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Dear Editor and Reviewers: 1 

We appreciate all of you for the thoughtful comments and suggestions, which are very 2 

helpful in improving the manuscript. We have carefully considered all the comments and 3 

revised the manuscript accordingly. The major revisions are summarized as follows. 4 

First, we expanded the sensitivity experiments. We conducted additional experiments to 5 

investigate the sensitivity of TOA scalar and polarized reflectance to aerosol parameters, 6 

including the phase matrix. In addition, we provided the error bounds to better quantify the 7 

associated errors. 8 

Second, we improved and clarified the methodological description. We refined the 9 

presentation of the retrieval algorithm by explicitly describing the compositions of the 10 

measurement vector, state vector, and a priori information. We clarified the observational 11 

channels, viewing geometries, and polarization characteristics used in the algorithm, and 12 

provided further explanation of the retrieval parameters, as well as the selection of a priori 13 

constraints and their uncertainties. 14 

Third, we strengthened the comparison with other satellite data products. In the regional 15 

and global analyses, we added more comprehensive discussions comparing our results with 16 

other satellite data sources such as MODIS, thereby improving the interpretation and 17 

validation of our findings. 18 

Fourth, we added four summary tables to enhance readability and organization. These 19 

tables summarize the datasets used in this study, the structure of the measurement vector, 20 

the composition of the state vector, and the parameter configurations adopted in the 21 

sensitivity experiments. 22 

In addition, we corrected bugs in the data processing workflow, updated several figures, 23 

and conducted an overall careful revision of the manuscript to improve consistency, clarity, 24 

and presentation. Detailed changes are reflected in the revised manuscript, and a point-by-25 

point response to all comments is presented below. 26 

Sincerely, 27 



2 

 

Jing Li, 28 

Department of Atmospheric and Oceanic Sciences, 29 

Peking University 30 

jing-li@pku.edu.cn 31 

  32 
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Report 1 33 

Reply to Anonymous Referee #3 34 

The manuscript addresses an important topic in multi-angle polarimetric aerosol retrieval 35 

and makes use of valuable DPC observations. However, in its current form, the study 36 

exhibits substantial shortcomings in the justification of novelty, the description and 37 

reproducibility of the retrieval methodology, and the physical interpretation of several key 38 

results. In particular, the uncertainty characterization and its consistency with the assumed 39 

measurement accuracy are insufficiently addressed, and some systematic features in the 40 

retrieval products remain unexplained. These issues are considered fundamental and would 41 

require major methodological restructuring rather than incremental revision. I therefore 42 

recommend rejection of the manuscript in its present form. Specific comments are provided 43 

below to clarify the main concerns and to explain in more detail the basis for this 44 

recommendation. 45 

The authors thank the reviewer for the detailed comments and thoughtful suggestions, 46 

which are very helpful in improving the manuscript. We have carefully considered all the 47 

comments and revised the manuscript accordingly. A detailed point-by-point response to 48 

these comments is presented below. 49 

1. L47: “However, existing aerosol retrievals based on DPC observations have 50 

primarily focused on AOD.” This statement is not valid. A large number of studies 51 

have already used DPC observations to retrieve aerosol optical properties beyond 52 

AOD. 53 

We thank the reviewer for this correction. We agree that several studies have already 54 

retrieved aerosol optical properties beyond AOD from DPC observations using physical 55 

inversion methods and machine learning approaches. Our original statement was not 56 

sufficiently precise. Our intention was to emphasize that SSA retrievals specifically from 57 

DPC/GaoFen-5 observations, especially at global scales, remain relatively limited, and the 58 

currently available studies still have constraints (e.g., regional scope, surface-type 59 

limitation, or limited SSA accuracy). 60 
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To make this clear, we revisited the relevant literature and revised the text accordingly. 61 

Specifically, (1) Dong et al. (2024) retrieved SSA using a machine-learning approach, but 62 

the retrieval is limited to land conditions; (2) Fang et al. (2022) reported regional SSA 63 

retrieval rather than global SSA; and (3) Jin et al. (2024), Ji et al. (2025), and Zhang et al. 64 

(2025) reported SSA retrievals based on DPC-2/GaoFen-5(02) observations. Because 65 

DPC-2/GaoFen-5(02) differs from DPC/GaoFen-5 in instrument design and in temporal 66 

coverage, these results are not directly comparable to SSA retrieval from DPC/GaoFen-5, 67 

and therefore do not resolve the limited evidence for global SSA retrieval based on 68 

DPC/GaoFen-5 observations. 69 

Based on this survey, we have revised the expression in L47-58 to avoid suggesting that 70 

DPC-based retrievals focus only on AOD, while correctly stating that SSA retrievals from 71 

DPC/GaoFen-5 remain less reported at global scales: 72 

Many aerosol retrieval studies based on DPC/GaoFen-5 observations have 73 

reported high-quality AOD retrievals (with correlation coefficients up to 0.9 74 

against ground-based measurements). Several studies have also extended the 75 

retrieval to additional aerosol optical properties, including SSA…Nevertheless, 76 

compared with AOD, SSA retrievals based on DPC/GaoFen-5 observations have 77 

been less frequently reported at large spatial scales, and studies that provide global 78 

SSA retrieval remain relatively limited. 79 

2. L55: “while numerical methods have so far been limited to regional and oceanic 80 

applications.” This statement is not correct. DPC observations have already been 81 

used to retrieve aerosol parameters over land and at the global scale. Please add 82 

recent references related to aerosol retrievals using DPC observations. In addition, 83 

“This highlights the need for further exploration of global SSA retrieval using DPC 84 

observations” is also not valid, as global SSA retrievals based on physical methods 85 

and DPC observations have already been reported. 86 

We thank the reviewer for this correction. We agree that our original expression was not 87 

accurate. Physically based numerical inversion methods using DPC observations have been 88 

applied for global aerosol retrievals (especially for AOD). Our intention was to emphasize 89 
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that, compared with AOD, global-scale SSA retrievals from DPC based on physical 90 

methods are still relatively limited, and existing studies often focus on specific regions or 91 

over ocean.  92 

After re-checking the recent literature, we found that while global aerosol retrievals from 93 

DPC observations using physical methods have indeed been reported (primarily focusing 94 

on AOD and related parameters), we did not identify a clearly documented study that 95 

performs global SSA retrieval using a physically based inversion method specifically with 96 

DPC/GaoFen-5 observations. Some global SSA retrieval studies exist but are based on 97 

different sensors. For example, Zhang et al. (2025) implemented the RemoTAP method for 98 

global SSA retrieval over land, but it was conducted using DPC-2/GaoFen-5(02) data 99 

rather than DPC/GaoFen-5. Given differences in instrument design and temporal coverage, 100 

those results are not directly comparable to a global SSA retrieval based on DPC/GaoFen-101 

5 observations. 102 

Therefore, we revised the text in L57-59 to remove the misleading statement and to avoid 103 

implying that global SSA retrievals do not exist: 104 

On the other hand, studies applying physically based inversion methods to DPC 105 

observations for global SSA retrieval are still relatively limited. Further efforts are 106 

therefore needed to extend such physically based approaches on the global scale. 107 

3. L63: “This study uses measurements from the first DPC sensor since data is not 108 

well calibrated for the following two sensors.” This statement is unclear. Which 109 

sensor is referred to as the “first DPC sensor”? 110 

We thank the reviewer for pointing it out. In this study, the “first DPC sensor” refers to the 111 

DPC instrument onboard the Gaofen-5 satellite launched in May 2018. We have revised 112 

the manuscript in L70 to clarify: 113 

This study uses measurements from the DPC instrument onboard the Gaofen-5 114 

satellite launched in May 2018, as the data from the subsequent DPC instruments 115 

onboard Gaofen-5(02) and Daqi-1 are not yet well calibrated. 116 

4. L68: What do you mean by “instrumental drift” in this context? 117 
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Thank you for the comment. In this study, “instrumental drift” refers to a gradual change 118 

in the radiometric response of the DPC sensor after launch. This drift is mainly attributed 119 

to aging and degradation of the optical system in the space environment, rather than 120 

changes in the detectors. As a result, the measured TOA radiance for the same target can 121 

slowly shift over time, leading to increasing radiometric biases if no correction is applied. 122 

This drift is known to be dependent on both wavelength and field of view (FOV, or viewing 123 

geometry), with a stronger sensitivity decrease at shorter wavelengths and larger variations 124 

across the FOV, as reported by Zhu et al. (2022). We have revised the expression in the 125 

manuscript in L79-81 to clarify: 126 

However, after launch, DPC exhibited a gradual change in radiometric sensitivity, 127 

primarily due to aging of the optical components. This drift is dependent on both 128 

wavelength and field of view and can introduce increasing systematic biases if not 129 

properly corrected. 130 

5. L70: What does “Rayleigh scattering-based” refer to? 131 

Thank you for this comment. The term “Rayleigh scattering-based” refers to a radiometric 132 

calibration method developed by Zhu et al. (2022) which is based on the atmospheric 133 

Rayleigh scattering over deep ocean regions. In these areas with very low aerosol loading 134 

and low surface reflectance, the TOA radiance observed by the satellite is dominated by 135 

Rayleigh scattering, which can be accurately simulated using a Radiative Transfer Model 136 

(RTM). Zhu et al. (2022) quantified differences of DPC observed and RTM simulated 137 

radiances over these deep ocean regions, and derived monthly VZA-dependent calibration 138 

coefficients. In this study, these coefficients are applied to correct DPC radiance 139 

observations in order to reduce radiometric biases before aerosol and surface property 140 

retrievals. We have revised the manuscript to better describe the calibration procedure in 141 

L82-89. 142 

The radiometric response of DPC/GaoFen-5 is progressively drifting over time and 143 

is realted to VZA. Zhu et al. (2022) developed a method based on Rayleigh 144 

scattering over the ocean to correct this drift. In deep ocean regions with very low 145 

aerosol loading and low surface reflectance, the TOA radiance observed by 146 
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satellite sensors is dominated by atmospheric Rayleigh scattering, which can be 147 

accurately simulated using radiative transfer models. By comparing simulated 148 

radiances with DPC observations over such regions, Zhu et al. (2022) provided 149 

monthly VZA-dependent calibration coefficients at 443, 490, 565, and 670 nm. The 150 

calibration uncertainties are about 1-7 % (depending on the wavelength and VZA). 151 

In this study, these Rayleigh scattering-based calibration coefficients are applied 152 

to correct DPC’s scalar reflectance at 443, 490, 565, and 670 nm. 153 

6. L76–77: “the screening of cloud/ice/snow pixels additionally employs the original 154 

measurements from the other bands.” Why are uncalibrated measurements used for 155 

cloud/ice/snow screening? You mentioned that the uncertainty of DPC 156 

observations may exceed 20%. Please quantify the retrieval errors introduced by 157 

not using calibration coefficients. You did not specify which calibration 158 

coefficients were used for the polarization measurements. First, please clearly state 159 

whether calibration coefficients were applied and provide their values. Second, if 160 

no calibration coefficients were used, please quantitatively assess the retrieval 161 

errors caused by ignoring calibration. 162 

Thank you for this comment. We clarify that radiometric calibration was applied only to 163 

the scalar reflectance of the four retrieval bands (443, 490, 565, and 670 nm), because 164 

existing calibration studies for DPC/ GaoFen-5 have so far provided coefficients only for 165 

these four bands. For the other scalar bands and for all polarization observations, 166 

calibration coefficients were not applied because reliable post-launch calibration 167 

information (including coefficients) is currently unavailable. 168 

The cloud/ice/snow screening also relies on the 865 nm observations as well as polarimetric 169 

reflectance, and these inputs therefore come from the original (uncalibrated) measurements. 170 

We acknowledge that uncalibrated data may affect screening performance, leading to either 171 

over-screening or residual cloud contamination. To reduce the risk of retaining cloudy 172 

pixels, we adopted more conservative thresholds. For example, given that the uncertainty 173 

at 865 nm can be as large as ~23%, we increased the screening threshold by 20%. Over 174 

land, the criterion (R଼଺ହ/Rସସଷ) was adjusted from 1.2 to 1.44. This tightening is intended 175 
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to maintain robust cloud removal even when the uncalibrated 865 nm reflectance is 176 

positively biased. 177 

Finally, the impact of ignoring calibration is mainly indirect because the retrieval itself 178 

uses only the four calibrated scalar bands. The resulting error is introduced through 179 

screening, i.e., by changing the balance between residual cloud contamination and the loss 180 

of valid clear pixels. 181 

7. L92: “The AOD measurements can be obtained at several wavelengths ranging 182 

from 340 nm to 1640 nm.” AERONET does not appear to provide AOD 183 

measurements at 1640 nm. 184 

Thank you for the comment. AERONET does provide AOD measurements at 1640 nm for 185 

sites equipped with Cimel sun photometers that include an InGaAs detector. As described 186 

by Giles et al. (2019), the nominal standard AERONET aerosol wavelengths include 340, 187 

380, 440, 500, 675, 870, 1020, and 1640 nm. The availability of the 1640 nm channel 188 

depends on the instrument configuration at a given site, and therefore not all AERONET 189 

stations provide measurements at this wavelength. 190 

 191 
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Fig. R1-1. AERONET Level 2.0 daily AOD observations at the GSFC site for January 2025. The 192 

figure is provided by NASA, downloaded from https://aeronet.gsfc.nasa.gov/ on 6 February 2026. 193 

