
Response to Referee #2 

Using aerosol and cloud parameter data derived from MODIS and CALIPSO satellite 

observations over the land areas of eastern China, this study systematically investigated the 

regulatory role of liquid water path (LWP) in cloud droplet effective radius (CER), and the 

interaction between aerosol optical depth (AOD) and cloud properties during Period 1 (2008–

2014) and Period 2 (2015–2022). This manuscript is well planned and written, and I think that 

the analysis of data is well conducted. However, in my opinion, the current version of the 

manuscript has some problems which need to be addressed before the work can be considered 

suitable for publication. 

The authors are grateful to Referee #2 for the valuable time spent on thorough reading our 

manuscript and providing expert views to guide us for improving the manuscript with the main 

and specific points and the references. We have taken notice of all comments, listed below in 

black, and made many changes to the manuscript to address these, together with the comments 

from the other referees. All modifications in the revised manuscript have been highlighted for 

your convenience. We address each of your comments below and refer to our responses in the 

revised manuscript and provide line numbers (clean version) and copy text in “quotes”. Finally, 

relevant references have been added to the reference list. 

General comments 

Comments (1): Discussion: This study explores the responses of two cloud parameters (CER 

and Nd) to AOD and the sensitivity of these responses to scales, but lacks an in-depth analysis 

of the differences and correlations between the two parameters’ responses to AOD. It would 

be helpful if the authors make comparisons between them.  

Answer: Thank you for this valuable suggestion. We fully agree that an in-depth comparison 

of the differences and correlations between CER and Nd responses to AOD—including their 

scale-dependent characteristics—will enrich the discussion and deepen the understanding of 

aerosol-cloud interaction mechanisms. 

To address this gap, we will add a dedicated subsection (e.g., “4.3 Contrasting sensitivity 

patterns of cloud parameters in response to AOD”) in the Discussion section lines 693-733, 

focusing on the following key aspects: 

4.3 Contrasting sensitivity patterns of cloud parameters in response to AOD 

A comprehensive comparison of the sensitivity SCER and SNd reveals that the responses of CER 

and Nd to AOD exhibit distinct yet inherently interconnected characteristics. These 

characteristics are jointly modulated by spatial scale and LWP regimes (Figs. 5, 7, 8; 

Supplements 1–2), which profoundly reflect the core microphysical mechanisms of aerosol-

cloud interactions. Details are elaborated as follows: 

4.3.1 Core differences in response modes between SCER and Nd to AOD 

SCER is consistently negative across both periods and all LWP regimes (−0.33< SCER <0) (Figs. 

5, 7; Supplement 1), indicating that an increase in AOD leads to a decrease in CER. This aligns 

with the core principle of the Twomey effect (Twomey, 1977; Feingold et al., 2001). The values 

of |SCER| are larger in the second LWP regime than in the first regime, reflecting stronger 



aerosol modulation of cloud microphysical properties when liquid water is abundant 

(McComiskey & Feingold, 2012). In contrast, SNd maintains a significant positive correlation 

with AOD across all scenarios (0<SNd<1) (Fig. 8; Supplement Tables 1-2), confirming that 

higher AOD directly promotes CCN activation and thereby increases cloud droplet number 

concentration (Andreae, 2009). SNd is larger in small-scale study areas (e.g., 4°×4°) and small 

buffer zones, with a maximum value of 0.45 in the first period, indicating greater sensitivity of 

cloud droplet number to aerosol loading at fine spatial scales. 

4.3.2 Synergistic modulation of AOD and spatial scale 

Using the LWP interval corresponding to SNd (0 < LWP ≤ 200 g/m²) as a benchmark, 

comparisons between the two periods (incorporating average values of SCER across two LWP 

regimes) reveal distinct characteristics: 

For the small-scale study area (4°×4°): In period 1, the average |SCER| across two LWP regimes 

is 0.271 (0.2232 for the 0–55 g/m² LWP regime, 0.3189 for the 55–135 g/m² LWP regime) and 

SNd=0.4496, both significantly higher than those in period 2 (average |SCER|=0.154, with 0.0863 

for 0–50 g/m² LWP regime and 0.2212 for 50–100 g/m² LWP regime; SNd=0.2903). The 

negative correlation between AOD and CER is more significant in period 1, as sufficient CCN 

in small-scale areas amplifies both cloud droplet number increase and size reduction, enhancing 

the Twomey effect. 

