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Motivation for our project  -  
The	
  two	
  criGcal	
  pathways	
  to	
  hurricane	
  forecast	
  improvement	
  

"
To	
  improve	
  Hurricane	
  
Intensity	
  forecasts,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
we	
  need	
  to	
  understand	
  
how	
  well	
  the	
  models	
  
reflect	
  the	
  physical	
  
processes	
  and	
  their	
  
interacGons.	
  
Satellite	
  observaGons	
  can	
  
help	
  in	
  2	
  important	
  ways!	
  	
  

1.   ValidaGon	
  and	
  improvement	
  of	
  hurricane	
  
models	
  through	
  the	
  use	
  of	
  satellite	
  data	
  	
  

2.   Development	
  and	
  implementaGon	
  of	
  advanced	
  
techniques	
  for	
  assimilaGon	
  of	
  satellite	
  
observaGons	
  inside	
  the	
  hurricane	
  core.	
  	
  

•  Despite	
  the	
  significant	
  amount	
  of	
  satellite	
  
observaGons	
  today,	
  they	
  are	
  sGll	
  underuGlized	
  
in	
  hurricane	
  research	
  and	
  operaGons,	
  due	
  to	
  
complexity	
  and	
  volume.	
  	
  

Hurricane	
  Sandy	
  
As	
  seen	
  by	
  the	
  	
  
ISRO’s	
  OSCAT	
  

Hurricane	
  Katrina	
  
As	
  seen	
  by	
  the	
  	
  
NASA’s	
  QuikSCAT	
  

CloudSAT 

TRMM 

•  Is	
  the	
  representaGon	
  of	
  the	
  	
  
precipitaGon	
  structure	
  correct?	
  

•  Is	
  the	
  environment	
  captured	
  
correctly?	
  

•  Is	
  the	
  interacGon	
  between	
  the	
  
storm	
  and	
  its	
  environment	
  realisGc?	
  

•  Is	
  the	
  storm	
  scale	
  and	
  asymmetry	
  reflected	
  properly?	
  



3 

Tropical	
  Cyclone	
  Data	
  Archive	
  
-­‐  Satellite	
  depicGon	
  of	
  hurricanes	
  over	
  the	
  globe	
  
-­‐  12-­‐year	
  record	
  (1999-­‐2010)	
  	
  
-­‐  offers	
  both	
  data	
  and	
  imagery,	
  making	
  it	
  a	
  

unique	
  source	
  to	
  support:	
  	
  
-­‐  hurricane	
  research	
  
-­‐  forecast	
  improvement	
  	
  
-­‐  algorithm	
  development	
  
-­‐  instrument	
  design	
  

HS3	
  –	
  InteracGve	
  NRT	
  AtlanGc	
  portal	
  
-­‐  Integrates	
  model	
  forecasts	
  with	
  satellite	
  and	
  

airborne	
  observaGons	
  from	
  a	
  variety	
  of	
  
instruments	
  and	
  pla`orms,	
  allowing	
  for	
  easy	
  
model/observaGons	
  comparisons.	
  	
  

-­‐  Allows	
  interrogaGon	
  of	
  a	
  large	
  number	
  of	
  
atmospheric	
  and	
  ocean	
  variables	
  to	
  beber	
  
understand	
  the	
  large-­‐scale	
  and	
  storm-­‐scale	
  
processes	
  associated	
  with	
  hurricane	
  genesis,	
  
track	
  and	
  intensity	
  changes.	
  	
