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Overview:Problem	  Statement	  
•  Goal:	  To	  opAmize,	  produce,	  validate,	  and	  uAlize	  ocean	  

surface	  wind	  speed	  fields	  around	  all	  tropical	  cyclones	  (TCs)	  
observed	  by	  QuikSCAT,	  OceanSAT-‐2,	  and	  ASCAT	  in	  order	  to:	  
–  Obtain	  a	  consistent	  10-‐15	  year	  data	  base	  of	  tropical	  cyclone	  
surface	  wind	  fields	  over	  the	  global	  ocean.	  

–  Improve	  intensity	  forecasts	  for	  tropical	  cyclones	  [Brennan	  et	  al,	  
2009].	  

–  Enhance	  understanding	  of	  rapid	  intensificaAon	  process	  in	  
tropical	  cyclones.	  

–  InvesAgate	  tropical	  cyclone	  influence	  on	  ocean	  heat	  transport	  
[Scoccimarro	  et	  al,	  2011][Sriver	  and	  Huber,	  2007]	  

–  Determine	  decadal	  trends	  in	  tropical	  cyclone	  size,	  shape,	  and	  
intensity	  [Chan	  and	  Chan,2012],	  [Chavas	  and	  Emanuel,	  2010]	  
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Overview:	  How	  does	  it	  work?	  
•  The	  neural	  network	  determines	  correcAons	  to	  the	  MLE	  speed	  as	  a	  

funcAon	  of	  
–  SRAD	  rain	  rate	  
–  Backsca/er	  from	  two	  different	  polarizaAons,	  two	  different	  azimuths,	  

and	  two	  different	  spaAal	  resoluAons	  (2	  X	  2	  X	  2	  =	  8	  values)	  
–  Viewing	  geometry	  (cross	  track	  distance)	  
–  MLE	  speed	  

•  The	  resultant	  mulA-‐dimensional	  mapping	  is	  hard	  to	  visualize.	  
•  The	  next	  7	  slides	  exemplify	  how	  this	  works	  by	  

–  Showing	  Ku-‐band	  sigma-‐0	  is	  sensiAve	  to	  winds	  from	  20-‐40	  m/s	  
–  	  Examining	  a	  specific	  case	  of	  MLE	  speed	  =	  24-‐26	  m/s	  and	  CTD	  =	  

400-‐450	  km	  
•  We	  examine	  how	  the	  ANN	  uAlizes	  three	  parameters	  of	  interest	  ,	  Copol	  raAo,	  

sum	  sigma-‐0,	  and	  SRAD	  rain	  rate	  (backup	  slides	  if	  Ame	  allows).	  

5/8/13	   IOVWST,	  2013,	  MulA-‐Sca/erometer	  Hurricane	  Winds	   4	  



NRCS	  sca/erplots	  for	  20,30,	  and	  40	  m/s	  H*WIND	  
(QuikSCAT/H*WIND	  matched	  within	  2	  hours,	  Clear	  condi,ons)	  

•  In	  rainfree	  condiAons	  (rain	  impact	  quanAty	  <=	  2.5),	  QuikSCAT	  HH	  pol	  46	  degree	  
incidence	  NRCS	  values	  are	  sensiAve	  to	  wind	  speed	  and	  direcAon	  in	  the	  20-‐40	  m/s	  
range.	  

•  QuikSCAT	  VV	  54	  degree	  incidence	  values	  have	  less	  sensiAvity.	  
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HH	  pol,	  46°	  Inc.	   VV	  pol,	  54°	  Inc.	  