For the medium-to-large scale study areas (6°×6°, 8°×8°, 10°×10°): In period 1, the average 

|SCER| across two LWP regimes is 0.1683 (0.1305 for 0–55 g/m², 0.2061 for 55–135 g/m²), 

0.13065 (0.1026 for 0–55 g/m², 0.1587 for 55–135 g/m²), and 0.1067 (0.0858 for 0–55 g/m², 

0.0885 for 55–135 g/m²), respectively, all higher than the corresponding values in period 2 

(0.1516, 0.1246, 0.0985). However, SNd in period 1 (0.2430, 0.2050, 0.1430) is lower than that 

in period 2 (0.2960, 0.2680, 0.1740), with no significant difference in the negative correlation 

between AOD and CER between the two periods. 

This characteristic indicates that meteorological confounding effects are enhanced at larger 

scales, weakening the regulation of SNd by aerosols, while at small scales the aci is directly 

driven by AOD levels. 

4.3.3 Implications for aerosol indirect effects 

The differences and interconnections between SCER and SNd highlight that aerosol indirect 

effects are dominated by coupled microphysical processes: Aerosol-induced increases in CCN 

first enhance Nd through positive SNd, and then reduce CER through negative SCER under 

constant LWP conditions. The scale-dependent attenuation of both sensitivities and their 

modulation by LWP indicate that quantifying aerosol indirect effects requires full consideration 

of spatial scales and the key role of liquid water, providing observational basis for optimizing 

climate model parameterization schemes. 

This revision will systematically clarify the links and differences between CER and Nd 

responses to AOD, providing a more holistic understanding of aerosol-cloud interaction 

processes and strengthening the scientific depth of the discussion. 

Comments (2): Discussion: This study conducts a comparative analysis using two periods with 

different atmospheric pollution concentrations. Although AOD exerts a significant impact on 



cloud parameters, the role of meteorological conditions cannot be overlooked. Therefore, when 

comparing the differences in cloud parameters’ responses to aerosols between different periods, 

explanations of meteorological conditions should be incorporated. 

Answer: Thank you for this critical suggestion. We fully agree that meteorological conditions 

are a key confounding factor in aerosol-cloud interaction studies, and explicitly integrating 

their role into the inter-period comparison of cloud parameter responses is essential for 

enhancing the robustness of our conclusions. 

To address this gap, we have added the text in the Discussion 4.2 lines 662-673 to incorporate 

meteorological condition analyses, linking them to the observed differences in SCER and SNd 

between 2008–2014 (high AOD) and 2015–2022 (decreasing AOD).  

“The results from this study suggest that AOD-cloud property correlations in large study areas 

are susceptible to meteorological confounding effects (Quaas et al., 2010; Boucher and Quaas, 

2012; Gryspeerdt et al., 2014; Liu et al., 2024). Theoretically, aerosol regulation of cloud 

microphysics is strongly local: smaller domains (e.g., 4°×4°) feature homogeneous 

meteorological conditions (humidity, updrafts), preserving undiluted aerosol-cloud interaction 

signals and yielding larger |SCER| (pronounced Twomey effect). In contrast, expanded domains 

(e.g., 10°×10°) encompass heterogeneous meteorological conditions (circulation differences, 

boundary layer variability) that independently modulate cloud droplet growth. For example, 

strong updrafts enhance liquid water supply, offsetting aerosol-induced radius reduction 

(Altaratz et al., 2014), weakening aerosol-CER correlations and reducing |SCER|. Consistent 

with Grandey & Stier (2010), large-scale domains introduce “dilution bias” via non-target 

meteorological variability. This scale-dependent confounding mechanism elucidates 

uncertainties in aerosol indirect effect assessments at regional scales.” 