  

-­‐  Very	
  rich	
  informaGon	
  source	
  during	
  the	
  
analysis	
  stages	
  of	
  the	
  field	
  campaigns.	
  

hbp://tropicalcyclone.jpl.nasa.gov	
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HS3	
  Portal	
  –	
  NRT	
  in	
  2012-­‐14,	
  AtlanGc	
  (hbp://tropicalcyclone.jpl.nasa.gov/hs3)	
  
Forecast Uncertainty 5 days out  - Hurricane Sandy (2012) 
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Best Track 

HS3	
  Portal	
  –	
  NRT	
  in	
  2012-­‐14,	
  AtlanGc	
  (hbp://tropicalcyclone.jpl.nasa.gov/hs3)	
  
Forecast Uncertainty 5 days out  - Hurricane Sandy (2012) 
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  (hbp://tropicalcyclone.jpl.nasa.gov/hs3)	
  

Note the multitude of Polar Orbiting Satellites 
that supplement GEOS observations 
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  (hbp://tropicalcyclone.jpl.nasa.gov/hs3)	
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(hbp://tropicalcyclone.jpl.nasa.gov/hs3)	
  

 - Is the dry air in the environment (low TPW, from satellite observations) 
entering the storm ???  
 - It does not appear so looking at the midlevel flow from the model. 
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Goal of our current project –  
Bringing the multitude of NASA and NOAA satellite observations 

to bear on a problem with significant societal impacts. "
•  To	
  develop	
  the	
  technology	
  to	
  provide	
  the	
  fusion	
  of	
  
observaGons	
  (satellite,	
  airborne	
  and	
  surface)	
  and	
  operaGonal	
  
model	
  simulaGons	
  to	
  help	
  improve	
  the	
  understanding	
  and	
  
forecasGng	
  of	
  the	
  hurricane	
  processes.	
  	
  

Will	
  develop	
  three	
  cri>cal	
  components	
  that	
  will	
  allow	
  
the	
  merger	
  of	
  observa>ons	
  with	
  model	
  forecasts:	
  
1)	
  Couple	
  instrument	
  simulator	
  with	
  operaGonal	
  
hurricane	
  forecast	
  models	
  and	
  incorporate	
  simulated	
  
satellite	
  observables	
  into	
  the	
  exis>ng	
  database	
  of	
  
satellite	
  and	
  air-­‐borne	
  observa>ons.	
  	
  
2)	
  Develop	
  set	
  of	
  analysis	
  tools	
  that	
  will	
  enable	
  users	
  
to	
  calculate	
  joint	
  sta>s>cs,	
  produce	
  composites,	
  
compare	
  modeled	
  and	
  observed	
  quan>>es	
  	
  to	
  
facilitate	
  the	
  evalua>on	
  of	
  different	
  hurricane	
  models	
  	
  
3)	
  Develop	
  visualizaGon	
  to	
  enable	
  analysis	
  (e.g.,	
  data	
  
immersion	
  approaches	
  to	
  enable	
  real-­‐>me	
  
interac>on	
  with	
  the	
  models,	
  and	
  visualiza>on	
  of	
  
highly	
  complex	
  systems)	
  
!
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IntegraGng	
  hurricane	
  model	
  
forecasts	
  with	
  satellite	
  &	
  
airborne	
  observaGons	
  from	
  
a	
  variety	
  of	
  instruments	
  
and	
  pla`orms	
  

•  OperaGonal	
  HWRF	
  
model	
  forecasts	
  are	
  

used	
  as	
  input	
  to	
  
CRTM	
  

•  The	
  syntheGc	
  
“satellite	
  
observaGons”	
  are:	
  

•  Incorporated	
  in	
  
the	
  database	
  of	
  
satellite	
  obs.	
  

•  Visualized	
  in	
  the	
  
portal	
  

Satellite	
  ObservaGons	
  

SyntheGc	
  	
  ObservaGons	
  
from	
  Model	
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•  InteracGvely	
  select	
  region	
  
•  Gather	
  data	
  from	
  

observed	
  and	
  syntheGc	
  
brightness	
  temperatures	
  	
  

•  StaGsGcal	
  comparisons	
  
• Storm-­‐relaGve	
  coordinates	
  
• EOFs,	
  CFADs,	
  PDFs	
  
• Azimuthal	
  averages	
  	
  	
  	
  	
  	
  	
  =f(r)	
  

