Black: referee’s comments red: authors’ answers
First of all, we want to thank the two referees for the detailed analysis of our paper.
For the details, please look into the paper with keeping track of changes.

Referee #2

The TCCON and NDACC are two well-known international networks based on ground-based
solar FTIR instruments. These two networks have observed globally over several years and
their observations are extensively used in atmospheric physics and chemistry. The CH4, HCI,
HF, CO, N20O are target species of both networks. A few studies have performed inter-
comparison between the TCCON and the NDACC for certain gases, e.g., CO and CH4.
However, no inter-comparison between both datasets is available in literature for nitrous
oxide (N20), which is the third most important anthropogenic greenhouse gas in the Earth’s
atmosphere after carbon dioxide (CO2) and methane (CH4). This study presents a global
view of the XN20 measurement differences between these two networks at seven sites (Ny-
Alesund, Sodankyld, Bremen, Izafia, Reunion Island, Wollongong and Lauder) covering a
large latitudinal range from 45.0°S to 78.9°N. Furthermore, trends and seasonal cycles of
XN20 derived from the TCCON and NDACC measurements and the nearby surface flask
sample measurements were compared with the results from the GEOS-Chem model a priori
and a posteriori simulations. I would like to regard the novelty of this paper as moderate since
previous studies have performed similar comparisons rather than N20O but for CO and CH4.
However, this work can be a supplement of current understanding and should be in the
literature. Generally, this paper is well written, fits well in the scope of AMT, and I
recommend for publication with few corrections.

Specific comments.

In introduction part, the authors present many descriptions regarding why measuring N2O is
important, how it can be measured by both the NDACC and TCCON networks, the usage of
these measurements, and how they can be reproduced by CTM models. However,
introduction for the key point of the paper, i.e., the scientific goal of the comparison is quite
simple. More descriptions should be better, e.g., the authors can briefly introduce the
previous comparisons between the TCCON and NDACC measurements for other gases, and
what’ the findings (optional request).

Thanks for your suggestions. The scientific goal of the comparison is written as “The target of this
study is to better understand the discrepancies between the TCCON and NDACC N20O measurements,
and to know whether two networks can be combined with atmospheric chemistry models for
evaluation, seasonal cycles and long-term trend analyses. ” As the introduction is focus on N20, we
prefer to avoid to mention the TCCON and NDACC comparison in CH4 and CO here.

2. The reason why choose these 7 sites for comparisons because they covered a large
latitudinal range from 45.0°S to 78.9°N. The global coverage is quite good. It is necessary to
include this clarification. Besides, I think section 2 contain much information and can be
more structured, e.g., divide it into two subsections, with one for network description and the
other one for theoretical analysis regarding what we can expect from the comparison, or why
the difference exists.

These sites are selected because “Both TCCON and NDACC N20 measurements are available at
these sites in the time period of 2007 - 2017.” The introduction of TCCON and NDACC networks has



been carried out in the Section 1. There, we refer to Wunch et al., (2011) and De Maziere et al.,
(2018) for a detail description of TCCON and NDACC, respectively.

3. What do you mean by “ only the TCCON measurements from the Bruker 125HR at Lauder
are used”’? You also used the NDACC measurements, right?

The TCCON measurements from the Bruker 125HR at Lauder are selected, because we do not want
to introduce the uncertainty due to the changing of instrument from the Bruker 120HR to the Bruker
125HR in TCCON data. For the NDACC measurements at Lauder, all the measurements are recorded
by the Bruker 120HR during 2007 — 2017. More information can be found in Pollard et al., (2017).

4. Not all acronyms in tables 3 and 4 are defined for the first time, e.g., MWs for the
micowindows, TCCONap for TCCON a priori.
Added

5. In table 3 and corresponding text, if the NDACC N2O total column at Sodankyla is
divided into 3 partial columns. The partial DOFS at each partial layer is less than unity, do
you notice this?