Comments (3): Abstract: It would greatly enhance the abstract (as well as the conclusion 

section) if the authors could emphasize the overall significance and potential implications of 

this study at the abstract’s conclusion. 

Answer: Thank you for this valuable suggestion. We fully agree that emphasizing the overall 

scientific significance and practical implications of the study at the end of the abstract (and 

corresponding conclusion section) will better highlight the work’s contribution and improve its 

impact. 

To address this, we have revised the Abstract as follows: 

“This study aims to reveal patterns of the sensitivity of aerosol indirect effects to spatial scales 

and investigate the regulatory role of the liquid water path (LWP) in aerosol-cloud interactions 

over land in eastern China. Using MODIS and CALIOP satellite observations, we 

systematically analyzed the relationships between aerosol optical depth (AOD) and cloud 

properties (cloud droplet effective radius, CER; cloud droplet number concentration, Nd) 

during two periods: 2008–2014 (period 1, high AOD) and 2015–2022 (period 2, decreasing 

AOD). The results show two distinct regimes of CER variation with LWP: a rapid growth 

regime (LWP < 55/50 g/m²) and a decreasing regime (LWP = 55-135/50-100 g/m²) (thresholds 

vary by period). The sensitivity of CER to AOD (SCER) exhibited a negative correlation, with 

stronger sensitivity in the decreasing LWP regime than in the rapid growth regime. Spatial 

scale (characterized by buffer size and study area) significantly modulated these sensitivities: 

|SCER| and the positive sensitivity of Nd to AOD (SNd) both decreased with increasing spatial 



scale. Optimal buffer sizes range from 6°×6° to 10°×10°: increasing with study area in period 

2 but decreasing in period 1 for the decreasing LWP regime. Compared with period 1, |SCER| in 

period 2 significantly reduced, reflecting the weakened aerosol-cloud interactions due to 

declining aerosol concentrations. Additionally, the optimal buffer sizes for SNd are larger in the 

8°×8° and 10°×10° study areas than in 4°×4° and 6°×6° areas. This study reveals the scale-

dependence of aerosol-cloud interactions, providing critical observational support for 

optimizing climate model parameterization schemes.” 

These revisions will clearly articulate the study’s unique contributions to the field, its relevance 

to climate modeling and policy, and its value for guiding future research—strengthening the 

abstract’s impact and aligning the conclusion with the broader scientific and practical context. 

We will ensure the abstract remains concise (within typical word limits) while the conclusion 

expands on implications in sufficient detail, maintaining consistency between the two sections. 

Comments (4): It would be beneficial to include a figure or table illustrating the availability of 

satellite retrievals across the analyzed domain. Additionally, the sample size should be reported 

for all figures presented in the study. 

Answer: Thank you for this constructive suggestion. We fully agree that supplementing 

satellite retrieval availability across the study domain and explicitly reporting sample sizes for 

all figures will enhance the transparency, reproducibility, and rigor of our study. 

To address this, we have reported sample sizes of CER and AOD for the first LWP regime 

across both study periods, all buffer sizes and study areas in Supplement Tables S3–S8. 

Table S3. Sample sizes of cloud droplet effective radius (CER) and aerosol optical depth (AOD) across different 

buffer sizes, study areas (LWP regime 1, 2008–2014). 

Buffer sizes 
Sample sizes of CER in LWP regime 1  Sample sizes of AOD in LWP regime 1 

