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Introduc*on	  
Mo*va*on:	  
	  
Ver*cal	  velocity	  (VV)	  measurements	  are	  cri*cal	  for	  model	  evalua*on	  
and	  improvement	  (e.	  g.,	  PDF-‐based	  cloud	  parameteriza*ons)	  
	  
Overview:	  
	  
•  VV	  measurements	  collected	  during	  DOE	  Small	  Par*cles	  in	  Cirrus	  

(SPARTICUS,	  Jan-‐Jun	  2010)	  campaign	  
•  Comparison	  between	  in-‐situ	  aircraP	  measurements	  and	  Doppler	  radar	  

retrievals	  (collabora*on	  with	  Heike	  Kalesse	  and	  Pavlos	  Kollias)	  
•  Applica*on	  1:	  GASS	  Cirrus	  Model	  Intercomparison	  Project	  
•  Applica*on	  2:	  Regime-‐based	  analysis	  of	  VV	  measurements	  and	  

rela*onships	  to	  cirrus	  microphysics	  



SPARTICUS	  ver*cal	  velocity	  measurements	  

•  Instrument	  developed	  by	  Aventech	  Research	  Inc.	  
•  Primarily	  developed	  for	  measuring	  horizontal	  wind	  speeds.	  

Applica*on	  as	  airborne	  measurement	  system	  for	  agriculture	  
and	  forestry	  (e.	  g.,	  determina*on	  of	  spray	  transport,	  
dispersion	  and	  deposi*on)	  

•  Absolute	  accuracy:	  0.5	  m/s	  (U,V),	  0.75	  m/s	  (W)	  



SPARTICUS	  data	  and	  correc*ons	  
VV	  measurements	  can’t	  be	  used	  “out-‐of-‐the-‐box”	  but	  need	  correc*ons:	  
	  
“Accurate	  wind	  measurement	  on	  an	  airborne	  pla^orm	  poses	  a	  set	  of	  
challenging	  problems	  given	  the	  fact	  that	  the	  aircraP	  is	  moving	  many	  *mes	  
faster	  than	  the	  wind	  being	  measured.	  As	  a	  result,	  the	  wind	  signal	  of	  interest	  is	  
only	  a	  small	  por*on	  of	  the	  measured	  air	  mo*on	  data	  that	  is	  dominated	  by	  the	  
dynamic	  mo*on	  of	  the	  aircraP	  itself.”	  (AIMMS-‐20	  flyer)	  
	  
•  Level	  1	  (L1):	  Bias	  correc*on	  
•  Level	  2	  (L2):	  Bias	  correc*on	  +	  detrending	  (Gultepe	  and	  Starr,	  1995,	  JAS)	  
•  Level	  3	  (L3):	  Bias	  correc*on	  +	  detrending	  +	  aircraP	  harmonics	  removed	  



Example	  of	  aircraP	  “eigenmo*on”	  

AircraP	  vibra*ons	  lead	  to	  60	  mHz	  signal	  in	  height	  and	  VV	  (2-‐5	  km	  
wavelength).	  Ar*fact?	  



Effect	  of	  L1-‐3	  correc*ons	  



Doppler	  radar	  comparison:	  RF	  90,	  Jun	  11	  
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h=9.3 km, m=0.27 (267)
h=10.3 km, m=0.26 (88)
h=10.6 km, m=0.28 (298)
Doppler radar, m=0.24 (96197)
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Doppler	  radar	  comparison:	  RF	  55,	  Mar	  30	  
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h=9.7 km, m=0.39 (763)
h=11.6 km, m=0.38 (505)
Doppler radar, m=0.16 (7603)
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Doppler	  radar	  comparison:	  RF	  77	  Apr22	  
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h=12.1 km, m=0.51 (714)
h=12.1 km, m=0.64 (207)
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h=12.1 km, m=0.60 (208)
h=12.1 km, m=0.73 (246)
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AircraP	  vs.	  Doppler	  radar	  

•  AircraP	  VV	  PDFs	  are	  (2x)	  broader	  than	  VV	  PDFs	  from	  Doppler	  radar	  
•  Good	  comparison	  of	  VV	  PDFs	  if	  aircraP	  measurements	  are	  corrected	  for	  

