
We would like to first express our thanks to the REFEREE #1 for his/her constructive comments. 
The point-by-point responses are below after each reviewer’s point. The reviewer points are in bold.

General Comments

The manuscript proposes an improved algorithm to better account for the impacts of 
absorbing aerosols in OMI/TROPOMI surface UV products. This proposed scheme can be 
easily implemented to correct the systematic effects caused by SZA and AAOD in the current 
OMI operational surface UV algorithm. This paper is interesting and well written.

1. It seems that the correction algorithm developed in this work is targeting OMI and 
TROPOMI satellites, it would be helpful to add this information in the title of the 
manuscript. 

The title in the revised manuscript has been modified. 

2. How applicable is this proposed algorithm to be used in other satellite derived surface 
UV products? It would be helpful to add some comments on this. 

The correction is targeting OMI and TROPOMI satellites as its basic features are linked with
the  OMI  and  TROPOMI  instruments  measuring  the  sum  of  cloud  reflected  and  aerosol
backscattered spectral radiance. The correction could be applicable for future satellite based
instruments having the same measurement  principles.  This  has  been further  stressed in  the
revised manuscript. 

3. Line 64-67: Here could discuss a little bit on what the surface UV estimates would be 
without accounting for the SZA dependence and the non-linearity in the correction 
scheme, such as whether they would be systematically overestimated or underestimated
compared to the current operational algorithm. 

There can be both over- and underestimation, depending on the SZA (and AAOD as well). This was
discussed in the manuscript related to the Figure 3, because the most natural place for this 
discussion seemed to be in the context of the results in illustrated by that plot.

4. Line 98-99: how are the new aerosol climatology data different from the current 
climatology data? How is it going to affect the results? 

As we mentioned in the manuscript, we plan to update the aerosol climatology in the future re-
processing of OMI surface UV records. For the interest of our reviewer we spent some time to 
compare MAC V2 and V1 aerosol climatologies and the corresponding correction factor, Ca. 
Overall, the differences were relatively small, but some localized larger differences were apparent. 
These regional patterns were most typically in Sahara/Sahel region and in South-East China and 



could reach up to 10% (both positive and negative differences were found, depending on the season 
and region). 

5. Section 2 has a lot of texts and it is hard to go through. It would be helpful for the 
readers to read through it if it can be better organized such as showing a flowchart of 
the algorithm or reorganizing some of the long paragraphs. 

A new figure (Figure 1) and equation (Equation 3) have been included in the revised 
manuscript, which both hopefully clarifies the revised discussion in the section 2. 

6. Line 228-229: It would be interesting to see the plots in other months. 

The new figures have been included in the appendix.

7. Line 35: a reference is needed here. 

Reference is added into the revised manuscript (Schmalwieser et al., 2017)
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We would like to first express our thanks to the REFEREE #2 for his/her constructive comments. 
The point-by-point responses are below after each reviewer’s point. The reviewer points are in bold.

The manuscript introduces a simple way to improve the aerosol effect accuracy into the 
satellite-based surface UV products, and more specifically to the OMI and TROPOMI UV 
algorithms. The innovation relies on the solar zenith angle and the non-linearity incorporation
into the new aerosol absorption correction scheme. The proposed correction and the whole 
approach will be useful for the related community, since it will make the direct UV satellite 
retrievals more reliable under cloudless conditions.

General comments:

The title of the paper has to address the specific satellites that this correction is valid. In the 
current form implies that is can be applied to all UV-related satellites.

The title in the revised version has been modified as suggested. 

The authors mention the UV absorbing aerosol index (UVAI) and the aerosol absorption 
optical depth (AAOD) but in the analysis the focus is limited to the AAOD. A brief description
of both and a related sensitivity analysis followed by the corresponding references could be 
added in the introduction.

The UVAI is qualitative parameter, which depends not only on AAOD, but also on aerosol height or
other conditions, such as sun glint. It was used in the original TOMS UV algorithm, as proxy for 
AAOD, but was not adapted to OMI or TROPOMI. This is why, for the sake of clarity, UVAI 
mention (which was only once in the abstract anyway) is now excluded in the revised manuscript.

The potential impact of the new correction was tested against the current correction for the 
OMI and TROPOMI UV algorithm in terms of global fields of climatological AAOD showing 
a difference of ±5%. This difference seems low but it is not for the UV impacts on human 
health. A small paragraph of the real impact of this ±5% has to be added in the conclusions 
section.

Thanks. We feel that the discussion of real health impacts by ±5% in surface UV goes beyond our 
expertise. Moreover, it is good to remember that most often the long-term accumulated exposure 
matters, for which purpose satellite data exhibit additional challenges, like description of diurnal 
cloudiness, for instance. 