As we mentioned in the text “ The degrees of freedom for signal (DOFS) at these sites are in the
range of 2.4—4.5. The range in DOFS is quite large; while it is known in the NDACC community that
the DOFS of N20O retrieval is usually between 2.5-3.5 (Angelbratt et al., 2011; Garcia 20 et al., 2018).
The wide range of DOFS in this study does not affect the total column, but we limit to 3 partial
columns for NDACC vertical profiles.”

For the DOFS less than 3.0, for example 2.4 at Sodankyla, we do not recommend to divided into 3
partial columns. We did not divide into 3 layers for Sodankyla NDACC data in this study.

6. Page7 line 4, there is no definition for VMR.
It has already been defined in P2L29 “where 0.2095 is the constant volume mixing ratio (VMR)”

7. In figure 3, the differences between the TCCON and NDACC measurements at nyalesund
and sodankyla are seasonal dependent. However, the differences at all other site are quite low
and seasonal independent. The authors presented a detailed analysis for the seasonal
dependent difference (sodankyla), but for the seasonal independent difference, the authors did
not present any analysis. According to equation (4) and figure 2, the TCCON and NDACC
avks are quite different. For the seasonal independent and the lower difference, the
TCCONap could be more closer to the true state of the atmosphere, right?

Yes

8. In section 4, both nyalesund and sodankyla show seasonal dependent difference. Here the
authors only select sodankyla for case study. The reason should be clarified.

The reason to choose sodankyla is that the co-located ACE-FTS measurements are available above
Sodankyla. Since ACE-FTS use the solar occultation mode, there is no co-located ACE-FTS
measurement at Ny-Alesund.

9. Page 9 line 3 ,“...low XN2O values in the TCCON measurements in Figure 4 correspond
to periods of high PV...”. As far as I judge from this figure, it is not always right. Please
check if the plotting is correct.

Thanks for the suggestion. To make it more clear, the scatter plot is colored with PV value now.

10. Page 9 line 10, ACE-FTS is not the first time and should be defined in previous section.
Corrected



11. Page 10 line 3, one “rapidly” should be removed.
Corrected

12. Page 10 line 6. The smoothed ACE-FTS measurements are close to the NDACC retrieved
N20 profiles for both inside and outside polar vortex cases, because the NDACC retrieval
has a good sensitivity and the NDACC retrieval is able to capture the change in the
stratosphere. However, the TCCON retrieval overestimates the deviation from the a priori in
the stratosphere. Another reason is that you smoothed the ACE-FTS using the NDACC avk,
but if you use the TCCON avk. The smoothed ACE-FTS measurements should also close to
TCCON profile.

The smoothed ACE-FTS profiles with TCCON avk are still far away from the TCCON retrieved
profiles (especially in the stratosphere), because the TCCON AVK is not close to 1.0.

13. In figure 5, why you use the TCCON a priori profile rather than the scaled TCCON a
priori profile (the retrieved) in comparison.

We used the TCCON ap profiles, mainly due to 3 reasons: 1) TCCON standard product only provide
the XN20 and a priori profile. There is no scaling factor or retrieved profile in the TCCON data. 2)
The retrieved N20 profile has the same profile shape as the one from the a priori profile, since
GGG2014 perform a profile scaling. 3) The retrieved XN2O is very close to the a priori XN20O
(normally within 3 ppm), therefore the retrieved profile is close to the a priori profile.

In caption should state the error bars are included.
Added now.

14. In table 6, I recommend to include the longitude and latitude information of the FTIR site.
The latitude and longitude information of each FTIR site can be found in Table 1.

15. The agreement in Figure 7 is improved, however, it still shows that the NDACC
over/under estimated TCCON at low/high concentration.

Figure 7 shows that the NDACC measurements are slightly larger/lower than TCCON measurements
at low/high concentration, but the difference is within the uncertainty from TCCON and NDACC
measurements. Therefore, we think the NDACC and TCCON (after a priori correction) XN20O
measurements are in a good agreement.

One more comment: It is hard to distinguish summer or winter season in Figs. 4,7. 1
recommend the authors to inlcude the label month with an interval of 3 or 4 in these
plottings.

The plots have been updated. Now the scatters are colored with PV values.
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