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ABSTRACT. This paper explores the relationship betweenvérdcal structure of the atmosphere and variation
of deep (precipitating) convection over north Indiaing pre-monsoon months using data for the 8@1. From the
model analysis field, CAPE and other thermodynapairameters for Kolkata, as representative of eaa land Delhi,
as representative of northwest India, are compuitbd. vertical vorticity profiles for these two stats have also been
calculated. The study reveals that both for Kolkatal Delhi CAPE is poorly correlated with the raihfamount.
However, the encouraging result is that it hasaealsly good skill score (bias and threat scoregkfdain occurrence or
non-occurrence of convective activity on the subset|day. Time evolution of vertical structure tthasphere indicates
that nature of convective activities over Kolkateeges as the season advances. The rainfall becooresdependent
on lower tropospheric vorticity and moisture coiwtis become conducive for deeper convection arer tebnvective
clouds to form with the advance of the season due significant increase in the lower troposphendicity. This
strengthening of the dynamic support to convectiziafall may be because of the pre-monsoon synqgpditern
becoming more pronounced with the progress of #asan. Over Delhi, rainfall dependence on moistraore at the
beginning of the season. As for Kolkata, in thisecalso character of convection changes as seasgregses, with
increasing dependence of rainfall on lower tropesighvorticity field. However, dynamic support istran important
initiator of convection over Delhi. The study alseggests that, the day to day drying of the atmagpn the lower
levels over Kolkata is due to subsidence of uppger dry air while over Delhi, horizontal advectios mainly
responsible for the change in moisture contenh@fttmosphere.
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1. Introduction and different dynamical parameters start much leefioe
monsoon season. An important mechanism by which

Southwest monsoon sets over India around the firstthermodynamic changes take place over India dutieg
week of June. However, the build up of energy, tooes pre-monsoon season is through convective activity.
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Therefore, a study of the thermodynamics of the Convective Available Potential Energy (CAPE). CAPE
atmosphere during pre-monsoon season provides grovides a measure of the maximum possible kinetic
window of opportunity for understanding the monsoon energy that an unstable parcel can acquire assuthatg
processes. Pre-monsoon season over India extefiding  parcel ascends without mixing with the environmend
March to May is characterized by very good conwecti instantaneously adjusts to the local environmental
activity all over the country. Convective activity pressure (Srivastava and Sinha Ray, 1999). CAPE has
progressively increases from March onwards ase¢hem been shown to play an important role in mesoscale
advances. Though thunderstorm activity may continueconvective systems (Moncrieff and Miller,1976) and
over the country even during the monsoon seasan, th (Dutta and De., 1999).
severity of thunderstorms is marked only in the-pre
monsoon season, when they, on a number of occasions Studies of McBride and Frank (1999), Thompson
are accompanied by squalls and hails. (Srinivasaal., et al. (1979) and Bhatt al. (1996) and Williams and
1973). Renno (1993) also demonstrated the role of CAPE in
tropical atmosphere. However, no study exists toetate
East India, is one of the regions in India withthig the daily values of CAPE with those of convective
incidence of thunderstorm activity. In the regiofi o activities over Indian region during the pre-monsoo

Gangetic West Bengal, majority of the thunderstoisria season.
the afternoon (Rao and Boothalingam, 1957). These
thunderstorms generally develop over Bihar platead The goals of this study are:

adjoining areas and subsequently move in a soutrbas

direction. Climatologically, in this region, it haseen (i) To determine the relationship between CAPE (for a
observed that, as the lower tropospheric moistureoriginating at the surface) and convective actgitiand
increases, the chance of thunderstorm activity also

increases. Moisture supply in the lower troposphere(ii) Evolution of vertical structure of atmospheréhw
boundary layer is provided by the shallow layer of reference to deep convection.