The whole analysis is based on the existing AAOD climatology since this is the way that OMI 
represents the aerosol absorption effect. However, a more generalized result and conclusion 
will be of value for the UV community in order to quantify the limitations and gaps of the 
current and the proposed correction and ideally to describe which is the optimum 
representation approach of the absorbing aerosol loads.



First, to our knowledge the most advanced operational surface UV algorithms (TROPOMI, OMI, 
GOME-2) all use aerosol climatology to account for absorbing aerosols. Climatology as an ancillary
source of information has been considered as the best option. For instance, from a separate OMI 
algorithm AAOD would have been available, and it has been seriously considered to replace AAOD
from climatology. However, this data are only available in cloud-free conditions and have 
significant enough uncertainties, so in the end it has been considered meaningful not to switch from 
climatology to the use of satellite-based AAOD instead. Therefore, we do consider the use of 
climatology as the “optimum representation approach of the absorbing aerosol loads”, but we are 
also among the first to admit that it is not the perfect solution.

Is this study intended to upgrade only the OMI approach or targets to a more general UV 
estimation improvement that applies to more instruments and techniques? In the conclusions 
section a paragraph about the necessity for a more generalized approach for all UV satellite 
instruments could be added in order to strengthen the innovation of this publication and to 
mention the need for new ones in this field.

The purpose of our study was to develop an approach to upgrade OMI- and TROPOMI-like 
algorithms, which we consider as most advanced operational algorithms, in addition to GOME-2 
(Kujanpää and Kalakoski 2015). GOME-2 algorithm uses slightly different approach to account for 
absorbing aerosols, for which our correction scheme is not directly applicable. In their approach a 
globally constant single scattering albedo is used (the most crucial piece of information to 
determine the attenuation caused by absorbing aerosols, explicitly incorporated through AAOD in 
our case), so that algorithm clearly has its own avenues and room to make improvements.

Corrections:

Line 35: Add a reference.

Reference is added into the revised manuscript. 

Line 38: The continuous global monitoring without time gaps requires geostationary satellites 
and a harmonization between their retrievals and their implicit radiative transfer and 
correction schemes.

We agree. However, surface UV estimates from meteorological geostationary satellites have not 
been possible, while it is indeed an exciting possibility for the new generation of geostationary 
spectrometers, e.g., GEMS, TEMPO and Sentinel 4 missions. Therefore, the statement emphasizing 
the long-term existing data set was left unchanged. However, we have added the following sentence
in this section:

New generation of geostationary UV-visible spectrometers, such as GEMS [Kim et al., 2020], 
TEMPO [Chance et al., 2019] and European Sentinel 4 will offer an exciting new possibility of 
hourly surface UV estimates accounting for diurnal changes in clouds, aerosols and ozone 
absorption.



Lines 52-54: Needs a connection also with other spectrometers, e.g. OMPS and GOME-2.

As mentioned above, GOME-2 is having a different approach (while OMPS UV product does not 
exist). 

Line 59: The LER was first mentioned in the Abstract, so no need to repeat the full name.

AMT guidelines say the following about the abbreviations: “They need to be defined in the abstract 
and then again at the first instance in the rest of the text.”

Line 60: Add a reference.

Krotkov et al. 1998 added. 

Lines 62-63: This is a repetition from the Abstract. You can analyze more here with the 
corresponding references.

The abstract is considered as an individual summary, separate from the other sections of the 
manuscript. Therefore, these fundamental points were repeated also here in the main text (in the 
introduction). 

Lines 87 and 91: Probably you have to change the abbreviation of the scattering aerosol 
optical depth in order to avoid confusion with the cloud optical depth (or rename the later into
cloud optical thickness).

OMI and TROPOMI UV algorithms indeed determine combined cloud and aerosol optical depth 
(COD) from the reflected radiance at 360nm, which only approximates the true scattering aerosol 
optical depth for cloud-free scenes. Therefore, the terminology was left unchanged. 

Lines 96 and 98: The AAOD abbreviation was first introduced into the Abstract, so no need to
repeat the full name.

AMT guidelines say the following about the abbreviations: “They need to be defined in the abstract 
and then again at the first instance in the rest of the text.”

Line 101: A comparison under a variety of conditions and exceptions has to be mentioned here
and studied in this or in a next publication in order the new correction to provide a tangible 
improvement to the updated UV retrievals.



