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GRIP portal:  Bringing together satellite observations, large-scale models and airborne data  

Convective activity, as depicted by the observed Rain Indicator, overlaid with 
GFS analysis of co-moving flow on June 22nd (left-PGI06, right - PGI07) – 
by the 22nd PGI06 shows no signs of development while PGI07 has 
convection near the center.  PGI07 became hurricane ALEX.  

Moisture – observations of Total Precipitable Water (from AMSU) on June 
20th (00Z), overlaid  with co-moving flow for each of the pouches from the 
GFS 48h forecast stating on June 18th at 00Z.  PGI06 has dry air north of the 
center while PGI07 is in moister environment.  

Science investigations facilitated by the  
JPL Tropical Cyclone Information System 

Developers versus Non-Developers;  
 

TCIS Data Archive: MODEL EVALUATION 

TCIS Data Archive: Climatology – Environmental Humidity and TC Intensity and Change 

Figure	
  1.	
  Comparison	
  of	
  two	
  members	
  of	
  an	
  ensemble	
  of	
  high-­‐
resolu5on	
  WRF	
  simula5ons	
  of	
  Hurricane	
  Rita	
  (2005),	
  each	
  
member	
  reflec5ng	
  different	
  microphysical	
  assump5ons.	
  We	
  
used	
  the	
  geophysical	
  model	
  fields	
  as	
  input	
  to	
  instrument	
  
simulators	
  to	
  produce	
  microwave	
  brightness	
  temperatures	
  and	
  
radar	
  reflec5vity	
  at	
  the	
  TRMM	
  (TMI	
  and	
  PR)	
  frequencies	
  and	
  
polariza5ons	
  and	
  compared	
  to	
  the	
  observed	
  (radar	
  reflec5vity	
  
(2D	
  and	
  CFADs	
  in	
  the	
  first	
  two	
  columns)	
  and	
  brightness	
  
temperatures	
  –	
  last	
  two	
  columns).	
  Such	
  comparisons	
  highlight	
  
those	
  parameteriza5ons	
  that	
  yield	
  a	
  more	
  realis5c	
  forecast.	
  
This	
  will	
  help	
  the	
  forecas5ng	
  in	
  two	
  ways:	
  i)	
  providing	
  guidance	
  
as	
  to	
  the	
  op5mal	
  set	
  of	
  physical	
  parameteriza5ons;	
  ii)	
  
improving	
  the	
  data	
  assimila5on	
  outcome	
  by	
  designing	
  model	
  
forecasts	
  whose	
  radiometric	
  signatures	
  are	
  close	
  to	
  the	
  
observed,	
  thus	
  increasing	
  the	
  rela5ve	
  importance	
  of	
  the	
  
observa5ons	
  during	
  the	
  assimila5on.	
  	
  

Evaluating model microphysics 
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Exposing the need for precipitation data assimilation 

Figure	
  2a	
  and	
  2b.	
  Using	
  satellite	
  observa5ons	
  to	
  evaluate	
  the	
  Experimental	
  version	
  of	
  HWRF	
  (HWRFX)	
  in	
  forecas5ng	
  Hurricane	
  Earl	
  
Found	
  that	
  It	
  takes	
  12	
  to	
  18h	
  (even	
  24h)	
  for	
  the	
  model	
  to	
  develop	
  realis5c	
  structures!	
  By	
  that	
  5me	
  the	
  forecasted	
  storm	
  posi5on	
  
has	
  likely	
  dri^ed	
  from	
  the	
  observed	
  and	
  the	
  modeled	
  storm	
  is	
  developing	
  in	
  condi5ons	
  different	
  from	
  that	
  of	
  the	
  observed!	
  The	
  
long	
  spin-­‐up	
  5me	
  might	
  be	
  the	
  result	
  of	
  sub-­‐op5mal	
  ini5al	
  condi5ons	
  which	
  do	
  not	
  contain	
  the	
  observed	
  precipita5on	
  structures!	
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Figure	
  3.	
  Normalized	
  RH	
  as	
  a	
  func5on	
  of	
  
