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Abstract - Due to the potential for economic damages, capital losses and mortality, forecasting the likely frequency and 

intensity of North Atlantic hurricanes is high on the agenda of both Caribbean and North American stakeholders. Previous 
research in the area suggests that Sea Surface Temperature plays a critical role in the formation of hurricanes and thus their 
intensity but not in their numbers.  Moreover, high SST’s are positively correlated with increasing carbon levels.  
Nevertheless, there is still some scepticism among climate researchers regarding the climate change-hurricane activity nexus.  
This study therefore attempts to use econometric modelling techniques to address this on-going debate in the area. 
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I. INTRODUCTION 

 

In recent hurricane seasons millions of dollars in 

damages were recorded and many persons displaced. 
The Caribbean witnessed the devastation of Grenada 

with the majority of its agricultural industry and 

infrastructure being destroyed by Hurricane Ivan; and 

the far-reaching effects of Hurricane Tomas and the 

political under currents that swept the region during 

its aftermath. Goldenberg et al (2001) sums it up as 

follows, the years 1995 to 2000 experienced the 

highest level of North Atlantic hurricane activity in 

the reliable record. 

Compared with the, generally, low activity of 1971 to 

1994, the past 6 years have seen a doubling of overall 
activity for the whole basin, a 250 percent increase in 

major hurricanes, and an increase in hurricanes 

affecting the Caribbean.  Moreover, Landsea et al 

(1992) makes an interesting observation and 

recognises that in the last few years, more emphasis 

has been placed on predicting the intense hurricanes. 

He states that these hurricanes are responsible for 

over 70 percent of US tropical cyclone damage even 

though they only account for 20 percent of the 

tropical cyclones affecting the United States. 

 

The motivation for this paper is derived from the lack 
of time-series analysis in this area in general.  It also 

comes about since there has been little research done 

in the Caribbean despite the tremendous amounts of 

damage seen during recent times.  

This paper therefore makes two contributions to the 

literature mentioned above: (1) it seeks to provide 

simple time-series analysis that could be compared to 

more complex/advanced models; and, (2) it seeks to 

add to the limited literature on the subject done in the 

Caribbean.  

 
Additional motivation comes from comments made 

by (Gray et al 1992) where they stated that it is 

remarkable that Atlantic seasonal hurricane activity 

would show such a strong association with forcing 

functions so far removed in space and time. In their 

study, the authors reported that two measures of 

rainfall in the West African region in the year 

previous and the phase of the stratospheric quasi-

biennial oscillation of zonal winds, extrapolated ten 
months into the future, were strong long-range 

predictors of Atlantic hurricanes.  

 

II. NORTH ATLANTIC STORM FREQUENCY 

 

This study utilises data from two main sources: The 

HURDAT database of the National Hurricane Center 

was used to obtain observations of wind speeds 

measured four times daily and compiled monthly for 

the period 1851-2010.   

 
This data was then used to construct a measure of 

hurricane intensity, the Power Dissipation Index 

(PDI).  The PDI encompasses the frequency, duration 

and the intensity of hurricanes where the maximum 

wind speeds were cubed and summed. Additional 

data was taken from the National Aeronautics and 

Space Administration (NASA) database in the form 

of a Global Land and Sea Surface Temperature Index 

and Global Land Temperatures over the 1880-2010 

period with (1951-1980) as the base period.  

 

Temperature anomalies were used to compensate for 
the lack of data stations and to take the effects that 

elevation may have on a region’s average temperature 

into consideration.  In effect, the use of anomalies 

better represents climate variability over large areas. 

Also, the use of the anomaly normalises the data 

sample and renders it more accurate and comparable 

to data collected in other regions.  

 

The vast majority of Atlantic hurricanes occur during 

July and October (Figure 1), with September being 

the most active month.  Figure, however, suggeststhat 
early storms (Mar-May) are more frequently observed 

as compared to late storms (Dec-Feb).  Over the study 

period, the number of storms recorded by the 

HURDAT database annually appears to be very 

random with the possibility of a trend.  It could also 
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be suggested that there is an apparent increase in volatility over the three successive periods.  

