
Response to comments on egusphere-2025-4942 Submitted 06 Oct 2025 

Anonymous Referee #3 
Referee comment on “Cross-calibration of GOME and SCIAMACHY Spectrometers 
Enhanced by Polarization Monitoring Devices Data” by  Owda, A., Coldewey-Egbers, M., 
Slijkhuis, S., Lichtenberg, G., and Aberle, B., https://doi.org/10.5194/egusphere-2025-4942, 
2025.  

We are grateful to the anonymous referee for taking the time to review our 
manuscript and provide us with constructive comments. We have carefully 
considered most of the comments and suggestions and thoroughly revised the 
manuscript. 

In this response letter, we intend to address all comments, concerns, and 
suggestions point by point. The response will be highlighted in blue and the 
corresponding modification in the revised manuscript in orange. The original 
comment from the anonymous referee will be in black. 

 

General comments:  
Major comments 

This paper presents the post-calibration method of GOME reflectance through 
cross-calibration with SCIAMACHY data. However, I believe that additional analyses 
are required to enhance the scientific significance of the study. 

1.​ This paper cites a reference for the long-term degradation of GOME in contrast 
to the radiometric stability of SCIAMACHY. The authors should perform and 
present their own evaluation results. This would also help establish a more 
robust calibration strategy. 

First, this research paper is the second part of a series of proceedings papers on 
spectrometer cross-calibration and extends calibration beyond specific sites and 
scenes. In the first research paper, we build on our analysis of a decade of GOME 
and SCIAMACHY observations. 

The first part has been submitted to AMT and is currently available as a preprint:​
https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4639/ 

https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4639/


Our comparison between GOME-1 and SCIAMACHY shows that SCIAMACHY exhibits 
greater stability than GOME-1. In addition, we identified the degradation patterns in 
GOME-1, while SCIAMACHY observations displayed comparatively less degradation. 
Our own analysis is presented under Figs 3-6 in the first research paper. The 
reference cited in the research paper refers to our own work and analysis.  

2.​ The paper emphasizes the necessity of correcting GOME degradation but 
presents transfer function (TF) results only for the year 2003. The authors 
should include year-by-year results at least, and clearly specify whether and 
how this methodology is applied on an annual or monthly basis. 

This paper is designed to present a new method for cross-calibration (methodology 
paper). We have chosen the year 2003 due to the relatively low degradation of GOME 
and SCIAMACHY as well. Our decades of analysis of GOME and SCIAMACHY 
reflectance (given in the first paper) confirm that. By the selection of the year 2003, 
we disregard the influence of degradation.  

However, we agree that degradation can influence the TFs. In our paper, we have 
written a complete section under “6.5 Limitations of the derived TFs”. Furthermore, 
we have pointed that out clearly, and there will be further work on this matter. We will 
use the same method but with different years to check the annual variation of TFs. 

 

Line 409-412: “Since the TFs are expected to be influenced by degradation, 
especially in the UV, it is recommended to apply the reflectance degradation to the 
GOME data before deriving TFs to ensure their long-term consistency. This is 
envisaged for the next version of TFs of the FDR4ATMOS project.” 

 

3.​ This paper also addresses how to deal with the post-calibration for GOME 
1995-2022. 

The main goal of this paper is to present a methodology for the cross-calibration of 
spectrometers. GOME-1 and SCIAMACHY have an overlapping operational period of 
nearly 10 years. By leveraging the stability of SCIAMACHY, we can use it to calibrate 
GOME-1 and thereby create long-term, consistent observational records from both 
sensors. 

 

4.​ They should provide the validation results of the L2 product with and without 
TF-based correction. 

This paper aims to present a new cross-calibration method for spectrometers at 
Level1, as the main aim of the FDR4ATMOS project. Additionally, it presents how we 
leverage the characteristics of PMDs for further improvement of TFs by reducing the 
error bars (uncertainties). 



 

 

5.​ The manuscript requires careful proofreading. I have indicated only a few of 
the total typos in the technical correction section. 

Yes, we agree that the manuscript needs further grammatical and typo checks. The 
manuscript will be revised several times.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Specific comments  
Response: Thank you very much for the specific comments. We believe that your 
comments were very useful, and fixing these comments helps to improve the 
readability of the paper.  

We have dealt with your comments one by one as follows:  

Section 1.3 

#Line 82 the necessity to preserve the spectral structure of the observations 

->Please clarify.  This say that “the spectral resolution of the two datasets needs 
to be matched.” ? 

[Fixed]  

Yes, you are right that the sentence needs further clarification and paraphrasing. 
We have not matched the spectral resolution, and we do not need an exact match 
in the spectral resolution. Therefore, we have dropped the spectral resolution 
from the challenges.  

