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Figure S1. Time series of water vapor for each of the six flights (F2-F4 and F6-F8). Altitude (green) and in situ H2 O measurements from
ChiWIS (black/grey), FLASH (blue), and clear-sky FISH (pink). Periods where ChiWIS cell pressure is just out of regulation (20−30 mbar),
are shown in grey. There is impressive agreement between the three hygrometers. ChiWIS shows much higher precision that the other two
instruments, which is evident from the sharper temporal structures in the time series. Nevertheless, all three instruments are able to capture
the same fine-scale variability of the atmosphere.
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Figure S2. Vertical profiles of water vapor against potential temperature for each of the six flights (F2-F4 and F6-F8). Shown are in situ H2 O
measurements from ChiWIS (black/grey), FLASH (blue), and clear-sky FISH (pink), with periods where ChiWIS cell pressure is just out of
regulation (20 − 30 mbar) shown in grey.
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Figure S3. Time series of relative humidity for each of the six flights (F2-F4 and F6-F8). Shown are altitude (green) and in situ RHice
measurements from ChiWIS (black/grey), FLASH (blue), and clear-sky FISH (pink) with periods where ChiWIS cell pressure is just out of
regulation (20 − 30 mbar) shown in grey.
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Figure S4. Vertical profiles of relative humidity against potential temperature for each of the six flights (F2-F4 and F6-F8). Shown are in situ
RHice measurements from ChiWIS (black/grey), FLASH (blue), and clear-sky FISH (pink) with periods where ChiWIS cell pressure is just
out of regulation (20 − 30 mbar) shown in grey.
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Figure S5. Estimated in-flight precision of the three hygrometers based on a a segment from flight 4 with approximately constant H2 O.
Shown in colored dots are the H2 O values measured by FLASH, FISH, and ChiWIS (blue, pink, black), the mean value for this period
(transparent lines), and the standard deviation of the measurements (plotted error bars with labeled values).
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Figure S6. Time series of ice particle number concentration (Nice , black) measured by NIXE-CAPS for F4, F6, F7, and F8. No clouds
were sampled on F2 or F3. Shown in colors at the top of each panel are cloud flags derived from MAS backscatter ratio (BR ≥ 1.2, red),
Nice > 0 cm−3 (yellow), and ice water content produce (IWC> 0 g kg−1 , blue). Clear-sky is inversely defined as regions where BR < 1.2
or Nice = 0 cm−3 . The IWC is defined as the difference between FISH and FLASH, and is thus an unreliable flag for clear-sky in an
intercomparison study like this where we are specifically interested in the small deviations in vapor measurements between these two
instruments. Flight altitude is shown in green.

7

Figure S7. Normalized PDF of percentage differences between ChiWIS (grey) and FISH (colors) from FLASH during each flight (rows).
FISH did not report measurements on F3. The first column (leftmost) shows values from all conditions. The second column shows percentage
difference in clear-sky periods with zero time lag, τc = 0. Clear-sky is defined as regions where BR < 1.2 or Nice = 0 cm−3 . Each subsequent
column shows the percentage difference in clear-sky periods with increasing τc = 5, 10, 20. Note that the last column (rightmost) has a smaller
x-axis range.
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Figure S8. The left column (a,c) reproduces Fig. 2b,e showing a point-by-point comparison of clear-sky H2 O measured by ChiWIS and
FLASH during periods when the ChiWIS optical cell pressure is ≥ 30 mbar (well regulated). The right column (b,d) shows the same
comparison between clear-sky ChiWIS and FLASH measurements, but exclusively for periods when the ChiWIS optical cell pressure is
slightly unregulated (between 20 and 30 mbar). Points in (a,b) are colored by flight number. Frequency of counts (c,d) in each 0.1 by
0.1 ppmv bin are shown in color. The numbers in the bottom right corners of each panel indicate the number of measurements in each
category. For clear-sky periods, 56% of measurements were made when the cell pressure was within regulation. For in-cloud periods, nearly
100% of measurements were made when the cell pressure was within regulation (not shown). The one-to-one line is plotted in solid black
with dashed (dotted) lines indicated ±10% (±20%) differences. The percentage bias and r2 coefficients are shown above each panel.
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Figure S9. Normalized frequency distribution of ChiWIS measurements in clear-sky at different temperatures and relative humidities. (a)
Reproduces Fig. 6a, showing measurements when the ChiWIS optical cell pressure is ≥ 30 mbar. (b) Shows measurements when the cell
pressure is ≥ 20 mbar. The measurements are binned by 0.5 K in temperature and 0.05 in relative humidity. The number of individual
measurements is shown in the bottom right of each panel. The solid black lines shows RHice = 1 and the dotted line shows the homogeneous
ice nucleation threshold from Koop et al. (2000).
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Figure S10. The left column (a,c) reproduces Fig. 7b,e showing a point-by-point comparison of clear-sky RHice measured by ChiWIS
and FLASH during periods when the ChiWIS optical cell pressure is ≥ 30 mbar (well regulated). The right column (b,d) shows the same
comparison between clear-sky ChiWIS and FLASH measurements, but exclusively for periods when the ChiWIS optical cell pressure is
slightly unregulated (between 20 and 30 mbar). Points in (a,b) are colored by flight number. Frequency of counts (c,d) in each 0.03 by
0.03 bin are shown in color. The numbers in the bottom right corners of each panel indicate the total hours of measurement. For clear-sky
periods, 56% of measurements were made when the cell pressure was within regulation. For in-cloud periods, nearly 100% of measurements
were made when the cell pressure was within regulation (not shown). The one-to-one line is plotted in black. The percentage bias and r2
coefficients are shown above each panel.

11

References
Koop, T., Luo, B., Tsias, A., and Peter, T.: Water activity as the determinant for homogeneous ice nucleation in aqueous solutions, Nature,
406, 611–614, https://doi.org/10.1038/35020537, 2000.

12

