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ABSTRACT

The life cycle of an intense African easterly wave (AEW) over the African continent is examined using
European Centre for Medium-Range Weather Forecasts (ECMWF) operational analyses, Meteosat satel-
lite images, and synoptic observations. This system, the strongest AEW of 2000, can be tracked from central
North Africa into the eastern Atlantic Ocean, where it is associated with the genesis of Hurricane Alberto.
Synoptic analysis of the kinematic and thermodynamic fields is supplemented by analysis of potential
vorticity (PV), allowing exploration at the role of multiple scales in the evolution of this AEW.

The authors’ analysis promotes the division of the AEW life cycle into three distinctive phases. (i)
Initiation: The AEW development is preceded by a large convective event composed of several mesoscale
convective systems over elevated terrain in Sudan. This convection provides a forcing on the baroclinically
and barotropically unstable state that exists over tropical North Africa. (ii) Baroclinic growth: A low-level
warm anomaly, generated close to the initial convection, interacts with a midtropospheric strip of high PV
that exists on the cyclonic shear side of the African easterly jet, which is consistent with baroclinic growth.
This interaction is reinforced by the generation of subsynoptic-scale PV anomalies by deep convection that
is embedded within the baroclinic AEW structure. (iii) West coast development: Near the West African
coast, the baroclinic structure weakens, but convection is maintained. The midtropospheric PV anomalies
embedded within the AEW merge with one another and with PV anomalies that are generated by con-
vection over topography ahead of the system. These mergers result in the production of a significant PV
feature that leaves the West African coast and rapidly undergoes tropical cyclogenesis.

1. Introduction

African easterly waves (AEWs) are the dominant
synoptic weather systems in West Africa and the tropi-
cal Atlantic during boreal summer. Characterized by
2–5-day periods and wavelengths of the order of 3000
km (Carlson 1969a), AEWs are an important compo-
nent of the regional climate. They modulate West Af-
rican rainfall, including mesoscale convective systems
(MCSs) (e.g., Payne and McGarry 1977; Fink and
Reiner 2003), they are the main precursors of tropical
cyclones in the Atlantic (e.g., Avila and Pasch 1992),
and may even contribute to tropical cyclogenesis in the
Pacific (e.g., Frank 1970). Despite their importance, we
lack a thorough understanding of the nature of AEWs,
including how these systems are initiated, how they
grow, and most importantly how they interact with con-
vection, including MCSs. The analysis presented in this
paper is focused on improving our understanding of
these processes by considering the life cycle of an ob-

served intense AEW from the time of its initiation in
central North Africa to the time it leaves the West Af-
rican coast.

It is generally accepted that AEWs arise from an
instability of the midtropospheric African easterly jet
(AEJ), a prominent feature of the summertime circu-
lation over North Africa. Burpee (1972) was first to
demonstrate that the AEJ satisfies the necessary con-
ditions for baroclinic and barotropic instability (Char-
ney and Stern 1962). Modeling studies (e.g., Thorncroft
and Hoskins 1994a,b) have shown that baroclinically
and barotropically growing waves are produced on an
idealized midtropospheric jet and have structures that
are similar to composite AEWs (e.g., Burpee 1974;
Reed et al. 1977). Idealized models and composite stud-
ies emphasize the synoptic-scale features associated
with AEWs. Consistent with baroclinically growing sys-
tems, AEWs have vorticity anomalies at two locations:
one at low levels on the southern fringe of the Sahara
(in the vicinity of the low-level potential temperature
contrasts) and one at AEJ level in the rainy zone on the
south side of the AEJ (in the vicinity of the potential
vorticity sign reversal; cf. Pytharoulis and Thorncroft
1999).