We have clarified the sentence as follows:  

Lines 84-89: “This cross-calibration between the satellite spectrometers GOME 
and SCIAMACHY presents several unique challenges. Despite the significant 
temporal overlap of the two missions, there were no simultaneous observations 
at the same locations. Additionally, differences in spatial resolution further 
complicate the cross-calibration process.” 

 

#Line 83-84: These challenges distinguish spectrometer cross-calibration from 
that of imaging satellite instruments, which typically do not face such 
constraints. 

-> The meaning of this statement is unclear to me. 

#Imaging sensors generally have much higher spatial resolution and do not 
require strict preservation of spectral structure 



->  The comparison implied in this statement is unclear. Limb? It is hard to agree with 
“high spatial resolution measurements do not require strict preservation of spectral 
structure.” 

We agree that this statement might be confusing. We wanted to point out the 
differences between the cross-calibration of imagers and spectral imagers with a 
high spectral resolution of 0.5 nm or better. The main application of spectral 
imagers is the retrieval of trace gases. The retrieval of trace gases depends on 
the spectral structure of the Top-of-Atmosphere reflectance. For example, DOAS 
retrievals typically require a relative point-to-point accuracy of 10^-4. This means 
that we have to be very careful about the harmonization: In order not to 
negatively impact trace gas retrievals, we have to preserve the point-to-point 
structure and should only correct the broadband difference between instruments. 
Imagers are not that sensitive to fine-scale changes of the spectrum that are 
important for atmospheric applications because of their comparatively coarser 
spectral resolution. 

Another difference is that imaging spectrometers have launched since the early 
1970s, and missions overlapped in time and have many collocations (and 
co-temporal observations). One example is the Landsat series, with 8 satellites in 
orbit since 1972. Spectral imagers covering a large part of the spectrum with high 
spectral resolution were only launched in the 1990s. For GOME-1 and 
SCIAMACHY, we have no spatio-temporal collocations because of their different 
orbits. Thus, the cross-calibration of GOME-1 and SCIAMACHY faced other 
challenges than the cross-calibrations of imagers, meaning that we could not use 
cross-calibration methods for imagers and had to develop our own methodology. 

 

 

 

 

 

 

 

 

 



 

Section 2.1 

# The PMDsare broadband detectors specifically designed to capture polarization 
information with high temporal resolution 

-> High temporal resolution or spatial resolution? Line 140 highlights the spatial 
resolution of PMD.   

[Fixed]  

It has been corrected. It meant the high frequency of the PMD observations 
compared with the spectral channels. The temporal resolution is removed and 
replaced with spatial resolution.  

Line 143. “The higher spatial resolution of PMDs …..” 

 

5.2 Transfer functions 

# The ratios were higher for the overlapping pixels with eastward VZA compared to 
those with nadir and westward VZA 

-> Interpreting the results solely based on the magnitude of the ratio is not 
appropriate. A ratio close to unity indicates consistency between the two satellite 
reflectances, whereas deviations above or below 1 should be interpreted as 
discrepancies rather than simply as “higher” or “lower” values. 

[Fixed]  

Yes, it is not appropriate to rely solely on the magnitude of the ratios when 
interpreting the results. The sentence is used to describe the situation and not for a 
judgment about what is better or worse!. It is important to consider both the mean 
values and the standard deviations in the judgment. 

I agree that the ratios for the East VZA were close to 1, indicating that the reflectance 
values from both sensors were relatively close to each other. However, the standard 
deviation values were relatively higher than for the Nadir and West VZA, meaning that 
the ratios of the East VZA values were more widely dispersed. 

Based on this understanding, we have revised the description of these ratios to make 
it clearer. 



See Lines -289. “The TF of eastward VZA is closer to 1 than those for nadir and 
westward VZA (Fig. 5b), indicating that the reflectance values for East VZA are, on 
average, similar between the two sensors. However, the standard deviation for East 
VZA is relatively higher than for Nadir and West VZA, indicating a wider spread of 
reflectance values in the East direction compared with the other viewing angles.” 

 

For further details on the reasons why the error bars of East VZA are larger than 
those of Nadir and West VZA.  

[Fixed]  

Lines 368-372.  It is found that the TFs for the East VZA exhibit larger uncertainties 
compared with those for the West and Nadir VZAs. The PMD measurements of GOME 
and SCIAMACHY in Band 2B show a dependence on the VZA, which is consistent 
with the derived TFs for the same band (see Fig. \ref{fig_8}a). As shown in the figure, 
the PMDs for the East VZA are less correlated than those for the West and Nadir 
VZAs, indicating less homogeneous pixels in the East viewing direction. 
Consequently, the uncertainties associated with the East VZA are higher than those 
for the Nadir and West VZAs. 

