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About	
  GFDL	
  
•  Geophysical	
  Fluid	
  Dynamics	
  Laboratory	
  	
  
•  Office	
  of	
  Oceanic	
  and	
  Atmospheric	
  Research	
  (OAR),	
  
	
  	
  	
  	
  	
  NaAonal	
  Oceanic	
  and	
  Atmospheric	
  AdministraAon	
  (NOAA)	
  
•  LocaAon:	
  Princeton,	
  New	
  Jersey	
  
•  Mission:	
  To	
  develop	
  and	
  use	
  earth	
  system	
  models	
  and	
  computer	
  

simulaAons	
  to	
  improve	
  our	
  understanding	
  and	
  predicAon	
  of	
  all	
  
aspects	
  of	
  the	
  weather	
  and	
  climate	
  system.	
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GFDL	
  Organiza'on	
  

There	
  are	
  about	
  120	
  scienAsts	
  (40	
  are	
  
federal	
  employees)	
  at	
  GFDL.	
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  Models	
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FLOR,	
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Decadal	
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GFDL	
  
Subseasonal	
  
FLOR-­‐like	
  

(50km)	
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Mo'va'on	
  

•  Tropical	
  cyclones	
  (TCs)	
  have	
  large	
  societal	
  and	
  economic	
  
impacts	
  on	
  the	
  United	
  States	
  (and	
  many	
  other	
  countries)	
  

	
  

Table:	
  Damage	
  cost	
  from	
  U.S.	
  Billion-­‐dollar	
  disaster	
  events	
  (1980-­‐2013)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Smith	
  and	
  MaHhes	
  (2015,	
  Natural	
  Hazards)	
  

•  About	
  85%	
  of	
  the	
  total	
  TC	
  damage	
  has	
  been	
  caused	
  by	
  the	
  intense	
  
hurricanes	
  (Saffir-­‐Simpson	
  Categories	
  4	
  and	
  5;	
  hereager	
  C45)	
  	
  

	
   #	
  C45	
  Hurricane:	
  Hurricane	
  with	
  lifeAme	
  maximum	
  surface	
  wind	
  	
  ≥60m/s	
  (113kt)	
  



GFDL	
  FLOR:	
  Forecast-­‐oriented	
  Low	
  Ocean	
  Resolu'on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  version	
  of	
  CM2.5	
  

Vecchi	
  et	
  al.	
  (2014,	
  J.	
  Climate)	
  

for longer leads there is a rapid divergence with FLOR-
FA showing considerably larger areas with significant
correlation. The fraction of TC regions with significant
(at p , 0.1) correlation in FLOR-FA forecasts initial-
ized in January (three-season lead) is larger than for
FLOR forecasts initialized in April (two-season lead);
January-initialized forecasts with FLOR-FA have al-
most twice the area with significant rank correlation
than do those with FLOR (Fig. 12a). There is a notice-
able jump in skill between forecasts initialized in May
and those in June, which likely reflects the so-called
spring predictability barrier that remains in the FLOR
forecasts of ENSO (Jia et al. 2014, manuscript submitted
to J. Climate). The difference between FLOR-FA and
FLOR performance is more striking if one focuses on
the percentage of TC regions that exhibit retrospective
rank correlation exceeding 0.5 (Fig. 12b); for all start
dates FLOR-FA shows more area with rank correlation
exceeding 0.5. With FLOR, flux adjustment adds about
a season of lead to the forecast performance of regional
TC activity as measured by these two metrics.
This initial suite of forecasts with FLOR and FLOR-