•  Storm	
  Structure	
  
• Object	
  classificaGon	
  
• Metrics	
  for	
  model/obs	
  
classificaGon	
  

• ARCHER	
  
• Wave	
  Number	
  Analysis	
  

•  VisualizaGon	
  of	
  analysis	
  

Now:	
  Developing	
  analysis	
  tools	
  for	
  model	
  validaGon	
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The	
  SelecGon	
  Tool	
  
1.   Select	
  the	
  region	
  of	
  interest	
  

•  Circle,	
  Square,	
  Point	
  
2.   Select	
  the	
  tool	
  (e.g.	
  PDF)	
  
3.   Select	
  two	
  frequencies	
  
4.   Submit	
  	
  the	
  job	
  … 
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StaGsGcal	
  Tool:	
  Joint	
  Distribu7on	
  of	
  Brightness	
  Temperatures	
  
Example:	
  The	
  Joint	
  PDF	
  of	
  37GHz	
  and	
  85GHz	
  TBs;	
  Humberto	
  

•  The	
  staGsGcal	
  relaGonship	
  between	
  the	
  
37	
  GHz	
  TBs	
  and	
  the	
  85	
  GHz	
  TB	
  presents	
  
informaGon	
  on	
  the	
  verGcal	
  structure	
  of	
  
the	
  storm	
  

•  The	
  Joint	
  PDF	
  illustrates	
  this	
  
relaGonship	
  

Observations  
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StaGsGcal	
  Tool:	
  Joint	
  Distribu7on	
  of	
  Brightness	
  Temperatures	
  
Example:	
  The	
  Joint	
  PDF	
  of	
  37GHz	
  and	
  85GHz	
  TBs;	
  Humberto	
  

•  The	
  staGsGcal	
  relaGonship	
  between	
  the	
  
37	
  GHz	
  TBs	
  and	
  the	
  85	
  GHz	
  TB	
  presents	
  
informaGon	
  on	
  the	
  verGcal	
  structure	
  of	
  
the	
  storm	
  

•  The	
  verGcal	
  branch	
  indicates	
  too	
  much	
  
scabering	
  of	
  radiaGon	
  by	
  the	
  frozen	
  
precipitaGon	
  

Observations  
60h forecast 

At model resolution  
36h forecast 

At model resolution  
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StaGsGcal	
  Tool:	
  Joint	
  Distribu7on	
  of	
  Brightness	
  Temperatures	
  
Example:	
  The	
  Joint	
  PDF	
  of	
  37GHz	
  and	
  85GHz	
  TBs;	
  Humberto	
  

•  The	
  staGsGcal	
  relaGonship	
  between	
  the	
  
37	
  GHz	
  TBs	
  and	
  the	
  85	
  GHz	
  TB	
  presents	
  
informaGon	
  on	
  the	
  verGcal	
  structure	
  of	
  
the	
  storm	
  

•  The	
  verGcal	
  branch	
  indicates	
  too	
  much	
  
scabering	
  of	
  radiaGon	
  by	
  the	
  frozen	
  
precipitaGon	
  

•  QuesGon:	
  Is	
  the	
  ice	
  too	
  much	
  or	
  is	
  its	
  
forward	
  modeling	
  inaccurate?	
  
•  Need	
  to	
  consider	
  the	
  resoluGon!	
  

Observations  
60h forecast 

At model resolution  
36h forecast 

At model resolution  
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Joint	
  DistribuGon (37H	
  vs	
  85H)	
  –	
  Impact	
  of	
  Resolu7on	
  

TM
I r

es
 

W
R

F 
re

s.
 

M3-500.08.04" M6-500.08.04" M6-300.80.40"

TMI – all data TMI – restricted data 

TM
I o

bs
. 

The	
  Joint	
  Distribu>on	
  of	
  the	
  
model	
  data	
  is	
  improved	
  
when	
  the	
  synthe>c	
  data	
  are	
  
convolved	
  with	
  the	
  antenna	
  
paJern!!	
  
