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Excessive overshooting of cumulonimbus
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ARSTRACT. It is generally acceptedthat theclassica l parcel m ethod gives th e correct csti rmte or th e heig ht or
cumulonimbusclouds. Formerly it was thought thata parcelofair rising convcctivelycould risefromco nvective con
dc nsauonat level upto a level wherethe temperatures or the parcel anJ the environ-n mt become eqU11. We m1.Ycall
it asequilibrium level o~ Zt' . BetweenCel and Z.. the parcel rise' sine: the temperatureof Ih.: parceli, higheranJ:the
densityis alwayslower than the environrnen •• This Zeo is also the anvil level. It has been IounI that the cumul ommbue
often cresses the anvil level and grows higher. This phenomenon is termed as overshooting. Based on this classical
parcel method theories for overshooting have been proposed by Newlon (1966) and R01...:h (19S7).They postulated
that the risingparcel wouldcross Z.. beca use of the inert ia andcould go to a level Zp so tha t the energy acquired by
the parcel during its journey from eC l to Z,. is spent up.

On some occasions it has been round that heights or cumulonimbus have exceedcdlz -. This paper deals with
suchcases.Thisphenomenon has beentermedas excessive overshooting. Fujita (1974) presented a modelof over
shooting cumulonimbus. With the help or thisand themodel presented by Roach a mechanism of cooling of the
immediate environment of the overshooting clouds have been proposed. This modified environment then allows
further growth of the cloud . Basedonthe mixing of c old airdueto overshootin ~ an j surro un ding air in proportion
to their speeds, a quantitative estimation of the cooling of the environment hIS been pm dble. From the consi
derations of inertia again it hasbeen proposed that th.: risingparcel can go b eyond Zp and 10 h eight Zp' which can
be easily calculated from thermodynamic diagrams. Thecalculald values ha ve bam compared with observed
heights or excessive overshooting and the agreements have been quite good .

•

I. Inlroduction

Growth of cumulonimbus clouds is an old
problem. Barnes (1976) has given a nice review.
It is seen from his article that models of these clouds
prod uced before the Second World War conclud ed
tha t the visible anvil is the top of the cumulonom
bus. Some. of course. visualised from theoretical
grounds that these clouds may grow above the
anvil. The growth of cumulonimbus cloud s above
anvil is termed as ··overshooting·' .

Newton (1963. 1966) prod uced an overshooting
model with updraft extending upto overshooting
to p. These papers presented a possibility of measur
ing sub-anvil updraft from anvil to p to pography.
Roach (1967) from borizon to horizo n pictures
taken from U2 aircraft combi ned with radiometric
observations produced a model of cloud overshoot
ing dome assumed to be supported by quast
steady updraft. Mukherjee et al. (1972) from
analysis of radar data of Calculla and Conford
and Spavins (1973) from measurements from Royal
Air Force aircraft over northeast India showed
that overshooting of cumulonimbu s is a rathe r
common phen omenon in this area durin g the pre
monsoon season.

Mukherjee and Chaudhury (1971) in anothe r
paper pointed out . from analysis of radar obser
vations. that sometimes the overshooting exceeds
the theoretical value. They postulated a rnecha
nism of cooli ng of the air above the cumu lonimb us
overshooting and explained the phenomenon. The
fact that cooli ng actually takes place has been prov
ed by observa tions taken by Fujita (1974) from
Learje: aircraft duri ng "Cloud Truth" experiments
in U.S.A. Mukherjee and Cha udhary (1971) intro
duced a degree of arbitrariness in calculating the
excessive overshooting. In the present paper an
attempt has been made to calculate from theoretical
considerations the height of the cloud top after
the excessive overshooting. For this. the motion of
overshooti ng top has been calculated first.

1. Theory or overshooting

l et us take the case of actual sounding of 1200
GMT of 12 May 1969 for Calcutta (Fig. I). The
curve drawn with thick line is the actual ascent
from radioso nde data. Convective Condensation
Level (CCl) is marked on the figure; dashed line is
ascent curve for a parcel of air rising ad iabatically.
These two curves intersect at a level which we may
term as Z.. At th is level enviro nmental air and
