southerlies and southwesterlies from the anticyiclaell

over the Bay of Bengal (Srinivasast al., 1973). Our interest is to investigate the local environmen
Convective activity in this region is known as conditions that cause the rain producing mesoscale
“Nor'wester” or “Kalbaisakhi”. systems. The diagnostic understanding of such a

phenomenon will be of much help in the future
Northwest India, is a region where a heat low development of forecast models for predicting local
develops gradually as the early summer seasongssgs.  rainfall.
The heat low is very shallow and no associated uppe
cyclonic circulation is observed. Spells of conweet 2. Data
activity are due to the passage of western dishods or
its associated lows over Pakistan, northwest Iradid In the present study, data for the pre-monsooroseas
adjoining areas or due to boundary layer moistuppbes of 2001 for the period from 15 March to 31 May is
from the anticyclone over Arabian Sea. In general, considered. The primary data used are from they dail
convective activity in this region is called dustsh or analysis fields (at resolution of ° & 1° Lat./Long.) of
"Aandhi". India Meteorological Department's operational fasging
system known as Limited area Analysis and Foraogsti
Due to the contrasting nature of the synoptic System (LAFS). The LAFS is a complete system
conditions over the two regions, the two station@) consisting of real time processing of data recei@edhe
Kolkata as representative of east Indian weatherGlobal Telecommunication System (GTS), decoding and
conditions and (b) Delhi as representative of neett quality control procedure handled by AMIGAS softear
Indian weather conditions, have been selectedisnsthdy 3-D multivariate optimum interpolation scheme for
for computation and analysis of various thermodyisam objective analysis and multilayer primitive equatio
and dynamic processes in relation to the convectivemodel. The first guess field for running the aniys
activities. scheme is obtained from the global forecast (T &Qhe
National Centre for Medium Range Weather Forecgstin
It has long been realized that deep convection(NCMRWF), New Delhi. To derive the parameters fuog t
requires the troposphere to be convectively unstéd stations Kolkata and Delhi, corresponding neare# g
the ascent of a moist parcel through a relativeepd  point data are considered. Rainfall data for the tw
layer. A particularly useful measure of the energy stations on any day is the 24 hours total rairftalla day
available for convection in the tropical atmosphése as reported on 0300 UTC of the next day.
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3. Methodology As a possible barrier to the initiation of conditid
instability in the presence of high CAPE values]lifns
According to the parcel theory, CAPE is a measureand Renno considered a parameter - the Convective
of the energy realized when conditional instabiliy Inhibition Energy (CINE) (Williams and Renno, 1993)
released. Only surface values of CAPE have beethinse CINE, from the same data set, is evaluated asvisilo
analyses, as it has been observed in the Gulf gdeD&ria
during the AMEX experiment, that air parcels rai§exon

above 900 hPa in the deep tropics rarely become Rec

positively buoyant (McBride and Frank, 1999). Fuliog CINE=- I(T"p _Tve)' Rd ,d(1np)

the method described by Williams and Renno (1993), P
|:’LNB

CAPE=- j(Tvr) _Tve)'Rd .d(InP) where  Pgec @ is the surface pressure leved.

Rrc 1000 hPa.

where Pec : is the pressure level of free convection Computational steps of CAPE and CINE are as
for parcel raised from  follows.

1000 hPa level

Ping . is the pressure level of neutral buoyancy (i) From the 1000 hPa values of temperature and
for parcel raised from moisture, the Lifting Condensation Level (LCL) of a
1000hPa level surface parcel is calculated, presuming the coasierv of

dry static energy.

Tee . is the virtual temperature of the
environment at pressure level P through (ii) For the vertical integration purpose the envirenin
which parcel rises vertical profile of temperature and moisture were

interpolated and smoothened at 10 hPa intervalgybie
Cubic Spline Technique.

Tw . is the virtual temperature of the parcel at
pressure level P through (iii) Above the LCL pressure level, the moist adiabat
which parcel rises values of the parcel temperature and moisture were

calculated for the 1000 hPa parcel. This was catedl at

Rd . is the dry gas constant 10 hPa intervals, presuming the conservation ofsmoi

static energy.

