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[1] To help understand possible impacts of anthropogenic
greenhouse warming on hurricane activity, we assess
model-projected changes in large-scale environmental
factors tied to variations in hurricane statistics. This study
focuses on vertical wind shear (Vs) over the tropical
Atlantic during hurricane season, the increase of which has
been historically associated with diminished hurricane
activity and intensity. A suite of state-of-the-art global
climate model experiments is used to project changes in Vs

over the 21st century. Substantial increases in tropical
Atlantic and East Pacific shear are robust features of these
experiments, and are shown to be connected to the model-
projected decrease in the Pacific Walker circulation. The
relative changes in shear are found to be comparable to
those of other large-scale environmental parameters
associated with Atlantic hurricane activity. The influence
of these Vs changes should be incorporated into projections
of long-term hurricane activity. Citation: Vecchi, G. A., and

B. J. Soden (2007), Increased tropical Atlantic wind shear in

model projections of global warming, Geophys. Res. Lett., 34,

L08702, doi:10.1029/2006GL028905.

1. Introduction

[2] Empirical relationships and dynamical considerations
have identified several environmental factors that influence
the development of tropical cyclones. Understanding the
response of these environmental parameters to a warming
climate, and the consequent changes in tropical cyclones, is
a topic of profound societal significance and of intense
scientific debate [e.g., Goldenberg et al., 2001; Knutson and
Tuleya, 2004; Emanuel, 2005; Pielke et al., 2005;Webster et
al., 2005; Zhang and Delworth, 2006]. Variations in tropical
cyclone characteristics have been connected to thermody-
namic conditions, as well as changes in atmospheric circu-
lation [e.g., Gray, 1984; Emanuel, 1995, 2005; Holland,
1997; Knutson and Tuleya, 2004; Webster et al., 2005;
Camargo et al., 2007; Knutson et al., 2007].
[3] Of particular importance is the vertical wind shear

(Vs) which acts to inhibit tropical cyclone development
[e.g., Pielke and Landsea, 1999; Goldenberg et al., 2001;
Emanuel and Nolan, 2004; Camargo et al., 2007] and has a
deleterious effect on the intensity of developed tropical
cyclones [e.g., DeMaria, 1996; Frank and Ritchie, 2001].
The impact can be substantial for Vs >10 ms�1, with one

modeling study finding that ‘‘[s]trong shear of 15 ms�1

literally tore an intense storm apart in about one day’’
[Frank and Ritchie, 2001].

2. Model-Projected Changes in Vertical Wind
Shear

[4] We explore 21st Century projected changes in Vs

over the tropical Atlantic and its ties to the Pacific Walker
circulation, using a suite of coupled ocean-atmosphere
models forced by emissions Scenario A1B (atmospheric
CO2 stabilization at 720 ppm by year 2100) for the
Intergovernmental Panel on Climate Change 4th Assess-
ment Report (IPCC-AR4). Changes are computed between
two 20-year periods: 2001–2020 and 2081–2100 (use of
linear trends or other averaging periods does not alter the
character of the results presented here). Our index of the
strength of the Pacific Walker circulation is the difference of
SLP averaged over the eastern (160�W–80�W, 5�S–5�N)
and western (80�E–160�E, 5�S–5�N) equatorial Pacific
Ocean [Vecchi et al., 2006; Vecchi and Soden, 2007,
hereinafter referred to as VS07]. We define Vs as the
magnitude of the vector difference between monthly-mean
winds at 850 hPa and 200 hPa (Vs = ju850 � u200j)
following a typical Vs definition in the literature [e.g.,
Goldenberg et al., 2001; Zhang and Delworth, 2006]. For
models where daily data was available we found little
difference in the 21st Century Vs changes computed using
daily winds and monthly winds over the global tropics. See
Auxiliary Material Text S1 for a list of models used.1 We
restrict our attention to changes in Vs during the northern
Atlantic hurricane season (Jun.–Nov.), though the results
hold for other subsets of boreal summer/fall months.
[5] Figure 1a shows the 18-model ensemble-mean pro-

jected change in Vs (normalized per �C global warming)
over the 21st Century; for reference, contours show the
background Vs. There is a prominent increase in Vs over the
tropical Atlantic and East Pacific (10�N–25�N) (Figure 1a),
which is distinct from a tendency for weakened Vs across
much of the northern hemisphere tropics (see below). The
amplitude of the projected Vs increase is considerable, given
the 1.5–3.5�C global-mean surface air temperature increase
in these models by the end of the 21st Century [Held and
Soden, 2006; VS07]. These Vs changes are robust across the
multi-model suite, with all but a handful of models
projecting an increase in the 21st Century (Figure 1b). We
define the tropical Atlantic region in which there is large
increase of Vs in the ensemble mean (90�W–40�W, 13�N–
25�N) as the ‘‘Shear Enhancement Region’’ or SER (see

1Auxiliary materials are available in the HTML. doi:10.1029/
2006GL028905.
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