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ABSTRACT

A quasi - one-dimensional , time - dependent and mon - precipitating cumulus cloud model is
presented . "The model_ has a source and three regions. A core region of cobstant radius houses
the main updraft of a cloud. Ap anpulus immediate environmental region houses the outer
inactive pari. A far environmental region represents the vast environment in whi.éh the cloud -
activitir is embedded. These three regions constitute a convective cell but with an open
bottom. - Below the botto_m is the source laver which is replaced by a circulér sour‘ce located
directly beneath the core region, below the cloud base and.above the ground. The source emits
the source air of specified properties at a constant rate. If the properties of the spurce air
is good enough and the rate of emission is high enough, namely, a high sdurce strength, clouds
are expected to be produced, through a sensitivity test composed of more thah one hundred
cases of different source étre.ngths, we have discovered that there exists two critical values
of the source strength for a given atmosphere. If the scurce strength is below the lower
critical value, no cloud can form. If it is above the _u'pper critical value, 2 deep cumulus cloud
is produced. This deep cumulus is able todraw upon the latent energy stored in the lower
atmosphere in addition to the source supply ; therefore, it is able to develop spontaneously to
a great height. If the sourcé strength is inbetween, a shallow plume cloud is produced. This
shallow plume cloud is solely supported by the source. These two critical values are both
very small and close to each other. The smallness, 0.35~0.7ms™', malses this result more
realistic. The closeness indicates that, ip reality, whether a cloud shall develop to a deep or
a shallow one is extremely sensitive to‘the source strength, when the source strength is near
to its critical values. An important implication of the existence of two critical source
strength is that a cloud produced can only be a shallow one or a deep one. None can be of
intermidiate height unless there are ofher factors present, such as an inversion. When thére
are many sources inl a wide area and their strengths vary frqm sub- lower-critical to super-
upper-c;itical, many clouds shall be produced, According to our results, the spectrum of
these clouds should be bimodai with respect to space . That is, there are only the‘véry large
and very small clouds present, even if the spectral distribution of the source strengths is

even. When there are a few sources formed over mountain peaks due to the upper level heating
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process af ter sunrise, a sgries of clouds may be formed. In the early morning, the source
stréngth is sub-lower .critica[ » Do cloud can be formed. When the heating process gets
stronger and stronger, the source strength shall increase, After the source strength exceeds
the lower critical value, shallow plume cloﬁds shall be formed. When the source strength
exceeds the upper critical value, deei) cu:ﬁulﬁs clouds shall be formed. At the time of the
transition of the source strength from the sub-to super-upper critical value,. there will be a
discontinuity in .the cloud top-height namely, before this time, the clouds formed are shallqw .
. ones and after, deep ones. This shows a sudden increase of the heights of the cloud tops at
this time, the spectral distribution of the clouds, therefore, is bimodal with respect to time. .
Applying these results, we haveloffered some plausible explanations to the bimedal distribution
of the final height of the cloud tops with respect to time, as observed over mountaip peaks,
and that with respect to space as observed over oceans. Also, we have attempted to clarify

the conditions for the formation of the shallow and deep cumulus clouds,