maximum	
  TC	
  intensity	
  at	
  three	
  radial	
  
distances:	
  (a)	
  near	
  environment;	
  (b)	
  medium	
  
environment;	
  and	
  (c)	
  far	
  environment.	
  The	
  
normaliza5on	
  is	
  with	
  respect	
  to	
  the	
  mean	
  RH	
  
profile	
  averaged	
  for	
  all	
  198	
  TC	
  cases	
  over	
  the	
  
North	
  Atlan5c	
  from	
  2002	
  to	
  2010	
  (see	
  
supplementary	
  Figure	
  1).	
  The	
  four	
  panels	
  in	
  
each	
  figure	
  represent	
  the	
  four	
  quadrants	
  
numbered	
  from	
  the	
  front-­‐right	
  side	
  of	
  the	
  TC	
  
(Q1)	
  clockwise	
  around	
  to	
  the	
  front-­‐le^	
  
quadrant	
  (Q4).	
  The	
  red	
  arrows	
  indicate	
  the	
  
preferen5al	
  transla5on	
  direc5on	
  of	
  TCs	
  in	
  
the	
  North	
  Atlan5c.	
  

Figure	
  4.	
  Normalized	
  RH	
  (as	
  in	
  Fig.	
  3)	
  
as	
  a	
  func5on	
  of	
  TC	
  intensifica5on	
  rate	
  

at	
  three	
  radial	
  distances:	
  (a)	
  near	
  
environment;	
  (b)	
  medium	
  

environment;	
  and	
  (c)	
  far	
  environment.	
  
W:	
  weakening	
  (∆,V-­‐max.<	
  -­‐1.25	
  m	
  s-­‐1	
  

per	
  6	
  hrs);	
  N:	
  neutral	
  (-­‐1.25	
  <	
  ∆,V-­‐
max.<	
  1.75	
  m	
  s-­‐1	
  per	
  6	
  hrs);	
  I:	
  

Intensifying	
  (1.75	
  <	
  ∆,V-­‐max.<	
  4.75	
  m	
  
s-­‐1	
  per	
  6	
  hrs);	
  RI:	
  rapidly	
  intensifying	
  
(∆,V-­‐max.>	
  4.75	
  m	
  s-­‐1	
  per	
  6	
  hrs).	
  The	
  
red	
  arrows	
  indicate	
  the	
  preferen5al	
  
transla5on	
  direc5on	
  of	
  TCs	
  in	
  the	
  

North	
  Atlan5c.	
  

Four quadrants relative to storm 
movement 

Q4 

Q1 

Q3 

Q2 

DATA	
  
198	
  North	
  Atlan5c	
  Ocean	
  TCs	
  from	
  09/2002	
  to	
  11/2010	
  based	
  on	
  NHC	
  Best	
  Track	
  Data	
  
	
   	
  74	
  Cat	
  1-­‐5	
  hurricanes	
  (37%)	
  

	
  36	
  Cat	
  3-­‐5	
  hurricanes	
  (18%)	
  
	
  10	
  Cat	
  5	
  hurricanes	
  (5%)	
  	
  

AIRS	
  Level	
  2	
  Rela5ve	
  Humidity	
  (filtered	
  by	
  pgood)	
  	
  
	
  
Approach	
  

	
  To	
  sort	
  RH	
  by	
  the	
  radial	
  distance	
  to	
  the	
  storm	
  center,	
  separated	
  by	
  four	
  quadrants	
  
rela5ve	
  to	
  storm	
  movement,	
  and	
  composite	
  RH	
  as	
  a	
  func5on	
  of	
  storm	
  intensity	
  and	
  
intensifica5on	
  rate	
  

The	
  principal	
  findings	
  from	
  this	
  inves5ga5on	
  are:	
  
-­‐  Environmental	
  Rela5ve	
  Humidity	
  (ERH)	
  in	
  the	
  free	
  

troposphere	
  decreases	
  with	
  5me	
  as	
  the	
  TC	
  evolves	
  while	
  ERH	
  
in	
  the	
  boundary	
  layer	
  is	
  generally	
  constant.	
  	
