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Review of “Verification of the AIRS and MLS ozone algorithms based on retrieved day-
time and nighttime ozone” by Wang et al.

The authors evaluate ozone retrievals from two instruments well known to the scientific
community; AIRS was launched on Aqua in 2002 and MLS on Aura in 2004. Both are
nearing the end of their lifetimes in space and offer nearly two decades of continual
global measurements. A comparison of their ozone retrievals can help differentiate
AIRS and MLS observing capabilities and clarify how their products can contribute to
science applications that characterize atmospheric ozone. The validation of space-
based trace gas observations such as ozone is not straightforward, not least due to the
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scarcity of in situ measurements (Nalli et al., 2013, 2018). In evaluating tropospheric
ozone, Gaudel et al. (2018) found no two sources of space-based ozone observations
to agree. We need to better understand different space-based ozone observing sys-
tems and we need novel methods with which to evaluate them to better understand
their value in science and decision making. Recognizing this, Wang et al. used diurnal
variability as a metric to evaluate AIRS and MLS ozone retrievals. While the focus of
their work has scientific relevance and their method is reasonable, my assessment of
the work they presented here is that it is not mature enough for publication yet based on
(A) conceptual and scientific shortcomings as well as (B) technical issues. Throughout
this review, | also cite papers that the authors should consider in their future work.

A. Conceptual issues.

- The authors compare total column ozone from infrared nadir measurements (AIRS)
with stratospheric column ozone from microwave limb measurements (MLS) without
sufficient acknowledgement of the effects instrument differences will have on their re-
sults. Top of atmosphere infrared radiances (AIRS) are sensitive to stratospheric and
(to a lesser extent) tropospheric ozone (Nalli et al., 2018 and references therein). AIRS
radiances have almost no sensitivity to ozone in the lower troposphere and bound-
ary layer. Moreover, infrared measurements have strong sensitivity to clouds, which
dominate the signal in channels sensitive to tropospheric variability. Microwave limb
measurements (MLS), on the other hand, are sensitive to stratospheric ozone down
to ~200hPa, with almost no sensitivity to clouds in the upper troposphere (< 200hPa
cloud top pressure). The authors compare AIRS total column ozone (troposphere +
stratosphere) to MLS stratospheric column ozone (stratosphere only) and find that the
former has higher diurnal variability. My sense, as reviewer, is that their results have
limited value because they included tropospheric, and thus diurnal, variability into their
AIRS values from the start. A scientifically more meaningful comparison would have
been a comparison between stratospheric columns from both AIRS and MLS. One can
easily calculate partial column totals from the AIRS Level 2 products, which are dis-
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tributed as 100-layer profiles (Earth surface to top of atmosphere) for every retrieval
scene.

- The authors attempt to draw a distinction between ascending/descending (MLS) ver-
sus day/night (AIRS) but this remains confusing throughout the paper. | recommend
that the authors limit AIRS and MLS values to the exact same latitudinal zones and
pressure zones to legitimize their comparisons and clarify their results.

- Infrared and microwave instruments have different observing capabilities for the same
atmospheric variables. When comparing products from different instrument types, one
has to account for inherent instrument limitations. E.g. ozone retrievals from AIRS
will never have value in urban-scale air quality applications, because the AIRS infrared
measurements lack sensitivity to boundary layer ozone. There is no retrieval algorithm
that can extract boundary layer ozone from AIRS measurements because the signal
is simply not there. Another example is that MLS ozone observations will have very
limited cloud contamination (if any) because, by definition, microwave radiance mea-
surements lack sensitivity to non-precipitating clouds. One has to acknowledge basic
instrument capability when comparing products.