As an illustration, Fig. R1-1 shows Level 2.0 AOD data for January 2025 from the 194 

AERONET GSFC site (downloaded from the AERONET website), which include valid 195 

observations at 1640 nm. We agree that the original wording may imply that all AERONET 196 

sites provide AOD at 1640 nm, and we have revised the manuscript in L105 to clarify: 197 

The AOD measurements are available at multiple wavelengths ranging from 340 198 

to 1640 nm, depending on the site and instrument configuration, whereas the SSA 199 

products are provided at four wavelengths at 440, 675, 870 and 1020 nm. 200 

8. L96–97: “we utilize the all-point Version 3 Level 2.0 direct AOD measurements.” 201 

This statement is unclear. Does “direct AOD” mean that the AOD is not quality-202 

controlled? What does “all-point” refer to? 203 

Thank you for the comment. The “direct AOD” refers to aerosol optical depth retrieved 204 

from direct-sun observations of the AERONET sun photometer, as opposed to AOD 205 

products derived from sky-radiance inversions. It does not indicate that the data are 206 

unprocessed. The Version 3 Level 2.0 AERONET AOD data used here have undergone 207 

standard cloud screening and quality control. 208 

The term “all-point” refers to the original temporal resolution of the AERONET 209 

observations, i.e., individual measurement points for each observation time. The “all-point” 210 

data is a product provided by AERONET, in contrast to those temporally aggregated 211 

products such as daily-mean or monthly-mean data. 212 

We have revised the manuscript in L109-112 to clarify: 213 

Considering the data quality and data availability, this study utilizes the Version 3 214 

all-point (individual measurement) Level 2.0 AERONET AOD data derived from 215 

direct-sun observations, along with quality-controlled Level 1.5 almucantar SSA 216 

retrievals from sky radiance measurements. 217 

9. In Eq. (4), the cost function of the retrieval algorithm is given, but the state vector 218 

to be retrieved and the prior information are not specified. 219 
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Thank you for this comment. We agree that the state vector and the prior information 220 

should be specified. In the revised manuscript, we have clarified the composition of the 221 

state vector, a priori estimates, and the associated errors in Sect. 2.6. 222 

Specifically, the state vector has been described as a combination of aerosol and surface 223 

parameters (L180-189): 224 

The state vector, 𝒙, is composed of aerosol and surface parameters. Particularly, 225 

for land surfaces, the state vector 𝒙 consists of AOD (𝜏(𝜆)), SSA (𝜔(𝜆)), kernel 226 

intensity parameters of RTLS model (𝐾(𝜆), 𝑘௩௢௟, and 𝑘௚௘௢ in Eq. 2), and the scale 227 

factor of BPDF-NDVI model (𝐶 in Eq. 8)…For water surfaces, only 𝜏(𝜆) and 𝜔(𝜆) 228 

are retrieved as components of the state vector 𝒙, and the New Cox-Munk model is 229 

implemented to compute the surface reflectance (Spurr, 2006). The wavelength-230 

dependent parameters, 𝜏(𝜆), 𝜔(𝜆), and 𝐾(𝜆), are retrieved at 443, 490, 565, and 231 

670 nm, corresponding to the wavelengths at which DPC observations are used to 232 

construct the measurement vector. 233 

The description of a priori values and the corresponding uncertainties has also been 234 

clarified in L189-192: 235 

For AOD and SSA, the a priori state vector and its associated error covariance 236 

matrix are prescribed as fixed values, derived from the mean and variance of 237 

AERONET measurements. The a priori estimates of surface properties are also 238 

fixed, with their errors defined by the corresponding ranges of variability. 239 

We have also added a table (Table 3) summarizing the state vector and the associated prior 240 

information. 241 

10. Section 3.1: What SSA value is used in the simulations? Under different SSA 242 

conditions, a ±0.03 perturbation may lead to completely different conclusions. 243 

Moreover, the apparent reflectance change induced by SSA perturbations does not 244 

seem equivalent to the accuracy required for satellite aerosol retrievals. 245 

Thank you for this comment. In the original manuscript, the SSA used in Sect. 3.1 was 246 

computed using a Mie code (Mishchenko et al., 1999), based on the refractive index and 247 
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particle size distribution of the moderately absorbing aerosol type (Levy et al., 2007). 248 

Specifically, the baseline SSA decreases slightly with wavelength, from 0.94 at 443 nm to 249 

0.92 at 865 nm, and the sensitivity tests in Sect. 3.1 were conducted by perturbing SSA 250 

around this spectral baseline. 251 

In the revised manuscript, we expanded the SSA range to 0.8-1.0. We also examined 252 

whether the same SSA perturbation produces comparable changes in I and DOLP at 253 

different SSA levels (Fig. R1-2). The results show that changing SSA from 0.8 to 0.84 (Fig. 254 

R1-2a,b) and from 0.96 to 1.0 (Fig. R1-2c,d) leads to broadly similar variations in I and 255 

DOLP. Therefore, under different SSA conditions, the impacts of the same perturbation 256 

are likely to be similar. 257 

We also agree that the current observation accuracy is not sufficient to resolve the small 258 

changes in I and DOLP induced by 0.03 SSA perturbations. As a result, SSA retrievals 259 

based on DPC measurements can have large uncertainties, which is consistent with the 260 

relatively large errors reported in existing SSA products. 261 

 262 

Fig. R1-2. Relative standard deviation (RSD) of I (a, c) and standard deviation (SD) of DOLP (b, 263 

d) induced by variations in SSA under different SSA levels. SSA varies from 0.80 to 0.84 in (a, b), 264 

and from 0.96 to 1.00 in (c, d).  265 
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11. In Fig. 5, please explain why AOD and DHR are simultaneously underestimated 266 

under high aerosol loading conditions. In addition, why do the numbers of retrieved 267 

AOD values differ among different wavelengths? 268 

Thanks for this insightful comment. The underestimation observed under high aerosol 269 

loading conditions is not strictly simultaneous between AOD and DHR. By shading the 270 

AOD retrievals according to the DHR residual (Fig. R1-3(a)), we find that in part of the 271 

underestimated high-AOD cases, the retrieved DHR are overestimated, suggesting a 272 

compensation effect between surface reflectance and aerosol loading within the inversion 273 

framework. In addition, the AOD retrieval is also coupled with SSA. Under high aerosol 274 

conditions, underestimated AOD frequently corresponds to overestimated SSA (Fig. R1-275 

3(b)), further reflecting parameter trade-offs in the retrieval process. Finally, the presence 276 

of residual errors in the retrieval is expected. 277 

 278 

Fig. R1-3. Validation results of AOD at 443 nm. The points are shading to the (a) DHR residual 279 

(𝚫𝐃𝐇𝐑), and (b) SSA residual (𝚫𝐒𝐒𝐀).  280 

As for the differing numbers of retrieved AOD values among wavelengths, this discrepancy 281 

originates from the previous quality control procedure based on single bands. In the 282 

original implementation, each wavelength was screened independently based on whether 283 

the retrieved parameters fell within the predefined ranges listed in Table 3. Retrievals 284 

located at the preset boundaries were regarded as less reliable and excluded, resulting in 285 

band-dependent sample sizes. In the revised manuscript, we have adopted a joint quality 286 
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control strategy that evaluates all wavelengths involved in the inversion simultaneously, 287 

ensuring consistent sample selection across bands. 288 

12. In Fig. 8, the map of AOD contains missing values, while SSA does not. Why? 289 

We thank the reviewer for pointing this out. The missing values in the AOD map of Fig. 8 290 

are mainly associated with cloud patches, which were correctly screened in the map of 291 

AOD. After careful examination, we found that during the spatial resampling step of the 292 

SSA image processing, these masked grids were not properly excluded due to a processing 293 

issue. This issue has been identified and fixed, and Fig. 8 has been updated accordingly in 294 

the revised manuscript. 295 

13. Under biomass burning conditions, why do high SSA values overlap with possible 296 

aerosol plumes? Biomass burning is generally expected to emit strongly absorbing 297 

aerosols. Please explain. 298 

We thank the reviewer for this important comment. Biomass burning aerosols are generally 299 

characterized by enhanced absorption and relatively low SSA. After carefully comparing 300 

the true-color image, AOD map, and SSA map, we note that the relatively high SSA values 301 

are mainly located at the edges of the smoke plumes, where AOD is comparatively low, 302 

rather than in the core areas of the plumes. On one hand, under low-AOD conditions, SSA 303 

retrieval becomes less constrained and exhibit higher uncertainty, and the solution is more 304 

sensitive to the assumed initial values. The SSA values in these regions (approximately 305 

0.92–0.95) might be influenced by the selected initial settings. On the other hand, the SSA 306 

values in these regions are typically around 0.92–0.95, which does not indicate strongly 307 

scattering aerosols but rather moderate absorption. This is also consistent with possible 308 

mixing and aging effects near plume edges, which may increase SSA relative to the fresh 309 

plume core. This is in line with in situ observations reported by Kleinman et al. (2020), 310 

who found that near-fire aerosol had SSA of ~0.8-0.9, while after ~1-2 hours of aging SSA 311 

was typically ~0.9 or higher. We have clarified this point in the revised manuscript in L377: 312 

The relatively higher SSA values are mainly located at the edges of the biomass-313 

burning plumes, where AOD is relatively low and the SSA retrieval has larger 314 

uncertainty. In these regions, the retrieved SSA (typically around 0.92–0.95) is 315 
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weakly constrained and therefore more sensitive to the assumed a priori values. 316 

Such SSA values suggest moderately absorbing aerosols and may reflect the 317 

influence of possible mixing and aging processes near the plume edges, consistent 318 

with Kleinman et al. (2020), who reported that near-fire smoke had SSA of ~0.8-319 

0.9, while after ~1-2 h of aging SSA was typically ~0.9 or higher. 320 

To mitigate this issue, future improvements of the retrieval algorithm will consider 321 

incorporating spatiotemporal constraints to better stabilize SSA retrievals in such regions. 322 

14. Fig. 9 shows similar issues to Fig. 8. The missing values of AOD and SSA do not 323 

overlap. In addition, irregular blank areas appear in coastal regions. Please explain 324 

the reasons. 325 

We thank the reviewer for the comment. The missing values of AOD and SSA do not 326 

overlap because of the quality-control criteria applied to SSA. In particular, SSA retrievals 327 

are unreliable under low AOD conditions. Therefore, SSA values are screened when AOD 328 

falls below a predefined threshold (AOD<0.3), whereas the corresponding AOD values are 329 

retained. This explains the larger number of missing values in the SSA map, which are 330 

predominantly located in regions with low AOD. 331 

The irregular blank areas in coastal regions have a different origin. In our retrieval, land 332 

and ocean pixels are treated using different surface parameterizations. However, coastal 333 

pixels cannot be clearly classified as either land or ocean under the current surface 334 

treatment. To avoid introducing large surface-related biases, these coastal pixels are 335 

excluded from the retrieval, resulting in irregular blank areas near coastlines. 336 

We have also revised the manuscript in L387 to clarify: 337 

Coastal pixels are excluded from the retrieval because they cannot be clearly 338 

classified as land or ocean, leading to missing values near coastlines. SSA values 339 

in low-AOD regions are also screened due to low reliability. 340 

15. Please explain the anomalously high AOD values at high latitudes in Fig. 10(c) and 341 

over northwestern China in Fig. 10(d). 342 
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We thank the reviewer for this comment. By examining the retrieval results and true-color 343 

imagery for the corresponding periods, we found that these anomalously high AOD values 344 

are likely attributed to residual cloud contamination that was not completely removed by 345 

the cloud screening process. Particularly, in January 2020 (Fig. 10(d)), the affected regions 346 

show persistent, widespread thick cloud cover. In October 2019 (Fig. 10(c)), cloud cover 347 

is also frequently observed at high latitudes. This increases the likelihood of cloud 348 

contamination and can lead to artificially high AOD. In the revised manuscript, we have 349 

applied a more rigorous cloud screening procedure to better suppress these cloud-related 350 

artifacts, and the corresponding figures have been updated accordingly. 351 

16. Please explain the anomalously low SSA values over South America in Fig. 11(b) 352 

and over northern Asia in Fig. 11(c). 353 

We thank the reviewer for this comment. The reason is the same as in the previous 354 

comment: the anomalously low SSA values are most likely related to residual cloud 355 

contamination. In the revised manuscript, we have applied a more rigorous cloud screening 356 

procedure, which reduces these low-SSA artifacts over South America (Fig. 11(b)) and 357 

northern Asia (Fig. 11(c)), and the figures have been updated accordingly. 358 

17. Please add comparisons with other satellite aerosol products and provide global 359 

difference maps. 360 

We thank the reviewer for this comment. In the revised manuscript, we have added regional 361 

MODIS AOD map during the pollution event in the manuscript. In addition, monthly 362 

global MODIS AOD maps and the corresponding global difference maps are provided in 363 

the Supplement. Related analysis and discussions have also been added into Sects. 3.4 and 364 

