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This paper is interesting and should be published after attention to the items below.

Since the structural error is just the 1-sigma variation among the retrievals, | wonder
if the fact that so many of them use the Kleipool albedo and fairly coarse models is
underestimating the uncertainty due to albedo and profile shape. Thorne et al. (2005)
specified that structural uncertainty should be “aggregated over many independent,
plausibly constructed datasets....” The paper should address whether the uncertainty
due to parameters shared among a large percentage of the retrievals used in the study
may bias the interpretation to an underestimate of the uncertainty.

Printer-friendly version
Regarding the discussion in the final paragraph of p. 21, the point that validation of
the a priori profiles is important is well taken, and | agree that estimating the effect Discussion paper
of only the spatial (or temporal) resolution of the chemical transport model on the re- oMo
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trieval would require a very specific study. However our understanding of structural
uncertainty is that comparing the AMFs calculated by a variety of retrievals allows a
characterization of the total error independent of the parametric uncertainty calcula-
tions. Given that the highest resolution a priori profiles used here were the 0.5 x 0.667
degree profiles in the POMINO retrieval, and that Valin et al. (2011), Heckel et al.
(2011), and Yamaiji et al (2014) all show that model resolution < 20 km is necessary to
capture the nonlinearity of NOx chemistry; that Russell et al. (2011), McLinden et al.
(2014), and Kuhlmann et al. (2015) show profiles at <= 15 km resolution significantly
change the AMF, and Vinken et al. (2014) used a sub-grid plume parameterization
in their retrieval with 0.5 x 0.667 degree profile resolution to a similar effect, my con-
cern is that the overall uncertainty in the AMF derived from a structural uncertainty that
does not include any retrievals using profiles with < 20 km resolution misrepresents
the true uncertainty and bias. If adding at least one retrieval with < 20 km resolution
a priori profile is impractical at this point, then at a minimum an extended discussion
of the likelihood that the AMF uncertainty derived here is underestimated should be
developed.

The final statement on p. 21: “It is worth to note that using averaging kernels will reduce
the effect of the a priori trace gas profile chosen in the retrieval scheme.” requires
additional discussion. My understanding of the use of averaging kernels is that they
are useful in two ways:

1) When comparing satellite retrieved VCDs against a model, applying the AKs to the
model effectively “retrieves” the model trace gas profile, thus the dependence on the
a priori profile in the retrieval is the same for both the observed and modeled column,
and cancels out (Eskes and Boersma, 2003).

2) Alternately, one could use AKs to implement one’s own a priori profiles in the re-
trieval.

Only in the first case would | say that the dependence on the trace gas profile is re-
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duced, and that only applies when comparing to a model. Work using the satellite
columns directly (e.g. Duncan et al. 2010, Beirle et al. 2011, Valin et al. 2013, Mebust
and Cohen 2014, Lu et al. 2015, Liu et al. 2016, etc.) would not be able to use AKs in
this way.

Technical corrections:
p. 21 |. 476 - PRevious (the R should be lowercase) p. 21 . 479 - NO2 (the 2 should

o

be subscript) p. 21 . 480 - (Laughner et al. 2016) 4AT> Laughner et al. (2016)
References:

Beirle et al., Megacity Emissions and Lifetimes of Nitrogen Oxides Probed from Space,
Science, 333, 1737-1739, 2011.

Duncan et al., Application of OMI observations to a space-based indicator of NOx
and VOC controls on surface ozone formation, Atmos. Environ., 44, 2213-2223, doi:
10.1016/j.atmosenv.2010.03.010, 2010.

Eskes, H. J. and Boersma, K. F.: Averaging kernels for DOAS total-column satellite
retrievals, Atmos. Chem. Phys., 3, 1285-1291, doi:10.5194/acp-3-1285-2003, 2003.

Heckel et al., Influence of low spatial resolution a priori data on tropospheric NO2
satellite retrievals, Atmos. Meas. Tech., 4, 1805-1820, doi: 10.5194/amt-4-1805-2011,
2011.

Kuhlmann et al., Development of a custom OMI NO2 data product for evaluating bi-
ases in a regional chemistry transport model, Atmos. Chem. Phys., 15, 5627-5644,
doi:10.5194/acp-15-5627-2015, 2015.

Liu et al., NOx lifetimes and emissions of cities and power plants in polluted back-
ground estimated by satellite observations, Atmos. Chem. Phys., 16, 5283—-5298, doi:
10.5194/acp-16-5283-2016, 2016. Lu et al., Emissions of nitrogen oxides from US ur-
ban areas: estimation from Ozone Monitoring Instrument retrievals for 2005-2014, At-

C3

AMTD

Interactive
comment

Printer-friendly version

Discussion paper

il


http://www.atmos-meas-tech-discuss.net/
http://www.atmos-meas-tech-discuss.net/amt-2016-306/amt-2016-306-RC1-print.pdf
http://www.atmos-meas-tech-discuss.net/amt-2016-306
http://creativecommons.org/licenses/by/3.0/

mos. Chem. Phys., 15, 10367-10383, doi: 10.5194/acp-15-10367-2015, 2015. McLin-
den et al., Improved satellite retrievals of NO2 and SO2 over the Canadian oil sands
and comparisons with surface measurements, Atmos. Chem. Phys., 14, 3637-3656,
doi:10.5194/acp-14-3637-2014, 2014.

Mebust and Cohen, Space-based observations of fire NOx emissions coefficients:
a global biome-scale compva,rison, Atmos. Chem. Phys., 14, 2509-2524, doi:
10.5194/acp-14-2509-20144Al, 2014.

Russell et al., A high spatial resolution retrieval of NO2 columns densities from OMI:
method and evaluation, Atmos. Chem. Phys., 11, 8543-8554, doi:10.5194/acp-11-
8543-2011, 2011.

Valin et al., Effects of model resolution on the interpretation of satellite NO2 observa-
tions, Atmos. Chem. Phys., 11, 11647-11655, doi:10.5194/acp-11-11647-2011, 2011.

Valin et al., Variations of OH radical in an urban plume inferred from NO2 column
measurements, Geophys. Res. Lett., 40, 1856—1860, doi:10.1002/grl.50267, 2013.
Vinken et al., Constraints on ship NOx emissions in Europe using GEOS-Chem and
OMI satellite NO2 observations, Atmos. Chem. Phys., 14, 1353-1369, 2014. Yamaji et
al., Influence of model-grid resolution on NO2 vertical column densities over East Asia,
J. Air. Waste. Manage., 64, 436-444, doi:10.1080/10962247.2013.827603, 2014.

Interactive comment on Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-306, 2016.

C4

AMTD

Interactive
comment

Printer-friendly version

Discussion paper

il


http://www.atmos-meas-tech-discuss.net/
http://www.atmos-meas-tech-discuss.net/amt-2016-306/amt-2016-306-RC1-print.pdf
http://www.atmos-meas-tech-discuss.net/amt-2016-306
http://creativecommons.org/licenses/by/3.0/