  

-­‐  Higher	
  intensity	
  TCs	
  have	
  higher	
  ERH.	
  	
  
-­‐  TC	
  intensifica5on	
  rate	
  is	
  posi5vely	
  correlated	
  with	
  ERH	
  above	
  

the	
  boundary	
  layer.	
  Rapidly	
  intensifying	
  TCs	
  are	
  associated	
  
with	
  higher	
  ERH	
  than	
  weakening	
  and	
  neutral	
  	
  storms.	
  
However,	
  the	
  difference	
  between	
  rapidly	
  intensifying	
  and	
  
intensifying	
  cases	
  are	
  not	
  always	
  sta5s5cally	
  significant.	
  	
  

-­‐  The	
  azimuthal	
  asymmetry	
  of	
  ERH	
  becomes	
  evident	
  at	
  radial	
  
distances	
  >	
  400	
  km.	
  The	
  rear-­‐le^	
  quadrant	
  tends	
  to	
  have	
  the	
  
highest	
  ERH	
  and	
  the	
  front-­‐right	
  quadrant	
  appears	
  to	
  have	
  the	
  
lowest	
  ERH	
  in	
  the	
  far	
  environment.	
  	
  

-­‐  In	
  the	
  front-­‐right	
  quadrant	
  (Q1),	
  a	
  sharp	
  decrease	
  in	
  upper	
  
tropospheric	
  (above	
  400hPa)	
  RH	
  from	
  the	
  near	
  to	
  the	
  far	
  
environment	
  appears	
  during	
  rapid	
  intensifica5on.	
  This	
  radial	
  
RH	
  gradient	
  is	
  weaker	
  in	
  TCs	
  with	
  lower	
  intensifica5on	
  rates.	
  
For	
  weakening	
  TCs,	
  Q1	
  has	
  slightly	
  more	
  upper	
  tropospheric	
  
ERH	
  in	
  the	
  far	
  environment.	
  	
  	
  

The	
  AIRS-­‐centric	
  inves5ga5on	
  provides	
  new	
  insights	
  regarding	
  
the	
  environment	
  moisture	
  within	
  which	
  TCs	
  grow,	
  decay,	
  and	
  
propagate.	
  The	
  rela5onship	
  of	
  ERH	
  with	
  TC	
  intensity	
  and	
  more	
  
so	
  intensifica5on	
  rate,	
  especially	
  its	
  azimuthal	
  and	
  radial	
  
varia5ons	
  may	
  lead	
  to	
  improvements	
  in	
  TC	
  intensity	
  forecasts	
  
from	
  sta5s5cal	
  models.	
   

Hurricane	
  Karl:	
  
	
  
Genesis	
  and	
  Rapid	
  
IntensificaCon	
  from	
  
satellite,	
  airborne	
  and	
  
in-­‐situ	
  observaCons	
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  AQn	
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   CFAD	
  ReflecCvity	
   85	
  GHZ	
  Hpol	
   19	
  GHZ	
  Hpol	
  

http://tropicalcyclone.jpl.nasa.gov 

Tropical	
  Cyclone	
  Data	
  Archive	
  
 
The	
  long-­‐term	
  goal	
  for	
  the	
  TCIS	
  data	
  archive	
  is	
  to	
  create	
  a	
  
comprehensive	
  tropical	
  cyclone	
  database	
  of	
  satellite	
  
observa5ons,	
  in-­‐situ	
  measurements,	
  and	
  models.	
  The	
  first	
  
phase	
  of	
  the	
  TCIS	
  archival	
  database,	
  released	
  in	
  May	
  2012,	
  
contains	
  the	
  satellite	
  depic5ons	
  of	
  hurricanes	
  over	
  the	
  globe	
  
during	
  the	
  period	
  1999-­‐2010.	
  It	
  offers	
  both	
  data	
  and	
  imagery,	
  
making	
  it	
  a	
  unique	
  source	
  to	
  support	
  hurricane	
  research.	
  

