
Response to Referee #3 

Thanks to the reviewer for the very helpful suggestions, which have allowed us to clarify and improve 

the manuscript. Below, we address the reviewer’s comments, with the reviewer comments in black and 

our responses in blue. We have also revised the manuscript accordingly. 

The manuscript is a rexamination of the VOCALS aerosol-cloud dataset obtained from sixteen flights 

of the CIRPAS Twin Otter that each profiled the below-, in-, and above- cloud environment over the 

southeast Pacific Ocean. Relationships between the cloud droplet number and relative dispersion to 

sub-cloud CCN(s=0.2 

1) The authors need to do a better job of explaining what this study contributes over and above the 

previous papers that have been published on VOCALS. Who is the audience for the paper (i.e., 

who would be interested in the findings)? How does the manuscript represent a substantial 

contribution to scientific progress (through substantially new concepts, ideas, methods, or data) as 

required by the ACPD publication criteria? Right now, I would say that it does not represent a 

substantial contribution (which, in my opinion, makes this paper a borderline reject). Please discuss 

these details briefly in the abstract and more thoroughly in the last paragraph of the introduction; 

the current brief paper section layout discussion on Lines 62-64 is not particularly useful and could 

be replaced. 

Thanks to the reviewer for the thoughtful comments and suggestions. The aerosol climatic effect 

is one of the greatest uncertainties in climate predictions, particularly the indirect effect, i.e., 

aerosol-cloud interaction. Data analyses based on ground, aircraft, and satellite measurements, as 

well as numerical simulations, are usually conducted to investigate aerosol-cloud interactions. 

Aircraft measurements from VOCALS provide detailed information on the microphysical 

properties of aerosols and clouds and their vertical profiles; thus, these measurements are very 

useful in studies on the topic discussed in this manuscript. We agree that there are quite a few 

previous studies that have been published on VOCALS measurements. Most of these studies either 

described the instruments or presented the properties of aerosols and clouds, which certainly 

improved our understanding of the properties of aerosols, clouds and BLs over the SEP. However, 

few of these previous studies explored the detailed processes of aerosol-cloud interactions, 

especially physical processes such as dispersion effects, entrainment mixing, and the impacts of 

these effects on the interaction. Using the microphysical properties of both aerosols and clouds, as 

well as the meteorological parameters from VOCALS, we explored the detailed processes on 

aerosol-cloud interaction over the SEP, including (a) the controlling factors of cloud droplet 

formation, (b) the dispersion effect after constraining the differences in cloud dynamics, and (c) 

the entrainment mixing process near the stratocumulus top and its impact on clouds. To our 

knowledge, such kind of analysis has not yet conducted by previous studies using VOCALS 

measurements. 

The effect of aerosols on stratocumulus clouds is complicated by various dynamical conditions, 

e.g., strong wind shear within the BL, moist layers above clouds, and a strong decoupled BL. Thus, 



we investigate the contribution of cloud dynamics and aerosols to cloud droplet formation, which 

to our knowledge has not received much attention in previous studies using VOCALS 

measurements. 

In addition to modulating the cloud droplet number, aerosols can also change the shape of the cloud 

droplet size distribution (i.e., dispersion effect) and thereby cloud albedo (Liu and Daum, 2002). 

The dispersion effect could act to either offset or enhance the well-known Twomey effect, which 

mainly depends on the sensitivity of the relative dispersion (ε) to the aerosol number concentration 

(Na). However, as shown in Table 1, the relationship between ε and Na derived from previous 

studies remains largely uncertain, implying that the effect of aerosols on ε is often intertwined with 

the effects of other factors, especially cloud dynamic conditions. Thus, it is necessary to isolate the 

ε response to aerosol perturbations from meteorological effects, which to our knowledge, was not 

considered in many previous studies. A clear comparison between ‘typical well-mixed’ and ‘other’ 

cases in this manuscript can aid in understanding the influence of meteorological conditions on the 

dispersion effect estimation. Aerosols were found to broaden the droplet spectrum, and cloud 

dynamic perturbations may lead to an underestimation of the aerosol dispersion effect. This result 

is helpful for reducing the dispersion effect uncertainty and may benefit cloud parameterizations 

in global climate models to more accurately assess the indirect aerosol effect. 

