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D1: 379x244x27kmx44sigma 

D2: 304x304x9km 

D3: 304x304x3km 

ARW	   V3.4.1	  

Cumulus 	  
Grell-Devenyi 
ensemble (27 km 
domain only)	  

Microphysics	   WSM 6-class 
graupel	  

PBL	   YSU	  
Surface Layer	   Monin-Obukov	  

Land Surface	   thermal diffusion	  

Radiation	   Rrtm / Dudhia	  
Air-sea flux	   Modified option 2	  
Ocean	   NO	  

•  60-‐member	  ensemble	  
•  Gaspairi	  &	  Cohn	  99'	  covariance	  

localiza4on	  with	  varying	  RoI	  
•  IC	  &	  BC:	  GFS	  using	  3DVAR	  

background	  uncertainty	  
•  Observation	  window:	  3hrs	  
cycling	  

ANPS – no EnKF assimilation: WRF is initialized with operational GFS analysis	  
	  APCT – control run: EnKF assimilation of conventional data only 
APRC – recon run: APCT + flight-level and dropsonde observations 
APAR – recon with TDR run: APCT + flight-level and dropsonde obs + TDR Vr 2	  

WRF-‐ARW	  Configura4ons	  for	  the	  PSU	  Cycling	  EnKF	  



NHC	  Selected	  Cases	  for	  RDITT	  
Aircraft ReconCcases for the 2008-2012 Atlantic Storms (by NHC) 
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missions	  during	  2008-‐2012	  

3	  



PSU	  Recon	  Experiment:	  	  	  
A sample of Hurricane Earl (2010) initialization	  

NOAA	  Recon	  missions	  into	  Earl	  
(2010)	  from	  www.aoml.noaa.go	  

NHC Best track: 991mb, 55kt    

ANPS:	  	  
1002mb,	  40kt	  	  
	  

APCT:	  	  
955mb,	  90kt	  	  	  	  
	  

APRC:	  	  
980mb,	  65kt	  	  	  
	  

4	  



  78oW   72oW   66oW   60oW   54oW 
  15oN 

  20oN 

  25oN 

  30oN 

  35oN 

  40oN 

 

 
2010al07 Earl APSU Track

BEST
ANPS
APCT
APRC

29 30 31 01 02 03

930

940

950

960

970

980

990

1000

2010al07 Earl APSU Pmin

 

 

BEST
ANPS
APCT
APRC

29 30 31 01 02 03
0

15

30

45

60

75

90

105

120

135
2010al07 Earl APSU Vmax

 

 

BEST
ANPS
APCT
APRC

PSU	  Recon	  Experiment:	  	  	  
A sample of hurricane Earl (2010) forecasts	  

Hurricane	  Earl	  (2010)	  track	  and	  
intensity	  forecasts	  ini&alized	  	  at	  
06Z	  9	  Sept	  2010	  for	  ANPS	  (blue),	  
APCT	  (cyan)	  and	  APRC	  (red)	  by	  
comparing	  to	  the	  NHC	  best	  track	  
(black)	  

Vmax track	  

Pmin	  
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Baseline	  tests	  (ANPS):	  ARW	  forecasts	  
started	  from	  opera4onal	  GFS	  analyses	  

Mean	  absolute	  forecast	  errors	  averaged	  
over	  all	  AtlanGc	  storms	  during	  
2008-‐2012	  against	  the	  NHC	  Best	  Track	  
by	  homogeneously	  verified	  with	  the	  WRF	  
determinisGc	  forecasts	  iniGalized	  with	  
operaGonal	  GFS	  analysis.	  The	  numbers	  
of	  homogeneously	  samples	  are	  list	  on	  
the	  top	  of	  the	  intensity	  error	  panels.	  	  

Vmax track	  

Pmin	  
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PSU	  Cycling	  WRF-‐EnKF	  with	  Conventional Data (APCT) 
in comparison to WRF from GFS analysis (ANPS)	  

	  Mean	  absolute	  forecast	  error	  (solid	  lines)	  
and	  bias	  (dash	  lines)	  averaged	  over	  all	  758	  
APCT	  cases	  during	  2008-‐2012	  for	  the	  WRF	  
determinisGc	  forecasts	  iniGalized	  with	  
operaGonal	  GFS	  analysis	  (“ANPS”,	  blue)	  and	  
the	  WRF	  determinisGc	  forecasts	  iniGalized	  
with	  the	  cycling	  WRF-‐EnKF	  analysis	  with	  
convenGonal	  observaGon	  assimilaGon	  
(“APCT”,	  cyan)	  .	  	  