10°×10° 8°×8° 6°×6° 4°×4° 10°×10° 8°×8° 6°×6° 4°×4° 

10 25054 16133 8551 3879 47846 32406 18711 8808 

20 41667 26507 14077 6376 64878 42949 24462 11377 

30 54960 34885 18421 8346 76569 50055 28274 13047 

40 66170 42147 22136 9966 86291 56006 31523 14482 

50 76207 48769 25738 11593 94726 61227 34272 15664 

60 85194 54539 28946 12979 102262 65860 36741 16695 

70 93413 59681 31788 14192 108792 69756 38749 17519 

80 100728 64370 34330 15317 114357 73103 40498 18246 

90 107291 68535 36552 16270 119187 76077 42016 18893 

100 113457 72525 38761 17155 123607 78839 43496 19469 

120 124793 79882 42945 18964 131449 83807 46217 20534 

140 134597 86324 46525 20462 138140 88001 48518 21557 



150 138760 89086 48145 21141 141012 89985 49570 21991 

160 142693 91808 49602 21734 143725 91767 50570 22436 

180 150015 96789 52326 22860 148480 94870 52385 23155 

200 156655 101246 54894 23983 153084 97946 53963 23921 

250 169423 109475 59449 26008 162530 104346 56987 25388 

300 178015 115051 62656 27442 170117 109006 59332 26453 

 

Table S4. Sample sizes of cloud droplet effective radius (CER) and aerosol optical depth (AOD) across different 

buffer sizes, study areas (LWP regime 2, 2008–2014). 

Buffer sizes 
Sample sizes of CER in LWP regime 2  Sample sizes of AOD in LWP regime 2 

10°×10° 8°×8° 6°×6° 4°×4° 10°×10° 8°×8° 6°×6° 4°×4° 

10 22338 14357 7737 3715 47846 32406 18711 8808 

20 35406 22471 11964 5697 64878 42949 24462 11377 

30 45473 28805 15162 7187 76569 50055 28274 13047 

40 54074 34078 17839 8368 86291 56006 31523 14482 

50 61579 38732 20290 9444 94726 61227 34272 15664 

60 68173 43017 22553 10424 102262 65860 36741 16695 

70 74272 46909 24584 11230 108792 69756 38749 17519 

80 79999 50507 26412 11950 114357 73103 40498 18246 

90 85339 53806 28177 12654 119187 76077 42016 18893 

100 90440 56944 29812 13329 123607 78839 43496 19469 

120 99758 62598 32673 14486 131449 83807 46217 20534 

140 108723 68273 35600 15795 138140 88001 48518 21557 

150 112740 70969 36864 16426 141012 89985 49570 21991 

160 116558 73463 38046 16974 143725 91767 50570 22436 

180 123653 78031 40203 17917 148480 94870 52385 23155 

200 129864 81813 42186 18674 153084 97946 53963 23921 

250 142429 89112 46079 20120 162530 104346 56987 25388 

300 152460 95213 49452 21369 170117 109006 59332 26453 

 

Table S5. Sample sizes of cloud droplet effective radius (CER) and aerosol optical depth (AOD) across different 

buffer sizes, study areas (LWP regime 1, 2015–2022). 

Buffer sizes 
Sample sizes of CER in LWP regime 1  Sample sizes of AOD in LWP regime 1 

10°×10° 8°×8° 6°×6° 4°×4° 10°×10° 8°×8° 6°×6° 4°×4° 



10 25054 16133 8551 3879 47846 32406 18711 8808 

20 41667 26507 14077 6376 64878 42949 24462 11377 

30 54960 34885 18421 8346 76569 50055 28274 13047 

40 66170 42147 22136 9966 86291 56006 31523 14482 

50 76207 48769 25738 11593 94726 61227 34272 15664 

60 85194 54539 28946 12979 102262 65860 36741 16695 

70 93413 59681 31788 14192 108792 69756 38749 17519 

80 100728 64370 34330 15317 114357 73103 40498 18246 

90 107291 68535 36552 16270 119187 76077 42016 18893 

100 113457 72525 38761 17155 123607 78839 43496 19469 

120 124793 79882 42945 18964 131449 83807 46217 20534 

140 134597 86324 46525 20462 138140 88001 48518 21557 

150 138760 89086 48145 21141 141012 89985 49570 21991 

160 142693 91808 49602 21734 143725 91767 50570 22436 

180 150015 96789 52326 22860 148480 94870 52385 23155 

200 156655 101246 54894 23983 153084 97946 53963 23921 

250 169423 109475 59449 26008 162530 104346 56987 25388 

 

Table S6. Sample sizes of cloud droplet effective radius (CER) and aerosol optical depth (AOD) across different 

buffer size, study areas (LWP regime 2, 2015–2022). 

