
HAL Id: insu-00648098
https://insu.hal.science/insu-00648098

Submitted on 11 Mar 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

African Easterly Waves and Cyclonic Activity over the
Eastern Atlantic: Composite and Case Studies

M. Camara, A. Diedhiou, A. Gaye

To cite this version:
M. Camara, A. Diedhiou, A. Gaye. African Easterly Waves and Cyclonic Activity over the Eastern
Atlantic: Composite and Case Studies. International Journal of Geophysics, 2011, 2011, pp.ID 874292.
�10.1155/2011/874292�. �insu-00648098�

https://insu.hal.science/insu-00648098
https://hal.archives-ouvertes.fr


Hindawi Publishing Corporation
International Journal of Geophysics
Volume 2011, Article ID 874292, 14 pages
doi:10.1155/2011/874292

Research Article

African Easterly Waves and Cyclonic Activity over the Eastern
Atlantic: Composite and Case Studies

Moctar Camara,1 Arona Diedhiou,2 and Amadou Gaye3
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This study aims to understand the main differences over the African continent and the Eastern Atlantic Ocean between African
Easterly Waves (AEWs) associated with Atlantic cyclones (developing AEWs) and non-developing AEWs. A statistical study showed
that most of the named cyclones generated near the West African coast have a long lifecycle and all are associated with intense
AEWs. Using NCEP/NCAR reanalyses, a composite study of the characteristics of developing AEWs is carried out and compared to
those of non-developing AEWs. Developing AEWs exhibit the greatest baroclinic and barotropic conversions which are known to
be the main processes involved in AEWs growth suggesting that these AEWs are stronger than the non-developing ones. Moreover,
the developing AEWs are characterized by the existence of a relatively more unstable environment over West Africa and the Atlantic
Ocean. A case study using rawinsonde data showed that the developing AEW is associated with dynamic and thermodynamic
conditions conducive for deep convection and subsequent cyclogenesis compared to the non-developing AEW case.

1. Introduction

Gray et al. [1, 2] suggested some necessary but not sufficient
conditions for the initiation of North Atlantic tropical
cyclones (TCs): warm waters (at least 26◦C), an atmosphere
which cools fast enough with height, a high mid-levels
humidity because dry air layer at middle levels is not condu-
cive for promoting the development of deep convection, and
a low vertical wind shear between the low and upper tro-
posphere. Moreover, a minimum distance of at least 500 km
from the equator (nonnegligible amounts of Coriolis force)
is required to maintain the circulation of the disturbance.
To develop, a tropical cyclone needs a precursor. African
Easterly Waves (AEWs, hereinafter) are the main precursors
of cyclonic activity over the North Atlantic [3–7].

AEWs are important features of the West African re-
gion and tropical Atlantic Ocean. They propagate westward
with a period of 3–5 days and are generated by a mixed baro-
clinic—barotropic instability of the African Easterly Jet [8].

Thorncroft et al. [9] suggested that these synoptic distur-
bances tend to be triggered by convection over orographic
regions of East Africa. Their associated cyclonic vortices
usually propagate along two tracks over West Africa (North
and South of the AEJ) and merge into one over the North
Atlantic Ocean [10, 11]. AEWs are also known to modulate
Mesoscal Convective Systems activity and the daily rainfall
over West Africa [12–15].

Many studies have focused on the role of large-scale
environment such as sea surface temperature, vertical wind
shear, and mid-levels humidity on tropical cyclogenesis
[2, 16, 17]. Several studies have been done to address the
links between AEWs and North Atlantic tropical cyclones
genesis and these studies mainly focused on the relation
between the number of AEWs that cross the West African
coast and subsequent tropical cyclogenesis. Thorncroft and
Hodges [18] showed that on an interannual timescale the
relationship between the number of AEWs and North
Atlantic TCs is not significant enough to explain all the
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variability of cyclonic activity over the North Atlantic Ocean.
Avila and Pasch [19] found that although the number of
AEWs in the tropical Atlantic is fairly constant from year
to year, there is a substantial variability in the fraction
of AEWs that develop into tropical cyclones [19]. For an
example, during the 2002 (1996) Atlantic hurricane season,
10% (92%) of cyclones developed from AEWs [20, 21].

