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Figure S1. Cumulative distribution functions (CDFs) of ice cloud optical depth from the Raman 
lidar (RL; red) and Ka-band Zenith Atmospheric Radiation Measurement Program (ARM) radar 
(KAZR; blue) observations at the Southern Great Plains (SGP) site from January 2011 to 
December 2014. The observations are shown for profiles that are (a) transparent with ice clouds 
only, (b) transparent with ice clouds only and detected by both RL and KAZR, and (c) 
transparent with ice clouds only and detected by RL only. In (c), no ice clouds are detected by 
KAZR, and thus only the RL result is shown here. 
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Figure S2. (a-c) Cumulative distribution functions (CDFs) of ice cloud base height (left), cloud 
top height (middle), and cloud geometric depth (right) (units: km) for transparent profiles with 
ice clouds only and detected by both Raman lidar (RL; red) and Ka-band Zenith Atmospheric 
Radiation Measurement Program (ARM) radar (KAZR; blue) at the Southern Great Plains (SGP) 
site from January 2011 to December 2014. (d-f) CDFs for transparent profiles with ice clouds 
only that are detected by RL only; thus, only the RL results are shown here. 
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Figure S3. (a-c) Cumulative distribution functions (CDFs) of shortwave (SW) (left), longwave 
(LW) (middle), and net (right) daily-mean cloud radiative effects (CREs, units: W m-2) at the top 
of atmosphere (TOA) for transparent profiles with ice clouds only that are detected by the 
Raman lidar (RL; red) and Ka-band Zenith Atmospheric Radiation Measurement Program 
(ARM) radar (KAZR; blue) at the Southern Great Plains (SGP) site from January 2011 to 
December 2014. (d-f) CDFs for transparent profiles with ice clouds only and detected by both 
RL and KAZR. (g-i) CDFs for transparent profiles with ice clouds only that are detected by RL 
only; thus, only the RL results are shown here. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)

(d)

(g)

(b) (c)

(e) (f)

(h) (i)

T
ra

ns
pa

re
n

t w
ith

ic
e 

cl
ou

d
s 

on
ly

D
et

e
ct

ed
 b

y 
bo

th
R

L
 a

nd
 K

A
Z

R
D

e
te

ct
ed

 b
y

R
L 

on
ly



 5

 
Figure S4. Same as Figure S3, but for the daily-mean cloud radiative effects (CREs) at the 
surface (SFC).  
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Figure S5. Mean profiles of (a) shortwave (SW), (b) longwave (LW), and (c) net daily-mean 
cloud heating rates (K day-1) based on the Raman lidar (RL; red) and Ka-band Zenith 
Atmospheric Radiation Measurement Program (ARM) radar (KAZR; blue) observations for 
transparent profiles with ice clouds only, and their differences (KAZR - RL; black) at the 
Southern Great Plains (SGP) site from January 2011 to December 2014. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