Buffer sizes 
Sample sizes of CER in LWP regime 2  Sample sizes of AOD in LWP regime 2 

10°×10° 8°×8° 6°×6° 4°×4° 10°×10° 8°×8° 6°×6° 4°×4° 

10 6548 6548 5449 2803 12892 12892 12892 5961 

20 24886 16258 8833 4421 46067 30536 17623 8079 

30 32260 20786 11214 5490 55767 36685 20780 9408 

40 38784 24739 13284 6440 63457 41493 23310 10474 

50 44831 28399 15176 7183 70030 45443 25423 11419 

60 50181 31609 16909 7816 75667 48900 27138 12122 

70 54865 34476 18456 8415 80872 51807 28559 12723 

80 58946 37042 19776 8901 85308 54361 29846 13245 

90 62835 39437 21006 9359 89202 56659 31024 13706 

100 66623 41757 22165 9796 92939 58931 32143 14126 

120 73427 46010 24248 10605 99298 62674 34081 14927 

140 79486 49854 26210 11312 104540 65994 36013 15617 



150 82336 51650 26988 11633 107089 67545 36876 15939 

160 85055 53440 27893 11942 109626 69104 37718 16261 

180 89669 56388 29401 12520 114187 72088 39380 16889 

200 93898 58986 30700 13034 117969 74508 40596 17401 

250 102933 64417 33649 14040 125590 79489 43005 18271 

300 109964 68913 35755 14701 132000 83404 45012 18913 

 

Table S7. Sample sizes of cloud droplet number concentration (Nd) and aerosol optical depth (AOD) across different 

buffer sizes and study areas during 2008-2014. 

Buffer sizes 
Sample sizes of Nd Sample sizes of AOD 

10°×10° 8°×8° 6°×6° 4°×4° 10°×10° 8°×8° 6°×6° 4°×4° 

10 47846 32406 18711 8808 50686 32611 17320 8053 

20 64878 42949 24462 11377 70102 45066 23944 11084 

30 76569 50055 28274 13047 84442 54334 28822 13435 

40 86291 56006 31523 14482 96186 62056 32857 15309 

50 94726 61227 34272 15664 106166 68620 36473 16906 

60 102262 65860 36741 16695 114950 74328 39638 18292 

70 108792 69756 38749 17519 122840 79508 42510 19478 

80 114357 73103 40498 18246 129763 84048 45038 20599 

90 119187 76077 42016 18893 135810 87931 47225 21548 

100 123607 78839 43496 19469 141407 91543 49256 22436 

120 131449 83807 46217 20534 151353 98040 53031 24145 

140 138140 88001 48518 21557 159758 103516 56167 25517 

150 141012 89985 49570 21991 163180 105820 57561 26100 

160 143725 91767 50570 22436 166373 108000 58769 26661 

180 148480 94870 52385 23155 172007 111773 60981 27665 

200 153084 97946 53963 23921 176658 114922 62862 28696 

250 162530 104346 56987 25388 185393 120627 66331 30409 

300 170117 109006 59332 26453 191138 124592 68823 31481 

 

Table S8. Sample sizes of cloud droplet number concentration (Nd) and aerosol optical depth (AOD) across different 

buffer sizes and study areas during 2015-2022. 