In cases wheR yg Was not found, the above integral
was extended fromR rc to 200 hPa (Dutta and De, 1999). (vi) Using the two sets of values of temperature and
Condensation, precipitation, freezing of liquid eraand moisture, the parceP rc and P g pressure levels were
level of parcel origin, influence the virtual tenatire of calculated.
the air parcel and hence CAPE, as the parcel undsrg
undiluted ascent in the atmosphere (Emanuel, 1994). (v) Then, the above integrands calculated at 10 hPa

intervals and summed over — frof g to P tO

Several procedures have been suggested forcalculate CAPE and fronPsec to Pec for calculating
evaluating CAPE depending on certain thermodynamic CINE.
and microphysical assumptions. However, it has been
demonstrated that, for a deep cloud, in which The original vertical resolution of the model arsidy
icing/glaciation takes place, estimated CAPE iscsim field consists of 14 pressure levelse, 1000 hPa,
independent of microphysical processes within tioeict 925 hPa, 850 hPa, 700 hPa, 600 hPa, 500 hPa, 400 hP
and a pseudoadiabatic process will be sufficient to300hPa, 250 hPa, 200 hPa, 150 hPa, 100 hPa, 7andPa
estimate CAPE (Williams and Renno, 1993). Alsoudlo 50 hPa. In the present study, we used the andfiyis
tops calculated by pseudoadiabatic process arerctos based on 1200 UTC observation only. Initially, we
observation and for such processes uncertainties imttempted to compute thermodynamical parametemsdbas
evaluating CAPE values due to measurement err@s aron RS/RW observations. But later, it was realideat bn
negligible compared to CAPE values (Eual., 1994). many occasions CAPE/CINE could not be computed due
Hence, in this case, CAPE is evaluated assuming theo non-availability of 200 hP&(yg) sounding data.
pseudoadiabatic process of parcel ascent.
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Figs. 1(a-c).(a) For Kolkata, day to day variation of CAPE(J/kglues for the period from 15 March to 30 Mayp20

(b) for Kolkata, day to day variation of CINE(J/keglues for the period from 15 March to 30 MayD20
(c) same as Fig. 1(a) except for 24 hours obsewmieéall (mm)
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Figs 2(a-c).Same as Figs. 1(a-c) but for Delhi



ROY & BHOWMIK : PRE-MOBDON CONVECTIVE ACTIVITY

4. Results and Discussion

Figs. 1(a&b) represents the daily variation of CAPE
and CINE respectively for Kolkata from 15 March3t
May 2001. A few days on which 1200 UTC data coudtl n

be downloaded due to computer problem are excluded.

Figs. 2(a&b), similarly, represents the daily véda of
CAPE and CINE respectively for Delhi for the same
period. Fig. 1(c) and Fig. 2(c) represents theydainfall
for the same period over Kolkata and Delhi respebti

According to the definition, CAPE is calculated for

the air parcel when it ascends beyondRhe and CINE

is calculated for the same air parcel rising frounface
(1000 hPa) tdP rc . This implies that when P- is not
obtained, value of CAPE becomes zero and CINE
becomes arbitrarily large(negative). As such large
negative values of CINE do not make any sensegthes
may be ignored in Figs. 1(a&b) and Figs. 2(a&b).

As the season progresses, the winter synopticrpatte
is replaced by the pre-monsoon synoptic pattern.
Consequently, the dependence of convective actimity
the various parameters changes. To bring out tbkigen
of the convective activity, the season has beeitrarity
divided into two parts - from 15 March to 22 Apshd
from 23 April to 31 May. Correlation coefficient G}
between rainfall with the thermodynamic and dynamic
parameters has been calculated separately forhedtbf
the season to bring out the evolution of the natdrthe
convective activity.

4.1. CAPE inrelation to convective activity

Table 1 represents the correlation coefficient (6C)
CAPE with the rainfall amount for Kolkata and Delfor
each half of the season. As it is evident from Tlable
that for Kolkata, CC of CAPE with rainfall amoumt the
first half of the season is poor (CC =0.03). This
correlation improves in the second half of the smas
(CC = 0.152) but is, nevertheless not very gooar F
Delhi, the CC in the first half of the season i88and
improves slightly to 0.14 as the season advances.

