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[1] A secular warming of sea surface temperature occurs
almost everywhere over the global ocean. Here we use
observational data to show that global warming of the sea
surface is associated with a secular increase of tropospheric
vertical wind shear in the main development region (MDR)
for Atlantic hurricanes. The increased wind shear coincides
with a weak but robust downward trend in U.S. landfalling
hurricanes, a reliable measure of hurricanes over the long
term. Warmings over the tropical oceans compete with one
another, with the tropical Pacific and Indian Oceans
increasing wind shear and the tropical North Atlantic
decreasing wind shear. Warmings in the tropical Pacific and
Indian Oceans win the competition and produce increased
wind shear which reduces U.S. landfalling hurricanes.
Whether future global warming increases the vertical wind
shear in the MDR for Atlantic hurricanes will depend on the
relative role induced by secular warmings over the tropical
oceans. Citation: Wang, C., and S.-K. Lee (2008), Global

warming and United States landfalling hurricanes, Geophys. Res.

Lett., 35, L02708, doi:10.1029/2007GL032396.

1. Introduction

[2] An increase in global ocean temperatures can cause
sea levels to rise and change the quantity and regional
patterns of precipitation. It is also argued that there may be
changes in the frequency and intensity of extreme weather
events, although it is difficult to connect specific events to
global warming. Atlantic hurricane activity has been shown
to have largely increased in frequency and intensity since
1995 [e.g., Goldenberg et al., 2001; Emanuel, 2005;
Webster et al., 2005]. In particular, the 2005 hurricane
season is the most active year on record, with 28 named
tropical storms in the Atlantic basin and 15 of them reaching
hurricane intensity. The recent increase in Atlantic hurricane
activity has fueled a debate on the role of global warming in
the increase [e.g., Goldenberg et al., 2001; Emanuel, 2005;
Webster et al., 2005; Landsea, 2005]. Obviously, the rela-
tionship between global warming and Atlantic hurricanes is
both scientifically and socially important. This paper uses
observational data to demonstrate that the attribution of the
recent increase in Atlantic hurricane activity to global
warming is premature and that global warming may de-
crease the likelihood of hurricanes making landfall in the
United States.

2. Global Warming and Vertical Wind Shear

[3] The improved extended reconstructed sea surface
temperature (SST) data [Smith and Reynolds, 2004] for
the past 153 years (1854 to 2006) is used to examine
warming or cooling over the global ocean. An empirical
orthogonal function analysis is performed on the annual
mean SST. The spatial pattern and temporal variation of the
first mode, which represents a global warming mode, are
shown in Figure 1. There is warming almost everywhere
over the global ocean, with exceptions in the region south of
Greenland, in the North and South Pacific, and in the region
around Antarctica where cooling occurs. In particular, large
warmings occur in the tropical Pacific, Atlantic, and Indian
Oceans. The warming pattern in the tropical Pacific is
similar to that of the interannual phenomenon of El Niño,
with maximum warming in the equatorial eastern Pacific.
The basin-wide warming is consistent with expected effects
of an increase in greenhouse gas concentrations, and the
regional cooling may be suggestive of radiative effects of
aerosols or oceanic natural variability. The temporal varia-
tion (Figure 1b) shows that the global ocean is mainly
cooling before the 1940s and warming after the 1940s.
[4] One important factor for controlling Atlantic hurri-

cane activity is the vertical wind shear between the upper
and lower troposphere in the main development region
(MDR) within the 10�N–20�N latitude belt that stretches
from West Africa to Central America. An enhancement in
tropospheric vertical wind shear is associated with a quiet
hurricane season in the Atlantic basin, as it inhibits the
organization of deep convection, and vice versa for a
reduction in vertical wind shear. The relationship of vertical
wind shear to global warming is examined by regressing
vertical wind shear onto a temporal variation of global
warming of SST (Figure 2). A positive regression appears
in the MDR for Atlantic hurricanes and a negative regres-
sion is north of the MDR. The positive regression in the
MDR indicates that global warming is associated with an
increase of the vertical wind shear, thus inhibits atmospheric
convection and disfavors the formation and development of
Atlantic hurricanes.
[5] The positive wind shear regression in the MDR of

Figure 2 extends northwestward to the United States via the
Gulf of Mexico, despite a small value. Does this have any
implication for a hurricane to be intensified and make a
landfall? To address this question, we first discuss the
relationship between vertical wind shear and U. S. land-
falling hurricanes. The regression of the vertical wind shear
during June–November onto U.S. landfalling hurricanes is
shown in Figure 3. Figure 3 shows a large negative wind
shear regression located in the MDR, consistent with the
fact that a reduction (enhancement) of vertical wind shear
favors (disfavors) hurricane activity. It also shows that the
negative wind shear regression in the MDR extends toward
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