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AllSTltACT. The bnelc element in the phenomenon of the «humidity dip" obse rved and analyzed by th e U.s.
Thunderstorm Proj oct is un unsaturated dowudraught. As observed, th o phenomenon is rather paradoxical alnco
it ill at th e epoch of the heaviest thunderstorm rainfall that tho surface relative humidity at a station d('CJ'('R f!f>R from
nca r aetumt lon to values as low 8 S 60 or 70 per cent, Physically, since the surface rainfall is determined by th e rot c of
dowuwn rd tmueport of water, the factors contributory to nu int ense rainfall will he (i) n st rung downdreught , (ii) high
ltqukl-wetcr conten t in.tho downfJowing air, (iii) low evaporation in t,hp downdmught , and (it·) high termina l velocity
of d rops, the lnet fact cra needing large d rops. Th o first of th ese faetors Icada to u high rat e of ndiabatio compression of
th e downccmlng air ll,nd allows less t ime fo.t th e.d"?:rfl to eve porete into it. On tho .other ,hland ,.the I.arse d~P8, only a
small number of whlcb can lead to a lugh llqul -weter conte nt, nrc eomperatlvcly inefficient. III providing water
vnponr to the downflowlng air, t he net result being that th e downdraught reaching ground is un eetureted.

Tho phy sical picture envisaged above necessitates a radical departure from th e pseudo-adiabntic form of the
theemodynnmio equet fon, The difference bet ween tho resulting new equat ion and the ohUlsical pecudoediebetic form
ia examined by assuming a steady atate and computfng th o resulting distribut ion of temperature and humidity in th e
rL,wndraught for dilTereut raindrop sizes. It is found that tho linger the sizes of the drops into which th e liquid water
if! d ispersed and t.hc st ronger th e downdraughts , the less is the humidity and higher tho temperature Iepse in the
downdeeught , th o limit being set by dry-ediebetic conditions.

1. Int reduetlon

One of the m ost important of contributions of
the U. S. Thunderstorm Project is a thorough
observational analysis of th e downdraught which
develops in the mature stage of thc thunderstorm
and, on reaching ground, gives rise to the surface
phenomena named by Byers and Braham (1949)
as the "pressure nose and dome," the "tempe.
rature break," and the "humidity dip". These
nuthors have given plausible explnnations
of the formation of the downdraught as well
ns the accompanying surface phenomena. However,
1,0 qunntitative formulation embodyi ng all the
observed phenomena has yct been achieved
although Dns (1963, 19M) has roughly modelled
th e formation and progress of the downdraugh t
resulting from the drag of the raindrops. The
numerical computations mndc by DIlS strongly
pointed towards th e mechani sm of thc " tempera
ture break" by revealing n large negative buoyancy

in the downdraught all of which was not explained
away by the suspended water. However, his model
based on the classical form of the thermodynamic
equation, ruled out the humidity dip. It is this
last phenomenon to which this paper is addressed.

As observed by the Thunderstorm Proj ect the
phenomenon of the humidi ty dip is rather para
doxical since it is at the epoch of the heaviest
rainfall th at the surface relative humidi ty
decreases from near saturation to values as low as
GO or 70 per cent. In othcr words, the "downward
flowing air becomes unsaturated as it descends
even in the presence of large concentrations or
liquid ,,:ater" indicated by the accompanying
heavy rain (Byers and Braham, 1919). According
to Byers and Braham two processes may
account for the apparent anomaly of the
unsa turated downdraught. The first suggested
process is that th e downdraught air is desiccated

. Pro~(' ltt l, ffilin lion - Department of Sleteorology, Texas A. & 1\1. University, College Station, Texas 77843, U.S.A.

tClot d Ph ysics Group , Canadian Meteorological Service, Toronto 181, Canada.




















