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Climate factors influencing Atlantic hurricane activity 
Climate factor Description Timescale 
North Atlantic Sea 
Surface Temperature 

Annual, Decadal, + 

El Niño Southern 
Oscillation 

Oscillation in Tropical 
Pacific Ocean Temp. 

Annual (~3-5 yr cycle) 

West African Monsoon Rainfall over Sahel region Annual 
North Atlantic Oscillation 
(NAO) 

Seesaw pattern in sea level 
pressures b/w Iceland and 
the Azores 

Annual 

Solar activity 11-year cycle 
Ozone concentration in 
upper atmosphere 

Annual 

Dust/aerosols over the 
Atlantic 

Dust originating from 
Sahara desert 

Annual 

Madden-Julian Oscillation Eastward propagating 
disturbances in the tropics 

Intra-seasonal 
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•  If slow variability in Atlantic TC activity is 
driven by North Atlantic SST 

And 

•  If North Atlantic SST can be predicted at 
multi-annual timescale (5 yrs)  

•  (Reliable) Multi-annual forecasts of Atlantic 
TC activity should be possible   
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ini#alized	  runs	  

non-‐ini#alized	  runs	  

(CMIP5	  historical)	  

-‐ 	  observed	  ini#al	  
condi#ons	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Atm	  -‐	  Ocn	  –	  Ice	  

-‐ greenhouse	  gases	  
(GHG)	  

-‐ 	  volcanic	  aerosols	  

-‐ 	  SO4	  

-‐ 	  solar	  ac#vity	  	  

Near-term climate predictions make use 
of information related to anthropogenic 
climate change, natural forcings and 
natural variability. 
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The climate prediction drift issue 

Observed world  

Retrospective prediction ( hindcast ) affected by a strong 
drift, need for a-posteriori bias correction 

Time 

P
redicted Variable 

(ex. Tem
perature) 

B
IA

S
 

Biased model world 
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The climate prediction drift issue 

Observed world  

Biased model world 

Retrospective prediction ( hindcast ) affected by a strong 
drift, need for a-posteriori bias correction 

Time 

P
redicted Variable 

(ex. Tem
perature) 

B
IA
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Retrospective prediction with anomaly initialization 
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Nov 2000   Nov 2001   Nov 2002   Nov 2003   Nov 2004   Nov 2005   Nov 2006 

Ensemble initialized near-term predictions 

120Tb 

1 experiment  of 10 
members: ~120Tb 
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Nov 60                   …                Nov 70                    ...                Nov 2005 

K models x M ensemble members 

M*K-member ensemble 

Assume a multi-model ensemble system with coupled initialized GCMs 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Ensemble climate forecast systems 

Forecast time = 
10 years 
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Ratio of the root mean square error (RMSE) of the initialised and 
uninitialised predictions for the near-surface temperature from the 
multi-model CMIP5 experiment (1960-2005) for forecast years 2-5.  

Difference ACC (Initialized – Non Initialized, yr 2-5) 

Difference ACC (Initialized – Non Initialized) 

Added-value from initialisation 

Doblas-Reyes et al. (2013) 
Bellucci et al. (2014) 

Meehl et al. (2013) Matei et al. (2012) 

MME temperature MSSS: year 2-9  
Initialized – Non-Initialized 
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Yearly mean of SLP  
(Sea Level Pressure) 

Yearly mean of  SST 
(Sea Surface Temperature) 

Index =  
Standardized SSTA 

 – 
Standardized SLPA 

from Klotzbach and Gray 
(2008) 

From CSU  
Seasonal forecasts: 
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Yearly mean of SLP  
(Sea Level Pressure) 

Yearly mean of  SST 
(Sea Surface Temperature) 

from Klotzbach and Gray 
(2008) 
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HURDAT2 

Correction by Vecchi 
and Knutson (2011) 
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TC metrics are: 
• Number of hurricanes 
• Number of major 
hurricanes 
• Number of hurricane 
days 
• Number of major 
hurricane days 
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Start dates: yearly, 1961 to 2010 
5-year mean predictions (1961-1966 to 2010-2014) 

GCMs Initialized Non-Initialized 
GFDL CM2.1 10 10 
HadCM3 10 10 
MIROC5 6 3 
MPI-ESM-LR 5 3 

CMIP5 
SPECS (Seasonal-to-decadal climate Prediction for the improvement of European Climate Services) 

Model selected based on  
1)  skill over designated area,  
2)  start dates available every year 
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SST – Initialized Forecasts SST – Non-Initialized Forecasts 

Detrended SST – Initialized Forecasts 

Anomaly Correlation Coefficient 
(ACC)-Year 1-5 

Detrended SST – Non-Initialized Forecasts 
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SST – Initialized Forecasts (yr 1-5) SST – Initialized Forecasts (yr 2-5) 

Detrended SST – Initialized Forecasts (yr 1-5) 

ACC 

Detrended SST – Initialized Forecasts (yr 2-5) 
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ACC,  5-year mean MME detrended SST – Initialized Forecasts 

Year 1-5 Year 2-6 

Year 3-7 Year 4-8 
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Initialized Forecasts Non-Initialized Forecasts 

ACC MME – MSLP (year 1-5) 
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Year 1-5 

ACC - MME 
MSLP –Initialized Forecasts 

Year 2-5 
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ACC,  5-year mean MSLP – Initialized Forecasts 

Year 1-5 Year 2-6 

Year 3-7 Year 4-8 
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5-year mean standardized SLPA 5-year mean standardized SSTA 

RMSSS = 1 – RMSE / RMSEclim 
1: perfect prediction 
0: no improvement over climatological forecast 
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5-year mean index 

How does this skill translate 
into forecasting cyclone 
activity? 



Climate Forecasting Unit 

5-year mean Probability to have + ACE anomaly 

BSS = 1 – BS / Bsref 
1: perfect prediction 
0: no improvement over 
climatological forecast 
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5-year mean Probability to have + hurricane landfall anomaly 

1961-2013 
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Can we predict the shift between active and inactive phases? 
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Still good correlation, but no predictive power 
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Avg Year 2-6 – Year 1 < 0 

Avg Year 2-6 – Year 1 > 0 
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Obs 

Simulations 

Entire period 
1966-1969 
1991-1994 
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PDF Distribution 
Avg Year 2-6 – Year 1 
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Observed Index 

Simulations 

(Average Year 2-6) – (Year 1) 

P
robability density 

Simulated Index 
Downscaled ACE 
(based on MDR SST) 

Entire period 
1966-1969 
1991-1994 

Based on Villarini and Vecchi (2012) 
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Summary 

•  Initialized GCMs do seem capable of predicting 
CSU index, which is linked to Atlantic TC activity, 
at multi-annual timescale (5yrs) 

•  Skill doesn’t come only from persistence, i.e. we 
have some skill at predicting shift between active 
and quiet phases 

•  Perspective: plan to extend period of study using 
decadal forecasts spanning the entire 20th 
century 
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Special thank you to 

Image credit: NASA 

More info: 
Caron, L.-P., L. Hermanson, and F. J. Doblas-Reyes (2015) 
Multiannual forecasts of Atlantic U.S. tropical cyclone wind damage 
potential, Geophys. Res. Lett.,42, 2417–2425. 


