of3.

The investigations have been carried out to explore
the utilization of the method to delineate the etiéint sub ]
layers in the Convective Boundary Layer during the The extent of the surface layer, characterized by
summer monsoon season over the Indian Oceanicnegio abrupt slopes of P* an@, is found to be from the ocean
For this purpose the complete data set consistihg o surface up to 1000 hPa over all the ships and guiirthe
aerological observations collected through MONSOON- three phaseise. Phase IA and IB, Phase Il and Phase III.
77 experiment over the Arabian Sea, Equatorialamndi
Ocean and Bay of Bengal regions during southwest  The sub cloud layer above the surface layer is
monsoon (June—August 1977) of 1977 have beenassociated with increasing trend of P* and minimum
considered. The application of the method confiites  values of 3 (< 1.0). The sub cloud layer, in general,
usefulness in determining the different sub layarshe  extends up to 950 hPa which is in agreement with th

CBL and the results of the study are summarized asprevious findings over the Arabian Sea region (Bras
follows. and Morwal, 1993), Equatorial Indian Oceanic region
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(Morwal, 2000) and Bay of Bengal (Morwal, 2002; Bha
et al., 2000).

The cloud layer which is above the sub cloud layer

and below the capping stable layer has maximumesgalu
of P* and values o continuously increasing. In general
B is nearly equal to 1.0 and P* is nearly constanthie
cloud layer. The depth of the cloud during the Bhis
and IB, Phase Il and Phase Ill lies between 100HP8,
50-250 hPa and 150-200 hPa respectively. The diopet
thickness is more over the southern equatorialamd

oceanic region as compared to that over northeih an
equatorial regions and also Arabian Sea and Bay of

Bengal regions.

The capping stable layer overlying the cloud lager
specified by the decreasing values of P* and irgingp

trend of 3. The CBL top is associated with the minimum

value of P*. The average profiles of P* ghdhowed that
the CBL over the north Indian Oceanic regions ecseup
to 650 hPa for all the phases during the summersomm
season.
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