FA were performed with 12 ensemble members, which
is likely sufficient for forecasts of large-scale ocean in-
dices like Niño-3.4. However, it is unclear the extent to
which 12 ensemble members are sufficient for quantities
with a large internal variability component like regional
TC activity. It is possible that the skill in seasonal, re-
gional TC forecasts described above may be enhanced
through a larger ensemble set. To provide a preliminary
assessment of the impact of larger ensemble sizes on the

retrospective forecast skill of regional TC activity, we
make use of the July-initialized forecasts that are avail-
able from four versions of FLOR (FLOR, FLOR-A06,
FLOR-FA, and FLOR-FA.05), and the observation that
the July-initialized skill for TCdensity in all four versions is
comparable, to generate a pseudo-48-member ensemble
(Fig. 13). This 48-member ensemble should be compared
to the 12-member ensemble with FLOR and FLOR-FA
(Figs. 11a,b). It is worth noting that the retrospective
forecast performance of FLOR-A06 and FLOR-FA.05
in the quantities shown in Figs. 7, 8, 10, and 11 is com-
parable to that of FLOR and FLOR-FA, although there
are differences in the ocean simulation of the various
models and the spatial structure of each model’s ENSO.
Increasing ensemble size leads to systematic improve-
ments in the performance of seasonal forecasts of re-
gional TC activity, as can be seen through the red, yellow,
and green dots in Fig. 12.
Although in this test it appears that the large-scale

gains from additional ensemble members are somewhat
small (cf. Fig. 13 with Figs. 11a and 11b), at this stage we
are unable to assess the extent to which these results for
July-initialized forecasts will hold for other leads (as the
forecast performance of FLOR and FLOR-A06 de-
grades with lead more rapidly than FLOR-FA), or for
a larger ensemble with FLOR-FA. Further, some of the
regions in which there are increases in retrospective
correlation from additional ensemble members are near
land (e.g., the northern Gulf of Mexico, the far western
west Pacific, and the far eastern east Pacific), which
could be of practical importance. We hypothesize that

FIG. 13. Retrospective forecast skill of 1981–2011 TC density combining different versions of FLOR and FLOR-
FA initialized 1 July to create a larger ensemble size. Shading indicates the retrospective rank correlation of pre-
dicted vs observed (IBTrACS; Knapp et al. 2010) 108 3 108 TC density, masked at a two-sided p5 0.1 level. Results
are based on a 48-member ensemble created by combining the 12-member ensembles of predictions with FLOR,
FLOR-FA, FLOR-A06, and FLOR-FA.05; see sections 2a and 2b for descriptions of the models). TC density
computed over July–December. Blue box in the northern central Pacific indicates the 108 3 108 scale, for reference.
Gray shading indicates the regions of the northern Pacific andAtlantic in which observed TC density is nonzero for at
least 25% of the years.
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•  FLOR	
  is	
  a	
  TC-­‐permikng	
  model	
  

•  CM2.5:	
  Fully	
  coupled	
  model	
  with	
  50km-­‐mesh	
  atmosphere	
  and	
  0.25°	
  ocean/sea	
  ice	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
FLOR	
  	
  	
  :	
  Fully	
  coupled	
  model	
  with	
  50km-­‐mesh	
  atmosphere	
  and	
  1°	
  	
  	
  	
  	
  	
  ocean/sea	
  ice	
  	
  

FLOR	
  criAcally	
  underesAmates	
  frequency	
  of	
  
C45	
  hurricanes.	
  

C45	
  



GFDL	
  Coupled	
  Models	
  (FLOR	
  and	
  HiFLOR)	
  
FLOR	
   HiFLOR	
  

Base	
  Model	
   AM2.5	
  (Atmosphere	
  model	
  of	
  CM2.5),	
  MOM4	
  (Ocean	
  model	
  of	
  CM2.1)	
  

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

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



SST	
  Restoring	
  Experiments	
  by	
  FLOR	
  and	
  HiFLOR	
  
Murakami	
  et	
  al.	
  (2015,	
  J.	
  Climate)	
  

FLOR	
  underesAmates	
  
TC	
  intensity	
  

HiFLOR	
  improved	
  
TC	
  intensity	
  

Restoring	
  Experiment:	
  
Observed	
  Ame-­‐varying	
  	
  
SST	
  is	
  restored	
  at	
  5-­‐day	
  
Amescale	
  for	
  the	
  period	
  	
  
1971–2012.	
  

Number:	
  Annual	
  mean	
  TC	
  frequency	
  



Simulated	
  TC	
  Intensity	
  

•  HiFLOR	
  can	
  simulate	
  C45	
  hurricanes.	
  
