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Opera[onal	  Requirements 

•  Requirements	  for	  a	  TC	  predic[on	  model	  
– Model	  can	  provide	  customers	  required	  forecast	  
guidance	  in	  a	  [mely	  manner	  

– Model	  parallelism	  can	  fit	  current	  and	  future	  
supercomputer	  architecture	  

– Model	  is	  opera[onally	  feasible	  
•  Opera[onal	  framework	  (so_ware	  and	  hardware)	  
•  Forecast	  center	  infrastructure	  
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Horizontal-‐Temporal	  Scales	  of	  
Atmospheric	  Processes 

Adopted	  from	  Orlanski	  (1975) 

1	  hour 

1	  day 

1	  sec 

1	  min 

1	  mo 

20	  m 200	  m 2	  km 20	  km 200	  km 2000	  km 10000	  km 

Plumes	  
Roughness	  
Turbulence 

Dust	  devils	  
Thermals	  
Wakes 

Tornados	  
Deep	  
convec>on	  
Short	  gravity	  
waves 

Thunderstorms	  
I.G.W.	  
Clear	  air	  
turbulence	  
Urban	  effects 

Nocturnal	  low	  
level	  jet	  
Squall	  lines	  
Iner>al	  waves	  
Cloud	  clusters	  
Lake	  &	  Mtn	  
disturbances 

Fronts	  (from	  cross	  front	  to	  along	  front)	  

Baroclinic	  
waves 

Standing	  
waves	  
	  
Ultra	  long	  
waves	  
	  
	  
	  
Tidal	  
waves	  

Micro	  γ	  
scale 

Micro	  β	  
scale 

Micro	  α	  
scale 

Meso	  γ	  
scale 

Meso	  β	  
scale 

Meso	  α	  
scale 

Macro	  β	  
scale 

Macro	  α	  
scale 

Time 

Horizontal	  
Length 3	  



Scien[fic	  Requirements	  
•  Preserve	  across	  processes	  on	  TC	  genesis,	  intensifying,	  

decaying,	  and	  landfall	  processes	  within	  an	  integrated	  
modeling	  system	  to:	  
–  Represent	  both	  the	  short	  wave	  and	  long	  wave	  ends	  of	  the	  scale	  
spectrum	  

–  Study	  on	  mul[-‐scale	  interac[ons	  e.g.	  storm-‐storm	  interac[on,	  
TC-‐terrain	  interac[on,	  and	  landfall	  processes	  and	  QPF	  etc.	  	  	  

•  Model	  has	  sufficient	  resolu[on	  that	  can	  represent	  TC	  inner	  
core	  physics	  and	  can	  predict	  TC	  structure	  (	  3	  km	  or	  less)	  
–  Non-‐hydrosta[c	  model	  becomes	  required	  
–  Physics	  schemes	  should	  be	  suitable	  to	  the	  high-‐resolu[on	  
model	  
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Objec[ves 
•  Tailor	  a	  tool	  that	  is	  opera[onally	  feasible	  and	  
transferable	  at	  minimum	  cost	  in	  the	  near	  future	  

•  Create	  a	  model	  for	  R&D	  of	  the	  next	  genera[on	  
across-‐scale	  TC	  forecast	  system 

•  Maintain	  all	  capabili[es	  available	  to	  opera[onal	  
HWRF,	  including	  cycling	  and	  ini[aliza[on	  that	  can	  
be	  u[lized	  for	  tes[ng	  high-‐resolu[on	  physics,	  
advanced	  data	  assimila[on,	  ensemble	  forecast,	  
etc.	  

•  Quan[fy	  model	  bias	  and	  diagnose	  sources	  of	  
model	  errors	  

5 



Idea	  of	  Moving	  Nest 
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Nes[ng	  Scheme	  and	  Feedback 

Parallel	  TC	  one	   Parallel	  TC	  two	  

Two-‐way	  interac>on	   Two-‐way	  interac>on	  
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Not	  realis>cally	  represented	  the	  
interac>on	  between	  two	  storms	  

The	  opera[onal	  HWRF 

TC	  one TC	  two 
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Nes[ng	  Scheme	  and	  Feedback	  

Parallel	  TC	  one	   Parallel	  TC	  two	  

Two-‐way	  interac>on	   Two-‐way	  interac>on	  Interac>ons	  between	  
two	  storms	  through	  
interac>ons	  with	  the	  

parent	  domain	  

8	  The	  basin-‐scale	  HWRF 



Isaac-Ileana-Kirk real-time 3-km predictions

Mul[ple	  Movable	  Nests	  HWRF	  System 
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Cycling	  scheme	  
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The	  opera[onal	  HWRF 
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Cycling	  scheme	  
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Cycle	  one	  
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Cycle	  two	  