“eigenfrequencies”	  (L3	  correc*on).	  
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Aircraft (L1), m=0.51 (1.9E+04)
Aircraft (L2), m=0.44 (1.9E+04)
Aircraft (L3), m=0.22 (1.9E+04)
Doppler radar, m=0.24 (2.7E+06)



Applica*on	  1:	  GASS	  Cirrus	  Model	  
Intercomparison	  Project	  

Based	  on	  SPARTICUS	  April	  1	  case	  (hjp://www.gewex.org/gass_panel.html)	  



Ver*cal	  velocity	  comparison	  	  
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Applica*on	  2:	  Atm.	  state	  analysis	  
•  Atmospheric	  state	  analysis	  at	  ARM	  SGP	  site	  (Clustering	  meteorology	  

according	  to	  MMCR	  cloud	  profiles)	  
•  Composi*on	  of	  SPARTICUS	  aircraP	  observa*ons	  by	  atmospheric	  state	  
•  2	  examples:	  Ridge-‐crest	  cirrus	  category	  vs.	  frontal	  cirrus	  category	  
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State 4: Ridge−crest cirrus
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Composites	  of	  SPARTICUS	  obs.	  
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•  Striking	  contrasts	  in	  cirrus	  microphysics	  among	  different	  categories	  but	  
virtually	  no	  differences	  in	  ver*cal	  veloci*es	  



Composites	  of	  SPARTICUS	  obs.	  

•  Ridge-‐crest	  cirrus:	  Contribu*ons	  to	  kine*c	  energy	  is	  dominated	  by	  wave	  
ac*vity	  rather	  than	  turbulence/embedded	  convec*on	  

•  Frontal	  cirrus:	  Equal	  par**oning	  of	  kine*c	  energy	  between	  turbulence	  
and	  gravity	  waves	  
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Conclusions	  
Summary:	  
	  
•  Role	   of	   aircraP	   vibra*ons	   on	   airborne	   VV	   measurements	   s*ll	   unclear	   and	   needs	   further	  

inves*ga*on	  
•  AircraP	  VV	  measurements	  agree	  with	  retrievals	  from	  Doppler	  radar	  within	  roughly	  a	  factor	  2	  
•  Comparison	   between	   VV	   from	   Doppler	   radar/aircraP	   show	   good	   agreement	   with	   high	  

resolu*on	  CSRM	  simula*ons	  
•  Cirrus	  microphysical	  proper*es	  are	  rather	  insensi*ve	  to	  ver*cal	  velocity	  varia*ons	  	  
•  Contribu*ons	  from	  wave	  ac*vity	  vs.	  turbulence	  dependent	  on	  large-‐scale	  dynamics.	  Kine*c	  

energy	  spectrum	  is	  dominated	  by	  gravity	  modes	  (ridge-‐type	  cirrus	  category)	  and	  turbulence/
embedded	  convec*on	  (frontal	  cirrus	  category)	  

	  
Value:	  	  
	  
Ver*cal	  velocity	  (VV)	  measurements	  are	  cri*cal	  for	  model	  evalua*on	  and	  improvement	  as	   	  	  	  
well	  as	  for	  improving	  the	  fundamental	  understanding	  of	  dynamics-‐microphysics	  interac*ons	  	  
	  
Limita*ons:	  
	  
•  Poor	  absolute	  accuracy	  of	  instruments	  limits	  applica*on	  to	  “perturba*on	  ver*cal	  velocity”	  
•  Higher	  *me	  resolu*on	  (e.	  g.,	  0.1	  Hz)	  for	  aircraP	  pla^orms	  is	  desirable	  	  

(1	  Hz	  sampling	  with	  200	  m/s	  TAS	  equals	  400	  m	  spa*al	  “resolu*on”)	  
•  Detec*on	  of	  mesoscale	  waves	  requires	  long	  flight	  legs	  (>	  15	  min.)	  
•  Dedicated	  instrument	  intercomparison	  projects	  would	  be	  desirable	  



Thanks!	  
	  

Ques*ons???	  	  


