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The	
  challenges	
  

•  Understanding	
  and	
  forecas2ng	
  hurricane	
  rapid	
  intensity	
  
changes	
  (and	
  storm	
  structure)	
  remains	
  a	
  significant	
  
challenge	
  for	
  the	
  opera2onal	
  and	
  research	
  communi2es.	
  	
  
As	
  stated	
  in	
  a	
  recent	
  NRA	
  (the	
  NASA’s	
  Hurricane	
  Science	
  
Research	
  Program)	
  this	
  is	
  due	
  to:	
  
–  Poor	
  understanding	
  of	
  the	
  process	
  involved	
  in	
  intensity	
  change	
  
–  Deficiencies	
  in	
  the	
  model	
  physics	
  
–  Limited	
  ability	
  to	
  obtain	
  detailed	
  measurements	
  of	
  the	
  storm	
  
environment	
  and	
  inner	
  core	
  region	
  



The	
  processes	
  –	
  Environment	
  vs	
  Inner-­‐core	
  
•  Many	
  environmental	
  factors	
  can	
  play	
  a	
  limi2ng	
  role	
  in	
  

determining	
  storm	
  evolu7on	
  and	
  intensity	
  (Kaplan	
  and	
  DeMaria,	
  2003).	
  	
  
–  increased	
  ver7cal	
  shear	
  of	
  the	
  horizontal	
  wind	
  (Frank	
  and	
  Ritchie,	
  1999,	
  

2001;	
  Rogers	
  et	
  al.,	
  2003;	
  Braun	
  et	
  al.,	
  2006;	
  Braun	
  and	
  Wu,	
  2007)	
  

–  the	
  presence	
  of	
  	
  midlevel	
  dry	
  layers	
  (Braun	
  et	
  al.,2011),	
  	
  
–  oceanic	
  regions	
  with	
  low	
  SST	
  and	
  Ocean	
  Heat	
  Content	
  (OHC).	
  

•  However,	
  recent	
  studies	
  have	
  
iden2fied	
  the	
  inner-­‐core	
  
convec2ve	
  processes	
  as	
  
contribu2ng	
  more	
  directly	
  to	
  
the	
  dynamics	
  of	
  hurricane	
  
intensity	
  changes	
  
(Gopalakrishnan	
  et	
  al,	
  2011,	
  Jiang	
  
et	
  al.,	
  2011,	
  Zhang	
  and	
  Chen,	
  2012).	
  



Focus	
  on	
  the	
  inner–core;	
  The	
  ques2ons:	
  
•  In	
  a	
  series	
  of	
  studies	
  we	
  will	
  

analyze	
  observa7ons	
  and	
  
model	
  to	
  address	
  the	
  following	
  
ques7ons:	
  	
  
–  How	
  does	
  the	
  warm	
  core	
  
structure	
  evolve	
  and	
  what	
  
is	
  its	
  origin?	
  	
  

–  What	
  is	
  the	
  role	
  of	
  vor2cal	
  
hot	
  towers	
  versus	
  that	
  of	
  
the	
  ordinary,	
  weaker	
  
updra\s,	
  that	
  represent	
  
the	
  bulk	
  of	
  the	
  ver2cal	
  
velocity	
  distribu2on?	
  	
  

–  What	
  is	
  the	
  role	
  of	
  
convec2ve	
  organiza2on	
  in	
  
rela2on	
  to	
  the	
  warm	
  core?	
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The	
  GRIP/PREDICT/IFEX	
  campaign	
  
•  A	
  major	
  goal	
  of	
  NASA’s	
  Hurricane	
  Science	
  Research	
  is	
  improving	
  the	
  knowledge	
  

about	
  the	
  cri7cal	
  physical	
  processes	
  and	
  evalua7on	
  of	
  their	
  representa7on	
  in	
  
numerical	
  models.	
  

•  NASA’s	
  Genesis	
  and	
  Rapid	
  Intensifica7on	
  Processes	
  (GRIP)	
  field	
  campaign	
  was	
  
designed	
  to	
  provide	
  new	
  observa2onal	
  insights	
  (Braun	
  et	
  al.,	
  2012).	
  	
