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 9 

Dear Editor, 10 

Attached please find the revised version of the manuscript (acp-2014-227), "The 11 

relative dispersion of cloud droplets: its robustness with respect to key cloud 12 

properties" by E. Tas, A. Teller, O. Altaratz, D. Axisa, R. Bruintjes, Z. Levin and I. 13 

Koren, for publication in Atmospheric Chemistry and Physics. 14 

This paper presents a study of the relative dispersion of drops size distribution 15 

in continental warm convective clouds using flights measurements. The relative 16 

dispersion is a key factor used in various types of atmospheric models and yet the 17 

sensitivity of this factor to clouds' microphysical and thermodynamic properties and 18 

to environmental conditions is unknown and many studies reported on different 19 

results. We think our study can contribute to the essentially important knowledge 20 

about this factor.  21 

We have included major revisions in the manuscript, based on the reviewers’ 22 

comments, in order to present our study in a clearer and more complete way. We 23 

provide additional information and explanations about the methods used in this study 24 

regarding both the flights and the data analysis. Statistical information is presented in 25 

order to support our findings. We have also extended the discussion about our findings 26 

based on the available knowledge in the literature , in order to make the contribution 27 

of the paper clearer.  The figures were revised significantly in order to present the 28 
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results in a clear way and to include number of data points and error bars. Furthermore, 29 

we edited and revised the whole manuscript for English style and grammar. 30 

We hope that the revised version will be found suitable for publication in the 31 

journal. We would also like to thank the two reviewers for their comments that helped 32 

us improve our paper and present a clearer and more complete study. We have 33 

addressed all of the reviewers’ comments. We open this response with a general part 34 

followed by point-by-point answers to each of the reviews' comments.  35 

 36 

Sincerely, 37 

Ilan Koren 38 

 39 

 40 

 41 

General 42 

In order to better describe the flights and analysis methods, to emphasize the main 43 

findings and their importance, a few changes and additions were done in the paper: 44 

1) The methodology – detailed information was added to the revised version for better 45 

explaining the conducted flights and the method of analysis:  46 

- We added information about the location of the 5 flights (in five clouds). Figure 1 47 

includes a new map of the study area with the tracks of the five flights (see the figure 48 

at the end of this file).  49 

- In addition the distances that the aircraft passed in each cloud's penetration are 50 

presented. It provides the reader a better idea about the horizontal dimensions of the 51 

measured clouds.  52 

- The thermodynamic conditions that were measured near the base and top of the five 53 

clouds along the flights were added to table 1.  54 

- Further details are given now about the method to determine the cloud's height and 55 

boundaries.  56 

- Regarding the analyzed dataset, the number of analyzed data points were added to 57 

table 1 (total points per cloud) and to Fig. 3-5 and the error bars were marked as well, 58 

to give a better idea about the statistical significance of the results. 59 
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2) The quality and clarity of the figures were improved. All figures are provided at 60 

the end of this file with increased font size. The technical editor will be provided with 61 

figures in a resolution of 300 dpi. 62 

3) The main findings from the supplementary section were implemented into the 63 

revised version of the paper.   64 

4) The manuscript was sent for additional English proof and we have carefully 65 

improved writing style and grammar throughout the paper. We believe that the revised 66 

paper is much clearer and easy to follow. 67 

 68 

 69 

Reply to comments by reviewer #1: 70 
  71 

 72 

In the following part all the reviewer’s comments (in italic font) are followed by our 73 

detailed answers: 74 

 75 

1) "The paper discusses the variability of relative dispersion of cloud droplet 76 

distribution in convective clouds. Results are based on in-situ measurements 77 

performed in 2007-2008 during the Cloud and Aerosol Research in Istanbul (CARI) 78 

experiment. Five flights are analyzed. Data were collected during traverses of a 79 

research aircraft through a field of cumulus clouds. As can be inferred from Figure 1 80 

the aircraft ascended from the cloud base to the cloud top over a horizontal distance 81 

over 100 km long. Clouds were 1000 to over 2000 m deep. We don’t know where it is 82 

known from; obviously not from the in-situ measurements, because the aircraft didn’t 83 

fly close to the cloud tops. 84 

Relative dispersion is analyzed with respect to the location in cloud (with respect to 85 

the cloud base), mean concentration and Liquid water content." 86 

 87 

Answer: Thank you for this comment. We would like to clarify a few points as it 88 

seems it was not clearly described in the original manuscript. The data presented in 89 

this study represents aircraft penetrations in five single clouds. Each case (TRK1 to 90 

TRK5) represents a single cloud that has been investigated uniquely. 91 

For clarifying it in the revised manuscript we modified the opening sentence of the 92 

Results section (section 3): " Fig. 1c shows some differences between the clouds that 93 

were investigated on June 6th and 7th." 94 

Figure 1 presents the flight profiles in these five single clouds. The horizontal distance 95 

that the airplane passed through each cloud penetration is only about 2 km. This 96 

information has been added into the revised text in section 2 (Measurements and 97 

instrumentation): “Each flight focused on one single cloud with penetrations at 98 

different altitudes (the aircraft ascended or descended at height steps of approximately 99 

150 m). As can be inferred from Fig. 1c, the duration of each penetration was about 100 

15–25 s, corresponding to horizontal flight distances of approximately 1–2 km (the 101 

aircraft speed was 70–90 m s-1 depending on the wind speed and direction). The 102 
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information about cloud top height presented in this paper is based on verification that 103 

no cloudy region was present above a specific height. This was done by visual 104 

inspection of the visibility around the aircraft, combined with the measured cloud 105 

droplet concentration and LWC above this height. Cloud top height was set as the 106 

highest altitude for which measured cloud droplet concentration and LWC were 107 

higher than 10 cm-3 and 0.01 g kg-1, respectively, in agreement with the criteria of 108 

Deng et al. (2009) for the determination of a cloudy region." 109 

  110 

2) "The technical quality of all figures is very bad. In all figures the vertical dimension, 111 

where the discussed parameter (relative dispersion) is presented is so small, that it 112 

makes impossible to see, understand and appreciate discussion of results. The vertical 113 

scale changes from one flight to the other making results shown very confusing" 114 

