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•  Current	
  opera+onal	
  HWRF	
  	
  
–  Regional-­‐Scale	
  Ocean-­‐Atmosphere	
  Coupled	
  	
  Modeling	
  System	
  specially	
  designed	
  to	
  

advance	
  hurricane	
  track	
  and	
  intensity	
  forecasts.	
  
–  Non-­‐Hydrosta+c	
  system	
  of	
  equa+ons	
  formulated	
  on	
  a	
  rotated	
  la+tude-­‐longitude,	
  

Arakawa	
  E-­‐grid	
  and	
  a	
  ver+cal,	
  pressure	
  hybrid	
  (sigma-­‐P)	
  coordinate.	
  
–  Based	
  on	
  WRF	
  NMM	
  V2.0	
  framework	
  with	
  movable,	
  vortex	
  following	
  high-­‐resolu+on	
  

nested	
  grid	
  	
  
–  27	
  km	
  outer	
  domain,	
  9	
  km	
  inner	
  domain,	
  42	
  ver+cal	
  levels	
  

•  Advanced	
  vortex	
  ini+aliza+on	
  and	
  GSI/3DVAR	
  data	
  assimila+on	
  
–  Advanced	
  vortex	
  ini+aliza+on	
  and	
  GSI/3DVAR	
  data	
  assimila+on	
  consis+ng	
  of	
  Vortex	
  

reloca+on,	
  Storm	
  size	
  and	
  intensity	
  correc+on	
  based	
  on	
  tcvitals,	
  and	
  combina+on	
  of	
  
bogus	
  (synthe+c)	
  vortex	
  and	
  six-­‐hour	
  cycling	
  	
  

–  Assimila+on	
  of	
  satellite	
  radiance	
  datasets	
  in	
  the	
  hurricane	
  environment	
  

•  Coupled	
  to	
  Princeton	
  Ocean	
  Model	
  (POM)	
  in	
  the	
  Atlan+c	
  	
  
–  Feature	
  based	
  ini+aliza+on	
  of	
  cold	
  wake,	
  loop	
  current,	
  warm	
  and	
  cold	
  core	
  eddies	
  

•  Physical	
  parameteriza+ons	
  designed	
  for	
  tropical	
  environment	
  
–  GFS/GFDL	
  SAS	
  Convec+on	
  and	
  PBL	
  
–  GFDL	
  Surface	
  Physics,	
  Radia+on,	
  Ferrier	
  Microphysics	
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•  All	
  interpolaQons	
  are	
  done	
  on	
  a	
  rotated	
  lat-­‐lon,	
  
E-­‐grid	
  with	
  the	
  reference	
  lat-­‐lon	
  located	
  at	
  the	
  
centre	
  of	
  the	
  parent	
  domain.	
  

•  	
  The	
  nested	
  domain	
  can	
  be	
  freely	
  moved	
  
anywhere	
  within	
  the	
  grid	
  points	
  of	
  the	
  parent	
  
domain,	
  the	
  nested	
  domain	
  lat-­‐lon	
  lines	
  will	
  
coincide	
  with	
  the	
  lat-­‐lon	
  	
  lines	
  of	
  the	
  parent	
  
domain	
  at	
  integral	
  parent-­‐to-­‐nest	
  raQo.	
  	
  

•  Vortex	
  following	
  nest	
  moQon	
  is	
  achieved	
  by	
  
tracking	
  minimum	
  dynamic	
  pressure	
  (PDYN)	
  
and	
  readjusQng	
  the	
  fields	
  to	
  account	
  for	
  new	
  
terrain.*	
  

•  *Meso-­‐vorQces	
  in	
  high-­‐resoluQon	
  grid	
  pose	
  
addiQonal	
  challenge	
  in	
  tracking	
  the	
  storm	
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High-res models 
 (1.6km) 