Hopsch et al. [22] in a pioneer work, instead of con-
tinuing to focus on the relation between the number of
AEWs and tropical cyclones, studied composite structures
of AEWs that developed into named tropical cyclones and
nondeveloping AEWs using ERA-40 reanalysis data. They
found that the lack of AEWs development into tropical
cyclones is mainly due to the presence of dry mid-to-upper-
level air just ahead of the AEW trough. Despite this study,
the reason why a particular AEW will develop or not into
a tropical cyclone over the north Atlantic requires more
investigation.

The main subject examined in this paper is the difference
over the African continent and the Eastern Atlantic between
a developing AEW and a nondeveloping AEW. We did not
consider synoptic disturbances (AEWs) after the genesis of
associated cyclones over the Ocean. Thus, we did not deal
with the behaviour of the cyclones over the Atlantic ocean.
The data (rawinsonde, OLR, NHC Best Track archives, and
NCEP/NCAR reanalysis data) and methods used in this
study are presented in Section 2. In Section 3, results of a
statistical analysis and a composite study comparing AEWs
associated or not with cyclones are presented followed by a
case study in Section 4 using available rawinsonde data from
Dakar, Senegal. Section 5 presents our conclusions.

2. Data and Methods

The data used in this study are the NCEP/NCAR daily
reanalyses [23] during 15 years (1989–2003) with the aim
to obtain a good sample for the composite study. The
rawinsonde observations at Dakar station (17.5◦W-14.59◦N)
are used to validate the composite study done with the
NCEP/NCAR reanalyses trough a case study which compares
the characteristics of the AEW associated with hurricane
Fran to a non-developing AEW during August 1996. 1996 has
been chosen because of the availability of rawinsonde data
for Dakar station during that year. Upper air measurements
data are available at http://www.weather.uwyo.edu/.

Outgoing Longwave Radiation (OLR) data at 2.5 lati-
tude/longitude from the National Oceanic and Atmospheric
Administration (NOAA) are used to estimate deep convec-
tion [24]. For example, an OLR equal to 220 w.m2 could
be associated with cloudtop temperature of −23◦C. In this
study, we considered only OLR values weaker than 220 w.m−2

to depict the deep convection. Information about named
TCs is provided by The NOAA/National Hurricane Center
(NHC) Best Track archives which summarize the dates of
occurrence and tracks of North Atlantic TCs.

In this work, only cyclones generated off the West
African coast (East of 40◦W) and associated with AEWs
are studied in order to investigate West African climate

features associated with North Atlantic cyclonic activity. A
tracking of the maximum cyclonic vortices associated with
AEWs troughs and the Wavelet analysis technique are used
to show that TCs considered in this study are associated
with AEWs. The Wavelet analysis technique described in
[25, 26] and used by Diedhiou et al. [11] to detect AEWs
in NCEP/NCAR and ECMWF reanalyses plots significant
energy values of the wavelet relative to a red-noise spectrum.
This technique allows us to detect AEWs frequency and
temporal localisation. The characteristics of these AEWs
are compared to those of AEWs that did not develop into
cyclones. The NHC Best Track archives are used to deduce a
mean longitude genesis of named TCs (30◦W). The genesis
day of TCs is considered to be the first position in the NHC
best track (development into a tropical depression).

AEWs not associated with cyclones were detected at
this same mean longitude (30◦W) of TCs genesis to have
approximately the same time reference as for AEWs with
cyclones. We retained these two classes of AEWs and initially
carried out a comparative composite study of AEWs associ-
ated or not with cyclones with the aim of depicting the main
large-scale differences between them. After completing the
composite study, we carried out a case study with available
observed data (rawinsonde data) from the Dakar station
during 1996. We analyse a wave associated with a cyclone
(hurricane Fran in August 1996) and a non-developing AEW.

