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Outline	
  

① Higher	
  order	
  effects	
  
•  Complex	
  par7cle	
  shape	
  and	
  scaWering	
  	
  

(A.	
  Heymsfield,	
  G.	
  Liu,	
  M.	
  Kulie,	
  G.	
  Skofronick	
  Jackson,	
  L.	
  Bliven,	
  B.	
  Johnson,	
  etc…	
  

made	
  the	
  point	
  quite	
  clearly	
  already)	
  

•  NUBF	
  (some	
  in	
  Poster	
  215,	
  Tanelli	
  et	
  al.	
  SPIE	
  2012)	
  

•  Mul7ple	
  ScaWering	
  

•  Surface	
  CluWer	
  &	
  scaWering	
  

② Tools	
  



MulPple	
  ScaNering	
  (MS):	
  	
  
postulaPons	
  and	
  conjectures?	
  

Image	
  from:	
  Heymsfield	
  at	
  al.	
  2013	
  

We	
  now	
  have	
  sufficient	
  
experimental	
  evidence	
  and	
  
modeling	
  capabili7es	
  to	
  prove	
  
that	
  Mul7ple	
  ScaWering	
  WILL	
  
impact	
  DPR	
  measurements.	
  
	
  Please	
  hold	
  the	
  fire	
  un7l	
  the	
  next	
  slide.	
  

How	
  ofen	
  will	
  it	
  happen?	
  	
  	
  	
  	
  
Ka:	
  frequently	
  in	
  deep	
  mature	
  and	
  aging	
  
convec7on,	
  rarely	
  elsewhere;	
  
Ku:	
  rarely	
  (only	
  in	
  large-­‐hail-­‐bearing	
  
convec7on)	
  	
  

What	
  impact	
  can	
  it	
  have	
  on	
  
retrievals?	
  
From	
  minor	
  biases	
  to	
  catastrophic	
  

Can	
  we	
  detect	
  it?	
  
Most	
  definitely	
  yes	
  when	
  it	
  is	
  strong,	
  less	
  
and	
  less	
  so	
  as	
  it	
  weakens	
  

Can	
  we	
  mi7gate	
  it?	
  Possibly.	
  

Can	
  we	
  actually	
  use	
  to	
  our	
  
advantage?	
  Some7mes.	
  

This	
  por7on	
  of	
  the	
  profile	
  is	
  not	
  
aWenuated	
  echo	
  from	
  rain	
  and	
  
wet	
  hail	
  below	
  10	
  km.	
  
It	
  is	
  a	
  MS	
  echo	
  from	
  very	
  large	
  
dry	
  hail	
  above	
  10	
  km.	
  



MulPple	
  ScaNering:	
  
1)	
  What	
  is	
  it?	
  2)	
  How	
  can	
  we	
  tell?	
  

Image	
  from:	
  Heymsfield	
  at	
  al.	
  2013	
  

1)	
  When	
  the	
  pulse	
  emiWed	
  by	
  the	
  radar	
  
encounters	
  a	
  region	
  with	
  significant	
  
aWenua7on	
  (e.g.,	
  >	
  1	
  dB/Km)	
  AND	
  large	
  
albedo	
  (e.g.,	
  >	
  0.5)	
  most	
  of	
  its	
  energy	
  is	
  
scaWered	
  in	
  all	
  direc7ons	
  and	
  further	
  
interacts	
  with	
  surrounding	
  par7cles.	
  The	
  
path	
  length	
  resul7ng	
  from	
  the	
  mul7ple	
  
events	
  can	
  be	
  erroneously	
  interpreted	
  
under	
  the	
  single	
  scaWering	
  assump7on	
  
as	
  the	
  echo	
  of	
  a	
  target	
  further	
  away	
  from	
  
the	
  radar.	
  Note	
  to	
  self:	
  remember	
  to	
  
click	
  now.	
  

2)	
  Where	
  is	
  the	
  surface	
  return?	
  How	
  can	
  
there	
  be	
  an	
  aWenuated	
  echo	
  from	
  rain	
  at	
  
0	
  m	
  above	
  the	
  surface…but	
  no	
  surface?	
  
At	
  Ku	
  and	
  Ka	
  band	
  the	
  surface	
  echo	
  
persists	
  longer	
  than	
  the	
  near	
  surface	
  rain	
  
because	
  it	
  is	
  stronger	
  to	
  start	
  with.	
  Note	
  
to	
  self:	
  remember	
  to	
  click	
  now.	
  