NHC 
Forecast 

Obs 

Katrina Landfall 

GFDL model 

Global models 

Intensity Forecast of Hurricane Katrina 0000 UTC 27 August 2005 

HWRF model 

HWRF 

6 



Tropical 
Storm 
08/16 00Z 

Cat. 1 

Cat. 2 

Cat. 3 
08/17 12Z 

08/18 00Z 

Cat. 4 
Cat. 5 

Cat. 4 

Cat. 5 
08/20 18Z 

08/21 06Z 

Cat. 5 

Cat. 1 

08/22 18Z 

Cat. 2 

08/20 18Z 

08/22 18Z 

90 kts 
Cat. 2 139 kts 

Cat. 5 

     TS     Cat 1      Cat 2      Cat 3       Cat 4       Cat 5 

Hurricane Dean 5 day forecasts of maximum winds starting from 8/19/06Z   

08/19 06Z 
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•  Ini+al	
  implementa+on	
  in	
  2007	
  hurricane	
  season	
  
–  Model	
  design	
  and	
  development	
  of	
  movable	
  nested	
  grid	
  started	
  in	
  2002	
  
–  Ini+al	
  HWRF	
  workshop	
  at	
  NSF	
  in	
  2004	
  
–  28	
  different	
  configura+ons	
  tested	
  individually	
  (each	
  with	
  about	
  200	
  simula+ons)	
  before	
  

ini+al	
  implementa+on	
  
–  Extensive	
  3-­‐season	
  (2004-­‐2006)	
  pre-­‐implementa+on	
  tes+ng	
  of	
  HWRF	
  for	
  all	
  storms	
  in	
  the	
  

Atlan+c	
  and	
  Eastern	
  Pacific	
  basins	
  

•  Vortex	
  ini+aliza+on	
  upgrades	
  in	
  2008	
  	
  
–  Address	
  intensity	
  bias	
  for	
  weaker	
  systems,	
  modifica+ons	
  to	
  storm	
  balance	
  	
  

•  Infrastructure	
  upgrade	
  and	
  transi+on	
  to	
  P6	
  in	
  2009	
  
–  Capability	
  enhancements	
  to	
  allow	
  coupling	
  to	
  HyCOM	
  and	
  Wave	
  Watch-­‐III	
  
–  Script	
  enhancements	
  (iden+cal	
  scripts	
  for	
  NCO	
  opera+ons	
  and	
  EMC	
  parallels)	
  

•  Physics	
  and	
  ini+aliza+on	
  upgrades	
  in	
  2010	
  to	
  improve	
  the	
  forecast	
  
skill.	
  

–  New	
  baseline	
  version	
  with	
  several	
  bug	
  fixes,	
  modified	
  surface	
  physics	
  formula+on	
  and	
  use	
  
of	
  Gravity	
  Wave	
  Drag	
  parameteriza+on,	
  Addi+on	
  of	
  satellite	
  radiance	
  data	
  assimila+on	
  in	
  
the	
  hurricane	
  environment,	
  Focus	
  on	
  reducing	
  intensity	
  bias	
  

•  Transi+on	
  to	
  community	
  modeling	
  framework	
  
HWRF	
  V3.2	
  and	
  scien+fic	
  upgrades	
  in	
  2011	
   8 
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Improved storm size 
correction based on 
R34/ROCI 

(Supported by DTC) 



HWRF produces too few 
strong storms 

Vortex	
  Ini+aliza+on	
  Issues/Challenges	
  

Positive bias for weaker storms, 
negative for stronger storms 
(spinup/spindown) 

Broad initial vertical structure 

Insufficient vortex size correction  
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Time series of max. wind speed (Celia: 2010062218) 

84kts becomes 55kts 
around the first 2hours 

9kts drop at the first 9min 
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06hour forecast wind speed bias (y axis) vs initial wind speed (x axis) 

Spin-up problem for weak storms and 
spin down problems of strong storms are 
much improved in 2011 season 

1.  	
  Vortex	
  size	
  correc+on	
  
	
  	
  	
  	