The	  basin-‐scale	  HWRF 



Mul[-‐storm	  Ini[aliza[on 
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Basin-‐scale	  HWRF	  vs.	  Opera[onal	  HWRF 
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2013	  Opt.	  HWRF	  
(H213)	  

2013	  Basin-‐scale	  
HWRF	  (H3HW)	  

2014	  Opt.	  HWRF	  
(H214)	  

2015	  Opt.	  HWRF	  
(H215)	  

2015	  Basin-‐scale	  
HWRF	  (H5HW)	  

Domain	   27	  KM:	  77.6˚	  X	  77.6˚	  
9	  KM:	  10.5˚	  X	  10.14˚	  
3	  KM:	  7.18˚	  X	  6.46˚	  

27	  KM:	  213.6˚	  X	  113.6˚	  
9	  KM:	  10.5˚	  X	  10.14˚	  
3	  KM:	  7.18˚	  X	  6.46˚	  

27	  KM:	  77.6˚	  X	  77.6˚	  
9	  KM:	  12.66˚	  X	  12.18˚	  
3	  KM:	  7.9˚	  X	  7.06˚	  

18	  KM:	  77.6˚	  X	  77.6˚	  
6	  KM:	  12.74˚	  X	  12.29˚	  
2	  KM:	  7.94˚	  X	  7.07˚	  

27	  KM:	  213.6˚	  X	  113.6˚	  
9	  KM:	  12.66˚	  X	  12.18˚	  
3	  KM:	  7.9˚	  X	  7.06˚	  

Ver>cal	  Levels	   42	  levels	   61	  levels	   61	  levels	   61	  levels	   61	  levels	  

Model	  Top	   50hPa	   2hPa	   2hPa	   2hPa	   2hPa	  

Vortex	  
Ini>aliza>on	  

at	  3	  KM	  	   at	  3	  KM	   at	  3	  KM	  	   at	  2	  KM	  	   at	  3	  KM	  

Data	  Assimila>on	   GSI	   No	  GSI	  	   Hybrid	  	   Hybrid	  +	  Ensemble	  (TDR)	   Hybrid	  

Cycling	   Yes	  (9-‐3	  km	  vortex)	   Yes	  (9-‐3	  km	  vortex)	   Yes	  (9-‐3	  km	  vortex)	   Yes	  (9-‐3	  km	  vortex)	   Yes	  (9-‐3	  km	  vortex)	  

Ocean	  Coupling	   Yes	   No	   Yes	   Yes	   No	  

Mul>ple	  Storm	   No	   Yes	   No	   No	   Yes	  

Physics	  schemes	  

Microphysics	   Modified	  Ferrier	   Modified	  Ferrier	   Modified	  Ferrier	   Modified	  Ferrier-‐Aligo	   Modified	  Ferrier-‐Aligo	  

Radia>on	   GFDL	   GFDL	   GFDL	   RRTMG	   RRTMG	  

Surface	   GFDL	  	   GFDL	  	   GFDL	  	   GFDL(V215)	   GFDL(V215)	  

PBL	  Scheme	   Modified	  GFS	  	   Modified	  GFS	  	   Modified	  GFS	  	   Modified	  GFS	  (V215)	   Modified	  GFS	  (V215)	  

Convec>on	   SAS,	  No	  CP	  (3	  KM)	   SAS,	  No	  CP	  (3	  KM)	   SAS,	  No	  CP	  (3	  KM)	   SAS,	  No	  CP	  (2	  KM)	   SAS,	  No	  CP	  (3	  KM)	  

Land	  Surface	   GFDL	  Slab	   GFDL	  Slab	   GFDL	  Slab	   NOAH	   NOAH	  
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Basin-‐scale	  HWRF	  vs.	  Opera[onal	  HWRF	  
(Parent	  domain) 
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Proving	  the	  value	  
of	  the	  Basin-‐scale	  HWRF	  

Stra[fied	  verifica[on	  (2011-‐14) 

Full	  sample ATL Full	  sample	  EP 
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Proving	  the	  value	  
of	  the	  Basin-‐scale	  HWRF	  

Stra[fied	  verifica[on	  (2011-‐14) 

Full sample ATL 1	  ATL	  storm	  with	  ≥1	  EP	  storm 
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Proving	  the	  value	  
of	  the	  Basin-‐scale	  HWRF	  

Stra[fied	  verifica[on 

3500km	  verifica[on	  radius 
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Proving	  the	  value	  
of	  the	  Basin-‐scale	  HWRF	  

Stra[fied	  verifica[on	  (2011-‐14) 

Full sample ATL ≥1	  storm(s)	  outside	  3500km	  radius 
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Proving	  the	  value	  
of	  the	  Basin-‐scale	  HWRF	  

Stra[fied	  verifica[on	  (2111-‐14) 

Full	  sample ATL ≥2	  storm(s)	  outside	  3500km	  radius 
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Mul[-‐storm	  Interac[ons	  
Impacts	  of	  Far-‐Field	  TCs?	  