Based on automatic tracking of vorticity centers in
European Centre for Medium-Range Weather Fore-
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casts (ECMWF) analyses, Thorncroft and Hodges
(2001) showed that two distinct storm tracks exist over
the African continent, corresponding well to the loca-
tion of vorticity maxima presented in the composite
AEWs. It is important to note that the southern vor-
ticity track is also a favored region for MCSs (Hodges
and Thorncroft 1997), which can produce mesoscale
vorticity anomalies. It is unclear how many of the
tracked vorticity anomalies are associated with large
MCSs and how many are associated with AEWs that
develop via Rossby wave interactions. The nature of
the interactions between synoptic-scale vorticity
anomalies associated with AEWs and the mesoscale
vorticity anomalies associated with MCSs is at the heart
of the scale interaction problem.

The AEW composite based on phase III of the Glob-
al Atmospheric Research Program (GARP) Atlantic
Tropical Experiment (GATE) (Reed et al. 1977) has
dominated our perception of AEWs until the present
day. It is important to recognize that such composites
show a smoothed-out picture of a mature AEW over
West Africa and provide little or no information about
the physical processes and scale interactions that take
place during the evolution of the system. We continue
to lack a fundamental understanding of the relative
roles of the synoptic-scale flow, the embedded meso-
scale and subsynoptic-scale vorticity anomalies, and
convection in the evolution of these systems.

We argue that more case-study work is required to
consider the interactions between the synoptic scales
and mesoscales. Remarkably little case-study work has
been attempted since Carlson (1969a,b), as most AEW
research has tended to take a modeling (e.g., Thorn-

croft and Hoskins 1994a) or statistical approach (e.g.,
Duvel 1990). In this paper we use a case-study approach
to describe the evolution of an intense AEW from its
initiation in central North Africa (near 11°N, 23°E) on
30 July until it crosses the West African coast on 3
August 2000 (see Fig. 1 for map of the region). This
system was the strongest AEW in the summer of 2000,
and within approximately 6 h of crossing the West Af-
rican coast this AEW was identified as Tropical De-
pression 3 by the National Oceanic and Atmospheric
Administration (NOAA) Tropical Prediction Center
(TPC;Bevan 2000). Rapidly this depression developed
into the first tropical cyclone of the 2000 season, Hur-
ricane Alberto.

The Alberto case was considered recently by Hill and
Lin (2003). Their study focused on an MCS that was
triggered over the Ethiopian highlands on 28 July 2000.
They argue that this event was crucial for the subse-
quent development of Alberto in the eastern Atlantic
Ocean. Our analysis takes a much closer look at the
synoptic evolution during this period, focusing more on
the interactions of the synoptic-scale AEW and the
MCSs and also highlighting the triggering of multiple
MCSs within the evolving AEW structure.

In this study our primary source of data is the ECMWF
operational analyses, which have a spatial resolution of
1.125° � 1.125° and a temporal resolution of 12 h. We
also make use of satellite imagery from Meteosat. Rec-
ognizing that tropical North Africa is a data-sparse re-
gion, we will include analysis of in situ synoptic obser-
vations in order to corroborate what is seen in the nu-
merical analyses and to examine the effect the passage
of an intense AEW has on the local conditions.

FIG. 1. Map of North Africa, including coastline and national borders. Relief over 250 m is shaded, with key at
the bottom of the figure. Labels on the western side of orography identify the following regions: G � Guinea
highlands, J � Jos Plateau, C � Cameroon highlands, D � Darfur highlands, and E � Ethiopian highlands.
Locations of synoptic observations are marked by a cross and labeled with the station name.
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This paper is organized as follows: section 2 provides
an overview of the AEW being studied including the
mean state of the atmosphere over tropical North Af-
rica during summer 2000. Section 3 presents an analysis
of the satellite imagery and wind field, and section 4
analyzes potential vorticity (PV) and potential tem-
perature (�) structure. The main results from the analy-
sis are discussed in section 5, where a new framework
for considering AEW life cycles is presented. A sum-
mary and final comments are presented in section 6.