(Blue,	  Green,	  Red)	  =	  (20,30,40)	  m/s	  +	  or	  -‐10%	  H*WIND	  	  	  



NRCS	  sca/erplots	  for	  20,30,	  and	  40	  m/s	  H*WIND	  
(QuikSCAT/H*WIND	  matched	  within	  2	  hours,	  Rainy	  condi,ons)	  

•  In	  rainy	  condi,ons	  (rain	  impact	  quanAty	  >	  2.5),	  the	  wind	  sensiAvity	  of	  both	  
polarizaAons	  are	  reduced	  especially	  for	  VV	  pol,	  but	  sAll	  apparent	  at	  least	  for	  
moderate	  rain.	  
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HH	  pol,	  46°	  Inc.	   VV	  pol,	  54°	  Inc.	  
(Blue,	  Green,	  Red)	  =	  (20,30,40)	  m/s	  +or	  -‐10%	  H*WIND	  	  	  



Histogram	  of	  Difference	  Between	  
ANN	  and	  MLE	  Speed	  
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MLE	  speed	  24-‐	  26	  m/s	  
Cross	  Distance	  400-‐450	  km	  



Co-‐pol	  RaAo	  Histograms	  
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Histogram	  of	  Sum	  of	  4	  Sigma0s	  
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Joint	  Histogram	  Low	  MLE	  winds	  
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Joint	  Histogram	  High	  MLE	  winds	  
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Data	  Set	  DescripAon	  
• 	  Improved	  QukSCAT	  tropical	  
cyclone	  (TC)	  wind	  speed	  fields	  

– 12,476	  storm	  scenes	  over	  12	  
years	  
– Validated	  vs.	  hurricane	  
analysis	  fields	  and	  aircras	  
overflight	  measurements.	  

• 	  Problem:	  Sca/erometer	  winds	  
are	  corrupted	  by	  rain	  and	  use	  
empirical	  retrievals	  not	  
opAmized	  for	  high	  winds.	  

• 	  SoluAon:	  Neural	  network	  
retrieval	  method	  trained	  
specifically	  for	  TC	  winds.	  
	  
• 	  Developing	  similar	  datasets	  
for	  the	  ASCAT	  (ESA)	  
sca/erometers.	  
	  
	  

See http://tropicalcyclone.jpl.nasa.gov 
 

Hurricane	  Ivan	  23:37	  UTC	  11	  Sept.	  2004	  

	  improved	  	   nominal	  

• improved max 
QuikSCAT winds. 
• nominal max 
QuikSCAT winds 
• NOAA best track 
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QuikSCAT	  Tropical	  Cyclone	  Data	  Set	  (1999-‐2009)	  
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•  h/p://tropicalcyclone.jpl.nasa.gov	  
•  21600	  total	  storm	  scenes	  from	  October	  1999	  to	  November	  2009	  
•  11435	  scenes	  with	  best	  track	  center	  within	  the	  image,	  including:	  

–  3295	  TS,	  788	  CAT-‐1,	  367	  CAT-‐2,	  330	  CAT-‐3,	  289	  CAT-‐4,	  55	  CAT-‐5	  
•  Data	  on	  the	  site	  includes:	  

–  JPEG	  Images	  of	  tropical	  cyclone	  opAmized	  winds	  and	  two	  versions	  of	  the	  JPL	  global	  wind	  product.	  
–  Netcdf	  files	  containing,	  all	  three	  wind	  sets,	  SRAD	  rain	  rates,	  and	  all	  8	  backsca/er	  sets	  
–  A	  comprehensive	  set	  of	  best	  track	  data	  from	  a	  variety	  of	  sources.	  

IOVWST,	  2013,	  MulA-‐Sca/erometer	  Hurricane	  Winds	  



OceanSAT-‐2	  Tropical	  Cyclone	  Data	  Set	  (2010-‐2011)	  
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•  h/p://tropicalcyclone.jpl.nasa.gov	  
•  2575	  total	  storm	  scenes	  from	  Jan	  2010	  to	  December	  2011	  
•  1041	  scenes	  with	  best	  track	  center	  within	  the	  image,	  including:	  

–  298	  TS,	  90	  CAT-‐1,	  35	  CAT-‐2,	  27	  CAT-‐3,	  20	  CAT-‐4,	  3	  CAT-‐5	  
•  Data	  on	  the	  site	  includes:	  

