Reply to RC1

Jeongsoon Lee (Corresponding author)

leejs@kriss.re.kr

The authors appreciate Dr. Kim’'s kind consideration of this manuscript. Please find our replies to

the referee comments below.

General Comments
1. I note that two tanks that had close-to-ambient ratios of N,/O,/Ar, namely EB0O006391 and

MEOQ434, showed excellent agreement with values derived from CRDS prior to any correction (-
0.01 and 0.09 umol/mol, respectively, in Table 4), and the TPBC corrected values actually get
worse. In addition, while the TPBC corrections overall seem to make a positive impact, the
correction errors still remain quite larger than the 0.01% instrument precision error that the
authors suggest should be the ultimate goal. Do the authors have any comments on what
other error sources could remain that would explain these results (some of which seems to

already be present at the end of the discussion section)?

The CRDS employed in this study was calibrated against the gravimetric standard suite, the
matrix compositions of which are very close to that of the atmosphere. Therefore, good
agreements can be expected between the CRDS responses and the CO, mole fractions of
EB0006391 and ME0434. Although, as pointed out, a worse agreement was found with the
TPBC corrected values, this is within an acceptable margin considering the CO, mole fraction
uncertainties of the employed cylinders, which are up to 0.1 % (Table 2). The authors conjecture
that other error sources arose from imperfection in the regression analysis, mole fraction
uncertainties of background gas compositions, uncertainties of pressure broadening
coefficients, and instrumental drift. Accurate determination of the uncertainty budget requires
further study, which is beyond the scope of this work. However, the authors will add the
following sentence at the end of the discussion section.

“It is worth noting that the quality of the TPBC correction can be improved further by using
quality standards with lower composition uncertainties, including *3CO, isotopologues and
precisely measured broadening coefficients that are deduced from advanced line-shape
functions such as Galatry and Rautian profiles.”

With regard to the isotope ratio, please see the reply for specific comment 1.

2. Can the authors think of any scenarios outside of creating standard tanks from scratch that the

TPBC correction would be necessary or beneficial?



Dynamic mixing methods can be adapted to explore the nature of pressure broadening. The
authors’ impression with regard to improving the TPBC correction quality is that precise
measurement of the corresponding absorption lines fitted by advanced line-shape functions

such as Galatry and Rautian is needed.

Specific Comments

1.

As the authors will know, the WS-CRDS technique measures only the main *2CO, isotopologue.
I think any effect from this can effectively be canceled out if all of the gas mixtures used in this
study (listed in both Table 2 and 3) used CO, from the same source cylinder. I wonder if this is
indeed the case, and whether the authors should briefly address this point somewhere in the

manuscript.

The volumetric standards were prepared with “dry air” and high-purity N; (>99.999%). The
12/13 ratio of CO, raw gas for the gravimetric standards was similar to the atmospheric level
of approximately -11%e.. This suggests similar isotope ratios would occur across the prepared
cylinders. For verification (calibration) of the prepared gravimetric (volumetric) standards, the
CO, mole fractions in them were verified by GC-FID, which measured the total carbon isotopes.
Therefore, the isotope effects were hardly discernable in this study. However, it might be the
case that the isotope ratios of CO; in “dry air” can vary or deviate from those in the CO, raw
gas to cause some extent of discrepancy in the CRDS response. The authors will add the
following sentences at the end of section 2.1 as follow.

"The 2C/*3C ratio of CO, raw gas for the gravimetric standards was similar to the atmospheric
level of approximately -11%o, which suggests similar isotope ratios would occur across the
prepared cylinders as determined by gravimetry and volumetry. Nevertheless, isotope effects
biasing the CRDS response seemed to be hardly discernable in this study because verification
(calibration) of the CO, mole fractions in the prepared gravimetric (volumetric) standards was

carried out by GC-FID, which measured the total carbon isotopes.”

P3-L13: Was any correction to the concentrations applied based on the verification test on the
GC, and if so how much? The authors state the verification test results were excellent (0.05 and
0.1 % 20), but it would be interesting to see if those that looked worse in the verification test
also showed larger deviation in the TPBC corrections. Perhaps this could be added in a

supplementary section?

Only “survivors” from the verification measurements for the gravimetric standards were used
in this study. That is, outliers over the uncertainty of the verification measurement, identifying
human error during the gas handling, were removed from the testing list. It should be noted
that the weighing uncertainty is much less than that of the verification measurement.

Additionally, the CO, mole fraction uncertainty of the gravimetric mixtures included



uncertainties associated with the weighing process, raw gas purities, and verification tests.

. P3-L20: I think a more detailed description is needed for the static volumetric standard gas
section. For example, line 22 mentions “dry air”, is this some CO,-free zero air that was used
as the "complementary gas” (using the terminology in ISO 6144), or does it just refer to what
was already in the tank prior to the "high-purity N," injection? Line 24 says the concentrations
of the manometric cylinders were “confirmed” against the gravimetric standards: I would like
clarification on whether the independent manometric values were confirmed by measurements
against the gravimetric standards (on GC-FID?), and if so how the manometric vs gravimetric
values compared, or if the values in the manometric tanks were “determined” from
measurements against the gravimetric tanks. If the values were only confirmed, it would be

nice to see how the values compared, perhaps in a supplementary section.