3. Results

3.1. Statistical Analysis. A statistical study showed that out of
a total of 163 cyclones that occurred throughout the whole
tropical North Atlantic Ocean between 1989 and 2003 (a
period of 15 years), 48 cyclones generated in the eastern part
of the MDR (East of 40◦W) are considered in this study.
We found that, except for 7 cases, these cyclones had long
lifecycles (lifecycle equal or greater than 9 days). The lifecycle
is calculated by summing the number of days in which
named cyclones are in tropical depression or a stronger stage.
Moreover, these cyclones were all associated with AEWs. This
is illustrated in Figure 1. AEWs troughs have been tracked
from the genesis days of associated cyclones back to West
Africa. These tracks are obtained by following the location of
maxima of relative vorticity greater or equal to 0.5×10−5 s−1

at 850 hPa as in Thorncroft and Hodges [18]. This figure
shows that AEWs coming from the southern track as well as
from the northern track are involved in cyclonic activity over
the North Atlantic. But 40 in 48 cyclones considered in this
study are southern AEWs origins suggesting that these AEWs
contribute mainly to Atlantic cyclonic activity in coherence
with Thorncroft and Hodges [18] studies.

A wavelet analysis is done to confirm that those cyclones
considered are associated with AEWs (Figure 2). An example
of the wavelet analysis for 1995 summer season is performed
(Figure 2(a)) by considering the meridional wind field at
700 hPa over a domain east of the mean longitude of cyclone
genesis (30◦W–15◦W, 5◦N–15◦N). This latitude band (5◦N–
15◦N) encompasses mainly the southern track of AEWs
in coherence with the results of Figure 1. Except cyclone
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Figure 1: Tracks of all AEWs associated with cyclones (48 develop-
ing AEWs). These tracks are obtained by following the maxima of
relative vorticity at 850 hPa associated with AEWs troughs. For each
cyclone, maximum of relative vorticity is tracked from the genesis
day of the cyclone to Africa until this value is less than 0.5×10−5 s−1.
Genesis dates of cyclones are obtained from the NHC Best Track.

Pablo (4 October), all the cyclones were associated with
a significant maximum energy in the mean 3–5-day band
periods of the wavelet analysis. We verified that the short
lifecycle of cyclone Pablo is due to high values of vertical
wind shear over the North Atlantic which are known to be
unfavourable for cyclonic activity. This figure also confirms
that the 3–5-day AEWs occurred mainly during the rainy
season in West Africa and tropical North Atlantic while the
6–9-day AEWs occurred mainly at the beginning and at the
end of the rainy season [11].

Figure 2(b) shows the results of a composite study of
all the TCs that occurred from 1989 to 2003 over the same
domain. The average modulus over this domain in the 3–5-
day band period of the wavelet analyses of the meridional
wind at 700 hPa is at its maximum at the genesis day (t = 0).
Genesis days of named cyclones are provided by the NHC
and correspond to the first position in the NHC Best Track
archives. The composite of developing AEWs is made by
considering the average of 3 days before the genesis days
of cyclones (from t − 3 to t − 1) to focus only on AEWs
characteristics during their propagation from the continent
to the Eastern Atlantic Ocean and before the genesis of
associated cyclones.

Non-developing AEWs are detected using the same
method as the previous case at the mean longitude genesis
of cyclones (30◦W). Dates associated with a strong energy
level in the wavelet analysis and a maximum relative vorticity
at 850 hPa are considered to be affected by AEWs. An
Illustration of the composite structure of non-developing
AEWs is shown in Figure 3 representing the westward
propagation over West Africa of associated streamlines at
700 hPa with a succession of troughs and ridges. The phase
speed and the wavelength of the AEWs are, respectively,
around 8 m/s and 3000 km, within the ranges reported in
previous investigations [8]. The composite of developing
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Figure 2: Modulus of the wavelet analysis on the meridional wind
at 700 hPa (a) in 1995 over the domain (27.5◦W–15◦W, 5◦N–
17.5◦N). The line represents the mean genesis days of cyclones
obtained from the Best Track of NHC. Modulus of the wavelet
analysis in the 3–5-day band periods (t = 0 corresponds to the
mean genesis day from NHC archives) performed over the domain
(27.5◦W–15◦W, 5◦N–17.5◦N) for AEWs associated with cyclones
(b).

AEWs is made by considering the average of 3 days (from
t − 3 to t − 1) before the day of their detection at the mean
longitude genesis of cyclones (30◦W). Thus, in each case, an
average over 3 days of 48 AEWs is considered.