S>ll	
  –	
  too	
  much	
  scaJering	
  
in	
  the	
  model	
  data.	
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-­‐  Developed	
  by	
  CIMSS/NRL	
  (Wimmers	
  &	
  Velden,	
  2010)	
  
-­‐  We	
  have	
  license	
  to	
  run	
  it	
  and	
  have	
  done	
  some	
  off-­‐line	
  analysis,	
  using	
  the	
  original	
  version	
  
-­‐  Coming	
  online	
  soon,	
  with	
  the	
  latest	
  version	
  
-­‐  Provides:	
  

-­‐  ObjecGve	
  fix	
  guidance	
  for	
  forecasters	
  
-­‐  QuanGfies	
  the	
  degree	
  of	
  storm	
  organizaGon	
  

Storm	
  structure	
  Tool:	
  Degree	
  of	
  OrganizaGon	
  
The	
  Automated	
  Rota7onal	
  Center	
  Hurricane	
  Eye	
  Retrieval	
  (ARCHER)	
  

Addi>onal	
  informa>on	
  can	
  be	
  found	
  in	
  	
  	
  Wimmers,	
  A.	
  and	
  C.	
  Velden,	
  2010:	
  Objec>vely	
  Determining	
  the	
  
Rota>onal	
  Center	
  of	
  Tropical	
  Cyclones	
  in	
  Passive	
  Microwave	
  Satellite	
  Imagery,	
  J.	
  Appl.	
  Meteor.,	
  49,	
  2010.	
  	
  

First Guess 
Target 
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Storm	
  structure	
  Tool:	
  Degree	
  of	
  OrganizaGon	
  
The	
  Automated	
  Rota7onal	
  Center	
  Hurricane	
  Eye	
  Retrieval	
  (ARCHER)	
  

O
B

SE
R

VE
D

 
36

h 
fo

re
ca

st
 

60
h 

fo
re

ca
st

 

•  ARCHER scores 
suggest the 
model forecasts 
over-predicted 
the structure in 
this case. 

•  This conclusion 
is in agreement 
with the model-
predicted 
intensity 
parameters: 

-  Observed: 
-­‐  Vmax	
  =	
  65kts	
  
-­‐  MSLP	
  =	
  989	
  mb	
  

-  36h forecast 
-­‐  Vmax	
  =	
  72	
  kts	
  
-­‐  MSLP	
  =	
  977mb	
  

-  60h forecast 
-­‐  Vmax	
  =	
  83	
  kts	
  
-­‐  MSLP	
  =	
  971mb	
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DirecGon	
  (from	
  east)	
  
of	
  the	
  max	
  amplitude	
  
of	
  wave	
  #1	
  

Amplitude	
  of	
  wave	
  
#0	
  as	
  a	
  funcGon	
  of	
  
distance	
  from	
  center	
  

-­‐  First	
  adopted	
  and	
  used	
  by	
  NOAA/AOML/HRD	
  
-­‐  Vukicevic,	
  T.,	
  E.	
  Uhlhorn,	
  P.	
  Reasor	
  and	
  B.	
  Klotz,	
  2013:	
  “A	
  novel	
  

mulG-­‐scale	
  intensity	
  metric	
  for	
  evaluaGon	
  of	
  tropical	
  cyclone	
  
intensity	
  forecasts”,	
  Journal	
  of	
  the	
  Atmospheric	
  Sciences	
  
2013	
  ;doi:	
  hbp://dx.doi.org/10.1175/JAS-­‐D-­‐13-­‐0153.1	
  	
  

-­‐  Tool	
  Developed	
  for	
  the	
  JPL	
  TCIS	
  by	
  
-­‐  Z.	
  Haddad,	
  N.	
  Niamsuwan,	
  T.-­‐S.	
  Shen	
  
-­‐  Will	
  be	
  available	
  during	
  the	
  coming	
  season	
  

Storm	
  structure	
  Tool:	
  Storm	
  Size	
  and	
  Asymmetry	
  
The	
  Wave	
  Number	
  Analysis	
  Tool	
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Storm	
  structure	
  Tool:	
  Storm	
  Size	
  and	
  Asymmetry	
  