3.5 to further evaluate our results. 365 

18. Please explain the reason why AOD and DHR are simultaneously underestimated 366 

under high aerosol loading conditions. 367 

Thank you for this comment. The underestimation under high aerosol loading is not strictly 368 

simultaneous between AOD and DHR. Analysis based on DHR differences indicates that, 369 

in part of the underestimated high-AOD cases, DHR is overestimated, suggesting a 370 
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compensation effect between surface reflectance and aerosol loading within the inversion. 371 

Moreover, underestimated AOD under heavy aerosol conditions is often accompanied by 372 

overestimated SSA, further reflecting parameter trade-offs in the retrieval framework. A 373 

more detailed discussion is provided in our response to Comment #11. 374 

19. Please correct the grammatical errors throughout the manuscript. 375 

We thank the reviewer for this comment. We have carefully checked the manuscript and 376 

corrected the grammatical errors. 377 
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Report 2 423 

Reply to Anonymous Referee #1 424 

This article develops a numerical method for simultaneously retrieving AOD, SSA and 425 

DHR from DPC multi-angle polarimetry (MAP) observations. The authors analyze the 426 

sensitivities of both scalar and polarimetric reflectance to SSA, and get reliable results of 427 

global AOD, SSA, and DHR based on the retrieval algorithm. As one of the few operational 428 

spaceborne MAP sensors, inversion algorithms based on DPC observations, particularly 429 

those for SSA retrieval, remain quite limited, with few global SSA products currently 430 

available. This study provides a reference for the design of future MAP sensors and the 431 

development of aerosol retrieval algorithms. The global SSA maps presented in this article 432 

also provide valuable insights into aerosol scattering and absorption characteristics in 433 

recent years. However, several aspects of the data, methods, and results require further 434 

clarification and improvement. 435 

We thank the reviewer for the detailed comments and thoughtful suggestions, which are 436 

very helpful in improving our manuscript. We have carefully addressed all concerns and 437 

revised the manuscript accordingly. A point-by-point response is presented below. 438 

General comments: 439 

2. Data used in the article: The authors retrieve aerosol and surface parameters from 440 

DPC measurements, and validate the retrieved results according to comparing with 441 

AERONET and MODIS products. However, there are several points need to be 442 

clarified. (1) DPC data: The description of DPC data is not very clear. The authors 443 

introduce that DPC provide observations across 8 spectral bands, but only 5 bands 444 

are mentioned in Section 2.1. Moreover, the use of polarized observations is also 445 

not specified. (2) AERONET data: The authors use all the Level 2.0 quality control 446 

criteria except AOD threshold to screen the AERONET Level 1.5 SSA. But the 0.4 447 

AOD threshold are still utilized to screen the SSA in the validation progress. Why 448 

not directly utilize the Level 2.0 SSA data? (3) The periods of DPC and AERONET 449 

data used in the article are not specified. 450 
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We thank the reviewer for the suggestion about the usage of data in the article. 451 

(1) DPC data: We have revised the manuscript and listed all the DPC channels in L73: 452 

The sensor provides measurements across 8 spectral bands (443, 490, 565, 670, 453 

763, 765, 865, and 910 nm) from visible to near-infrared wavelengths. 454 

The use of DPC observations have been listed in Table 2 and clarified in L167: 455 

The measurement vector, 𝒚, is constructed with calibrated scalar reflectance at 443, 456 

490, 565, and 670, as well as DOLP at 490 and 670 nm from several angles. 457 

(2) AERONET data. 458 

Although AERONET Level 2.0 SSA data provide the highest quality, the number of 459 

available Level 2.0 SSA retrievals during the study period (6 months) is very limited, which 460 

would not allow a statistically meaningful validation of the algorithm performance. In order 461 

to balance the data quality and data availability, all Level 2.0 quality control criteria except 462 

for the AOD threshold were applied to the Level 1.5 data. Moreover, the AOD threshold 463 

(AODସସ଴ > 0.4) was applied only in the SSA validation step and was based on the 464 

retrieved AOD, rather than the AERONET AOD. This filtering was introduced to exclude 465 

cases with insufficient sensitivity of the measurements to SSA, and it was not applied to 466 

the validation of AOD or DHR. Therefore, quality-controlled AERONET Level 1.5 data 467 

were used in this study. 468 

(3) Periods of data: 469 

We thank the reviewer for pointing out this missing information. In the revised manuscript, 470 

we have explicitly specified the time periods of both the DPC and AERONET data used in 471 

this study. Six months of DPC Level 1 data, covering April, July, and October 2019, as 472 

well as January–March 2020, are used for the retrieval. The AERONET observations used 473 

for validation correspond to the same periods as the DPC overpasses. This information has 474 

been added in L75: 475 
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Six months of DPC Level 1 data, encompassing April, July, and October 2019, as 476 

well as January-March 2020, are used in the retrieval in this study. The AERONET, 477 

MODIS, as well as other auxiliary data are selected from the same periods. 478 

3. Retrieval algorithm: The authors have provided a detailed description of the 479 

retrieval algorithm, but the introduction to the flowchart could be strengthened by 480 

providing more details. The authors can consider the following aspects. (1) The 481 

DPC observations have “up to 12 viewing angles” and typically “exceeding 9 482 

angles”. Are observations from all the angles used for inversion? What about those 483 

pixels with viewing angles less than 9? (2) Which method is employed to minimize 484 

the cost function? (3) What criteria are utilized for the matching of DPC and 485 

AERONET data? 486 

We thank the reviewer for the suggestion about the retrieval algorithm in the article. 487 

(2) In this study, only pixels with at least 9 valid viewing angles were used for the 488 

inversion. Pixels with fewer than 9 viewing angles, which are primarily located 489 

near the scan edges, were excluded to ensure sufficient angular sampling. For the 490 

remaining pixels, observations from the first 9 viewing angles were used for the 491 

retrieval to maintain a consistent angular configuration across all pixels. We have 492 

added the relevant description in the manuscript in L170: 493 

However, most pixels are observed from more than 9 viewing angles. Pixels with 494 

fewer than 9 viewing angles, which are primarily located near the scan edges, were 495 

therefore excluded. For the remaining pixels, observations from the first 9 viewing 496 

angles were used in the retrieval to maintain a fixed number of viewing angles for 497 

all pixels. Consequently, the scalar reflectance and DOLP at each wavelength 498 

consist of measurements acquired from 9 viewing angles. 499 

(3) In this study, the cost function is minimized using an iterative Gauss–Newton 500 

method. This information has been added to the revised manuscript in L201: 501 

The algorithm minimizes the cost function defined in Eq. 4 using an iterative 502 

Gauss–Newton method to obtain the final retrieval results. 503 
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(4) In the numerical simulation experiments, daily AERONET data are used to describe 504 

representative aerosol parameters, and a spatial collocation radius of 8 km is used. 505 

We have added the relevant description in the manuscript in L223: 506 

The simulated dataset was constructed using aerosol parameters derived from daily 507 

AERONET observations selected within an 8 km radius of DPC overpass locations 508 

to represent typical aerosol conditions observed by DPC. The corresponding 509 

viewing geometry, including SZA, VZA, and RAA, was taken from the matched DPC 510 

observations and used in the radiative simulations, thereby accounting for the 511 

actual scattering angle distribution of DPC observations. 512 

4. Validation results: The authors analyzed several statistical indicators (e.g., 513 

correlation coefficient, RMSE, bias) to validate retrieval results. For SSA 514 

validation, the ratio of points falling within the Error Envelope (EE) is also a useful 515 

indicator to assess the result. It would be helpful to add EE lines to the figures and 516 

annotate the corresponding point ratios. 517 

Thanks for the very helpful suggestion. We have added the ±0.03 Error Envelope (EE) 518 

lines to the SSA validation scatter plot and indicated the proportion of samples falling 519 

within the EE in the figure. Corresponding analysis has also been added in the manuscript. 520 

5. Global maps: Section5 shows global retrieval results. These maps provide valuable 521 

insights into aerosol and surface properties. I have two comments about these 522 

results. (1) The authors explain that the zonal discontinuities in the maps are 523 

primarily due to defects in the original data. However, the discontinuities observed 524 

over oceanic areas also seems to be related to the incompletely filtered clouds. 525 

Would be better to clarify in the manuscript. (2) Heavy AOD is observed over 526 

Southern Oceans in January 2020. The authors attributes it to the strong Australian 527 

wild fires. However, the AOD over Southern Oceans almost reaches 0.5 in Fig. 528 

10(d). Is this magnitude reasonable? Was it also observed by other sensors? 529 

We thank the reviewer for the helpful comments. 530 

(3) We agree that the zonal discontinuities observed over oceanic regions may also be 531 

related to incompletely filtered clouds, in addition to defects in the original data. In 532 
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this study, cloud screening also relies on observations at 865 nm, which have not 533 

been re-calibrated and can have higher uncertainties (up to about 23%). As a result, 534 

cloud pixels may not be completely removed. We have revised the manuscript to 535 

clarify this limitation and added a discussion acknowledging that residual cloud 536 

effects related to the cloud screening procedure may contribute to the observed 537 

discontinuities. 538 

 539 

Fig. R2-1. (a) Global AOD for January 2020 at 550 nm from MODIS/Aqua Level 3 product. (b) 540 

True color image from MODIS/Aqua on January 1, 2020. 541 

(4) As for the abnormally high AOD values observed over the Southern Ocean, we 542 

conducted further examinations using true-color imagery and MODIS AOD 543 

products. The true-color imagery (Fig. R2-1b) for early January 2020 reveals 544 

extensive smoke plumes over the Southern Ocean originating from southeastern 545 

Australia and gradually transported eastward. This indicates that large amounts of 546 
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biomass-burning aerosols were present over the region during this period. The 547 

MODIS monthly AOD product for January 2020 also shows anomalously high 548 

AOD over the Southern Ocean, with values exceeding 0.5 in some areas (Fig. R2-549 

1a). The spatial pattern and magnitude are generally consistent with our retrieval 550 

results. Thus this magnitude is likely reasonable. We have added the corresponding 551 

MODIS AOD map to the Supplement material, and included a relevant discussion 552 

in the manuscript in L440: 553 

The anomalously high AOD over the Southern Ocean in January 2020 reaches 554 

values of up to 0.5 in some regions, consistent with independent data sources (e.g., 555 

MODIS AOD, see Supplement). 556 

Minor comments: 557 

3. L68: The calculation of DOLP is not described in the article. 558 

Thanks for reminding. We have added an equation (Eq. 7) of calculating DOLP in the 559 

manuscript in Sect. 2.6. 560 

4. Fig. 2-4: Please explain the x label “scat_ang” in the caption. 561 

Thanks for reminding. The xlabel “scat_ang” refers to “scattering angle”, and we have 562 

explained in the caption of Fig. 2. 563 

5. Fig. 7: DHR data are not AERONET observations. Please revise the caption. 564 

Thanks for reminding. We have revised the caption of Fig. 7 to clarify the data sources: 565 

Comparison between retrieved AOD (left) and SSA (middle) at 443 nm and 566 

AERONET observations, and comparison between retrieved DHR (right) at 443 nm 567 

and the MODIS product. 568 

6. Section 3.2: Please keep the number of significant digits consistent. 569 

Thanks for pointing it out. We have carefully checked Section 3.2 and revised the 570 

manuscript to ensure that the number of significant digits is used consistently throughout 571 

this section. 572 
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6. Fig. 8: The “(a)/(b)/(c)” labels are not marked in the figures. 573 

Thanks for reminding. We have added labels in Figs. 8 and 9. 574 

7. Figs. 8-12: The wavelength labeled in the figures (440 nm) does not match the 575 

wavelength mentioned in the text (443 nm). Please update either the figures or the 576 

relevant text for consistency. 577 

Thanks for pointing out this inconsistency. The wavelength labels have been carefully 578 

checked and updated for consistency. All references have now been unified to 443 nm in 579 

both the figures and the corresponding text. 580 

  581 
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Report 3 582 

Reply to Anonymous Referee #4 583 

General comments: 584 

This manuscript presents the simultaneous retrieval of aerosol optical depth (AOD), single 585 

scattering albedo (SSA) and directional-hemispheric reflectance (DHR) from the 586 

Directional Polarimetric Camera (DPC) aboard China’s Gaofen-5 satellite. The sensitivity 587 

analysis, performance evaluation by synthetic data, and application to actual DPC data are 588 

discussed. The sensitivity analysis demonstrates the challenges in retrieving SSA values 589 

from the DPC data, while the algorithm based on optimal estimation is designed to 590 

overcome the challenges. The performance of the developed algorithm is evaluated both 591 

based on synthetic data and Aerosol Robotic Network (AERONET) data. A case study and 592 

global maps are also presented. While this manuscript covers a very challenging topic and 593 

takes a conservative approach, the restrained reproducibility and incomplete analysis limit 594 

the value of this manuscript to the research community. The manuscript would require a 595 

substantial revision for final publication in AMT if authors are willing to do so. The 596 

following points should be addressed to increase the impact of this manuscript. 597 

We appreciate the reviewer for the constructive comments and thoughtful suggestions, 598 

which are very helpful in improving our manuscript. We have carefully considered all the 599 

comments and revised the manuscript accordingly. Below is a detailed point-by-point 600 

response to these comments. 601 

4. Identifying the original dataset. This study uses DPC, MODIS, ERA5, HYCOM 602 

and AERONET data. However, some descriptions are missing regarding product 603 

type, time period (start date and end date), dataset size (number of pixels and 604 

number of AERONET sites). Please detail as much as possible, and if not sufficient, 605 

use Appendix to describe the data so that readers can collect necessary data. 606 