  	
  -­‐	
  Instead	
  of	
  matching	
  only	
  RMW	
  but	
  also	
  matching	
  outer	
  radii	
  such	
  as	
  ROCI	
  or	
  R34kt	
  
2.  	
  Less	
  use	
  of	
  the	
  composite	
  storms	
  for	
  weak	
  storms	
  
	
  	
  	
  	
  	
  	
  -­‐	
  PrevenQng	
  the	
  rapid	
  spin-­‐up	
  of	
  weak	
  storms	
  
3.  	
  Matching	
  the	
  maximum	
  10m	
  wind	
  speed	
  but	
  not	
  forcing	
  the	
  minimum	
  SLP	
  
	
  	
  	
  	
  	
  -­‐	
  With	
  more	
  balanced	
  vortex,	
  rapid	
  spin-­‐down	
  of	
  	
  strong	
  storm	
  is	
  much	
  reduced	
  

*	
  Modified	
  ini+aliza+on	
  significantly	
  improve	
  the	
  intensity	
  skill	
  of	
  HWRF	
  model	
  (especially	
  0-­‐48hr)	
  



-­‐20	
  

-­‐10	
  

0	
  

10	
  

20	
  

30	
  

40	
  

12hr	
  

24hr	
  

48hr	
  

12,24,48 hour forecast wind speed bias (y axis) vs initial wind 
speed (x axis) 

24-hr and beyond, HWRF tends to over-intensify the 
storms (very few samples) 
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Ini+al	
  observa+ons	
  from	
  Mike	
  Brennan	
  (NHC):	
  18	
  to	
  24	
  hours	
  into	
  the	
  HWRF	
  model	
  run	
  the	
  low-­‐level	
  vortex	
  
associated	
  with	
  the	
  invest	
  appears	
  to	
  break	
  down.	
  	
  The	
  model	
  shows	
  a	
  patchwork	
  palern	
  of	
  low-­‐level	
  
vor+city	
  maxima	
  and	
  minima	
  in	
  associa+on	
  with	
  the	
  invest,	
  along	
  the	
  ITCZ,	
  and	
  in	
  the	
  high	
  terrain	
  of	
  Mexico.	
  	
  
This	
  appears	
  to	
  be	
  due	
  to	
  very	
  large	
  amounts	
  of	
  grid-­‐scale	
  precipita+on,	
  in	
  some	
  areas	
  exceeding	
  5	
  or	
  even	
  10	
  
inches	
  in	
  a	
  6-­‐h	
  period	
  across	
  much	
  of	
  the	
  domain.	
  Interes+ngly,	
  the	
  precip	
  amounts	
  produced	
  by	
  the	
  
convec+ve	
  scheme	
  are	
  quite	
  small	
  (generally	
  <	
  1	
  inch	
  in	
  a	
  6-­‐h	
  period).	
  	
  

850	
  hPa	
  Vor+city	
  

Grid-­‐Scale	
  Precipita+on	
  







Original	
  SAS	
   Bug-­‐fixed	
  SAS	
  

Large-­‐
scale	
  
precip	
  

Conv.	
  	
  
precip	
  

800kg/m2	
  

200kg/m2	
  

350kg/m2	
  

40kg/m2	
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Total	
  
precip	
  

Ra+o	
  of	
  
convec+ve	
  
to	
  non-­‐
convec+ve
precip	
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2011 Operational HWRF 

HWRF with SAS Corrections 

Hurricane Eugene, 
2011 



2011 Operational HWRF HWRF with SAS Corrections 

Hurricane Dora, 2011 
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HWRF and High-
Res (3km) 
HWRF in 2011 
Atlantic 



Along track and cross track 
errors increased after 72 hrs 



Opera+onal	
  HWRF	
   HFIP	
  Stream	
  1.5	
  HWRF	
  (H3GP)	
  

•  More	
  consistent	
  
track	
  forecasts	
  
from	
  opera+onal	
  
HWRF	
  

•  Very	
  lille	
  “west”	
  
bias	
  compared	
  to	
  
H3GP	
  forecasts.	
  