 115 
Answer- Thank you for this comment. The technical quality of the figures was 116 

improved in the revised manuscript and the font sizes were enlarged. Concerning the 117 

vertical axes: except for Fig.2, all of the attached figures use a consistent vertical axis 118 

for all the investigated clouds. The vertical scale in Fig. 2 represents the height above 119 

the ground and the values are different from one cloud to the other. It turns out that if 120 

the same vertical scale is used for all the sub-figures it would make it difficult to 121 

follow the evolution of the droplet size distribution with height. Therefore, in Fig. 2 122 

we chose to use different values for the vertical axis in each case but we added a note 123 

about it in the figure caption, in order to avoid confusion:” Note that the vertical axes 124 

are not uniform, accounting for the different cloud tops observed in the different 125 

flights.” 126 

 127 

 3) “As can be inferred from Figure 1 the aircraft ascended from the cloud base to the 128 

cloud top over a horizontal distance over 100 km long. Clouds were 1000 to over 2000 129 

m deep. We don’t know where it is known from; obviously not from the in-situ 130 

measurements, because the aircraft didn’t fly close to the cloud tops. Relative 131 

dispersion is analyzed with respect to the location in cloud (with respect to the cloud 132 

base), mean concentration and Liquid water content” 133 

 134 

Answer - As mentioned above in the answer to the general comment each flight 135 

focused on one single cloud with penetrations in different altitudes (the aircraft 136 

ascended or descended at height steps of approximately 150 m). The horizontal flight 137 

distances were on the order of 1–2 km only in each altitude. It should be emphasized 138 

that the horizontal axis in Fig. 1B refers to the time, rather than to the horizontal 139 

distance the airplane travelled. In the revised manuscript (section 2) we added an 140 

explanation to clarify this point: "Each flight focused on one single cloud with 141 

penetrations at different altitudes (the aircraft ascended or descended at height steps 142 

of approximately 150 m). As can be inferred from Fig. 1c, the duration of each 143 

penetration was about 15–25 s, corresponding to horizontal flight distances of 144 

approximately 1–2 km (the aircraft speed was 70–90 m s-1 depending on the wind 145 

speed and direction). The information about cloud top height presented in this paper 146 

is based on verification that no cloudy region was present above a specific height. 147 

This was done by visual inspection of the visibility around the aircraft, combined with 148 

the measured cloud droplet concentration and LWC above this height."  149 
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This misconception may be attributed to the quality of Fig. 1, and hence, in agreement 150 

with the reviewer’s comment we improved the quality of this figure.  151 

 152 

4) "As I stated at the beginning, authors use the notion of cloud depth (in the 153 

supplement) attributing the same cloud depth for the whole cloud field measured 154 

during a given flight. They should comment where they know this value from, and 155 

secondly why the attribute the same value for all clouds. This issue brings also a 156 

confusion while looking at Fig 2, where the vertical scale end for some flights at 157 

’expected’ cloud top (TR5, TR4, TR2), but not for two others." 158 

 159 

Answer - As each flight focused on a single cloud, it allowed us to estimate cloud top 160 

height based on visual control of the visibility in the vicinity of the aircraft, and based 161 

on the measured LWC and droplets concentrations values in each case. This is the 162 

reason why the cloud tops differ from one flight to the other. As stated above we 163 

clarified this point in the revised manuscript.  164 

 165 

5) "Clouds are heavily diluted. Although it is not so easy to see it from the color scale 166 

in Fig. 3 and 4 it is very likely that LWC very rarely rises up to 2 g/mˆ3 for those 167 

flights were the maximum adiabatic value goes up to 3,8 g/mˆ3. Division of cloud 168 

points into ’inner’ and ’boundary’ parts doesn’t seem sound for me. The procedure 169 

doesn’t provide a real division, because as I stated before all clouds are very diluted. 170 

A comment on inhomogeneous mixing as l. 20, p. 11161 is unjustified." 171 

 172 

Answer – We agree with the reviewer that clouds are diluted but in our opinion it is 173 

possible to separate the inner parts from the boundaries of the clouds in the analyzed 174 

data. For separating the inner from the outer parts throughout all the analyses we used 175 

a threshold value of droplets concentration (Nc) >10 cm -3 and LWC > 0.001 g cm-3 176 

to define an in-cloud part (based on Deng et al. 2009). The cloud boundaries were 177 

defined as those data points that met the conditions of Nc > 10 cm−3 and LWC > 0.001 178 

g cm-3, while for one of their neighboring points this criterion is not fulfilled. Please 179 

notice that a sampling data point was regarded as an in-cloud only in case its 180 

neighboring sampling points (representing in total 2s or ~150 m) are all associated 181 

with Nc values larger than 10 cm-3 and LWC larger than 0.001 g cm-3. So in our 182 

opinion these criteria are objective, consistent and robust for separating these two 183 

regimes. 184 

Furthermore, our statement about inhomogeneous mixing is not meant to be 185 

conclusive and its purpose is to present a possible option: "The similar relative 186 

dispersion values when comparing Figs. 3 and 4 and the decrease in LWC and Nc 187 

suggest that a fraction of the droplets were totally evaporated due to mixing with the 188 

outside environmental air, but the shape of the droplet size distribution did not change. 189 

This implies that non-homogeneous entrainment mixing was the dominant process at 190 

the cloud boundaries, similar to the findings of Small et al. (2013)." 191 

Regarding the values of LWC in figures 3 and 4, they are presented very clearly in 192 

parts B of those figures and not only by the color scale in panel A. 193 

 194 

6) I don’t understand the reason of submission of a supplement, that is discussed also 195 

in the main body of a paper. If the results are discussed in the paper 196 
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and references to supplement's  figures are provided, this text should be merged to the 197 

main paper. 198 

 199 

Following this comment we incorporated two of the supplementary plots as well as 200 

the related discussion into the revised manuscript. 201 

 202 

 203 

 204 

   205 

References 206 
Deng, Z., Zhao, C., Zhang, Q., Haung, M., and Ma, X.: Statistical analysis of 207 

properties and 10 parameterization of effective radius of warm cloud in Beijing area, 208 

Atmos. Res., 93, 888–896, 2009. 209 

 210 

 211 

  212 
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Reply to comments by reviewer #2: 213 
 214 

 215 

 216 

In the following part the reviewer’s comments (in italic font) are followed by our 217 

response:  218 

 219 

MAJOR COMMENTS:  220 

 221 

1. It is unclear how they determine cloud height. This is an important quantity for 222 

their discussion and it is ambiguous how it is determined. 223 

 224 

Answer:  225 
The information about cloud top height presented in the paper is based on verification 226 

that no cloudy region is present above a certain height level. This was done by visual 227 

inspection of the visibility in the vicinity of the aircraft, combined with the measured 228 

cloud droplet concentration and liquid water content above this height. A clarification 229 

about this point was added to the paper (Measurements and instrumentation section):  230 