Weak negative correlation between rainfall and
different thermodynamic parameters like CAPE in the
tropics during Australian monsoon season aroundsthié
of Carpentria was previously reported by McBrided an
Frank (1999) and Thompsahal. (1979). A high positive
value of CAPE alone, without a triggering mechanism
the form of a synoptic system, can induce convectiv
activity in the atmosphere in the vicinity of thitson, if
value of Convective Inhibition Energy (CINE) is $es
However, for tropical regions, it has been obsertreat
inhibition energy (CINE) of the order of 20 J/kg strong

401

TABLE 1

Correlation coefficient of CAPE at station with 24hours rainfall
for the first and second half of the season

CAPE at station Rainfall of first halRainfall of second half

Kolkata -0.03 0.15
Delhi 0.09 0.14
TABLE 2

For Kolkata skill scores of CAPE (using threshold alue as 1089
J/kg) with subsequent day’s occurrence of rainfalactivity

Station name : Kolkata Bias score  Threat score

CAPE Threshold value
1089 J/kg

1.3 0.70

enough to act as a barrier to vertical updraftsmfeurface
reaching thé® c and beyond (Williams and Renno,1993).
In case of Kolkata as well as Delhi, on all day&rewith
high values of CAPE, values of CINE are very hig$,in
Figs. 1(a&b) and Figs. 2(a&b). This may be one oeas
for the lack of very strong correlation over Kolkats well

as Delhi between CAPE and rainfall amount over the
station. Dynamic field is essential for realizatiaf
thunderstorm activity at station.

According to the studies of Bhat al. (1996), high
positive correlation was observed between CAPEthad
frequency of the occurrence of Highly Reflectingp@l
cover (HRC), a measure of convection in the trdpica
regions. Encouraging results are obtained when one
attempts to correlate the frequency of occurrente o
convective activity at station as indicated by dafs
rainfall rather than its amount with the value AARE of
the previous day. Bias and threat skill scores nSta
et al., 1989) calculated for CAPE with reference to
subsequent occurrence of convective activitiesshmvn
in Table 2. Using a threshold value for CAPE as9l0&g
(the minimum value associated with occurrence offad
on the subsequent day), it is observed that CAPE ha
reasonably good skill scores (bias = 1.3 and thrdai70)
to predict the occurrence/non-occurrence of thusidem
activity over Kolkata.

Unlike for Kolkata, where majority of thunderstorms
occurs in the afternoon (Rao and Boothalingam, L95i€)
rainfall over Delhi is not confined to any partiautime of
the day. Since the tropical atmosphere does ne@atany
signature of impending convective activity, 6Hdurs in
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TABLE 3 TABLE 5
For Delhi skill scores of occurrence of convectéyactivity on the Correlation of 24 hours rainfall at Kolkata with specific humidity
subsequent day with CAPE (using threshold value a@07 J/kg ) and and vorticity of different levels for the first half and
with 24 hours change (rise) in the value of CPRE (using threshold second half of the season
value &21 J/kg)
Rainfall at Q Q Vorticity ~ Vorticity
Station Name : Delhi Bias score  Threat score Kolkata (first half) (second half) (first half) (second half)
CAPE Threshold value 33 0.3 1000 hPa 0.09 0.19 -0.08 0.55
207 Jikg
CAPE rise Threshold value 1.26 0.72 950 hPa 0.05 0.04 -0.12 0.56
521 J/kg
850 hPa 0.03 -0.03 -0.25 0.43
500 hPa 0.34 0.06 -0.23 -0.34
TABLE 4
TABLE 6

Correlation coefficient of CAPE with equivalent poential

temperature and specific humidity of 1000 hPa Correlation of 24 hours at Delhi with moisture andvorticity of

different levels for the first half and second hdlof the season

CAPE at station 0. (surface) Q (surface)

Rainfall at Q Q Vorticity ~ Vorticity
Kolkata 0.839 0.843 Delhi (first half) (second half) (first half) (second half)
Delhi 0.729 0.85 1000 hpa  0.19 0.07 0.04 0.21
950 hPa 0.23 0.03 0.04 0.21
advance (Roy, 1950), to investigate the role of EAR 850 hPa 0.26 —0.02 0.04 0.15
prediction of convective activity over the statiantime 500 hPa 0.13 0.09 016  -0.12

