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Response to Reviewer #1 1 
 2 
Thank you for the reviewer’s effort to review our manuscript. During the revision 3 
processes of our manuscript, we re-wrote most parts of the manuscript. In addition, we 4 
added results of sensitivity tests and error analysis for additional aerosol parameters. 5 
During the revision, we changed the radiative transfer model to improve the interface of 6 
previous model for surface albedo as well. For this reason, we also revised the 7 
methodology to explain the new radiative transfer model and its condition.  8 
 9 
The manuscript describes an ambitious attempt to determine an aerosol effective height 10 
from a combination of OMI spectra and MODIS aerosol retrieval. The method, if it 11 
were to be improved to operational maturity, is of high interest to remote sensing and 12 
modeling communities in search of observational data on aerosol profiles. However, I 13 
see important obstacles on the road to practical application of this method, several of 14 
which are not or only barely addressed in the manuscript. In particular, these regard 15 
the choice of aerosol parameters (size, shape), possible mismatches between OMI and 16 
MODIS data, and cloud contamination of OMI data. 17 
 18 
à In addition to the revision, we added the sensitivity study of additional aerosol 19 
parameters as shown in Section 3.2. Section 3.2.1, 3.2.2, 3.2.4, and 3.2.5 respectively 20 
describes the sensitivity test of previously mentioned parameters, including AOD, SSA, 21 
surface albedo, and aerosol vertical distribution. In addition, Section 3.2.3 describes the 22 
result of sensitivity test for particle size. Please refer to this section for the details.  23 
In addition, in the revised manuscript, the cloud contamination was carefully screened 24 
out by using cloud fraction less than 0.02, which is a strict threshold value for clear 25 
pixel selection. Because aerosol height retrieval is very challenging, we retrieved the 26 
aerosol height information over cloud free pixel only. For this reason, this study did not 27 
consider the cloud contamination of OMI data, although cloud is one of potential error 28 
source for aerosol height estimation.  29 
 30 
In addition, the method is currently not described in sufficient detail; e.g., it remains 31 
unclear why MODIS AOD and type are used instead of OMI data, or why the DOAS fit 32 
of O4 is explicitly included in the AEH retrieval algorithm (when a look-up-table of air 33 
mass factors would appear to be sufficient: O4 has a broad absorption spectrum and 34 
fitting the SCD is relatively straightforward). As I noted in my review of the initial draft, 35 
there are too little references and comparisons to previous work (similar sensitivity 36 
studies have been performed by Veihelmann et al., 2007 and Wagner et al., 2010 ). The 37 
literature is cited in the introduction, but a summary of the previous findings and the 38 
relation to the current findings is missing from the manuscript. 39 
 40 
à In the revised manuscript, we added the details of method. For example, in Section 4, 41 
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we described the reason to use MODIS AOD and type instead of those from OMI as 42 
below: 43 
“Although OMI aerosol product provides AOD at 500 nm, AOD from OMI was 44 
partially affected by aerosol height and suffered from cloud contamination due to its 45 
large footprint (Torres et al., 2002). For this reason, AOD from MODIS allocated to the 46 
OMI pixels as a reference AOD for the AEH retrieval. For type selection, the AE from 47 
MODIS and AI from OMI is respectively used for the information of size and 48 
absorptivity, to classify aerosol type into four following the method from Kim et al. 49 
(2007) and Lee et al. (2007).” 50 
Main reason of MODIS AOD selection is aerosol height dependence for OMI AOD. 51 