“Cloud top height was set as the highest altitude for which measured cloud droplet 231 

concentration and LWC were higher than 10 cm-3 and 0.01 g kg-1, respectively, in 232 

agreement with the criteria of Deng et al. (2009) for the determination of a cloudy 233 

region.” 234 

 235 

2. They don’t make a very strong case for why this new work is needed. They do not 236 

present a novel or unique way of assessing relative dispersion. 237 

 238 

Answer:  239 
The relative dispersion of cloud drops size distribution, which is the essence of this 240 

paper is a key factor used in various types of atmospheric models (from cloud 241 

resolving, CRM's, to global climate models, GCM's). The sensitivity of this factor to 242 

clouds' microphysical and thermodynamic properties and to environmental conditions 243 

is still unknown and many studies reported on different results. The flights data used 244 

in our analysis enables further investigation of the relative dispersion in warm 245 

continental convective clouds as a function of height above the cloud base and cloud 246 

properties. It is unique data in the sense that it enables a detailed investigation of warm 247 

continental convective clouds in high resolution. 248 

For emphasizing the importance of this topic we included the following sentences in 249 

the Abstract and in the Discussion and summary sections. The contribution of this 250 

paper to the scientific knowledge in the field is now better highlighted and explained:  251 

 252 

Abstract:  253 

 254 

“The relative dispersion (ε), defined as the ratio between the standard deviation (σ) of 255 

the cloud droplet size distribution and cloud droplet average radius (<r>), is a key 256 

factor in regional and global models. ". 257 

 258 
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“ɛ is shown not to be correlated with cloud droplet concentration or liquid water 259 

content (LWC). However, ɛ variance is shown to be sensitive to droplet concentration 260 

and LWC, suggesting smaller variability of ε in the clouds' most adiabatic regions. 261 

 262 

and  263 

 264 

“A criterion for use of in-situ airborne measurement data for calculations of statistical 265 

moments (used in bulk microphysical schemes), based on the evaluation of ε, is 266 

suggested." 267 

 268 

Discussion and summary: 269 
 270 

“The present study uses airborne measurements to demonstrate that ε is not correlated 271 

with LWC, Nc or <r>, suggesting that ε is relatively invariant to changes in the cloud's 272 

microphysical properties. On the other hand, variance in ε was found to be correlated 273 

with LWC and Nc, suggesting that ɛ variance, rather than ɛ, does depend on the cloud's 274 

microphysical properties. This finding may pave the way for improving 275 

autoconversion and radiation parameterizations, which rely on ε values in CRMs and 276 

GCMs. However, further testing of the correlation of ε with these parameters under 277 

different ambient conditions and adiabatic and non-adiabatic cloud conditions is 278 

warranted.”. 279 

 280 

3. They tend to generalize concepts without the necessary elaboration. Such as 281 

mentioning “microphysical processes” without describing what processes are 282 

relevant to their study.  283 

 284 

Answer:  285 
Thank you for this comment. In this research we study warm continental clouds and 286 

in the analysis we refer to the growing and mature stages in cloud's lifetime (when 287 

those clouds are usually measured during flights) when there are a few dominant 288 

microphysical processes. The major relevant microphysical processes in such clouds 289 

are diffusional growth, collision-coalescence of droplets and entrainment.  290 

 291 

In the discussion part we explain it in details:  292 

"Regarding all of the other clouds, based on the relatively small <r> values (see Fig. 293 

2), the sparse population of large droplets (for all clouds except TRK3) and the 294 

relatively high aerosol loading, we assume that drop growth in all of the measured 295 

clouds was dominated by the condensation process. It is well known that growth by 296 

condensation leads to an increase in <r> but a decrease in the width of the size 297 

distribution (smaller σ (e.g. Rogers and Yau, 1989). However, the invariant nature of 298 

ɛ values in this and some other studies suggests that additional processes occur 299 

simultaneously with condensation. These additional processes act to increase σ such 300 

that the ratio of σ to <r> remains relatively constant. Such processes may include drop 301 

growth by collision–coalescence or the formation of new droplets by activation of 302 

cloud condensation nuclei (CCN) (increasing the number of the smaller droplets) or 303 

activation of giant CCN (which may increase the number of the larger drops). These 304 

scenarios act to broaden the droplet spectrum. In this study, we cannot determine 305 
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which of these processes is more significant. Moreover, the contribution of each of 306 

the two processes to maintaining a relatively constant range of ɛ may vary at different 307 

locations and stages of cloud evolution. Collection-based processes are more 308 

important higher in the cloud and at later stages in the cloud's evolution, while 309 

activation of new particles is more important near the cloud base and in the early 310 

stages of its development.". Our analysis (see Fig. 7) indicated that both ε values and 311 

variance tend to be smaller near the cloud base, suggesting that activation of new 312 

droplets dominantly contributed to maintain ε more confined. 313 

 314 

4. It is unclear why they chose pre-frontal and post-frontal clouds. They do not 315 

elaborate on their reasoning for doing this. Why not use data from many more flights 316 

to establish a statistical grouping of clouds that can be sorted by cloud height and 317 

aerosol amount? The limited number of flights and the amount of data used is 318 

concerning. It is concerning that they only use two flights and 5 clouds since they are 319 

obviously not using high resolution data. 320 

 321 

Answer:  322 
In this study we use flight data collected in five warm continental clouds. In-situ data 323 

is always smaller compared to data acquired by other methods as it is more expensive 324 

and complicated to measure. This type of analysis of flights  measurements is valuable 325 

as it serves to validate other observational datasets and numerical models. Here we 326 

focus on warm convective clouds, over land that developed in different levels of 327 

aerosol loading. Such data enables investigation of the relation of relative dispersion 328 

with the height above cloud base, the location within the cloud (cloud boundary vs. 329 

in-cloud measurements) and the thermodynamic conditions. As far as we know this 330 

type of detailed observation has not been shown in similar studies. The results are 331 

robust and it demonstrates the strength of such study. 332 

 333 

Regarding the characteristics of pre-frontal and post-frontal clouds. The 334 

thermodynamic conditions of temperature and pressure levels that were measured 335 

near the base and top of the five clouds along the flights were added to table 1. It can 336 

be noticed that the cloud base temperatures decreased a bit after the passage of the 337 

front but the differences are minor. The five clouds are similar in their depth (base 338 

around 950–1,250 m and tops between 2,350–3.550 m) in similar temperature levels 339 