“The HWRF did, in my opinion, a 
fantastic job representing the 
radii of stronger winds as Irene 
made landfall in NC and in 
forecasting what they would be 
as Irene moved up to the NJ/NY 
area.... that is, keeping 
sustained TS winds for the most 
part away from NJ/Manhattan.” 
---- Matthew Greenstein, MAP 
mailing list 

“I am watching with great interest the performance of the HWRF models 
(operational and 3 km parallel) and other HFIP models this year, and look 
forwards to seeing how well they do this year in post-analysis.  

Anyway, with respect to Irene, the models were indispensible with respect to 
me being able to communicate to my audience that we had a high-confidence 
track forecast. The intensity forecasts weren't very useful, though. The 
ECMWF was particulary dissapointing in its intensity forecasting, as it 
predicted Irene would intensify into a 920 mb storm off of Cape Hatteras at the 
time Irene's eyewall was in the process of collapsing.” ---- Jeff Masters, 
Weather Underground 
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HWRF and High-
Res (3km) 
HWRF in 2011 
East-Pacific 

H3GP has Track 
forecast skill as 
good as GFS, 
intensity skill 
better than 
operational 
HWRF at day-4 
and day-5 



Tell	
  Tale	
  for	
  the	
  2011	
  Season	
  

Thanks to Stanley Goldenberg, HRD/AOML 



•  Tradi+onally,	
  performance	
  metrics	
  for	
  opera+onal	
  models	
  are	
  confined	
  
to	
  improved	
  track	
  and	
  intensity	
  skills.	
  

•  Model	
  improvements	
  need	
  higher-­‐order	
  evalua+on	
  and	
  verifca+on.	
  
•  Assessment	
  of	
  scien+fic	
  upgrades	
  require	
  applica+on	
  of	
  advanced	
  

diagnos+cs	
  for	
  both	
  large-­‐scale	
  environment	
  and	
  inner	
  core	
  structure.	
  
•  Each	
  season,	
  each	
  storm	
  and	
  each	
  forecast	
  poses	
  it’s	
  own	
  challenge	
  for	
  

evalua+on	
  purpose.	
  
•  Structure	
  evalua+on	
  becomes	
  more	
  important	
  at	
  very	
  high	
  resolu+ons.	
  
•  We	
  are	
  just	
  in	
  the	
  beginning	
  stage	
  of	
  evalua+ng	
  high-­‐resolu+on	
  model	
  

forecasts	
  with	
  help	
  from	
  observa+onal	
  and	
  diagnos+c	
  teams.	
  
•  Structure	
  predic+on	
  and	
  forecast	
  of	
  rapid	
  intensity	
  changes	
  are	
  an	
  order	
  

of	
  magnitude	
  more	
  difficult	
  than	
  intensity	
  predic+on.	
  
•  Understanding	
  the	
  rela+onship	
  between	
  track	
  and	
  intensity	
  is	
  another	
  

area	
  that	
  requires	
  more	
  alen+on.	
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Physics Sensitivities: Importance of Microphysics and 
Microphysics-Cumulus interactions (GFDL) 

(Detrainment	
  allowed:	
  GFD5)	
  

NCLOUD	
  =	
  0	
  

SAS	
  
Convec+ve	
  
Scheme	
  

Microphysics	
  

qc	
  ,	
  	
  	
  	
  qi	
  

(No	
  detrainment:	
  GFDL)	
  

T,	
  qv	
  	
  

qc	
  ,	
  	
  	
  	
  qi	
  
NCLOUD	
  =	
  1	
  



•  More	
  drying	
  and	
  
warming	
  with	
  
ncloud=1	
  	
  

•  Same	
  paOerns	
  in	
  
two	
  other	
  cases	
  
evaluated	
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KATIA 2011083106 



•  25	
  Qmes	
  more	
  grid-­‐
scale	
  than	
  convecQve	
  
rainfall	
  

•  Heaviest	
  grid-­‐scale	
  
rainfall	
  in	
  eye	
  wall	
  
region	
  

•  Up	
  to	
  1”	
  more	
  
convecQve	
  rainfall	
  
with	
  ncloud=0	
  	
  