window of three hours just before and after 1200UTC
observation has been selected. Thunderstorm gctivir
the station, with or without rainfall has been tethto the
value of CAPE of the previous day. The dry subcloud
layer air in the tropical region prevents rainfédbm moisture as well as the surface equivalent potentia
reaching the ground. Due to the comparative dryméss temperature (McBride and Frank, 1999). Table 4 like
mid troposphere over a continental station like Hjel ~correlation of the parameter CAPE with the 1000 hPa
thunderstorm activity does not necessarily resutainfall ~ values of moisture as quantified by the specifimniulity
unlike Kolkata. The resultant threat and bias ssas  (Q) and equivalent potential temperatudg ©f 1000 hPa
indicated in Table 3 for a threshold value of 2(kgJthe for the whole season. As it is evident, a strongetation
minimum value associated with occurrence of corivect does exist between CAPE, as also, with equivalent
activity on the subsequent day), are not very eraging. potential temperature. Mathematically, this seemde
However, interestingly, when the parameter for fmtih due to the fact that, boundary lay&rvalues determine
the convective activity is considered as the 24 lohange ~ Whether there will be positively buoyant air in thest
(rise) in the value of CAPE on the day prior to the place and which actual moist adiabat will the gsparcel
occurrence of thunderstorm activity, results fon@shold ~ follow.
value of 521J/kg (the minimum value associated with
occurrence of convective activity on the subsequiry) To quantify the dependence of rainfall on the eaiti
are encouraging (bias = 1.26 and threat = 0.72)s &  thermodynamic profile of the atmosphere over Kalkat
justified because thunderstorm activity is gengrall Table 5 represents the correlation coefficient aihfill
preceded by rise in the convective energy in theWith moisture (specific humidity Q) and vorticityf o
atmosphere as quantified by CAPE. different pressure levels. It is observed from freble
that, over Kolkata for the first half of the seasminfall is
more closely related to mid tropospheric (500hPa)
4.2. Vertical structure of atmosphere in relation to moisture (CC = 0.34) than to surface moisture field
deep convection (CC = 0.09). In addition, during the initial parf the
season, a negative mid tropospheric (500 hPa)cityrti
Previous studies have shown a very strongfield appears to favour rainfall (CC=0.23). However,
dependence of the parameter CARE, on the surface  as the season progresses, the dependeneénédliron
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Figs. 3(a&b). (a) Vertical profile of specific humidity (gm/grfigld departures from the level mean over Kolk&athe period 15 April
to 30 May,2001. Vertical levels 1-14 indicate ptesdevels (hPa) 1000, 925, 850, 700, 600, 500, 300, 250, 200,150,
100, 70 and 50 respectively and (b) Same as FjgeX@ept for equivalent potential temperatii€) field

various parameters changes. In the latter halhefpre-
monsoon season, correlation of rainfall
moisture slightly increases (CC =
tropospheric moisture decreases.

It is interesting to note that the CC of rainfalittw
low level positive vorticity field becomes considbly
higher (CC =

the observation. However, as the season advaraiefalr

to surface is very poorly correlated with the moisture contehany
0.19) and to mid level. In the first half of the season, the CCahfall with

positive vorticity field improves with height - fn0 0.04 at

1000 hPa to 0.21 at 500 hPa. As the season advyances

dependence of rainfall on lower tropospheric positi
vorticity field increases (CC = 0.21) while the @ation

0.55) in the later half of the season.with mid tropospheric vorticity field becomes wegkl

According to the statistics documented by Peterssemegative (CC =-0.12). This increased dependence of
(1956), deep convection is mostly associated withrainfall on the lower tropospheric positive vortyciield

cyclonic vorticity (750 hPa), while anticyclonic ity
supports shallow convection. Though the data refers
middle latitudes, his conclusions appear to be iegiple
to the tropics as well (Srinivasahal., 1973). This leads
to the hypothesis that the character of the rdinfalsing
clouds changes as the season advances. Initiallgidlids
are shallow cumuli, with moisture supply mainly time
middle troposphere from synoptic systems in astiocia
with western disturbances. As the season advarbes,
Bay of Bengal anticyclone strengthens, moisturesuin
the boundary layer increases due to prevailinghsolies
and south-easterlies and the cumulus clouds forared
taller and result in good rainfall activity. Therciger
dependence of rainfall on dynamic parameters @ityi
as the season advances, signifies that rainfadbi®e often
associated with some low level circulation oves ttEgion
during the latter part of the season.