•  TC	
  structure	
  is	
  reasonably	
  simulated	
  in	
  terms	
  of	
  
Maximum	
  Wind	
  Speed–	
  Mean	
  SLP	
  relaAonship.	
  

Murakami	
  et	
  al.	
  (2015,	
  J.	
  Climate)	
  

C45	
  

OBS:	
  Observed	
  Regressed	
  Line	
  



Interannual	
  Varia'on	
  of	
  North	
  Atlan'c	
  Storms	
  

r=0.68	
  (HiFLOR	
  vs	
  Obs)	
  

r=0.59	
  (FLOR	
  vs	
  Obs)	
  

r=0.64	
  (HiFLOR	
  vs	
  Obs)	
  

r=N/A	
  (FLOR	
  vs	
  Obs)	
  

Murakami	
  et	
  al.	
  (2015,	
  J.	
  Climate)	
  

It	
  is	
  for	
  the	
  first	
  Ame	
  that	
  a	
  
global	
  coupled	
  model	
  could	
  
simulate	
  observed	
  
interannual	
  variaAon	
  of	
  C45	
  
hurricanes.	
  



Interannual	
  Varia'on	
  for	
  Global	
  Ocean	
  Basins	
  

CorrelaAon	
  Coefficients	
  (Observed	
  vs	
  Model,	
  1971–2012)	
  

95%	
  Significant	
  

HiFLOR	
  shows	
  higher	
  skill	
  than	
  FLOR	
  in	
  all	
  the	
  ocean	
  basins,	
  except	
  for	
  WNP	
  	
  

Murakami	
  et	
  al.	
  (2015,	
  J.	
  Climate)	
  



Previous	
  Studies	
  on	
  Future	
  Changes	
  in	
  Global	
  TC	
  
Frequency	
  

IPCC	
  AR5	
  Chapter	
  14	
  

I.   Global	
  TC	
  Frequency	
  (decrease)	
  
II.  Mean	
  TC	
  Intensity	
  	
  (increase)	
  
III.  Mean	
  TC	
  PrecipitaAon	
  (increase)	
  
IV.  Global	
  C45	
  Frequency	
  (increase)	
  

Expected	
  percent	
  change	
  in	
  the	
  average	
  	
  
over	
  period	
  2081–2100	
  relaAve	
  to	
  2000–2019	
  
	
  

It	
  is	
  likely	
  that	
  the	
  global	
  frequency	
  of	
  tropical	
  
cyclones	
  will	
  either	
  decrease	
  or	
  remain	
  
essenAally	
  	
  unchanged.	
  

IPCC	
  AR5	
  Assessment	
  Summary	
  

However,	
  most	
  of	
  the	
  models	
  considered	
  
for	
  this	
  assessment	
  were	
  with	
  50–100	
  km	
  	
  
mesh	
  (medium	
  or	
  low	
  resoluAon).	
  

It	
  is	
  necessary	
  to	
  revisit	
  this	
  possible	
  future	
  
change	
  using	
  a	
  high	
  resoluAon	
  model	
  like	
  
HiFLOR.	
  



TC	
  Sensi'vi'es	
  to	
  2xCO2	
  (Fully	
  Coupled	
  Simula'ons)	
  
Vecchi	
  et	
  al.	
  (Climate	
  Dynamics,	
  in	
  revision)	
  

1990Cntl	
  Experiment	
  (300-­‐yr	
  simula'on)	
  
•  Fully	
  Coupled	
  
•  Fixed	
  Forcing	
  at	
  1990	
  level	
  (CO2=350ppmv)	
  

Black:	
  Simulated	
  Global	
  Mean	
  SST	
  
Red:	
  	
  CO2	
  

Transient	
  +1%/yr	
  CO2	
  Experiment	
  
•  Fully	
  Coupled	
  
•  +1%	
  CO2	
  increase	
  up	
  to	
  2xCO2	
  (at	
  year	
  171)	
  then	
  fixed	
  