Buffer sizes 
Sample sizes of Nd Sample sizes of AOD 

10°×10° 8°×8° 6°×6° 4°×4° 10°×10° 8°×8° 6°×6° 4°×4° 



10 37182 23994 13048 6149 31621 21503 12892 5961 

20 51313 32990 17755 8252 46067 30536 17623 8079 

30 61921 39800 21327 9788 55767 36685 20780 9408 

40 70663 45351 24213 11063 63457 41493 23310 10474 

50 78059 50080 26808 12118 70030 45443 25423 11419 

60 84354 53975 28967 13015 75667 48900 27138 12122 

70 89675 57448 30881 13832 80872 51807 28559 12723 

80 94620 60671 32636 14556 85308 54361 29846 13245 

90 99042 63497 34138 15155 89202 56659 31024 13706 

100 102936 65993 35444 15703 92939 58931 32143 14126 

120 110590 70884 38002 16787 99298 62674 34081 14927 

140 116487 74472 40007 17549 104540 65994 36013 15617 

150 119140 76230 41049 17958 107089 67545 36876 15939 

160 121506 77846 41958 18265 109626 69104 37718 16261 

180 125788 80845 43582 18935 114187 72088 39380 16889 

200 129613 83370 44887 19538 117969 74508 40596 17401 

250 136752 87967 47756 20784 125590 79489 43005 18271 

300 141896 91273 49807 21431 132000 83404 45012 18913 

Comments (5): There are a number of statements that I could not understand. I cannot list them 

all here, but I will list some under Specific Comments. I think editing for English grammar and 

style would help with readability a great deal. 

Answer: Thank you for this important feedback. We fully agree that refining the English 

grammar, style, and clarity of the manuscript is critical for improving readability and ensuring 

that all statements are easily understandable. To address this, we have implemented a 

comprehensive editorial revision of the entire manuscript. 

Specific comments 

Comments: (1) Page 1, Line 31: change “significantly…weaker of aerosol” to 

“significant...weaker aerosol…” 

Answer: Corrected. As the abstract has been revised comprehensively, the sentence has been 

revised as follow (lines 34-35): 

“Compared with period 1, |SCER| in period 2 significantly reduced, reflecting the weakened 

aerosol-cloud interactions due to declining aerosol concentrations.” 

Comments: (2) Page 5, Line 144: Please replace them with more recent literature citations. 



Answer: Corrected. 

The text “The multitude of sources and the persistent nature of these aerosol particles, which 

can remain suspended for days to weeks and be transported over long distances in the absence 

of precipitation (Costantino et al., 2013; Li et al., 2021; Leung et al., 2023), makes eastern 

China an ideal study area for investigating aci.” in Section 2.1 lines 182-185. 

Comments: (3) Page 6, Line 149: change “30–40 N and 112–122 E” to “30°–40°N and 112°–

122°E” 

Answer: Corrected. 

Comments: (4) Page 6, Line 154: change “LT” to “Local time” 

Answer: Corrected in lines 195-196. 

“The satellite’s equator crossing time is 13:30 (Local time, i.e. in the early afternoon, 

coinciding with optimal development conditions for continental warm cloud systems (Wang et 

al., 2014; Liu et al., 2024).” 

Comments: (5) Page 6, Line 159-160: The selection of AOD values greater than 1.5 requires 

literature support. 

Answer: Thank you for this insightful comment. To address this concern, we have added the 

following justification in Section 2.2 “Data used” (lines 204-211): 

“In this study, AOD larger than 1.5 was excluded from further analysis to mitigate potential 

retrieval overestimation. This threshold was selected based on two key considerations: (1) 

Christensen et al. (2017) used MOD06 C6 data (1 km × 1 km) and reported that “large aerosol 

optical depths remain in the MODIS-observed pixels near cloud edges, due primarily to 3D 

effects (Varnái and Marshak, 2009) and the swelling of aerosols by higher relative humidity”; 

(2) the threshold of 1.5 aligns with widely adopted thresholds in regional aerosol-cloud 

interaction studies over eastern China, where high AOD often coincides with complex surface 

conditions (e.g., urbanization, heterogeneous land cover) that exacerbate retrieval biases 

(Wang et al., 2015; Liu et al., 2017, 2021).” 

Comments: (6) Page 6, Line 161: CDR appears in multiple places throughout the manuscript 

and should be corrected. 

Answer: Corrected. 

Comments: (7) The clarity of Figure 7 in the manuscript needs to be improved. 

Answer: Corrected. 

