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Response to the Reviewer’s Comments

We thank the two reviewers for their positive comments, critical assessment and useful points to improve the quality
of our paper. In the following we address their concerns point by point. Changes in the paper are shown in blue. We
hope we clarified all concerns and that the revised manuscript has improved.

Reviewer 25

Reviewer Point P 2.1 — Pg3, Ln43: The first review pointed out that it would be difficult to obtain the relevant
profile information required to use the 3D scattering weight information. Turning this problem on its head, I think
it would be worthwhile commenting on the potential to constrain the horizontal gas distribution if you could scan
the instrument azimuthally i.e. is there enough information present to invert concentrations radially in the same
manner that different viewing zeniths can be used to partially infer the vertical profile. I think this was alluded to10

in the conclusions but could be expanded on.

Reply: This is an important point. We added a sentence on this approach in the conclusions:

On the other hand, measuring different azimuth angles with a MAX-DOAS instrument could be used to
constrain the 3D fields of trace gases (e.g. Dimitropoulou et al., 2019).

Reviewer Point P 2.2 — P3, Ln 190:“This hypothesis could be tested by including more streams ”I agree with15

the reasoning, but wouldn’t it be easy to rerun the SCIATRAN simulation with a higher stream number just to
confirm that it converges towards the monte carlo method so you can make a more definite statement?

Reply: Since we used 1D-layer AMFs from a previous study (Wagner et al., 2007), we have neither the SCIATRAN
executable used in that study nor the exact input files to replicate the simulations. We therefore think that the effort
required to set up SCIATRAN just for this one test is too large, also because the difference only affects altitudes that are20

less relevant for our study.
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Reviewer Point P 2.3 — Pg 13, L239:The discussion on the line-of-sight sensitivity in this paragraph is useful
for gaining some physical intuition for the observations. It would be useful to more systematically explore this as
a function of AOD/view geometry, to provide guidelines for situations that permit the interpretation of when the
majority of photons are coming to the instrument by single scatter into the path of the detector. It is possibly more25

relevant to only consider the line-of-sight within the assumed boundary layer, where the largest horizontal variation
of NO2 is expected to be.

Reply: This is a valid point and we agree that such information could be useful for further studies. In this paper, we
want to show the general importance of 3D in radiative transfer modelling for trace gas retrieval. We feel that quantifying
effects of particular conditions (i.e. input parameters) and particular measurement setting on an instrument sensitivity30

would be complex and out of scope of this study.
In section 4 (Figure 6) we already considered the line-of-sight only within the boundary layer.

Reviewer Point P 2.4 — I think somewhere it would be helpful to mention how long the monte carlo calculation
stake perhaps in a until of time/photons to get an idea of how long the scene calculation stake

Reply: We addressed this question in the response to the first reviewer. We added a paragraph in section 5.1.35

The computational cost of calculating 3D-box AMFs is considerably larger than for 1D-layer AMFs. The
computational time for calculating 3D-box AMFs for the scenarios here (see Table 1 with SZA=20°,
SAA=90°, VAA=90° and VZA=2°) is around 218 seconds with 1 million photons using a single core of
our local machine (Intel Xeon W-2175 CPU @ 2.5 GHz). The computational time for the corresponding
1D-layer AMFs is only about 4 seconds with 1 million photons. Note, however, that even less photons40

would be sufficient to obtain a similar noise level as for the 3D-box AMFs.

Reviewer Point P 2.5 — Pg 3, Ln 69: The following equation for SCD more accurately captures the way you
have described it

SCD = 1
n

n∑
i=1

∫
pathi

c(l)dl (1)

Reply: Our methods section starts from general equations to specific equations. The suggested equation already implies45

a solution calculated with a Monte-Carlo solvers. Therefore we did not apply the suggested change.

Reviewer Point P 2.6 — Pg 5, Ln 98:I think MCARaTs is another Monte Carlo RTM with the capability
ofcomputing AMFs (https://sites.google.com/site/mcarats/home)

2



Reply: The MCARaTs RTM computes 1D-layer air mass factors and was part of the Wagner et al. (2007) RTM inter-
comparison study. However, we didn’t find any indication that it is also able of computing/outputting 3D-box AMFs. We50

added two citations of the model in the introduction.

In the past decades, numerous RTMs have been developed with the possibility to calculate one-dimensional
layer AMFs (e.g. Berk et al., 1999; Postylyakov, 2004; Rozanov et al., 2005; Wagner et al., 2007; Spurr
et al., 2001; Iwabuchi, 2006; Iwabuchi and Okamura, 2017). The computation of layer AMFs is imple-
mented in most trace gas retrieval algorithms for satellite and ground-based observations applied today55

(Boersma et al., 2011; Irie et al., 2011; Wenig et al., 2008; Wu et al., 2013).

