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This paper uses the trajectory mapping approach to extend the utility of the worldwide
ozonesonde database, creating a global tropospheric ozone profile climateology dating
from the 1960’s to the present. The paper also presents a series of decadal maps so
that readers can easily identify long-term changes in the ozone distribution.

The authors advocate the use of this climatology for model initialization and validation
and for use as an a priori climatology for satellite instrument data retrieval algorithms.

The work builds nicely upon previous uses of the trajectory mapping technique and
does a credible job demonstrating that the output data product shows reasonably good
agreement with ozonesonde stations (Figure 4). The manuscript presents a succinct
summary of a considerable body of work – running trajectories at multiple levels for
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52,000 ozonesonde profiles. The paper is strongest in summarizing the advantages
the resulting data product yields, but remains less convincing in the utility of this data
product for trend studies. The good news is that with the trajectories run, re-tagging
parcels in the model is relatively easy. Depending on the answers to a few of my queries
below, that may be necessary. I also provide a few suggested avenues the authors may
or may not choose to pursue in the revision of this work before its publication in ACP.

Major concerns:

1) The authors use the WOUDC database for ozonesonde profiles. Many of the sta-
tions impose a correction factor on the ozone concentrations throughout the profile, as
indicated by data in the file headers. It is not clear that these correction factors should
be applied to the profile, a point to which the authors refer themselves. Please see
the work of (Morris et al., 2013) in ACP that discusses the impact of the correction
factor on the Japanese sounding data. My suggestion would be to remove all of the
correction factors from the tropospheric portions of the ozone profiles to identify what
(if any) impact you find on the resulting data products. The particular problem in the
Japanese data which you may or may not find elsewhere was an unexplained trend in
the correction factors themselves.

2) The authors reference different outcomes with respect to their own trend analysis
than found in other studies, which they cite. However, they present only a series of
maps and one figure with no real statistical analysis in the content of the paper to
show the trends (Figure 10 is the only attempt, and it contains no error bars). Perhaps
histograms of the differences are worthwhile. Given the change in geographic extent
of the ozonesonde network over the last 40 years, I am not sure what to make of
the global ozone mean changes – in particular, the addition of the SHADOZ network
data in the 1990’s greatly increased coverage in the tropics over previous decades. I
think the trend analysis could be an important part of this paper, but it is not nearly
thorough enough at this point. I would advise either greatly expanding and deepening
this analysis or removing it from the paper. If the authors choose the former, this paper

C3839

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/13/C3838/2013/acpd-13-C3838-2013-print.pdf
http://www.atmos-chem-phys-discuss.net/13/11473/2013/acpd-13-11473-2013-discussion.html
http://www.atmos-chem-phys-discuss.net/13/11473/2013/acpd-13-11473-2013.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
13, C3838–C3843, 2013

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

becomes more important, but they need to not only improve the statistical rigor of their
analyses, they also need to show how their analyses result in differences with prior
analyses. How do the zonal means change? How do the zonal means compare with
prior analyses? What do the trends look like as a function of altitude, both with the
trajectory mapped data and with just the original profiles? Histograms would be helpful
to the analyses. How do you correct for the sonde technology changes? How do
you correct for changes in solution strengths and the corresponding impacts on ozone
measurements?

Some detailed comments:

Page – line number

11474 – 5-6: I would revise this sentence to, “The number of stations results in a sparse
geographical distribution.”

11474 – 9: The lifetime is on the order of weeks in the free troposphere, a distinction
the authors need to recognize here and throughout. In the boundary layer, especially
near industrial centers, the lifetime will be much shorter. Also, convective events may
result in rapid redistribution of ozone and lightning ozone creation either by coronal dis-
charge (Minschwaner et al., 2008) or through photochemical production resulting from
lightning NOx (e.g., (Cooper et al., 2006; Schumann and Huntrieser, 2007; Chameides
et al., 1977; DeCaria et al., 2005; Morris et al., 2010))

11475 – 6: A few more references for human health impacts (Bell et al., 2004; Lipp-
mann, 1991; McConnell et al., 2002)

11475 – 28: Include or reference a graph of the O3 lifetime as a function of altitude for
the troposphere.

11476 – 7-8: You say “difficult to compute accurately,” and I think you mean, “difficult to
model accurately.”

11477 – 3: See the (Morris et al., 2013) paper in ACP.
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11479 – 18 – 23: Here’s your reference to the correction factors and other potential
factors to screen data. Other than reducing the number of profiles in the analysis,
which the authors imply would have a negative impact, are there potentially positive
outcomes from excluding any data based on any criteria?

11480 – 5-10: I had trouble following the math here from “Four days of both. . .” at 1
hr. time intervals. . .and getting to 32 additional ozone mixing ratio values. Could you
clarify?

11480 – 10 – 12: You describe the gridding process here as “averaging” in 5X5 bins.
How does the bin size affect the results? Did you try a different gridding technique (i.e.,
a 1/r or 1/r2 weighting of the data from the grid points)? How might those affect the
results?

11481 – 29: “. . .less than 40% for almost all cases.” That’s not small. Again, a his-
togram showing the differences would be helpful in conjunction with Figure 2c. The
histogram would be very helpful in characterizing the differences.

11483 – The spherical functions fitting. . ..Personally, I’m a bit uncomfortable using func-
tions to extrapolate data beyond locations in which it is taken or to which the trajectories
take the air parcels. Essentially, your approach now does a double extrapolation, with
the trajectories being the first step, then the spherical functions the second step. For
example, in Figure 5 at 5.5 km, the spherical functions fill in the local maximum in O3

between Africa and South America seen in other data sets. Yet looking at the corre-
sponding panel to its left, there is very little data in that region at all.