The	
  Wave	
  Number	
  Analysis	
  Tool	
  using	
  the	
  Rain	
  Index	
  (mul7-­‐channel	
  PMW	
  index)	
  	
  

More	
  details	
  in	
  the	
  Rain	
  Index	
  can	
  be	
  found	
  in	
  Hristova-­‐Veleva	
  et	
  al.	
  2013,	
  JAMC 52, 2828–2848	
  
 

D
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Storm	
  structure	
  Tool:	
  Storm	
  Size	
  and	
  Asymmetry	
  
The	
  Wave	
  Number	
  Analysis	
  Tool	
  using	
  the	
  Rain	
  Index	
  (mul7-­‐channel	
  PMW	
  index)	
  	
  

More	
  details	
  in	
  the	
  Rain	
  Index	
  can	
  be	
  found	
  in	
  Hristova-­‐Veleva	
  et	
  al.,	
  JAMC,	
  2013	
  
 

D
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I 
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Wave	
  #1	
  has	
  important	
  
contribuGon	
  

 

Wave	
  #1	
  has	
  is	
  less	
  
important	
  

 

Wave	
  #1	
  has	
  important	
  
contribuGon	
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Summary"
•  To	
  achieve	
  the	
  HFIP	
  goals	
  of	
  improving	
  the	
  forecast	
  accuracy	
  of	
  hurricane	
  intensity,	
  

track	
  and	
  impact	
  at	
  landfall	
  we	
  first	
  need	
  to	
  understand	
  whether	
  the	
  models	
  properly	
  
reflect	
  the	
  physical	
  processes	
  and	
  their	
  interacGons.	
  

•  To	
  address	
  the	
  need	
  for	
  improving	
  the	
  model	
  physics,	
  the	
  2013	
  annual	
  HFIP	
  mee>ng	
  
suggested	
  that	
  all	
  available	
  observaGons	
  (satellite,	
  airborne,	
  in-­‐situ)	
  should	
  be	
  used	
  
systemaGcally	
  and	
  extensively	
  to	
  evaluate	
  the	
  model	
  performance.	
  	
  	
  

•  Furthermore,	
  the	
  par>cipants	
  highlighted	
  the	
  need	
  for	
  developing	
  new	
  metrics	
  and	
  
tools	
  for	
  evaluaGng	
  the	
  storm	
  structure,	
  the	
  interacGon	
  between	
  different	
  physical	
  
processes	
  (mul>parameter	
  observa>ons)	
  and	
  the	
  evaluaGon	
  of	
  the	
  mulG-­‐scale	
  
interacGons	
  (feedback	
  between	
  the	
  storm	
  and	
  its	
  environment).	
  	
  	
  

•  Such	
  studies	
  require	
  the	
  use	
  of	
  large	
  amounts	
  of	
  satellite	
  data,	
  coming	
  from	
  diverse	
  
instruments	
  in	
  order	
  to	
  create	
  robust	
  staGsGcs.	
  Due	
  to	
  the	
  complexity	
  of	
  the	
  remote	
  
sensing	
  data	
  and	
  the	
  volume	
  of	
  the	
  respec>ve	
  model	
  forecast	
  this	
  in-­‐depth	
  evalua>on	
  
is	
  usually	
  limited	
  to	
  a	
  number	
  of	
  case	
  studies.	
  

•  With	
  the	
  goal	
  to	
  facilitate	
  model	
  evaluaGon	
  that	
  goes	
  beyond	
  the	
  comparison	
  of	
  
"Best	
  Track"	
  metrics,	
  we	
  are	
  working	
  on	
  providing	
  fusion	
  of	
  models	
  and	
  observaGons	
  
by	
  bringing	
  them	
  together	
  into	
  a	
  common	
  system	
  and	
  developing	
  online	
  analysis	
  and	
  
visualizaGon	
  tools.	
  

•  Our	
  system	
  is	
  under	
  development.	
  Expected	
  that	
  many	
  components	
  will	
  be	
  
opera7onal	
  during	
  the	
  coming	
  season.	
  	