Reviewer Point P 2.7 — Pg 15, Ln 293: The SCCs are larger than the VCDs (panel a) because the AMFs(panel
c) are generally larger than 1”SCC -> SCD. Also, is this a tautology?

Reply: We corrected the typo and do not think the sentence is a tautology.

Reviewer Point P 2.8 — Pg 17, Fig. 8x=19 km and y=13 km -> x=1.9 km and y=1.3 km60

Reply: We corrected the typo.

3



References

Berk, A., Anderson, G. P., Bernstein, L. S., Acharya, P. K., Dothe, H., Matthew, M. W., Adler-Golden, S. M., Chetwynd Jr,
J. H., Richtsmeier, S. C., Pukall, B., et al.: MODTRAN4 radiative transfer modeling for atmospheric correction, in: Optical
spectroscopic techniques and instrumentation for atmospheric and space research III, vol. 3756, pp. 348–353, International65
Society for Optics and Photonics, 1999.

Boersma, K. F., Eskes, H. J., Dirksen, R. J., van der A, R. J., Veefkind, J. P., Stammes, P., Huijnen, V., Kleipool, Q. L.,
Sneep, M., Claas, J., Leitão, J., Richter, A., Zhou, Y., and Brunner, D.: An improved tropospheric NO2 column retrieval
algorithm for the Ozone Monitoring Instrument, Atmospheric Measurement Techniques, 4, 1905–1928, 2011.

Dimitropoulou, E., Van Roozendael, M., Hendrick, F., Merlaud, A., Tack, F., Fayt, C., Hermans, C., and Pinardi, G.: One70
year of 3-D MAX-DOAS tropospheric NO2 measurements over Brussels, in: EGU General Assembly Conference Abstracts,
EGU General Assembly Conference Abstracts, p. 5874, 2019.

Irie, H., Takashima, H., Kanaya, Y., Boersma, K. F., Gast, L., Wittrock, F., Brunner, D., Zhou, Y., and Van Roozendael,
M.: Eight-component retrievals from ground-based MAX-DOAS observations, Atmospheric Measurement Techniques, 4,
1027–1044, http://www.atmos-meas-tech.net/4/1027/2011/, 2011.75

Iwabuchi, H.: Efficient Monte Carlo methods for radiative transfer modeling, Journal of the atmospheric sciences, 63, 2324–
2339, 2006.

Iwabuchi, H. and Okamura, R.: Multispectral Monte Carlo radiative transfer simulation by the maximum cross-section method,
Journal of Quantitative Spectroscopy and Radiative Transfer, 193, 40–46, 2017.

Postylyakov, O.: Radiative transfer model MCC++ with evaluation of weighting functions in spherical atmosphere for use in80
retrieval algorithms, Advances in Space Research, 34, 721–726, 2004.

Rozanov, A., Rozanov, V., Buchwitz, M., Kokhanovsky, A., and Burrows, J.: SCIATRAN 2.0–A new radiative transfer model
for geophysical applications in the 175–2400nm spectral region, Advances in Space Research, 36, 1015–1019, 2005.

Spurr, R., Kurosu, T., and Chance, K.: A linearized discrete ordinate radiative transfer model for atmospheric remote-sensing
retrieval, Journal of Quantitative Spectroscopy and Radiative Transfer, 68, 689–735, 2001.85

Wagner, T., Burrows, J. P., Deutschmann, T., Dix, B., von Friedeburg, C., Frieß, U., Hendrick, F., Heue, K.-P., Irie, H.,
Iwabuchi, H., Kanaya, Y., Keller, J., McLinden, C. A., Oetjen, H., Palazzi, E., Petritoli, A., Platt, U., Postylyakov, O.,
Pukite, J., Richter, A., van Roozendael, M., Rozanov, A., Rozanov, V., Sinreich, R., Sanghavi, S., and Wittrock, F.:
Comparison of box-air-mass-factors and radiances for Multiple-Axis Differential Optical Absorption Spectroscopy (MAX-
DOAS) geometries calculated from different UV/visible radiative transfer models, Atmospheric Chemistry and Physics, 7,90
1809–1833, 2007.

Wenig, M. O., Cede, A. M., Bucsela, E. J., Celarier, E. A., Boersma, K. F., Veefkind, J. P., Brinksma, E. J., Gleason, J. F.,
and Herman, J. R.: Validation of OMI tropospheric NO2 column densities using direct-Sun mode Brewer measurements at
NASA Goddard Space Flight Center, Journal of Geophysical Research, 113, D16S45, 2008.

Wu, F., Xie, P., Li, A., Chan, K., Hartl, A., Wang, Y., Si, F., Zeng, Y., Qin, M., Xu, J., et al.: Observations of SO2 and NO295
by mobile DOAS in the Guangzhou eastern area during the Asian Games 2010, Atmospheric Measurement Techniques, 6,
2277–2292, 2013.

4

http://www.atmos-meas-tech.net/4/1027/2011/