Furthermore, this study basically used the MODIS and OMI data for type selection. 52 
Therefore, we determined that selection of MODIS data for AOD is reasonable. 53 
For directly comparison between our method and OMI standard product, we use SCD 54 
value for O4, although O4 has a broad absorption band and SCD fitting is relatively 55 
straight-forward. Details of algorithm flow are described in Figure 1 and 12 for model 56 
simulation and case study, respectively. In addition, details are explained in Section 2.1 57 
and Section 4 for simulation and case study, respectively. Furthermore, we compensated 58 
the previous work from reviewer’s suggestion in the introduction. 59 
  60 
Lastly, and as mentioned in my review of the initial version, the presented case study 61 
does not provide convincing evidence that the algorithm works. First of all, only a 62 
single case is presented; second, CALIOP backscatter profiles are shown of which only 63 
a small part is detected by OMI (at 35-40 N, 122.5-123 E) — and these values do not 64 
agree very well (CALIOP doesn’t exceed 1.7 km, whereas the retrieved AEH appears to 65 
vary from 1-5 km in this region). The comparison would have been more meaningful if 66 
AOD and aerosol type from CALIOP had been included, and a longer orbital segment 67 
had been selected. Third, as mentioned in the previous review, the comparison with 68 
ground-based lidar is not at all appropriate for reasons of collocation mismatch (the 69 
station is over land; the OMI measurement >100 km away and over ocean). 70 
 71 
à In Section 4, we described the AEH retrieval for two transported aerosol cases over 72 
East Asia. Furthermore, we also presented the scatterplot of AEH between CALIOP and 73 
OMI for 8 severe aerosol transport cases as listed in Table 8. Details are shown in 74 
Section 4 and Figs. 12 ~ 15.  75 
 76 
In summary, I recommend that this paper be thoroughly revised before being 77 
resubmitted. 78 
The most important revisions (addressed above) include: 79 
- More references and comparisons to literature 80 
- Detailed, step-by-step description of the AEH algorithm in a separate section 81 
- Assessment of additional error sources (wrong aerosol model assumptions; cloud 82 
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contamination) 83 
- Addition of more, and more appropriate case studies 84 
Some suggestions for improvement of the paper are given below, but because in my 85 
opinion the manuscript requires extensive re-writing, more suggestions would follow in 86 
the next round of review. 87 
 88 
à We appreciate the reviewer’s suggestion and comments to revise our paper. 89 
Basically we reflected all the comments and added all answers for the issues raised the 90 
revised manuscript. Reference and literatures are also added in Section 1 and 2. In 91 
Section 1, we revised as below with appropriate reference for example: 92 
 93 
“The Differential Optical Absorption Spectroscopy (DOAS) technique has been used 94 
widely to retrieve trace gas concentration both from ground-based (e.g., Platt, 1994; 95 
Platt and Stutz, 2008) and space-borne (e.g., Wagner et al., 2007; Wagner et al., 2010) 96 
measurements. After the work of Platt (1994) to retrieve trace gas concentration by 97 
using DOAS, Wagner et al. (2004) suggested to derive atmospheric aerosol information 98 
from O4 measurement by using Multi Axis Differential Optical Absorption 99 
Spectroscopy (MAX-DOAS). Friess et al. (2006) analyzed the model studies to 100 
calculate the achievable precision of the aerosol optical depth and vertical profile. In 101 
addition, several studies (e.g., Irie et al., 2009 and 2011; Lee et al., 2009 and 2011; 102 
Clemer et al., 2010; Li et al., 2010) provided aerosol profiles from ground-based 103 
hyperspectral measurements in UV and visible wavelength ranges on several ground 104 
sites.” 105 