(base around 10–16ºC and tops between ~5–(-2)ºC). It means that those five 340 

investigated clouds have similar properties and can be compared. The robust 341 

estimated values for ɛ demonstrate the similarity of those clouds. 342 

 343 

We want to emphasize that we do use high resolution data. The sampling rate is 1 Hz 344 

and with an aircraft speed of 70–90 m s-1 the spatial resolution is 70 to 90 m. These 345 

resolutions both in time and space are considered as high resolution data regarding 346 

clouds measurements. 347 

 348 

We add the following sentence in the Measurements and Instrumentation section: 349 

“A shallow frontal system passed over the area of Istanbul on the night of 6 Jun 2008, 350 

bringing some rain showers to the area. Figure 1a shows an image of the Eastern 351 

Mediterranean region, taken by the Moderate Resolution Imaging Spectroradiometer 352 
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(MODIS) sensor, on 7 Jun 2008, showing the area west of Istanbul after the passage 353 

of the front. The airborne measurements in five warm cumulus clouds were conducted 354 

before (clouds TRK1 and 2) and after (TRK3, 4 and 5) the passage of the front (see 355 

the flight tracks in Fig. 1b). There was a slight decrease in temperature after the 356 

passage of the front (this can be seen in the minor differences between the temperature 357 

levels of TRK1, 2 compared to those of TRK3, 4, 5 in Table 1). Such measurements 358 

provide a unique opportunity to study the relationships between relative dispersion (ɛ) 359 

and different cloud properties (e.g. height above the cloud base, LWC, Nc)."  360 

 361 

 5. It is unclear how the flights were conducted. Aerial views of the flight paths are 362 

never shown. Based on Figure 1B it needs to be assumed that they flew back and forth 363 

in single clouds an multiple levels, but they never explicitly say this.  364 

 365 

Answer:  366 
Thank you for this comment. The description of the flights was improved in the 367 

revised version. Following the reviewer recommendation we have modified figure 1 368 

to include  an additional map of the flight area with the tracks of the five flights in 369 

these five clouds (fig. 1a). Fig. 1c presents the flight height,  the measured droplet 370 

concentration and temperature as function of time. The horizontal distance that the 371 

airplane passed through each cloud penetration is about 2 km. This information has 372 

been added into the revised text in section 2 (Measurements and instrumentation):  373 

“Each flight focused on one single cloud with penetrations at different altitudes (the 374 

aircraft ascended or descended at height steps of approximately 150 m). As can be 375 

inferred from Fig. 1c, the duration of each penetration was about 15–25 s, 376 

corresponding to horizontal flight distances of approximately 1–2 km (the aircraft 377 

speed was 70–90 m s-1 depending on the wind speed and direction)." 378 

 379 

 380 

6. They should include average meteorological parameters for each “cloud” in their 381 

table. They should have access to these data from the aircraft. This would allow a fair 382 

comparison between theses clouds rather than just saying they are pre- or post- 383 

frontal. 384 

 385 

Answer:  386 
Thank you for this good idea. Table 1 was modified to include thermodynamic data 387 

and in the new version it includes: number of data points, maximum and minimum 388 

temperature, maximum and minimum pressure, cloud base and (estimated) cloud top 389 

height. 390 

 391 
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Flight date/ 

Flight time (LT) 
Abbr. 

No. of data 

points 

(rounded) 

Aerosol 

loading 

(cm-3) 

(0.11–3 

µm) 

Min.-Max. 

Temp. 

(OC) 

Min.-

Max. 

Height 

AGL (m) 

Min.-Max. 

pressure 

(mb) 

06.06.2008/  

12:00-12:36 

TRK1 380 1,800 5.7–16 1,000–

2,500 

750–901 

06.06.2008/  

12:54-13:24 

TRK2 240 900 -2.1–15.4 1,200–

3,550 

655–882 

07.06.2008/  

06:24-06:54 

TRK3 1,040 700 -1.3–9.8 1,250–

3,450 

661–874 

07.06.2008/  

13:18-13:45 

TRK4 450 800 -1.4–13.6 950–

3,550 

660–907 

07.06.2008/  

14:09-14:30 

TRK5 110 1,000 5.7–13.9 1,000–

2,350 

767–905 

Table 1. Airborne measurements which were used for the present study. The table 392 

indicates for each of the 5 airborne measurements used for the present study the flight 393 

date and the corresponding abbreviation used in this paper, number of data points, 394 

aerosol loading at the cloud base (see Sect. 3.2), minimum and maximum temperature, 395 

minimum and maximum pressure, cloud base and (estimated) cloud top height. 396 

 397 

7. They need to provide evidence for the “regeneration of the air pollution layer.” 398 

With the current wording it is just speculation that this is the case.  399 

 400 

Answer:  401 
Thank you for this comment. We deleted this sentence from the revised text as we 402 

could not support it in an adequate way.  403 

 404 

8. Uncertainty, and an assessment of if their results are statistically significant in light 405 

of the few clouds/data points they have, in their measurements and results needs to be 406 

more thoroughly discussed. The lack of droplets over 20 um needs further discussion. 407 

How much will the results change if those droplets are included, the authors 408 

discussion of this is not thorough. 409 

 410 

Answer:  411 
We thank the reviewer for this comment as this issue deserves further discussion. The 412 

information about the number of analyzed data points were added in the revised 413 

version, both to table 1 (total points per cloud) and to Fig. 3-5 (total points per height 414 

or per LWC bin). 100's of measurement points were analyzed per cloud. Figures 3-5 415 

present the 95% confidence interval for the calculated averages of the relative 416 

dispersion in order to give the reader information about the estimated error. The robust 417 

results of the analysis for those five different clouds demonstrate the statistical 418 

significance of our analysis. Although it is a small number of clouds the estimated 419 

relative dispersion for all of them give similar values. The following sentence was 420 

added in the results section: 421 
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“It should be noted that although the error bars in Fig. 4 are significantly larger than 422 

in Fig. 3, both figures demonstrate invariant values of ε as a function of vertical height 423 

above the cloud base and LWC." 424 

 425 

Regarding the issue of lack of measurements of droplets larger than 20 µm. The case 426 

of TRK3 demonstrates a cloud where there are probably large drops that were not 427 

measured. In this case we see different behavior of ε compared to the other clouds. 428 

The ε values for the case of TRK3 tend to be smaller for higher LWC, higher up in 429 

the cloud. We expect those values to be similar to the values estimated for lower parts 430 

of the cloud. The reason for this difference is the lack of the big drops in the measured 431 

spectrum. In the case of droplets size distribution the tail of the distribution 432 

