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We thank the topical editor and all reviewers for their feedback and suggestions. We
address all reviewers’ comments and have attached a revised the manuscript showing
changes made based on the feedback.

Short comment from executive editor A. Kerkweg:

As per journal requirements, we have modified the title of our paper to include the
model version. The title is now “Errors and improvements in the use of archived mete-
orological data for chemical transport modeling: an analysis using GEOS-Chem v11-
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01 driven by GEOS-5 meteorology”. We have also uploaded the code to Zenodo as
recommended and associated the DOI of the publication (https://doi.org/10.5194/gmd-
2017-125) with the code, although the best place to obtain up-to-date information about
GEOS-Chem is still the website.

A personal comment in the end: I really doubt the first sentence of your abstract. Look at
the CCMI models (https://doi.org/10.5194/gmd-10-639-2017) and your can not hold your state-
ment that "Global simulations of atmospheric chemistry are generally conducted with off-line
chemical transport models (CTMs) [...]".

We’ve changed “generally” to “commonly”. Although there has been much progress in
chemistry-climate models, there are still many in the atmospheric chemistry community
who rely on offline CTMs.

Referee Comment 1:

A more informative title would be useful.

We have modified our title to “Errors and improvements in the use of archived meteo-
rological data for chemical transport modeling: an analysis using GEOS-Chem v11-01
driven by GEOS-5 meteorology”, which we hope readers will find more informative.

The cubed-grid coordinate system used in the GEOS GCM is relatively new. Are other GCMS
adapting this scheme.? What other global CTMs if any are being affected by the transition of
GCMs from rectilinear to cubed-grid coordinate systems?

We have added the following sentences: "The cubed-sphere grid has been used in
other GCMs, such as the GFDL AM3 (Donner et al., 2011). " "Although we use
GEOS-Chem in our comparisons against on-line GEOS-5 GCM results, the issues
discussed in this paper are more generally pertinent to CTMs driven by archived GCM
meteorological data."
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Did this analysis reveal any surprising insights into the types of analyses that should be per-
formed with off-line CTMs versus on-line CTMs?

We have added to the conclusions: "Given these large differences in vertical transport,
users examining the effect of convection on a chemical species should take care to
perform their simulations at sufficiently high resolution. Those conducting simulations
of long-lived trace gases such as CO2 or CH4 should also be aware of these errors."

P3L24: Off-line 4x5 global simulations are increasingly uncommon. Perhaps youshould use
2x2.5 and 1x1 as the standards here.

We agree that 4◦ × 5◦ global simulations are increasingly uncommon. Since all our
comparisons are against 2◦ × 2.5◦, references to 4◦ × 5◦ in the text are unnecessary
and we have removed them.

P4L27: "Both versions use the same archived data". Is this true? I thought the data was
archived on a rectilinear grid and not a cubed-sphere grid?

For this study, we archived data on the cubed-sphere grid, and regridded the data to
rectilinear for use in GEOS-Chem. We revised that sentence to read “Both versions
use the same modules except for advection.” to avoid confusion.

The C48 percent difference due to rectilinear mapping and the use of a lower order advection
algorithm is shown in Figure 3c. Is this difference large enough to warrant archival of meteo-
rological fields on the native cube-sphere grid? Why wasn’t a highperformance GEOS-Chem
cubed sphere calculation performed at C360?

Yes, we suggest archival of meteorology on the cubed-sphere grid as an improvement
in section 5. We have updated the conclusions to make to this point clearer. We
have added to section 3.2: The c48 resolution allowed us to conduct a cubed-sphere
off-line (GCHP) simulation, which we were not able to do at c360 resolution due to
computational limitations.

P8L10: Is the bulk convective scheme used in GEOS-Chem also used in other off-line CTMs
that use RAS?
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We have added the following sentence to the paragraph: "Bulk convective transport
using archived mass fluxes is a standard procedure in other CTMs such as TOMCAT
(Feng et al., 2011)."

P12L7-15: The use of maximum mixing depths instead of mean mixing depths is an interesting
approach. What transport modules other than RAS use these mixing depths as input? Is
maximum mixing depth currently being archived?

We’ve edited the text to make it clearer that the maximum mixing depths are used
in boundary layer mixing and in RAS. This is not currently archived in the standard
GEOS-5 meteorology.

Figure 7: Could you explain why the C48 and GEOS-Chem 2x2.5 with C48 RAS convective
mass flux distributions are nearly identical at 500 hPa but quite different at other altitudes.

We have added the following to section 5: "The larger difference between GEOS-5
and GEOS-Chem convective mass fluxes below 500 hPa compared to above 500 hPa
suggests that convective motions penetrating higher altitudes are more likely to be
retained after temporal averaging."