 106 
“For OMI measurement, the O4 band at 477 nm has been widely applied to estimate 107 
cloud information (e.g., Accarreta et al., 2004; Sneep et al., 2008). Especially, the cloud 108 
information retrieved by O4 band at 477 nm was used for air mass factor (AMF) 109 
analysis with the consideration of aerosol optical effects for the NO2 column retrieval 110 
(e.g., Castellanos et al., 2015, Chimot et al., 2015; Lin et al., 2014; Lin et al., 2015). 111 
Although O4 absorption band around 477 nm varies also due to cloud existence, it can 112 
be also used for the aerosol optical parameter estimation. Veihelmann et al. (2007) 113 
introduced that the 477 nm channel, which locates major O4 band, significantly adds 114 
degree of freedom for aerosol retrieval by using principal component analysis, and 115 
Dirksen et al. (2009) adopts the pressure information obtained from OMI O4 band to 116 
identify a plume height for aerosol transport cases.” 117 
 118 
à Detailed description of algorithm is added in Section 2 and 4 for model study and 119 
case study, respectively. In section 2.1, we revised the details of radiative transfer model 120 
regarding its change from LIDORT to VLIDORT.  121 
 122 
“….the Linearlized pseudo-spherical vector discrete ordinate radiative transfer 123 
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(VLIDORT) model (Spurr, 2006). The VLIDORT model is based on the linearized 124 
discrete ordinate radiative transfer model (LIDORT) (Spurr et al., 2001; Spurr, 2002). 125 
This RTM is suitable for the off-nadir satellite viewing geometry of passive sensors 126 
since this model adopts the spherically curved atmosphere to reflect the pseudo-127 
spherical direct-beam attenuation effect (Spurr et al., 2001).” 128 
 129 
à Furthermore, we revised the assumption of aerosol vertical distribution for model 130 
input in the Section 2.1.2 as below:  131 
 132 
“On the other hands, the aerosol vertical distribution does not always follow exponential 133 
profile. For the long-range transported aerosol such as dust cases, the aerosol layer 134 
profile is quite different than exponential profile and occasionally transported to well 135 
above the boundary layer (e.g., Reid et al., 2002; Johnson et al., 2008). The peak height 136 
of aerosol extinction profile in long-range transport cases was reported to be located 137 
between 1 and 3 km during the Dust and Biomass-burning Aerosol Experiment 138 
(DABEX) campaign (Johnson et al., 2008). From these previous studies, standard 139 
aerosol vertical profile is difficult to determine. For algorithm development, previous 140 
studies assumed that the vertical distribution is assumed to be Gaussian function defined 141 
by peak height and half width as representative parameters (Torres et al., 1998; Torres 142 
et al., 2005). To supplement the simplicity of assumption for aerosol vertical 143 
distribution, aerosol vertical distributions are assumed to be quasi-Gaussian generalized 144 
distribution function (GDF), which is Gaussian distribution with dependence on aerosol 145 
peak height, width, and layer top and bottom height. Details of GDF can be found in 146 
Spurr and Christi (2014) and Yang et al. (2010). In this study, AEH ranges from 1 to 5 147 
km with 1 km width as 1-sigma for the RTM simulation.” 148 
 149 
à We also revised the Section 2.2 for the step-by-step description of model simulation 150 
and clear-sky comparison test between modeled and observed O4 value. Because of 151 
large value of O4 SCD, we newly investigated the O4 Index as dividing O4 SCD by 152 
1040 molecule2cm-5 which were also used in error studies in Section 3.2 153 
 154 
“To estimate the error amount, the AEH error is converted from the half of O4I 155 
difference between adding and deducting perturbation of variables as shown in equation 156 
(1). 157 

ε Z =│ !"# !!!!,! !!"#(!!!!,!)
!.!  ×!"#$/!"(!,!)

