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[1] Prominent multidecadal fluctuations of India summer
rainfall, Sahel summer rainfall, and Atlantic Hurricane
activity have been observed during the 20th century.
Understanding their mechanism(s) will have enormous
social and economic implications. We first use statistical
analyses to show that these climate phenomena are
coherently linked. Next, we use the GFDL CM2.1 climate
model to show that the multidecadal variability in the
Atlantic ocean can cause the observed multidecadal
variations of India summer rainfall, Sahel summer rainfall
and Atlantic Hurricane activity (as inferred from vertical
wind shear changes). These results suggest that to interpret
recent climate change we cannot ignore the important role
of Atlantic multidecadal variability. Citation: Zhang, R., and
T. L. Delworth (2006), Impact of Atlantic multidecadal
oscillations on India/Sahel rainfall and Atlantic hurricanes,
Geophys. Res. Lett., 33, L17712, doi:10.1029/2006GL026267.

1. Introduction

[2] The multidecadal fluctuations of India summer rain-
fall, Sahel summer rainfall, and Atlantic Hurricane activity
observed in the 20th century do not appear to be related to
El Nino and the Southern Oscillation (ENSO) [Folland et
al., 1986; Ward, 1998; Goldenberg et al., 2001], although
ENSO may modulate the inter-annual variability of these
phenomena [Ward, 1998]. Anthropogenic climate change
may contribute to the long-term decrease of 20th century
Sahel rainfall [Held et al., 2005], but the mechanism of the
multidecadal variations is still unclear. Empirical analyses
have proposed a link between an interhemispheric contrast
in Atlantic sea surface temperature (SST) anomalies and
Sahelian summer rainfall variations [Folland et al., 1986;
Ward, 1998]. The multidecadal variation of Atlantic hurri-
cane activity has also been statistically linked to such
Atlantic SST anomalies [Gray, 1990; Landsea et al.,
1999; Goldenberg et al., 2001]. The low frequency var-
iability in the Atlantic ocean is often called the “Atlantic
Multidecadal Oscillation” (AMO), with an index defined
as the area average over the entire North Atlantic of low-
pass filtered (LF) annual mean SST anomalies, after
removing any linear trend [Enfield et al., 2001; Sutton
and Hodson, 2005; Knight et al., 2005]. The AMO is
suggested to be induced by Atlantic thermohaline circula-
tion (THC) variations and associated ocean heat transport
fluctuations [Folland et al., 1986; Gray et al., 1997;
Delworth and Mann, 2000; Knight et al., 2005].
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[3] Linkages between the AMO, Sahel summer rainfall
and Atlantic Hurricane activity during the 20th century
were mainly based on statistical analyses of observed data.
A previous modeling study [Vitart and Anderson, 2001]
simulated the impact of interdecadal variability in Atlantic
SST on Atlantic Hurricane activity. In this study, with
both statistical analyses of observed data and carefully
designed experiments using the GFDL CM2.1 climate
model, we show that the AMO plays a major role in
forcing the 20th century multidecadal variations of India
and Sahel summer rainfall, and of tropical Atlantic atmo-
spheric circulation that is of crucial relevance for Atlantic
Hurricane activity. This leads to an in-phase relationship
among low frequency India and Sahel summer rainfall,
and Atlantic hurricane activity. This observed variability
falls within the range spanned by the individual ensemble
members of our modeling experiment. In this study, we
adopt the above commonly accepted definition for both
the observed and modeled AMO index, as that used in
many previous studies [Enfield et al., 2001; Sutton and
Hodson, 2005; Knight et al., 2005]. The simple detrending
applied in this definition of the AMO may not cleanly
separate the THC-induced AMO signal from the anthro-
pogenic climate change and the exact mechanism causing
such defined AMO is still uncertain. However, our focus
here is not on the definition or mechanism of the AMO,
but on the response of the global climate system to the
Atlantic multidecadal fluctuations. Here our modeling
results are from just one climate model, and need to be
further tested with other models. The idealized linear
detrending applied to the observed variability discussed
in this paper does not necessarily remove all the influence
of changing external forcings. Fluctuations of the external
forcings about a linear trend may have contributed to
some of the observed multidecadal variability.

2. Analyses of the Impact of AMO With
Observed Data

[4] We first compare the observed AMO index to time
series of observed summer (June to September - JJAS)
rainfall anomalies over the Sahel and west central India
(Figures la—1c). All data were low-pass filtered (LF) with a
frequency response that drops to 50% at the 10-year cutoff
period to focus on the multidecadal timescale, although the
unfiltered data are also shown in Figure 1. All observed data
were detrended prior to analyses. There is very little linear
trend in west central India summer rainfall. The Sahel
summer rainfall has a decreasing trend that might be related
to anthropogenic forcing [Held et al., 2005], and is of the
same order as the multidecadal variability. West central
India is the core monsoon region, where the summer
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