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Background - Scientific questions

Goal: investigate the role of entrainment effects and turbulence play in the “size 
gap problem ”, and further improve model performance.

 Effect of turbulence on entrainment and 

mixing

 Effect of turbulence on diffusional growth 

 Effect of turbulence  on Collisional growth

 Effect of grant aerosol particles 



Observational campaigns - Instrumentations
High-resolution dataset

• FCDP (20HZ): number concentration (N), cloud 
droplet particle size distribution (DSDs), liquid 
water content (LWC) 

• AIMMS-20 (20HZ): temperature (T), relative 
humidity (R), vertical velocity (W)…

Cloud and aerosol probes deployed under the wings of G1 aircraft



Selected cloud paths

The Cloud, Aerosol, and Complex Terrain 
Interactions (CACTI) field campaign
Location: the Sierras de Córdoba range in north-central 
Argentina
Time: 1 OCTOBER 2018 - 30 APRIL 2019

Observational campaigns – CACTI
A  to t a l  o f  7  f l i g h t  pa th s  f r om  11 /06 /2018  and  
12 /01 /2018  w i t h  90  samp led  c l oud s  chosen  fo r  
ana l y s i s .  The  se l e c t ed  c l oud  pa th s  f r om  
11 /06 /2018  i s  i nd i c a t ed  by  o range  shad ing .   

F l i gh t  pa th  on  11/06/2018

Satellite: GOES 16; Radar: CSAPR2

F l igh t  pa th  on  11/06/2018



Results – Adiabatic Fraction (AF) 𝐴𝐴𝐴𝐴 =
𝐿𝐿𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿𝐿𝐿𝑎𝑎

2D h i s togram between the  mean drop le t  rad ius  ( �𝑅𝑅 ) ,  d rop le t  rad ius  d i spers ion  (𝜎𝜎𝑅𝑅) ,  
and  c loud  d rop le t  s i ze  d i s t r ibu t ions  (DSDs)  re la t i ve  d i spers ion  𝜖𝜖 = 𝜎𝜎𝑅𝑅

�𝑅𝑅
a long  AF.  
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Results – Turbulence
2D h i s togram between the  mean drop le t  rad ius  ( �𝑅𝑅 ) ,  d rop le t  rad ius  d i spers ion  (𝜎𝜎𝑅𝑅) ,  
and  c loud  d rop le t  s i ze  d i s t r ibu t ions  (DSDs)  re la t i ve  d i spers ion  𝜖𝜖 = 𝜎𝜎𝑅𝑅

�𝑅𝑅
wi th  𝜎𝜎𝑤𝑤2 .  



Results – Vertical variability

∆𝑧𝑧 = 100 𝑚𝑚; 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 0.069
∆𝑧𝑧 = 1100 𝑚𝑚; 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = −0.019
∆𝑧𝑧 = 2700 𝑚𝑚; 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = −0.112

∆𝑧𝑧 = 100 𝑚𝑚; 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 0.114
∆𝑧𝑧 = 1100 𝑚𝑚; 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = −0.072
∆𝑧𝑧 = 2700 𝑚𝑚; 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = −0.203

∆𝑧𝑧: height above cloud base

Scatterplot of the AF (left) and 𝜎𝜎𝑤𝑤2 (right) versus the 𝜖𝜖 at three different 
height above cloud base. 



Summery 

 20 HZ H igh  reso lu t ion  c loud  mic rophys i ca l  da ta  used  to  inves t iga te  in f luence  
o f  tu rbu lence  and  en t ra inment  on  par t i c le  g rowth  p rocess  in  warm c loud .

Weaker  evapora t ion ,  and  s t ronger  condensa t ion  in  l ess  d i lu ted  reg ions .  
Pa r t i c le  g row and DSDs  broadened when en t ra inment-mix ing  i s  weakened ,  
l ead ing  to  the  decrease  o f  𝜖𝜖 .

Two mechan isms assoc ia ted  w i th  𝜎𝜎𝑤𝑤2 are  work ing  aga ins t  each  o ther  on  the  
b roadness  o f  DSDs .  The  re la t ionsh ips  be tween 𝜎𝜎𝑤𝑤2 ,  �𝑅𝑅 ,  𝜎𝜎𝑅𝑅 ,  and  𝜖𝜖 may not  be  
p rominent  because  da ta  f rom a l l  c loud  samp les  ana lyzed  together.  To  ga in  
more  ins igh t ,  ve r t i ca l  va r iab i l i ty  o f  the  da ta  w i l l  be  inves t iga ted .

 𝜖𝜖 has  a  pos i t i ve  re la t ionsh ip  w i th  AF  and  𝜎𝜎𝑤𝑤2 near  c loud  base  bu t  these  
cor re la t ion  a re  negat i ve  a round c loud  top.  
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