11483 – 21 – 24: The differences you identify here are similar in magnitude to those in
the forward/backward trajectory comparisons.

11483 – 11484: All of this analysis is done with the smoothed, extrapolated data.
Convince me that I shouldn’t be concerned about the extrapolation process. . .

11485 – 16 – 21: See my major comment about the trend analysis.
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11487 – The NOAA Hysplit model requests the following reference: “The au-
thors gratefully acknowledge the NOAA Air Resources Laboratory (ARL) for the
provision of the HYSPLIT transport and dispersion model and/or READY website
(http://ready.arl.noaa.gov) used in this publication.” References are included in the list
below (Rolph, 2013;Draxler and Rolph, 2013)

11498 – This figure shows well the power of the approach.

11507 – Would it not be fairer to only use the stations that existed throughout?

References

Bell, M. L., McDermott, A., Zeger, S. L., Samet, J. M., and Dominici, F.: Ozone and
short-term mortality in 95 US urban communities, 1987-2000, Jama-Journal of the
American Medical Association, 292, 2372-2378, 2004.

Chameides, W. L., Stedman, D. H., Dickerson, R. R., Rusch, D. W., and Cicerone,
R. J.: NOX PRODUCTION IN LIGHTNING, Journal of the Atmospheric Sciences, 34,
143-149, 1977.

Cooper, O. R., Stohl, A., Trainer, M., Thompson, A. M., Witte, J. C., Oltmans, S. J.,
Morris, G., Pickering, K. E., Crawford, J. H., Chen, G., Cohen, R. C., Bertram, T. H.,
Wooldridge, P., Perring, A., Brune, W. H., Merrill, J., Moody, J. L., Tarasick, D., Ned-
elec, P., Forbes, G., Newchurch, M. J., Schmidlin, F. J., Johnson, B. J., Turquety, S.,
Baughcum, S. L., Ren, X., Fehsenfeld, F. C., Meagher, J. F., Spichtinger, N., Brown,
C. C., McKeen, S. A., McDermid, I. S., and Leblanc, T.: Large upper tropospheric
ozone enhancements above midlatitude North America during summer: In situ evi-
dence from the IONS and MOZAIC ozone measurement network, Journal of Geophys-
ical Research-Atmospheres, 111, D24s05,10.1029/2006jd007306, 2006.

DeCaria, A. J., Pickering, K. E., Stenchikov, G. L., and Ott, L. E.: Lightning-generated
NOX and its impact on tropospheric ozone production: A three-dimensional mod-
eling study of a Stratosphere-Troposphere Experiment: Radiation, Aerosols and

C3842

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/13/C3838/2013/acpd-13-C3838-2013-print.pdf
http://www.atmos-chem-phys-discuss.net/13/11473/2013/acpd-13-11473-2013-discussion.html
http://www.atmos-chem-phys-discuss.net/13/11473/2013/acpd-13-11473-2013.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
13, C3838–C3843, 2013

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Ozone (STERAO-A) thunderstorm, Journal of Geophysical Research-Atmospheres,
110, D14303,10.1029/2004jd005556, 2005.

HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) Model access via
NOAA ARL READY Website: http://ready.arl.noaa.gov/HYSPLIT.php, 2013.

Lippmann, M.: HEALTH-EFFECTS OF TROPOSPHERIC OZONE, Environmental Sci-
ence Technology, 25, 1954-1962, 1991.

McConnell, R., Berhane, K., Gilliland, F., London, S. J., Islam, T., Gauderman, W. J.,
Avol, E., Margolis, H. G., and Peters, J. M.: Asthma in exercising children exposed to
ozone: A cohort study, Lancet, 359, 386-391, 2002.

Minschwaner, K., Kalnajs, L. E., Dubey, M. K., Avallone, L. M., Sawaengphokai, P. C.,
Edens, H. E., and Winn, W. P.: Observation of enhanced ozone in an electrically active
storm over Socorro, NM: Implications for ozone production from corona discharges,
Journal of Geophysical Research-Atmospheres, 113, D17208,10.1029/2007jd009500,
2008.

Morris, G. A., Thompson, A. M., Pickering, K. E., Chen, S., Bucsela, E. J., and Kucera,
P. A.: Observations of ozone production in a dissipating tropical convective cell during
TC4, Atmos. Chem. Phys., 10, 11189-11208, 10.5194/acp-10-11189-2010, 2010.

Morris, G. A., Labow, G., Akimoto, H., Takigawa, M., Fujiwara, M., Hasebe, F.,
Hirokawa, J., and Koide, T.: On the use of the correction factor with Japanese
ozonesonde data, Atmos. Chem. Phys., 13, 1243-1260, 10.5194/acp-13-1243-2013,
2013. Real-time Environmental Applications and Display sYstem (READY) Website):
http://ready.arl.noaa.gov, 2013.

Schumann, U., and Huntrieser, H.: The global lightning-induced nitrogen oxides
source, Atmos. Chem. Phys., 7, 3823-3907, 2007.

Interactive comment on Atmos. Chem. Phys. Discuss., 13, 11473, 2013.

C3843

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/13/C3838/2013/acpd-13-C3838-2013-print.pdf
http://www.atmos-chem-phys-discuss.net/13/11473/2013/acpd-13-11473-2013-discussion.html
http://www.atmos-chem-phys-discuss.net/13/11473/2013/acpd-13-11473-2013.pdf
http://creativecommons.org/licenses/by/3.0/

