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[1] The African Sahel experienced severe drying between
the 1950s and the 1980s, with partial recovery since. We
compare Sahel rainfall in the 20th century, pre-industrial,
and increased greenhouse gases (GHG) simulations
produced for the Intergovernmental Panel on Climate
Change (IPCC). The simulations forced by 20th century
concentrations of aerosol and GHG reproduce (i) a global
change in SST akin to that associated with Sahel drought
and (ii) a correspondent drying of the Sahel. We conclude
that late 20th century Sahel climate was significantly dryer
than pre-industrial, and at least 30% of the drying was
externally forced. Comparison between 20th century runs
and runs forced by GHG alone reveals the key role of
reflective aerosols: they force a gradient in SST that excites
robust drying in the northern edge of the Atlantic Inter-
Tropical Convergence Zone (ITCZ) and in the Sahel.
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1. Introduction

[2] The semi-arid African Sahel, the southern edge of the
Sahara, experienced severe drying between the 1950s and
the 1980s, with partial recovery since [Nicholson, 1980;
Nicholson et al., 2000]. Recent studies showed that the
long-term drying must be attributed to global sea-surface
temperatures (SST), rather than anthropogenic land-surface
modification: general circulation models (GCMs) of the
atmosphere forced with the historic time series of SST
reproduce, albeit often with reduced amplitude [Giannini
et al., 2003; Zeng et al., 1999], the time series of Sahel
rainfall [Folland et al., 1986; Giannini et al., 2003; Tippett
and Giannini, 2006; Lu and Delworth, 2005; Hoerling et
al., 2006]. The concern for human influence on Sahel
climate has thus shifted from local land-use practices
[Herrmann and Hutchinson, 2005] to the effects of anthro-
pogenic emissions on global SST.
[3] Our data set is extracted from the simulations assem-

bled for the fourth assessment report of the IPCC (a table
characterizing the models is available via Web browser or
via Anonymous FTP from ftp://ftp.agu.org/apend/; more
information on the data set is at http://www-pcmdi.llnl.
gov/). To compare externally forced and internal variability
we analyze 20th-century (hereafter XX) and pre-industrial
control integrations (hereafter PI) of 19 coupled models.
Additionally, we consider two kinds of integrations in

which GHGs are the dominant forcing: 12 idealized inte-
grations forced solely by CO2 concentration growing by 1%
per year from pre-industrial levels and stabilizing at qua-
drupled the initial value (hereafter 4x), and 19 so-called
A1B climate-change scenario integrations (hereafter A1B)
in which CO2 increases to 700 ppm over the 2000–2100
period, sulfate aerosols decrease, and natural forcings re-
main fixed.
[4] We aim to determine whether mean rainfall in the

Sahel (delimited herein as the 10N–20N zonal band across
Africa) is significantly different in the XX and PI simula-
tions. In XX, variability is forced by both anthropogenic
(e.g., growing GHG and aerosols from industrialization)
and, for about half the models, natural (solar variability and
volcanic aerosols) forcings. In PI, all external forcings are
fixed in time and variability is the pure expression of
dynamics internal to the climate system. The weakness of
this approach is that we cannot directly contrast model
output to observations, due to a lack of instrumental records
of Sahel rainfall during pre-industrial times. Its strength is
that it can detect—to the extent that external forcings are
accurately represented—the externally forced component of
drought, independently of whether the sharp decline in
Sahel rainfall from the 1950s to the mid 1980s was in part
due to internal variability.

2. Response to 20th Century Forcings

[5] Figure 1 shows the difference between late 20th
century and pre-industrial climate, hereafter the XX-PI
difference. Figures 1a and 1b show the average XX-PI
difference in annual mean surface temperature and June-
July-August (JJA, the rainy season in the Sahel) rainfall;
Figures 1c and 1d show a measure of model agreement (see
caption for details). The XX-PI SST difference is charac-
terized by warmer tropics, especially south of the equator,
and cooler mid-latitudes, especially in the North Atlantic.
This pattern strongly resembles both that associated with the
historical Sahel drought [e.g., Giannini et al., 2003] and the
observed 1950–1999 trend [Hansen et al., 1999]. The XX-
PI JJA rainfall difference shows marked drying at the
northern edge of the ITCZ, across the East Pacific, Atlantic,
and Sahel, as well as in the monsoon regions of Asia, but
increased rain in the west and south Pacific, and in the Gulf
of Guinea. The cross-model consensus in reproducing a
relatively small-scale feature such as the drying of the Sahel
is truly remarkable, given large differences in model for-
mulation and forcings, and the notorious difficulties of
GCMs in simulating tropical rainfall.
[6] A negative Sahel rainfall anomaly is a robust feature

across models; how significant is it against the internal
variability of each model? Figure 2a shows the XX-PI
difference in JJA Sahel rainfall against the internal variabil-
ity in 25-year mean rainfall, shown by the one and two
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