•  4-­‐8”	
  less	
  grid-­‐scale	
  
rainfall	
  in	
  eye	
  wall	
  
region	
  with	
  ncloud=0	
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IRENE 2011082518 f00-f90 



2011090718 2011090818 2011090918 

Initial time: 07 SEP 12 UTC (non developing) 

Initial time: 07 SEP 18 UTC (developing) 
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HWRF forecast results (07 SEP 12 UTC and 18 UTC) – Hurricane Maria 

Initially bigger 
storm size 

Developing 

Non  
Developing 

bigger storm size bigger storm size 

Developing system 
has the bigger storm 
size at initial. 

It keeps the bigger 
size during the 
whole forecast 
period 



-12 h Target date (2011091100) +12 h 

Non developing 

Developing 
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Composite storm study 

Bigger storm size 

More axisymmetric 
wind distribution. 

Target  date 

5 storms for 
developing 

5 storms for non 
developing 
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Composite storm structure at 11 SEP 00 UTC (target date -12h) 

Non developing system 
has the bigger vertical 
wind shear between 400 
hPa -950 hPa. 

Middle level wind shear 
suppresses the vertical 
storm development  

Non developing 

Developing 

Averaged wind differences 
between the specific level and 
950 hPa in the nest domain 



Hurricane	
  Earl	
  (20100827/12Z):	
  
HWRF	
  ocean,	
  intensity,	
  and	
  RMW	
  

Tracks 

Intensities 

72-h SST: HWRF ext 72-h SST: GFDL ext 72-h SST: HWRF orig 

72-h Tau: HWRF ext 72-h Tau: GFDL ext 72-h Tau: HWRF orig 

•  Ext domain prevents loss of ocean coupling but degrades HWRF intensity forecast 
•  Anomalously large HWRF RMW à excessive ocean cooling à erroneous weakening 
•  Ext domain produces accurate intensity forecast in GFDL, which has accurate storm size 

Courtesy: Rich Yablonsky 



Courtesy: Mark DeMaria 



Courtesy: Mark DeMaria 



Maria	
  –	
  12-­‐14	
  Sep	
  

The mean synoptic pattern consisted of 
an upper-level low north of Maria and 
associated westerly flow above Maria.  

The GFS analyzed: 
1.  A persistent 200mb low, 
2.  200mb westerlies above Maria 

The 12Sep00Z HWRF forecasted:   
1.  200mb upper low dissipation, 
2.  Southerlies extending north of Maria, 
3.  Maria to a hurricane with deep vortex 

Why does HWRF over-intensify Maria? 

Left: 48h-mean 200mb vorticity (shaded), 200mb 
streamlines, 850mb vorticity (contoured, red), and 
MSLP (contoured, green), from the GFS analysis (top) 
and the 12Sep00Z (f00-f48) HWRF forecast. 
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Courtesy: Wallace Hogsett 



Mean	
  analyses	
  12-­‐14	
  Sep	
  

Before looking into the forecast fields, 
here we analyze the mean vortex structure 
in the GFS (top) and HWRF (bottom) . 

The mean GFS analysis depicts: 
1.  Confluent 200mb flow above the LLC, 
2.  No closed 200mb vortex 

The mean HWRF analysis depicts:   
1.  Closed 200mb vortex directly above the 

LLC, 
2.  Well-defined outflow pattern north and 

east of Maria 

Left: 200mb vorticity (shaded), 200mb streamlines, 
and 850mb vorticity (contoured), averaged over nine 
model analyses (00Z 12 Sep – 00Z 14 Sep 2011).  

