Review of “ The Airborne Chicago Water Isotope Spectrometer: An Integrated Cavity Output
Spectrometer for Measurements of the HDO/H 2 O Isotopic Ratio in the Asian Summer Monsoon”
by Clouser et al., https://amt.copernicus.org/preprints/amt-2024-98/amt-2024-98.pdf

The manuscript describes an update of the well-known Chicago Water Isotope Spectrometer
ChiWIS for measuring the stable isotope ratio HDO/H2O ratio in water vapor. Due to the
extreme technical challenges to precisely measure the H20 isotopologues in the dry mid-
/upper troposphere and lower stratosphere, only a very small number of relevant
instruments have been developed. The paper thus gives an important contribution and as
being well structured and focused, it’s a pleasure to read.

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.

Still T have a couple of issues that need to be clarified (see minor concerns) and one general
comment.

General comment:

1) I like the paper very much. It’s very detailed and nicely describes the instrument and its
performance during three campaigns. However, one crucial issue is missing, namely the

measurement of an isotope standard, e.g. SLAP diluted to low mixing ratios. This is

usually provided and some/many PIs just use the measurement of a standard (in regular

intervals of minutes to ~1 hour) to verify and demonstrate the quality (uncertainty) of

the data. I see that this would be a very difficult or maybe impossible exercise during

flights on Geophysica / WB57 (with considerable additional uncertainties), but in the lab

such a calibration should be feasible, although not simple with the voluminous cavity. I

do not request such an additional lab test, but you should add a section where you

discuss this point and provide all the information you gained (e.g. at the AIDA chamber)

to enhance the trust in the data and your uncertainty estimates in section 6.2., also as

the isotope data you show in Figure 14 are on the very high (isotopically rich) side of the

data collected so far.

I have added a subsection in the future work section briefly detailing our plans for an isotopic
comparison between ChiWIS-lab, ChiWIS-airborne, and a commercial isotopic instrument. I also note
the success of the ChiWIS-lab instrument in extending measurements of the HDO/H2O fractionation
factor to 190 K.

Regarding the isotopic data shown in Figure 14 and associated discussion — this section was originally
going to involve a more in-depth analysis of the differences between the satellite and our in situ
measurements, but quickly became a paper in its own right. A preprint of that paper was recently
published on EGUsphere, and I have included here a brief summary and citation to direct the interested
reader to that topic. The top-line conclusion of that preprint is that ALL extant UTLS measurements of
delta-D (ChiWIS, Hoxotope, Harvard Isotope) are similarly enhanced above both ACE-FTS and
ATMOS retrievals of the same.

Minor concerns

- L. 26/27. This increase with altitude in the TTL is not a general feature, but (likely)


https://amt.copernicus.org/preprints/amt-2024-98/amt-2024-98.pdf

- Move the sentence “Limited in situ isotopic measurements of water vapor isotopologues
... and briefly described below.” above the table.
I will make a note to the publishers during the typesetting stage to ensure that the table is properly

ositioned relative to this text.

- L. 91. You state that “OA-ICOS is necessary to satisfy this requirement ...” so that only OA-

ICOS can do the job? The OF-CEAS technique invented by Danielle Romanini could do it,

too, but was (to my knowledge) never been applied in the mid-infrared. And there may be

other potential techniques.

You are correct that OA-ICOS is too specific. It is more proper to say that Cavity Enhanced
Spectroscopy (CES) of some flavor is necessary to observe HDO features in the context of an aircraft-
based instrument. I have incorporated text to this effect in the manuscript.

- L. 132 or at L. 155. Specify the lasers (manufacturer, type).

I have clarified that the JPL MicroDevices Laboratory both manufactured and provided the DFB
tunable diode lasers.

- Figure 4 (or somewhere else). Give dimensions and weight of ChiWIS ... and it would even
better to have an instrument spec sheet (table) with most relevant parameters, i.e., also
measurement range, response time, measurement speed, ...

We have included a table in the text which summarizes the most critical characteristics of ChiWIS

- L. 217. Here you write that the surface roughness by Optimax is ~0.3 nm, but on L. 210

you write that such a roughness already causes a decrease in the path length from 7.4 to

2.8 km. And already in the abstract you wrote that the path length if 7.5 km. I don’t get it

here.

This is a critical point about the instrument, and I have tried to rewrite this section for clarity. This
passage is meant to provide an illustrative calculation highlighting the importance of low mirror
roughness. In this calculation I show what the mirror losses would be if the mirror substrates had a

roughness of 3 nm instead of 0.3 nm. I hope this passage serves as warning to future developers of
ICOS instruments in the NIR or MIR to avoid substrates with large grain sizes.




- L. 241ff. The sentence “Even though better noise characteristics could be had from a

smaller, colder detector, calculations indicated ...” I don’t fully understand. And the

consequence? Next time you would use a larger detector?

