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ICE	
  DROPS	
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(d) Aggregates
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Fridlind	
  et	
  al.	
  [JAS	
  2012]	
  

SHEBA	
  Arc5c	
  
stratus	
  

m	
  =	
  aDb	
  

A	
  =	
  cDd	
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SPARTICUS	
  
Flight 401B M1 Analysis of 2DS PSD
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SPARTICUS	
  
All Particles
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Maximum Dimension > 100 um
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  Jun	
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  and	
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SPARTICUS	
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•  Bullet	
  roseRes	
  
–  branch	
  length	
  linear	
  with	
  D	
  
–  branch	
  width	
  wider	
  (thinner)	
  

with	
  fewer	
  (more)	
  arms	
  
–  assume	
  that	
  early	
  branch	
  width	
  

increases	
  rapidly	
  from	
  same	
  
number	
  of	
  branches	
  

–  A	
  <	
  0.25*SA	
  (as	
  expected)	
  
–  calculate	
  mass	
  
–  solid	
  line	
  mass,	
  area	
  for	
  6	
  arms	
  
–  compare	
  with	
  bulk	
  spheres	
  

(dashed),	
  Mitchell	
  et	
  al.	
  [1996]	
  
(doRed),	
  Heymsfield	
  et	
  al.	
  [2002]	
  
(dash-­‐doRed)	
  

–  randomly	
  oriented	
  D	
  

arms	
  <	
  6	
  

arms	
  >	
  6	
  

Preliminary	
  data	
  courtesy	
  	
  
Greg	
  McFarquhar,	
  Jun	
  Um,	
  and	
  Sun	
  Kim	
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SPARTICUS	
  

•  Bullet	
  roseRes	
  
–  results	
  for	
  D	
  <	
  200	
  µm	
  

–  solid	
  line	
  =	
  our	
  6-­‐arm	
  model	
  
–  compare	
  with	
  bulk	
  spheres	
  

(dashed),	
  Mitchell	
  et	
  al.	
  [1996]	
  
(doRed),	
  Heymsfield	
  et	
  al.	
  
[2002]	
  (dash-­‐doRed),	
  CoRon	
  et	
  
al.	
  (dash-­‐triple-­‐doRed)	
  

–  randomly	
  oriented	
  D	
  

Preliminary	
  data	
  courtesy	
  	
  
Greg	
  McFarquhar,	
  Jun	
  Um,	
  and	
  Sun	
  Kim	
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SPARTICUS	
  
(a)                    
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•  Bullet	
  roseRes	
  
–  force	
  branch	
  width	
  to	
  zero	
  at	
  a	
  

fixed	
  “core”	
  size	
  
–  assume	
  that	
  early	
  branch	
  width	
  

increases	
  linearly	
  from	
  same	
  
number	
  of	
  branches	
  

–  A	
  <	
  0.25*SA	
  (as	
  expected)	
  
–  calculate	
  mass	
  
–  solid	
  line	
  mass,	
  area	
  for	
  6	
  arms	
  
–  compare	
  with	
  bulk	
  spheres	
  

(dashed),	
  Mitchell	
  et	
  al.	
  [1996]	
  
(doRed),	
  Heymsfield	
  et	
  al.	
  
[2002]	
  (dash-­‐doRed)	
  

–  randomly	
  oriented	
  D	
  

arms	
  <	
  6	
  

arms	
  >	
  6	
  

Preliminary	
  data	
  courtesy	
  	
  
Greg	
  McFarquhar,	
  Jun	
  Um,	
  and	
  Sun	
  Kim	
  



IcePro	
  Breakout	
  •	
  DOE	
  ASR	
  PI	
  Mee5ng	
  •	
  10	
  March	
  2014	
  

SPARTICUS	
  

•  Bullet	
  roseRes	
  
–  results	
  for	
  D	
  <	
  200	
  µm	
  

–  solid	
  line	
  =	
  our	
  6-­‐arm	
  model	
  
–  compare	
  with	
  bulk	
  spheres	
  

(dashed),	
  Mitchell	
  et	
  al.	
  [1996]	
  
(doRed),	
  Heymsfield	
  et	
  al.	
  