3.2. Composite Study. This section presents the results of a
composite study done with 48 AEWs that developed into
cyclones and 48 AEWs that did not over the Eastern Atlantic
in the 1989–2003 period.

The meridional gradient of potential vorticity (PV) on
315 K isentropic surface (near 700 hPa or 3 km) is computed
to help define the areas of barotropic and baroclinic insta-
bilities which are the processes involved in waves genesis
and intensification. AEWs are associated with a strong
signal at this level (315 K). This level (315 K) intersects
the AEJ over West Africa [27, 28]. Burpee [8] found that
the meridional gradient of PV changes sign over Africa at
the mid-troposphere (near 700 hPa). This sign reversal of
meridional gradient of PV satisfies a necessary condition for
the barotropic-baroclinic instability of the mean flow [29],
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Figure 3: Streamlines at 700 hPa for the 48 AEWs not associated with cyclones. The time sequence (t − 4, t + 1) considered in this study is
from 4 days before to 1 days after the detection of AEWs at the mean genesis longitude for the 48 cyclones (30◦W). T represents the detection
time of AEWs at this mean longitude. X represents the location of AEWs axis.

areas where there is a negative meridional gradient of PV
(∂PV/∂y) are favorable to the growth of AEWs [30]. The
result of observational studies by Norquist et al. [31] and
idealized modelling simulations by Thorncroft and Hoskins
[27, 32] have shown that both baroclinic and barotropic
processes contribute to the growth of AEWs. Potential
Vorticity is calculated on 315 K isentropic surface (near
700 hPa) following methods described by Molinari et al. [33]
using:

PV = gσ−1(ζθ + f
)
, (1)

where σ = −(∂p/∂θ) and f = 2ω sin(ϕ), θ is potential
temperature, f is the Coriolis force, ω is the angular velocity
of the earth, ϕ is the latitude, and ζθ represents the vertical
component of relative vorticity computed on an isentropic
surface. According to Dickinson and Molinari [28], the sign
reversal is the result of the existence of high values of PV
in the cyclonic shear zone near the southern flank of the
AEJ and from the presence of PV values close to zero over
the desert regions of North Africa in the lower troposphere
near the northern flank of AEJ. These low values of PV over
the Sahara are consistent with the presence of a deep mixed
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Figure 4: Meridional gradient of Potential Vorticity (left) and Potential Vorticity (right) at 315-K isentropic surface for AEWs associated
with cyclones (top) and for non-developing AEWs (AEWs not associated with cyclones (bottom)). Units are PVU for the PV and 0,
01 PVU/100 km for the meridional gradient of PV. 1PVU = 10−7 m2K s−1 kg−1.

layer over this region creating almost zero static stability
(∂θ/∂p) ≈ 0 in the lower troposphere [28, 34].

Figure 4 shows that developing AEWs are associated
with a greater meridional gradient of PV in the areas
of negative values. These larger negative values are found
to extend further into the North Atlantic Ocean. Thus,
AEWs that develop into cyclones are associated with the
strongest baroclinic and barotropic conversions suggesting
that these disturbances may be stronger than the non-
developing AEWs. This result is confirmed by the Potential
vorticity structure itself which shows larger values in the
developing AEWs case suggesting that these perturbations
are the strongest. This result is consistent with the studies
of Landsea and Gray [35] who hypothesized that on an
interannual time scale, strong cyclonic activity is associated
with the propagation in the North Atlantic Ocean of a large
number of AEWs with strong amplitude emanating from
Africa.

The horizontal and vertical shears of the zonal wind
at mid-levels are known to be important for the growth
of AEWs and are dynamically related to barotropic and
baroclinic instabilities [8, 36]. The relative contribution of
these two processes in the growth of developing and non-
developing AEWs is computed. Figure 5 shows that the
meridional gradient of zonal wind at 700 hPa (horizontal
shear) presents stronger negative values in the case of
developing AEWs suggesting that horizontal wind shear at
midlevels is greater in the case of developing AEWs. But the
vertical wind shear at mid-levels (difference between zonal
wind at 700 hPa and 600 hPa) does not present any systematic
difference between these two types of AEWs (figure not
shown). Therefore, horizontal shear may be the dominant
process which explains the greatest instability of the AEJ in
the case of developing AEWs.