ΔSST	
  =	
  +1.4K	
  

Surface	
  Temp	
  Change	
  (FLOR)	
   Surface	
  Temp	
  Change	
  (HiFLOR)	
  TC	
  Density	
  Change	
  (FLOR)	
   TC	
  Density	
  Change	
  (HiFLOR)	
  

–12%	
   0%	
  



Experiment	
   Prescribed	
  SST	
  	
   CO2	
  Forcing	
  

MoC	
   Model	
  Climate	
  from	
  
1990Cntl	
  

352.7	
  ppm	
  

MoC	
  +	
  Full	
   MoC	
  +	
  ΔSST	
  	
   705.4	
  ppm	
  

ObC	
   HadISST	
  (1986-­‐2005)	
  Mean	
   352.7	
  ppm	
  

ObC	
  +	
  Full	
   ObC	
  +	
  ΔSST	
  	
   705.4	
  ppm	
  

TC	
  Sensi'vi'es	
  to	
  2xCO2	
  (SST	
  Nudging	
  Experiments)	
  
Vecchi	
  et	
  al.	
  (Climate	
  Dynamics,	
  in	
  revision)	
  

SST	
  Bias	
  in	
  1990	
  Cntl	
  
	
  (reference:.	
  HadISST)	
   SSTs	
  are	
  nudged	
  to	
  reference	
  SSTs	
  at	
  5-­‐day	
  Ame	
  scale	
  	
  

(Similar	
  to	
  AMIP	
  but	
  sAll	
  air-­‐sea	
  coupling	
  is	
  allowed	
  at	
  <	
  5-­‐day	
  scale)	
  

SST	
  Nudging	
  Experiment	
  

FLOR	
   HiFLOR	
  
TC	
  Density	
  Change	
  (ΔMoC)	
  

–12%	
   –2%	
   –11%	
  

FLOR	
   HiFLOR	
  
TC	
  Density	
  Change	
  (ΔObC	
  )	
  

+6%	
  



TC	
  Sensi'vi'es	
  to	
  2xCO2	
  (SST	
  Nudging	
  Experiments)	
  

Fully	
  Coupled	
   	
  	
  	
  	
  ΔMoC	
   	
  	
  	
  	
  	
  	
  	
  ΔObC	
  

HiFLOR	
  projects	
  to	
  increase	
  (or	
  no	
  change)	
  global	
  mean	
  TC	
  frequency	
  
that	
  is	
  similar	
  to	
  the	
  staAsAcal-­‐dynamical	
  downscaling	
  by	
  Emanuel	
  et	
  
al.	
  (2013,	
  2015).	
  

Vecchi	
  et	
  al.	
  (Climate	
  Dynamics,	
  in	
  revision)	
  



Why	
  does	
  HiFLOR	
  project	
  increases	
  in	
  global	
  TCs?	
  	
  

Large-­‐scale	
  parameter	
  cannot	
  explain	
  the	
  
difference	
  in	
  projected	
  changes	
  in	
  TC	
  
frequency	
  between	
  FLOR	
  and	
  HiFLOR	
  

Difference	
  in	
  Variance	
  of	
  3-­‐10-­‐day	
  vort850	
  

FLOR	
  (ΔObC	
  )	
   HiFLOR	
  (ΔObC)	
  

Increase	
  in	
  synop'c-­‐scale	
  disturbances	
  (i.e.,	
  seeds)	
  
may	
  be	
  relevant	
  to	
  the	
  increase	
  in	
  TC	
  frequency	
  in	
  
HiFLOR	
  

Vecchi	
  et	
  al.	
  (Climate	
  Dynamics,	
  in	
  revision)	
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Retrospec've	
  Seasonal	
  Predic'on	
  by	
  HiFLOR	
  (Major	
  Hurricanes)	
  

Model	
   HiFLOR	
  

Period	
   1980–2015,	
  mainly	
  focus	
  on	
  TC	
  predicAon	
  for	
  July–November	
  

IniAal	
   July	
  (Leal	
  Month=0–4),	
  Ocean	
  is	
  iniAalized,	
  but	
  atmosphere	
  is	
  not	
  iniAalized.	
  