(representing the larger droplets) is known to be very important. In fact this is one of 433 

the main factors that contribute to the complexity of cloud physics. On one hand the 434 

tail of the distribution, counting the larger droplets, is likely to have relatively low 435 

numbers, and on the other hand these sparse large droplets control the non-linear part 436 

of the cloud processes.  437 

For distributions that have clear maxima (as opposed to uniform distribution for 438 

example), the relatively sparse tail of the large values (large droplets radii in our case) 439 

contributes strongly to the variance (or the standard deviation) compared to the 440 

average. Intuitively this can be explained by the fact that for clear maxima distribution 441 

most of the distribution members are concentrated near the maxima away form the 442 

tail and therefore trimming the tail will shift the mean toward smaller numbers 443 

relatively slowly while the variance depends on the square of the distance to the mean 444 

and therefore trimming it will reduce it faster. A formal proof for any distribution with 445 

a decaying tail is not trivial but we can easily demonstrate it for Gamma distribution. 446 

Assuming a Normalized Gamma distribution of the droplets radius (P): 447 

P�r� = 	
�	
�
	�


���
e�

�
�  where a is the shape parameter and so when a > 1 the distribution 448 

has a clear maxima and b is the scale parameter determining the sharpness of the 449 

decaying (exponential) tail.  450 

In theory the distribution is defined on the whole real positive domain r	 ∈ �0, ∞� and 451 

then the distribution moments are well defined: the mean r̅ = ab, the variance v = 452 

ab� and therefore the relative dispersion ε = 	
�

√�
 . 453 

To demonstrate the effect of tail trimming on the distribution we calculate a theoretical 454 

droplet distribution with 20 µm mean radius and standard deviation of ~5 µm (figure 455 

below, blue curve). Then we gradually trim the tail from the large end and calculated 456 

the relative dispersion by-definition. The trimming effect on the relative dispersion 457 

(ε) is shown on the figure (in red). Note that when the tail is not occupied (for the very 458 

large droplets) ε does not change much and stay around its theoretical value of 
�

√��
= 459 

0.22. When the tail trimming reaches sizes that are significantly represented in the 460 

distribution, a clear reduction in the values of ε is shown.  461 

We note that in the case of gamma distribution, the reduction in the ε values will 462 

continue even when trimming the distribution over the peak. This is not generally true 463 

for other distributions.   464 

 465 
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  466 
 467 

The related text in Sect. 4 provides an explanation for the special case TRK3 468 

where the presence of droplet larger than 25 µm at the high regions of the cloud (that 469 

is evident from Fig. 2) cannot be detected by the measuring instruments. We added a 470 

clarifying sentence in this paragraph: " Clearly, ɛ estimations deviate when the tail 471 

of the size distribution exceeds 25 µm in radius, i.e., the estimated variance will be 472 

smaller than the real one (see TRK3 in Fig. 2) and as a consequence, the ɛ values as 473 

well (see TRK3 in Figs. 3 and 4). " 474 

 475 

9. It would be helpful for them to include the number of data points in each cloud pass 476 

in Figure 1B and Figures 3-5.  477 

 478 

 479 

Answer:  480 
The number of data points was added to Figs. 3-5 and Table 1 in the revised 481 

manuscript. 482 

 483 

10. Flight speed needs to be mentioned so we can accurately assess that 2 sec = 140 484 

m of cloud.  485 

 486 

Answer:  487 
Thank you for this suggestion, the missing data was added to the revised text. We 488 

added the following sentence at the opening of the Result section: 489 
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"As can be inferred from Fig. 1c, the duration of each penetration was about 15–25 s, 490 

corresponding to horizontal flight distances of approximately 1–2 km (the aircraft 491 

speed was 70–90 m s-1 depending on the wind speed and direction). " 492 

 493 

11. A discussion of entrainment and mixing at cloud top and cloud edges is necessary 494 

(see Small et al 2013, Tellus) 495 

 496 

Answer: 497 
Thank you for this comment. A detailed discussion about this topic was added to the 498 

revised paper. We added the following statement in the results section: 499 

“The similar relative dispersion values when comparing Figs. 3 and 4 and the 500 

decrease in LWC and Nc suggest that a fraction of the droplets were totally evaporated 501 

due to mixing with the outside environmental air, but the shape of the droplet size 502 

distribution did not change. This implies that non-homogeneous entrainment mixing 503 

was the dominant process at the cloud boundaries, similar to the findings of Small et 504 

al. (2013)". 505 

 506 

 507 

 508 

SPECIFIC FIGURE COMMENTS  509 

12) Figure 1) This figure is poorly formatted. Flight tracks should be included over 510 

the MODIS image to show where the flights took place. Highlighting locations like 511 

the Black Sea and Istanbul are useless to the study. Where were the flights made? In 512 

part B of this figure the altitude axes are too short to be able to clearly tell the 513 

differences between cloud penetrations. Making these panels larger and including 514 

grid lines will help make this figure easier to understand. In the caption it states that 515 

the measurements were carried out from June 6-8, though in the manuscript (line 12) 516 

it says June 6-7. 517 

 518 

Answer:  519 
We adopted the reviewer’s recommendation and Fig. 1 was significantly changed (see 520 

the figure at the end of this file) as follows: 521 

1. The flight tracks were added in the upper panel of Fig. 1. MODIS image covers 522 

large area in the Eastern Mediterranean Sea and in our opinion it is a good way 523 

for showing the high cloud fraction in the measuring area. Therefore we added 524 

a zoom in of the map of East Turkey to show the tracks of the five research 525 

flights. 526 

2. We extended the  y-axis range  in the graphs of the bottom panel (in fig. 1) and 527 

changed the location of the sub-figures (from 3 rows to 2 rows) 528 

3. We added grid lines in the bottom panel   529 

4. We corrected the figure caption  530 

 531 

13)  Figure 2) The vertical axes in these panels needs to be larger. It is almost 532 

impossible to see the green line that represents the standard deviation.  533 

 534 

Answer:  535 
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The figure was modified to have a larger vertical axis. The data is presented in a better 536 

way now. Please see the revised figure at the end of this file. 537 

 538 

 539 

14) Figures 3-5) these figures constitute the bulk of the results section and are 540 

incomprehensible. It is impossible to see the difference in colors of the dots (for LWC, 541 

Nc) due to the extremely short y-axes on every panel. It is also almost impossible to 542 

read the axes labels. These figures need to be completed re-done in order for them to 543 

be useful to the reader. With the figures in the current format this paper cannot be 544 

published. 545 

 546 

Answer:  547 
Figs. 3–5 were modified in the revised version and they are much clearer now. 548 