│  (1) 158 

where ε Z  is the AEH error amount due to variable of error source, x, in AEH of Z, 159 
and δx is perturbation of AEH retrieval error source. The ε Z  value also depends on 160 
viewing geometries. Therefore ε Z  is represented for specific geometries together 161 
with averaging over all geometries.” 162 
 163 
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à For the details of case study, we revised the algorithm flowchart in Figure 12 in the 164 
revised manuscript, and added the details as below: 165 
 166 
“Figure 12 describes an AEH retrieval algorithm for the case study. In retrieving AEH, 167 
AOD is obtained from MODIS standard product (e.g., Levy et al., 2007). Although 168 
OMI aerosol product provides AOD at 500 nm, AOD from OMI was partially affected 169 
by aerosol height and suffered from cloud contamination due to its large footprint 170 
(Torres et al., 2002). For this reason, AOD from MODIS allocated to the OMI pixels as 171 
a reference AOD for the AEH retrieval. For type selection, the AE from MODIS and AI 172 
from OMI is respectively used for the information of size and absorptivity, to classify 173 
aerosol type into four following the method from Kim et al. (2007) and Lee et al. (2007). 174 
After determining AOD and aerosol type, LUT, which is generated as functions of 175 
geometries (SZA, VZA, and RAA), aerosol types and AODs, is used to determine the 176 
AEH information by using comparison between simulated and measured O4I value. The 177 
variables and their dimensions for the LUT calculations are shown in Table 7. Due to 178 
the limitation of the accuracy of aerosol type classification and those of AOD over land, 179 
this study estimates the AEH only over ocean surface. Although temporal and spatial 180 
variation of surface albedo influences the AEH result from error study, surface albedo is 181 
assumed to be a fixed value of 0.10, which is used in sensitivity study. For case study, 182 
the LUT of O4I is developed by the aerosol model based on AERONET data over East 183 
Asia. Extensive AERONET dataset over East Asia are used to provide represent aerosol 184 
optical properties for the LUT calculation.”  185 
 186 
à In section 3, we showed the result of sensitivity test for additional error sources of 187 
aerosol parameters, especially aerosol particle size in Section 3.2.3. Furthermore, AEH 188 
sensitivity showed the result with changing viewing geometries in Figure 8. Finally, 189 
case study results are also added in Section 4. In detail, we described one additional 190 
specific scene result in Figure 14 in the revised manuscript. Details are shown as below: 191 
 192 
“Figure 14 is another case study of the retrieved AEH on February, 21, 2008. MODIS 193 
products of AOD and FMF on this date show thick anthropogenic aerosol transported 194 
with the AOD ranging from 0.6 to 1.0 [Figure 14(b)] and the FMF ranging from 0.8 to 195 
1.0 [Figure 14(c)] all over Yellow sea. The mean retrieved AEH is 1.4±1.2 km over 196 
1480 pixels in East Asia as shown in Figure 14(d). On this date, CALIOP passed over 197 
coastal line between China and Yellow Sea. The aerosol layer height ranged from 0.5 to 198 
2.5 km during the overpass over East Asia as shown in Figure 14(e). The AEH from 199 
OMI is 0.6±0.4 km over 601 pixels in 30~40 ˚N and 120~125 ˚E. Contrary to large 200 
spatial variation of the AEH from CALIOP, the AEH from OMI shows spatially stable 201 
values on this date.” 202 
 203 
à Furthermore, we showed direct comparison test between CALIOP and OMI for 2-204 
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year transported aerosol cases over East Asia. The results are shown in Figure 15 in the 205 
revised manuscript with the list of cases in Table 8 in the revised manuscript. Details 206 
are explained as below: 207 
 208 
“Figure 15 shows the scatter plot of AEH between CALIOP and OMI on the date listed 209 
in Table 8, which lists aerosol transport cases over East Asia with simultaneous 210 
observations by OMI and CALIOP in 2007 and 2008. Because the O4I sensitivity for 211 
AEH is not large at AEH higher than 4 km, the comparison test was limited to cases 212 
with AEH less than 4.5 km from OMI. For data collocation, the latitude and longitude 213 
difference between two sensors are within 0.25 degree. Figure 15(a) shows the 214 