Vmax track	  

Pmin	  
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APCT
APRC

Mean	  absolute	  forecast	  error	  
homogeneously	  averaged	  over	  all	  636	  
APRC	  cases	  during	  2008-‐2012	  for	  APCT	  
(cyan)	  and	  APRC	  (red).	  The	  blue	  bar	  on	  
the	  bo\om	  of	  each	  panel	  means	  the	  
improvement	  of	  APRC	  in	  percent	  over	  
APCT,	  while	  the	  red	  bar	  means	  APRC	  is	  
worse	  than	  the	  APCT.	  The	  numbers	  of	  
homogeneously	  samples	  are	  list	  on	  the	  
top	  of	  each	  panel.	  

Vmax track	  

Pmin	  
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PSU	  Cycling	  WRF-‐EnKF	  with	  Aircra-	  Recon	  and	  
Conven4onal	  Data	  (APRC)	  versus	  “No	  Recon”	  (APCT)	  
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Track	   Intensity	  

Homo-‐MAE	  for	  APCT,	  APRC	  &	  APAR	  

PSU	  Cycling	  WRF-‐EnKF	  with	  Aircra-	  Recon	  and	  Conven4onal	  
Data	  (APRC)	  versus	  with	  Addi4on	  of	  P3	  Doppler	  Vr	  (APAR)	  

	  
Verifica&on	  of	  all	  storms	  at	  all	  &mes	  that	  have	  P3	  TDR	  data	  



Track	   Intensity	  

PSU	  Cycling	  WRF-‐EnKF	  with	  Aircra-	  Recon	  and	  Conven4onal	  Data	  
(APRC)	  versus	  with	  Addi4on	  of	  P3	  Doppler	  Vr	  (APAR)	  

	  
Verifica&on	  of	  only	  ini&al	  &mes	  right	  aRer	  P3	  TDR	  mission	  
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Track	   Intensity	  

PSU	  Cycling	  WRF-‐EnKF	  with	  Aircra-	  Recon	  and	  Conven4onal	  Data	  
(APRC)	  versus	  with	  Addi4on	  of	  P3	  Doppler	  Vr	  (APAR)	  

	  
Verifica&on	  of	  only	  ini&al	  &mes	  right	  aRer	  P3	  TDR	  mission	  
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Brief	  Summary	  
•  Aircra\	  dropsonde	  and	  flight-‐level	  observa4ons	  adds	  to	  
the	  enhanced	  hurricane	  intensity	  predic4on	  by	  the	  
cycling	  convec4on-‐permi^ng	  PSU	  WRF-‐EnKF	  system.	  

•  Given	  the	  intensity	  forecast	  error	  for	  limited	  number	  of	  
test	  cases	  is	  already	  very	  low,	  there	  is	  no	  apparent	  
further	  improvement	  in	  intensity	  forecast	  in	  further	  
assimila4ng	  high-‐resolu4on	  airborne	  Doppler	  data.	  
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PSU	  2013	  Stream	  1.5:	  Real-‐4me	  Cases	  
Table , APSU cases in NHC ATCF system. 
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PSU	  WRF-‐EnKF	  2013	  Stream	  1.5:	  Recon	  Cases	  
Total	  56	  recon	  missions:	  48	  missions	  for	  Gabrielle,	  Ingrid	  and	  Karen	  
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2013al12 KAREN APSU Track
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NHC Official Forecast
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NHC Official Forecast
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NHC Official Forecast
HWRF
GFDL
WRF EnKF Deterministic Forecast

PSU	  WRF-‐EnKF	  2013	  Real-‐4me	  Performance	  

Mean	  absolute	  forecast	  errors	  homogeneously	  averaged	  for	  2013	  stream	  
1.5	  APSU	  (red),	  opera&onal	  OFCL	  (cyan),	  HWRF	  (blue)	  and	  GFDL	  (green).	  	  

track	  	  error(n	  mi)	   Pmin	  error	  (mb)	  

Bias-‐corrected	  Vmax	  error	  (kt)	  
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Vmax	  	  error	  (kt)	  