Ensemble	
   24	
  Ensemble	
  Members	
  

HiFLOR	
  shows	
  skillful	
  predicAon	
  for	
  major	
  	
  
hurricanes	
  

Murakami	
  et	
  al.	
  (2016,	
  J.	
  Climate)	
  

Major	
  Hurricanes	
  in	
  the	
  North	
  AtlanAc	
   Skill	
  in	
  PredicAng	
  Major	
  Hurricane	
  Density	
  



Real-­‐Time	
  Predic'on	
  for	
  the	
  2017	
  Summer	
  Season	
  	
  
Observed	
  MH	
  Density	
  Anomaly	
  in	
  2017	
   Predicted	
  MH	
  Density	
  Anomaly	
  in	
  2017	
  

Observed	
  Storm	
  Tracks	
  in	
  2017	
  

Predicted	
  Major	
  Hurricanes	
  :	
  4	
  (+1.3σ)	
  Observed	
  Major	
  Hurricanes	
  :	
  6	
  (+1.8σ)	
  

HiFLOR	
  could	
  predict	
  the	
  locaAons	
  of	
  MHs	
  as	
  well	
  as	
  above	
  normal	
  frequency	
  
of	
  MHs	
  a	
  few	
  months	
  in	
  advance	
  for	
  the	
  2017	
  summer.	
  

Example	
  of	
  HiFLOR	
  predicAon	
  for	
  the	
  2017	
  Summer	
  

Murakami	
  et	
  al.	
  (2018,	
  Science)	
  



What	
  caused	
  the	
  ac've	
  2017	
  MH	
  season?	
  	
  

Observed	
  SST	
  Anomaly	
  in	
  2017	
  

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

Murakami	
  et	
  al.	
  (2018,	
  Science)	
  



Idealized	
  Seasonal	
  Predic'ons	
  

IniAal	
  
CondiAon	
  

Real-­‐Ame	
  
Predicitons	
  

July	
  1st,	
  2017	
   August	
   September	
  	
   Dec	
  October	
   November	
  

Free	
  Coupled	
  Model	
  SimulaAon	
  given	
  the	
  IniAal	
  CondiAon	
  

SST	
   SST	
   SST	
   SST	
  

Predicted	
  SST	
  

IniAal	
  
CondiAon	
  

Idezalized	
  	
  
Predicitons	
  

SST	
   SST	
   SST	
   SST	
  
The	
  predicted	
  SST	
  is	
  prescribed	
  

SST	
   SST	
   SST	
   SST	
  

SST	
  is	
  slightly	
  modified	
  to	
  see	
  impact	
  of	
  regional	
  SST	
  

We	
  call	
  this	
  type	
  of	
  experiments	
  as	
  “real-­‐Ame	
  aHribuAon”	
  because	
  we	
  can	
  examine	
  
causes	
  for	
  acAve	
  hurricane	
  season	
  even	
  as	
  hurricane	
  season	
  is	
  underway.	
  

Murakami	
  et	
  al.	
  (2018,	
  Science)	
  



Idealized	
  SST-­‐Prescribed	
  Seasonal	
  Predic'on	
  

A. Moderate La Niña? 

SSTa	
  off	
  the	
  coast	
  of	
  US	
  was	
  removed.	
  

C. Warmer off the 
coast of North 
America?  

B. Warmer Tropical 
Atlantic? 

MHs	
  are	
  sAll	
  acAve.	
  

MHs	
  reduced.	
  SSTa	
  in	
  the	
  tropical	
  AtlanAc	
  was	
  removed.	
  

Pacific	
  SST	
  anomaly	
  was	
  removed.	
   MHs	
  are	
  sAll	
  acAve.	
  

