
Towards the Prediction of Regional Tropical Cyclone Activity 
and Hydroclimate	



Hypothesis: Enhanced resolution & corrected large-scale climate ���
improve simulation and prediction of regional climate & extremes.	



	


Practical Goal: Build a seasonal to multi-decadal forecasting system to:	



•  Yield improved forecasts of large-scale climate	


•  Enable forecasts of regional climate and extremes	



NOAA/GFDL Climate Variations and Predictability Group	





Miami After Hurricane Andrew	



Source: wikimedia.org	





Vecchi and Knutson (2008, J. Clim.)	


     Landsea et al. (2009, J. Clim.)	



     Vecchi and Knutson (2011, J. Clim.)���
Villarini et al. (2011, J. Clim.)	



Adjustments to storm counts 
based on ship/storm track 

locations and density	



Accounting for known observing system changes, no 
evident trend in Atlantic hurricanes	





U.S. Landfalling���
Hurricanes	



Basinwide	


Hurricanes	



Fraction of ���
Basinwide	


Hurricanes	


Making U.S.	



Landfall	



Villarini et al. (2012, J. Clim.)	



Hurricanes and Landfalling Hurrricanes Exhibit Variabilty	





Long-term changes in hurricane activity spatially 
heterogeneous: nominal decrease in West Atlantic, 

including “deep well” in 1970s-1980s	



The rough pattern of changes in the spatial structure of
hurricane activity (and the impact of a storm count ad-
justment on these changes) resembles that described in
VK08 for tropical storms.

c. Relationships between indices

In this section, we explore relationships between vari-
ous measures of Atlantic hurricane activity and between
those measures and several SST indices. Figure 5 visually
summarizes the relationships between global and tropical
Atlantic SSTs and a series of tropical storm and hurricane
frequency indices (unadjusted and adjusted basinwide
andU.S. landfalling). All time series have been smoothed
with a 5-yr running mean and then normalized to have
unit standard deviation.
The SST indices we examine include SSTs averaged

over the Atlantic main development region (MDR, 108–
208N, 808–208W), which we refer to here as ‘‘absolute
SST,’’ which has been found to exhibit a correlation with
measures of basinwide Atlantic tropical cyclone activity
(e.g., Mann and Emanuel 2006; Emanuel 2007; Holland
andWebster 2007; Mann et al. 2007; Vecchi et al. 2008).
In addition, we explore SSTs in the MDR minus the
SSTs averaged over the global tropics (308S–308N), which

we refer to as ‘‘relative SST.’’ Relative SST appears
to strongly influence large-scale climate conditions that
impact hurricane activity (e.g., Latif et al. 2007; Vecchi
and Soden 2007a). It also exhibits a statistical connec-
tion to measures of Atlantic basinwide tropical cyclone
activity (e.g., Swanson 2008; Vecchi et al. 2008; Villarini
et al. 2010). Furthermore, it has been found to describe
the response of Atlantic hurricane frequency to anthro-
pogenic warming in high-resolution dynamical model ex-
periments (e.g., Knutson et al. 2008; Zhao et al. 2009, 2010;
Vecchi et al. 2011).
Themultiyear variability of the various storm frequency

measures shown in Fig. 5 is similar, yet the century-scale
trends differ. The unadjusted basinwide frequency indi-
ces (blue) show significant increases, and a relationship
to absolute MDR SST (though the period of enhanced
frequency in the late nineteenth century is apparently not
accompanied by warm Atlantic SSTs). Meanwhile, the
various adjusted storm frequency indices (red) do not
show significant increases, and their behavior is more
similar to the U.S. landfalling counts (yellow) and to rel-
ative SST (bottom time series).While neither the absolute
nor the relative SST index shows a strong maximum like
that in hurricane counts at the end of the nineteenth

FIG. 4. Maps of linear-least-squares trend in hurricane density (density of positions where HURDAT winds .
33 m s21) during 1878–2008. (a) Computed from the unadjusted HURDAT; (b) computed after adjusting the pre-
satellite records based on the estimated missed hurricanes. A 5-yr centered mean time series of hurricane days in the
(c)Atlantic east of 62.58Wand (d)Atlantic west of 62.58W; red lines are computed using the rawHURDATdata, and
blue lines are computed after adjusting presatellite records based on the estimated missed hurricanes.
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1878-2008 trend in hurricane·days	

 hurricane·days in West Atlantic	



Vecchi and Knutson (2011, J. Climate)	





High-res (50km) dynamical models can recover global TC climatology and interannual variability 

Observations 

HiRAM-C180 
AMIP simulation 

Zhao et al. (2009)	


See also LaRow et al. 