comparison of AEH from OMI and CALIOP with MODIS AOD larger than 0.5. It is 215 
assumed that the reference expected error (EE) is 1 km (Fishman et al., 2012). Almost 216 
60% of retrieved pixel shows the AEH result within the EE. Because of large AEH error 217 
for low AOD, the accuracy of AEH result from OMI is poor. Furthermore, this case 218 
study assumes constant surface albedo value over ocean. However, ocean surface 219 
albedo is also changed by turbidity due to sediments and wind. For this reason, the AEH 220 
error is enlarged for low AOD cases. If threshold of AOD for the comparison is set to 221 
be 1.0, the proportion of pixel within EE improves up to 80% as shown in Figure 15(b). 222 
Furthermore, the correlation of the AEH between the two sensors is 0.62 as a slope with 223 
0.65 of correlation coefficient (R) on thick aerosol layer cases. Therefore, the AEH 224 
algorithm from OMI provides the reasonable information about the parameter of aerosol 225 
vertical distribution, if accurate aerosol model is provided for forward calculation.” 226 
 227 
  228 
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During the revision, the manuscript reflected all other comments as shown below. 229 
 230 
Other comments 231 
P.7934, ll. 11-14: ”Overall, the error (...) vertical distribution type.” Mention that the 232 
cited error values apply to the base case (SZA=30, VZA=30; I was unable to find the 233 
reference AOD and AEH). More importantly, the overall error here does not include the 234 
uncertainty due to vertical distribution. Although this is mentioned in the quoted 235 
sentence, it does not appear to be fair to leave out this major error contribution —236 
particularly because its magnitude was explicitly determined. 237 
 238 
In the revised manuscript, the error analysis for aerosol vertical distribution was 239 
changed as shown in Section 3.2.5. We estimated errors using all viewing geometries, 240 
AOD and AEH as shown in Table 3 in the revised manuscript. Because aerosol vertical 241 
distribution cannot estimate high-resolution information, the error budget for aerosol 242 
vertical distribution is summarized in Table 5 in the revised manuscript.  243 
 244 
P. 7935, ll.15ff: ”The information on the aerosol height is important (...)” Also for the 245 
improvement of trace gas retrievals (better air mass factor calculation) the aerosol 246 
profile is of importance. 247 
 248 
We reflect the comment in the revised manuscript as below: 249 
“The information on the aerosol layer height is important, because the variation of the 250 
aerosol vertical distribution affects radiative process in the atmosphere near the surface 251 
and trace gas retrieval for air mass factor calculation.” 252 
 253 
P. 7936, l.8: ”(Wagner et al., 2010)” This reference is not appropriate, better would be, 254 
e.g: Wagner, et al., 2008, doi: 10.1088/1464-4258/10/10/1040192008), but there are 255 
many others, too. 256 
P. 7936, ll.8-28: ”Recently, several studies (...) aerosol transport cases.” The results 257 
from the cited studies need to be summarized and discussed in more detail, probably in 258 
a separate section. The findings from those previous studies should be used as starting 259 
points for your own studies, and you should explain what your own studies add to the 260 
existing body of knowledge. 261 
 262 
We reflect the comment in the revised manuscript as below: 263 
“The Differential Optical Absorption Spectroscopy (DOAS) technique has been used 264 
widely to retrieve trace gas concentration both from ground-based (e.g., Platt, 1994; 265 
Platt and Stutz, 2008) and space-borne (e.g., Wagner et al., 2007; Wagner et al., 2010) 266 
measurements. After the work of Platt (1994) to retrieve trace gas concentration by 267 
using DOAS, Wagner et al. (2004) suggested to derive atmospheric aerosol information 268 
from O4 measurement by using Multi Axis Differential Optical Absorption 269 
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Spectroscopy (MAX-DOAS). Friess et al. (2006) analyzed the model studies to 270 
calculate the achievable precision of the aerosol optical depth and vertical profile. In 271 
addition, several studies (e.g., Irie et al., 2009 and 2011; Lee et al., 2009 and 2011; 272 
Clemer et al., 2010; Li et al., 2010) provided aerosol profiles from ground-based 273 