 
Figure 1: Monthly Storm Frequency 

 

Using semi-decadal divisions of the study period, it may be observed that during the first and second periods the 

average number of storms per year was 8, increasing to 11 during the last period. The maximum number of 

storms occurring in any given year was 28 (2005).  This storm year is also recorded as the worst in recent times 

breaking most of the previous records of hurricane activity. It has become renowned for having the most 

powerful hurricane recorded in the Atlantic basin (Wilma), the most destructive hurricane in US history 

(Katrina), latest date of storm formation since 1954, three of six of the most powerful hurricanes ever recorded 

and a number of records for the most systems within designated periods of time. 
 

 
Figure 2: Semi-Decadal Summary Statistics for the Number of Name Storms 

 

 
1851-1900 1901-1950 1951-2010 

Mean 7.54 8.22 10.90 

Median 7.00 8.00 11.00 

Maximum 19.00 21.00 28.00 

Minimum 4.00 1.00 4.00 

Std. Dev. 2.79 3.69 4.12 

Skewness 1.49 0.92 1.35 

Kurtosis 6.87 4.43 6.44 

Observations 50 50 60 
Table 1: Hurricane Frequency 
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III. TIME SERIES FORECASTING MODELS 

 
The main goal of this study is to assess the extent to 

which the rising trend in hurricane intensity and 

frequency can be attributed either to climate change 

or simply statistical trends.  To this end, the 

forecasting performance of pure statistical models 

will be compared to that of behavioural models that 

account for climatic changes. 

 

To provide baseline forecasts of hurricane frequency 

and intensity five time series forecasting approaches 

are considered.  The first approach is the 

autoregressive integrated moving average (ARIMA) 

model.  ARIMA models do not assume knowledge of 

the underlying structural relationships (i.e. between 

climate and hurricanes).  Hurricane frequency and 

intensity assumed to be functions of past values of the 

series as well as previous errors.   

 

The ARIMA model is just a restricted version of a 

more general structural time series (STS) model 

(Harvey, 1990).  The stochastic formulation of the 
general STS model can be expressed as: 

 

 zt = μt + ϕt + εt  
 μt = μt−1 + βt−1 + ηt    
    (1) 

 βt = βt−1 + ξt  
 

Whereμt  is the trend in hurricane frequency and 

intensity, ϕt  is the cyclical component, εt  is the 
irregular component which are all assumed to be 

stochastic.  The parameter βt  is the slope of the trend 

component, with the stochastic properties of the level 

and slope driven by ηt  as well as ξt .   

Following Hamilton (1989), the state variable, ts
, is 

represented as an unobserved discrete-time, discrete-

state Markov process.  The transition probability 

matrix is such that: 
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Maximum likelihood estimation of the framework 
given in Equation (2) is undertaken using the 

Expectation Maximization algorithm.  The two-

regime and three-regime versions of that given in 

Equation (2) are applied to monthly hurricane 

activity.  A two-regime approach allows for a period 

of decline and growth, while the three-regime model 

allows for a period of decline, slow growth and rapid 

growth. In order to model the behavioural 

relationship between climate change and hurricane 

frequency and intensity a general autoregressive 

distributed lag (ARDL) model is employed: 

 yt = μ+  γiyt−i
p
i=1 +  βixt−j + δwt +

r
j=1

εt     (3) 

The dependent variable used in the model is the 

monthly the power dissipation index, while two 

measures of climate change are employed: the Global 

Land and Sea Surface Temperature Index (GLSST) 
and Global Land Temperatures (GT).  The underlying 

expectation of the ARDL approach is that since the 

time series models do not allow for the climate 

change, they should be able to better predict the 

frequency and intensity of hurricanes experienced in 

recent decades. 

