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This Supplement contains an additional table complementing the ML-CIRRUS dataset introduced in Sect. 2 and extra figures 

supporting the interpretation of our results presented in Sect. 3 of the paper. Details about the table and each figure can be 

found in the corresponding sections of the paper as mentioned in the supplement figure captions. 
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Table S1. Twelve scientific flights from the ML-CIRRUS 2014 campaign that contain a complete dataset of ice cloud parameters are selected 

for the study of the microphysical properties and occurrences of contrail and natural cirrus. The table is adapted from Table 3 in Voigt et al. 

(2017). The cloud particle sampling frequency is 1 Hz during flights. See Sect. 2.1 in the paper for details.  

Flight Nr. Date Mission of single flights Flight area Flight 

hours 

1, 2 March 22 a, b Test flights Germany 6 hrs 

3 March 26 contrails and contrail cirrus North Atlantic flight corridor 8. 5 hrs 

4 March 27 Fronts and warm conveyor belts 

(WCBs) induced cirrus 

Alps, Italy, and Germany 4.75 hrs 

5 March 29 Cirrus induced by dynamics, e.g., 

fronts, convection, etc. 

France and Spain 7.5 hrs 

6 April 1 Cirrus, contrail cirrus Germany 6.58 hrs 

7 April 3 Cirrus from WCBs outflow Germany 5.25 hrs 

8 April 7 Contrail cirrus Germany 5.58 hrs 

9 April 10 contrails and contrail cirrus Germany 3.25 hrs 

10, 11 April 11 a, b Cirrus from fronts and WCBs Great Britain 10 hrs 

12 April 13 Cirrus in high pressure system 

and jet stream 

France, Spain, 

Portugal 

3 hrs 

   Total flight hours: 60.4 hrs 

   Valid data volume in hours: 48.5 hrs 

   Valid cirrus sampling hours: 14.7 hrs 
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S1 In situ-origin contrail cirrus and liquid-origin natural cirrus  45 

In situ-origin cirrus means that the cirrus ice crystals have formed and grown in an ice cloud only environment, while liquid-

origin cirrus refers to the cirrus whose ice crystals originally form as liquid drops in a warmer atmosphere (Tamb > 235 K), 

which subsequently freeze while being lifted into the cirrus temperature region of the atmosphere. In situ-origin cirrus are 

often associated with small ice particles with low ice water content. In contrast, liquid-origin cirrus tends to yield large ice 

crystals with higher ice water content IWC. See Luebke et al. (2016) and Krämer et al. (2016; 2020) for more details.  50 

From Fig. S1 a and b, we can see that the high occurrences of IWC are in the lower IWC range (< 10 parts per million by cirrus 

(3.99 hrs out of 4.01 hours in Fig. 5a) are formed in situ. Over two-thirds of the natural cirrus (Fig. 4b) are liquid-liquid origin 

cirrus, as shown in Fig. S1 c and d. 

 

 55 

 

 

 

 

 60 

 

 

 

 

 65 

 

 

 

 

 70 

 

Figure S1. Ice crystal number concentration Nice in relation to mass mean radius Rice for the in situ-origin (left) and liquid-origin cirrus 

(right) sampled during the ML-CIRRUS 2014 campaign. Coloured curves in the figures are ice water content IWC isolines in parts per 

million by volume (ppmv). The same amount of IWC could consist of many small ice particles pointing to the upper-left end of the isoline 

or few large ice crystals in the lower-right end. The size of each dataset in flight hours at 1 Hz sapling frequency is added to the lower right 75 
corner of each figure. The grey and black contours enclose 50% and 90% of the most frequent ice particles. (a): Nice–Rice relation for all in 

situ-origin cirrus (medians Rice = 0.03 cm-3, Nice = 20 µm). (b): Nice–Rice relation for all liquid-origin cirrus (medians Rice = 0.05 cm-3, Nice = 

42 µm). (c): Nice–Rice relation for all contrail cirrus of in situ-origin (medians: Rice = 0.04 cm-3, Nice = 17 µm). The contrail cirrus is identified 

with the Schmidt-Appleman criterion (SAC) and the frequent aircraft cruising altitude range (CA, ambient pressure 200–245 hPa). (d): Nice–

Rice relation for all natural cirrus of liquid-origin (medians: Rice = 0.02 cm-3, Nice = 45 µm). The natural cirrus does not fulfil SAC and CA. 80 
See Sect. 3.1 in the paper for details. 
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(d) (c) 
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S2 Slight ice-subsaturation in contrail cirrus 

Contrail cirrus is identified by combining the Schmidt-Appleman criterion (SAC, calculated using water vapour emission 

index, aircraft fuel properties and engine efficiency, see text and Schumann (1996) and the most frequent aircraft cruising 

altitude range (CA, ambient pressure range 200–245 hPa, ambient temperature range 208–217 K). Contrail cirrus fulfilling 85 

SAC and located inside the CA range are shown in Fig. S2b, while natural cirrus missing SAC and CA are shown in Fig. S2c. 

