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Abstract.

The authors document and explain changes in the rates
of North Atlantic major hurricanes over the 20th cen-
tury. A change-point analyses identifies two contrasting
regimes of activity. The regimes have significantly dif-
ferent occurrence rates that coincide with changes in
the climate over the extratropical North Atlantic. In
conjunction with the recent Arctic warming and a relax-
ation of the North Atlantic oscillation, it is speculated
that we are beginning a new period of greater major
hurricane activity.

1. Introduction

The frequency of major hurricanes across the North
Atlantic (including the Caribbean Sea and Gulf of Mex-
ico) has been lower over the past few decades compared
to the long-term average. The five-year period begin-
ning with 1995 saw 20 major hurricanes, the largest
five-year total since the 1950s. Recent studies have
uncovered a statistical association between the North
Atlantic oscillation (NAO) and tropical cyclones [El-
sner and Kocher, 2000; Elsner et al., 2000]. Results of
these studies indicate that midlatitude climatic varia-
tions may play a greater role in modulating the tropics
than hereforto considered while providing a fresh focus
for additional hurricane climate research. Here we con-
tinue our investigation into the linkage between hurri-
canes and the NAO by examining the record of intense
North Atlantic tropical cyclones.

Hurricane data are taken from the best-track records
[see Neumann et al., 1993], which are a compilation of
the six-hourly positions and intensities of tropical cy-
clones back to 1886. Major hurricanes are tropical cy-
clones with maximum sustained winds reaching 100 kt
or greater—representing category three or higher on
the Saffir-Simpson damage-potential scale. Records are
most reliable after 1943, but the observational bias is
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smallest for the strong storms considered here. Data
on the state of the NAO are obtained from the Cli-
mate Research Unit at the University of East Anglia,
UK. Values are monthly sea-level pressures (SLPs) for
southwestern Iceland.

2. Secular Changes

Major (or intense) hurricanes account for 38% of all
North Atlantic hurricanes [Elsner and Kara, 1999]. The
mean annual number of major hurricanes is 1.9 with a
variance of 3.24 over the period 1886-1996. As a prac-
tical matter, their occurrence can be considered as a
Poisson process [Elsner and Schmertmann, 1993; Wil-
son, 1999]. A characteristic of a Poisson process is the
equality of population mean and variance. The ratio of
the sample variance to the sample mean [R = (s.d.)? /7]
is thus used to test for a Poisson process. The test is
made by noting that the ratio (R) can be converted
into a chi-squared random variable. Here we test the
frequency of major hurricanes for the possibility of a
constant-rate Poisson process at two hurricane inten-
sity levels. Table 1 shows the test results for a null
hypothesis (at @ = 0.05) that the distribution is Pois-
son for hurricanes of 100 kt or greater and for hurricanes
of 120 kt or greater. For 100 kt hurricanes, R is greater
than the critical value, R,., guiding us to reject for a
constant-rate Poisson process. This is not the case for
120 kt hurricanes where i is less than R,.

With the occurrence of 120 kt intense hurricanes de-
scribed as constant-rate Poisson, the interarrival times

Table 1. Poisson statistics.

Intensity  n T (s.d.)? R R,
> 100 kt 202 2.04 3.20 1.57 117  Reject
> 120kt 75 0.76 0.82 1.08 1.28  Accept

Values are the number of storms (n), annual mean (&),
variance [(s.d.)?], ratio (R), critical ratio (R.), and decision
(last column) based on a chi-squared test (a = 0.05) for
a constant-rate Poisson process. The test is performed on
100 kt or greater and 120 kt or greater hurricanes over the
period 1900-99, inclusive.
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