Thanks for the suggestion. The temporal coverage of this study is primarily constrained by 607 

the availability of DPC observations. Specifically, we have six months of DPC data, 608 

encompassing April, July, and October 2019, as well as January–March 2020. The MODIS, 609 
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ERA5, HYCOM, and AERONET teams provide continuous data covering this period, 610 

enabling the retrieval and validation in this study. We have added this information in the 611 

manuscript in L75-77: 612 

Six months of DPC Level 1 data, encompassing April, July, and October 2019, as 613 

well as January-March 2020, are used in the retrieval in this study. The AERONET, 614 

MODIS, as well as other auxiliary data are selected from the same periods. 615 

The temporal and spatial resolution of the auxiliary data are described in Sect. 2.2 in the 616 

manuscript. We have summarized them in Table 1 in the manuscript. 617 

5. Describing applied corrections and filters. It appears that authors have applied some 618 

corrections to DPC data, but the details are not presented. Some references are 619 

provided, but it would be beneficial to briefly describe the outline of the applied 620 

corrections. In addition, the “fine-mode filtering” of AERONET data (and 621 

potentially retrieval results) remains unclear. Documenting the number of points 622 

(pixels) before and after filtering would help readers understand the extent of 623 

filtering. 624 

Thanks for the suggestion. Following the launch of DPC, gradual aging of its optical 625 

components led to a drift in radiometric response, with the magnitude of the drift related 626 

to both time and VZA. Zhu et al. (2022) calibrated this drift using DPC observations over 627 

deep ocean regions through the Rayleigh method and provided monthly VZA-dependent 628 

calibration coefficients. In this study, DPC observations were corrected using these 629 

calibration coefficients to reduce radiometric biases as much as possible. We have added 630 

details about the calibration in the manuscript in L82-89: 631 

The radiometric response of DPC/GaoFen-5 is progressively drifting over time and 632 

is realted to VZA. Zhu et al. (2022) developed a method based on Rayleigh 633 

scattering over the ocean to correct this drift. In deep ocean regions with very low 634 

aerosol loading and low surface reflectance, the TOA radiance observed by 635 

satellite sensors is dominated by atmospheric Rayleigh scattering, which can be 636 

accurately simulated using radiative transfer models. By comparing simulated 637 

radiances with DPC observations over such regions, Zhu et al. (2022) provided 638 
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monthly VZA-dependent calibration coefficients at 443, 490, 565, and 670 nm. The 639 

calibration uncertainties are about 1-7 % (depending on the wavelength and VZA). 640 

In this study, these Rayleigh scattering-based calibration coefficients are applied 641 

to correct DPC’s scalar reflectance at 443, 490, 565, and 670 nm. 642 

In this study, only the official AERONET Level 2.0 quality control criteria (excluding the 643 

AOD threshold) were applied to the Level 1.5 inversion data to ensure the accuracy of 644 

AERONET SSA. No additional screening was applied to AERONET observations. 645 

However, quality control was performed on the retrieval results, based on whether the 646 

retrieved parameters exceeded predefined thresholds. Retrievals yielding physically 647 

unreasonable values outside these thresholds were regarded as failed cases and were 648 

excluded from further analysis. The predefined thresholds have been summarized in Table 649 

3 in the manuscript. 650 

6. Clarifying the measurement vector, a priori state vector, model parameters, and 651 

variance-covariance matrix in the retrieval algorithm. The developed algorithm is 652 

based on optimal estimation. Optimal estimation is a blending of measurements and 653 

a priori information based on variance, and therefore the information on the a priori 654 

state vector, model parameters, and variance-covariance matrices should be 655 

documented and the reasons behind the choice should be described. This 656 

shortcoming makes the study non-reproducible and the interpretation of results very 657 

challenging. In addition, the measurement vector elements remain ambiguous. It is 658 

requested to document the used spectral channel, polarization or not, and the 659 

filtering applied to the input data. 660 

Thanks for this important suggestion. We agree that a clear and complete description of 661 

the measurement vector, the a priori state vector, the model parameters, and the associated 662 

variance-covariance matrices is essential. In the revised manuscript, we have expanded the 663 

description of the retrieval algorithm, and added two tables (Tables 2 and 3) to summarize 664 

these settings. Specifically, Table 2 summarizes the selected DPC measurements and their 665 

associated uncertainty specifications, while Table 3 lists the prescribed a priori values and 666 

uncertainties for aerosol and surface parameters. 667 
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In particular, we have clarified the composition of the measurement vector 𝐲, including the 668 

spectral channels, the use of polarization information, and the angular sampling strategy, 669 

in L167-173: 670 

The measurement vector, 𝒚, is constructed with calibrated scalar reflectance at 443, 671 

490, 565, and 670, as well as DOLP at 490 and 670 nm from several angles…Pixels 672 

with fewer than 9 viewing angles, which are primarily located near the scan edges, 673 

were therefore excluded. For the remaining pixels, observations from the first 9 674 

viewing angles were used in the retrieval to maintain a fixed number of viewing 675 

angles for all pixels. 676 

The measurement error covariance matrix is calculated based on DPC calibration 677 

uncertainties, which has also been specified in L176-178: 678 

Therefore, this study adopts the official pre-launch laboratory calibration errors, 679 

namely 5 % radiance errors and 0.02 DOLP errors (Li et al., 2018), as the 680 

observational errors used to construct the measurement error covariance matrix. 681 

In addition, the retrieval parameters composing the state vector 𝐱  and the model 682 

parameterization used over land and water have been made explicit in L180-189: 683 

The state vector, 𝒙, is composed of aerosol and surface parameters. Particularly, 684 

for land surfaces, the state vector 𝒙 consists of AOD (𝜏(𝜆)), SSA (𝜔(𝜆)), kernel 685 

intensity parameters of RTLS model (𝐾(𝜆), 𝑘௩௢௟, and 𝑘௚௘௢ in Eq. 2), and the scale 686 

factor of BPDF-NDVI model (𝐶 in Eq. 8)…For water surfaces, only 𝜏(𝜆) and 𝜔(𝜆) 687 

are retrieved as components of the state vector 𝒙, and the New Cox-Munk model is 688 

implemented to compute the surface reflectance (Spurr, 2006). The wavelength-689 

dependent parameters, 𝜏(𝜆), 𝜔(𝜆), and 𝐾(𝜆), are retrieved at 443, 490, 565, and 690 

670 nm, corresponding to the wavelengths at which DPC observations are used to 691 

construct the measurement vector. 692 

The description of a priori values and the corresponding uncertainties has been clarified in 693 

L189-192: 694 
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For AOD and SSA, the a priori state vector and its associated error covariance 695 

matrix are prescribed as fixed values, derived from the mean and variance of 696 

AERONET measurements. The a priori estimates of surface properties are also 697 

fixed, with their errors defined by the corresponding ranges of variability. 698 

Finally, we have stated that the cost function minimization is implemented through an 699 

iterative Gauss–Newton approach (L201): 700 

The algorithm minimizes the cost function defined in Eq. 4 using an iterative 701 

Gauss–Newton method to obtain the final retrieval results. 702 

We believe these revisions address the reviewer’s concerns by documenting the 703 

measurement vector elements, the state vector and model parameterization, and the 704 

variance-covariance assumptions and a priori settings, with configurations listed in Tables 705 

2 and 3. 706 

7. Improving the compatibility with other studies. The validation sections discuss 707 

mainly the results at 443 nm, but a number of previous research use 550 nm for 708 

comparison. The contribution of fine-mode particles is substantially different 709 

between two wavelengths and presented results are not directly comparable. Even 710 

if the results at 550 nm may not be very encouraging, it serves the community to 711 

understand what to improve in the next instrument and algorithm development. 712 

Thanks for the suggestion. The retrieval results of this study are primarily validated against 713 

AERONET observations, which provide high-quality aerosol measurements and are 714 

widely used as a reference dataset. Particularly, AERONET inversion products are 715 

available at 440, 675, 870, and 1020 nm, thus an important consideration for focusing on 716 

the 440 nm results is the direct availability of AERONET observations at this wavelength. 717 

In the revised manuscript, we have added results at additional wavelengths and included 718 

comparisons with other studies. 719 

Other satellite products, such as the widely used MODIS AOD, mainly provide retrievals 720 

at 550 nm and are commonly applied in large-scale or spatial pattern analysis. Accordingly, 721 
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maps of the retrieval results at 550 nm have been included in the Supplement and compared 722 

with MODIS AOD. 723 

7. Deepening the analysis of the case study and global statistics. Although authors 724 

mention in the conclusions that the analysis remains qualitative, there are 725 

unexplained patterns and characteristics in the case study and the global map. 726 

Figure 9 seems to be influenced by the number of view directions (bands-like 727 

patterns running in satellite cross-track direction) and Figures 10 and 11 show the 728 

difficulties probably related to cloud mask (Southern Ocean AOT values) and view 729 

geometry (sharp contrast of SSA that stretches along the orbit). 730 

We thank the reviewer for the helpful comment. 731 

(5) In this study, the number of viewing angles used in the retrieval are fixed. We 732 

screened pixels with fewer than 9 viewing angles, and only use observations from 733 

the first 9 viewing angles for the remaining pixels. We have added this detail in the 734 

manuscript in L171-173: 735 

Pixels with fewer than 9 viewing angles, which are primarily located near the scan 736 

edges, were therefore excluded. For the remaining pixels, observations from the 737 

first 9 viewing angles were used in the retrieval to maintain a fixed number of 738 

viewing angles for all pixels. 739 

Therefore, the band-like patterns in Figure 9 are probably not caused by the number multi-740 

angle observation itself. Instead, they might be related to variations in viewing-angle 741 

distribution between successive cross-track scans of DPC. 742 

As mentioned in the revised manuscript in L79: 743 

However, after launch, DPC exhibited a gradual change in radiometric sensitivity, 744 

primarily due to aging of the optical components. This drift is dependent on both 745 

wavelength and field of view and can introduce increasing systematic biases if not 746 

properly corrected. 747 

Due to aging of the DPC optical components, the radiometric response experienced VZA-748 

dependent drift. When the satellite switches from one cross-track scan to the next, the 749 
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distribution of viewing angles changes sharply. As a result, the magnitude of radiometric 750 

drift may differ between adjacent scans. Although radiometric calibration is applied before 751 

the retrieval process, this correction cannot completely remove the VZA-dependent 752 

residual errors. These residual differences may lead to meridional discontinuities in the 753 

retrieval results. 754 

We have revised the manuscript in L389-396 to clarify this explanation: 755 

The meridional discontinuities in Fig. 9(b,c) primarily originate from abrupt 756 

changes in the observed radiance between successive cross-track scans of DPC, 757 

rather than from the retrieval algorithm itself. These discontinuities arise when the 758 

instrument switches from one cross-track scan to the next, during which the 759 

distribution of viewing angle changes. Due to aging of the DPC optical components, 760 

the radiometric response exhibits VZA-dependent drifts. Consequently, variations 761 

in viewing-angle distribution lead to variations in the magnitude of this drift, 762 

leading to radiance inconsistencies between adjacent scans. Although radiometric 763 

calibration is applied prior to the retrieval, the VZA-dependent residual errors 764 

cannot be completely eliminated. These residual radiometric differences ultimately 765 

result in the meridional striping patterns seen in the retrieval results. 766 

(4) As for the abnormally high AOD values observed over the Southern Ocean in Fig. 767 

10, we conducted further examinations using true-color imagery and MODIS AOD 768 

products. The true-color imagery for early January 2020 reveals extensive smoke 769 

plumes over the Southern Ocean originating from southeastern Australia and 770 

gradually transported eastward. This indicates that large amounts of biomass-771 

burning aerosols were present over the region during this period. The MODIS 772 

monthly AOD product for January 2020 also shows anomalously high AOD over 773 

the Southern Ocean, with values exceeding 0.5 in some areas (Fig. R3-1). The 774 

spatial pattern and magnitude are generally consistent with our retrieval results. 775 

Thus, this magnitude is likely reasonable. We have added the corresponding 776 

MODIS AOD map to the Supplement material, and included a relevant discussion 777 

in the manuscript in L440-442: 778 
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The anomalously high AOD over the Southern Ocean in January 2020 reaches 779 

values of up to 0.5 in some regions, consistent with independent data sources (e.g., 780 

MODIS AOD, see Supplement). 781 

 782 

Fig. R3-1. Global AOD for January 2020 at 550 nm from MODIS/Aqua Level 3 product. 783 

(5) We agree that the sharp zonal contrast of SSA along the orbit is closely related to 784 

viewing geometry effects. In the revised analysis, we further examined the impact 785 

of ocean glint geometry. When the glint angle is small (≤ 40°), enhanced surface 786 

reflection over ocean increases the sensitivity of the retrieval to geometry-related 787 

biases. After excluding oceanic pixels with glint angle ≤ 40°, the sharp contrast of 788 

