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Estimated return periods for Hurricane Katrina
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[1] Hurricane Katrina is one of the most destructive
natural disaster in U.S. history. The infrequency of severe
coastal hurricanes implies that empirical probability
estimates of the next big one will be unreliable. Here
we use an extreme-value model together with interpolated
best-track (HURDAT) records to show that a hurricane
of Katrina’s intensity or stronger can be expected to occur,
on average, once every 21 years somewhere along the
Gulf coast from Texas through Alabama and once every
14 years somewhere along the entire coast from Texas
through Maine. The model predicts a 100-year return level
of 83 ms™' (186 mph) during globally warm years and
75 ms~' (168 mph) during globally cool years. This
difference is consistent with models predicting an increase
in hurricane intensity with increasing greenhouse warming.
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1. Introduction

[2] On Sunday, August 28, 2005, Hurricane Katrina’s
winds increased to 78 ms™~' in the central Gulf of Mexico
making it one of the strongest hurricanes ever recorded in
this part of the world. Early morning the next day (7 a.m.
LDT) the eye of Katrina crossed over Plaquemines Parish in
Louisiana with winds estimated near 65 ms™". It is useful to
know the return period of a storm of Katrina’s magnitude
and how it might vary under climate change. Probability
estimates of extreme hurricanes are available in the litera-
ture [Darling, 1991; Rupp and Lander, 1996; Heckert et al.,
1998; Chu and Wang, 1998] but they do not address the
question of variability under different climate regimes
[Jagger et al., 2001]. Here we use a model from extreme
value theory to estimate the return period of Katrina-like
hurricanes along the Gulf coast. The model, described in
detail by Jagger and Elsner [2006], is an application
from Coles [2001]. The analysis is useful in putting the
near-coastal strength of Hurricane Katrina into historical
perspective.

2. Data
2.1. Data Description and Sources

[3] Extreme value theory relies on asymptotic arguments
for the behavior of the maximum value observed in a data
set [Palutikof et al., 1999]. Here maximum sustained
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(1-minute average) wind speed estimates near the coast
are interpolated from the best-track data set (HURDAT)
maintained by the U.S. National Hurricane Center (NHC).
Limiting our analysis to near-coastal hurricanes allows us to
use data back to 1899. The best-track data set is the official
record of tropical cyclones for the Atlantic Ocean, Gulf of
Mexico and Caribbean Sea, including those that have made
landfall in the United States. It consists of the 6-hourly
position and intensity estimates of tropical cyclones back to
1851 [Jarvinen et al., 1984; Neumann et al., 1999]. For
storms and hurricanes prior to 1931, the 6-hr positions and
intensities are interpolated from once daily (12 UTC)
estimates. For hurricanes in the period 1931-1956, the 6-
hr positions and intensities are interpolated from twice daily
(00 and 12 UTC) observations. Here we use the latest
version of data set as of February 2005, which includes
reanalysis of all known storms prior to 1911.

[4] The best-track data set does not contain a complete
list of hurricane events by landfall location so we develop
an objective technique for estimating near-coastal wind
speeds. First we divide the coast into 3 regions including
the Gulf coast, Florida, and East coast. The combined
coastal region of 1, 2, and 3 is referred to as the entire
coast. Second, a cubic spline interpolation is used to obtain
positions and wind speeds at 1-hr intervals from the 6-hr
values for all tropical cyclones in the best-track [Kossin,
2002]. The spline interpolation guarantees we do not miss
storms passing quickly through a near-coastal region. The
spline interpolation in this context is preferable because it
captures rapid changes in intensity better than linear inter-
polation. Also with spline interpolation the values at the
6-hr observations remain the same. Third, for each hurri-
cane, we note the maximum wind in each of 2 regions
affected by a given hurricane: Gulf coast and entire coast.
Fourth, for recent hurricanes where landfall intensities have
been reevaluated by experts (e.g., Hugo in 1989 and
Charley in 2004), we use these values instead of the 1 hr
interpolated best-track values. A comparison of the power
dissipation index (cubed of the wind speed integrated over
the lifetime of the storm [Emanuel, 2005]) using 6 hr
observations and 1 hr spline interpolations shows that there
is only a 1% difference providing support for our choice of
interpolation for capturing the maximum wind speed of a
hurricane in a region.

[s] We also obtain monthly global near-surface air tem-
perature anomalies (1961-1990 base period) from the
Intergovernmental Panel on Climate Change (IPCC) online
from the Climatic Research Unit (CRU) [Folland et al.,
2001]. We average the global temperature anomalies over
the months of August—October. The anomalies are accurate
to +0.05°C for the period since 1951, but are about 4 times
as uncertain during the previous century. We treat the global
temperatures as a binary factor by subdividing the record
into years of above and below average.
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