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Table S1. A description of instruments, their accuracy, precision, measurement range and related variables. 
 10 

Agency Instrument 
Accuracy and 

Precision 
Measurement Range Related Variables 

NSF 

Rosemount Temperature 

Probe a,b 
±0.3 K and 0.01 K −80°C to +40°C Temperature, RHi 

Fast 2-Dimensional Cloud 

Probe (Fast-2DC) c 
25 µm (pixel size) 62.5 – 3200 µm IWC, Ni, Di 

Vertical Cavity Surface-

Emitting Laser (VCSEL) 

Hygrometer d 

~6% and ≤1% 
−85°C to +32°C frost/dewpoint 

temperature 
RHi 

Ultra-High Sensitivity 

Aerosol Spectrometer 

(UHSAS) e 

5% and 2.5% 0.060 – 1.0 µm Na100, Na500 

NASA 

Meteorological 

Measurement System 

(MMS) f,g 

±0.3 K and 

± 0.05 K  
−90°C to +40°C Temperature, RHi 

2D-Stereo (2-DS) Probe h,i 10 µm (pixel size) 5 – 3005 µm IWC, Ni, Di 

Diode Laser Hygrometer 

(DLH) j,k 

5% (or 0.5 ppmv) and 

0.5% (or 0.05 ppmv) 
1 – 50000 ppmv RHi 

Harvard Lyman-α 

Photofragment Fluorescence 

Water Vapor (HWV) 

Hygrometer* l,m 

5% and 1% 1 – 1000 ppmv RHi 

Ultra-High Sensitivity 

Aerosol Spectrometer 

(UHSAS) n,o 

5% and 2.5%  0.060 – 1.0 µm Na100, Na500 

 

* HWV was used for NASA MACPEX campaign only. 

Sources for instrument accuracy, precision and measurement range in Table S1 are listed below. 

a: Temperature sensor, UCAR, https://www.eol.ucar.edu/instruments/high-rate-ambient-temperature-sensor 
b: Temperature sensor, UCAR, https://www.eol.ucar.edu/instruments/heated-ambient-temperature-sensor 15 
c: Fast 2DC probe, UCAR, https://www.eol.ucar.edu/instruments/two-dimensional-optical-array-cloud-probe 
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d: Zondlo et al. Vertical cavity laser hygrometer for the National Science Foundation Gulfstream‐V aircraft, JGR 
Atmosphere, 115, D20309, doi:10.1029/2010JD014445, 2010. 
e: UHSAS instrument, NCAR, https://www.eol.ucar.edu/instruments/ultra-high-sensitivity-aerosol-spectrometer 
f: MMS system, NASA, 20 
https://airbornescience.nasa.gov/mms/content/METEOROLOGICAL_MEASUREMENT_SYSTEM 
g: Scott et al. The Meteorological Measurement System on the NASA ER-2 Aircraft, Journal of Atmospheric and Oceanic 
Technology, 525-540, https://doi.org/10.1175/1520-0426(1990)007<0525:TMMSOT>2.0.CO;2, 1990. 
h: 2DS probe, NASA, https://airbornescience.nasa.gov/instrument/2DS 
i: Lawson et al. The 2DS (Stereo) Probe: Design and preliminary tests of a new airborne, high speed, high-resolution particle 25 
imaging probe, J. Atmos. Oceanic Technol., 23, 1462-1477, 2006. 
j: DLH hygrometer, NASA, https://airbornescience.nasa.gov/instrument/DLH 
k: Podolske et al. Calibration and data retrieval algorithms for the NASA Langley/Ames Diode Laser Hygrometer for the 
NASA Transport and Chemical Evolution Over the Pacific (TRACE-P) mission, J. Geophys. Res., 108, 8792, 
doi:10.1029/2002JD003156, D20, 2003. 30 
l: Harvard Water Vapor Hygrometer, NASA, https://airbornescience.nasa.gov/instrument/HWV-LYA 
m: Harvard Water Vapor Hygrometer, NASA, 
https://airbornescience.nasa.gov/sites/default/files/documents/H2Ov_SEAC4RS.pdf 
n: UHSAS instrument, NASA, https://airbornescience.nasa.gov/instrument/UHSAS 
o: Cai et al. Performance characteristics of the ultra high sensitivity aerosol spectrometer for particles between 55 and 800 35 
nm: Laboratory and field studies, J. Aerosol Sci., 39, 759-769, 2008.  
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Table S2. A list of UTC timestamps that were removed from the merged observational dataset based on data quality control 

and the problematic measurements associated with each time segment. 

