Response to referee #1’s comments

The author would like to thank Dr. Glen Jaross for the constructive and helpful suggestions on
this manuscript.
We replied 4 specific comments from this reviewer.

General Comment: | found this paper to be well written an organized, and the scientific relevance
clearly indicated. The scientific arguments are substantiated through analysis and presented in
a fashion that is mostly understandable. Since this paper reports on a technique that has already
been published, its value is in describing how the performance varies with different instruments.
The paper accomplishes this objective. It also provides an important independent evaluation of
OMPS Levell product performance. | do have several technical questions/criticisms. | don’t
think they represent major problems, but | would like to see the addressed in some way prior
to publication.

Specific Comment

C1. Section3.1 it is not entirely obvious that the discussion in this section is necessary. The
authors fail to provide an estimate of their sensitivity to slit function shape that justifies the
investigation. Given that they use sun-normalized radiances in their retrievals, much sensitivity
to the shape goes away in the ratio. While some sensitivity remains, it is not clear that this
represents an error comparable to other error sources. For example, the large OMPS foot print
means that most scenes are partially cloudy. The resulting signal gradient across the slit width
not only shifts the weighted mean of the function, but also distorts its shape. The effects of this
distortion do not cancel in the sun normalization. Surely this is a larger source of error than
small shape errors, one that the authors have not accounted for.

=>» In this section we would like to figure out if OMPS-NM preflight slit functions are still suitable
for representing instrument line shapes after launch for ozone fitting window because it has not
been shown in literature, and to determine which analytic function works best to simulate on-
orbit instrument line shapes that deviate from the preflight-measured slit functions due to
instrument degradation or thermal-induced variation. For this purpose, we justified that super
Gaussian slit functions better represent OMPS irradiances than standard Gaussian and even
slightly better than preflight measured slit functions. However the fitting accuracy of sun-
normalized radiances with different slit functions show insignificant differences due to the
differences between the slit functions derived from solar irradiances and slit functions derived
from earth radiances caused by scene heterogeneity as also mentioned by this reviewer,
differences in stray light between irradiance and radiance. In conclusion OMPS measured slit
functions are used in our OMPS ozone fitting retrievals because they take account of the slight
wavelength dependence of slit functions. It is worth to know that OMPS measured slit functions
work well for ozone fitting window when compared to the use of analytic slit functions.



C2. Lines225-226 this is not a correct assumption. OMPS NM is known to have slit widths that
change with temperature. The result is Earth-view slit functions that are broader at the swath
edges than their irradiance counter parts, by about 4percent.

We agree that this is not exactly true. But we would like to mention here that in practice, slit
functions are typically analytically derived from irradiance spectrum through cross-correlation
using high resolution solar reference spectrum and then used to convolve high-resolution cross
sections in RT simulation of radiance spectrum if accurate preflight slit function measurements
are unavailable. This implicitly assumes that the instrument line shape is similar for both radiance
and irradiance. For more clarification, the relevant sentence have been edited as following:

(Before revising) In general, the instrument line shape is assumed to be the same for both
radiance and irradiance measurements from satellite observation and determined from
irradiances due to lack of atmospheric interference.

(After revising) In general, when accurate measurements of slit functions are not available, the
instrument line shape of satellite observation is typically assumed to be the same for both
radiance and irradiance measurements, and then can be better determined from irradiances due
to lack of atmospheric interference.

C3. Lines 263 and 268 these two lines of text seem contradictory. In the v2 L1B product separate
wavelength scales are reported for radiance and irradiance data. These scales differ by almost
0.05 nm. Line263 implies that the reported radiance band centers are in error by 0.05 nm on
average, which is a very large number. But Line268 states that the derived difference between
radiance and irradiance scales is 0.05 nm. Both of these statements cannot be true unless the
authors are using the irradiance wavelength scale to represent radiance data. At the very least,
the authors should state which parts of the L1B product are in error.

=>» Yes, the wavelength errors shown in this study are larger than those reported in L1B product,
due to the fitting window implemented for the wavelength calibration. OMPS team uses 350-380
nm where prominent solar Fraunhofer absorption lines exist and the interference with ozone
absorption lines are negligible, compared to the used spectral region 300-340 nm in this study.
As shown in the following figure, the wavelength errors in the 340-380 nm range are reduced to
~0.02 nm or less for earthshine measurements and ~ 0.0 nm for solar measurements so that the
shifts between solar and earthshine spectra become similar to one reported in Seftor et al. (2014),
~ 0.015 nm at tropics. We have added some sentence in the revised manuscript to notice this
fact.
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Same as Figure 4.a in the manuscript, but for 340-380 nm.

(Reversed sentence) This analysis indicates that the accuracy of wavelength registration in ozone
fitting wavelengths is 0.03-0.06 nm for earthshine measurements and < 0.02 nm for solar
measurements with consistent variation over all cross-track pixels. These wavelength errors are
larger than those reported by Seftor et al. (2014), due to different fitting windows. They use 350-
380 nm where prominent solar Fraunhofer absorption lines exist and the interference with ozone
absorption lines are negligible.

C4. Section3.3 | fail to understand what is gained from the common mode correction described
here. It appears that the end objective is to reduce fitting residuals and standard deviations
along the orbit. When this is done independently for each spectrum, without identifying and
correcting the underlying cause of these residuals, it’s not clear there are any gains in product
accuracy. It would be beneficial if the authors can discuss up front the objectives for these
corrections. What types of physical errors will this correction address? Also, | would appreciate
a clearer description of how the correction is derived (the explanation in the conclusions is
better than in this section).

=>» The soft calibration spectrum is derived from fitting residuals under tropical clear sky
condition on March and applied independently on time and spatial. This eliminates fitting
residuals very well for mild solar zenith angles, but noticeable systematic biases still remain over
high latitude region after soft calibration (Figure 8 left vs right) so that we implement “common
mode correction” to correct these fitting residuals, especially for polar region. The idea of
common mode correction is to 1) characterize the systematic component of fitting residuals
existing after soft calibration as a function of every month and three latitude bands
(Southern/Northern high latitude and tropics), which is called “common mode spectrum”. 2) The
amplitude of this common mode spectrum is adjusted to massage OMI radiances during iterative
ozone fitting. Both soft calibration and common mode correction account for errors that could



be not explained by any physical meaning, such as forward model/parameter errors and
uncorrected measurement errors. We show benefit of applying “common mode correction “on
the fitting accuracy (figs 10 and 11) and on the smoothness of the cross-track dependent noises
of the tropospheric ozone retrievals over the polar region (Figs 7b and 15a). As mentioned in
conclusion, we will also evaluate algorithm implementation and retrieval accuracy using
independent ozone measurements such as ozonesonde and other satellite product.

Editorial comments.
Line22 ...resulting in serious...

Line29 (and throughout document) the typical phrase is “noise floor” rather than “floor noise.”
Line188 The OMPS preflight slit functions were characterized for each CCD pixel... (They were not
measured for each pixel)

Line207 “super” instead of “supper”

=>» We have accepted all editorial suggestions. Thanks.