  

•  It	
  was	
  conducted	
  in	
  the	
  summer	
  of	
  2010	
  in	
  close	
  coordina2on	
  with	
  NOAA’s	
  
Intensity	
  Forecast	
  Experiment	
  (IFEX)	
  and	
  NSF’s	
  PREDICT	
  experiment	
  which	
  
had	
  similar	
  goals.	
  A	
  total	
  of	
  7	
  aircrabs	
  with	
  new	
  and	
  mature	
  observing	
  
technologies	
  were	
  flown	
  in	
  highly	
  coordinated	
  missions.	
  

•  Our	
  JPL	
  team,	
  in	
  collabora2on	
  with	
  CIMSS,	
  NRL,	
  NCAR	
  and	
  MSFC,	
  developed	
  a	
  
database	
  and	
  web	
  portal	
  (hfp://grip.jpl.nasa.gov)	
  to	
  present	
  a	
  
comprehensive	
  set	
  of	
  satellite	
  and	
  airborne	
  observa2ons	
  and	
  products	
  in	
  a	
  
manner	
  that	
  allows	
  for	
  easy	
  comparison	
  of	
  a	
  number	
  of	
  different	
  storm	
  
parameters	
  (Hristova-­‐Veleva	
  et	
  al.,	
  2010,	
  2011b).	
  Large-­‐scale	
  model	
  data	
  and	
  
analyses	
  are	
  incorporated	
  in	
  collabora2on	
  with	
  the	
  Naval	
  Postgraduate	
  
School	
  (Michael	
  Montgomery	
  and	
  Mark	
  Boothe	
  at	
  NPS).	
  



The	
  JPL	
  GRIP	
  Portal	
  –	
  grip.jpl.nasa.gov	
  
Hurricane	
  Earl	
  of	
  2010	
  –	
  Bringing	
  together	
  model	
  flow	
  with	
  satellite	
  observa2ons	
  of	
  

precipita2on	
  and	
  providing	
  the	
  context	
  for	
  the	
  airborne	
  observa2ons	
  	
  



Hurricane	
  Earl,	
  27th	
  August	
  2010	
  



Karl	
  –	
  forecast	
  and	
  ques2ons	
  
•  The	
  GRIP	
  campaign	
  provided	
  an	
  unprecedented	
  high-­‐resolu2on	
  view	
  into	
  the	
  

vortex	
  evolu2on	
  throughout	
  a	
  13-­‐hour	
  period	
  of	
  con2nuous	
  Global	
  Hawk	
  
observa2ons	
  during	
  the	
  RI	
  of	
  hurricane	
  Karl.	
  These	
  observa2ons	
  were	
  
complemented	
  by	
  flights	
  of	
  NASA’s	
  DC-­‐8,	
  NOAA’s	
  P-­‐3s	
  and	
  NSF’s	
  G-­‐V.	
  

•  The	
  goal	
  of	
  our	
  longer-­‐term	
  research	
  is	
  to	
  use	
  the	
  detailed	
  airborne	
  
observa2ons	
  to	
  describe	
  the	
  storm	
  evolu2on	
  and	
  to	
  evaluate	
  the	
  opera2onal	
  
hurricane	
  model,	
  asking	
  the	
  ques2on:	
  
“How	
  does	
  a	
  model	
  undergo	
  a	
  rapid	
  intensifica>on	
  process	
  and	
  how	
  
representa>ve	
  is	
  this	
  process	
  versus	
  the	
  reality?”	
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  Wind	
  speed	
  forecasts	
  from	
  various	
  
models.	
  	
  The	
  observed	
  wind	
  is	
  shown	
  as	
  
the	
  black	
  line.	
  	
  MME	
  is	
  the	
  mean	
  of	
  HWRF,	
  
GFDL,	
  and	
  Experimental	
  HWRF	
  
(Gopalakrishnan	
  -­‐	
  personal	
  comm.).	
  	
  	
  

	
  Note	
  that	
  only	
  one	
  model,	
  HWRFx,	
  
was	
  capable	
  of	
  capturing	
  the	
  evolu7on	
  of	
  
hurricane	
  Karl	
  during	
  its	
  RI	
  while	
  all	
  other	
  
models	
  had	
  very	
  significant	
  problems.	
  	