The	
  surface	
  echo	
  should	
  be	
  
there	
  if	
  this	
  were	
  single-­‐
scaWering	
  aWenuated	
  return	
  
from	
  near	
  surface	
  hydrometeors	
  



MulPple	
  ScaNering:	
  
Large	
  hail	
  is	
  not	
  necessary	
  to	
  generate	
  MS	
  at	
  Ka,	
  graupel	
  can	
  do	
  

Za	
  Ka	
  band	
  

Za	
  Ku	
   Za	
  Ka	
  

Failed	
  Retrieval	
  of	
  Za	
  Ku	
  

Za	
  Ku	
  band	
  

Dry	
  Graupel	
  FracPon	
  
Rain	
  FracPon	
  

Wet	
  Graupel	
  FracPon	
  

Range	
  Bin	
  #	
  

Failed	
  Retrieval	
  of	
  Za	
  Ka	
  

Surface	
  Peak	
  
Ku	
  band	
  

Where	
  the	
  Ka-­‐band	
  
Surface	
  Peak,	
  and	
  the	
  
single	
  scaNering	
  
precipitaPon	
  echo	
  could	
  
possibly	
  be	
  (just	
  a	
  guess)	
  

Poster	
  215
	
  for	
  details

	
  



MulPple	
  ScaNering:	
  
HB-­‐style	
  retrievals	
  in	
  the	
  ice	
  phase	
  can	
  tell	
  us	
  when	
  to	
  expect	
  it	
  

Dry	
  Aggregates/Crystals	
  

Dry	
  Rimed	
  Aggregates/Crystals	
  

Dry	
  Graupel	
  

Ka	
  spec.	
  aNen.	
  [dB/km]	
  

Albedo	
  

Za	
  Ku	
  band	
  

LDR	
  Ku	
  band	
  

Za	
  Ka	
  band	
  

DWR	
  

Vdop	
  Ku	
  band	
  

M	
  [g/m3]	
  

P	
  [mm/hr]	
  

Dm	
  [mm]	
  

CLASS	
  



Before	



After	



Z with CLDCLASS R03 mask: 3-4 range bins above the 
surface are masked	



Post-SCR Z & mask: 1-3 range bins above the surface 
are masked	
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Surface	
  CluNer:	
  
Limited	
  rejecPon	
  of	
  ground	
  cluNer	
  



Surface	
  CluNer	
  
Over	
  orography	
  

The	
  following	
  DEMs	
  have	
  been	
  
merged	
  and	
  corrected	
  for	
  
CloudSat:	
  
SRTMv3	
  (Green)	
  (1/1200	
  deg)	
  
Griggs	
  and	
  Bamber	
  (Blue)	
  (1km)	
  
DiMarzio	
  (Yellow)	
  (1	
  km)	
  
ASTER	
  (Purple?)	
  (1/1200	
  deg)	
  
GTOPO30	
  (Grey)	
  (1/120	
  deg)	
  
	
  
CloudSat	
  antenna	
  characteris7cs	
  
have	
  been	
  used	
  to	
  simulate	
  the	
  
observed	
  echo	
  profile	
  and	
  
predict	
  the	
  local	
  cluWer	
  
response.	
  
	
  
QC	
  in	
  progress.	
  ETA	
  April	
  2013.	
  
	
  
Expected	
  impact:	
  2-­‐3	
  range	
  bin	
  
gain	
  (~750	
  m)	
  to	
  enable	
  studies	
  
of	
  PBL	
  clouds	
  and	
  light	
  
precipita7on	
  over	
  land.	
  

In	
  order	
  to	
  minimize	
  the	
  #	
  of	
  range	
  bins	
  close	
  to	
  the	
  surface,	
  and	
  to	
  have	
  a	
  chance	
  at	
  simula7ng	
  
appropriate	
  surface	
  scaWering	
  and	
  emission,	
  a	
  good	
  quality	
  DEM	
  &	
  3-­‐D	
  simula7on	
  is	
  necessary.	
  

Current	
  conserva7ve	
  minimum	
  
valid	
  al7tude	
  for	
  cloud	
  studies	
  

Effec7ve	
  CluWer	
  Extent	
  
predicted	
  by	
  new	
  DEM	
  

Layer	
  accessible	
  for	
  cloud	
  
studies	
  with	
  new	
  DEM	
  

CiveWa	
  

Tofane	
   Pelmo	
  



Non-­‐Uniform	
  Beam	
  Filling	
  Impact	
  
The	
  ‘column	
  model’	
  

•  Non-­‐Uniform	
  Beam	
  Filling	
  =	
  
inhomogeneity	
  in	
  the	
  field	
  of	
  
reflec7vity	
  across	
  the	
  radar	
  
beam	
  

•  Column	
  Model	
  =	
  the	
  paWern	
  of	
  
NUBF	
  is	
  completely	
  correlated	
  
along	
  range	
  

•  This	
  model	
  was	
  adopted	
  since	
  
the	
  first	
  studies	
  (e.g.,	
  Nakamura	
  
et	
  al.	
  1991)	
  and	
  is	
  well	
  suited	
  to	
  
explain	
  the	
  nature	
  of	
  the	
  
problem.	
  

•  The	
  higher	
  the	
  specific	
  
aWenua7on	
  the	
  stringer	
  the	
  
impact	
  of	
  NUBFè	
  higher	
  
frequencies	
  are	
  more	
  affected.	
  



