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Mo.va.on	  
•  Developing	  a	  dynamical	  model	  that	  has	  skill	  in	  predic.ng	  
major	  hurricanes	  (MHs)	  is	  central	  to	  NOAA’s	  mission	  and	  
highly	  relevant	  to	  society.	  	  
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Damage	  cost	  from	  U.S.	  Billion-‐dollar	  disaster	  events	  	  (1980–2013)	  

Smith	  and	  Ma+hes	  (2015,	  Natural	  Hazards)	  
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Ac.ve	  2017	  Major	  Hurricane	  Season	  
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North	  Atlan.c	  in	  2017	

•  6	  major	  hurricanes	  
•  Destruc7ve	  landfalling	  

Hurricanes	  (Harvey,	  
Irma,	  Maria)	  

•  Hurricane	  Harvey	  ended	  
12-‐yr	  period	  of	  no	  
landfalling	  major	  
hurricanes	  since	  2005.	  

Public	  and	  science	  community	  are	  very	  interested	  in	  the	  causes	  for	  
the	  2017	  ac.ve	  major	  hurricane	  season	  in	  real	  7me.	  

Natural	  Variability	  (e.g.,	  ENSO,	  PMM,	  AMM,	  PDO)?	  
Anthropogenic	  Forcing	  (e.g.,	  CO2,	  Aerosols)?	
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HiFLOR	  (Hi-‐Resolu.on	  Seasonal	  Predic.on	  Model)	  
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Major	  Hurricanes	  

Model	   Resolu.on	  

FLOR	   Atmosphere：50	  km,	  L32	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ocean:	  100	  km,	  L50	  

HiFLOR	   Atmosphere：25	  km,	  L32	  
	  	  	  	  	  	  	  	  	  	  	  	  	  Ocean:	  100	  km,	  L50	  

We	  developed	  a	  new	  high-‐resolu.on	  
coupled	  model,	  HiFLOR	  to	  improve	  
predic.on	  of	  MHs.	  

FLOR	  :	  Coupled	  Global	  Model	  
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Real-‐Time	  Predic.on	  for	  2017	  Summer	  Season	  	  
(July	  Ini.al	  Predic.on)	  
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Predicted	  Major	  Hurricane	  Frequency	  

HiFLOR	  predicted	  the	  2017	  
ac.ve	  major-‐hurricane	  
season	  (+1.3	  std)	  in	  real	  
.me.	  

HiFLOR	  has	  skill	  in	  
predic.ng	  major	  hurricanes	  
from	  July	  ini.al	  condi.ons.	  
(correla.on	  coefficient	  
=0.74)	  
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Real-‐Time	  Predic.on	  for	  the	  2017	  Summer	  Season	  	  
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HiFLOR	  could	  predict	  the	  loca.ons	  of	  MHs	  a	  
few	  months	  in	  advance	  for	  the	  2017	  summer.	  

Observed	  MH	  Density	  Anomaly	  in	  2017	   Predicted	  MH	  Density	  Anomaly	  in	  2017	  

Observed	  Storm	  Tracks	  in	  2017	  
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What	  caused	  the	  ac.ve	  2017	  MH	  season?	  	  
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Observed	  	  SST	  Anomaly	  in	  2017	  

A.  Moderate La Niña? 
B.  Warmer Tropical Atlantic? 
C.  Warmer off the coast of North America?  

Predicted	  	  SST	  Anomaly	  in	  2017	  
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Significance	  of	  Real-‐.me	  Agribu.on	  

•  To	  assess	  the	  rela.ve	  importance	  of	  SSTAs	  in	  various	  
regions	  for	  the	  ac.ve	  MH	  season	  in	  2017,	  we	  conducted	  
idealized	  seasonal	  predic.ons	  using	  HiFLOR.	  

•  We	  conducted	  an	  “SST-‐nudging	  experiment”,	  in	  which	  
simulated	  SST	  is	  restored	  to	  the	  predicted	  SSTs	  by	  the	  
real-‐7me	  predic7ons	  with	  some	  modifica7ons.	  

•  The	  reason	  why	  we	  u.lized	  predicted	  SSTs,	  rather	  than	  
observed	  SSTs,	  is	  because	  we	  don’t	  need	  to	  wait	  for	  
formal	  observed	  SST	  dataset	  for	  the	  assessment,	  which	  
normally	  delays	  a	  few	  months	  aler	  hurricane	  season.	  We	  
can	  do	  the	  assessment	  even	  as	  the	  hurricane	  season	  is	  
underway.	  
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Idealized	  SST-‐Prescribed	  Seasonal	  Predic.on	  
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A. Moderate La Niña? 