For Delhi in the first half of the season, rainfall
shows a positive correlation (Table 6) with the dow
tropospheric moisture content (CC = 0.19). Thisry#se
anticyclonic cell over Arabian Sea may have plaged
important role to provide boundary layer moistuteiig
the initial part of the season. The above findingports

as the season advances reveals that the convection
poorer

deepens as the season progresses. However,
correlation of rainfall to the vorticity field aompared to
Kolkata implies that the dynamic field is not arpiontant
initiator of rainfall activity at the station. Laclof
association between low level vorticity and raihfal
activity over Delhi may be due to poor moisture @yp
over the region.

In an effort to better understand the rainfall otres
station, the vertical thermodynamic profile of the
atmosphere over the station has been studied. Fig.
represents the vertical profile of the atmosphevero
Kolkata for the period 15 March to 31 May, 2001.

Increase or decrease of the value of CAPE on g dalil
basis may be due to the fact that it is primaripendent
on the moisture content of the corresponding lexel
parcel origin (McBride and Frank, 1999). Deep
convection requires moisture influx through a rigkly
deep layer and is sometimes suppressed by influkyof
midlevel air into areas that were previously conivety
active. Hence, analysis of the vertical profilenobisture
content of the atmosphere is essential tonstaled not
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Figs. 4(a&b). Same as Figs. 3(a&b) but over Delhi

only the reason for the daily variation of CAPE higo of
rainfall. To examine the behaviour of the vertisalicture

of moisture in the atmosphere with reference to
convection, the deviations of specific humidity fra¢he
level mean for this data period have been plotted i
Fig. 3(a). In the beginning of the season, daysaoffall
are in general associated with moisture increasieeimmid
troposphere. As the season advances, the incremse
moisture vis a vis the convective activity is mamethe
lower troposphere as compared to the middle trapersp
Also, on correlating with the daily rainfall datahe
inferences of Table 5 are confirmed.

Atmospheric drying occurs primarily through
horizontal advection or subsidence and the causeds
interpreted from study of the vertical profile offiet
equivalent potential temperature. To determine thic
process is responsible, we examine profiles ofdlevant
conserved quantity, equivalent potential tempeesuin
Fig. 3(b). The variation of moisture is investightby
observing the isolines @ from the figure. It is observed
that there is no major change in value®oand hence of
moisture from one day to the next. Higher value8.@it a
level, as compared to the level mean, appear tuketo
convection, which causes the air to be upliftechdirig
moist air from lower regimes to the higher tropash
levels. It is observed that on the days of decrezfse
moisture, lower values of, from upper atmosphere
subsided down. Hence, it can be concluded thadtyiag
of the atmosphere was more due to subsidence adrupp
layer dry air than due to horizontal advection.

Similarly, for Delhi, Figs. 4(a&b) represents the
vertical profiles of specific humidity departuresrh level
mean and equivalent potential temperature respdgtof
the atmosphere. It is observed that for the fiedt bf the

season, rainfall days are reflected by deep layastore
increase in the lower troposphere. This confirme th
findings of Table 6 with respect to moisture supfigm
the anticyclone over the Arabian Sea in the injaift of
the season. However in the month of May, the sigeat
becomes less distinct and moisture in the mid gk
troposphere increase irrespective of the occurresfce
rainfall. The variation of moisture content in the
atmosphere at a particular level may be due toeeith
subsidence or advection. The dry lower troposplare
demonstrated by Fig. 4(a) is also reflected in Bidp) as
exceptionally low values off.. These values are
substantially lower than any values existing orvimes or
later day throughout the atmosphere. Also the lowgeof

0. values are of the order of 2@ from one day to the
next. This abrupt a change, from one day to thet, nex
could not have occurred through radiative coolitane.
This leads to the conclusion, that the changesadisture
and hence CAPE from day to day is more due to aibrec
of air from surroundings than a resultiofsitu change in
the atmosphere.