 

IV. FORECASTING HURRICANE ACTIVITY 

IN THE NORTH ATLANTIC 

 

While there is a growing body of evidence linking 

increased hurricane activity to climate change, this 
hypothesis is still not widely supported.  This study 

therefore, through the use of an out of sample forecast 

evaluation, attempts to assess the extent to which the 

rising trend in the temperature variables, alluded to in 

the previous section, can help to forecast the greater 

hurricane intensity recorded in recent years.  The 

underlying hypothesis therefore is that if the rise in 

the PDI observed in recent years is just a statistical 

anomaly, then the time series models should provide 

forecasts of the PDI that are at least as good (or 

better) than the behaviour model that accounts for the 
higher temperatures.  If the increase in the PDI is not, 

however, just a statistical anomaly then the 

behavioural model should outperform the time series 

models. Table 3 provides the forecast evaluation 

statistics for the cumulative forecasts for the eight 

forecasting models under consideration.  ARDL_GT 

and ARDL_GLOTI are the distributed lag models 

that use the global temperature and the global air and 

sea surface temperature anomalies.  The times models 

are the ARMA(2,2), AR(2), two Markov switching 

models (MSM allows for a changing mean, while 

MSH allows for a changing variance), a structural 
time series model (STS) and a random walk (RW). 

Relative to the random walk, the forecasts from the 

behavioural models resulted in between a 35-43 

percent improvement in forecast accuracy and also 

outperformed the RW over all time horizons.  

However, the forecast evaluation statistics suggests 

that the forecasts obtained from the pure time series 

models were relatively similar to those obtained from 

the behavioural models.  Over long horizons, more 

than 40 years, these time series models (STS, ARMA 

and AR) marginally outperformed the behavioural 
model. The cumulative forecast evaluation reported 

in Table 3, could mask important differences in the 

forecasting performance of the various models.  One 

potential reason is due to the use of the cumulative 

forecast evaluation statistics.  If a particular model 

performs poorly during the early years, but relatively 

poorly in later years, this could pull down the 

cumulative forecast evaluation statistic for the model.  
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As a result, one could use the forecast evaluation 

statistics for ten-year windows only.  The results from 
utilising this approach, however, did not yield any 

significantly different results: there was not any 

statistically significant improvement in the forecasts 

from the behavioural model relative to the STS, 

ARIMA and AR models. Most Atlantic storms occur 

during the June-November period.  As a result, the 

zero values during the December to May periods in 

some years could be impacting on the overall results.  

The forecast evaluation statistics for only the June-

November periods: the forecasts for the other months 

are set to zero.  The root mean squared error for the 

behavioural model improves, but so does that of the 
STS, ARMA and the AR models. 

 

V. CONCLUSION 
 

Hurricanes are one of the most devastating weather 

events experienced by Caribbean and North 

American countries.  They have been responsible for 

significant economic damages, capital loss and 

mortality.  Within recent years, there seems to have 

been a upward trend in the frequency and intensity of 

Atlantic storms.  One potential reason put forward 
has been climate change: warmer surface 

temperatures are increasing the likelihood of the 

formation of a storm as well as its intensity.  The link 

between climate change and hurricanes, however, is 

largely an unsettled issue as many other factors have 
also been linked to the frequency and intensity of 

Atlantic storms.  This study adds to this body of 

literature by comparing the forecasting performance 

of pure time series models relative to behavioural 

models that account for climate change.  The 

underlying hypothesis being evaluated is whether or 

the recent rise in the frequency and intensity of 

storms can be linked to climate change or is simply a 

statistical anomaly. Five time series models were 

estimated over the period 1851 to 1959 and used to 

forecast the pattern of hurricanes over the period 

1960 to 2010.  These forecasts were then compared to 
two behavioural models: one that uses the global 

temperature anomalies and the other that employs 

both land and sea surface temperatures.   

 

The preliminary results provided in the study 

suggests that predictions obtained from the pure time 

series models that do not account for climate change 

provide results that are at least as good as (and over 

some horizons better) than those obtained from 

behavioural models that do account for climate 

change.  These findings do seem to suggest that the 
recent rise in the frequency and intensity of Atlantic 

hurricanes can not largely be attributed to climate 

change, but might also be due to historical cycles. 

 

 
Table 3: Forecast Evaluation Statistics (10-year Average) 
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