(2009), Gualdi et al. (2007), 
Chen and Lin (2013), Vecchi 

et al. (2014)	





Dynamical double downscaling for Atlantic: ���
Overall frequency decrease projected, ���

but more of the strongest storms 	



Adapted from Bender et al (2010, Science)	


see also Knutson et al. (2008, Nature Geosci.); Knutson et al. (2013, J. Clim., in press)	





Red/yellow = increase	


Blue/green = decrease 

Regional increase/decrease much larger than global-mean.	



Pattern depends on details of ocean temperature change.	



Sensitivity of response seen in many studies 
	

	

e.g., Emanuel et al. 2008, Knutson et al. 2008, Sugi et al. 2010, Villarini et al. 2011, Knutson et al. 2013, etc. 

Adapted from Zhao et al. (2009, J. Climate) 

Great uncertainty remains in projections of regional TC activity	





We expect continued variation of tropical storm frequency	



source: Villarini et al (2010)	



Projected Atlantic 
Tropical Storm 

Frequency	


	



(statistical downscaling of GFDL-CM2.1)	



FIG. 5. (left) Projections for the twenty-first century of the tropical storm counts in the NorthAtlantic basin for five
different climate change scenarios using the GFDL CM2.1 climate model, and tropical Atlantic and tropical mean
SSTs as covariates in the statistical model (based on the model constructed using NOAA’s ERSSTv3b dataset). The
white line represents the median (50th percentile), the dark gray region represents the area between the 25th and
75th percentiles, and the light gray region represents the area between the 5th and 95th percentiles. Results are shown
for the different scenarios and two time periods (middle) 2001–50 and (right) 2001–2100. The black points represent
the results for the GFDL CM2.1, while the white points (for the SRES A1B scenario) are for 10 GFDL CM2.1 runs
available for this scenario through 2050; the gray points represent the results for the 12 different climate models (the
mean m and the standard deviation s are included).
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2x CO2 by 2100 

Stable CO2  
by 2000 



• 25km HiRAM Seasonal hurricane predictions – initialized July 1	



• 1990-2010 (Jul-Nov)	



0.94	

0.78	



0.88	



Resolution: 25 km, 32 levels 	



•   5-members initialized on July 1 with 
NCEP analysis	



•  SST anomaly is held constant during the 
5-month predictions	



•   Climatology O3 & greenhouse gases are 
used	



1.  Chen and Lin 2011, GRL 	


2.  Chen et al., 2013	





Correct predictions of basin-wide active 2010���
 but not of U.S. landfall absence	



Skillful basinwide predictions not necessarily useful predictions.	


Can we reliably predict statistics of storms more regionally than 

“basin-wide” number?	



Vecchi and Villarini (2014) 



GFDL FLOR: Experimental high-resolution coupled seasonal to 
decadal prediction system	



Delworth et al. (2012), Vecchi et al. (2014, submitted)	



Goal:	
  Build	
  a	
  seasonal	
  to	
  decadal	
  forecas0ng	
  system	
  to:	
  
Yield	
  improved	
  forecasts	
  of	
  large-­‐scale	
  climate	
  
Enable	
  forecasts	
  of	
  regional	
  climate	
  and	
  extremes	
  

Medium���
resolution ���
(CM2.1)	



High resolution	


(CM2.5-FLOR)	



Precipitation in N. South America	



Modified version of CM2.5 (Delworth et al. 2012):	


•  50km cubed-sphere atmosphere	


•  1° ocean/sea ice (low res enables prediction work)	


~15-18 years per day. Multi-century integrations. 4500+ model-years of 
experimental seasonal predictions completed and being analyzed.	
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Figure 1: Annual mean precipitation (a,b,c) and 2m air temperature (d,e,f) in observations
(1981-2010), FLOR (601-1200) and CM2.1 (101-300) control simulations; and the bias of
annual mean precipitation (g,h) and 2m air temperature (i,j) in FLOR and CM2.1. The
units of precipitation is mmday− 1. The units of temperature is Kelvin.
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Jia et al. (2014, J. Clim.)	



Hypothesis: Enhanced atmos./land resolution improves climate	



Annual Precipitation	

 Annual Surface Temp	



High ���
Res.	



Med. 	


Res.	



Obs.	