  	
  
Furthermore,	
  it	
  is	
  s7ll	
  unclear	
  how	
  
repeatable	
  that	
  good	
  performance	
  is.	
  	
  



Just	
  a\er	
  genesis	
  -­‐	
  14th	
  September	
  2010,	
  23Z	
  



Just	
  a\er	
  genesis	
  -­‐	
  14th	
  September	
  2010,	
  23Z	
  



14th	
  September	
  2010,	
  18Z	
  





The	
  Wind	
  Structure	
  

September	
  15th	
  
03	
  Z	
  

September	
  15th	
  
15	
  Z	
  

September	
  16th	
  
04	
  Z	
  

September	
  16th	
  
17	
  Z	
  



The	
  convec2on	
  -­‐	
  15th	
  September	
  2010,	
  22Z	
  



The	
  convec2on	
  -­‐	
  15th	
  September	
  2010,	
  22Z	
  



The	
  convec2on	
  -­‐	
  15th	
  September	
  2010,	
  22Z	
  



The	
  convec2on	
  -­‐	
  15th	
  September	
  2010,	
  22Z	
  



The	
  convec2on	
  -­‐	
  15th	
  September	
  2010,	
  22Z	
  



The	
  convec2on	
  -­‐	
  15th	
  September	
  2010,	
  22Z	
  

10	
  km	
  



The	
  convec2on	
  -­‐	
  16th	
  September	
  2010,	
  07Z	
  

Note	
  the	
  ring	
  of	
  convec2on	
  

Rain	
  Indicator	
  –	
  a	
  mul2-­‐channel	
  
passive	
  microwave	
  index	
  

85	
  GHz	
  Brightness	
  temperatures	
  



Now	
  come	
  the	
  airplaines	
  -­‐	
  16th	
  September	
  2010,	
  23Z	
  



Hurricane	
  Karl,	
  September	
  16th	
  
Rain	
  Index	
  (satellite	
  PMW),	
  GFS	
  850mb	
  winds,	
  DC8	
  dropsondes,	
  HAMSR	
  



Hurricane	
  Karl,	
  September	
  16th	
  
Rain	
  Index	
  (satellite	
  PMW),	
  DC8	
  dropsondes,	
  HAMSR	
  (ch.	
  6	
  –	
  55Ghz)	
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Layout	
  of	
  the	
  soundings	
  on	
  the	
  next	
  slide,	
  
using	
  the	
  dropsonde	
  numbers	
  from	
  the	
  previous	
  slide	
  





Sep.	
  16,	
  20Z	
   Sep.	
  16,	
  22Z	
   Sep.	
  16,	
  23Z	
  

Sep.	
  17,	
  00Z	
   Sep.	
  17,	
  01Z	
   Sep.	
  17,	
  03Z	
  
Sep.	
  17,	
  04Z	
  

The	
  Warm	
  Core	
  	
  	
  
Hurricane	
  Karl,	
  September	
  16th-­‐September	
  17th	
  

Warm	
  core	
  evolu2on	
  
as	
  seen	
  by	
  
HAMSR	
  	
  

(brightness	
  temperatures	
  
Channel	
  6)	
  

Sep.	
  17,	
  06Z	
   Sep.	
  17,	
  07Z	
   Sep.	
  17,	
  08Z	
   Sep.	
  17,	
  08Z	
  



a)	
   b)	
  

c)	
   d)	
  

Analysis	
  of	
  the	
  warm	
  core	
  evolu2on	
  using	
  HAMSR	
  
observa2ons	
  (Brown	
  and	
  all,	
  2011,	
  AGU	
  fall	
  mee2ng).	
  	
