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[1] Trends in tropical Atlantic sea surface temperature
(SST), Sahel rainfall, and Saharan dust are investigated
during 1980–2006. This period is characterized by a
significant increase in tropical North Atlantic SST and the
transition from a negative to a positive phase of the Atlantic
multidecadal oscillation (AMO). It is found that dust
concentrations over western Africa and the tropical North
Atlantic Ocean decreased significantly between 1980 and
2006 in association with an increase in Sahel rainfall. The
decrease in dust in the tropical North Atlantic tended to
increase the surface radiative heat flux by 0.7 W m�2

which, if unbalanced, would lead to an increase in SST of
3�C. Coupled models significantly underestimate the
amplitude of the AMO in the tropical North Atlantic
possibly because they do not account for changes in
Saharan dust concentration. Citation: Foltz, G. R., and M. J.

McPhaden (2008), Trends in Saharan dust and tropical Atlantic

climate during 1980–2006, Geophys. Res. Lett., 35, L20706,

doi:10.1029/2008GL035042.

1. Introduction

[2] During the past century tropical North Atlantic sea
surface temperatures (SST) have fluctuated strongly with a
period of �70 years [Goldenberg et al., 2001] (Figure 1a).
The oscillations are part of a basin-scale Atlantic multi-
decadal oscillation (AMO) thought to be driven by changes
in the strength of the Atlantic thermohaline circulation [e.g.,
Delworth and Mann, 2000; Knight et al., 2005]. The AMO
exerts a significant influence on weather and climate in the
tropical Atlantic sector, with positive phases of the AMO
contributing to enhanced rainfall in the Sahel region of
Africa [Zhang and Delworth, 2006] and above-normal
hurricane activity in the Atlantic basin [Goldenberg et al.,
2001]. Superimposed on the AMO is a strong warming
trend that has been attributed to anthropogenic greenhouse
gas forcing [Mann and Emanuel, 2006].
[3] The Sahara and Sahel regions of western Africa

export roughly 210 Tg of dust to the tropical North Atlantic
Ocean annually, of which �155 Tg is supplied during
May–October [Kaufman et al., 2005]. Dust in the atmo-
sphere affects the heat budget of the upper ocean through
scattering and absorption of incoming solar radiation [e.g.,
Li et al., 2004; Zhu et al., 2007]. Indeed, empirical and
modeling studies suggest that seasonal to interannual

changes in dustiness in the tropical North Atlantic exert a
significant influence on the underlying SST [Schollaert and
Merrill, 1998; Foltz and McPhaden, 2008; Evan et al.,
2008].
[4] Previous studies have identified a statistical link

between atmospheric dust concentrations over the tropical
North Atlantic Ocean and rainfall in the Sahel, with
enhanced rainfall leading a reduction in dust the following
summer [Brooks and Legrand, 2000; Prospero and Lamb,
2003; Moulin and Chiapello, 2004]. Moulin and Chiapello
[2004] identified the northwestern Sahel as the dominant
source of summertime dust variability over the tropical
North Atlantic. In this study we examine the relationships
between dust, rainfall, and atmospheric circulation during
1980–2006, a period notable for its dramatic increase in
tropical North Atlantic SST and the transition from a
negative to a positive phase of the AMO [Goldenberg et
al., 2001] (Figure 1). We focus on linear trends during the
27-year period, expanding on previous studies that mainly
considered the relationships between these quantities on
intraseasonal to interannual time scales.

2. Data

[5] We use a combination of monthly averaged satellite,
in situ, and atmospheric reanalysis products for the time
period 1980–2006. We obtained the Reynolds et al. [2002]
combined satellite-in situ SST analysis, available for
December 1981–present on a 1�� 1� grid, and the Extended
Reconstructed SST (ERSST), which is based on the
Comprehensive Ocean-Atmosphere Dataset (COADS) and
available during 1854–present on a 2� � 2� grid [Smith et
al., 2008]. We use the Reynolds et al. [2002] SST for
Dec 1981–Dec 2006 and the ERSST during Jan 1980–
Nov 1981, when satellite-based measurements are unavail-
able. SST trends in the eastern tropical North Atlantic,
where dust concentrations are highest, are similar when
calculated from ERSST and Reynolds et al. [2002] SST,
suggesting that infrared satellite-based measurements in the
Reynolds et al. [2002] data set were not contaminated by
trends in aerosols.
[6] Aerosol optical depth (AOD) at 380 nm was obtained

from the Total Ozone Mapping Spectrometer (TOMS) and
is used as a proxy for total atmospheric dust content
[Torres et al., 2002]. These data are available on a 1� �
1� grid for January 1980–April 1993 and August 1996–
December 2001. AODmeasurements at 550 nm are available
from the Moderate Resolution Imaging Spectroradiometer
(MODIS) [Remer et al., 2005] during February 2000–
present on a 1� � 1� grid. A seasonal mean bias correction
was applied to the MODIS AOD based on a point-by-point
comparison toTOMSduring February 2000–December 2001,
when both data sets are available. We use the adjusted
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