
Response to Reviewer 2 

We thank the reviewer for the insightful comments and for noting some important corrections. 
As detailed in the following, we have revised the paper in accordance with each point. Detailed 
changes are indicated in the highlighted manuscript uploaded with this response. Here, reviewer 
comments are in blue text and our responses are in black text. 

In this manuscript the authors tried to tackle the problem of super-adiabatic droplet growth, 
which has been a subject of great interest in cloud physics community for the last several 
decades. For without such growth, warm rain initiation within a realistic time scale seems very 
difficult, if not impossible. The authors considered entrainment and mixing processes as a key to 
the super-adiabatic droplet growth and derived equations that could calculate analytically the 
variation of temperature and liquid water mixing ratio and thus droplet radius after entrainment 
and mixing and during the further ascent of the mixed cloud parcel. Then the authors 
demonstrated that this theoretical formulation was consistent with the results of cloud parcel 
model simulations of such processes. Moreover, the authors suggested some proper 
environmental conditions for super-adiabatic droplet growth. This manuscript does add some 
new insights on super-adiabatic droplet growth and could be worth publication in ACP if the 
following issues are handled properly. 

In Eq. (7), epsilon appears in the denominator of the second term in each side, which is not right. 
Likewise, epsilon in Eq. (15) should be removed. A critical mistake is made in Eq. (12): pf in the 
denominator of the right hand side should be removed. Meanwhile, in Eq. (14), pf should appear 
in the denominator of the second term on the right hand side. I doubt that these wrong 
formulations were actually used in theoretical calculations. If that was the case, the results might 
have been very different from those shown in the manuscript. The authors should clear this 
problem. 

We appreciate that the reviewer has checked our equations carefully. For Eq. (7) (now it’s Eq. 6), 
epsilon in fact should be there because we were using molar rather than mass units: the units of 
lw are J/mol (not J/kg) and the units of cp are J/mol/K (not J/kg/K). Epsilon is a constant to 
change the units of lw to J/kg, and to change the units of cp to J/kg/K. Our units are not as 
typical as in some previous papers, but are consistent within our paper and are consistent with 
those in Lamb and Verlinde’s widely used textbook. There were no errors and our results were 
correct, but since both reviewers were confused by it, we have changed to the mass-based units 
in the text since this is the most common terminology. 

In Eq. (12) and (14) (now they are Eq. 11 and 13), there are indeed some typos. As the reviewer 
stated, pf should not be in Eq. (12) but should appear in the denominator of the second term on 
the right hand side. Our final results (Eq.15-18) are correct, however. The constant C2 is actually 
from the last term of Eq. (14), and pf exists in C2 (see Appendix). 

The authors used a cloud parcel model to calculate the evolution of cloud droplet size 
distribution during the ascent of a cloud parcel after entrainment and mixing. Very similar but 
much more sophisticated calculations were already made by Wang et al. (2009). Using a cloud 
parcel model that incorporates a full CCN spectrum, they calculated the evolution of cloud 



droplet distribution in an ascending cloud parcel that was mixed with just saturated air in several 
different proportions. Because the mixed air was just saturated, classification of homogeneous or 
inhomogeneous mixing was irrelevant. However, during the ascent after mixing, supersaturation 
of the mixed cloud parcel was readjusted and droplet number concentration and size distribution 
responded accordingly. Right after mixing, mean droplet diameter was reduced due to the newly 
activated small droplets from the portion of the just saturated air, but because of reduced droplet 
number concentration, droplet growth was faster and eventually at some altitude above the mean 
diameter of the mixed cloud parcel became larger than that of the unmixed cloud parcel. Here the 
key to the faster droplet growth was due to reduced droplet number concentration and increased 
supersaturation in the mixed cloud parcel after just saturated air was mixed. Such behavior 
cannot be resolved when a monodisperse CCN distribution is used as was done in Figs. 1 and 2. 
But for Fig. 3, a polydisperse CCN distribution was used and the evolution of individual size 
classes was calculated. Similarly to Wang et al. (2009), I urge the authors to show the variation 
of supersaturation and activated droplet number concentration and to include them in the 
discussion of faster growth in the mixed cloud parcel. 

We thank the reviewer for bringing our attention to the very interesting work of Wang et al. 
(2009). It does have some common aspects and we have added discussion of those aspects to our 
paper. As requested, we have generated figures that show the variation of supersaturation and the 
activated droplet number concentration for all cases in our paper. We agree that they are useful 
to include for those readers who are interested in the details.  Because this would nearly double 
the number of figures in this short paper and because they are not completely focused on the 
central message of super-adiabatic droplet growth, we propose that they be included in an online 
supplement where readers interested in these quantities can easily access them. The variation of 
supersaturation and activated droplet number concentration profiles are mentioned in the text 
with a reference to the supplemental figures.  

Obviously the mixing scenario presented in this manuscript is not likely to occur in exactly the 
same manner in real clouds. As pointed out by the authors, inhomogeneous mixing may occur 
instead of homogeneous mixing. Cloud parcels may undergo multiple mixing events not only 
with entrained environmental air but also with neighboring in-cloud parcels as exemplified in 
Wang et al. (2009). Some discussion should be made in this perspective. 

Thanks for the reviewer’s comment. Reviewer 1 also raised a similar point and we have added a 
more thorough discussion of mixing with neighboring in-cloud parcels in the discussion section. 

Line 47: one of ‘that’ should be removed. 

We’ve removed one ‘that’. 

Line 192: Equation 2.1 does not exist. Apparently it is meant to be Equation 7. 

We’ve changed it to Eq. 6 (former Eq. 7). 

Line 320: The fact that more aerosols lead to smaller cloud droplets is simply a fundamental 
aspect of cloud physics. This does not indicate aerosol indirect effect. The key factor of aerosol 
indirect effect is the anthropogenic increase of aerosol concentration that leads to increased 



concentration of smaller cloud droplets. So linking the fact that more aerosols lead to smaller 
cloud droplets to aerosol indirect effect is not appropriate. 

Yes, we agree with the reviewer’s point and have removed that sentence. 

Where is Table 1? I only see Table 2. 

Table 1 was in the Appendix. To avoid any confusion, and because those results are not critical 
for the main flow of the paper, we now have moved Table 2 to the online supplementary 
material. 

 

Finally, we have slightly edited the abstract for concision and clarity in accordance with the 
implemented changes.  

 

 