5. Concluding remarks

We have analyzed the thermodynamical and
dynamical parameters of the atmosphere in reldatahe
pre-monsoon convective activity over northern Indibe
two stations selected for analyses - Kolkata anthiDe
represent the two regimes of convective activibamely
eastern India and northwest India respectivelyontthe
preceding analyses, the broad conclusions that gemer
may be summarized as follows:

While the 1200 UTC value of CAPE at 1000 hPa
over Kolkata as well as Delhi shows very poor datien
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with the rainfall amount at the beginning of theasen,
correlation improves slightly towards the end ot th
season. However, it is encouraging to note thatPEAs
better skilled in predicting the occurrence of falihon
the subsequent day over Kolkata rather than thefadi
amount. On the other hand, 1200 UTC vertical peodif
the atmosphere over Delhi does not reveal muchef t
convective activity over the station, if 24-houasnfall is
taken to be a measure of the convective activipwever,
the 6 hours time window selected around the 120€C UT
observation period does reveal a very good threates
and bias score for thunderstorm activity aroundstigon
(with or without accompanying rainfall) with 24 hsu
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subsidence of dry middle layer air. This is in cast to
Delhi, where horizontal advection is found to be thain
reason for daily variation in low level moisture.

Acknowledgements

Authors are thankful to Shri S. R. Kalsi, Deputy
Director General of Meteorology (Cyclone Warninghyri
T. C. Manchanda, LACD Deputy Director General of
Meteorology (Upper Instruments) and Dr. Kanti Pdasa
Director NHAC, for their keen interest and
encouragement in this study. Authors are gratefuthe

change (rise) in the CAPE as the predictor for the Director General, India Meteorological Department f

convective activity of the subsequent day.

One reason for the poor correlation of CAPE with
rainfall amount, may be due to the presence of kajhe
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hence of CAPE over Kolkata, is due to atmospheric

and more

Enhanced

providing all facilities to carry out this work. €h
computation work for this study was carried oungsihe
mainframe computer system CYBER 2000U of India
Meteorological Department, New Delhi.

References

Bhat, G. S., Srinivasan, J. and Gadgil, S., 199Bopical Deep
Convection, ConvectiveAvailable Potential Energyd aBea
Surface temperaturel, Meteor. Soc. Japan, 74, 2, 155-166.

Dutta, S. N. and De, U. S., 1999, "A diagnosticdgtwf contrasting
rainfall epochs over MumbaiMausam, 50, 1, 1-8.

Emanuel, K. A., 1994, "Atmospheric Convection, QgfdJniversity
Press", New York.

Fu, R., Del, Genio, A.. D. and Rossow, W. B., 19%fluence of ocean
surface conditions on atmospheric vertical thermadgtyic
structure and deep convectiod:'Climate, 7, 1092-1108.

McBride, J. L. and Frank, W. M., 1999, "Relatiornshietween Stability
and Monsoon Convectiond, Atmos. ci., 56, 24-56.

Moncrieff, M. W. and Miller, M. J., 1976, "The dymécs and simulation
of tropical cumulonimbus and squall linesQuart. J. Roy.
Meteor. Soc., 102, 373-394.

Peterssen, S., 1956, "Weather Analysis And ForiecgstVol Il ,
McGraw Hill Book Co. Chapter 25.

Rao, D. V. and Boothalingam, P. N., 1957, "Of farsting the time and
incidence of nor'westers in  Calcuttalidian J. Meteor.
Geophys,, 8, 1, 61 p.

Roy, A.. K.,1950, "Use of Latent Instability, shown a & gram , as a
criterion for forecasting thunderstorm at a stdtiomdian J.
Met. Geophys,, 1, 1, 77-78.

Srinivasan, V., Ramamurthy, K. and Nene, Y. R.,3,9Discussion of
typical synoptic weather situations 2.2.Summer-Mesters and
Aandhis and large scale convective activity ovemiR®ila and
central parts of the country”, India Meteorologi€apartment
Forecasting Manual Part Il :2.2.



406 MAUSAMS4, 2 (April 2003)

Srivastava, A. K. and Sinha Ray, K. C., 1999, "R#l€APE and CINE
in modulating the convective activities during Apover
India", Mausam, 50, 3, 257-262.

Stanski, H. R., Wilson, L. J. and Barrows, W. R989, "Survey of
common verification method in Meteorology", WMO/Tbo.
158 WMO,Geneva.

Thompson, R. M., Payne, S. W., Recker, E. E. anddR®&.J., 1979,
"Structure and Properties of synoptic scale wastuddances in
the intertropical convergence zone of the easidamtic”, J.
Atmos. i, 36, 53-72.

Williams, E. and Renno, N., 1993, "An analysis be tconditional
instability of the tropical AtmosphereMon. Wea. Rev., 121, 1,
21-35.