–  JPEG	  Images	  of	  tropical	  cyclone	  opAmized	  winds	  and	  MLE	  winds.	  
–  Netcdf	  files	  containing,	  all	  both	  wind	  sets,	  detrended	  brightness	  temperatures,	  and	  all	  8	  

backsca/er	  sets	  
–  A	  comprehensive	  set	  of	  best	  track	  data	  from	  a	  variety	  of	  sources.	  
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ValidaAon:	  QuikSCAT	  
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ValidaAon:	  OceanSAT-‐2	  
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Naive	  Intensity	  EsAmaAon	  Example:	  
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Hurricane	  Earl	  2010	  

IOVWST,	  2013,	  MulA-‐Sca/erometer	  Hurricane	  Winds	  

OceanSAT-‐2	  



Naive	  Intensity	  EsAmator:	  QuikSCAT	  MLE	  Stats	  
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•  Technique:	  take	  
maximum	  single	  
vector	  within	  200	  
km	  of	  best	  track	  
center	  

	  
•  Rain	  

contaminaAon	  
leads	  to	  extreme	  
overesAmaAon	  in	  
10-‐30	  m/s	  range	  

•  No	  trend	  above	  
30	  m/s	  

•  Clipping	  at	  50	  	  	  
m/s	  due	  to	  hard	  
limit	  in	  MLE	  
implementaAon	  

Q
SC
AT

	  m
ax
	  

sp
ee
d	  

Best	  Track	  
Max	  Speed	  

Colors	  are	  number	  of	  
N.	  Atl.	  hurricane	  
scenes	  on	  a	  log	  scale	  

	  Only	  show	  scenes	  where	  enAre	  
200-‐km-‐radius	  is	  observed	  by	  sca/erometer	  

	  



Naive	  Intensity	  EsAmator:	  QuikSCAT	  ANN	  Stats	  

5/8/13	   IOVWST,	  2013,	  MulA-‐Sca/erometer	  Hurricane	  Winds	   19	  

•  Rain	  much	  
reduced	  in	  10-‐30	  
m/s	  range	  

•  Linear	  trend	  with	  
max	  best	  track	  
speed	  

•  Dark	  blue	  cases	  
are	  single	  outlier	  
scenes	  occuring	  
due	  to	  noise	  in	  
retrieval	  

	  N	  AtlanAc	  hurricanes	  <	  40	  N	  laAtude	  where	  central	  	  
200-‐km-‐radius	  is	  observed	  by	  sca/erometer	  

	  



Improved	  Intensity	  EsAmator:	  QuikSCAT	  ANN	  
Stats	  
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§  Technique:	  
-  Compute	  average	  of	  

wind	  vectors	  in	  
concentric	  circles	  
about	  center.	  

-  Take	  maximal	  
average	  	  value.	  

-  MulAply	  by	  1.4	  to	  
account	  for	  reduced	  
resoluAon	  

§  Reduces	  occurrence	  
of	  outliers	  
substanAally	  



Improved	  Intensity	  EsAmator:	  OSAT-‐2	  ANN	  Stats	  
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§  Performance	  similar	  
to	  QuiKSCAT	  but	  
biased	  low	  at	  at	  
highest	  speeds.	  

§  Low	  bias	  is	  likely	  due	  
to	  lack	  of	  highest	  
wind	  speeds	  in	  
OSCAT	  training	  set.	  

§  2010	  (OSCAT	  train	  
set)	  was	  a	  slower	  
AtlanAc	  hurricane	  
season	  than	  2005	  
(QuiKSCAT	  train	  set).	  



Climatology	  1999-‐2009:	  Storm	  Size	  and	  Trends	  
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1.  In	  North	  AtlanAc	  area	  of	  tropical	  storm	  force	  winds	  conAnues	  to	  increase	  3	  
days	  aser	  maximum	  intensity.	  

2.  Major	  storms	  intensify	  rapidly	  and	  decay	  more	  slowly.	  
3.  Regions	  of	  intense	  winds	  are	  smaller	  in	  East	  Pacific	  than	  in	  North	  AtlanAc.	  