2. Overview of the season

Figure 2 shows a Hovmöller space–time diagram of
unfiltered meridional wind (v) averaged between 5°N
and 15°N at 700 hPa over the African continent for
July, August, and September 2000. The smooth nature
of the meridional wind, compared to vorticity and po-
tential vorticity, and the latitudinal averaging means
that Fig. 2 tends to emphasize the synoptic-scale
(Rossby wave type) signal of AEWs. From Fig. 2 it can
be seen that waves propagate westward across the Af-
rican continent, and most begin between 10° and 20°E
and continue into the Atlantic Ocean. These systems

move across the continent every 2–5 days, have wave-
lengths of order 3000 km, and phase speeds in the re-
gion of 10–15 m s�1, all typical of previously observed
AEWs (e.g., Reed et al. 1977).

The TPC identified many AEWs during this season
as precursors to tropical cyclones; features matching
information in TPC reports are labeled in Fig. 2. Note
that at least 9 out of the season total of 14 tropical
cyclones are attributed to AEWs, including all 3 major
(category 3 or above) hurricanes. The most outstanding
feature in Fig. 2 is an AEW that has a (positive) me-
ridional wind signature that begins near 15°E on 1 Au-
gust and crosses the West African coast (near 15°W) on
4 August. It is most notable due to its strength and
coherency when compared to the other AEWs of the
season, which is the primary reason for this event form-
ing the basis of this case study.

Before considering the intense AEW in detail, we
first consider the basic state in which it evolved. The
basic-state variables are computed for the period 16
July–15 August, forming a 1-month period centered on
the passage of this AEW. The mean zonal wind at 700
hPa for this period is shown in Fig. 3a. The core of the
AEJ is around 12°–14°N over most of the continent and
close to 17°N over the Atlantic Ocean. The jet is strong-
est on the West African coast with a peak speed of 11m
s�1, but easterly winds can be seen to stretch as far back
as Ethiopia. The mean PV on the 315-K potential tem-
perature surface for this period is shown in Fig. 3b. In
this study we have chosen the 315-K potential tempera-
ture surface on which to examine the PV evolution.
This level intersects the AEJ over West Africa, and
perturbations and gradients are maximized near this
level (cf. Thorncroft and Hoskins 1994a; Dickinson and
Molinari 2000). The most prominent PV feature in Fig.
3b over the African continent is a strip of high PV that
extends from Ethiopia westward into the Atlantic
Ocean, centered on approximately 10°N. The existence
of this strip results in a local reversal in the sign of the
meridional PV gradient and is consistent with cyclonic
shear on the southern flank of the AEJ. Over the desert
regions, the PV is close to zero, consistent with dry
convection in this region creating almost zero static sta-
bility (Thorncroft and Blackburn 1999).

Figure 3c shows the mean potential temperature (�)
at 925 hPa for this period. A strong positive � gradient
is present between 10° and 20°N over the whole of
Africa. This mean positive meridional � gradient is con-
sistent with the observed easterly shear, and its maxima
is collocated with a mean negative PV gradient (at 315
K), implying that this basic state can support the baro-
clinic and barotropic growth of AEWs across the whole
of tropical North Africa.

Mean equivalent potential temperature (�e) at 925
hPa is shown is Fig. 3d. This shows that the maximum �e

values occur in an east–west-oriented strip across cen-
tral and West Africa, approximately centered on 15°N.
Lowest �e values occur along the Gulf of Guinea coast

FIG. 2. Hovmöller diagram of 700-hPa unfiltered meridional
wind, averaged between 5°N and 15°N for the period 1 Jul–30 Sep
2000. Only positive values are contoured, and values in excess of
2 m s�1 are shaded. A line is drawn at 15oW to depict the ap-
proximate position of the West African coast. The letters refer to
the first letter of the named tropical cyclone that may be associ-
ated with each AEW, e.g., A � Hurricane Alberto [determined
using the preliminary storm reports from the NOAA Tropical
Prediction Center (http://www.nhc.noaa.gov/2000.html)].
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