  Stay	
  tuned	
  …J	
  



23 

Basin-scale HWRF – coming up!"
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Thank you !!
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Hurricanes are among the most destructive natural 
phenomena with huge societal and economic impact."

Each year they threaten the US coast,             
cause damages worth billions and take life."

•  Some 130,000 died when a cyclone struck 
Myanmar along the Andaman Sea in 2008. "

•  The deadliest U.S. hurricane was the 1900 
Galveston storm, which killed 8,000 
to12,000 people and destroyed the city. 
Katrina (2005) killed some 1,200 people, 
and left hundreds of thousands homeless."

•  Sandy is being blamed for about $62 billion 
in damage and other losses in the U.S.  — a 
number that could increase. "

•  It is the second-costliest storm in U.S. history 
after 2005's Hurricane Katrina, which caused 
$128 billion in damage in inflation-adjusted 
dollars. "

A_er	
  Ike:	
  
Galveston,	
  Texas	
  -­‐9/13/2008	
  

A_er	
  Katrina:	
  
Venice,	
  Louisiana	
  -­‐	
  8/30/2005	
  

Houston,	
  
Texas,	
  2005	
  –	
  
unnecessary	
  
evacua>on	
  of	
  
2	
  million	
  
ahead	
  of	
  
hurricane	
  
Rita’s	
  landfall	
  

Widespread	
  power	
  outages	
  and	
  subway	
  shutdowns	
  may	
  wind	
  up	
  
making	
  Superstorm	
  Sandy	
  the	
  second	
  most	
  expensive	
  storm	
  in	
  U.S.	
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1/8/09 

Current state-of-the-art hurricane prediction 
 

l   25% reduction in 48 hour track error 
over the past 6 years 

 

 

 

 

 

 

l  Intensity forecasts have not improved        
as fast. 

 

Graphs: Hurricane Research Division 

• But	
  WHY	
  ???	
  	
  
•  What	
  are	
  the	
  sources	
  of	
  the	
  intensity	
  errors?	
  
•  Do	
  the	
  models	
  properly	
  reflect	
  the	
  physical	
  

processes	
  and	
  their	
  interacGons?	
  
•  Is	
  the	
  representaGon	
  of	
  the	
  precipitaGon	
  

structure	
  correct?	
  
•  Is	
  the	
  storm	
  scale	
  and	
  asymmetry	
  

reflected	
  properly	
  
•  Is	
  the	
  environment	
  captured	
  correctly	
  
•  Is	
  the	
  interacGon	
  between	
  the	
  storm	
  and	
  

its	
  environment	
  represented	
  accurately	
  

•  Recognizing	
  an	
  urgent	
  need	
  for	
  more	
  accurate	
  
hurricane	
  forecasts,	
  NOAA	
  recently	
  
established	
  the	
  mulG-­‐agency	
  10-­‐year	
  
Hurricane	
  Forecast	
  Improvement	
  Project	
  
(HFIP).	
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How does the size of Sandy compare to Katrina"

Hurricane	
  Sandy	
  
As	
  seen	
  by	
  the	
  	
  
ISRO’s	
  OSCAT	
  

Hurricane	
  Katrina	
  
As	
  seen	
  by	
  the	
  	
  
NASA’s	
  QuikSCAT	
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-­‐  Developed	
  by	
  CIMSS	
  (Wimmers	
  &	
  Velden,	
  2010,	
  JAMC)	
  
-­‐  We	
  have	
  license	
  to	
  run	
  it	
  and	
  have	
  done	
  some	
  off-­‐line	
  analysis,	
  using	
  the	
  original	
  version	
  
-­‐  Coming	
  online	
  soon,	
  with	
  the	
  latest	
  version	
  

Storm	
  structure	
  Tool:	
  	
  
The	
  Automated	
  RotaGonal	
  Center	
  Hurricane	
  Eye	
  Retrieval	
  (ARCHER)	
  