Prescribed	  SST	  Anomaly	  

Pacific	  SST	  anomaly	  was	  removed.	  

SSTa	  off	  the	  coast	  of	  US	  was	  removed.	  

C. Warmer off the 
coast of North 
America?  

B. Warmer Tropical 
Atlantic? 

Predicted	  MH	  Density	  Anomaly	  

MHs	  are	  s.ll	  ac.ve.	  

MHs	  are	  s.ll	  ac.ve.	  

MHs	  reduced.	  SSTa	  in	  the	  tropical	  Atlan.c	  was	  removed.	  
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Idealized	  Prescribed	  SST	  Experiments	  in	  the	  Future	  
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RCP4.5	  	  
(2080-‐2099	  minus	  2015-‐2025)	  

RCP8.5	  
(2080-‐2099	  minus	  2015-‐2025).	  

2017	  SST	  Anomaly	  

2017	  SST	  Anomaly	  

Projected	  MH	  Density	  Anomaly	  

Projected	  MH	  Density	  Anomaly	  

More	  ac.ve	  MH	  season	  than	  the	  2017	  summer	  is	  projected	  in	  the	  future	  even	  with	  the	  
same	  spa.al	  pagerns	  of	  2017	  SST	  anomaly,	  resul.ng	  in	  amplifying	  the	  risk	  of	  MHs.	  
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Which	  of	  local	  SST	  anomaly	  or	  rela.ve	  SST	  anomaly	  is	  important	  for	  
frequency	  of	  MHs	  in	  the	  North	  Atlan.c?	  
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Observed	  number	  of	  MHs	  (gray	  bars)	  is	  correlated	  with	  both	  	  
tropical	  Atlan7c	  SST	  anomaly	  (SSTA,	  r=+0.50)	  and	  	  
tropical	  Atlan7c	  SST	  anomaly	  rela7ve	  to	  tropical	  mean	  (RSSTA,	  r=+0.61)	  

#	  Observa.ons	  
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Which	  of	  local	  SST	  anomaly	  or	  rela.ve	  SST	  anomaly	  is	  important	  for	  
frequency	  of	  MHs	  in	  the	  North	  Atlan.c?	  
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#	  Model	  

SSTA	  vs	  MHs	  (r=+0.56,	  Slope=+5.1)	   RSSTA	  vs	  MHs	  (r=+0.56,	  Slope=+5.8)	  

2017	  Experiments	  
only	  

2017	  Experiments	  
&	  Future	  Experiments	  

SSTA	  vs	  MHs	  (r=+0.36,	  Slope=+0.7)	   RSSTA	  vs	  MHs	  (r=+0.62,	  Slope=+6.0)	  
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What	  will	  happen	  in	  the	  next	  decades?	  
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Yan	  et	  al.	  (2017,	  Nature	  Comm)	  

AMO	  (or	  AMV)	  index	  is	  going	  to	  nega.ve?	  
	  	  	  	  	  	  	  	  	  	  	  =>	  Decrease	  in	  major	  hurricanes	  in	  next	  decades?	  

Monitoring	  or	  predic.ng	  natural	  variability	  (AMO,	  AMOC)	  is	  a	  key	  to	  predict	  frequency	  of	  
major	  hurricanes	  in	  the	  next	  decades.	  	  
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Summary	  
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•  We	  developed	  a	  new	  methodology	  for	  agribu.on	  study	  ”real-‐7me	  
aYribu7on”	  using	  real-‐.me	  seasonal	  predic.on	  system.	  

•  HiFLOR	  has	  skill	  (r=0.74)	  in	  predic.ng	  frequency	  of	  major	  
hurricanes	  (MHs)	  in	  the	  North	  Atlan.c	  a	  few	  months	  in	  advance.	  

•  HiFLOR	  predicted	  observed	  loca.ons	  of	  MHs	  very	  well	  for	  the	  2017	  
summer.	  

•  The	  ac.ve	  2017	  major	  hurricanes	  were	  controlled	  by	  the	  tropical	  
ocean	  surface	  warming	  in	  the	  North	  Atlan.c.	  

•  In	  the	  end	  of	  21st	  century,	  even	  given	  the	  similar	  SST	  anomaly	  
pagerns	  like	  the	  2017	  summer,	  MH	  could	  be	  more	  ac.ve	  than	  the	  
2017	  summer	  season.	  

•  Rela.ve	  SST	  anomaly	  associated	  with	  AMO	  and	  AMOC	  is	  a	  key	  for	  
predic.on	  of	  MHs	  in	  the	  near	  future.	  

	  
	  