Low values of the total vertical wind (zonal and merid-
ional wind) shear between low-levels (850 hPa) and upper
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Figure 5: Horizontal shear of zonal wind at 700 hPa for AEWs
associated with cyclones (a) and for non-developing AEWs (b). Unit
is 10−6 s−1.

levels (200 hPa) are known to be favorable for cyclonic
activity [1, 2]. Lower values of vertical wind shear are present
over Africa and the Eastern Atlantic for developing AEWs
suggesting the existence of an environment dynamically
favourable for deep convection (figure not shown).

The Vorticity analyses depict the relative strength of
AEWs in both cases. Figure 6 shows that the mean rel-
ative vorticity at 850 hPa is greater for developing AEWs
(9.10−6 s−1) than for non-developing AEWs over the conti-
nent and over the ocean, consistent with the PV study. There-
fore, this result confirms that the developing AEWs case is
characterized by the existence of strong AEWs propagating
in the North Atlantic Ocean consistent with the findings of
Landsea and Gray [37]. Given sufficient amplitude, these
AEWs are more likely to initiate cyclogenesis [18, 38]. Over
North Africa (Sahara desert), positive values of relative
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Figure 6: Relative Vorticity at 850 hPa for AEWs associated with
cyclones (a) and for non-developing AEWs (b). Only values greater
than or equal to zero are contoured. Unit is 10−6 s−1.

vorticity, which are related to the northern track of AEWs, do
not show any systematic difference between these two types
of AEWs.

After diagnosing the difference between these two types
of AEWs using dynamical parameters, the mean state of
the atmosphere is assessed using thermodynamic parameters
such as the Potential of convection (Pc) also called the
potential of instability. The Pc is the difference between the
equivalent potential temperature at 1000 hPa (surface) and
500 hPa (mid-troposphere) following Gray [2]:

Pc = θe(1000)− θe(500), (2)

where θe is the equivalent potential temperature.
The Potential of convection is a good parameter for

studying the degree of the atmospheric instability. The
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Figure 7: Potential of convection (K) for AEWs associated with cyclones (a), for non-developing AEWs (b) and the difference between
AEWs associated with cyclones and non-developing AEWs (c).

highest values of the Pc were found for developing AEWs
(as high as 24 K). The difference in Pc between developing
and non-developing AEWs shows an axis of maximum
positive values along 15◦N (Figure 7). This axis extends
well into the North Atlantic Ocean, indicating that the
atmosphere is more potentially unstable for the cases of
developing AEWs. This northward shift in the peak in Pc
for developing AEWs corresponds to a general northward
shift in the monsoon trough. We verified that this greater
instability is associated with the presence of a monsoon
layer deeper in latitude and more intense in magnitude
(figure not shown). This is coherent with the results of
Newell and Kidson [39] suggesting that intense AEWs are
associated with a wetter monsoon phase. NOAA Outgoing
Longwave Radiation (OLR) data exhibit lower values over
Africa for developing AEWs suggesting the presence of a
deeper convection and a northward shift of the Inter Tropical

Convergence Zone (not shown). Moreover, this strong ITCZ
is located in a region characterized by a high humidity in
the mid-levels which is favourable for the maintenance of a
deeper convection for the developing AEWs.

This result is consistent with the mean August–October
anomaly of geopotential height at 850 hPa computed from
1989 to 2003 between AEWs associated with and without
cyclone (Figure 8). Negative values of the geopotential field
indicate the existence of a lower pressure while positive values
are associated with a relatively higher pressure situation
relatively to the basic state. AEWs that developed into
cyclones are characterized by the existence of lower pressure
over Western Africa and the North Atlantic Ocean than
the nondeveloping case. This result is consistent with the
presence of intense AEWs in the developing case. It also
suggests that a more favourable environment for tropical
cyclogenesis exist for developing AEWs. Non-developing
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Figure 8: Anomaly of geopotential height at 850 hPa from the mean
August–October 1989–2003 (m) for AEWs associated with cyclones
(a) and for non-developing AEWs (b).