SSA along the orbit is substantially reduced, and the spatial continuity of the 789 

retrievals is significantly improved. This improvement confirms that the previously 790 

observed discontinuities are indeed strongly associated with viewing geometry 791 

effects. We have updated the global maps, removed the previous statements 792 

regarding zonal discontinuities, and added a detailed description of the pixel-793 

screening procedure in the revised manuscript in L198: 794 

Pixels with glint angle ≤ 40∘  over ocean are also excluded, because enhanced 795 

specular reflection at small glint angles reduces the aerosol information content 796 

and may introduce geometry-dependent artifacts. 797 
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Specific comments: 798 

5. Line 44: It is somewhat misleading to claim that DPC follows up the data gap after 799 

the retirement of the POLDER sensors because there are no Chinese investments 800 

in international public data dissemination to my knowledge. If there is any news 801 

about this, please comment or refer to an article. This is important for the European 802 

community that is the main target of this journal. 803 

Thanks for reminding. We have revised the expression in the manuscript in L41: 804 

After the retirement of POLDER in 2013, operational spaceborne multi-angle 805 

polarimetric observations became limited. The launch of the Directional 806 

Polarimetric Camera (DPC) onboard Gaofen-5 in 2018 introduced a new source 807 

of multi-angle polarimetric measurements. These observations have supported 808 

developments in SSA retrievals in recent years. 809 

6. Line 76: “theoretical correction errors”. This expression is confusing. Is this the 810 

magnitude of correction, or the remaining bias after applying the correction? Please 811 

clarify. 812 

We are sorry for the confusion. What we intend to convey is that this uncertainty originates 813 

from the calibration method itself, which are related to uncertainties of input parameters. 814 

We have revised the expression in the manuscript in L87: 815 

The uncertainty associated with the calibration method is about 1-7 % (depending 816 

on the wavelength and VZA). 817 

7. Lines 84-86: “Considering relatively …”. Two referenced papers are not providing 818 

the ground to use a single aerosol model to analyze polarimetric measurements. 819 

Both studies focused on MODIS retrievals. 820 

We are sorry for the confusion. We agree that the two cited studies focused on MODIS 821 

scalar retrievals and therefore do not directly justify the use of a single aerosol model for 822 

polarimetric measurements. In both studies, sensitivity experiments were conducted by 823 

employing different aerosol models, and the results indicated that retrieval errors induced 824 

by the phase matrix were smaller than those associated with AOD, SSA, and surface albedo. 825 
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However, these analyses were based on single-angle scalar observations rather than 826 

polarization measurements. To address this concern more rigorously in the present study, 827 

we have added additional sensitivity experiments to explicitly evaluate the impact of the 828 

aerosol phase matrix within our retrieval framework. The results confirm that, although 829 

some variability is introduced by different phase matrices, the induced uncertainties remain 830 

smaller than those associated with other parameters. The corresponding analyses and 831 

discussions have been incorporated into the revised manuscript in Sect. 3.1 to provide a 832 

more solid justification for the adopted aerosol model configuration. 833 

8. Lines 121-122: “accurately”, “high-precision”. The relevance to this paper is the 834 

accuracy and precision needed for this research. Unless there are strict requirements 835 

that limits the choice of radiative transfer models, I suggest removing these non-836 

quantitative expressions. 837 

We thank the reviewer for the suggestion. We agree that the terms “accurately” and “high-838 

precision” are qualitative and not strictly quantified in this context. Since this study does 839 

not impose explicit accuracy or precision constraints that would limit the choice of 840 

radiative transfer models, these expressions have been removed to avoid overstatement. 841 

We have revised the expression in L135-137 to focus on the functional capabilities of the 842 

model rather than qualitative performance descriptions: 843 

It simulates Stokes vectors and their linearized matrices (Jacobians) at arbitrary 844 

altitudes and viewing geometries, providing radiative simulations for satellite 845 

remote sensing applications and serving as an effective forward model in numerical 846 

inversion algorithms (Spurr, 2006). 847 

8. Line 157: “fixed constants”. Optimal estimation is a blending of a priori and 848 

measurements, and therefore the assumption used in the a priori can easily bias the 849 

estimation when the measurement information content is not sufficient. The precise 850 

values used in this study should be presented with reasons of choice. 851 

We thank the reviewer for the insightful comment. We agree that, in general, the choice of 852 

a priori assumptions in optimal estimation may influence the retrieval when the 853 

measurement information content is limited. In this study, however, the focus is on 854 
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evaluating the robustness and reliability of the retrieval algorithm itself under a controlled 855 

and simplified configuration. Therefore, fixed a priori values and associated errors are 856 

adopted to ensure consistency and reproducibility of the results. The a priori values and 857 

associated errors for AOD and SSA are derived from the mean and standard deviation of 858 

AERONET observations, providing physically reasonable and observationally based 859 

constraints. The a priori estimates of surface properties are also prescribed as fixed values, 860 

with their associated uncertainties defined according to the corresponding ranges of 861 

variability. These a priori values and associated errors have been documented in Table 3 in 862 

the manuscript, and a corresponding description has been added in L189-194: 863 

For AOD and SSA, the a priori state vector and its associated error covariance 864 

matrix are prescribed as fixed values, derived from the mean and variance of 865 

AERONET measurements. The a priori estimates of surface properties are also 866 

fixed, with their errors defined by the corresponding ranges of variability. The use 867 

of fixed a priori values is intended to provide a controlled and consistent 868 

configuration for evaluating the inherent performance of the retrieval algorithm. 869 

Details of the a priori values and associated errors are summarized in Table 3. 870 

8. Line 211: This section presents the results of numerical simulation, but the 871 

simulation geometry is not mentioned anywhere, limiting the reproducibility of the 872 

obtained results. 873 

We thank the reviewer for pointing out this missing description. We agree that a clear 874 

description of the simulation geometry is essential for the reproducibility of the sensitivity 875 

experiments. In the revised manuscript, we have listed the SZA, VZA, and RAA in Table 876 

4 used in the simulations. We have also added details in the manuscript in L216: 877 

The simulations were conducted under a series of SZA, VZA, and RAA, as listed in 878 

Table 4. 879 

8. Lines 215-216: “not sensitive”. This sentence is an overstatement as only one 880 

aerosol model and two land surface models are employed. It also contradicts to the 881 

previous studies, notably to the study of critical surface albedo by Seidel and Popp 882 

(2012). 883 
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We thank the reviewer for this important comment. We agree that the term “not sensitive” 884 

was inappropriate and could be misleading in this context. The intended meaning of the 885 

original statement was not that the magnitude of the response is insensitive to surface 886 

parameters, but rather that, for the two land surface models considered, the response 887 

patterns of 𝛥𝐼 and 𝛥DOLP to prescribed SSA perturbations are similar. We have revised 888 

the text accordingly to emphasize the similarity in the overall trends, while explicitly 889 

acknowledging the presence of differences in magnitude and angular distribution. We have 890 

revised the expression in the manuscript in L253-255: 891 

Despite minor differences in magnitude and angular distribution, the changes in 𝐼 892 

and DOLP induced by the prescribed SSA perturbations exhibit similar overall 893 

patterns for the two land surface models considered. 894 

The revised expression avoids overgeneralization and does not imply a general insensitivity 895 

to surface properties. 896 

9. Figure 2, 3, and 4: Fluctuating results from the radiative transfer simulation of such 897 

smooth phase function is surprising. Are small fluctuations of these curves 898 

significant? What is the precision of the radiative transfer simulation in this study? 899 

Adding error bound and explanation in the main text deems necessary. 900 

Thank you for this constructive comment. The scattering angle is calculated from various 901 

combinations of SZA, VZA, and RAA, which are grouped into bins and are now listed in 902 

Table 4 in the revised manuscript. For similar scattering angles, the corresponding SZA-903 

VZA-RAA combinations may differ substantially. Such differences may lead to distinct 904 

atmospheric photon path lengths in the radiative transfer calculations. In addition, the 905 

surface reflectance is also anisotropic, which may also attribute to variations in simulated 906 

TOA radiance. To further clarify this issue, we have provided the error bounds in the 907 

updated figures. The error bounds are now explicitly reported in the manuscript. 908 

9. Line 251: In this section (Section 3.2) and in the following section (Section 3.3), I 909 

consider that it is necessary to perform the performance comparison at 550 nm (or 910 

565 nm) rather than at 443 nm. Otherwise, this manuscript is not comparable to 911 

other previous publications that authors themselves referenced. As authors mention 912 
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near Line 285, the retrieval performance depends on wavelength and available 913 

information. This is why the comparison at an inconsistent wavelength is not 914 

adequate. 915 

We thank the reviewer for this important comment. In the revised manuscript, we have 916 

added the corresponding analysis at 565 nm in Sects. 3.2 and 3.3. This ensures better 917 

comparability with prior publications and provides a more appropriate evaluation of the 918 

retrieval performance across wavelengths. 919 

11. Line 254: “443 nm AOD”. This has to be kept as AOT at 443 nm, even when 920 

comparing the performance of AOT and SSA at 550 nm, in order to be consistent 921 

with AERONET processing algorithm that applies the “fine mode filter” by AOT 922 

440 nm. 923 

We thank the reviewer for pointing it out. We have revised the text to explicitly state that 924 

the fine-mode filtering is consistently based on AOD at 443 nm, in line with the AERONET 925 

processing algorithm that applies the filter at 440 nm. This AOD (443 nm) threshold is 926 

used solely as a selection criterion for SSA validation and is applied uniformly throughout 927 

the analysis, independent of the wavelength at which AOD or SSA performance is 928 

evaluated. The expression in the manuscript has been revised in L295-298: 929 

For this reason, the validation applied an AOD-based screening criterion using 930 

AODସସଷ (AOD at 443 nm). Only SSA retrievals with AODସସଷ > 0.4 were retained, 931 

consistent with the AERONET fine-mode filtering criterion. This criterion was 932 

applied uniformly throughout the analysis, independent of the wavelength at which 933 

AOD or SSA was evaluated. 934 

12. Line 288: Same comment as Line 251 for this section. 935 

Thanks for the comment. As mentioned above, analysis at 565 nm has also been added in 936 

Sect. 3.3. 937 

13. Line 292: “similar performance”. This reads contradictory to Line 266, “relatively 938 

weaker performance”. The correlation coefficient of SSA drops from 0.688 at 443 939 
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nm to 0.347 at 565 nm, and it is difficult to claim that the performance at 565 nm 940 

is “similar” to that at 443 nm. 941 

We are sorry for the confusion. We agree that the phrase “similar performance” was 942 

inappropriate and could be misleading, given the clear degradation in SSA retrieval 943 

performance from 443 nm to 565 nm. The intended meaning was that the wavelength 944 

dependence of the retrieval performance, namely the decreasing performance with 945 

increasing wavelength, is consistent with the behavior observed in the simulated-data 946 

experiments. However, in the revised manuscript, we have updated the retrieval experiment, 947 

and the expression about “similar performance” has been removed.  948 

14. Line 299: “comparable to the operational MODIS AOD product (Levy et al., 949 

2010)”. This claim is an overstatement. The referenced paper reports the correlation 950 

coefficient of 0.896 for AOT at 470 nm and 0.882 for AOT at 550 nm. This sentence 951 

claims that correlation coefficient of 0.75 for AOT at 443 nm is comparable. 952 

We thank the reviewer for this comment. We agree that the correlation coefficient of 0.75 953 

obtained in this study is lower than those reported for the operational MODIS AOD product 954 

in Levy et al. (2010), and the original expression was therefore an overstatement. The text 955 

has been revised in L334-336 to acknowledge that the performance is weaker than that of 956 

the operational MODIS product, while still indicating that the retrieved AOD shows a 957 

reasonable level of consistency with AERONET observations: 958 

This performance is slightly lower than that reported for the operational MODIS 959 

AOD products (Levy et al., 2010), but it is comparable in terms of AOD correlation 960 

to the DPC retrievals reported by Dong et al. (2024), who obtained a correlation 961 

coefficient of 0.76 for AOD at 670 nm. 962 

15. Line 339: “strong absorption properties”. In Levy et al. 2007a, heavy smoke by 963 

biomass burning is recommended to be modeled by their “absorbing” model, 964 

instead of “moderately absorbing” model, while this study uses their “moderately 965 

absorbing” model and employ the heavy smoke case as a case study. It is worth 966 

mentioning the reasons behind the inconsistency. 967 
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Thank you for this insightful comment. To address this concern, we conducted additional 968 

sensitivity experiments in Sect. 3.1 to quantify the impact of using different phase matrices 969 

on the retrieval results. We also present the results in Fig. R3-2. The analysis shows that 970 

the errors introduced by the choice of phase matrix are relatively small. Therefore, the use 971 

of the “moderately absorbing” model does not lead to significant biases in the heavy smoke 972 

case considered in this study.  973 

 974 

Fig. R3-2. Relative standard deviation (RSD) of I (a) and standard deviation (SD) of DOLP (b) 975 

induced by variations in phase matrix. 976 

Technical comments: 977 

6. Line 67: “normalized radiation”. normalized radiance 978 

Thanks for reminding. We have revised the expression in the manuscript. 979 

7. Lines 140-141, 145: xa. Using xa as a-posteriori state vector is rather confusing as 980 

Sa is used for a-priori variance-covariance matrix. I suggest replacing by x^ (x-hat, 981 

circumflex above x) , following the common convention. 982 

Thanks for the suggestion. We have replaced 𝐱𝐚 with 𝐱ො in the manuscript. 983 

Reference 984 

Dong, Y., Li, J., Zhang, Z., Zheng, Y., Zhang, C., & Li, Z. (2024). Machine learning-based 985 

retrieval of aerosol and surface properties over land from the gaofen-5 directional 986 

polarimetric camera measurements. IEEE Transactions on Geoscience and Remote 987 

Sensing, 62, 1–15. https://doi.org/10.1109/tgrs.2024.3419169 988 
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Report 4 1005 