  

Zhang	
  and	
  Chen,	
  2012	
  
Analysis	
  of	
  	
  

model	
  output	
  

Time	
  



16th	
  September	
  2010,	
  23Z	
  



16th	
  September	
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16th	
  September	
  2010,	
  23Z	
  



The	
  Convec2on	
  -­‐	
  17th	
  September	
  2010,	
  07Z	
  

The	
  ring	
  

TRMM	
  HAMSR	
  
118	
  GHz	
  

TRMM	
  



17th	
  September	
  2010,	
  07Z	
  



17th	
  September	
  2010,	
  21Z	
  



Summary	
  

•  The	
  try-­‐agency	
  GRIP/PREDIC/IFEX	
  field	
  campaign	
  of	
  2010	
  provided	
  
unprecedented	
  set	
  of	
  observa2ons	
  of	
  hurricane	
  Karl,	
  covering	
  its	
  life,	
  
from	
  genesis,	
  through	
  Rapid	
  Intensifica2on	
  and	
  landfall.	
  	
  

•  We	
  will	
  use	
  these	
  data	
  for	
  a	
  comprehensive	
  evalua7on	
  of	
  the	
  HWRF	
  
forecast	
  addressing	
  the	
  following	
  ques7ons:	
  	
  	
  
–  Does	
  HWRF	
  properly	
  represent	
  the	
  environment	
  –	
  temperature,	
  humidity,	
  shear?	
  	
  
–  Are	
  the	
  convec2ve	
  processes	
  represented	
  correctly?	
  
–  Are	
  the	
  correla2ons	
  (evolu2on)	
  of	
  the	
  warm	
  core	
  and	
  the	
  convec2ve	
  processes	
  

properly	
  reflected?	
  	
  
–  Is	
  the	
  forecasted	
  convec2ve	
  organiza2on	
  close	
  to	
  the	
  observed?	
  	
  
–  When	
  the	
  model	
  forecast	
  is	
  good,	
  is	
  it	
  for	
  the	
  right	
  reason	
  ?	
  

•  Longer-­‐	
  term	
  goals	
  
–  What	
  is	
  the	
  role	
  of	
  the	
  ini7al	
  condi7ons?	
  	
  
–  Does	
  assimila7on	
  of	
  observa7ons	
  of	
  the	
  environment	
  and/or	
  the	
  inner	
  core	
  processes	
  

help	
  improve	
  the	
  model	
  depic7on	
  of	
  the	
  rapid	
  intensifica7on?	
  



Fusion of hurricane models and observations:  Developing the 
technology to improve the forecasts  
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Objective   
To	
  develop	
  the	
  technology	
  to	
  
provide	
  the	
  fusion	
  of	
  observa7ons	
  
and	
  opera7onal	
  model	
  
simula7ons	
  to	
  help	
  improve	
  the	
  
understanding	
  and	
  forecas7ng	
  of	
  
the	
  hurricane	
  processes.	
  
Specifically,	
  	
  
•  To	
  develop	
  processing	
  
techniques	
  to	
  enable	
  mul7-­‐
source	
  data	
  fusion	
  across	
  
hurricane	
  forecast	
  models,	
  
satellite	
  data,	
  and	
  in-­‐situ	
  
sensors,	
  

•  To	
  develop	
  tools	
  to	
  manage	
  the	
  
valida7on	
  and	
  assessment	
  of	
  
model	
  comparisons	
  to	
  more	
  
easily	
  evaluate	
  the	
  
performance	
  of	
  different	
  
numerical	
  models,	
  	
  

•  To	
  develop	
  interac7ve	
  
visualiza7on	
  techniques	
  to	
  
enable	
  analysis	
  of	
  highly	
  
complex	
  systems.	
  	
  

Approach: 

TRLin = 3 

Integra7on	
  of	
  the	
  ISSARS	
  instrument	
  simulator	
  with	
  opera7onal	
  hurricane	
  forecast	
  
models	
  and	
  incorpora7on	
  of	
  simulated	
  satellite	
  observables	
  into	
  the	
  exis7ng	
  
database	
  of	
  satellite	
  and	
  airborne	
  observa7ons.	
  	
  

Development	
  of	
  a	
  set	
  of	
  advanced	
  analysis	
  tools	
  	
  

Development	
  of	
  data	
  immersion	
  to	
  enable	
  real-­‐7me	
  interac7on	
  with	
  the	
  models,	
  
and	
  visualiza7on	
  of	
  highly	
  complex	
  systems	
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Existing Google Earth 
API-based Integrated 
Data Analysis System  