[2002]	
  (dash-­‐doRed),	
  CoRon	
  et	
  
al.	
  (dash-­‐triple-­‐doRed)	
  

–  randomly	
  oriented	
  D	
  

Preliminary	
  data	
  courtesy	
  	
  
Greg	
  McFarquhar,	
  Jun	
  Um,	
  and	
  Sun	
  Kim	
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SPARTICUS	
  

Preliminary	
  parcel	
  model	
  results	
  	
  
Rachel	
  Atlas,	
  Ann	
  Fridlind,	
  Andy	
  Ackerman	
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SPARTICUS	
  

Preliminary	
  parcel	
  model	
  results	
  	
  
Rachel	
  Atlas,	
  Ann	
  Fridlind,	
  Andy	
  Ackerman	
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Radia5ve	
  transfer	
  consistent	
  with	
  microphysics	
  

•  Op5cal	
  proper5es	
  cannot	
  be	
  directly	
  
calculated	
  for	
  irregular	
  ice	
  

•  Use	
  2	
  sets	
  of	
  hexagonal	
  columns	
  which	
  
reproduce	
  CRM’s	
  assump5ons	
  on	
  	
  
1.  projected	
  area	
  and	
  volume	
  (mass)	
  for	
  

scaRering	
  and	
  absorp5on	
  (σ,	
  ωo)	
  
2.  projected	
  area	
  and	
  aspect	
  ra5o	
  for	
  	
  

scaRering	
  phase	
  matrix	
  (e.g.,	
  g)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(see	
  Fu,	
  J.	
  Clim,	
  1996;	
  Fu,	
  JAS	
  2007)	
  

•  Crystal	
  surfaces	
  roughened	
  to	
  obtain	
  
featureless	
  phase	
  func5ons	
  	
  
(Macke	
  et	
  al.,	
  JAS	
  1996;	
  Baran	
  &	
  LaboneRe,	
  	
  
JQSRT,	
  2006)	
  

•  Habit	
  mixtures	
  do	
  not	
  allow	
  volume	
  and	
  
projected	
  area	
  to	
  be	
  chosen	
  independently	
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POLDER/MODIS	
  ice	
  aspect	
  ra5o,	
  roughness	
  

•  Constrain	
  roughness	
  
using	
  0.86-­‐µm	
  
polarized	
  reflectance	
  
with	
  scaRering	
  angle	
  
[van	
  Diedenhoven	
  et	
  al.	
  	
  
JAS	
  2012]	
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van	
  Diedenhoven	
  et	
  al.	
  (2014)	
  parameteriza5on	
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Summary	
  

•  ice	
  habit	
  is	
  important	
  in	
  Arc5c	
  mixed-­‐phase	
  clouds	
  
•  non-­‐spherical	
  ice	
  microphysical	
  (and	
  op5cal)	
  proper5es	
  are	
  not	
  

quan5ta5vely	
  constrained	
  by	
  exis5ng	
  habit	
  ID	
  methods	
  
•  non-­‐habit-­‐specific	
  bin	
  model	
  approach	
  in	
  DHARMA	
  (following	
  Böhm)	
  

provides	
  internally	
  consistent	
  fall	
  speeds,	
  collision	
  kernels,	
  and	
  op5cal	
  
proper5es	
  (growth	
  rates	
  currently	
  spheroids,	
  to	
  be	
  integrated)	
  
–  mass	
  
–  maximum	
  dimension	
  and	
  projected	
  area	
  (no	
  analy5c	
  rela5ons	
  required)	
  
–  aspect	
  ra5o	
  
–  roughness	
  

•  SPARTICUS	
  case	
  studies	
  
–  large	
  bullet	
  roseRes	
  and	
  their	
  aggregates	
  and	
  likely	
  precursors	
  
–  irregular	
  par5cles	
  (the	
  90%?)	
  
–  model	
  should	
  reflect	
  what	
  is	
  really	
  out	
  there	
  (e.g.	
  informing	
  growth	
  rate	
  

integra5on)	
  but	
  how	
  best	
  is	
  not	
  yet	
  clear	
  