Additionally, entrainment plays a critical role in the formation and evolution of clouds and the 

change in droplet spectrum, as well as aerosol indirect effects (Chen et al., 2014, 2015; Andersen 

and Cermak, 2015). However, it remains unclear whether the entrainment-mixing mechanism is 

predominantly homogeneous, inhomogeneous, or in between (Andrejczuk et al., 2009; Lehmann 

et al., 2009). To our knowledge, little attention has been given to the entrainment-mixing 

mechanism obtained during VOCALS. Using cloud observations obtained from other aircraft (G-

1) during VOCALS, Yum et al. (2015) showed that both homogeneous and inhomogeneous mixing 

were found in their analysis and attributed it to method uncertainties. We used a completely 

different method to re-examine the entrainment-mixing mechanism near the stratocumulus top. As 

stated by Gerber et al. (2005), in marine stratocumulus clouds, entrainment occurs when the LWC 

begins to decrease from the bottom of the cloud. In this manuscript, entrainment and non-

entrainment zones are thus defined as the regions within 20 m above and below the maximal LWC 

height, respectively. A comparative analysis of the difference in cloud microphysics between the 

two zones suggests that the entrainment-mixing mechanism is predominantly extreme 

inhomogeneous in the stratocumulus clouds during VOCALS. The impacts of entrainment on 

cloud microphysics are also investigated. Previous studies have noted that applying different 

assumptions to the entrainment-mixing mechanism would have a significant impact on cloud 

albedo (Grabowski, 2006; Chosson et al., 2007; Slawinska et al., 2008). Therefore, our results 

provide insights to improve the understanding of entrainment mixing in stratocumulus clouds and 

the assessment of aerosol indirect effects and cloud radiative forcing. 

According to the reviewer's suggestions, we have added the corresponding discussions to the 

abstract and introduction to ensure clarity of the novelty and contribution of this study, and we 

removed the paper section layout discussion from the text. 



2) I have a couple of concerns about the treatment of the interstial aerosol. First, the PCASP-100 

misses the large fraction of sub-0.1-um aerosols that are unlikely to act as CCN and would therefore 

remain as intersitial aerosols. Are there data from in-cabin particle counters sampling on an aerosol 

inlet that could fill in this major gap? Inlet shatter may be more of an issue here, but the sub-cloud 

measurements would be a good place to quantify the fraction of aerosol number that is sub- and 

super-0.1-um diameter. It is likely that many (or most) of the interstitial aerosol number is not 

being captured here. 

We agree that the concentration of interstitial aerosols (> 0.1 μm) measured by PCASP-100 is less 

than the concentration of all un-activated aerosols, i.e., the interstitial aerosols with diameters 

smaller than 0.1 μm are not captured here. However, because in-cloud sampling of this part of the 

aerosols is problematic due to cloud droplet shatter (Hudson and Frisbie, 1991; Clarke et al., 1997; 

Weber et al., 1998; Kleinman et al., 2012), we do not include it into interstitial aerosols in this 

manuscript. As suggested by Kleinman et al. (2012), cloud droplet shatter can create a large number 

of spurious small particles (~ 50 nm), leading to a serious overestimation of interstitial aerosol 

concentration. Additionally, other previous studies also observed extremely high concentrations of 

these small particles in-cloud (e.g., 103 to more than 104 particles cm−3 smaller than 50 nm diameter) 

and attributed these concentrations to droplet shatter (Hudson and Frisbie, 1991; Clarke et al., 1997; 

Weber et al., 1998). However, the shatter contribution to the total in-cloud aerosols is minor when 

the diameter is greater than 0.1-0.15 μm (Kleinman et al., 2012). Therefore, treating aerosols larger 

than 0.1 μm as interstitial aerosols can avoid the interference of cloud droplet shatter to a large 

extent, which is precisely what we did in this manuscript. 

According to the reviewer's suggestions, we calculated the ratio of the sub-0.1-μm aerosol 

concentration to the super-0.1-μm aerosol concentration during flights on Oct. 18, where sub-0.1-

μm aerosol concentration is derived from the concentration measured by CPC (size range: > 15 

nm) minus that measured by PCASP-100 (size range: 0.1-2.0 µm), and the super-0.1-μm aerosol 

concentration is obtained from the concentration measured by PCASP-100. It is found that the 

average ratio for in-cloud (2.99) is significantly higher than that for sub-cloud (0.31), which further 

confirms the contribution of droplet shatter to the spurious increase in small aerosols in clouds. 

Notably, the average ratio for sub-cloud is only 0.31, indicating that some aerosols could be missed 

by PCASP-100, but these aerosols are not the majority. Furthermore, as the reviewer stated, most 

aerosols smaller than 0.1 μm are unlikely to act as CCN and thus affect cloud properties. Therefore, 

due to the weak connection with CCN, these aerosols that are missed by PCASP-100 may not be 

important when exploring the impact of aerosols on clouds. For example, the same treatment of 

interstitial aerosols as in this manuscript has also been employed by other studies (Kleinman et al., 

2012) to examine the aerosol effect on clouds. 

3) The use of effective diameters to characterize the interstial aerosol (Di) and cloud droplet sizes 

(De) doesn’t make sense to me as this paper is largely focused on number concentrations and 

number size distributions. While the effective diameter is relevant for remote sensing 

measurements, there are no remote sensing data presented in this paper. The authors should instead 

use geometric mean diameters to describe these aerosol populations and better convey the aerosol 

and cloud diameters relevant for the number distributions. 












