This paper describes an advanced version of the Chicago Water Isotope Spectrometer (ChiWIS), an
instrument specifically designed for measuring vapor-phase water isotopologues (different molecular
forms of water) in the dry upper troposphere and lower stratosphere (UTLS). This upgraded version
employs a tunable diode laser (TDL) and off-axis integrated cavity output spectroscopy (OA-ICOS) for
precise measurements.

ChiWIS was used in several airborne research campaigns, including the 2017 StratoClim campaign
during the Asian Summer Monsoon and the 2021-2022 ACCLIP campaigns aboard different research
aircraft. The instrument measures the HDO/H2O ratio, scanning absorption lines at a wavelength near
2.647 pm. It achieves high accuracy with a path length of 7.5 km under optimal conditions.

Key design features include a novel optical component that boosts the signal-to-noise ratio by threefold
and ultra-polished cavity mirrors that minimize scattering losses and optical fringing. In lab tests, the
instrument demonstrated high precision, achieving a 5-second measurement accuracy of 3.6 ppbv for
H20 and 82 pptv for HDO.

The paper highlights the instrument's advancements in airborne isotope measurement technology,
emphasizing its successful deployment and precision in capturing isotopic data in challenging
atmospheric conditions.

The paper is precise and exhaustive in its description of the new version of the Chicago Water Isotope
Spectrometer (ChiWIS). The authors provide a thorough explanation of the instrument's design,
including its advanced optical components and the successful application in multiple airborne research
campaigns.

The level of detail in the methodology, as well as the demonstration of the instrument's precision in
laboratory settings, showcases the robustness of their work.

The article is highly informative and well-written, making it a valuable reference for the future;
therefore, it merits publication.

Thank you for these detailed comments. They are highly appreciated and have made the manuscript
better. A note on my formatting here. Items accepted and incorporated into the manuscript without
comment have been highlighted in green. Other items have been highlighted in yellow, and are
accompanied by some explanatory text.

However, before publication, I recommend a minor revision to enhance clarity in a few sections where
technical details could be further simplified or clarified for a broader audience.

In the following, (row).

(60-61) You claim that a sensitivity of 50 per mil is required to resolve a convective streamer. Could
you justify further this assumption, maybe quoting previous research?

The citation to Hanisco, et al describes enhancement in aged convective plumes of approximately 200
per mil.

(62-63) Again, could you add some justification to this?

(Table 2) Please give a description of the parameter in the header of the table, both in the caption and in



(119) Those who do not know the way the instrumentation is housed in the Geophysica aircraft is
unable to appreciate this information, and maybe do not even know what MIPAS is. Add references and
make this phrase more general.

I have deleted the reference to the MIPAS dome.

(178-180) If I understand well, D does not measure the instant power of the laser, but the interference



between the instantaneous and a delayed emission (this in turn modulated by the etalon). This latter, in
principle, could have a different intensity if fluctuations are fast. It would be interesting to mention the
relative contributions of these two members to the interference figure, given that the smaller the
contribution of delayed emission, the lower the interference modulation on D, and therefore the
measured data can at best quantify both the instantaneous power (as a dominant contribution to the
revealed light) and the processing of the laser tuning with the etalon modulation. Moreover, I guess the
delayed emission has a slightly different frequency from the instantaneous one, as the tuning proceeds,
If this is the case, therefore it should cause beats of the interference figure on D. Which of the two
effects is dominant in the interference figure, the etalon modulation or the frequency shift? Please
clarify.

Given the wavelength ramp rate of about 90000 nm/s and the etalon length of 578.7 mm, the main
beam and etalon beam have a wavelength separation of about 1.7E-4 nm. This corresponds to a low
mixing (beat) frequency of about 7 MHz, which is not detectable with our data acquisition system. This
has been clarified in the text.

(251) “TRB”, here and everywhere expand the achronyms at their first appearance.
This detail was especially difficult to track down, and stumped several sales reps before someone
finally knew the answer: Twinax Receptacle Bayonet

(254) 40 hPa. Why this particular value was chosen?

