Responsesto Referee 2

The manuscript addresses avery important question within the cloud modelling community:
How do aerosol perturbations affect the vigor of deep convective clouds and the resulting
cumulative precipitation and precipitation intensity. Various modelling studies (e.g., Khain et
a., 2004; Fan et d., 2009; Khain and Lynn, 2009), in addition to the conceptual review of
Rosenfeld et al. (2008) have analyzed this problem in detail. Previous studies have shed light
on the significance of relative humidity, vertical wind shear, and microphysical model (i.e.,
bin or bulk microphysics) on the aerosol-induced effect on deep convective clouds. More
specifically, Fan et al. (2009) demonstrated that the effect of increases in the aerosol number
concentration may increase precipitation in low shear environments, while the effect may be
reversed, i.e., precipitation decreases with an increase in aerosol loading, in high shear
environments. Since the sign of the aerosol-induced effect is strongly linked to the magnitude
of the vertical wind shear, the use of athree-dimensional (3D) dynamical core is necessary to
fully resolve the dynamical effects of changes in aerosol number concentration the inherent
lack of symmetry. In the absence of any horizontal winds, one can imagine that a convective
cell could remain symmetric asit evolves. However, e.g., Khain and Lynn (2009), even if the
initial thermal perturbation is symmetric, the resulting storm is not symmetric as aresult of
shear and dynamical feedbacks caused by phase changes in and around the cloud. These
features cannot be captured with a 2D axisymmetric model. Hence, given the demonstrated
importance of shear in a3D model (Fan et a., 2009) and the use of aless sophisticated, 2D
axisymmetric model in the current manuscript, it is recommended that the work not be
accepted for publication in ACP.

We strongly disagree that the paper should not be accepted for
publication in ACP. W agree with the reviewer that the axi-
symmetric nmodel has |limtations in the dynamics in the way the

revi ewer suggests, but inportantly, it has the ability to study the
m crophysi cs that 3D nodels do not. There are many factors that can
affect cloud and precipitation. Cotton et al. (2010) pointed out
that the type of cloud and precipitation of a systemis deternined
by six factors: water vapour content of the air (both relative and
absolute humdity), tenperature, aerosol types and anounts, static
stability, vertical notion, and vertical shear of the horizontal

wi nd. Those factors offer a huge scope of research on cloud and
precipitation. Each of them needs nore study, ideally together. As a
first step, we pragmatically focused on the special case of no w nd
shear, with the axisymetric nodel. Al though there have been sone

st udi es on aerosol -cl oud-precipitation, many questions still need to
be answered, especially with detailed anal ysis of m crophysical
processes involved. The referee listed several papers which nake
progress in this field. Interestingly, the review paper by Rosenfeld
et al. (2008) in Science cited our paper (Cui et al., 2006) using

t he sanme nodel . Moreover, those papers deal with the interaction in
a different way fromour paper. They cal cul ated the budget of |atent
heat release as in Khain et al. (2004). Qur paper conpares the
contributions fromthe warmrain process and nelted ice particles.
We found that the precipitation results nostly fromthe nelting of



graupel particles. W then reveal the rel ationship between the
anount of graupel particles and aerosol |oading with detailed

anal ysis of the cloud m crophysical processes. W believe our study
provides new insight into the nature of the inpact of aerosol and

t her rodynami cs on precipitation in m xed-phase deep convective

cl ouds.

W agree with the referee that wind shear is an inportant factor.
The paper of Fan et al. (2009) certainly nade progress in this
direction. However, the joint effect of aerosol and w nd shear on
precipitation is not yet fully understood. For exanple, Pastushkov
(1975) found that there are two types of convection under different
wi nd shear conditions. For the strong case, there is a resonance
val ue of shear, at which the degree of the intensification of
convection has a maxi mum What are the effects of aerosol under weak
and strong cases? How do cl ouds change with different aerosol

| oadi ngs near to or far fromthe resonance val ue of shear? How does
t he shape of wind speed profile affect the cloud? Those questi ons
need to be investigated in the future.

W recognize the limtations of the axi-symetrical nodel and
respect the referee’s corments. We added the following to fully
address the limtations in the summary and di scussi on secti on.

“The use of the axi-symretric nodel inposes |imtations on the
generality of the results, as with any study. The effect of the
vertical shear of horizontal wind is the nost obvious. For exanple,
Wei sman and Kl enp (1986) discussed how wi nd shears and buoyancy can
be used to estinate stormtype and stormlifetine. Jorgensen and
Weckwert h (2003) showed convection as a function of shear and
convective avail able potential energy for individual convective
stornms and nesoscal e convective systens. In weak w nd shear

envi ronnments, convection tends to produce single cells rather than

| ong-lasting severe stornms. In reality, convective clouds occur
under | ow wi nd shear conditions (e.g., WIlson et al, 1997; Ahijevych
et al., 2000; Tonpkins, 2001; Rangno and Hobbs, 2005; Steiger et al.
2009). CQur simulations only investigate the response of the

m crophysi cal processes to aerosol w thout wind shear. Qur results
cannot be generalized to severe storns.

Asymmetric features in and around clouds may develop in a 3D nodel
with wind shear even if the initial perturbation is symretric (Khain
and Lynn, 2009). For exanple, cloud particle size sorting results
fromw nd shear, which could affect the interaction between drops
and ice particles. O her observations found that there is no direct
evi dence of size sorting in sonme cases (e.g., Szunowski et al.

1998). Neverthel ess, the asymetric features cannot be captured wth
our axisymetric nodel.

Lopez et al. (2009) perforned 3D sinulations and found that shear is
not capable of creating realistic anvil clouds, unless they al so



nodi fy the cloud physics. Their results indicate that cloud physics
is not |less inportant than wi nd shear.

W have been aware that further nodel inprovenents are required. As
a next step in the future, we will conduct sinulations with w nd
shear with a new | arge eddy sinulation nodel with the bin-resol ved
cl oud m crophysics.”
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