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Outline	
  

•  Why	
  is	
  ice	
  crystal	
  surface	
  roughness	
  
important?	
  

•  How	
  can	
  we	
  determine	
  the	
  existence	
  of	
  
surface	
  roughness?	
  (case	
  study)	
  

•  What	
  situa(ons	
  lead	
  to	
  surface	
  roughness?	
  
•  Bonus	
  material	
  (if	
  I	
  have	
  (me):	
  	
  From	
  aircra7	
  
microphysical	
  data,	
  how	
  can	
  we	
  separate	
  
“cloud	
  ice”	
  from	
  “snow”	
  for	
  modeling	
  
purposes?	
  



Why	
  is	
  ice	
  crystal	
  surface	
  roughness	
  
important?	
  





Surface	
  Roughness	
  –	
  Direct	
  measurements	
  of	
  
Sca=ering	
  Func(on	
  

Measured phase functions ice analogues 
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How	
  can	
  we	
  tell	
  that	
  ice	
  crystal	
  
surfaces	
  are	
  rough?	
  



25°	
  Fourier	
  Transform	
  Op(cs	
  

Maps	
  ray	
  angles	
  to	
  points	
  in	
  the	
  image	
  plane	
  
Angular	
  range:	
  ~8°	
  -­‐	
  25°	
  (includes	
  the	
  22°	
  Halo)	
  

	
  Records	
  spa(al	
  pa=ern	
  of	
  light	
  sca=ered	
  in	
  forward	
  
direc(on	
  by	
  individual	
  par(cles	
  passing	
  through	
  a	
  laser	
  
beam	
  

Small	
  Ice	
  Detector	
  (SID3)	
  	
  
Principle	
  of	
  opera(on	
  	
  

Cloud	
  par*cles	
   Sca/ering	
  
pa/ern	
  
detector	
  

Op*cal	
  assembly	
  

Par*cles	
  pass	
  
through	
  beam	
  in	
  
single	
  file	
  and	
  
sca/er	
  light	
  

Laser	
  beam	
  



SID3	
  sca=ering	
  pa=erns	
  from	
  aircra7	
  measurements	
  
are	
  frequently	
  speckled	
  which	
  indicates	
  rough	
  surfaces	
  



SID3	
  measures	
  forward	
  sca=ering	
  from	
  8-­‐25	
  degrees,	
  and	
  can	
  be	
  
used	
  to	
  look	
  at	
  the	
  phase	
  func(on	
  in	
  that	
  angle	
  range.	
  
In	
  this	
  case,	
  several	
  thousand	
  images	
  from	
  the	
  21-­‐April-­‐2011	
  MACPEX	
  flight	
  are	
  averaged.	
  	
  The	
  
plot	
  on	
  the	
  le7	
  shows	
  the	
  values	
  along	
  the	
  yellow	
  line	
  through	
  the	
  averaged	
  image	
  on	
  the	
  right.	
  	
  
This	
  represents	
  the	
  averaged	
  phase	
  func(on	
  for	
  that	
  angular	
  range.	
  



Phase	
  func(on	
  below	
  is	
  from	
  Yang	
  et	
  al	
  (2008).	
  	
  Shows	
  ray	
  
tracing	
  calcula(ons	
  for	
  crystals	
  with	
  smooth	
  and	
  varying	
  degrees	
  
of	
  roughness	
  on	
  the	
  surfaces.	
  	
  The	
  SID3	
  measurements	
  capture	
  
the	
  forward	
  part	
  of	
  the	
  phase	
  func(on	
  (highlighted	
  area).	
  	
  Note	
  
the	
  different	
  slopes	
  in	
  the	
  5-­‐20	
  degree	
  region.	
  	
  	
  

Short	
  Column	
  shape:	
  L/2a	
  =	
  100um	
  /	
  100um	
  



Case	
  study	
  from	
  MACPEX	
  

•  Halos	
  were	
  observed	
  at	
  the	
  DOE	
  ARM	
  SGP	
  site.	
  
•  Halos	
  imply	
  smooth	
  surface	
  crystals.	
  	
  	
  
•  Lets	
  look	
  at	
  SID3	
  data	
  from	
  the	
  (me	
  period	
  when	
  the	
  
NASA	
  WB-­‐57	
  was	
  at	
  the	
  SGP	
  site	
  compared	
  to	
  other	
  
“non-­‐halo”	
  loca(ons.	
  



22°	
  halo	
  over	
  the	
  SGP	
  ARM	
  site	
  
SGP	
  full	
  sky	
  image	
  
20/04/2011	
  17:46	
  UT	
  	
  

SGP	
  



SID3	
  Halos	
  observed	
  during	
  April	
  20	
  flight	
  near	
  SGP	
  site.	
  	
  
Pilot	
  and	
  local	
  ground	
  personnel	
  commented	
  on	
  halos.	
  



2000	
  SID3	
  sca=ering	
  pa=erns	
  from	
  MACPEX	
  April	
  20	
  
averaged	
  around	
  the	
  (me	
  the	
  Halos	
  were	
  observed.	
  



SID3	
  measurement	
  for	
  April	
  21	
  when	
  
no	
  halos	
  were	
  noted	
  





Laboratory	
  studies	
  (AIDA)	
  can	
  help	
  us	
  
understand	
  what	
  causes	
  roughness.	
  



Experiments	
  in	
  AIDA	
  to	
  
determine	
  what	
  condi*ons	
  
lead	
  to	
  surface	
  roughness	
  
and	
  hollowness:	
  	
  	
  
1.  Soot	
  par(cles	
  are	
  used	
  

as	
  nuclei	
  to	
  generate	
  
ice	
  clouds.	
  	
  	
  

2.  A7er	
  an	
  ini(al	
  growth	
  
phase,	
  the	
  par(cles	
  are	
  
allowed	
  to	
  sublimate.	
  

3.  A7er	
  sublima(on,	
  the	
  
par(cles	
  are	
  generally	
  
50%	
  smooth	
  surfaced	
  
solid	
  columns.	
  

4.  Par(cles	
  are	
  then	
  re-­‐
grown	
  at	
  different	
  
supersatura(on	
  levels.	
  



SID3	
  sca=ering	
  pa=erns	
  from	
  AIDA	
  cloud	
  chamber	
  
experiments	
  with	
  growth	
  at	
  low	
  supersatura(ons.	
  



From	
  AIDA:	
  with	
  growth	
  at	
  high	
  supersatura(ons.	
  



Es(mates	
  of	
  roughness	
  and	
  hollowness	
  based	
  on	
  super-­‐
satura(on	
  during	
  regrowth	
  

	
  

Supersatura*on	
  
during	
  re-­‐growth	
  
period	
  

Roughness	
   Column	
  and	
  bullet	
  
rose/e	
  Hollowness	
  
	
  

5%	
   20%	
   <5%	
  

35%	
   85%	
   100%	
  

Growth	
  of	
  ice	
  crystals	
  under	
  high	
  super-­‐satura(on	
  
condi(ons	
  leads	
  to	
  surface	
  roughness.	
  	
  Low	
  super-­‐
satura(ons	
  values	
  result	
  in	
  smooth	
  surfaced	
  crystals.	
  



Bonus	
  material:	
  	
  The	
  separa(on	
  of	
  
“cloud	
  ice”	
  and	
  “snow”	
  



Observa*onal	
  jus*fica*on	
  and	
  quan*fica*on	
  
of	
  the	
  separa*on	
  of	
  cloud	
  ice	
  and	
  snow	
  







Complexity	
  

𝐶= ​𝐴/​√⁠𝑎𝑟 𝑃↑2  	
  







Ques(ons?	
  