The “dry air” referred to dehumidified air with CO,, which was already in the cylinder prior to
the high-purity N, injection. It was assumed that the high-purity N, (> 99.999%) did not contain
O,, Ar, and CO, impuirities; hence, it was possible to predict the mole fractions of the four
components. Because of the daily variation of CO,, the CO, mole fraction was given by the
calibrated values against the gravimetric standards. The term “manometric” was used to express
the control of the mixing ratio using the volumetric ratio in this study; it will be toned down
by replacing it with “volumetric mixing” The following sentences will be added in the
corresponding section of the text.

"Ambient air was collected with a pressurizing pump through a chemical moisture trap
containing Mg(ClOy), in order to yield the complementary gas, namely dry air. The amount of
N, was then varied by diluting the dry air with high-purity N, (> 99.999%), which eventually
led to a variation in the mole fractions of the major components, N,, Oy, Ar, and CO,. In this
way, the mole fractions of the background gas composition can be easily predicted by using
the measured pressure ratio of the filled gas. In the case of the CO, mole fraction, three
volumetric cylinders (EBXXXXXXX) were calibrated against the gravimetric standards (Table 2),
because the mixing ratio of atmospheric CO, varies each day. Eventually, the compositions of

EB0006391 and ME0434 closely reflected the atmospheric ratio of the major components.”

. P4-1L18: The numbers for the y-scale shown in Figure 4 (roughly -10 ~ 5.5?) do not seem to
match those in column 4 of Table 7 (-0.47 ~ 0.60), but instead those in Table 4. Authors should
check that this is only a graphing error and do not affect the conclusions of the paper. Tables
4 and 7: I understand the logic of the authors’ choice of separating the two tables to match
the flow of the manuscript, however I do find myself frequently comparing the N,-only vs TPBC
corrected results. As such I would suggest that they be combined into one table, to represent

an overview of the findings reported in this work, but I will leave that for the authors to decide.



We apologize for the confusion. In Figure 7, Dsip.crps, as defined in P4-L34, denotes the
deviation between the CO, mole fraction of the standard and the corresponding CRDS response.
However, in Table 7, the same value, Dstp.crps, Was not given contrast to Table 4 (fifth column).

As suggested, Table 4 and Table 7 will be combined to enhance the readability.

Technical Corrections

1.

P1-L29: "not plausible” suggests that this can't be done in the future, which may be true, but
we should still remain hopeful that substantial progress in the modeling front can still be made.
Perhaps change to “not yet feasible” instead?

This will be corrected as suggested.

P3-L20: I would suggest that the authors start a new paragraph for the section on the

volumetrically prepared tanks.

The preparation section will be separated and modified as suggested.

P3-1L22: Is the "high-purity N," used in the dilution different from the “ultra-high-purity nitrogen”
mentioned in line 157 If they are the same, then I would advise using the same naming scheme
for both.

They are the same. “Ultra-high-purity nitrogen” will be replaced with "high-purity N,

P3-L24: “comprised” -> “is comprised of”

Dr. Kim might be referring to P3-L34 here. It will be corrected as suggested.

P3-L25: Perhaps mention which of the tanks reflect ratios close to ambient? I assume EB0006391
and MEO434?

The following sentence will be added: “Eventually, the compositions of EB0006391 and ME0434

closely reflected the atmospheric ratio of N, O,, Ar, and CO,”

P3-L40: “through a built-in diaphragm pump": Technically, I believe the pump pulls a vacuum
after the cavity cell, whereas the authors’ description gives the impression that air may go
through the diaphragm pump into the cavity cell. Suggest editing this sentence to avoid
ambiguity.

Apologies for the ambiguity. The corresponding sentence will be corrected to “the optical cavity



backed by a built-in diaphragm pump.”

7. P3-L41: "inner” -> Did the authors mean "outer”?

- This will be revised as suggested.

8. P4-L8: "gravimetric standards” -> add “described in Table 3" after. How were these standards
prepared in terms of N2, O2, and Ar? I assume at ambient ratios? This may be an important

point, as the authors use the calibrations from these tanks as “truth”.

- The corresponding sentence will be corrected to “gravimetric standards, in which the Ny, O,

and Ar ratio is close to that in the atmosphere ratio, with CO, concentrations...”

9. p5-L13: Include reference for “HITRAN2004"?

- The reference was included in the references section.

10.P5-L16: “that” -> “those”

- This will be corrected as suggested.

11.Table 6: I do not follow the author's foot note "1 and 2 denote values obtained in each study”
for this table. I assume the numbers in this table were derived using the PBC's in Table 5 with
the known N2, O2, and Ar ratios? But, aren't the HITRAN numbers calculated the same way, or
am I mistaken? The footnote almost seems more appropriate for Table 5, where the PBC values
in the table were taken from each study, but then are the HITRAN numbers different in this

regard? Please clarify.

- Thank you for the comment. The footnote will be deleted. To enhance readability, the following
sentence will be added as a footnote.
- "Pressure broadenings were estimated without Ar due to the absence of a broadening

coefficient in the corresponding studies.”