BASELINE	  

1+	  Far-‐Field	  TC	   2+	  Far-‐Field	  TC	  

“Far-‐Field	  TC”	  is	  
>	  3500	  km	  away	  from	  

Local	  TC	  
20 



Long-‐lived	  TCs	  in	  the	  
Basin-‐scale	  HWRF	  
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10	  Longest	  lived	  TCs	  
from	  2011-‐2013	  

	  
~48%	  of	  the	  total	  sample	  

Side	  panels	  show	  4	  
individual	  TCs	  from	  the	  

above	  sample.	   21 



Storm-‐storm	  Interac[on 

•  How	  o_en	  does	  the	  storm-‐storm	  interac[on	  
happen?	  

•  What	  is	  the	  forecast	  implica[on?	  
•  What	  are	  the	  interac[on	  processes? 
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Global	  Storm	  Occurrence	  in	  All	  Basins 

23 

Tallapragada	  et	  al,	  2014 

Number of Storms Global % of occurrence NHC alone JTWC alone 

1+ 15287 70 8300 12022 

2+ 9148 42 4632 4461 

3+ 4956 23 2260 987 

4+ 2521 12 864 155 

5+ 1081 5 243 14 

6+ 387 2 69 0 

7+ 99 0.5 4 0 

8+ 22 0.1 0 0 

9+ 0 0 0 0 
Data:	  real-‐[me	  TCVital	  during	  2000-‐2014 



Frequency	  of	  Mul[-‐storm	  

In	  86%	  of	  verified	  Atlan[c	  forecast	  cycles,	  
at	  least	  2	  disturbances	  are	  present.	  

24 



Forecast	  Implica[on 
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Saomai	  limited	  Bopha	  development 



Example	  of	  Binary	  TC	  interac[on	   

1630Z01AUG12 2230Z01AUG12 0430Z01AUG12 

0130Z31AUG12 1330Z31AUG12 1930Z31AUG12 
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Damrey 

Saola 

Damrey:	  28	  JUL-‐02	  AUG Saola:	  28	  JUL-‐03	  AUG 



Forecast	  Issue 

Ini[al	  [me	  
2012072912 

Ini[al	  [me	  
2012073000 

Ini[al	  [me	  
2012080100 

•  Basin-‐wide	  model	  forecast	  produced	  superior	  tracks	  a_er	  3000Z	  
•  JTWC	  opera[onal	  forecast	  struggled	  except	  at	  early	  stage	  because	  of	  the	  complicate	  

interac[ons	  
•  All	  models	  including	  GFS	  have	  bigger	  landfall	  loca[on	  errors	  even	  48	  hour	  forecast 

Black:	  best	  track;	  Purple:	  Basin	  HWRF;	  Orange:	  Oper.	  HWRF;	  Red:	  GFS;	  Green:	  GFDL	   
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Roadmap	  to	  Transi[ons	  

•  Develop	  ocean	  coupling	  capability	  for	  basin-‐
scale	  HWRF	  

•  Develop	  parent	  domain	  data	  assimila[on	  
capability	  

•  Scalability	  test	  
•  Framework	  improvement	  for	  higher	  
resolu[on	  

•  Forecast	  products	  for	  basin-‐scale	  forecast	  
applica[ons	  and	  diagnos[cs 
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Summary 
•  The	  HWRF	  mul[-‐storm	  modeling	  system	  was	  developed	  in	  AOML/

HRD	  in	  collabora[on	  with	  NCEP/EMC	  and	  DTC	  under	  the	  support	  of	  
NOAA’s	  HFIP	  

•  The	  system	  can	  expand	  to	  any	  number	  of	  high-‐resolu[on	  movable	  
nests	  centered	  on	  storms	  that	  may	  exist	  in	  the	  regional	  domain	  but	  
current	  scripts	  allow	  for	  only	  5	  storms	  as	  it	  is	  currently	  limited	  in	  
the	  HWRF	  code	  

•  The	  system	  can	  not	  only	  provide	  simultaneous	  high-‐resolu[on	  
forecasts	  for	  mul[ple	  storms,	  but	  also	  improve	  the	  representa[on	  
of	  storm-‐storm	  interac[ons,	  synop[c-‐scale	  flows,	  and	  the	  TC	  life	  
cycle	  from	  genesis,	  intensifying,	  decaying	  to	  landfall	  

•  The	  system	  may	  be	  applied	  to	  various	  unique	  research	  on	  TCs,	  such	  
as	  storm-‐storm	  interac[on,	  model	  bias	  diagnos[cs,	  physical	  
scheme	  evalua[on	  and	  improvement,	  and	  localized	  mul[ple-‐vortex	  
ini[aliza[on	  and	  advanced	  data	  assimila[on	  
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