Comments: (8): Explanations should be provided for the abnormal values of SCER and SNd 

(which do not conform to general conditions) under the larger buffer zones in the figures. 

Answer: Thank you for this perceptive comment. We fully agree that explicitly explaining the 

abnormal SCER and SNd values (deviating from general theoretical expectations) under larger 



buffer zones (>150–200 km) is critical for clarifying potential mechanisms and avoiding 

misinterpretation of the results.  

To address this, we will supplement targeted explanations in the Section 3.3 lines 557-559. 

“It is noted that SCER and Nd exhibit distinct anomalies in large buffer zones, which may be 

associated with key factors including aerosol distribution, meteorological heterogeneity, cloud 

type transitions, and satellite retrieval limitations.” 

Comments: (9): The usage of “period” and “P” when referring to the two different periods in 

the manuscript should be consistent. 

Answer: The terms have been standardized to “period” throughout the manuscript and figures 

for consistency. 

Comments: (10) Page 11, Line 268: delete ‘.’ 

Answer: Corrected. 

Comments: (11) Lines 288, 294, and many others: Present tense is used where past tense should 

be (are vs. were, is vs. was). When describing what was done and what was found, the past 

tense should be used. 

Answer: We have corrected the verb tenses throughout the manuscript, changing present tense 

to past tense where appropriate when describing methods and results. 

Comments: (12) Lines 295, It is necessary to supplement the findings of Liu et al. (2021). 

Answer: Added. 

“These results show that CER is very sensitive to the changes in LWP, which is consistent with 

the study of Liu et al. (2021).   Their results showed that CER was very sensitive to the changes 

in LWP, which was consistent with the study of Liu et al. (2021). Specifically, CER exhibited 

a three-stage variation with LWP: rapid growth when LWP < 50 g/m² (with the fastest change 

rate), a stable state during 50–150 g/m², and slow growth when LWP > 150 g/m² (at a rate 

much lower than the first stage). This highlighted the necessity of fixing LWP conditions to 

accurately investigate the impact of AOD on CER.” in Section 3.2 lines 432-437. 

Comments: (13) Lines 308-311, The “Towmey effect” is mentioned in multiple places 

throughout the manuscript; it should be simplified when referenced for the second time. 

Answer: Corrected. 

“For the first LWP regime, the SCER is negative (as shown in Figure 5). This aligns with the 

Twomey effect (Twomey, 1977): an increase in aerosols raises the number of CCN, and with 

constant LWP, less water vapor is available per cloud droplet, reducing CER, increasing cloud 

albedo, and ultimately cooling the atmosphere.” in Section 3.2.1 lines 450-453. 

Comments: (14) Lines 316, change “much stronger” to “much more strongly”. 



Answer: Corrected. 

Comments: (15) Lines 322-323, It is necessary to clarify why this definition is adopted. 

Answer: Thank you for this important comment. We fully agree that explicitly justifying the 

definition of “optimal scale” (the buffer size with the highest correlation coefficient R between 

SCER and AOD) is critical for ensuring the methodological transparency and rationale of our 

scale-dependent analysis. We have further refined and supplemented the explanation of this 

concept in the revised manuscript to enhance its clarity and comprehensibility. We have also 

ensured the consistency of the concept’s expression throughout the manuscript to avoid any 

potential ambiguity for readers. See the text in the Section 2.4 lines 331-333 and 338-364. 

The text “Here, the spatial scales are described by two parameters: study area size (the 

geographic scope of the analysis) and buffer size (the local spatial extent around each 

observation point for aggregating aerosol and cloud data).” in Section 2.4 lines 331-333. 

The text “Buffer size refers here to a circular spatial domain centered at each CALIOP-detected 

point in the study area where CALIOP detected the presence of aerosols. Within this circular 

domain, MODIS-retrieved cloud and aerosol data (AOD, CER, Nd, LWP) are spatially 

averaged to construct matched aerosol-cloud datasets at different local scales. This approach 

assumes that aerosol properties are reasonably homogeneous between adjacent clear and 

cloudy regions (Anderson et al., 2003; Quaas et al., 2008), which is a plausible considering the 

short-range transport of aerosols (e.g., 10-300 km) and the near-simultaneous observations (1-

2 minutes) by MODIS and CALIOP within the A-Train constellation. 