I have rewritten this section for clarity to indicate that ray-tracing calculations indicated that it was
more important to the overall signal-to-noise ratio to maximize signal by using a detector with a large
area than it was to minimize noise with a small detector, which could also be cooled to lower

temlieratures.

- L. 487. Here you write 15 ppm, in the figure caption 18 ppm and in L. 494 18.5 ppm.

I understand the source of confusion in this passage, but each of these numbers refers to a different
situation and therefore can’t really be harmonized or matched up.

- L. 490-495. Give the ranges where you average over 2s, 5 s, and 10s. Cold/depleted is

quite subjective.

There are not strict mixing ratio ranges over which I adhere to these averages — it is really more of a
reflection of how much time one has to stop and restart the fitting routine to deal with problematic
scans. Nevertheless, I have included approximate ranges in this section.




Fig. 8b indicates that
ChiWIS basically works during flight as in the lab, because the atmospheric variability of
HDO is much smaller than the instrumental noise. You can thus argue that the much
higher Allan variation in H20O (blue trace) compared to the lab is atmospheric variability ...
and the “removal” of the fringe at longer integration times you have described ... I would
stress the great performance in the field, that is, the “external Piezo” (aircraft,
vibration,...) that makes your instrument even better in the field than in the lab.
I have rewritten this section to clarify these important points.

- L. 619. Again “very wet” in the atmosphere means everything above 25000 ppm or so.

I have clarified in the text that this refers to intervals with greater than 1000 ppmv H20.

- Section 6.3. Here you don’t discuss the cavity flush time (it can simply be calculated based

on the pump volume flow ... add this), but the cavity or better instrument response time,

which is also dependent on memory effects of the sampling lines and the cavity. Please

correct!

The available data on the Triscroll 300s volumetric flow rate at a given sample pressure are available,
but are all taken in ambient air. That is, the scroll pump exhausts gas into air with a pressure of 1
atmosphere. I do not believe the manufacturer’s data can do more than provide a lower bound on the
volumetric flow rate, since presumably the impedance on the flow through the pump is lower when the
ambient pressure is lower. This was part of the motivation for performing the modified Allan deviation
study above.

I have changed the section to “Instrument Response Time” and defined that this is inclusive of cavity
flush time and memory effects.

- Fig. 9. Give the temporal resolution of the shown data. The ChiWiS data appears

smoothed and with an averaging time of >2s and I actually wonder (having the short

cavity flush time and high precision in mind) why you don’t provide the H20 data with ~2

Hz (the cavity flush time / instrument response time). It appears at least, that the “data

averaging” smears out fine atmospheric structures.

The work of Singer et al used 1 Hz H20 data from the ChiWIS instrument. I have included this in the
text.



- Fig. 14. I know it’s an AMT paper, but clear is that the dD-values a high compared to most

other data taken at these potential temperatures (altitudes). Thus, at least a short

discussion is required. Do you e.g. believe that your data / profiles are already

representative and your instrument is so accurate that you can claim that the picture has

to be revisited a bit, that is that water may enter the stratosphere more heavy than

previously thought ... as we have the most accurate device that has been existed on this

planet ...

I had originally intended for this section to include a comparison of our in situ measurements with
retrievals from the ACE-FTS satellite, but that analysis quickly grew into a paper in its own right. That
manuscript is nearly complete and ready for submission to AMT. In it I have also included delta-D
measurements from Hoxotope and the Harvard water isotope instrument, and found that in the
stratosphere they cluster around the same range of delta-D values as ChiWIS, and that the in situ
instruments are 100-150 per mil enriched above ACE retrievals in every campaign region.
Obviously either or both of the in situ or satellite measurements could be biased for a variety of

reasons, which are described in the forthcomini manuscriﬁt.

- L. 769. Instead of “clumped”, is “multiply substituted” or “doubly substituted” the better

word?

I have made sure that both clumped and doubly-substituted are included in the manuscript, although I
prefer clumped. The reason is that the singly-substituded water isotopologues HDO and H,'®O are also
used in the so-called ‘doubly-labelled water’ method used by doctors and biologists to study animal
metabolism.

- Fig. 16. If you can measure even at 3500 ppm, the cavity is apparently not optically thick

or lines saturated and the instrument could potentially be used in almost the entire free

atmosphere, right? ... see my hint to the spec table at the beginning at, to L. 785 where

you write that it can be operated only above 12 km and to the entire conclusion.

While it is true that the cavity is not optically thick, even at high mixing ratios, the spectra become
much more difficult to interpret above about 500 ppm. This is primarily due to the nonlinear response
of the spectral features as they become saturated at line center.

The limitation to operation above 12 km only is not due optical saturation, but primarily due to
concerns about condensation due to rapid expansion of moist sample gas as it traverses the top valve
where there is a large pressure differential. Lab tests suggest that condensation at this point can reach
the mirrors where it rapidly makes them dirty and poorly reflective. Ground based operation related to
Fig. 16 involves a different inlet setup and lower flow rates, and is not as susceptible to this effect.

I have made note of this limitation in the System Design section.