hyperspectral measurements in UV and visible wavelength ranges on several ground 274 
sites. Wagner et al. (2010) investigated the sensitivity of various factors to the aerosol 275 
layer height using the data obtained from the SCanning Imaging Absorption 276 
SpectroMeter for Atmospheric ChartographY (SCIAMACHY) on ENVISAT. The 277 
sensitivity of the Ring effect and the absorption by oxygen molecule (O2) and its dimer 278 
(O4) calculated by DOAS method were examined to estimate aerosol properties 279 
including the layer height. Kokhanovsky and Rozanov (2010) estimated dust altitudes 280 
using the O2-A band between 760 and 765 nm after the determination of the dust optical 281 
depth. In addition, several previous studies are also investigated estimation methods for 282 
aerosol height information by using hyperspectral measurement in visible (e.g., 283 
Dubuisson et al., 2009; Koppers and Murtagh, 1997; Sanders and de Haan, 2013; 284 
Sanghavi et al., 2012; Wang et al., 2012). Because in the near UV the surface signal is 285 
significantly smaller than the aerosol signal, the UV and near UV regions are useful to 286 
derive aerosol height information from space borne measurements.” 287 
 288 
P.7937, l.10: The term SCD is not explained. I think some DOAS theory, or at least a 289 
discussion of radiative transport, is needed in this section. I strongly encourage the use 290 
of AMFs instead of SCDs, because the numbers are more intuitive. Apart from that, 291 
since the O4 VCD is well known, it might as well be removed (i.e., divided out) for 292 
simplicity. 293 
To supplement the DOAS theory and to explain the disadvantage of directly used O4 294 
SCD value, we revised the manuscript as below:  295 
“Figure 1 shows the flowchart of the method to estimate the O4 SCD from the simulated 296 
radiance. Because the magnitude of the O4 SCD values is too large to express the 297 
sensitivity results, this paper defines the O4 index (O4I) which divides O4 SCD by 1040 298 
molecules2cm-5.” 299 
 300 
P. 7940, l.19: ”the noise level” Where does the (relatively large) noise in the 301 
simulations come from? 302 
Although cross section database are identified, the noise from fitting residual is 303 
estimated during DOAS fitting from simulated radiance because DOAS fitting is 304 
independently tested.  305 
  306 
P. 7940, l.22- P.7941, l.19: ”Figure 2 shows the comparison (...) to retrieve aerosol 307 
height.” This section raises some issues, e.g.: how do the data look for AOD=0? An 308 
AOD of 0.15 appears rather high, although this might account for occasional cloud 309 
contamination of OMI data. The correlation is good, but not perfect, and it would be 310 



9 
 

interesting to know if there are systematic deviations (e.g., for certain solar/viewing 311 
geometries). I would expect some deviations, particularly at larger viewing angles, 312 
simply due to the coarse resolution of the LUT (at the swath edges SCD probably 313 
depends strongly on viewing angle). The fact that the O4 cross section needs scaling for 314 
a better agreement of results is attributable to the difference in cross-sections used by 315 
the authors on the one hand, and the OMICLDO2 retrieval team on the other hand. 316 
We revised the clear-sky comparison test in Section 2.2, and Figure 2 and 3 in the 317 
revised manuscript. 318 
 319 
P. 7942, l.21: I would rename this section to, e.g., ”Sensitivity of O4 SCDs at various 320 
wavelengths to AEH”, and then add another section, e.g. ”Sensitivity of 477nm O4 321 
SCDs to various aerosol parameters” at page 7944, line 4 to improve readability. This 322 
is the section where a comparison with previous sensitivity studies should be presented.  323 
à After revision this sentence is deleted.  324 
 325 
P. 7942, ll.4-6: ”However, the absorbing aerosols in low AEH cases (...) and 380 nm.” 326 
What do you mean by ”fluctuated” ? And what is the cause of the large fitting error? 327 
à After revision this sentence is deleted.  328 
 329 
P. 7942, ll.6-8: ”For this reason (...) in the AEH range of 2.0 to 4.0 km.” This is a quite 330 
clear definition of -dO4/dZ, but in the next lines, you often use a different definition, e.g. 331 
in lines 9-10 on the same page. This appears to be the maximum -dO4/dZ for a certain 332 
altitude, which is not in agreement with the definition cited above and confuses the 333 
