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Mo2va2on	  

•  Need	  to	  improve	  hurricane	  forecast	  models	  	  

•  Inner-‐core	  dynamics	  are	  important	  -‐	  need	  to	  
properly	  reflect	  small	  scale	  complex	  processes	  
– high-‐resolu2on	  models	  
–  realis2c	  physical	  parameteriza2ons	  



Mo2va2on	  
•  Focus	  on	  microphysics	  	  

–  latent	  hea2ng	  that	  accompanies	  the	  hydrometeor	  
produc2on	  during	  the	  convec2ve	  process	  strongly	  impacts	  
storm	  intensity	  and	  size	  

–  Cloud	  radia2ve	  impact	  
–  significant	  uncertainty	  in	  PSD	  assump2ons	  

Rain	  Intercept	  parameter,	  Nor,	  predicted	  in	  
a	  two-‐moment	  scheme	  (Morrison	  et	  al,	  
2009).	  



How	  to	  Evaluate	  the	  Models	  
•  In	  situ	  microphysical	  observa2ons	  to	  dis2nguish	  between	  different	  

modeling	  approaches	  and	  improve	  on	  the	  most	  promising	  ones.	  

•  These	  point	  measurements	  cannot	  adequately	  reflect	  the	  space	  and	  
2me	  correla2ons	  characteris2c	  of	  the	  convec2ve	  processes.	  	  

•  An	  alterna2ve	  approach	  to	  evalua2ng	  microphysical	  assump2ons	  is	  
to	  use	  mul2-‐parameter	  remote	  sensing	  observa2ons.	  	  

•  In	  doing	  so,	  we	  could	  compare	  modeled	  to	  retrieved	  geophysical	  
parameters.	  The	  satellite	  retrievals,	  however,	  carry	  their	  own	  
uncertainty.	  	  

•  To	  increase	  the	  fidelity	  of	  the	  evalua2on	  results,	  we	  should	  
–  bring	  model	  and	  observa/ons	  into	  a	  common	  analysis	  system	  
–  use	  instrument	  simulators	  to	  produce	  satellite	  observables	  from	  the	  

model	  fields	  and	  compare	  to	  the	  observed.	  
–  Improve	  model	  forecast	  through	  data	  assimila/on	  that	  also	  uses	  the	  

instrument	  simulators	  



Approach	  
•  WRF	  high-‐resolu2on	  ensemble	  simula2ons	  

– Hurricane	  Rita	  (2005);	  GFDL	  ini2al/boundary	  
–  Two	  microphysical	  schemes	  (WSM3	  and	  WSM6)	  
–  seven	  different	  Par2cle	  Size	  Distribu2on	  (PSD)	  
assump2ons	  within	  one	  of	  the	  microphysical	  schemes	  
(WSM6)	  	  

•  Simula/on	  of	  radiometric	  signatures	  
–  Radar	  Reflec/vity	  and	  A>enua/on	  	  
– Microwave	  Brightness	  Temperatures	  
–  Surface	  Backsca>ering	  Cross-‐sec/on	  

•  Comparison	  to	  Observa2ons	  
– TRMM-‐PR;	  TRMM-‐TMI;	  QuikSCAT	  



Condensate	  -‐	  Azimuth	  Averages	  
M3-‐500.08.04	   M6-‐500.08.04	  

M6-‐600.22.10	   M6-‐400.22.10	   M6-‐300.22.10	  

M6-‐300.22.22	   M6-‐300.80.80	   M6-‐300.400.200	  



Brightness	  Temperature-‐19	  GHz	  H	  
TRMM-‐PR	   M3-‐500.08.04	  

M6-‐600.22.10	  

M6-‐300.22.22	  

M6-‐400.22.10	  

M6-‐500.08.04	  

M6-‐300.22.10	  

M6-‐300.80.80	   M6-‐300.400.200	  



Brightness	  Temperature-‐85	  GHz	  H	  
TRMM-‐PR	   M3-‐500.08.04	  

M6-‐600.22.10	  

M6-‐300.22.22	  

M6-‐400.22.10	  

M6-‐500.08.04	  

M6-‐300.22.10	  

M6-‐300.80.80	   M6-‐300.400.200	  



PDF	  of	  the	  rela2on	  85V-‐19V	  

TRMM-‐PR	   M3-‐500.08.04	   M6-‐500.08.04	  

M6-‐600.22.10	   M6-‐400.22.10	   M6-‐300.22.10	  

M6-‐300.22.22	   M6-‐300.80.80	   M6-‐300.400.200	  



• 	   	  Used	  the	  JPL	  GRIP	  
portal	  to	  identiUied	  a	  number	  
of	  cases	  to	  use	  for	  the	  
evaluation	  of	  different	  
hurricane	  forecasts.	  	  	  
• 	   	  Focused	  on	  evaluating	  the	  
the	  Experimental	  version	  of	  
HWRF	  (HWRFX)	  in	  forecasting	  
hurricane	  Earl.	  	  	  