Reply to Anonymous Referee #5 1006 

This study develops a numerical inversion algorithm to simultaneously retrieve AOD, SSA, 1007 

and land surface reflectance using multi-angle polarimetric data from the Gaofen-5 DPC. 1008 

By employing an optimization-based approach and validating against both simulated data 1009 

and AERONET observations, the authors demonstrate the potential of DPC for global 1010 

aerosol monitoring. While the topic is relevant and the retrieval framework shows promise, 1011 

significant concerns remain regarding the methodology’s novelty, the representativeness 1012 

of the simulated data, and the rigor of the validation process. My specific comments are as 1013 

follows: 1014 

The authors appreciate the reviewer for the constructive comments and thoughtful 1015 

suggestions, which are very helpful in improving our manuscript. We have carefully 1016 

considered all the comments and revised the manuscript accordingly. Below is a detailed 1017 

point-by-point response to these comments. 1018 

7. The English expression should be refined to meet academic writing standards. 1019 

We thank the reviewer for this comment. We have revised the manuscript and improved 1020 

the expression. 1021 

8. Lines 54-56: please clearly justify what novel contribution this work makes beyond 1022 

RemoTAP, GRASP, and ML-based approaches. 1023 

We thank the reviewer for this important comment. The novelty of this work does not lie 1024 

in proposing a new inversion theory, but in extending a physically based inversion 1025 

framework to enable global-scale SSA retrieval from DPC observations, which has not yet 1026 

been comprehensively demonstrated. While global DPC AOD products already exist, 1027 

applications of GRASP- or RemoTAP-type methods to DPC-based SSA retrieval have so 1028 

far been limited to regional studies. In addition, GRASP and RemoTAP typically retrieve 1029 

aerosol microphysical parameters as intermediate variables, while this study directly 1030 

retrieves commonly used optical properties (AOD and SSA) within the same physical 1031 
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inversion framework. This represents an alternative implementation strategy rather than a 1032 

fundamental methodological difference. 1033 

Regarding ML-based approaches, although they have demonstrated strong performance, 1034 

they rely on representative training datasets, and their performance may decrease in regions 1035 

or conditions with limited observations. For example, Dong et al. (2024) reported 1036 

anomalously high AOD values over South America in October 2019, whereas both our 1037 

results and the MODIS AOD show relatively low values in that region. The physically 1038 

based framework adopted here does not depend on training samples and is therefore better 1039 

suited for consistent global-scale applications. 1040 

We have also revised the manuscript in L55-59 to clarify these points: 1041 

Moreover, although machine learning approaches have demonstrated strong 1042 

performance, they are typically data-driven and rely on the availability of 1043 

representative training samples, without explicitly modeling the underlying 1044 

physical mechanisms. As a result, their performance may decrease in regions or 1045 

conditions with limited observations. On the other hand, studies applying 1046 

physically based inversion methods to DPC observations for global SSA retrieval 1047 

are still relatively limited. Further efforts are therefore needed to extend such 1048 

physically based approaches on the global scale. 1049 

8. Section 2.8: there is no evidence that the simulated data realistically represent actual 1050 

DPC observations, and the manuscript fails to quantify potential biases arising from 1051 

the integration of multiple data sources. 1052 

Thank you for the comment. In Sect. 2.8, the simulated measurements were designed to be 1053 

consistent with DPC observations in both geometry and uncertainty. Specifically, we added 1054 

Gaussian noise to the simulations using the DPC laboratory calibration uncertainties, i.e., 1055 

an error of 5% scalar reflectance and an error of 0.02 for DOLP. The retrieval experiment 1056 

using simulated data is motivated by the fact that the actual on-orbit observation errors are 1057 

difficult to quantify. Therefore, we use a simulated dataset with controlled errors to 1058 

evaluate retrieval performance under well-defined measurement uncertainties. 1059 
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The observation geometry used in the simulations (including SZA, VZA, and RAA) was 1060 

taken from the corresponding DPC measurements, so the angular sampling matches real 1061 

DPC viewing conditions. The DPC observations were also matched with AERONET 1062 

aerosol products and MODIS surface data to better reflect actual atmospheric and surface 1063 

conditions at the time and location of the DPC overpass. 1064 

Regarding potential biases from integrating multiple data sources, we emphasize that our 1065 

retrieval experiment is conducted on simulated observations with controlled measurement 1066 

errors, and the retrieval results can be compared directly with the known “true” inputs used 1067 

in the forward simulations. This avoids additional ambiguity from errors in validation data, 1068 

and provides a clear baseline for diagnosing algorithm performance. 1069 

9. Lines 157-159: how the multi-angle information from DPC is utilized in the 1070 

proposed retrieval method? 1071 

We thank the reviewer for this comment. Measurements of scalar reflectance and DOLP 1072 

from multiple viewing angles are jointly used in the inversion, together constructing the 1073 

measurement vector. These multi-angle measurements are simultaneously fitted within a 1074 

unified inversion scheme through a least-squares optimization. The multi-angle 1075 

observations are particularly important for constraining angular dependence of surface 1076 

reflectance, which helps reduce the coupling between surface and atmospheric 1077 

contributions and improves the stability of the retrieval. The usage of multi-angle 1078 

measurements have been added to the revised manuscript in L167-174: 1079 

The measurement vector, 𝒚, is constructed with calibrated scalar reflectance at 443, 1080 

490, 565, and 670, as well as DOLP at 490 and 670 nm from several angles… 1081 

Consequently, the scalar reflectance and DOLP at each wavelength consist of 1082 

measurements acquired from 9 viewing angles. 1083 

9. Lines 200-202: it is unclear whether the actual DPC observation scattering angle 1084 

distribution has been considered. 1085 

We thank the reviewer for pointing out this missing information. The actual DPC 1086 

observation geometry was considered in the simulations. The SZA, VZA, and RAA used 1087 
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in the simulations were taken from the matched DPC observations, thereby accounting for 1088 

the actual scattering angle distribution of DPC observations. We have added this 1089 

information in the manuscript in L223-227: 1090 

The simulated dataset was constructed using aerosol parameters derived from daily 1091 

AERONET observations selected within an 8 km radius of DPC overpass locations 1092 

to represent typical aerosol conditions observed by DPC. The corresponding 1093 

viewing geometry, including SZA, VZA, and RAA, was taken from the matched DPC 1094 

observations and used in the radiative simulations, thereby accounting for the 1095 

actual scattering angle distribution of DPC observations. 1096 

9. Section 3.1: the authors should clarify its relevance to the study. 1097 

Thank you for this comment. Sect. 3.1 is included to explain the practical difficulty of 1098 

retrieving SSA from DPC-like measurements. The sensitivity experiment quantifies the 1099 

changes in I and DOLP induced by small SSA perturbations, and shows that in many 1100 

situations these changes are comparable to, or smaller than, the current measurement 1101 

accuracy. This directly helps interpret why SSA retrievals often have relatively large 1102 

uncertainties in existing products, and it also provides a quantitative reference for the 1103 

observation accuracy required to improve SSA retrieval performance in future instruments. 1104 

9. Figure 5: the same AERONET-MODIS matched dataset both to generate the 1105 

simulated observations and to validate the retrievals? Please clearly clarify this 1106 

point. 1107 

We are sorry for the confusion. The AERONET-MODIS matched dataset is used as the 1108 

reference atmospheric and surface parameters (refered as the “true values” in the 1109 

manuscript) to simulate the TOA radiance that would be received by the DPC instrument 1110 

through a forward radiative transfer model. These simulated radiances are then taken as 1111 

input to the retrieval algorithm, and the retrieved results are finally compared with the same 1112 

reference dataset (“true values”) to evaluate the retrieval performance. Therefore, the 1113 

matched AERONET-MODIS dataset serves as the physical “truth” for a controlled 1114 

retrieval experiment, which is a common approach to assess algorithmic performance 1115 

under idealized conditions. 1116 
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10. Figure 7: The validation accuracy against AERONET is markedly lower than that 1117 

obtained with simulated data; how do the authors justify the reliability of the 1118 

simulation-based validation? Are the AERONET datasets used for simulation-1119 

based and real-observation validation independent, or is there potential overlap that 1120 

could bias the results? 1121 

We thank the reviewer for this comment. The higher accuracy in the simulation-based 1122 

validation is expected and does not imply that the same performance can be achieved for 1123 

real DPC observations. The simulation experiment is a controlled retrieval test (the 1124 

construction workflow of simulated dataset has been clarified in our response to the 1125 

previous comment and in the revised manuscript), and its better performance mainly comes 1126 

from: (1) controllable observation errors in the simulated TOA radiances, whereas real 1127 

DPC measurements may have larger uncertainties which have not yet been well quantified 1128 

(e.g., DPC DOLP uncertainty may exceed 0.04; scalar reflectance calibration reduces 1129 

systematic biases but random errors remain); (2) comparison against a prescribed “truth” 1130 

without additional measurement uncertainty, while real-observation validation against 1131 

AERONET inevitably includes uncertainty in the reference itself (e.g., AERONET SSA 1132 

uncertainty is ~0.03); and (3) a more consistent forward-inverse modeling setting, which 1133 

reduces model-mismatch effects compared with real observations (this factor is likely 1134 

secondary). We have revised the manuscript in Sect. 3.3 to state these points more clearly, 1135 

and to avoid potential misunderstanding about the relationship between the simulation-1136 

based evaluation and the real-observation validation: 1137 

10. Lines 318-320: this explanation is not convincing, as such pronounced striping is 1138 

not evident in the corresponding true-color imagery. 1139 

We thank the reviewer for this helpful comment. The true-color image used for comparison 1140 

is from MODIS and VIIRS, which provide single-view scalar observations with smoothly 1141 

varying viewing geometry. In contrast, DPC uses multi-angle polarimetric measurements, 1142 

and viewing-angle discontinuities can occur between adjacent scans. When the satellite 1143 

switches from one cross-track scan to the next, the distribution of viewing angles changes 1144 

sharply. Moreover, due to aging of the DPC optical components, the radiometric response 1145 

experienced VZA-dependent drift. Therefore, the magnitude of radiometric drift may differ 1146 
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between adjacent scans. Although radiometric calibration is applied before the retrieval 1147 

process, this correction cannot completely remove the VZA-dependent residual errors. 1148 

These residual differences may lead to meridional discontinuities in the retrieval results. 1149 

 1150 

Fig. R4-1. An example of true-color image from DPC observation. 1151 

We further examined DPC true-color imagery for verification. Because the resolution of 1152 

DPC true-color imagery is lower, and over bright desert surfaces the striping is less visible 1153 

due to limited contrast. In comparison, over more uniform backgrounds with better contrast, 1154 

such as vegetated areas or scenes dominated by optically thick clouds, the striping pattern 1155 

is much easier to identify. 1156 

We have revised the manuscript and added a more detailed discussion in L389-396: 1157 

The meridional discontinuities in Fig. 9(b,c) primarily originate from abrupt 1158 

changes in the observed radiance between successive cross-track scans of DPC, 1159 

rather than from the retrieval algorithm itself. These discontinuities arise when the 1160 

instrument switches from one cross-track scan to the next, during which the 1161 

distribution of viewing angle changes. Due to aging of the DPC optical components, 1162 

the radiometric response exhibits VZA-dependent drifts. Consequently, variations 1163 

in viewing-angle distribution lead to variations in the magnitude of this drift, 1164 

leading to radiance inconsistencies between adjacent scans. Although radiometric 1165 

calibration is applied prior to the retrieval, the VZA-dependent residual errors 1166 
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cannot be completely eliminated. These residual radiometric differences ultimately 1167 

result in the meridional striping patterns seen in the retrieval results. 1168 

12. Figure 10: The cloud masking appears to be problematic, resulting in extensive 1169 

missing retrievals and apparent errors in the global 440 nm AOD product. 1170 

We thank the reviewer for this important comment. We agree that the cloud screening in 1171 

the previous version was not sufficiently robust in some regions. We found that some 1172 

abnormal retrievals are mainly caused by residual cloud contamination, such as the 1173 

anomalously high AOD at high latitudes in Fig. 10(c,d), and the abnormally low SSA 1174 

values over South America in Fig. 11(b) and over northern Asia in Fig. 11(c). The extensive 1175 

areas with missing retrievals are primarily due to persistent cloud cover in that month, and 1176 

partly to the removal of otherwise clear pixels during cloud masking. 1177 

In the revised manuscript, we have implemented a more rigorous cloud screening 1178 

procedure to mitigate these issues. To reduce the risk of retaining cloudy pixels, we adopted 1179 

more conservative thresholds. For example, given that the uncertainty at 865 nm can be as 1180 

large as ~23%, we increased the screening threshold by 20%. Over land, the criterion 1181 

(R଼଺ହ/Rସସଷ) was adjusted from 1.2 to 1.44. Over ocean, the threshold was adjusted from 1182 