Murakami	
  et	
  al.	
  (2018,	
  Science)	
  
Prescribed	
  SST	
  Anomaly	
   Predicted	
  Major	
  Hurricane	
  Density	
  Anomaly	
  



Idealized	
  Prescribed	
  SST	
  Experiments	
  in	
  the	
  Future	
  
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	
  acAve	
  MH	
  season	
  than	
  the	
  2017	
  summer	
  is	
  projected	
  in	
  the	
  future	
  even	
  with	
  the	
  
same	
  spaAal	
  paHerns	
  of	
  2017	
  SST	
  anomaly,	
  resulAng	
  in	
  amplifying	
  the	
  risk	
  of	
  MHs.	
  

7	
  Major	
  Hurricanes	
  

9	
  Major	
  Hurricanes	
  

	
  &	
  CO2	
  =	
  533	
  ppm	
  

	
  &	
  CO2	
  =	
  840	
  ppm	
  

Murakami	
  et	
  al.	
  (2018,	
  Science)	
  



Which	
  of	
  local	
  SST	
  anomaly	
  or	
  rela've	
  SST	
  anomaly	
  is	
  
important	
  for	
  frequency	
  of	
  MHs	
  in	
  the	
  North	
  Atlan'c?	
  

Observed	
  number	
  of	
  MHs	
  (gray	
  bars)	
  is	
  correlated	
  with	
  both	
  	
  
tropical	
  Atlan'c	
  (10–25°N,	
  80–20°W)	
  SST	
  anomaly	
  (SSTA,	
  r=+0.50)	
  and	
  	
  
tropical	
  Atlan'c	
  SST	
  rela've	
  to	
  tropical	
  mean	
  (30°S–30°N)	
  (RSSTA,	
  r=+0.61)	
  

Murakami	
  et	
  al.	
  (2018,	
  Science)	
  



Which	
  of	
  local	
  SST	
  anomaly	
  or	
  rela've	
  SST	
  anomaly	
  is	
  
important	
  for	
  frequency	
  of	
  MHs	
  in	
  the	
  North	
  Atlan'c?	
  

27	
  

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)	
  



Developing	
  a	
  New	
  Coupled	
  Model	
  (SPEAR)	
  
Towards	
  a	
  Seamless	
  System	
  for	
  PredicAon	
  and	
  EArth	
  System	
  Research	
  

“SPEAR”	
  

MOM6	
  1o	
  ocean,	
  SIS2	
  
(dynamic	
  ocean,	
  mixed	
  layer,	
  or	
  persisted	
  

SSTs)	
  

AM4	
  100	
  km	
  
(same	
  as	
  CM4)	
  	
   AM4	
  50	
  km	
   25	
  km	
  

(similar	
  to	
  AM4)	
  

Seasonal	
  predic=on,	
  
including	
  hurricanes	
  

Regional	
  extremes	
  and	
  
short	
  term	
  predic=on	
  Decadal	
  predic=on	
  

O
CE

AN
/I
CE

	
  

	
  High	
  resoluAon	
  
nonhydrostaAc	
  

MOM6	
  higher	
  resoluAon	
  ocean	
  
(coastal	
  and	
  small	
  scale	
  processes)	
  

SPEAR_LO	
   SPEAR_MED	
   SPEAR_HI	
  

AT
M
O
SP
HE

RE
/L
AN

D	
  

Delworth	
  et	
  al.	
  (in	
  prep)	
  



Developing	
  a	
  new	
  coupled	
  model	
  (SPEAR)	
  
SST	
  BIAS	
  (annual	
  mean)	
  

SPEAR_LO	
  
RMSE	
  =	
  0.84	
  

SPEAR_MED	
  
RMSE=	
  0.86	
  

Control,	
  2010	
  
forcing	
  

SPEAR	
  model	
  shows	
  smaller	
  SST	
  bias	
  compared	
  with	
  FLOR	
  

FLOR	
  
Delworth	
  et	
  al.	
  (in	
  prep)	
  



Simulated	
  TCs	
  in	
  SPEAR	
  
Tropical	
  cyclone	
  sta's'cs	
  
	
  
RMSE	
  
FLOR:	
  0.58	
  
SPEAR_MED:	
  0.41	
  
	
  
Spa'al	
  Correla'ons	
  
FLOR:	
  0.80	
  
SPEAR_MED:	
  0.86	
  

Observa'ons	
  

FLOR	
  (50-­‐km	
  mesh)	
   SPEAR_MED	
  (50-­‐km	
  mesh)	
  

Delworth	
  et	
  al.	
  (in	
  prep)	
  

Delworth	
  et	
  al.	
  (in	
  prep)	
  



Summary	
  

•  HiFLOR	
  can	
  simulate	
  C45	
  hurricanes	
  as	
  observed.	
  