- The authors posit that one of the possible reasons for diurnal variability in AIRS total
column ozone is due to a mis-characterization of surface emissivity. While this may be
true for boundary layer temperature or water vapor, it should have minimal effect on
ozone retrievals because AIRS radiance channels lack sensitivity to lower tropospheric
ozone. By far a stronger effect on the retrieval product is the a-priori. AIRS V6 is
an optimal estimation retrieval system that uses a non-linear regression as a-priori for
temperature, water vapor and ozone (Milstein and Blackwell, 2016; Smith and Barnet,
2019, 2020; Susskind et al., 2014). This regression algorithm uses all available AIRS
channels to retrieve a host of atmospheric variables simultaneously, thus propagating
their spectral correlation into the retrieved products. In optimal estimation retrieval sys-
tems, the a-priori functions as a stabilization factor, such that wherever the radiance
channels lack sensitivity, the a-priori will fill the result will default to the a-priori. My
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sense is that the diurnal variability observed in AIRS V6 total column ozone probably
originates from the regression a-priori. The authors can test this because the a-priori
(or first guess) values are distributed with the retrievals in the Level 2 file. The authors
can also test their hypothesis that clouds affect total column ozone values by correlat-
ing AIRS ozone with cloud fraction and cloud top pressure, both retrieved from AIRS
radiances and available in the Level 2 file (AIRS Science Team/Joao Texeira, 2013).

B. Technical issues

Lines 9-12 and Lines 56-59: “Based on knowledge of the chemistry and transport
of O3...” The premise of the work is unclear to me. | recommend that the authors
rephrase their argument for evaluating diurnal changes in O3, to clarify the scientific
meaning of their results.

Line 59: The references listed here for ozone retrievals from infrared radiances, predate
the launch of AIRS. Since this paper is about AIRS ozone retrievals, | recommend that
the authors reference more recent papers.

Line 60: “calibration procedures between day and night”. . . This sentence implies that
radiometric calibration varies diurnally for all instruments. This is not true, of course.
Can the authors be more specific here?

Lines 64-65: “There are infrared satellite instruments, like AIRS and MLS...” MLS is
not an infrared instrument.

Line 69: “near the polar day terminator in the upper troposphere” Can the authors
explain what they mean here?

Lines 75-79: Personally, | think this level of detail about the chemical reactions of O3
(and its precursors) is irrelevant to the discussion here.

Line 110: I would suggest that the authors write out “TCO” to make this title less cryptic.
Line 114: Can the authors provide a reference and perhaps doi number for the AIRS
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V6 level 3 data products?

Line 140: What is considered a “small positive bias” in lower stratospheric MLS O3
data?

Line 141: “Comparisons with expectations and other observations...” What do the
authors mean here?

Lines 145-147: “...and the decline over land is larger than over oceans indicating
differences in surface loss.” Can the authors clarify this statement?

Line 153: Can the authors give an example of what they mean by “atypical earth sur-
face properties”?

The titles for Section 3.2 and 3.2.1 are cryptic and almost exactly the same. | recom-
mend the revise these to distinguish the two sections.

Line 184: “When this flag has a value of plus one or minus...” Rephrase.
Lines 186, 187, 189: “14 may” should be “14 May”

Line 198: “scientifically reliable values” Could the authors elaborate on what they mean
here?

Line 264: “Timescale becomes low enough”. What do the authors consider a “low”
timescale?

Line 265: “Figures $1 to $4” should be “Figures 1 to 4”
Line 266: “O3” should be a subscript “3”

Lines 266-267: “small day-night differences of tropospheric O3 are hard to discriminate
comparing day/night TCO.” This sentence needs revision.

Line 268-269: “we found that the frequency and intensity of low O3 regions between
60EZS and 60EZN was higher at night by AIRS and MLS” What do the authors mean
here?
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Line 270-273: “whether the more serious low region at night are due to the problem of
the algorithm itself or the atmospheric physical and chemical factors different from that
in the daytime, we compared both MLS and AIRS at day and at night. It is necessary to
verify day-night differences by infrared TCO observations for retrieval aspect first. Our
results show that maintaining the quality of the satellite observations of stratospheric
08 is therefore highly relevant.”

References

AIRS Science Team/Joao Texeira: Aqua AIRS L2 standard retrieval product using AIRS
IR and AMSU, without-HSB V6, , doi:10.5067/AQUA/AIRS/DATA201, 2013.