0.40 to 0.32. This tightening is intended to maintain robust cloud removal even when the 1183 

uncalibrated 865 nm reflectance is positively biased. Following this update, the artifacts 1184 

mentioned above are substantially reduced, and the global patterns exhibit improved spatial 1185 

consistency. Nevertheless, the stricter screening inevitably excludes more valid clear-sky 1186 

pixels, resulting in reduced spatial coverage. It is difficult to simultaneously maintain broad 1187 

data coverage and completely eliminate cloud contamination. In the revised version, 1188 

greater emphasis is placed on more rigorous cloud screening to ensure reliable retrieval 1189 

results, which inevitably leads to reduced spatial coverage. 1190 

Reference 1191 

Dong, Y., Li, J., Zhang, Z., Zheng, Y., Zhang, C., & Li, Z. (2024). Machine learning-based 1192 

retrieval of aerosol and surface properties over land from the gaofen-5 directional 1193 
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Report 5 1201 

Reply to Anonymous Referee #2 1202 

We thank the reviewer for the constructive comments and thoughtful suggestions, which 1203 

are very helpful in improving our manuscript. We have carefully addressed all concerns 1204 

and revised the manuscript accordingly. A point-by-point response is presented below. 1205 

General comments 1206 

This study focuses on digging the potential of space-borne multi-angular polarimetric 1207 

sensors to simultaneously retrieve wavelength-dependent optical properties of atmospheric 1208 

aerosols and the Earth surface, namely the aerosol optical depth (AOD), single scattering 1209 

albedo (SSA) and directional hemispherical reflectance (DHR). The sensitivity study 1210 

highlights sensitivities of multi-angle intensity and polarimetric measurements to SSA at 1211 

different wavelengths and under different AOD loadings, leading to the demand of an 1212 

accuracy better than 5% for intensity and 0.01 for DOLP measurements, respectively to 1213 

retrieve SSA with 0.03 uncertainty. The study can contribute to the community by 1214 

providing aerosol and surface properties retrieved from DPC data, while I have some major 1215 

concerns related to the motivation, method, and validation of the study: 1216 

1. The motivations of this study are not well demonstrated. The potential and 1217 

limitations of multi-angular polarimetric observations for aerosol and surface 1218 

property retrievals has already been well demonstrated by numbers of previous 1219 

studies, for both POLDER and DPC measurements. The concept of the retrieval 1220 

method (optimal estimation) has been well established and the retrieval accuracies 1221 

of AOD, SSA and DHR don’t show significant improvement compared with 1222 

existing algorithms, such as GRASP/PARASOL (Dubovik et al., AMT, 2011; Chen 1223 

et al., ESSD, 2020) and machine learning methods (Dong et al., TGRS, 2024). Thus, 1224 

the necessity of developing the retrieval algorithm is not convincing enough. While 1225 

the motivation of efficiently processing DPC data to generate global aerosol and 1226 

surface products may stand, it is somewhat regrettable that the retrieval 1227 

performance over the ocean is not strictly validated in this work. 1228 
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We sincerely thank the reviewer for the constructive and insightful comments. We 1229 

appreciate the opportunity to further clarify the motivation and contribution of this study. 1230 

We fully agree that multi-angular polarimetric observations have demonstrated strong 1231 

capability for aerosol and surface property retrievals, and that optimal estimation is a well-1232 

established inversion framework. We also acknowledge that the existing algorithms such 1233 

as GRASP (Chen et al., 2020; Dubovik et al., 2011) and RemoTAP (Hasekamp et al., 2011, 1234 

2024) have shown excellent performance in aerosol retrievals. The current limitation 1235 

mainly concerns SSA retrieval from DPC observations. Existing applications of GRASP- 1236 

or RemoTAP-type algorithms for DPC-based SSA retrieval have primarily been conducted 1237 

at regional scales. To our knowledge, global-scale SSA retrievals based on DPC 1238 

measurements using these numerical inversion frameworks have not yet been reported. 1239 

One of the main motivations of this study is therefore to generate global aerosol optical 1240 

products, particularly SSA, from DPC observations within a physically based inversion 1241 

framework. 1242 

Regarding machine learning (ML) approaches, we agree that recent methods have 1243 

demonstrated competitive performance (Dong et al., 2024). However, their robustness is 1244 

inherently influenced by the representativeness of the training dataset. In regions with 1245 

sparse AERONET coverage, the capability of ML-based retrievals may be limited (e.g., 1246 

the anomalously high AOD values over South America in October 2019 reported by Dong 1247 

et al. (2024)). A physically based inversion framework provides an independent and 1248 

potentially more transferable solution for global applications. 1249 

Concerning validation over ocean regions, we agree that comprehensive validation is 1250 

important. However, AERONET-based validation over ocean is limited for several reasons. 1251 

First, aerosol optical depth over ocean is often relatively low, which makes SSA retrieval 1252 

from AERONET observations more uncertain and reduces the number of reliable SSA 1253 

records. Second, the spatial distribution of AERONET sites over oceanic and coastal 1254 

regions is sparse. Third, the DPC dataset available for this study covers only six months, 1255 

which further limits the number of collocated samples and prevents large-scale statistical 1256 

validation. To partially address these limitations, we have added comparisons between our 1257 

retrieval results and MODIS aerosol products over ocean regions in the revised manuscript. 1258 
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Although such inter-comparisons cannot fully substitute for AERONET-based validation, 1259 

they provide useful consistency assessments at broader spatial scales. 1260 

2. The retrieval algorithm is not clearly illustrated. The retrieval algorithm is based on 1261 

the optimal estimation which is a well-established inversion concept, while many 1262 

aspects are still ambiguous: what are the exact definitions of the utilized 1263 

measurements and the parameters to retrieve? Are all the spectral, angular, intensity 1264 

and polarimetric measurements from DPC used? How are the a priori values and 1265 

covariance matrix determined? How is the optimization procedure realised 1266 

(iteration step, convergent criteria, initial points, etc.)? 1267 

Thank you for this comment. We agree that the retrieval algorithm should be described 1268 

more clearly within the optimal estimation framework. In the revised manuscript, we have 1269 

added explicit definitions of both the measurement vector and the state vector, clarified 1270 

which spectral, polarimetric, and angular DPC observations are used, and explained how 1271 

the measurement errors and a priori constraints are prescribed. We have also added two 1272 

tables (Tables 2 and 3) in the manuscript to summarize these information. Table 2 1273 

summarizes the usage of DPC measurements and their corresponding error specifications, 1274 

and Table 3 summarizes the prescribed a priori values and associated uncertainties for 1275 

aerosol and surface parameters. 1276 

In particular, we have clarified that the measurement vector 𝐲  is constructed from 1277 

calibrated scalar reflectance at 443, 490, 565, and 670 nm together with DOLP at 490 and 1278 

670 nm, collected from multiple viewing angles (L167-168): 1279 

The measurement vector, 𝒚, is constructed with calibrated scalar reflectance at 443, 1280 

490, 565, and 670, as well as DOLP at 490 and 670 nm from several angles. 1281 

Since the number of available viewing angles varies among pixels, we have further 1282 

clarified the angular treatment by excluding pixels with fewer than 9 angles and using a 1283 

fixed set of 9 viewing angles for all remaining pixels (L171-173): 1284 

Pixels with fewer than 9 viewing angles, which are primarily located near the scan 1285 

edges, were therefore excluded. For the remaining pixels, observations from the 1286 
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first 9 viewing angles were used in the retrieval to maintain a fixed number of 1287 

viewing angles for all pixels. 1288 

We have also specified that the measurement error covariance matrix is determined based 1289 

on the official pre-launch calibration uncertainties (L175-178): 1290 

Although previous studies have suggested that observational errors of DPC 1291 

increased after launch (Qie et al., 2021; Zhu et al., 2022), the magnitude of this 1292 

increase has not been quantitatively characterized. Therefore, this study adopts the 1293 

official pre-launch laboratory calibration errors, namely 5 % radiance errors and 1294 

0.02 DOLP errors (Li et al., 2018), as the observational errors used to construct 1295 

the measurement error covariance matrix. 1296 

In addition, the definition of the state vector 𝐱 and the retrieved parameters have been made 1297 

explicit in L180-189: 1298 

The state vector, 𝒙, is composed of aerosol and surface parameters. Particularly, 1299 

for land surfaces, the state vector 𝒙 consists of AOD (𝜏(𝜆)), SSA (𝜔(𝜆)), kernel 1300 

intensity parameters of RTLS model (𝐾(𝜆), 𝑘௩௢௟, and 𝑘௚௘௢ in Eq. 2), and the scale 1301 

factor of BPDF-NDVI model (𝐶 in Eq. 8)…For water surfaces, only 𝜏(𝜆) and 𝜔(𝜆) 1302 

are retrieved as components of the state vector 𝒙, and the New Cox-Munk model is 1303 

implemented to compute the surface reflectance (Spurr, 2006). The wavelength-1304 

dependent parameters, 𝜏(𝜆), 𝜔(𝜆), and 𝐾(𝜆), are retrieved at 443, 490, 565, and 1305 

670 nm, corresponding to the wavelengths at which DPC observations are used to 1306 

construct the measurement vector. 1307 

The description of a priori values and their error covariance matrices has been clarified in 1308 

L189-192: 1309 

For AOD and SSA, the a priori state vector and its associated error covariance 1310 

matrix are prescribed as fixed values, derived from the mean and variance of 1311 

AERONET measurements. The a priori estimates of surface properties are also 1312 

fixed, with their errors defined by the corresponding ranges of variability. 1313 
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Finally, we have stated that the cost function minimization is implemented through an 1314 

iterative Gauss–Newton approach (L201-202): 1315 

The algorithm minimizes the cost function defined in Eq. 4 using an iterative 1316 

Gauss–Newton method to obtain the final retrieval results. 1317 

We believe these revisions resolve the ambiguities noted by the reviewer and provide a 1318 

clearer and more reproducible description of the retrieval algorithm, including the 1319 

measurements utilized, parameters retrieved, error characterization, a priori constraints, 1320 

and optimization strategy. 1321 

3. The analysis of the algorithmic accuracy and comparison with other studies are not 1322 

adequate neither based on simulated data nor based on real measurements. The 1323 

retrieval from simulated data assumes absolutely accurate measurements fully 1324 

represented by the radiative transfer model, while it does not assess the influence 1325 

of measurement noise on the retrieval results. There is also lack of comparison with 1326 

other multi-angle polarimetric inversion algorithms based on simulated data (e.g., 1327 

the work by Dubovik et al., (AMT, 2011)) to evaluate the advantages and 1328 

disadvantages of the retrieval algorithm proposed in this work. Furthermore, when 1329 

applying to real DPC measurements, there is only a small part (L312-313) 1330 

mentioning the comparability of SSA correlation coefficient with one study based 1331 

on DPC data (Fang et al., RS, 2022). If the development of DPC retrieval products 1332 

is one of the main motivations of this study, more comprehensive comparison of 1333 

the DPC retrieval accuracy with others studies, such as those you mentioned in 1334 

Introduction (L47-54), is probably necessary. 1335 

Thank you for this detailed comment. We have revised the manuscript to strengthen the 1336 

evaluation of retrieval accuracy for both simulated and real DPC data, and to add more 1337 

comparisons with existing studies. For the simulated-data evaluation, we perform retrievals 1338 

for two simulation settings generated with the same forward model and geometry: a noise-1339 

free dataset and a dataset with Gaussian noise added representing the DPC laboratory 1340 

calibration uncertainties (5% error in I and 0.02 error in DOLP). By comparing the two 1341 

retrieval results against the known “true” inputs, we explicitly quantify how measurement 1342 
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noise affects the retrieved parameters, rather than assuming perfectly accurate observations. 1343 

Particularly, after adding noise, the SSA retrieval performance degrades rapidly: the 1344 

correlation coefficient decreases from above 0.6 (noise-free case) to below 0.4 (noisy case), 1345 

indicating that SSA is highly sensitive to measurement uncertainty. We also examined the 1346 

simulated-data results reported by Dubovik et al. (2011), but their results are presented in 1347 

a substantially different form and under different evaluation settings, which makes a direct, 1348 

metric-by-metric comparison difficult. 1349 

For the application to real DPC measurements, we note that reported SSA retrieval results 1350 

from DPC/Gaofen-5 remain limited. In addition to Fang et al. (2022), we added a 1351 

comparison with the SSA results reported by Dong et al. (2024). The SSA retrievals 1352 

reported by Jin et al. (2024) mentioned in the Introduction are based on DPC-2/ GaoFen-1353 

5(02) measurements, which differ from the instrument configuration used here and cover 1354 

a different time period, which have been clarified in the revised manuscript. We also 1355 

acknowledge that discrepancies across studies may arise from differences in calibration 1356 

and error assumptions, screening, collocation, surface constraints, and aerosol model 1357 

settings. 1358 

Overall, these revisions aim to provide a clearer and more quantitative assessment of 1359 

algorithmic accuracy, the role of measurement noise, and the relative performance of our 1360 

approach compared with existing studies. 1361 

 1362 

According to these concerns, more adequate illustration of the motivation and a more 1363 

comprehensive discussion section might be needed in order to be qualified in the 1364 

publication in AMT. In addition, there are several statements not true or at least not 1365 

rigorous enough in the main text. Please see the following comments for more details. 1366 