LLC 

LLC 
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Courtesy: Wallace Hogsett 
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•  Further	
  advancements	
  to	
  the	
  HWRF	
  
coupled	
  modeling	
  system	
  (EMC	
  &	
  HRD)	
  	
  

•  Code	
  management	
  and	
  community	
  
support	
  (EMC,	
  DTC)	
  

•  Advanced	
  vortex	
  ini+aliza+on	
  (EMC	
  &	
  
HRD)	
  	
  

•  Improved	
  physics	
  (EMC	
  &	
  HRD)	
  	
  

27 km 

9 km 

3 km 

48	
  

HWRF	
  real-­‐+me	
  demo	
  simula+ons	
  
(hlps://storm.aoml.noaa.gov/real+me/)	
  



l  Three	
  atmospheric	
  telescoping	
  nested	
  domains:	
  
l  27km	
  resoluQon	
  75x75	
  degree	
  domain	
  
l  9km	
  resoluQon	
  ~11x10	
  degree	
  storm-­‐

following	
  
l  3km	
  resoluQon	
  ~6x5	
  degree	
  storm-­‐following	
  

l  Include	
  new	
  nest	
  moQon	
  algorithm	
  and	
  other	
  
dynamics	
  improvements	
  tested	
  in	
  real-­‐Qme	
  
during	
  2011	
  season	
  in	
  collaboraQon	
  with	
  HRD	
  

l  Coupled	
  with	
  POM	
  ocean	
  model.	
  
l  New	
  coupler	
  and	
  modified	
  HWRF	
  vortex	
  

iniQalizaQon	
  for	
  third	
  nest	
  
l  Changes	
  to	
  HWRF	
  physics	
  appropriate	
  for	
  3	
  km	
  

resoluQon	
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Ø  Triple nested HWRF system (27-9-3) has been running parallel for 
2011 hurricane season ; 

Ø  The system is stable and produces comparable or better track/
intensity forecasts with current operational HWRF; 

Ø  The bottleneck for the system to be implemented into operation is 
the run time: it costs about 2 hours and 20 minutes for 126 hours 
forecast; 

Ø   Several possible ways to further reduce the model run time, 
including: 

        - IO Servers configuration (identical results); 
        - Reducing HALO width (identical results); 
        - Increasing model time steps and physics calling frequencies; 
        - Adding one more node; Reducing model print statements; 
        - Reducing model domain; Loadleveler environment 

configuration; 
Ø    3 dedicated nodes – thanks to vapor helpdesk. 
Ø  End Result:  Triple Nested HWRF system can run in 75 minutes 

with four nodes 
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HR12  H061  H062  H063  HWRFV6.0.0  

New Baseline 
(Control) 

GFS Shallow 
convection and new 

PBL  

Tuning of Microphysics 
parameters (NCW, 

NLImax, fall speed and 
so on)  

Q3FY12 GFS (Hybrid 
GSI, prd12q3k)  H061+ H062+H063  

Triple nested 
HWRF (27-9-3km) 

Uses GFS shallow 
convection and PBL 
scheme implemented 

in July 2010  

Tune some microphysics 
parameters suggested by 

Eric and Brad  

Create another baseline 
with proposed Q3FY12 

Hybrid GSI/GFS   

Combination of shallow 
convection, PBL and 

Microphysics and 
Q3FY12 GSI/GFS 

Test cases:  
All 2011 cases in 

ALT and EP 
(about 600 cases)  

Priority cases  Priority cases  
All 2011 cases in ALT 

and EP (about 600 
cases)  

All 2011 cases in ALT 
and EP (about 600 cases)  

Dec. 15, 2011   Jan. 31, 2012  Jan. 31, 2012  Feb. 28, 2012  Feb. 28, 2012  
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•  HWRF Physics  (URI, GFDL, ESRL,HRD) 
–  Surface fluxes, sea spray and wave coupling 

–  Physics for high-resolution (convection, micro 
physics, PBL, LSM ) 

•  HWRF Diagnostics (HFIP, EMC, NHC, FSU, 
CIRA, HRD, UMBC/UMD)  

–  Identifying forecast errors from different 
components of model physics and dynamics 