 

#. On average, the uncertainties in Bands 3 and 4 were about 4 times greater than the 
uncertainties in the Band 2B nadir TFs 

-> Please provide deeper insight. Why do bands 3/4 have more SDs than band 2B? 
GOME/SCIAMACHY spectral-dependent SNR information could be sourced. 

The PMD analysis of the cross-calibrated pixels helps us to understand the reason 
for larger uncertainties for the longer wavelength. Fig. 8 shows the statistics of the 
PMD analysis, including mean, standard deviation, and coefficient of variation (CV). 
For Bands 3 and 4, the standard deviation and CV were more widely spread than 
those for Band 2B, indicating lower homogeneity of the pixels used in the 
cross-calibration for Bands 3 and 4 compared with Band 2B. Therefore, the 
uncertainties in Bands 3 and 4 were higher compared with Band 2B.  

See the following texts in the manuscript:  

Lines 392-394. “The PMD analysis reveals that the degree of spatial uniformity is 
wavelength-dependent. A broader range of σ and CV values is found for Bands 3 and 
4 compared to Band 2B (see Fig. 8 (g-i)), suggesting reduced pixel homogeneity at 



longer wavelengths. This reduction in homogeneity contributes to higher 
uncertainties in the TFs derived for Bands 3 and 4.”  

Also in the conclusion:  

Lines 437-439. “The PMD analysis demonstrates a correlation between 
measurements of PMDs of GOME and SCIAMACHY. The homogeneity of pixels is 
wavelength-dependent. The spatial uniformity of overlapped pixels of Band 2B is 
higher than Bands 3 and 4, which impacts the uncertainty of TFs among the bands.” 

 

# Section 6.1: “Third, the PMD-based analysis approach was applied as an indicator 
of pixel homogeneity in the cross-calibration. This approach helped exclude 
non-homogeneous pixels and ensured more uniform pixel textures, thereby reducing 
the uncertainty of TF. This was possible thanks to the higher sampling frequency of 
PMD measurements compared to the main spectral channels.” 

-> This does not appear to be consistent with the analysis results presented in 
Section 5.5. Section 5.5 shows no significant difference in the transfer functions 
(TFs) with and without PMD-based filtering. The impact of the filtering is instead 
reflected in the standard deviations (SDs). However, the correction factor used for 
cross-calibration depends only on the TFs. Therefore, I believe that the PMD-based 
filtering should be removed in order to enhance the sampling. Moreover, this study 
already selects analysis regions where spatial homogeneity is ensured. 

It is not ensured that the spatial homogeneity is ensured for the data we used in the 
cross-calibration because we were using areas larger than the PICS itself. The 
footprint of the GOME pixel is bigger than the dimension of PICS. Additionally, our 
analysis for spatial homogeneity of PICS was performed as a part of our first 
research paper, and we have selected the most stable sites for the cross-calibration.   

We agree that there were no significant changes in the magnitude of the TFs with or 
without PMD, which reflects the fact that highly homogeneous PICS scenes were 
used. This outcome was expected and is also favorable, as it indicates that the PMD 
analysis did not introduce any bias. 

Furthermore, we believe that it is preferable to obtain TFs with reduced standard 
deviations. The approach presented here helps to improve the uncertainty, as 
evidenced by the smaller error bars. This methodology will also be applied in the 
next paper, which aims to expand the analysis to datasets from other sites beyond 
PICS. 



Based on these considerations, we have decided to retain the PMD analysis in its 
current form in the revised manuscript. 

We emphasized using PMD for further cross-calibration studies beyond using only 
PICS  

Lines 26-27 in the abstract.  

“This work highlights the potential for extending the cross-calibration beyond 
traditional PICS and ideally suited scenes, increasing robustness across the varied 
surface and atmospheric conditions.” 

 

#Section 6.3 GOME PMDs had roughly double the spectral bandwidth compared to 
SCIAMACHY, and the optics are different, (ii) the GOME measurements at the 
equatorial crossing time of 10:30 against SCIAMACHY at 10:00, hence, the GOME 
PMDs would receive larger signals, (iii) PMD data on Level 1b were not corrected with 
the cos (phi) factor (as the reflectance was), (iv) the larger values in PMDs 

-> It should be described in data description first, not in discussion section. 

[Fixed]  

Yes, we agree.  

Additional details and information about PMD were added in a new table in the 
revised manuscript. The details will be presented in Table 2.  