The color coding shows the relative humidity with respect to ice RHice in cirrus clouds, revealing that contrail cirrus are mostly 

subsaturated with respect to ice, with the RHice around 90% in the area of mass mean radius Rice < 20 µm and ice crystal 

number concentration Nice > 0.05 cm-3. High RHice are more frequently found in the thin in situ-origin cirrus of which both Nice 

and IWC are small or in the liquid-origin cirrus of more larger ice crystals and high IWC. 90 

 

Figure S2. Scatter plots of ice crystal number concentration Nice dependent of mass mean radius Rice in all cirrus clouds (a), the contrail 

cirrus (b), the natural cirrus (c) and the cirrus mixture (d) sampled during the ML-CIRRUS campaign. Coloured curves in the figures are ice 

water content IWC isolines in parts per million by volume (ppmv). The same amount of IWC could come from many small ice particles 

pointing to the upper-left end of the isoline or few large ice crystals in the lower-right end. The size of each dataset in flight hours at 1 Hz 95 
sapling frequency is added to the lower left corner of each figure. See Sect. 3.2.1 in the paper for details. 

(c) 
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S3 The robustness of the in situ RHice in relation to the ambient temperature uncertainty 

Determination of in situ RHice values is based on the water vapour measurement of the SHARC hygrometer and the ambient 

temperature Tamb and pressure measured by the Basis Halo Measurement and Sensor System (BAHAMAS). The nominal 

accuracies of the BAHAMAS Tamb and pressure measurement are 0.3 hPa and 0.5 K. There could be a small bias in the in situ 100 

RHice dataset due to a bias in the BAHAMAS Tamb measurement as indicated by and Schumann (2021; See page 108). To 

evaluate the changes of in situ RHice values which could be caused by the temperature uncertainty and to check the robustness 

of our results, we introduced a negative Tamb bias of 0.5 K and recalculated the saturation pressure over ice at (Tamb–0.5) K 

based on Murphy and Koop (2005) and the in situ RHice. 

 105 

Figure S3. (a): Normalised RHice occurrence frequency in 5% RHice bins. The orange curve shows the in situ RHice distribution with the 

currently used ambient temperature Tamb values provided by the HALO database (https://halo-db.pa.op.dlr.de/). The grey curve exhibits the 

in situ RHice distribution with a subtraction of 0.5 K from the currently used Tamb values. The frequency distribution of the Lidar RHice 

measured by the remote sensing instrument WALES on board is shown as the green curve. (b): Normalised RHice occurrence frequency in 

5% RHice bins with Tamb subtracted by 0.5 K for the contrail cirrus (in red) fulfilling the Schmidt-Appleman criterion (SAC) and inside the 110 
cruising altitude range (CA) and for the contrail cirrus validated with the plume detection method (fulfilling SAC and the CA range not 

applied) (in magenta). See Sect. 3.3 in the paper for details. 

Figure S3a shows the normalised in-cloud RHice occurrence frequency distribution in all cirrus clouds from the currently used 

Tamb dataset and from the adjusted temperature dataset by subtracting 0.5 K. In addition, the in-cloud RHice distribution obtained 

by the lidar WALES is plotted in the figure. We can see, on one hand, that introducing a negative temperature bias of 0.5 K 115 

makes the peak of the RHice distribution shift from 90% RHice under the current Tamb dataset to 95% RHice, which is at the peak 

of the lidar RHice. However, when a constant bias is assumed, the whole distribution of RHice at (Tamb–0.5) K is shifted 

rightwards in comparison to the lidar RHice distribution. The in situ RHice distribution derived from the current Tamb dataset 

agrees better with the RHice distribution from the lidar measurements, considering the RHice ranges at the full width half maxima 

and the RHice ranges with the most frequent RHice occurrence (>80%).  Figure S3b displays the normalised frequency 120 

distributions of the contrail cirrus (fulfilling SAC and inside CA) and the contrail cirrus that are validated using the plume 

(b) (a) 

https://halo-db.pa.op.dlr.de/
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detection algorithm (fulfilling SAC and CA not applied), at (Tamb–0.5) K. The highest occurrence frequency in both contrail 

cirrus identified using SAC-CA combination and by applying the plume detection method is still in slight ice subsaturation 

(95%). Concluding, we consider the current Tamb dataset, as has been applied in many previous publications, see e.g., the 

ACP/AMT inter-journal  Special Issue: ML-CIRRUS – the airborne experiment on natural cirrus and contrail cirrus in mid-125 

latitudes with the high-altitude long-range research aircraft HALO (https://acp.copernicus.org/articles/special_issue820.html), 

and specifically Kaufmann et al. (2018); Krämer et al. (2020); Luebke et al. (2016); Schumann et al. (2017); Voigt et al. (2017), 

as applicable within the specified uncertainties. 
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