–  Hurricane model diagnostics, evaluation and 
verification 

–  Develop a common and comprehensive 
diagnostics framework and tools to integrate 
model output with available observations for 
verification 

–  Enhanced real-time product display and 
navigation 

•  HWRF Ensembles 
–  Large Scale Flow Perturbations; 
–   Initial Storm Structure Perturbations; 
–   Physics-Based Perturbations 

•  High-Resolution HWRF and other parallels 
–  Real-time demo of triple nested (27/9/3) HWRF 

(HFIP Stream 1.5) 
–  Real-time demo of high-resolution 9:3 HWRF 

(HFIP Stream 2) 
–  Real-time demo of Doppler Radar DA 

experiments 
–  Real-time demo of NOAH LSM Coupled HWRF 53	
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HWRF Hybrid DA 

Data assimilation and vortex 
initialization (EMC, ESRL, OU, 
AOML) 
Real-time transmission of the P3 TDR data 
flow from aircraft to NCO/TOC/AOC and 
assimilation using advanced GSI. 
Improved vortex initialization (model 
consistent 3-D balanced vortex) 
Ensemble data assimilation - hybrid EnKF 
(ESRL, OU , AOML) 
Planned Demo during 2011 hurricane season 
(HFIP Stream 2) 
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TDR	
  radial	
  velocity	
  data	
  assimilated	
  in	
  inner	
  analysis	
  domain	
  

2011.08.24	
  00	
  UTC	
   2011.08.24.	
  12	
  UTC	
  



TDR	
  radial	
  velocity	
  data	
  assimilated	
  in	
  inner	
  analysis	
  domain	
  

2011.08.25	
  12	
  UTC	
   2011.08.27.	
  00	
  UTC	
   2011.08.27	
  12	
  UTC	
  





Comparison of Average Intensity Errors 
Hurricane Earl (Total Sample: 40)  

Bias correction is estimated 
from the intensity error 
distribution of ensemble 
PDF. 
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Deep ocean model 
resolution dictated 

by GFS model"

Higher coastal 
model resolution 
dictated by model 

economy"
Highest model 

resolution in areas 
of special interest"

Hurricane nests moving with 
storm(s) like GFDL and 

HWRF"

•  NOAA/NCEP in-house 
wave model, based on 
WAM. 

•  Operational global and 
(nested) regional model. 

•  Specialized Atlantic and 
Pacific hurricane wave 
models with blended 
winds from GFS and 
GFDL model. 

•  WAVEWATCH III will be 
coupled to HWRF 



www.emc.ncep.noaa.gov/HWRF 

LSM 
Routing Model 
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HWRF	
  Domain	
  With	
  Mul+ple	
  Moving	
  Nests	
  	
  
•  Basin	
  scale	
  domain	
  	
  
•  7	
  days	
  forecast	
  
•  SDA	
  and	
  cycling	
  

•  Regional	
  ensembles/products	
  
•  Daily	
  Tropical	
  Outlook/genesis	
  
•  ComputaQonal	
  Efficiency	
  (27:9;about	
  2	
  h;	
  168	
  CPUs)	
  



HypotheQcal	
  NMMB	
  Simultaneous	
  Run	
  	
  	
  
Global	
  [with	
  Igor	
  &	
  Julia]	
  and	
  NAM	
  [with	
  CONUS	
  nest]	
  

27	
  km	
  Global	
  NMMB	
  27	
  km	
  Global	
  NMMB	
  

12	
  km	
  NAM	
  NMMB	
  

12	
  km	
  NAM	
  NMMB	
  

4	
  km	
  NAM-­‐nest	
  NMMB	
  
9	
  km	
  Igor	
  NMMB	
  

9	
  km	
  Julia	
  NMMB	
  



l  Higher	
  resoluQon	
  alone	
  is	
  not	
  enough.	
  	
  We	
  need	
  physics	
  
appropriate	
  for	
  high	
  resoluQon.	
  	
