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Fig. 1. Observed tropical cyclones in 2014. (a) Three TCs (red color; Iselle, Julio, and Ana) 
approached the coastal region of Hawaii (blue). Dots denote TC genesis locations. (b) Satellite image 
of multiple hurricanes on August 7th 2014.  
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Three tropical cyclones (TCs) approached the Hawaiian Islands during the 2014 summer season 
(Fig. 1), which is the third largest number since 1949 (Fig. 2). In this study, we used a suite of 
climate experiments using the Geophysical Fluid Dynamics Laboratory (GFDL) Forecast-oriented 
Low Ocean Resolution model (FLOR) to explore whether the unusually large number of Hawaiian 
TCs in 2014 was made more likely by anthropogenic forcing or natural variability. The key 
findings are summarized as follows. 

 
1. A 1990 control experiment substantially increased the probability of TC frequency near 

Hawaii relative to an 1860 control experiment by a factor of 5~20, or a fraction of 
attributable risk of 80~94% (Fig. 3). These experiments suggest that anthropogenic forcing 
has substantially changed the odds of TC seasons like 2014 near Hawaii relative to natural 
variability alone. 

2. The observed multi-decadal difference in TC frequency near Hawaii between 1980–1994 
and 1995–2014 (Fig. 2) was mainly caused by natural variability (Fig. 4). 

3. It is likely that global warming has increased the odds of the extremely large number of 
Hawaiian TCs in 2014, in combination with the moderately favorable condition of El Niño. 

4. The ensemble future experiments indicate a continued increasing probability of active 
seasons around Hawaii over the next few decades (Fig. 4) – though will substantial 
modulation on interannual and decadal timescales from internal variability. 
 
 

 
 
 
 
 
 
 
 
 



Fig. 3. Results of probability of a year with TC 
frequency near Hawaii simulated by the control 
experiments and observations. Blue bars are 
probability obtained by observations (1949–2014). 
Green bars are the results by the 1990 control 
simulation (500 years), whereas red bars are the results 
by the 1860 control simulations (2000 years). P(x) 
represents the probability of occurrence of the year with 
TC number more than or equal to x near Hawaii. 

Fig. 2. Observed frequency of tropical cyclones near Hawaii (1949–2014). TC frequency in 
2014 was the third largest number since 1949.  

Fig. 4. Results of probability of a year with 
three or more TCs near Hawaii simulated by 
multi-decadal simulations using FLOR. 
Probability of occurrence of a year with TC number 
more than or equal to 3 near Hawaii is shown for each 
20-yr chunk (black). Colored bars show the range of 
conditional probability induced by natural variability. 
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