1. The average values of ε are now clearly shown on the graphs with colors 549 

representing the LWC in Figs 3a and 4a and the droplet concentration in Figs. 550 

3b and 4b 551 

2. The error bars represent the 95% confidence interval for the calculated 552 

averages of the relative dispersion  553 

3. The gray points show the raw data of ε. 554 

 555 

 556 

 557 

 558 

SPECIFIC TABLE COMMENT  559 

15) Table 1) Include key meteorological parameters from the atmosphere around each 560 

cloud. For example, the range of temperature from cloud base to top, the range of 561 

humidity etc. 562 

 563 

Answer:  564 
We added thermodynamic data to table 1 (see above in answer no. 6) including the 565 

temperature levels at clouds' base and top and the corresponding pressure levels. We 566 

could not add humidity data since it was not measured properly on those flights.  567 

 568 

MINOR COMMENTS: ABSTRACT  569 

16) Line 12: Clarify the “clear criterion” and what you are referring to when you 570 

state “statistical moments’ calculations. 571 

 572 

Answer:  573 
Thank you for this comment. The revised sentence:  574 

" A criterion for use of in-situ airborne measurement data for calculations of statistical 575 

moments (used in bulk microphysical schemes), based on the evaluation of ε, is 576 

suggested." 577 

 578 

1. INTRODUCTION (page 11154)  579 

17) Line 16: “droplets” should be “droplet”  580 

Line 19: “drops” should be drop  581 

Line 21: Are you talking about cloud dynamics or atmospheric dynamics, be clear.  582 
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Line 22: List or describe what “different microphysical processes” you are talking 583 

about Line 22: Are you talking about the terminal velocities of the rain drops or 584 

the cloud drops?  585 

Line 18-24: The wording/English writing in this section needs to be revised and 586 

improved. 587 

 588 

Answer:  589 
Lines 16 and 19 - All corrections were included in the revised manuscript.  590 

 591 

Line 21 – " the dynamics" was replaced by " the cloud's dynamics". 592 

 593 

Line 22 – "the falling drops" was replaced by: "the falling raindrops". 594 

 595 

Line 18-24: This part was rewritten in the revised version:  596 

"Higher in the cloud, at later stages of the cloud's development, additional processes, 597 

such as collision–coalescence, raindrop sedimentation, entrainment and mixing, 598 

further modify the drops' size distribution. On the other hand, the droplet size 599 

distribution determines the timing and magnitude of microphysical processes, which 600 

affect the cloud's dynamics through determination of terminal velocities, drag of the 601 

falling raindrops, and the release of latent heat." 602 

 603 

 604 

1. INTRODUCTION (page 11155)  605 

18) Line 1-25: The wording/English writing in this entire section needs to be 606 

revised and improved.  607 

Specific comments below.  608 

Line 2: “like for” is awkward, change this. 609 

Line 5: “It is done in” is awkward, change this.  610 

Line 16: “strartiform” should be “stratiform”  611 

Line 20: What type of aerosol loading was the Lu et al and Berg et al papers made 612 

under?  613 

Line 23: It is random to mention that the Nc was higher than 50 cm-3, why do you 614 

include this?  615 

Line 24: You state “similar results were reported” which previous paper that you 616 

mentioned are you referring to? 617 

. 618 

Answer:  619 
- Lines 1-25: the English was improved in this section (as was done along the whole 620 

paper). 621 

 622 

Line 2: The revised sentence:  623 

"Both σ and <r> are key variables used in various parameterization schemes, such as 624 

reflectivity of clouds (Hansen and Travis, 1974; Slingo, 1989; Liu and Daum, 2000a, 625 

b; Daum and Liu, 2003) and autoconversion processes (e.g., Liu et al., 2005, 2006a; 626 

Hsieh et al., 2009). However, instead of using both σ and <r>, their ratio (i.e. the 627 

relative dispersion, ɛ) is often used. This is done in atmospheric models that span a 628 

wide scale from cloud resolution (CRMs) to global climate models (GCMs)." 629 
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 630 

Line 5: The revised sentence:  631 

"However, instead of using both σ and <r>, their ratio (i.e. the relative dispersion, ɛ) 632 

is often used. This is done in atmospheric models that span a wide scale from cloud 633 

resolution (CRMs) to global climate models (GCMs)." 634 

 635 

Line 16: strartiform” was replaced by: “stratiform. 636 

 637 

Line 20: We’ve added information about aerosol conditions in both studies:  638 

“Lu et al. (2008) and Berg et al. (2011) analyzed airborne measurements of shallow 639 

cumuli under various levels of anthropogenic pollution and found an average ε of 640 

around 0.3. In Berg et al. (2012), the pollution levels were assessed using CO 641 

concentrations (up to 170 ppbv) and in Lu et al. (2008), the highest accumulation 642 

mode aerosol concentration was 1,650 cm-3” . 643 

 644 

Line 23: It is clearer in the revised version that the convergence of ε is gradual:  “Zhao 645 

et al. (2006) analyzed data collected in 135 flights in different environments and found 646 

that ε values tend to converge to a range of ~ 0.4 to 0.5 for droplet concentrations (Nc) 647 

higher than 50 cm-3." 648 

 649 

Line 24: The sentence was modified in order to make it clear that our intention is to 650 

compare the Deng et al and Zhao et al studies:  651 

“Deng et al. (2009) also indicated similar convergence of ε with Nc.”.  652 

 653 

1. INTRODUCTION (page 11156) 654 

19)  Line 13: “more” should be removed Line 13: “due to that” is awkward, 655 

change this 656 

 657 

 658 

Answer:  659 
Line 13: The sentence was modified: “They suggested that continental clouds have 660 

smaller <r> and therefore, larger ε”. 661 

 662 

1. INTRODUCTION (page 11157)  663 

2. 20) Line 1-2: “relationship of the droplet concentration” should be “relationship 664 

between Nc”  665 

3. Line 4: “Nc” should be “Nc” in italics and with a subscript "c"  666 

4. Line 6: “affect” should be “affects”  667 

5. Line 7: “for positive Nc-“ should be “for a positive Nc-“ with Nc in italics and 668 

with a subscript "c" 669 

6. Line 9: “: : : and the surface precipitation” should be “: : :the surface 670 

precipitation”  671 

7. Line 13: You did not previously introduce the abbreviation for cumulus (Cu). You 672 

need to do that first. 673 

8.  Line 16: “a most” should be “the most”  674 

9. Line 27: “: : :and the relation between” should be “: : : and the relationship 675 

between” 676 
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 677 

Answer:  678 
Lines 1-2: The revised sentence: “relationship between Nc”. 679 

 680 

Line 4: “Nc” appears in the revised manuscript in italics and with a subscript "c". 681 