GRIP	
  Data	
  Portal	
  
 
The	
  near	
  real-­‐5me	
  (NRT)	
  web	
  portal,	
  developed	
  to	
  facilitate	
  
the	
  GRIP	
  field	
  campaign,	
  integrates	
  model	
  forecasts	
  with	
  
satellite	
  observa5ons	
  from	
  a	
  variety	
  of	
  instruments	
  and	
  
planorms.	
  The	
  unique	
  features	
  of	
  the	
  portal	
  allow	
  users	
  to	
  
interrogate	
  a	
  large	
  number	
  of	
  atmospheric	
  and	
  ocean	
  
variables	
  to	
  beoer	
  understand	
  the	
  large-­‐scale	
  and	
  storm-­‐
scale	
  processes	
  associated	
  with	
  hurricane	
  genesis,	
  track	
  and	
  
intensity	
  changes.	
  By	
  including	
  a	
  diverse	
  set	
  of	
  satellite	
  
observa5ons	
  and	
  model	
  forecasts,	
  it	
  provides	
  a	
  good	
  spa5al	
  
and	
  temporal	
  context	
  for	
  the	
  high-­‐resolu5on,	
  but	
  limited	
  in	
  
space	
  and	
  5me,	
  airborne	
  observa5ons.	
  Such	
  knowledge	
  is	
  
essen5al	
  for	
  the	
  experiment	
  design,	
  providing	
  cri5cal	
  input	
  
for	
  the	
  flight	
  planning	
  and	
  serving	
  as	
  a	
  very	
  rich	
  source	
  of	
  
informa5on	
  in	
  the	
  analysis	
  stage	
  of	
  the	
  airborne	
  experiment.	
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The	
  JPL	
  Tropical	
  Cyclone	
  Informa5on	
  
System	
  (TCIS)	
  was	
  developed	
  to	
  support	
  
hurricane	
  research.	
  	
  It	
  has	
  two	
  
components:	
  a	
  12-­‐year	
  global	
  archive	
  of	
  
mul5-­‐satellite	
  hurricane	
  observa5ons	
  
and,	
  what	
  was	
  a	
  near	
  real-­‐5me	
  portal,	
  
that	
  supported	
  the	
  2010	
  NASA	
  Genesis	
  
and	
  Rapid	
  Intensifica5on	
  Processes	
  
(GRIP)	
  hurricane	
  field	
  campaign.	
  
Together,	
  data	
  and	
  visualiza5ons	
  from	
  	
  	
  
the	
  near-­‐real	
  5me	
  system	
  and	
  data	
  
archive	
  can	
  be	
  used	
  to	
  study	
  hurricane	
  
process,	
  validate	
  and	
  improve	
  models,	
  	
  
and	
  assist	
  in	
  developing	
  new	
  algorithms	
  
and	
  data	
  assimila5on	
  techniques.	
  	
  
 

Welcome	
  to	
  the	
  JPL	
  Tropical	
  Cyclone	
  InformaCon	
  System	
  

http://grip.jpl.nasa.gov 

 

Motivation Improving our understanding and forecasting of hurricane genesis and 
intensity changes remains a challenge for the operational and research communities.  
Significant amount of work remains to be done in validating hurricane forecast 
models, understanding their sensitivities and improving their parameterizations.  None 
of this can be accomplished without a comprehensive set of of multi-platform and 
multi-sensor observations that are relevant to both the large-scale and the storm-
scale processes in the atmosphere and in the ocean. 
To facilitate hurricane research, we developed the JPL Tropical Cyclone Information 
System (TCIS). We illustrate here how the information system can be used for 
hurricane research and applications.  
 
Objective of the TCIS 
To develop a one-stop place that provides fusion of multiparameter observations 
(satellite, airborne and in-situ) and model output, relevant to both the large-scale and 
the storm-scale hurricane processes in the atmosphere and in the ocean with the 
purpose to: 

 - help understand the physical processes that determine hurricane genesis, 
intensity, track and impact on large-scale environment 

 - help improve hurricane forecast accuracy by facilitating validation and 
improvement of hurricane models through comparison with observations and 
development of new data assimilation techniques 

 - enable studies aimed at developing new algorithms, sensor systems and 
missions.  