Buffer zones with sizes increasing from 10 to 300 km (10 km, 20 km, 30 km, 40 km, 50 km, 

60 km, 70 km, 80 km, 90 km, 100 km, 120 km, 140 km, 150 km, 160 km, 180 km, 200 km, 

250 km, and 300 km) were determined within the whole study area by using CALIOP data. 

Previous observations indicate that the typical horizontal scale of cloud clusters ranges from 

tens to hundreds of kilometers (Zhang et al., 2024; Cai et al., 2022), supported by 

CloudSat/CALIPSO satellite data showing power-law distributed cloud scales (10-1000 km 

fitting range) covering major cloud types (Zhang et al., 2024) and regional evidence of 

consistent multi-season, multi-latitude cloud extents (Cai et al., 2022). Meanwhile, aerosol 

spatial homogeneity varies with distance: local-scale aerosols (≤ 50 km) exhibit high 

homogeneity due to consistent sources and stable diffusion, while regional-scale aerosols (> 

100 km) show enhanced heterogeneity from multi-source mixing and atmospheric transport 

(Hassan et al., 2024; Mohebalhojeh et al., 2026). Thus, the 10–300 km buffer range covers both 

cloud characteristic scales and the aerosol homogeneity transition range, ensuring that MODIS 

data averaging effectively captures cloud-aerosol coupling. This range avoids insufficient 

MODIS pixel coverage due to excessively small buffer sizes (< 10 km). It also prevents 

conflation between regional meteorological variations and local aci signals arising from overly 

large buffer sizes (> 300 km), as synoptic-scale circulation and other regional meteorological 

changes may interfere with local aci signals (Quaas et al., 2010). Meanwhile, this range aligns 

with the 50–150 km buffer sizes widely adopted in regional aci studies (Wang et al., 2015; Liu 

et al., 2017; 2024), enabling cross-validation of results and ensuring that MODIS data 

averaging effectively captures cloud-aerosol coupling.” in Section 2.4 lines 338-364. 

Comments: (16) Lines 327, change “decreases” to “also decreases” 

Answer: Corrected. 



Comments: (17) Lines 362, change “cloud-aerosol” to “aerosol-cloud” 

Answer: Corrected. 

Comments: (18) Lines 378,392,419, change “Supplement” to “Appendices” 

Answer: Corrected. 

Comments: (19) Lines 409, The expression suffers from ambiguous reference. 

Answer: Thank you for comment. We have revised the sentence in Lines 551-554 in the revised 

manuscript to clarify the intended meaning and remove any ambiguity. 

“The variation of R with buffer size for each of the two periods shows that the optimal buffer 

sizes are larger when the study area is larger, Specifically, these optimal sizes in the 8°×8° and 

10°×10° study areas are larger than those in the 4°×4° and 6°×6° areas (Figure 9).” 

Comments: (20) Lines 431, The descriptions of “regime” and “phase” in the manuscript need 

to be consistent. 

Answer: The terms have been standardized to “regime” throughout the manuscript for 

consistency. 

Comments: (21) Lines 449, The logical expression of the sentence is unclear. 

Answer: Corrected. See the text in Section 4.1 Lines 631-632. 

“If the characteristics of aerosols (such as composition) change in the second LWP regime, this 

sensitivity may be further amplified.” 

Comments: (22) Lines 450-453, It is necessary to add supplementary literature to support this 

point. 

Answer: Added. See the text in Section 4.1 Lines 626-629. 

“In addition, clouds with larger LWP are usually associated with strong updrafts (such as 

convective clouds), and stronger turbulence and vertical transport will bring more aerosols into 

the clouds, increasing CCN concentration and a decrease in particle size, making them more 

sensitive to changes in AOD (Jones et al., 2009; Han et al., 2022; Fan et al., 2025).” 
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