 682 

Line 6: “affect” was replaced by “affects”. 683 

 684 

Line 7: The sentence was changed to: “They concluded that the Nc–ε relationship 685 

(positive or negative change of ε with Nc) influences.” 686 

 687 

Line 9: The sentence was changed to:  688 

“Xie et al. (2013) suggested that for a positive Nc–ε relationship, the large-sized rain 689 

drops at high aerosol concentrations enhance the efficiency of the surface 690 

precipitation.” 691 

 692 

Line 13: We removed the abbreviation “Cu” throughout the whole paper. 693 

 694 

Line 16: “a most” was removed. The sentence was changed to: “Their results indicated 695 

that ɛ has a narrow range around ~0.25–0.35 during the mature stage of the cloud's 696 

lifetime (defined as the stage when the total water mass is around its maximum with 697 

only minor changes).” 698 

 699 

Line 27: “and the relation between” was removed.  The sentence was changed to:” In 700 

this study, we use detailed airborne measurements carried out near Istanbul, Turkey 701 

in June 2008, to explore ɛ in non-precipitating continental convective clouds under 702 

various conditions of aerosol loading” 703 

 704 

21) 2. MEASUREMENTS AND INSTRUMENTATION (page 11158)  705 

Line 4: “(CARI) was” should be “(CARI) project was”  706 

Line 4-5: Avoid using the same work twice: “aimed at studying” and “as a feasibility 707 

study”  708 

Line 13: Why did you choose the pre- and post- “frontal-passage” data. You need to 709 

justify this choice to frame your study and why it is different and contributes to the 710 

body of work relating to relative dispersion.  711 

Line 15: “The upper panel of Fig. 1” should simply be “Figure 1a” 712 

Line 20: Table1 needs to be expanded to include more information 713 

Line 26: Was there no instrumentation on board to determine if there were ice 714 

crystals? A CIP perhaps? 715 

 716 

Answer:  717 
Line 4: “(CARI) was” was replaced by “(CARI) project was”. 718 

 719 

Line 4-5: “The 2007–2008 Cloud and Aerosol Research in Istanbul (CARI) project 720 

was aimed at exploring cloud and precipitation characteristics as a feasibility study 721 

for cloud-seeding operations in the area of Istanbul (Teller et al., 2008). " 722 

 723 
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Line 13: This issue was addressed in details in the response to question 4 in the Major 724 

Comments above. 725 

 726 

Line 15: Done 727 

 728 

Line 20: Done 729 

 730 

Line 26: This information was added into the text: “Cloud imaging probe (CIP) 731 

measurements carried out onboard the aircraft showed that the clouds did not contain 732 

ice hydrometeors” 733 

 734 

22) 3. RESULTS (page 11160)  735 

Line 3-4: you are speculating about the regeneration of the air pollution layer. You 736 

need to show evidence that this is the case  737 

Line 28-29: English wording needs to be improved. This sentence is difficult to follow. 738 

 739 

Answer:  740 
Lines 3-4: This was addressed by our response to point #8 of the major revisions. 741 

 742 

Lines 28-29: The sentence was revised: ”As can be seen in Fig. 2, the changes in σ 743 

and <r> as a function of height above the cloud base (see the red and yellow lines in 744 

the figure) were similar for all clouds except cloud TRK3.”. 745 

 746 

23) 3. RESULTS (page 11161)  747 

Line 2: What do you mean by “are constrained within the cloud”  748 

Line 3: “relation” should be relationship”  749 

Line 15: “boundaries” could be replaced by “edges”  750 

Line 10-17: English wording needs to be improved. This section is difficult to follow. 751 

Line 18: You mention the “total number of data points” but these values can’t be seen 752 

in any figure, table or in the text. Include them in Table 1 or on the figures. 753 

Line 24: “likely an artifact” – what do you mean by artifact, describe what you are 754 

referencing. 755 

 756 

Answer:  757 
Line 2: The sentence was revised for clarity: “This observation suggests that, except 758 

for TRK3, the relative dispersion value (ɛ = σ/<r>) is not sensitive to the vertical 759 

height above the cloud base. The reason for the exception in case TRK3 is discussed 760 

in Sect. 4” 761 

 762 

Line 3: “relation” was replaced by "relationship”. 763 

 764 

Line 15: We prefer to keep using "boundaries” in order to be consistent with other 765 

places for which this term is being used in the text. 766 

  767 

Lines 10-17: This section was edited for clarity:  768 

"The black lines in both figure panels represent the average values of ɛ, obtained for 769 

each of the 10 different bins, and sorted in the figure according to height (Fig. 3a) or 770 
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LWC (Fig. 3b). The error bars represent the 95% confidence interval for the mean ε. 771 

While it is clear that on average for each flight, the droplet concentration increases 772 

with LWC (see colors of the average ε points), the average relative dispersion falls 773 

into a narrow range and does not depend on LWC. Figure 4 is similar to Fig. 3, but is 774 

based only on measurements in the cloud boundaries where LWC and Nc are below 775 

the threshold values of 0.01 g kg-1 and 10 cm-3, respectively. Figures 3 and 4 776 

demonstrate that for both the inner cloud and its boundaries, the droplet concentration 777 

increases with LWC, while the average relative dispersion remains almost constant. 778 

". 779 

 780 

Line 18: The number of data points used in the analysis  was added in Table 1 and 781 

figures 3-5 and 7. 782 

 783 

Line 24: The sentence was modified in the revised manuscript:"It can also be noted 784 

that the trend for the TRK3 case is different. A clear decrease in ε is observed near the 785 

top of the cloud associated with higher LWC values. This issue will be further 786 

discussed in Section 4". 787 

 788 

  789 

24) 4. DISCUSSION and SUMMARY (page 11162) 790 

 Line 25: You mention that the variance decreases significantly. What statistical test 791 

did you conduct to determine this? 792 

 793 

Answer:  794 
Line 25: Thank you for this comment. The reader is now referred to Fig.6 which 795 

demonstrates the decrease in ɛ variance with the increase in LWC and Nc. Statistically, 796 

fig. 6 demonstrates the convergence of ɛ with LWC and Nc. by presenting the standard 797 

deviation of ɛ. 798 

Printer-friendly Versionactive Discussion 799 

Discussion Paper 800 

25) 4. DISCUSSION and SUMMARY (page 11163)  801 

Line 1-5: English wording needs to be improved. This section is difficult to follow.  802 