P13L20: Could you provide a prioritized wish list for improvements? e.g., Should Lin and Rood
be replaced by Putnam and Lin? ... and if yes, what are the implications for data storage etc.

We have rearranged our suggestions in the conclusions in order of priority and added
a sentence on implications for data storage and computational power. The section now
reads: "As the resolution of the GCMs continue to increase, the transport information
lost in off-line CTMs will also increase. This may be corrected, in order of priority, by 1)
applying scale-dependent convective transport parameterizations off-line, 2) avoiding
remapping of the archive by archiving on the cubed-sphere grid, 3) using consistent
transport algorithms (in the case of GEOS-Chem, Putman and Lin, 2010 rather than
Lin and Rood, 1996), and 4) increasing the frequency of archiving. Of the list, 1) will
only require a minor increase in computational time, 2) and 4) will increase both data
storage and computational resources, and 3) will require no additional resources if 2) is
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done. These improvements will benefit off-line simulations at all resolutions, including
high-resolution nested simulations. We plan to include these improvements in future
versions of the standard GEOS-Chem code."

PL1320: Is retaining the nested-grid capability of GEOS-Chem a priority? If yes, how would
these improvements also help nested-grid simulations or could they cause problems?

We have added to the conclusions: "These improvements will benefit off-line simula-
tions at all resolutions, including high-resolution nested simulations. " However, nested
simulations are not currently a capability in the cubed-sphere version of GEOS-Chem,
and development priorities are adapted based on the needs of the community.

Referee Comment 2:

The transport issues are well illustrated using the zonal mean plots of Rn, Be, and Pb. It would
be interesting to see how large the horizontal variations were. For example, I would assume
that the large mid- and upper troposphere differences seen in the left panel of Figure 6 are
larger over land masses (where Rn is emitted) than over oceans. I don’t think its necessary
to add more figures, but it would be nice to see a discussion of the horizontal and temporal
variability of these errors discussed somewhere in the text.

Due to resource limitations, we conducted our simulation for only one month, making it
difficult to comment on temporal variability.

These issues would appear to be problematic for a wide range of longer lived gases that GEOS-
Chem and other CTMs are used to study (e.g. CO, CH4). Could you comment on the implica-
tions for other species in the conclusions?

We have added the following to the conclusions: "Given these large differences in ver-
tical transport, users examining the effect of convection on a chemical species should
take care to perform their simulations at sufficiently high resolution. Those conducting
simulations of long-lived trace gases such as CO2 or CH4 should also be aware of
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these errors."

P2, line 8 – What version of the GEOS analyses are being used to drive GEOS-Chem?

We clarify in the text that we use a custom product.

P4, line 20 – This online capability is being used here as a comparison against the offline
GEOS-Chem runs? Should mention this here.

We have added the following sentence: Although we use GEOS-Chem in our com-
parisons against on-line GEOS-5 GCM results, the issues discussed in this paper are
more generally pertinent to CTMs driven by archived GCM meteorological data.

P8, line 12 – Which way is GEOS-5’s RAS transport done – short plume to tall or tall to short?

We modified the sentence to read: "One explanation for why a multi-plume parameteri-
zation might produce a different transport pattern is that each sequential plume acts on
a different concentration gradient that has been modified by the previous plume, until
the moisture and temperature fields are balanced."

Figure 3 – Does the middle panel also include the difference in online vs offline PBL mixing?
This is mentioned in the discussion of Figure 2 (p8, line 19) and appears to have a substantial
impact in the left panel of that figure. However, it is not noted in figure 3 and its impact is not
discussed.

We have changed the label on Figure 3 and edited the text to make it more clear that it
is the effect of having all meteorological fields offline, not just the winds.

P9, line 15 – Also worth noting that while the percentage change in the figure is large, the
absolute mixing ratio at the poles are quite low because of the short lifetime of Rn and lack
of emission over ice/snow covered land masses. So this should be interpreted as very large
uncertainty about a very small number.

We have added the following sentence: While these differences are large, absolute
concentrations are very low over the poles due to the short lifetime of 222Rn and lack
of emission over ice and snow.
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P10, line 21 – The use of the term ‘on-line archive’ is confusing since the archive isn’t used in
the online simulation. Maybe this need to be made more explicit – e.g. ‘archiving of fields in
support of offline simulations’.

We have corrected “on-line” to “off-line”.

P10, line 27 – Is omega saved every 3 hours as is standard in GEOS? Or more frequently for
these experiments?

We used the standard 3 hour values, and have made this clearer in the text.

Please also note the supplement to this comment:
https://www.geosci-model-dev-discuss.net/gmd-2017-125/gmd-2017-125-AC1-
supplement.pdf

Interactive comment on Geosci. Model Dev. Discuss., https://doi.org/10.5194/gmd-2017-125,
2017.
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