  We	
  started	
  seeing	
  beOer	
  
structure	
  of	
  tropical	
  cyclones	
  from	
  high-­‐res	
  runs.	
  

l  Vortex	
  iniQalizaQon	
  requires	
  several	
  changes	
  (we	
  may	
  be	
  able	
  
to	
  resolve	
  RMW,	
  eye	
  and	
  eye-­‐wall	
  appropriately).	
  We	
  should	
  
explore	
  inner	
  core	
  DA	
  with	
  available	
  obs.	
  

l  Providing	
  high-­‐resoluQon	
  capability	
  within	
  the	
  operaQonal	
  
framework	
  allows	
  developers	
  to	
  test	
  new	
  and	
  innovaQve	
  
methods	
  to	
  improve	
  forecast	
  skill.	
  

l  We	
   are	
   focusing	
   only	
   on	
   TRACK	
   and	
   INTENSITY,	
   and	
   just	
  
started	
   looking	
   into	
   the	
   STRUCTURE.	
   	
  More	
   work	
   needed	
   to	
  
evaluate	
  Precipita+on,	
  Inland	
  Flooding,	
  Storm	
  Surge	
  and	
  other	
  
related	
  landfall	
  features	
  from	
  these	
  models.	
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OperaQonal	
  implementaQon	
  of	
  
HWRF	
  in	
  India	
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•  Unified	
   community	
   HWRF	
   modeling	
   system	
   provides	
   a	
  
unique	
  opportunity	
  to	
  expand	
  its	
  applicaQons	
  for	
  tropical	
  
cyclone	
  forecasts	
  over	
  the	
  world.	
  

•  NOAA	
   has	
   signed	
   an	
   MoU	
   with	
   India	
   (MoES)	
   for	
  
improved	
   tropical	
   cyclone	
   predicQons	
   over	
   the	
   Indian	
  
region.	
  

•  We	
  started	
  looking	
  into	
  performance	
  of	
  the	
  HWRF	
  model	
  
for	
  Western	
  Pacific	
  typhoons.	
  

•  JTWC	
   expressed	
   interest	
   in	
   having	
   HWRF	
   run	
   for	
   all	
   TC	
  
basins	
  including	
  Southern	
  Pacific	
  (Australia)	
  region.	
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Sidr, 2007 
Intensity Forecast 

Sidr, 2007 
Moving Nest 

Sidr, 2007 
Track Forecast 

Sidr, 2007 
Initial vortex 
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Nargis, 2008 
Track Forecast 

Moving Nest, 
Mala 2006 
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•  IniQal	
  vortex	
  diagnosQcs	
  of	
  HWRF/GFDL/GFS	
  
•  HWRF	
  SyntheQc	
  satellite	
  imagery	
  for	
  GOES	
  (IR	
  and	
  WV)	
  and	
  

Microwave	
  (37	
  and	
  85	
  GHz)	
  
•  SHIPS	
  diagnosQcs	
  parameters	
  (HWRF/GFDL/GFS/H3GP)	
  
•  DisseminaQon	
  of	
  products	
  through	
  various	
  channels:	
  

–  HWRF	
  website	
  (hOp://www.emc.ncep.noaa.gov/gc_wmb/vxt/)	
  
–  FSU	
  website	
  (hOp://moe.met.fsu.edu/tcgengifs/)	
  
–  AOML	
  website	
  (hOp://storm.aoml.noaa.gov/realQme/)	
  
–  HFIP	
  website	
  (

hOp://www.ral.ucar.edu/projects/hfip/d2011/forecasts/index.php)	
  
–  Extensive	
  discussion	
  of	
  HWRF/GFDL/GFS/H3GP	
  forecasts	
  in	
  the	
  

tropical	
  community,	
  blogs	
  and	
  e-­‐mail	
  lists	
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QuesQons?	
  

Real-time and pre-implementation T&E  
HWRF products:   

http://www.emc.ncep.noaa.gov/gc_wmb/vxt/index.html 
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