• 	   	  In	  a	  previous	  study,	  used	  
the	  model	  forecast	  of	  the	  ther-‐
modynamic	  and	  hydrometeor	  
Uields	  to	  forward	  simulate	  
satellite	  observables	  (HRD).	  	  	  
• 	   	  Compared	  the	  structure	  of	  
the	  observed	  and	  forecasted	  
storms	  (from	  the	  brightness	  
temperatures	  at	  37	  and	  89	  GHz	  
channels).	  	  Found	  that	  the	  model	  
was	  highly	  capable	  in	  depicting	  
the	  2D	  structure	  of	  the	  
precipitation	  Uield	  and	  its	  
evolution.	  	  	  

• However,	  the	  previous	  study	  

-‐	  2010	  Fall	  AGU	  meeting	  –	  Hristova-‐Veleva	  et	  al.	  



•  Note	  that	  the	  realis/c	  storm	  structure	  does	  not	  
develop	  un/l	  12-‐18h	  into	  the	  forecast	  cycle	  

•  The	  realism	  decreases	  aber	  the	  42h	  forecast	  
•  The	  model	  has	  a	  very	  large	  eye	  and	  does	  not	  show	  

the	  observed	  eyewall	  replacement	  cycle	  

HWRFx	  	  STRUCTURE	  of	  Earl	  
85/91	  GHz	  H	  pol	  (sat.	  resolu2on)	  –	  02	  Sept.	  2010	  
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Maximum	  Aeenuated	  Reflec2vity	  

TRMM-‐PR	   M3-‐500.08.04	  

M6-‐600.22.10	  

M6-‐300.22.22	  

M6-‐400.22.10	  

M6-‐500.08.04	  

M6-‐300.22.10	  

M6-‐300.80.80	   M6-‐300.400.200	  



CFADs	  (Yuter	  and	  Houze	  1994)	  	  	  
Rogers	  et	  al.,	  2005	  

TRMM-‐PR	   Airborne	   Model	  

TRMM-‐PR	  



CFADs	  
TRMM-‐PR	   M3-‐500.08.04	   M6-‐500.08.04	  

M6-‐600.22.10	   M6-‐400.22.10	   M6-‐300.22.10	  

M6-‐300.22.22	   M6-‐300.80.80	   M6-‐300.400.200	  



MODE	  of	  the	  Reflec2vity	  



MODE	  of	  the	  Reflec2vity	  



MODE	  of	  the	  Reflec2vity	  



MODE	  of	  the	  Reflec2vity	  



QuikSCAT	  	  	  	  	  	  	  	  	  	  	  	  	  
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PDF	  difference	  



Tangen2al	  Flow	  -‐	  Azimuth	  Averages	  
M3-‐500.08.04	   M6-‐500.08.04	  

M6-‐600.22.10	   M6-‐400.22.10	   M6-‐300.22.10	  

M6-‐300.22.22	   M6-‐300.80.80	   M6-‐300.400.200	  



f24	  

M6-‐300.80.40	  

M6-‐300.80.40	  –	  dragV321	  



Summary	  
•  Assuming	  hydrometeor	  distribu2ons	  with	  larger	  number	  of	  

smaller	  par2cles	  results	  in	  model	  simula2ons	  with	  radiometric	  
signatures	  that	  compare	  more	  closely	  to	  observa2ons.	  	  

•  Intensity	  forecast	  is	  nega2vely	  impacted	  
–  Does	  not	  mean	  we	  should	  go	  back	  to	  current	  assump2ons	  

–  Other	  physics	  might	  help	  

•  Will	  have	  impact	  on	  hurricane	  forecas2ng	  in	  two	  ways:	  
–  providing	  guidance	  as	  to	  the	  op2mal	  set	  of	  physical	  
parameteriza2ons	  to	  be	  used	  

–  improving	  the	  data	  assimila2on	  outcome	  by	  designing	  model	  
forecasts	  whose	  radiometric	  signatures	  are	  close	  to	  the	  
observed	  ones,	  thus	  increasing	  the	  rela2ve	  importance	  of	  
the	  observa2ons	  during	  the	  assimila2on.	  	  	  	  