 

See Lines 142-154 

“Information from PMDs: PMDs offer a higher spatial resolution compared to the 
measurements from the main channels. The higher spatial resolution of PMDs 
compared with the main channels’ resolution (see Table 1) allows multiple PMD 

measurements to be captured within a single GOME or SCIAMACHY ground pixel. 
This enables the investigation of variation at the sub-pixel scale. For GOME, the 
PMDs were read out sequentially every 93.75 ms, which means for a nominal 
East-West scan (4.5 s), 45 PMD measurements were collocated. For a possible scan 
width of 960 km, each PMD could cover an area of 40 × 20 km² (Table 1). As a result, 
PMDs are utilized to assess the homogeneity of the overlapping pixels from GOME 
and SCIAMACHY. The PMD measurements used in this study are normalized with the 
PMD measurements of the sun. The wavelength ranges covered by the PMDs are 
consistent with those of the corresponding spectral channels. For instance, the 
wavelength ranges of the PMD-1 for both GOME and SCIAMACHY (Table 2) align with 



the wavelength range in the UV150 band used for the cross-calibration in the 
FDR4ATMOS (Table 3). The wavelength ranges of the PMDs in GOME were broader 
than those of the corresponding PMDs in SCIAMACHY; hence, different PMD 
measurement values are expected for SCIAMACHY and GOME.” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Technical comments/typos  
Response: Thank you very much for the specific comments. We believe that your 
comments were very useful, and fixing these comments helps to improve the 
readability of the paper.  

We have dealt with your comments one by one as follows:  

 
Line 54  (Cosnefroy et al., 1996) è Cosnefroy et al. (1996) 

[Fixed]  

Line 57. “Cosnefroy et al. (1996) proposed…” 

 

 Line 55 km2 à km2 

[Fixed]  

Line 58. 100 × 100 km² 

 

Line 66 remove ”two spectrometers” 

[Fixed]  

 

Line 69 (Owda and Lichtenberg, 2025) -> Owda and Lichtenberg, (2025) 

[Fixed]  

Line 70. Owda and Lichtenberg (2025) compared the life mission reflectance data of 
GOME and SCIAMACHY 

 

Line 66 (Coldewey-Egbers et al., 2018) -> Coldewey-Egbers et al. (2018). 

[Fixed]  



Line 73. in agreement with Coldewey-Egbers et al. (2018).  

 

Line 77 have recently been è have been or was recently 

[Fixed]  

Line 80. GOME and SCIAMACHY have been cross-calibrated… 

 

Line 78 please add a reference for FDR4ATMOS and introduce any related outcomes from 
companion papers. 

[Fixed]  

Yes, we referenced the FDR4ATMOS. For companion papers for the FDR4ATMOS, 
only 1 paper is still under review by AMT. Part 1, which shows the comparison 
between GOME-1 and SCIAMACHY, was added.  

 

 

Line 79 the: ultra-violet è theultra-violet 

[Fixed]  

Line 82 

 

Line 80 The cross-calibration between the satellite spectrometers GOME and SCIAMACHY 
è This cross-calibration 

[Fixed]  

Line 84 

 

Line 98  scattered in the Earth’s atmosphere  è scattered by the Earth’s atmosphere 

[Fixed]  



Line 103 

 

131 remove “(“, “) 

[Fixed]  

 

Section 3 is better to be placed in Section 4. 

 We would prefer to keep it in a separate section 

 

Line 155 cross-calibration on Rs and Rg è cross-calibration between Rs and Rg, 

[Fixed]  

Line 163 

 

Line 160-164. The information is correct, but need to be revised. For example, from “Learth 
is the calibration radiance as measured by the instrument.”, “as measured by the 
instrument” is unnecessary. 

[Fixed]  

 We have paraphrased it.  

Lines 171-172 ”GOME measured radiance, but it was affected by a randomly varying 
residual etalon, which is effectively removed when converting to reflectances. 
Therefore, using reflectances as the basis for the harmonization is advantageous.” 

 

Line 167: Figure 4 or Figure 3  

[Fixed]  

Figure 4 is correct 

 



Line 179: difference in è difference between 

[Fixed]  

Lines 178. The time difference between GOME and SCIAMACHY  

 

 

Line 183: need to be revised for FDR4ATMOS manual (2024) 

[Fixed]  

 

Why both  table 1 and table 2 are provided ? 

[Fixed]  

 It was a mistake. Tables should be different. Table 1 will show the differences 
between GOME and SCIAMACHY. Table 2 (now Table 4 in the revised manuscript) 
shows the instrumental bands and the spectral ranges of the harmonized FDR 
products.  

See Table 1 and Table 4 

 

5.1 is better to be placed in section 4. 

[Fixed]  

 We agreed and moved Section 5.1 to the Method section, under Section 4.1.3.  

See Section 4.1.3 

 

need to be revised for Band 2B (Fig. (8a), 

[Fixed]  

The figure will be updated in the revised manuscript.  

 



The correlation between PMD measurements from GOME and SCIAMACHY è the 
correlation of PMD measurements between GOME and SCIAMACHY 

[Fixed]  

Line 319. The correlation of PMD measurements between GOME and SCIAMACHY. 
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