Experimental	
  Evidence	
  
Probability	
  of	
  occurrence	
  from	
  the	
  GRIP	
  APR-­‐2	
  dataset	
  



TheorePcal	
  Framework	
  
Coefficient	
  of	
  variaPon	
  vs.	
  mulP-­‐frequency	
  PIA	
  

•  In	
  the	
  TRMM	
  opera7onal	
  algorithm	
  
two	
  shapes	
  have	
  been	
  considered	
  
(Iguchi	
  et	
  al.	
  ‘00,	
  ‘09):	
  

•  Gamma	
  
•  Log	
  Normal	
  

•  The	
  corresponding	
  correc7on	
  terms	
  
have	
  been	
  shown	
  to	
  be	
  comparable.	
  

•  They	
  enable	
  elegant	
  analy7cal	
  
solu7ons.	
  

•  How	
  well	
  do	
  these	
  classical	
  
monomodal	
  distribu7ons	
  capture	
  the	
  
actual	
  distribu7on	
  of	
  PIA	
  within	
  a	
  5	
  
km	
  FOV?	
  

•  A	
  ‘Delta-­‐clear	
  +	
  Gaussian-­‐Rain’	
  
simple	
  model	
  is	
  also	
  explored	
  in	
  this	
  
paper.	
  



Experimental	
  Evidence	
  
Example	
  of	
  Non	
  Uniform	
  FOV	
  (Embedded	
  ConvecPon)	
  

Ku-­‐band	
  reflec7vity	
  curtain	
  

Ka-­‐band	
  reflec7vity	
  curtain	
  

Ku-­‐band	
  reflec7vity	
  swath	
  at	
  1km	
  

Ku-­‐band	
  PIA	
  

Ka-­‐band	
  PIA	
  
σn	
  >	
  0.15	
  
Good	
  fit	
  with	
  Gamma	
  

Ka-­‐band	
  reflec7vity	
  swath	
  at	
  1km	
  



Experimental	
  Evidence	
  
PDF	
  of	
  nomalized	
  PIA	
  within	
  one	
  5km	
  (GPM)	
  FOV	
  (2)	
  

There	
  is	
  almost	
  never	
  a	
  trimodal	
  distribu7on,	
  but	
  the	
  no-­‐rain/rain	
  bimodal	
  represents	
  a	
  large	
  frac7on	
  of	
  NUBF	
  

Modeled	
  	
  
Gamma	
  

Observed	
  	
  
Histogram	
   PIA	
  pair	
  vs	
  σn	
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CorrecPon	
  and	
  Retrievals	
  
Simulated	
  Column-­‐NUBF	
  profiles	
  &	
  Full	
  Bayesian	
  Retrievals:	
  	
  
with	
  and	
  without	
  NUBF	
  correcPon	
  

W
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U
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W
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U
BF
	
  c
or
re
c7
on

	
  



(1)	
  Edit	
  	
  
the	
  Job	
  Descriptor	
  file	
  	
  

(2)	
  Submit	
  	
  
when	
  ready	
  

Each	
  user	
  has	
  his/her	
  own	
  job	
  list.	
  

(3)	
  Check	
  	
  
status	
  

	
  NEOS3	
  User	
  Interface	
  
Main	
  user	
  control	
  panel	
  (aka:	
  login	
  page)	
  



Advanced	
  AcPve	
  Instrument	
  Simulators	
  
from	
  the	
  ‘standard’	
  radar/lidar	
  equaPon…	
  

ISSARS’s QUICK1D – Vertical Curtains of Hurricane Rita at 4 frequencies	



Ku	



Ka	



W	



Eye	



Single scattering fileds are generated 
by the SEAM stage 

The fastest and simplest Time-Dependent 
RTM can produce simulated profiles of 
attenuated backscattering which are 
sufficient for cartain types of research,  

but for other. 

Green	



Clear	
  Air	
  
Cloud	
  Ice	
  
Snow	
  
Rain	
  



	
  …	
  to	
  the	
  Doppler	
  MulPple	
  ScaNering	
  Radar/HSRL	
  
simulator	
  

Ku	

Ka	

 W	



Developed to capture the spectral signatures of all orders of trajectories. It reproduces the Doppler signatures 
necessary to test the effectiveness of the HSRL conceptand of Doppler radar measurements 

Green	



Coarse Filter Resolution 

Medium Filter Resolution 

Doppler processing res. 

Clear	
  Air	
  

Cloud	
  Ice	
  

Snow	
  

Rain	
  

Surface	
  



	
  Processing	
  Stage	
  2:	
  SEAM	
  
ScaWering,	
  Emission	
  and	
  Absorp7on	
  Modules	
  



	
  The	
  key:	
  the	
  decoupling	
  of	
  the	
  stages	
  determines	
  
the	
  geometry	
  

Ver7cal	
  extent	
  of	
  
the	
  ALMO	
  domain	
  

Instrument	
  look	
  
direc7on	
  at	
  7me	
  Tk	
  

Set	
  of	
  7les	
  sufficient	
  to	
  
simulate	
  the	
  instrument	
  
measurement	
  at	
  7me	
  Tk	
  

nadir	
  

Polariza7on	
  plane	
  (p1)	
  



Simulated	
  Radar	
  and	
  Radiometer	
  