TC tracks in FLOR decent for a coupled model���
(better than CM2.5)	



Vecchi et al. (2014)	





Flux adjustment for predictions of regional TC activity	



• Hypothesis: Biases in large-scale climate degrade simulation and 
prediction statistics of regional and extreme climate, so correcting 
systematic biases will improve predictions.	



• Goal: Improve prediction of regional climate and extremes.	



• Methodology: FA version of FLOR with climatological (once 
computed, independent of model state) adjustment to 
momentum, freshwater and enthalpy fluxes to ocean.���
���
Repeat simulations and predictions with FLOR-FA, compare to 
FLOR.	



Vecchi et al. (2014, J. Climate, submitted).	





TC tracks in free-running FLOR-FA improved over FLOR ���
particularly in North Pacific and North Atlantic	



Vecchi et al. (2014)	





TC density relation to NIÑO3.4 improved by correcting systematic errors	



Vecchi et al. (2014)	





FLOR Seasonal Predictions (phase 1)	



•  1980-2013 retrospective forecasts (12-member ensemble)	



• Ocean & sea ice initialized from CM2.1 EnKF3.1 Assimilation	



• Atmosphere and land initialized from ensemble of AGCM (i.e., only 
information contained in SST and radiative forcing in atmos/land Ics)	



• Done with two versions of FLOR (A06 & B01, differ in ocean physics) 
– will discuss B01	



•  These retrospective forecasts and future real forecasts submitted to 
NMME starting March 2014 – data publicly available from NMME 
data server at IRI	





Retrospective predictions of ASO SST no worse in FLOR-FA 
than FLOR – both somewhat better than CM2.1	



Vecchi et al. (2014)	



CM2.1	

 FLOR	

 FLOR-FA	



1981-2012 correl. of Aug-Oct SSTA predictions	





El Niño rainfall recovered 
better in predictions with ���

increased resolution (lower 
right) and decreased bias 

(lower left)���
���

See also poster CM22 
(today and tomorrow)���

���
Tom Delworth’s talk 

tomorrow for use of this 
model to understand 

historical changes in rainfall.	



(Jia et al. 2014, J. Clim.)	



Most predictable precip pattern	





Enhanced resolution (FLOR) and reduced bias (FLOR-FA) improve ���
prediction skill of ENSO precipitation (and temperature) over land	



Skill (SESS) of 1981-2012 ���
predictions of ENSO precip	



Jia et al. (2014, J. Clim.)	





FLOR-FA is among best NA hurricane seasonal prediction systems���
(symbol above diagonal: FLOR-FA nominally ‘better’)	



FL
O

R
-F

A
	



Other systems	


Vecchi et al. (2014)	





Correct predictions of basin-wide active 2010���
 but not of U.S. landfall absence	



Skillful basinwide predictions not necessarily useful predictions.	


Can we reliably predict statistics of storms more regionally than 

“basin-wide” number?	



Vecchi and Villarini (2014) 



GFDL-FLOR 1981-2012 1-July Initialized Forecasts for July-December	



Rank correlation: Can experimental FLOR forecasts distinguish years with many 
and few storms passing within 10°x10° of a point. 

Can we reliably predict statistics of storms more regionally than 
“basin-wide” number?	



Vecchi et al. (2014, submitted) 



Correcting systematic model biases (blue) improves predictions of 
regional (and basinwide) TC activity – particularly at long leads	



Vecchi et al. (2014)	





Increasing ensemble size from 12 to 48 improves regional TC predictions	





Towards	
  seamless	
  (or	
  “lightly	
  s0tched”)	
  seasonal-­‐to-­‐centennial	
  
TC	
  changes	
  in	
  high-­‐resolu0on	
  global	
  coupled	
  models	
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CM2.5 Tropical storm density response to CO2 doubling	



Fewer	


storms	



More	


storms	



(Kim et al. 2014)	





Summary	


•  Regional information often more relevant to decision support than ���

continental/basin-wide information ���
Regional information more challenging to generate	



•  Increased atmospheric and land resolution, and better land model:���
Improves forecasts of large-scale climate���
Enables forecasts of regional hydroclimate and extremes	



•  Statistical optimization improves predictions – see poster CM22	



•  Skillful seasonal predictions of TC activity at regional scales appear feasible���
Large (many 10s) ensembles appear desirable	



•  Reducing systematic error improves simulation and seasonal prediction of 
regional hydroclimate and extremes. ���
FA adds one season to skill in regional TC prediction	
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