Summary	  

•  Using	  instrument	  simulators	  and	  mul2parameter	  
satellite	  observa2ons	  we	  can	  discriminate	  
between	  WRF	  model	  simula2ons	  using	  different	  
microphysical	  assump2ons.	  	  

•  To	  facilitate	  the	  research	  we	  are	  developing	  the	  
TCIS	  (Tropical	  	  Cyclone	  Informa2on	  System)	  as	  
part	  of	  the	  NASA	  TC-‐IDEAS	  	  

•  hep://tropicalcyclone.jpl.nasa.gov	  



25	  

2 main components 
In the current  
JPL iTCIS 
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Joint	  NASA	  Jet	  Propulsion	  Lab	  and	  Marshall	  Space	  Flight	  Center	  Project	  	  

Objec/ve:	  To	  provide	  fusion	  of	  mul/-‐
parameter	  hurricane	  observa/ons	  
(satellite,	  airborne	  and	  in-‐situ)	  and	  model	  
simula/ons	  with	  the	  purpose	  of:	  
– suppor2ng	  both	  research	  and	  field	  
campaigns	  

– understanding	  the	  physical	  processes	  
– improving	  hurricane	  forecast	  by	  facilita2ng	  
model	  valida2on	  and	  data	  assimila2on	  

– enabling	  the	  development	  of	  new	  
algorithms,	  sensors	  and	  missions.	  

Select	  by	  basin,	  name,	  or	  category	  with	  
corresponding	  data	  availability	  timelines	  

ER-‐2	  /AMPR	  data	  overlaid	  on	  GOES	  IR	  

The	  JPL	  TCIS	  
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•  Data	  subsejng	  and	  aggrega2on	  

•  Convec2ve/Stra2form	  separa2on	  

•  EOFs	  CFADs	  

•  Incorpora/ng	  Instrument	  simulators	  
developed	  under	  ISSARS	  (PI	  Simone	  Tanelli)	  –	  
“Instrument	  Simulator	  Suite	  for	  Atmospheric	  
Remote	  Sensing	  from	  Spaceborne	  Plaaorms”	  



BACKUP	  



f00	  

M6-‐300.80.40	  

M6-‐300.80.40	  –	  dragV321	  

M6-‐500.08.04	  



• 	  Using	  instrument	  
simulators	  and	  
multiparameter	  satellite	  
observations	  we	  can	  
discriminate	  between	  model	  
forecasts	  using	  different	  
microphysical	  assumptions.	  	  	  
• 	  Assuming	  hydrometeor	  
distributions	  with	  smaller	  particles	  
results	  in	  model	  forecasts	  with	  
radiometric	  signatures	  that	  are	  
closer	  to	  observations.	  	  
• 	  Will	  have	  impact	  in	  two	  ways:	  
– 	  providing	  guidance	  on	  the	  optimal	  
set	  of	  physical	  parameterizations	  	  
– 	  improving	  the	  data	  assimilation	  
outcome	  by	  designing	  model	  fore-‐
casts	  whose	  radiometric	  signatures	  
are	  close	  to	  the	  observed	  ones,	  
increasing	  the	  relative	  importance	  of	  
the	  observa-‐tions	  during	  the	  
assimilation.	  	  	  	  
• 	  Improved	  understanding	  of	  the	  PSD	  
characteristics	  will	  lead	  to	  decrease	  
in	  the	  uncertainty	  of	  satellite	  
retrievals	  of	  precipitation	  which	  
often	  use	  model-‐derived	  retrieval	  



















RMS	  of	  the	  range-‐dependent	  PDFs	  
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”	  

“Best	  Track”	   WRF-‐	  1st	  of	  initial	  conditions	  

WRF-‐	  2nd	  of	  initial	  conditions	  

31	  -‐	  microphysics	  3;	  convective	  scheme	  1	  
32	  -‐	  microphysics	  3;	  convective	  scheme	  2	  
33	  -‐	  microphysics	  3;	  convective	  scheme	  3	  

61	  -‐	  micro.	  6;	  conv.	  1	  
62	  -‐	  micro.	  6;	  conv.	  2	  
63	  -‐	  micro.	  6;	  conv.	  3	  

81	  -‐	  micro.	  8;	  conv.	  1	  
82	  -‐	  micro.	  8;	  conv.	  2	  
83	  -‐	  micro.	  8;	  conv.	  3	  
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“Best	  Track”	  

each	  of	  the	  three	  simulations	  was	  performed	  
with	  one	  of	  the	  currently	  existing	  three	  
cumulus	  parameterizations.	  	  The	  impact	  on	  
track	  and	  intensity	  is	  very	  strong	  	  

Impact	  of	  cumulus	  parameterization.	  