As we mentioned in the manuscript, we plan to update the aerosol climatology in the future re-
processing of OMI surface UV records. However, the scope in this study was to improve the actual 
algorithm, which can use any reasonable AAOD climatology. Clearly the influence of climatology 
itself is out of scope of this study. Nevertheless, for the interest of our reviewer we spent some time 
to compare MAC V2 and V1 aerosol climatologies and the corresponding correction factor, Ca. 
Overall, the differences were relatively small, but some localized larger differences were apparent. 
These regional patterns were most typically in Sahara/Sahel region and in South-East China and 
could reach up to 10% (both positive and negative differences were found, depending on the season 
and region). 

Lines 106-107: A list of abbreviations could be helpful for the readers.

We hope our new figure of the RT modeling exercise (Figure 1 in the revised manuscript) would 
make it easier to follow not only the RT approach itself, but also the meaning of different 
abbreviations. 

Lines 109-110: Introduce the abbreviation of solar zenith angle in the Abstract.

Done

Line 114: Add a reference.

Reference added in the revised manuscript.

Line 139: Add a reference.

Reference added in the revised manuscript.

Line 142: Add a reference.

Reference added in the revised manuscript.

Lines 142-146: This description could be supported by a flowchart plot, since it forms the base
for the proposed new correction.

We agree and thank reviewer for this excellent suggestion. We added an illustration of different 
steps in the RT simulations (Figure 1 in the revised version). We hope it clearly clarifies our 
approach. 

Line 151: Why only water clouds?



We considered only water cloud model, because the OMI/TROPOMI cloud correction algorithm 
derives effective COD using classic C1 water cloud model [Deirmendjian, 1969], which optical 
properties are well-known, and it is widely used in RT modeling and satellite retrieval communities.
In this study we focused only on the absorbing aerosol correction, but we had to be fully consistent 
with the current OMI/TROPOMI algorithm. Otherwise, we would have ended up working on a 
complete overhaul of the entire algorithm, while for the cloud correction (Cc) algorithm part we do 
not see particularly valid reasons to change it.

Line 152: Add a brief quantified value for the mentioned minor influence.

This is done in the revised version of the manuscript. 

Line 153: Keep only the SZA and remove the full name.

Done as suggested. 

Lines 154-155: Is the simulated cloud layer representative globally or needs a “rethinking” 
next years in order to provide more accurate results across the globe climatologically? Is this 
factor secondary to the overall UV estimation levels or to the focus of this study into the 
aerosol uncertainty? A brief description of the parameters that affect the UV and the 
corresponding order of magnitude of the impact could be added in this paragraph or in the 
last paragraph before the conclusions section (i.e. lines 238-245).

Here we want to repeat our earlier comment that we do not see currently any clear reasoning why 
we would change our cloud correction algorithm. The detailed description of the parameters that 
affect the surface UV irradiance was provided in our previous algorithmic papers, which we cite, 
e.g., [Krotkov et al., 1998, 2001, 2002; Tanskanen Lindfors, et al., 2018]

Lines 159-162: Needs more discussion.

These few sentences are clarified in the revised manuscript. 

Line 169: Add a reference.

There is no appropriate reference. 

Lines 169-170: Is this a critical assumption and which is the impact into the global scale in 
terms of percentage of potential similar cases? A literature analysis could be helpful.

These are unrealistic cases (very low AOD and extremely low SSA). This is now mentioned in the 
revised manuscript. 

Lines 172-173: Add a reference and some relevant numbers.



This statement was excluded in the revised manuscript, since the maximum AAOD was likely too 
large to be found in real world. On the other hand, it was of interest to show the behavior over this 
very wide range, while with the actual climatology (Figures 4 and 5 in the revised version) the 
reader can see the influence in fully realistic cases (and in real world they would be even larger in 
episodic cases that climatology cannot include). 

Lines 178-180: Provide a number about the current over-correction (under-correction) and 
the expected improvement with the new correction.

These numbers are elaborated elsewhere in the text already few times, so we considered it as a 
repetition if mentioned here as well. 

Line 198: Is it possible to add the expected difference in the calculation time? The addition of 
the SZA and the AAOD dependencies could result a more complicated calculation scheme in 
terms of calculation time (but still simple as a formula).

This should not make computations slower, since both methods are post-corrections done with a 
prescribed analytical equation. 

Line 204-205: Can you add a sensitivity plot for the constants (as a supplement material)?

The constants were re-estimated by slightly different method (resulting in slightly modified 
constants), which also provided uncertainty estimates. These uncertainty estimates are now reported
in the revised manuscript. 

Line 232: The additional maps can be added as well into a supplement document. It will be 
interesting for the readers to see the correction differences during all months.

All the other months were included in the supplement, as suggested by the reviewer. 
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