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Sea-surface temperatures and tropical cyclones in the Atlantic basin
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[1] Whereas there is a significant relationship between
overall sea-surface temperature (SST) and tropical cyclone
intensity, the relationship is much less clear in the upper
range of SST normally associated with these storms. There,
we find a step-like, rather than a continuous, influence of
SST on cyclone strength, suggesting that there exists a SST
threshold that must be exceeded before tropical cyclones
develop into major hurricanes. Further, we show that the
SST influence varies markedly over time, thereby indicating
that other aspects of the tropical environment are also
critically important for tropical cyclone intensification.
These findings highlight the complex nature of hurricane
development and weaken the notion of a simple cause-and-
effect relationship between rising SST and stronger Atlantic
hurricanes. Citation: Michaels, P. J., P. C. Knappenberger, and
R. E. Davis (2006), Sea-surface temperatures and tropical
cyclones in the Atlantic basin, Geophys. Res. Lett., 33, L09708,
doi:10.1029/2006GL025757.

1. Introduction

[2] Recently, Emanuel [2005] and Webster et al. [2005]
have suggested that rising sea surface temperatures (SST) in
the North Atlantic hurricane formation region are linked to
recent increases in hurricane intensity, and that the trend of
rising SSTs during the past 3 to 4 decades bears a strong
resemblance to that projected to occur from increasing
greenhouse gas concentrations. Higher SSTs from increased
greenhouse gas concentrations have been shown to increase
hurricane intensity in computer models [Knutson and
Tuleya, 2004], although the timing and magnitude of the
change that will occur is a matter of debate [Michaels et al.,
2005; Knutson and Tuleya, 2005].

[3] Neither of the recent studies [Emanuel, 2005; Webster
et al., 2005] directly linked local changes in SST to changes
in hurricane intensity. Rather, they rely on trends in basin-
wide averaged monthly or seasonal SST that are not
necessarily representative of the local marine environment
experienced by individual tropical cyclones. A closer look
at the direct relationship between more local SST and
tropical cyclone intensity reveals a complicated picture
[e.g., Evans, 1993]. Using monthly-averaged SST data
resolved at 2° x 2° latitude/longitude, from 1967 to 1986,
Evans [1993] found that SST alone was an inadequate
predictor of ultimate hurricane intensity, largely because
the strongest storms were often not coincident with the
highest temperatures that they encountered. Evans’ [1993]
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general conclusion was that, while SST may provide an
upper bound on tropical storm intensity, SST is not the
dominant factor in determining either the instantaneous
storm intensity or the actual maximum intensity attained
by a tropical system. Similar results have been reported by
Merrill [1987, 1988] and Baik and Paek [1998].

[4] The Evans [1993] study is limited by rather coarse
(2° x 2°) monthly SST data. Here, we update these analyses
using more recent SST data that is of a finer spatial and
temporal resolution. The Evans [1993] study also ends
before a mid 1990s shift in the Atlantic Multidecadal
Oscillation [Goldenberg et al., 2001] that is thought to be
more conducive to tropical cyclone development.

2. Data and Methods

[s] Our SST data are the weekly-average gridded 1°
latitude by 1° longitude record described by Reynolds et
al. [2002]. Data are available from 1982 to 2005 and
incorporate both in-situ and satellite measurements of SST
from the world’s oceans. Our primary region of interest in
this analysis is the North Atlantic Ocean. The tropical
cyclone data are the best track data file, HURDAT, devel-
oped by and available from the National Hurricane Center
(NHC) [Jarvinen et al., 1984] (and updates). The HURDAT
file contains 6-hourly (0000, 0600, 1200, 1800 GMT)
center locations (latitude and longitude in tenths of degrees)
and intensities (maximum I-minute surface wind speeds
and minimum central pressures) for all tropical storms and
hurricanes in the Atlantic basin from 1851 through 2004.
Our analyses begin in 1982 coincident with the beginning of
the SST data set. To include the record-setting Atlantic
basin hurricane season of 2005, we interpolated the 2005
storm information issued in advisories by the NHC to the
six hourly time intervals contained in the HURDAT data.
While these data are preliminary, they should provide a
reasonable estimation of 2005 tracks and intensities.

[6] For each 6-hourly storm report, we identified the
underlying weekly-average SST from the 1° x 1° grid cell
that contained the center of the tropical system. Since tropical
cyclones are known to cool the SST over which they are
located (through mixing and evaporation) [Bender et al.,
1993], we use the SST during the week prior to the time of
observation to best represent the SST encountered by each
storm as it traversed the ocean. The 6-hourly observations
were then examined for each of the 270 named storms, from
which we calculated maximum storm intensity (as measured
by wind speed), SST at time of maximum intensity, and
highest SST encountered prior to maximum intensity.

3. Results and Discussion

[7] A plot of wind speed versus SST for the 7,814
6-hourly observations of named tropical cyclones in the
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