•  HiFLOR	
  projects	
  an	
  increase	
  in	
  frequency	
  of	
  global	
  tropical	
  

storms,	
  whereas	
  FLOR	
  projects	
  a	
  decrease	
  in	
  global	
  frequency.	
  

•  HiFLOR	
  has	
  potenAal	
  to	
  predict	
  major	
  hurricanes	
  a	
  few	
  months	
  
in	
  advance.	
  

Part	
  2.	
  Seasonal	
  PredicAon	
  of	
  Tropical	
  Cyclones	
  

•  The	
  acAve	
  2017	
  major	
  hurricanes	
  were	
  controlled	
  by	
  the	
  
tropical	
  ocean	
  surface	
  warming	
  in	
  the	
  North	
  AtlanAc.	
  

•  RelaAve	
  SST	
  anomaly	
  is	
  a	
  key	
  for	
  predicAon	
  of	
  major	
  
hurricanes	
  in	
  the	
  near	
  future.	
  

Part	
  1.	
  Model	
  Performance	
  and	
  Future	
  ProjecAons	
  by	
  HiFLOR	
  

•  Large-­‐scale	
  parameters	
  do	
  not	
  account	
  for	
  the	
  increase	
  of	
  storms.	
  
But	
  changes	
  in	
  frequency	
  of	
  seeds	
  may	
  be	
  a	
  key	
  for	
  the	
  increase.	
  

•  A	
  new	
  seamless	
  model	
  (SPEAR)	
  is	
  under	
  development.	
  



Thank	
  You!	
  

Members	
  at	
  Seasonal	
  to	
  Decadal	
  Variability	
  and	
  Predictability	
  Division	
  



Azimuthal	
  Mean	
  of	
  Tangen'al	
  Wind	
  Speed	
  

Radius-­‐verAcal	
  cross	
  secAons	
  of	
  the	
  composite	
  tangenAal	
  winds	
  	
  

C384	
  (25-­‐km	
  mesh,	
  HiFLOR)	
   C384n3	
  configuraAon	
  
	
  (i.e.,	
  7-­‐km	
  mesh)	
  	
  

ObservaAons	
  (Doppler	
  Radar)	
  

Gao	
  et	
  al.	
  submiHed	
  



Precipita'on	
  Biases	
  &	
  Frac'on	
  of	
  Deep	
  Convec'on	
  
PrecipitaAon	
  Biases	
  [mm/day]	
  	
  

FLOR	
   HiFLOR	
  

FLOR	
   HiFLOR	
  

64	
  %	
  in	
  tropics	
   38	
  %	
  in	
  tropics	
  

FracAon	
  of	
  Deep	
  ConvecAon	
  RelaAve	
  to	
  Total	
  PrecipitaAon	
  [%]	
  



Which	
  of	
  local	
  SST	
  anomaly	
  or	
  rela've	
  SST	
  anomaly	
  is	
  
important	
  for	
  frequency	
  of	
  MHs	
  in	
  the	
  North	
  Atlan'c?	
  

PDI	
  (Power	
  DissipaAon	
  Index	
  =	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  	
  V 3∑

Vecchi	
  et	
  al	
  (2007)	
  

Observed	
  PDI	
  

PDI	
  esAmated	
  from	
  
SSTA	
   PDI	
  esAmated	
  from	
  

predicted	
  SSTA	
  by	
  
CMIP3	
  models	
  

Observed	
  PDI	
  

PDI	
  esAmated	
  from	
  
RSSTA	
   PDI	
  esAmated	
  from	
  

predicted	
  RSSTA	
  by	
  
CMIP3	
  models	
  