reader. 334 
à After revision this sentence is deleted and more detailed analysis is added in Figs. 4-335 
5.  336 
 337 
P. 7942-7943: The results in this section should be presented in a more clear and 338 
concise way. In fact, they can be summarized (somewhat crudely) by simply saying that 339 
O4 absorption features at wavelengths other than 477 are not suitable for AEH 340 
retrieval because the sensitivity of the O4 SCD to AEH is smaller than or comparable to 341 
the fitting error. 342 
à We revised in the revised manuscript as below: 343 
“The O4Is are estimated at 360 and 380 nm band as shown in Figure 4(a) ~ (f). The O4I 344 
is significantly decreased with increasing AEH at 360 and 380 nm for all aerosol types. 345 
However negative O4Is are occasionally estimated at 360 nm. Furthermore the fitting 346 
errors are too large to estimate the AEH, which range from 160 to 410 at 360 nm and 347 
from 350 to 1060 at 380 nm. From large fitting error with small O4I, the fitting results 348 
are insignificant at these two absorption bands.” 349 
 350 
P. 7944, ll.13-14: ”Torres et al., (...) due to the cloud contamination.” This is not very 351 
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relevant to the current study, as no OMI aerosol data are used. 352 
P. 7944, ll.14-15: ”SSA varies widely as the categorizing aerosol types.” Do you mean: 353 
SSA varies widely for different aerosol types? 354 
à To clarify the SSA error test we revised on Section 3.3 in the manuscript as below: 355 
“The mean errors from 10% variation in the SSA for all of the variable conditions in 356 
Table 3 correspond to 726, 576, and 1047 m for the MITR, COPO, and WASO, 357 
respectively. For the total error budget calculations, however, 5% change in the SSA 358 
was used according to Torres et al. (2007), which reported the variation of the SSA less 359 
than 0.03 for the given aerosol type. The error from the vertical distribution is estimated 360 
to be 720, 1480, and 690 m for the COPO, MITR and WASO, respectively. 361 
The errors from the SSA and the aerosol profile shape are the two important error 362 
sources in estimating the AEH, followed by the errors related to the AOD and the 363 
surface albedo. From these results, the errors of the AEH due to the error from OMI 364 
AOD of 0.1 and the surface albedo of 0.02 are less than 300 m for WASO and COPO, 365 
and about 400 m for MITR. However, the AEH error from surface albedo is important 366 
for cases with low AOD at high AEH, which is surface reflectance dominant case.” 367 
 368 
P. 7945, Sect. 3.2: Discuss uncertainties arising from errors in assumed particle size 369 
and shape (phase functions). Also missing is the uncertainty due to mis-classification of 370 
aerosols (e.g., COPO as WASO). Cases with more than one layer of aerosols also 371 
deserve attention here. 372 
à We added the Section 3.2.3 in the revised manuscript. In this study, aerosol vertical 373 
distribution also concerned to be error source. However mis-classification of aerosol 374 
types and cases with more than one layer of aerosols are difficult to identify the 375 
parameter for aerosol vertical information. 376 
We mentioned in the revised manuscript as below:  377 
“Although this study is not able to show all kinds of aerosol vertical distributions due to 378 
its large variability in profile, aerosol vertical distribution by changing the half-width of 379 
GDF distribution can reflect large-scale changes in its vertical profile.” 380 
 381 
P. 7947, ll.6ff: Large parts of this section, particularly the description of the OMI 382 
instrument and the description of the AEH derivation algorithm, should be put into a 383 
separate Methods section. The section should also contain an explanation of how 384 
MODIS data are selected and integrated into the AEH algorithm. 385 
à We revised the method of AEH algorithm and data selection for case study in the 386 
beginning of Section 4 in the revised manuscript as below: 387 
“To demonstrate the feasibility from real measurements, the AEHs are derived using 388 
hyperspectral data from OMI. OMI channels are composed of UV-1 (270-314 nm), UV-389 
2 (306-380 nm), and a visible wavelength range (365-500 nm) with a spectral resolution 390 
(FWHM) of 0.63, 0.42, and 0.63 nm, respectively (Levelt et al., 2006). The spatial 391 