Gaudel, A., Cooper, O. R., Ancellet, G., Barret, B., Boynard, A., Burrows, J. P, Cler-
baux, C., Coheur, P.-F,, Cuesta, J., Cuevas, E., Doniki, S., Dufour, G., Ebojie, F., Foret,
G., Garcia, O., Granados-Munoz, M. J., Hannigan, J. W., Hase, F., Hassler, B., Huang,
G., Hurtmans, D., Jaffe, D., Jones, N., Kalabokas, P., Kerridge, B., Kulawik, S., Latter,
B., Leblanc, T., Le Flochmoén, E., Lin, W., Liu, J., Liu, X., Mahieu, E., McClure-Begley,
A., Neu, J. L., Osman, M., Palm, M., Petetin, H., Petropavlovskikh, I., Querel, R., Rah-
poe, N., Rozanov, A., Schultz, M. G., Schwab, J., Siddans, R., Smale, D., Steinbacher,
M., Tanimoto, H., Tarasick, D. W., Thouret, V., Thompson, A. M., Trickl, T., Weather-
head, E., Wespes, C., Worden, H. M., Vigouroux, C., Xu, X., Zeng, G., Ziemke, J.,
Helmig, D. and Lewis, A.: Tropospheric Ozone Assessment Report: Present-day dis-
tribution and trends of tropospheric ozone relevant to climate and global atmospheric
chemistry model evaluation, Elem Sci Anth, 6, doi:10.1525/elementa.291, 2018.

Milstein, A. B. and Blackwell, W. J.: Neural network temperature and moisture retrieval
algorithm validation for AIRS/AMSU and CrIS/ATMS: NEURAL NETWORK T AND Q
VALIDATION, Journal of Geophysical Research: Atmospheres, 121(4), 14141430,
doi:10.1002/2015JD024008, 2016.

Nalli, N. R., Barnet, C. D., Reale, A., Tobin, D., Gambacorta, A., Maddy, E. S., Joseph,
E., Sun, B., Borg, L., Mollner, A. K., Morris, V. R., Liu, X., Divakarla, M., Minnett, P.

C6



J., Knuteson, R. O., King, T. S. and Wolf, W. W.: Validation of satellite sounder en-
vironmental data records: Application to the Cross-track Infrared Microwave Sounder
Suite: SATELLITE SOUNDER EDR VALIDATION, Journal of Geophysical Research:
Atmospheres, 118(24), 13,628-13,643, doi:10.1002/2013JD020436, 2013.

Nalli, N. R., Gambacorta, A., Liu, Q., Tan, C., lturbide-Sanchez, F., Barnet, C. D.,
Joseph, E., Morris, V. R., Oyola, M. and Smith, J. W.: Validation of Atmospheric Profile
Retrievals from the SNPP NOAA-Unique Combined Atmospheric Processing System.
Part 2: Ozone, |IEEE Transactions on Geoscience and Remote Sensing, 56(1), 598—
607, doi:10.1109/TGRS.2017.2762600, 2018.

Smith, N. and Barnet, C. D.: Uncertainty Characterization and Propagation in the Com-
munity Long-Term Infrared Microwave Combined Atmospheric Product System (CLIM-
CAPS), Remote Sensing, 11(10), 1227, doi:10.3390/rs11101227, 2019.

Smith, N. and Barnet, C. D.: CLIMCAPS Observing Capability for Temperature, Mois-
ture and Trace Gases from AIRS/AMSU and CrIS/ATMS, Atmos. Meas. Tech. Dis-
cuss., doi:10.5194/amt-2020-71, 2020.

Susskind, J., Blaisdell, J. M. and Iredell, L.: Improved methodology for surface and at-
mospheric soundings, error estimates, and quality control procedures: the atmospheric
infrared sounder science team version-6 retrieval algorithm, Journal of Applied Remote
Sensing, 8(1), 084994, doi:10.1117/1.JRS.8.084994, 2014.

Interactive comment on Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2020-194, 2020.

c7