W
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d	  
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d	  
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Climatology	  (1999-‐2009):	  Rapid	  IntensificaAon	  
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RW=	  Rapidly	  Weakening,	  a	  <	  -‐	  0.8	  m/s/hr	  
W=	  Weakening,	  	  -‐0.8	  m/s/hr	  <	  a	  <	  -‐0.125	  m/s/hr	  
N=	  No	  change,	  -‐0.125	  m/s/hr	  <	  a	  <	  0.375	  m/s/hr	  
I=	  Intensifying,	  0.375	  	  m/s/hr	  <	  a	  <	  0.8	  m/s/hr	  
RI=	  Rapidly	  Intensifying,	  >	  0.8	  m/s/hr	  

1.  For	  Category	  2	  storms	  the	  region	  of	  
intense	  winds	  is	  smaller	  in	  RI	  storms	  

2.  True	  for	  other	  categories	  as	  well	  
(data	  not	  shown).	  
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Climatology	  (1999-‐2009):	  Rapid	  IntensificaAon	  
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In	  addiAon	  to	  speed	  climatology,	  the	  co-‐
located	  rain	  informaAon	  from	  the	  QuikSCAT	  
noise	  channel	  [Ahmad	  et	  al,	  2005]	  can	  also	  be	  
analyzed	  to	  find	  signatures	  in	  RI	  storms.	  

Rapidly	  intensifying	  tropical	  storms	  have	  
a	  disAnct	  high	  SRAD	  rain	  rate	  signature	  
near	  the	  center	  of	  the	  storm.	  
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Summary	  
•  QuikSCAT	  tropical	  cyclones	  speed	  fields	  have	  been	  	  

–  OpAmized	  for	  accuracy	  
–  Produced	  for	  all	  ten	  years	  of	  the	  QuikSCAT	  mission	  including	  over	  5,000	  observaAons	  of	  

tropical	  storms	  and	  above.	  
–  	  Validated	  vs.	  H*WINDS,	  Dropsondes,	  SFMR,	  and	  best	  track	  wind	  speeds.	  
–  Made	  available	  online	  to	  the	  community	  at	  large	  in	  a	  browsable	  data	  base.	  

•  Ancilary	  data	  such	  as	  backsca/er	  imagery	  and	  co-‐located	  rain	  informaAon	  are	  also	  included.	  

•  QuikSCAT	  data	  is	  being	  invesAgated	  to	  determine	  
-  How	  storm	  size	  and	  shape	  evolves	  as	  a	  funcAon	  of	  Ame.	  
-  CorrelaAon	  of	  storm	  features	  with	  rapid	  intensificaAon	  and	  de-‐intensificaAon	  events	  
-  Importance	  of	  storm	  asymmetry	  in	  modeling	  ocean	  heat	  transport	  (collaboraAon	  with	  Isaac	  

Ginis,	  University	  of	  Rhode	  Island)	  
-  Synergy	  with	  C-‐band	  SAR	  hurricane	  data	  

•  OceanSAT-‐2	  algorithm	  has	  been	  trained	  using	  2010	  OceanSAT/H*WIND	  co-‐
locaAons	  

–  Preliminary	  validaAons	  results	  are	  similar	  to	  QuikSCAT	  
–  Two	  years	  of	  global	  OceanSAT-‐2	  tropical	  cyclones	  are	  currently	  available	  online.	  

•  A	  paper	  describing	  the	  producAon	  and	  validaAon	  of	  the	  QuikSCAT	  data	  set	  has	  
been	  submi/ed.	  
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– This	  work	  described	  in	  this	  presentaAon	  is	  funded	  
by	  NASA’s	  Ocean	  Vector	  Winds	  program.	  

– The	  website	  portal	  used	  to	  distribute	  the	  data	  set	  
is	  part	  of	  a	  program	  funded	  by	  NASA’s	  Hurricane	  
Science	  Research	  program.	  
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