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Steiner (1979) contends that our conclusion [see
Cotton and Tripoli (1978); hereafter referred to as
CT] that the interaction of a cumulus cloud with an
- environment characterized by vertical shear of the
horizontal wind is a major control on the predic-
tion of cloud liquid water contents, is invalid be-
cause of the nature of the chosen cloud initiation
mechanism. We welcome Dr. Steiner's comments
since it allows us to clarify several points in the
manuscript as well as interpret the results in the
light of recently reported analyses of convective
cloud observations.

Part of the controversy is a result of an error made
on the description of the initial perturbation given
on p. 1509. Instead of the given description of
‘*Above the observed cloud base the air is as-
sumed to be saturated through a depth of twice the
cloud height.””, the correct description should
read, ‘““‘Above the observed cloud-base height of
1500 m, the air is assumed to be saturated through a
depth of 500 m or to a height of 2000 m AGL.”
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However, we agree with Steiner’s contention that
the main deficiency in the reported numerical ex-
periments is a consequence of our choice of cloud
initiation mechanism. The problem of cloud initia-
tion was discussed in considerable length in Sec-
tion 4. To overcome this deficiency, one must model
both the micrometeorological and mesoscale mete-
orological processes leading to the initiation of a
given cloud. Moreover, in order.to perform such a
simulation, one must have observations not only in
the cloud layer, but also over the micro- and meso-
meteorological scales. In the absence of such sup-
porting observations, we selected a simple moist
bubble cloud initiation mechanism. A consequence
of this bubble initiation mechanism or similar
*‘thermal’’ bubble anomalies is that as the bubble
develops buoyancy in the cloud layer, it immedi-
ately pinches itself off from any direct communica-
tion with the subcloud layer. With a far more sophis-
ticated turbulence parameterization than we used,
Lipps (1977) also experienced this difficulty in his
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simulation of tradewind cumuli. He suggested that
the observed clouds were maintained by a field of
horizontal convergence. We are preparing a manu-
script describing numerical simulations of towering
cumuli over Florida. In those numerical experi-
ments, a stable cloud base could only be obtained
by imposing a preexisting large-scale convergence
field which is focused down to the cloud-scale.

As mentioned by CT, rather than ‘‘fiddle’’ with
unknown surface conditions (i.e., surface tempera-
ture, surface moisture, low-level convergence) until
a reasonable cloud-base rise rate was obtained, it
was decided to stick with this initialization method.
Being fully aware of the deficiencies of the method,
we therefore chose to compare the peak predicted
magnitude of Q./Q, at a given level against those
observed by Warner in the selected case. The
adiabatic liquid water content Q, was computed
relative to the initial cloud-base height. The peak
predicted values of the Q./Q, occur just below the
top of the rising cloud thermal in both the no-shear
and sheared environmental simulations. Had we
selected anything but the peak predicted values of
Q./Q,4, then we would be tempted to argue, as did
Mason (1975), that Warner’s horizontal traverses
were through a cloud largely composed of the
residues of earlier thermals and not fresh, wetter,
actively rising thermals. This argument is not par-
ticularly strong, however, since Warner typically
began his penetrations near the tops of actively ris-
ing towers and then descended while making hori-
zontal traverses at successively lower levels.

It is our contention that the choice of initializa-
tion technique lends no particular advantage to
either the three-dimensional cloud simulation in an
initially stagnant environment or the simulation in a
sheared environment, when the predictions of peak
0./Q,4 are compared to Warner’s first and upper-
most observation level. This is particularly true
since the same cloud top height was predicted in
both simulations.

The interpretation of our results is as follows. In
the unsheared case, the tops of the simulated clouds
are protected from entrainment by a strong horizon-
tally divergent region with an associated positive

pressure anomaly. This divergent region acts as an’

‘‘umbrella’” which prevents environmental air from
becoming entrained into the top of the rising tower
nearly across the entire cloud width. In the sheared
environment, the protected zone at the top of the
rising cloud thermal is eroded by the effects of the
cloud interacting with shear. The maximum cloud-
top height, on the other hand, is largely controlled
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by the buoyancy in a small, somewhat wetter region
of the cloud located in the *‘protected’’ upshear side
of the cloud.

This interpretation is consistent with the findings
of Warner (1977), Heymsfield, et al. (1978) and
Ramond (1978). Warner (1977) found that an updraft
core is often present in the upshear side of the cloud
and that such a feature persists for periods of 10 to
15 min. Heymsfield et al. (1978) found moist adia-
batic cores on the upshear portion of cumulus con-
gestus towers in northeast Colorado. They hypothe-
sized that the updraft acts to resist environmen-
tal flow at mid and upper levels and tends to divert
the flow around the updraft protecting it from
entrainment. On the downshear side of the cloud, a
turbulent wake is formed which produces intense
mixing in that region. Ramond (1978) diagnosed
regions of positive pressure anomalies upwind of
actively growing towers. He also inferred that the
positive pressure anomaly forms a protective zone
against entrainment which provides a mechanism
for forming upshear undiluted cores. While the
existence of undiluted cores was neither predicted
by CT nor observed by Warner, nonetheless, the
tendency to form protected zones on the upshear
side of a cloud and over a relatively small area
of the cloud may explain how clouds, in a sheared
environment, can grow to observed heights yet con-
tain small values of O./Q, averaged over the cloud
width.

Therefore, we argue that, in spite of the inade-
quacies of our initiation mechanism, our earlier con-
clusions are valid and that an implication of these
findings is that one-dimensional or axially symmetric
models cannot be expected to adequately simulate
cumuli if there is any shear present.
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