Line 10: “NC” should be “Nc” in italics and with a subscript "c"  803 

L:ine 18-20: Why do you bring up the second indirect effect here? You don’t really 804 

discuss it anywhere else. It seems out of place and like you’re trying to fill up space. 805 

Line 22: “values right” should be “values correctly”  806 

Line 10-25: English wording needs to be improved. This section is difficult to follow. 807 

 808 

Answer:  809 
Lines 1-5 - The related section was edited for clarity and English style: The following 810 

sentence was added: 811 

"Overall, the mean ɛ values vary in the range of 0.24 to 0.37. This is in agreement 812 

with previous studies which indicated that ɛ tends to be bounded in a similar narrow 813 

range in warm cumuli (Pandithurai et al., 2012; Berg et al., 2011), stratus clouds (Peng 814 

et al., 2007) and stratocumulus clouds (Pawlowska et al., 2006). 815 

 816 
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Line 10: “NC” appears now in italics and with a subscript "c" (Nc).This notation is 817 

now used along the entire text 818 

 819 

Lines 18-20: Thank you for this comment. The related section was edited, and we 820 

hope it is clear now why the second indirect effect is mentioned:  821 

"However, Tas et al. (2012) also showed, using detailed microphysical model,  822 

that ɛ tends to be more scattered during the non-mature cloud development stages and 823 

for entrainment zones in the cloud, which are also associated with low LWC and Nc 824 

values. Above the threshold levels of Nc and LWC, ɛ showed fast convergence to 825 

average values. Deng et al. (2009) and Zhao et al. (2006) also indicated convergence 826 

of ɛ to a narrow range (0.4–0.5) with increasing Nc associated with higher pollution 827 

levels. Tas et al. (2012) showed that ɛ fits into a narrow range for the core of a cumulus 828 

cloud in its mature stage, and for high LWC. In the present study, we also observed 829 

convergence of ɛ with aerosol loading, which might be related to an increase in Nc, 830 

LWC, or both. Note that an increase in aerosol loading can lead to extension of the 831 

mature stage, as a result of the second indirect effect (Albrecht et al., 1989). Therefore, 832 

the convergence of ɛ due to either an increase in aerosol loading or an extension of 833 

the mature stage might be related to the same basic mechanism.” 834 

 835 

Line 22: “values right” was replaced by “values correctly”. 836 

 837 

Line 10-25: The related section was edited for clarity and English style. 838 

 839 

26) 4. DISCUSSION and SUMMARY (page 11165) 840 

 Line 1: “analyze airplane” is awkward. Reword this sentence. 841 

 842 

Answer:  843 
Line 1: "“analyze airplane” was removed. 844 

 845 

 846 

 847 

 848 

 849 

 850 

 851 

 852 

 853 

 854 

 855 

 856 

 857 
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 858 

 859 

Fig. 1. (a) MODIS image of the Eastern Mediterranean region on 7 Jun 2008. (b) 860 

The tracks of the five flights. (c) A summary of flight profiles and cloud droplet 861 

concentration in airborne measurements carried out on 6–7 Jun 2008 around 862 

Istanbul, Turkey. Black line shows the droplet concentration and colored line shows 863 

the height above ground and the temperature.  864 

 865 

 866 

 867 

 868 

 869 

 870 

 871 

 872 

 873 

 874 

 875 

 876 

 877 

 878 

 879 

 880 

 881 
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 882 

 883 
 884 

Fig. 2. Cloud droplet size distribution as a function of height above the ground. The 885 

contours show the distribution (dN/dlog(r)). The yellow and red lines represent the 886 

average and standard deviation of the radius over the entire measurements, 887 

respectively. For the purpose of constructing the lines of the average radius and the 888 

standard deviation, we divided the measurements into 10 height bins and for each 889 

bin the average was calculated. Note that the vertical axes are not uniform, 890 

accounting for the different cloud tops observed in the different flights. 891 
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 940 
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 942 

 943 

 944 

 945 

 946 

 947 

Fig. 3. (a) Relative dispersion (ε) vs. height above the ground with colors 948 

representing the liquid water content (LWC) and (b) ε vs. LWC with colors 949 

representing the droplet concentration for the inner cloud data points. Error bars 950 

represent standard error of the average ε for each height level (in a) and LWC (in b) 951 

with a confidence level of 95%. 952 

 

A 

B 
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 953 
 954 

 955 

Fig. 4. (a) Relative dispersion (ε) vs. height above the ground with colors 956 

representing the liquid water content (LWC) and (b) ε vs. LWC with colors 957 

representing the droplet concentration for the cloud boundary data points. Error 958 



26 

 

bars represent the standard error of the average ε for each height level (in a) and 959 

LWC (in b) with a confidence level of 95%. 960 

 961 

 962 

 963 

 964 

 965 

 966 

 967 

 968 

 969 

 970 

 971 

 972 

 973 

 974 

 975 

 976 

 977 

 978 

 979 

 980 

 981 

 982 

 983 

 984 

 985 

 986 

 987 

 988 

 989 

 990 

 991 

 992 

 993 

 994 

 995 

 996 

 997 

 998 

A 

B 



27 

 

Fig. 5. Relative dispersion vs. average radius for (a) the inner cloud data, and (b) 999 

the cloud boundaries. Error bars represent the standard error of the average ε for 1000 

each <r> level with a confidence level of 95%.  1001 

 1002 

1003 
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 1004 

Fig. 6. Relative dispersion and its variance as a function of cloud liquid water 1005 

content (LWC) and droplet number. Relative dispersion (ε), relative dispersion 1006 

average (AVR(ε)) and relative dispersion variance (STD(ε)) are presented vs. LWC 1007 
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(a) and Nc (b). AVR(ε) and (STD(ε)) are presented as the average values of 10 1008 

number-based size bins. 1009 

 1010 
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 1019 
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 1027 

 1028 

 1029 

 1030 
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 1035 

 1036 

 1037 

 1038 

 1039 

 1040 

Figure 7. (a) Histograms of ε for different aerosol loadings. The average aerosol 1041 

loading for each flight (calculated at cloud base height) is presented. All histograms 1042 

are based only on measured data associated with Nc > 10 cm-3. (b) Histogram of ε 1043 

for different height ranges above the cloud base (indicated individually for each 1044 

histogram by “h” range of the total cloud depth, “H”), excluding data collected 1045 
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during flight TRK3. All histograms are based only on measured data associated with 1046 

Nc > 10 cm-3. The top panel (All data) is based on data collected during all flights. 1047 

Data collected during flight TRK3 were not used for any of the histograms. 1048 
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