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http://earthobservatory.nasa.gov/IOTD/view.php?id=7079 
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Courtesy of Vecchi (2014). 
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 CM2.5: 28 km in the tropics ; 
              8 km at high latitudes  



Performance of GFDL Forecast-oriented Low 
Ocean Resolution version of CM2.5 with Flux 
Adjustment (FLOR-FA) in Forecasting Tropical 
Cyclone in the Western North Pacific 
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Simulated and observed TC genesis 
density in the western North Pacific 
over 1980-2013 

5╳5 degree grid boxes  

Simulated and observed TC track 
density in the western North Pacific 
over 1980-2013. 

5╳5 degree grid boxes  



Dynamical-statistical (Hybrid) Model 
for Forecasting TC  
 The hybrid dynamical-statistical models are 

based on statistical relationships between 
TC frequency/landfall and physical processes 
tied to dynamical models. 

Hybrid models take advantage of both 
statistical associations derived from the 
observations and dynamic models, and 
environmental variables simulated by 
dynamic models to improve the skill of the 
prediction(e.g., Klotzbach, 2007; Elsner et al., 
2008; Vecchi et al., 2010; LaRow, 2013;Li et 
al., 2013; Villarini and Vecchi, 2013; Vecchi et 
al., 2013, 2014; Kim et al., 2014). 
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Cluster Analysis of Tropical Cyclone Tracks 
 Finite mixture model (FMM)-based cluster analysis 

(Camargo et al., 2007a;b; Zhang et al., 2013) 
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Seven clusters of 
TCs from both 
observations and 
12-member FLOR-
FA predictions. 
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Prediction skills measured by correlation and root mean square error of each 
cluster at different initial months with FLOR-FA.  

Pi: predicted TC frequency; 
Oi: observed TC frequency. 
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Prediction Skills for Potential 
Predictors of TCs in FLOR-FA 

SST 
500-hPa geopotential height  
Vertical wind shear (200hPa – 850hPa) 
850-hPa zonal wind(u) 
700-hPa relative humidity 

 

(e.g., Chan et al., 1998; 2001; Li et al., 2013) 
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Initialized in April using FLOR-FA 

SST 

Z500 

VWS 



How to find spatial domains for 
the predictors? 

Correlation between the predictors (SST, 
VWS and GPH-500) and  the observed 
frequency of TCs in each cluster in the 
WNP during peak season (July to October). 

Find domains similar for each cluster in all 
initial months (i.e., January to July). 
 

13 



Spatial domains based 
on correlation and 
physical interpretations 
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(Zhang et al., 2015) 
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Prediction skills measured by correlation and root mean square 
error of each cluster at different initial months with hybrid model 
after 10-fold cross validation.  
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Skill lowest in initial 
month January 
and highest in 
initial month July 
(cor = 0.62) 
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Prediction of TC Landfall over East Asia 
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Spatial domains for the prediction of landfall ratio over East Asia 
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The prediction skill of landfall ratio over East Asia using FLOR-FA and hybrid model 
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The prediction skill for landfall frequency over East Asia using FLOR-FA and hybrid model 
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Conclusion 
  Using the FMM-based cluster analysis, seven clusters are 

identified  from the historical and FLOR-FA-predicted TC tracks 
for the period 1980-2013. By building Poisson regression 
models for each cluster using key predictors, the predictive 
skill for almost all the clusters at all initial months improves 
with respect to the dynamic prediction. 

  The prediction of total WNP TC frequency made by combining 
hybrid predictions for each of the seven clusters in the hybrid 
model shows skill higher than what achieved using the TC 
frequency directly from FLOR-FA initialized from April to July. 
However, the hybrid predictions initialized from January to 
March exhibit lower skill than FLOR-FA.  

 The prediction of TC landfall over East Asia made by combining 
the two hybrid models for total WNP TC frequency and TC 
landfall ratio also outperforms FLOR-FA for all start months 
January through July. 
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