resolution is 13 km × 24 km at nadir in "Global Mode". In the present study, the spectral 392 
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data over the visible wavelength range are used to derive the O4I at 477 nm and the 393 
AEH information.  394 
Figure 12 describes an AEH retrieval algorithm for the case study. In retrieving AEH, 395 
AOD is obtained from MODIS standard product (e.g., Levy et al., 2007). Although 396 
OMI aerosol product provides AOD at 500 nm, AOD from OMI was partially affected 397 
by aerosol height and suffered from cloud contamination due to its large footprint 398 
(Torres et al., 2002). For this reason, AOD from MODIS allocated to the OMI pixels as 399 
a reference AOD for the AEH retrieval. For type selection, the AE from MODIS and AI 400 
from OMI is respectively used for the information of size and absorptivity, to classify 401 
aerosol type into four following the method from Kim et al. (2007) and Lee et al. (2007). 402 
After determining AOD and aerosol type, LUT, which is generated as functions of 403 
geometries (SZA, VZA, and RAA), aerosol types and AODs, is used to determine the 404 
AEH information by using comparison between simulated and measured O4I value. The 405 
variables and their dimensions for the LUT calculations are shown in Table 7. Due to 406 
the limitation of the accuracy of aerosol type classification and those of AOD over land, 407 
this study estimates the AEH only over ocean surface. Although temporal and spatial 408 
variation of surface albedo influences the AEH result from error study, surface albedo is 409 
assumed to be a fixed value of 0.10, which is used in sensitivity study. For case study, 410 
the LUT of O4I is developed by the aerosol model based on AERONET data over East 411 
Asia. Extensive AERONET dataset over East Asia are used to provide represent aerosol 412 
optical properties for the LUT calculation.” 413 
 414 
P. 7948, ll.12-13: “From CALIOP observation, . . . for most observed regions.” What 415 
about the small region that is collocated with the OMI/MODIS measurement? 416 
à In the revised manuscript, we compared the AEH from OMI and CALIOP AEH 417 
within 0.25 degree for latitude and longitude of GSD, and we showed the result in 418 
Figure 15. 419 
 420 
P. 7948, ll.25-26: “the investigated algorithm quantitatively estimates the AEH over 421 
East Asia.” This statement is rather too bold (as mentioned previously). You have not 422 
proven this with the one case study presented in the manuscript. 423 
à We added two cases for scene analysis and direct comparison result between 424 
CALIOP and OMI in several cases from 2007 to 2008 over East Asia as shown in Figs. 425 
13-15 in the revised manuscript. 426 
 427 
P. 7949, Sect. 5: Add the error from profile shape assumptions to the total error; this 428 
would appear to be more fair.  429 
PP. 7963-7964: Why not merge Tables 6 and 7? 430 
à Because the error from aerosol profile shape assumption is relatively large, we 431 
separately showed the result in Table 5.  432 
 433 
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Fig. 3 : the lower panel is wrong; it shows results for 360 nm instead of 340 nm 434 
à We revised in the revised manuscript. 435 
Figs. 3-6: Add the Rayleigh AMF (more informative than the geometrical AMF); it is 436 
given in Fig. 7 for 477 nm (at AOD=0). 437 
à We revised in the revised manuscript as converting O4 index value. 438 
Fig. 9a: What is the cause of the red color? 439 
Fig. 9e: Add the CALIOP ground track. 440 
à We revised the Figs. 13 and 14 in the revised manuscript as removing ground 441 
LIDAR results, because ground LIDAR site is too far to compare directly. Because 442 
CALIOP ground track addition would be confusing to show the scene result, we 443 
mentioned the sentences to explain the track information for respective case study as 444 
below: 445 
“The retrieved result is compared with the backscattering intensity from the CALIOP 446 
observation over Yellow sea as shown in Figure 13(e). From CALIOP observation, the 447 
aerosol layer height over Yellow sea is located around 1 km altitude for most observed 448 
regions.” 449 
“On this date, CALIOP passed over coastal line between China and Yellow Sea. The 450 
aerosol layer height ranged from 0.5 to 2.5 km during the overpass over East Asia as 451 
shown in Figure 14(e).” 452 