 

 40 

Campaign Research 
Flight Start UTC (s) End UTC (s) Comments 

CONTRAST 16 3786 3943 Problem with RHi measurements 
CONTRAST 16 3947 4295 Problem with RHi measurements 
CONTRAST 16 4309 9815 Problem with RHi measurements 
CONTRAST 16 10794 11250 Problem with RHi measurements 
HIPPO-2 1 75892 75904 Problem with RHi measurements 
HIPPO-2 1 75913 75914 Problem with RHi measurements 
HIPPO-2 7 77327 77336 Problem with cloud probe image  
HIPPO-2 7 77338 77343 Problem with cloud probe image  
HIPPO-2 7 77319 77319 Problem with cloud probe image  
HIPPO-2 7 77358 77370 Problem with cloud probe image  
HIPPO-2 10 82600 82600 Problem with cloud probe image  
HIPPO-2 10 82603 82603 Problem with cloud probe image  
HIPPO-2 10 82604 82604 Problem with cloud probe image  
HIPPO-4 6 94493 94493 Problem with cloud probe image  
HIPPO-4 6 94509 94509 Problem with cloud probe image  
HIPPO-4 6 94519 94519 Problem with cloud probe image  
HIPPO-4 6 94717 94717 Problem with cloud probe image  
ORCAS 18 88386 88386 Problem with cloud probe image  
PREDICT 11 60744 60744 Problem with cloud probe image  
PREDICT 23 54390 54391 Problem with cloud probe image  
PREDICT 23 54393 54393 Problem with cloud probe image  
PREDICT 24 54476 54476 Problem with cloud probe image  
PREDICT 24 44094 44094 Problem with cloud probe image  
PREDICT 24 44098 44098 Problem with cloud probe image  
START08 6 78477 78551 Problem with RHi measurements 
START08 6 85333 85412 Problem with RHi measurements 
TORERO 14 77946 77946 Problem with cloud probe image  
TORERO 14 77951 77951 Problem with cloud probe image  
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Table S3. Linear regression intercept and slope, a and b, with their associated errors for Figures 10 and 11, i.e., the comparisons 

between observations from NSF campaigns and CAM6 simulations. The ordinary R-squared value and the p-value are also 

shown. 

 
  45 
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Table S4. Linear regression intercept and slope, a and b, with their associated errors for Figures 12 and 13, i.e., the comparisons 

between observations from NASA campaigns and CAM6 simulations. The ordinary R-squared value and the p-value are also 

shown. 
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Table S5. Linear regression intercept and slope, a and b, with their associated errors for Figure 15 using the 50 

evolution phases 2, 3, and 4. The ordinary R-squared value and the p-value are also shown. 

 
 

  



8 
 

 55 

 
Figure S1. An example illustrating the similarities and differences between this study and Diao et al. (2013). A segment of 

evolution phase 3 is defined for the intersection of ISSR and ICR. This phase definition is the same between the two studies. 

The only difference is that Diao et al. (2013) analyzed the average condition of this segment, while this study analyzes each 

second within this segment, all labelled as phase 3, except for Figure 4 which uses the segment-average RHi. 60 



9 
 

 
Figure S2. Similar to Figure 7, the geometric means of log10(IWC), log10(Ni), and Di plotted against temperature for the in-

cloud evolution phases using the 1-Hz observational data, the 430-s averaged data and the model data for the two NASA 

campaigns in columns 1, 2, and 3, respectively. The number of samples is shown in the last row. 
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 65 
Figure S3. Linear regressions of IWC versus dlog10(Na100) plotted by individual campaigns for (a, c) 1-Hz observations and 

(b, d) model simulations. (e-h) Number of samples for a-d, respectively. Panels a, b, e and f show the evolution phases of 2, 3, 

or 4, while panels c, d, g and h show evolution phase 5.  
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Figure S4. Similar to Figure S3, except for linear regressions of IWC versus dlog10(Na500).  70 
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Figure S5. Averages of log10(Na100) and log10(Na500) in each 2-degree temperature bin for evolution phases 2 to 5 using 1-s 

observations, 430-s observations, and the simulations in column 1, 2 and 3, respectively. The number of samples is shown in 

the last two rows for log10(Na100) and log10(Na500). The comparisons are against the NSF dataset. 75 
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Figure S6. Similar to Figure S5, but for comparisons against two NASA campaigns (i.e., DC3 and SEAC4RS). 
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Figure S7. Number of in-cloud samples for Figure 14, showing (a-c) evolution phase 2+3+4 and (d-f) phase 5.  
 80 
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Figure S8. Number of samples for Figure 15, showing 1-s observations, 430-s observations, and model simulations in column 

1, 2 and 3, respectively. 85 
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Figure S9. Same as Figure 16 except for comparing model simulations with two NASA campaigns. 
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Figure S10. Same as Figure 17 except for comparing model simulations with two NASA campaigns. 


