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Results 

Hurricanes are among the most destructive and costly natural phenomena. Seasonal 
forecasts of tropical cyclones in the Atlantic can increase public preparedness and yield 
insights into local and remote climate system influences. A limitation to existing 
methodologies is use of regression techniques that limit the number of input features 
and cannot represent nonlinear relationships between the predictors and the output. 
Neural networks, as universal function approximaters, are largely insensitive the 
number of input features and can use activations functions that allow for modelling of 
nonlinear relationships in the data. This project explores the potential for deep learning 
to provide a new tool for sub-seasonal to seasonal forecasting of tropical cyclone 
activity in the Atlantic. 

Background 
Forecasting tropical storms (TS) on a sub-seasonal or seasonal time scale is 
tractable due to two factors:  (1) Tropical SSTs have a significant impact on TS 
occurrence and intensity; (2) Tropical SSTs are predictable on a seasonal scale.  
Warm/cold El Niño/Southern Oscillation (ENSO) events are generally associated 
with less/more TS activity in the Atlantic basin due primarily to their association 
with increased/decreased wind shear.  Two prominent groups engaged in 
seasonal hurricane forecasting are National Oceanic and Atmospheric 
Administration’s (NOAA) Climate Prediction Center (CPC) and the Colorado State 
University (CSU) Tropical Meteorological Project, have achieved promising results 
for two decades.  

Key Terms  
Named Storms(NS): Tropical cyclones with maximum 1-minute sustained 10 m 
wind speeds between 39-73 mph 
 
Hurricanes(H): Tropical cyclones with maximum 1-minute sustained 10 m wind 
speeds of at least 74 mph 
 
Major Hurricanes(MH): Tropical cyclones with maximum 1-minute sustained 10 m 
wind speeds exceeding 111 mph, categories 3-5 on the Saffir-Simpson hurricane 
scale 

Challenges and Uncertainties 
 1944 is the first year for which complete and reliable tropical cyclone records are 

considered to exist for the North Atlantic, therefore, empirical methods are 
limited by the relatively low number of previous years of record.  

 Modeling is complicated by well-documented uncertainties associated with the 
target output hurricane dataset (HURDAT) maintained by the National Hurricane 
Center (NHC).   

 Empirical methods for seasonal hurricane prediction are vulnerable to significant 
changes in the climate, due for example to interdecadal variability.   

 Many combinations of named storms and hurricanes are possible with the same 
given set of climate observations. For example, one cannot know with certainty 
whether a given climate signal will be associated with several short-lived storms 
or fewer longer-lived storms with greater intensity.  

Tropical Cyclone Output 

Climatology (1981-2010) 

Categorical Forecast BINS 

Tropical cyclone counts used as the deep learning model predictand  for 1950-2018 are from 
the hurricane dataset (HURDAT) maintained by NOAA’s National Hurricane Center (NHC). 

NASST 

QBO 

AMO 

AMM 

CSST 

CUWIND 

CSUWND 

NTAWND 

CMLSP 

DMI 

EASST 

NINO3 

NINO34H 

MDRSST 

NESSTA 

NAO 

SPUWIND 

GA 

Network Input Layer (Default) Network Input Layer (Selected by GA) 

NS H MH 

Best NN (%) 62.4 55.9 69.9 

Pre-GA Mean NN (%) 47.0 44.2 52.4 

Post-GA Mean NN (%) 56.9 48.1 61.8 

We employ a genetic algorithm 
(GA) to tune the hyperparameters 
of a fully connected neural 
network (NN) for seasonal 
hurricane forecasting. 
Hyperparameters set by the 
genetic algorithm include the 
number and width of hidden 
layers, the learning rate, β and β2, 

the dropout ratio, and the 
activation function. The GA also 
optimizes the number of months 
of data for each input. Parameters 
used for the GA include a  
population size of 50, and 20 
generations.   

Mean loss (left) and accuracy (right) GA generation 20 NNs 

Neural Network Classification Performance MH Prediction and Misclassification Distributions 

This work demonstrates the potential of neural 
networks to integrate information from 17 
predictors to make a seasonal forecast on June 1st of 
named storms, hurricanes, and major hurricanes in 
the Atlantic. 
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