Specific comments 1367 

1. L54-56: What do you mean by “lack physical interpretability”? A method is 1368 

considered as effective as long as its accuracy is sufficiently validated, isn’t it? 1369 
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Thank you for this comment. We agree that a method can be considered effective if its 1370 

accuracy is sufficiently validated. In this context, our intention was not to question the 1371 

effectiveness of machine learning approaches, but to highlight some commonly discussed 1372 

characteristics of data-driven methods. Many machine learning approaches rely primarily 1373 

on training data and do not explicitly represent the underlying physical mechanisms. As a 1374 

result, their performance may depend on the availability and representativeness of training 1375 

samples, and may degrade in regions or conditions where training data are limited. For 1376 

example, Dong et al. (2024) used AERONET observations as training samples, which may 1377 

limit the performance in regions with sparse ground-based measurements (e.g., the 1378 

anomalously high AOD values over South America in October 2019). 1379 

We have revised the manuscript to clarify this point and to avoid overstating the limitation 1380 

of machine learning approaches: 1381 

Although machine learning approaches have demonstrated strong performance, 1382 

they are typically data-driven and rely on the availability of representative training 1383 

samples, without explicitly modeling the underlying physical mechanisms. As a 1384 

result, their performance may decrease in regions or conditions with limited 1385 

observations. 1386 

2. L57-58: It is recommended to insert a short paragraph at the end of the Introduction 1387 

to briefly describe the structure of the manuscript as well as the main contents of 1388 

each section. 1389 

We thank the reviewer for this helpful suggestion. We have added a short paragraph at the 1390 

end of the Introduction to outline the structure of the manuscript and to briefly summarize 1391 

the main content of each section. 1392 

The remainder of this paper is organized as follows. Sect. 2 describes the data, 1393 

methods, and experiments conducted in this study. Sect. 3 presents the main results, 1394 

including sensitivity experiments, validation using simulated data and DPC 1395 

observations, and regional and global maps of the retrieved parameters. Sect. 4 1396 

discusses the results and concludes the paper. 1397 
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3. L84-87: The phase matrix is an important microphysical property which depends 1398 

on aerosol size, shape and refractive index, and which in turn influences aerosol 1399 

SSA which is the core retrieval parameter throughout this study. Thus, rather than 1400 

simply referring to other studies, you need further sensitivity studies to justify the 1401 

statement of “relatively minor influence of aerosol phase matrices on the inversion”. 1402 

Thank you for the comment. We have added additional sensitivity experiments in Sect. 3.1 1403 

to quantify the impact of the aerosol phase matrix on the simulated TOA I and DOLP. 1404 

Specifically, we conducted forward simulations using several aerosol models listed in 1405 

Table 4 (which represent different phase matrices). The results indicate that the changes in 1406 

both I and DOLP caused by different phase matrices are much smaller than those caused 1407 

by other parameters such as AOD and SSA. This is consistent with the studies cited in 1408 

L84–87. 1409 

4. L136-137: What are the exact retrieval parameters that compose the state vector? 1410 

The AOD, SSA, and three RTLS parameters? At which wavelengths? 1411 

Thank you for this comment. This point is addressed in detail in our response to the General 1412 

Comments #2 regarding the retrieval algorithm description. Briefly, the state vector 𝐱 1413 

consists of aerosol and surface parameters, including AOD (𝜏(𝜆)), SSA (𝜔(𝜆)), kernel 1414 

intensity parameters of RTLS model (𝐾(𝜆), 𝑘௩௢௟, and 𝑘௚௘௢ in Eq. 2), and the scale factor 1415 

of BPDF-NDVI model (𝐶 in Eq. 8), with wavelength-dependent parameters retrieved at 1416 

443, 490, 565, and 670 nm. The complete definition of the state vector and the 1417 

corresponding wavelengths is provided in the revised manuscript and summarized in Table 1418 

3. 1419 

5. L156-158: Do you mean the x0 and Sa in Eq. (4) and Eq. (5) are derived from the 1420 

statistics of multi-year datasets? If so, then: 1421 

• Which datasets (i.e., which climate models, or observations) do you use? By “multi-1422 

year”, what are the exact time periods? And what are the rules for data screening? 1423 

• On a yearly and global scale, how do you take into account the variability of aerosol 1424 

and surface properties and ensure no systematic bias is introduced by the a priori 1425 

constraints? 1426 
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• Please specify the “fixed constants” of x0 and Sa. 1427 

• And if not, please explain the way of determining the a priori constraints in more 1428 

details. 1429 

Thank you for this comment. The a priori state vector 𝐱଴ and the associated covariance 1430 

matrix 𝐒௔  in Eqs. 4 and 5 are prescribed as fixed values in this study, and are not 1431 

dynamically adjusted for individual pixels or acquisition times. They are not derived from 1432 

spatially or temporally varying multi-year climatological datasets. 1433 

For aerosol parameters, the a priori values and variances of AOD and SSA are derived from 1434 

the mean and variance of AERONET measurements over a six-month period. The standard 1435 

AERONET Level 2.0 quality-control criteria except for the AOD threshold are applied 1436 

during data screening. For surface parameters, the a priori values are not derived from 1437 

observational datasets. Instead, they are prescribed as fixed values summarized in Table 3, 1438 

and the corresponding a priori uncertainties are defined as half of the physically plausible 1439 

parameter ranges. This approach is intended to constrain the retrieval within realistic 1440 

bounds without imposing observational climatology on surface properties. 1441 

The use of fixed a priori values in this study is intended to provide a controlled and 1442 

consistent configuration for evaluating the algorithm’s inherent retrieval capability. Under 1443 

this setting, the fitting performance is not dominated by the choice of initial conditions, but 1444 

is primarily determined by the information content of the multi-angle and polarimetric DPC 1445 

measurements. We note that multi-year averages from climate models or other 1446 

observational products could be incorporated in future applications to further improve 1447 

retrieval performance, but this is beyond the scope of the present algorithm assessment. 1448 

The values of 𝐱଴ and the diagonal elements of 𝐒௔ used for aerosol and surface parameters 1449 

have been listed in Table 3 of the revised manuscript. Further details on the retrieval 1450 

configuration are provided in our response to the General Comments. 1451 

6. Section 3.1: The authors are encouraged to reduce the discussions on some already-1452 

known phenomena and focus on key features related to the retrieval accuracy, so 1453 

that the section can be more refined. For example, the authors may simplify the 1454 

narrative about the relationship between SSA and TOA radiance, the influence of 1455 
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AOD loading on SSA sensitivity… instead, incline more to the angular and 1456 

wavelength variations of the SSA sensitivity and how do they influence the 1457 

selections of viewing geometry and measurement bands. 1458 

Thank you for the suggestion. We have rewritten Sect. 3.1 to make the discussion more 1459 

concise and more directly linked to retrieval accuracy. In the revised text, we shortened the 1460 

narrative on well-established qualitative relationships (e.g., the general dependence of 1461 

TOA radiance on SSA and the effect of AOD loading on SSA sensitivity) and focused 1462 

instead on the angular and spectral characteristics of SSA sensitivity. In addition, we added 1463 

new sensitivity experiments and briefly compared the impacts of different parameters on I 1464 

and DOLP. 1465 

7. L219: As we can see from Figure 2, ΔI for different wavelengths does not approach 1466 

zero at 180° scattering angle. 1467 

We thank the reviewer for this careful observation. The reviewer is correct that 𝛥𝐼 does not 1468 

reach zero at a scattering angle of 180°. Our original statement was intended to describe 1469 

the general decreasing trend of 𝛥𝐼 as the scattering angle increases toward 180°, rather than 1470 

implying that 𝛥𝐼 becomes exactly zero at that angle. We have revised the manuscript in 1471 

L257 to clarify: 1472 

Overall, as the scattering angle increases, 𝛥𝐼  gradually decreases, indicating 1473 

reduced sensitivity to SSA. 1474 

8. Figures 2-4: What is the SSA value used for producing these figures? Is the value 1475 

wavelength-dependent? Why is this value chosen and considered representative? 1476 

Thank you for this important comment. The SSA used in producing Figures 2-4 is 1477 

wavelength-dependent, as SSA generally varies with wavelength. To clarify its 1478 

representativeness and assess its impact, we have conducted additional sensitivity 1479 

experiments with SSA values ranging from 0.7 to 1.0, covering most SSA values in the 1480 

actural atmosphere. The detailed experimental settings are summarized in Table 4 The 1481 

analysis helps evaluate the influence of SSA assumptions on the results and support the 1482 

robustness of the conclusions. 1483 
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9. L226-228: Why does this sign reversal happen? 1484 

Thanks for the comment. A plausible explanation is that the wavelength dependence of the 1485 

relative contributions from Rayleigh scattering, aerosol scattering, and surface reflection 1486 

leads to a sign change in ΔDOLP. As wavelength increases, Rayleigh scattering (and its 1487 

polarized contribution) decreases rapidly, so the TOA polarized signal becomes dominated 1488 

by aerosol and surface. Around certain scattering angles, the aerosol-scattering 1489 

contribution and the surface-related contribution (including atmospheric transmission of 1490 

surface-reflected light) can be comparable and partially cancel. An SSA increase enhances 1491 

aerosol scattering and modifies the balance between these terms. For smaller scattering 1492 

angles the aerosol term tends to dominate, giving a positive ΔDOLP, whereas for larger 1493 

scattering angles the surface-related term becomes relatively more important, and the same 1494 

SSA perturbation can reduce DOLP, resulting in a sign reversal. 1495 

10. Figure 8 (a) and Figure 9 (a): 1496 

• What are the grids of latitude and longitude of these panels? Does the geolocation 1497 

exactly match with (b) and (c)? 1498 

• The figures are not labeled with lowercase letters. 1499 

Thank you for reminding. For Fig. 8, the spatial domain of panel (a) covers 16°E–24°E and 1500 

5°S–9°S. For Fig. 9, the spatial domain of panel (a) covers 20°W–4°W and 16°N–25°N. 1501 

The geolocation of panel (a) exactly matches that of panels (b) and (c) in both figures. We 1502 

have added this information to the corresponding figure captions, and added lowercase 1503 

letters (a), (b), and (c) to Figs. 8 and 9 in the revised manuscript. 1504 

11. L325-328: It would be interesting to compare the retrieved AOD with the 1505 

corresponding MODIS product, which adds more insights on the retrieval 1506 

performance when the algorithm is applied to DPC data. The same comment for 1507 

the following dust event. 1508 

Thank you for this helpful suggestion. We have added VIIRS AOD maps in the Supplement. 1509 

Comparisons between the retrieved AOD and the corresponding VIIRS AOD product for 1510 

both the biomass burning and dust events have also been conducted. The results show that 1511 
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the spatial patterns of VIIRS AOD are highly consistent with our retrievals, demonstrating 1512 

good agreement in the overall distribution characteristics. 1513 

12. L334: Please refer to the last comment. 1514 

Thank you for the suggestion. As mentioned above, comparisons between the retrieved 1515 

AOD and the corresponding VIIRS AOD product for the dust event have also been added 1516 

in the manuscript. 1517 

13. L340-341: Looking at Figure 9, there is an obvious contrast in retrieved SSA 1518 

between the region (21-23°N, 16-17°W) and the region (19-20°N, 17-19°W), while 1519 

from the true color picture, the aerosols in these regions seem to be in the same type 1520 

(mineral dust). What’s the reason for such a contrast in SSA? Is it an artifact of the 1521 

algorithm? 1522 

Thank you for this insightful comment. The apparent contrast in retrieved SSA between 1523 

the two regions is likely related to differences in cross-track viewing geometry rather than 1524 

changes in aerosol type. The two regions are located in different cross-track scan positions, 1525 

which may introduce discontinuities in viewing geometry and associated retrieval 1526 

sensitivities. Consistently, the retrieved AOD over the region (19–20°N, 17–19°W) is also 1527 

relatively lower, suggesting that the SSA contrast is coupled with changes in aerosol 1528 

loading and retrieval constraints. 1529 

14. L352-355: The global patterns retrieved here may not be quite comparable with the 1530 

MODIS, OMI and POLDER products from the cited studies due to the differences 1531 

in measurement period and wavelength. The comparison with the study of Dong et 1532 

al. (TGRS, 2024) seems to bring more insights since the retrievals are from the 1533 

same DPC measurements. Why don’t the authors present the retrievals at 670 nm, 1534 

just the same wavelength showed by Dong et al. (2024), for a more straightforward 1535 

comparison? 1536 

Thank you for this insightful comment. We have added the global retrieval results at 565 1537 

nm and 670 nm in the Supplement, and compared our results with MODIS and Dong et al. 1538 

(2024) in the manuscript. Overall, the patterns of AOD, SSA, and DHR retrieved in this 1539 
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study are consistent with those reported by Dong et al. (2024), demonstrating similar global 1540 

distribution characteristics. At the same time, some differences are observed. For example, 1541 

Dong et al. (2024) reported anomalously high AOD values over South America in October 1542 

2019, whereas both our results and the MODIS AOD show relatively low values in that 1543 

region. These comparisons and discussions have been incorporated into the revised 1544 

manuscript to provide a more rigorous evaluation. 1545 

15. L325: “… composed of…” → be composed of 1546 

Thanks for reminding. We have revised the expression in the manuscript. 1547 
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