(257) Those who are not accustomed to the different instruments' housings of the Geophysica, cannot
appreciate this information. Please reformulate in a more descriptive way.

The rest of the instrument’s description is very clear and well written.

The components listed here are not aircraft-specific, and are embodied differently for each aircraft.

(421) FLASH and DLH, add brief description of the instruments and references
This is not the right place to introduce these instruments, so I have anonymized this section and
directed the reader to the sections where FLASH and DLH are properly introduced.

(465-477) This paragraph is not very clear. The authors should explain more clearly how on the
reference detector is present both a fraction of the laser output to monitor the laser changing power, and
thealternating maxima and minima that arise from the interference within the etalon (the “fringing”).
As the fringing pattern is modeled with a squared cosine, I am assuming the etalon quality factor is not
very high, but it would be worthwhile to mention it. Moreover, it would be beneficial to add some
reference, or in-depth justification of the choice of the f(s) function in the cosine argument. I guess that,
since both wavelength shift and laser power change vs current are temperature dependent, the fitting to
f(s) is made on every laser ramp. This is worthwhile mentioning explicitly.

I have explicitly mentioned the low quality factor of the fringe here, and added a reference to the f(s)
function.

(534) The optical fringe is introduced well, but a quick clarification of how this affects the
measurement process (e.g., "introduces a sinusoidal error pattern") might help readers unfamiliar with
fringe effects.

(546) The description of how vibrations reduce the fringe effect is insightful but could benefit from a
bit more detail on how this trade-off affects overall data quality (i.e., is vibration a bigger or smaller
problem than the fringe?).

Addressed in the context of the 2™ referee’s comment on the same.



(636-651) The comparison between ChiWIS and DLH using the Allan deviation plot is well-conceived.
It effectively highlights the difference in instrument performance and measurement sensitivity.
Specifically, ChiWIS shows a characteristic minimum deviation at 0.5 seconds, while DLH never
reaches a minimum deviation, suggesting that DLH is capable of capturing atmospheric variability
down to extremely short timescales.

The fact that the DLH instrument measures natural variability more effectively than ChiWIS on short
timescales is a key point. The DLH's ability to measure at integration times as short as 0.05 seconds
provides a useful benchmark, illustrating how different instruments can be optimized for different
applications.

(753) Are there any limitations or trade-offs associated with using the filter in terms of data quality or
instrument sensitivity? Additionally, elaborating on how this validation process compares ChiWIS data
with other instruments or campaigns (such as ACCLIP) could emphasize the reliability of the
correction.

I note in the text that the filter introduces no detectable fringing into the system, and does not attenuate
the beam power. I’ve added a reference to that section here. A forthcoming paper will present a
detailed intercomparison between ChiWIS and DLH during ACCLIP.

(781) The statement that ChiWIS returned science-quality data from 6 of 8 flights in StratoClim and 3
of 4 test flights in ACCLIP is informative. However, it would be beneficial to include a brief discussion
on the criteria for determining data quality. Or the instrument simlpy did not work?



I have added a table to the supplement which catalogs each flight the instrument has taken in both
StratoClim and ACCLIP. Brief descriptions of each failure are included there.

(Figure 16) This effectively illustrates natural isotopic variations during Flight 2 of the StratoClim
campaign. The explanation of how distinct isotopic ratios correspond to different origins is informative
but lacks context about what caused such differences in isotopic ratios and why these differences are
significant for atmospheric science. What do these differences tell us about the processes occurring in
the atmosphere? When discussing the isotopic measurements as indicators of airmass origins and ages,
it might be useful to elaborate on the implications of these findings. The reference to Bucci et al. (2020)
provides important context and may be expanded.

I believe that these distinctions are informative, and plan to discuss their significance to atmospheric
science in a forthcoming publication. However, I do not believe that this instrument paper is the
appropriate place for that type of scientific discussion.