AEWs appear to be linked to more stable conditions in the
eastern North Atlantic.

4. Case Study

This section presents case study results of two strong AEWs
that occurred during August 1996. The case of 10–13 August
1996, representing a non-developing AEW, is compared to
the case 21-22 August 1996, representing the AEW associated
with Hurricane Fran (developing AEW) initiated on 23
August 1996 close to the West African coast.

Hurricane Fran formed from a tropical AEW that
emerged from the West coast of Africa on 22 August. Fran
was a Cape Verde hurricane (these are cyclones that devel-
oped into TCs fairly close to the Cape Verde Islands typically

in August and September) that moved across the North
Atlantic Ocean during the peak of the hurricane season. Fran
made landfall on the North Carolina coast as a category three
hurricane (major hurricane) on the Saffir/Simpson Hurri-
cane Scale and produced significant storm surge flooding
on the North Carolina coast, widespread wind damage over
North Carolina, and Virginia, and extensive flooding from
the Carolina to Pennsylvania (USA). According to Associated
Press reports, Hurricane Fran was responsible for 34 deaths.
Most of the deaths were caused by flash flooding in the
United States (http://www.nhc.noaa.gov/).

Streamlines associated with the wind field at 700 hPa
from NCEP/NCAR reanalyses during a time sequence of
3 days for two cases of AEWs are shown in Figure 9. The
westward propagation of a well-defined AEW characterized
by a succession of a trough and a ridge is visible during these
two time sequences: the successive positions of the trough for
the non-developing AEW are 5◦W (10 August), 12.5◦W (11
August), and 20◦W (12 August) and for the AEW associated
with the hurricane Fran, they are 5◦W (21 August), 15◦W (22
August), and 20◦W (23 August).

Outgoing Longwave radiation has been used to under-
stand the characteristics of the convection during the
propagation of these two contrasting AEWs (Figure 10). The
developing AEW is accompanied by lower values of OLR
suggesting the presence of a deeper convection in that case
than for the non-developing AEW. An intensification and a
westward propagation of the developing AEW from the West
African coast to the Eastern Atlantic is noted from august
22nd 1996 to august 23rd 1996 consistent with the genesis
of the Hurricane Fran on the 23rd of August 1996 over that
region (21◦W, 14◦N). The reduced convection found in the
non-developing case is in line with Hopsch et al. [22] studies.

The radiosounding of Dakar station (17.5◦W, 15◦N) has
been used to further study the difference between AEWs that
develop in cyclones than the ones that did not. The Mean
time series of humidity between low and mid-levels and of
temperature over the low-levels of the atmosphere in August
1996 (Figure 11) shows that the AEW associated with the
hurricane Fran (F) is characterized by higher humidity and
cooler temperatures than the non-developing AEW (W). The
temperature and the humidity are, respectively, 85% and
13◦C in the northerly sector of the AEW associated with
a cyclone. The relative humidity is also higher at mid to
high levels in the northern sector of the AEW associated
with Hurricane Fran (figure not shown). This result is
consistent with Hopsch et al. [22] studies who found less
humidity at mid to high levels ahead of waves that did not
developed into cyclones. Moisture is known to be crucial
for the development and maintenance of deep convection
[1, 2]. This result suggests that the environment of the non-
developing AEW was less conducive to strong convective
development.

OLR data showed a westward propagating convective
signature for the AEW associated with cyclone Fran. This
strong convection is consistent with the presence of stronger
humidity in low to middle layers and the cooling of low
level temperatures in the case of the AEW that developed
into hurricane Fran (F). This cooling may be due to the
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Figure 9: Streamlines of the 700 hPa wind for (a) the non-developing AEW (10–12 August 1996) and for (b) the AEW associated with a
cyclone (21–23 August 1996). The line represents the location of the trough.
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Figure 10: Outgoing Longwave radiation (OLR) for (a) the non-developing AEW (10–13 August 1996) and for (b) the AEW associated with
a cyclone (20–23 August 1996). The line represents the location of the trough.

cold downdrafts. Moreover, a westward propagating high
humidity is noticed in the developing AEW case when
considering NCEP/NCAR reanalysis (figure not shown).
Reanalyses wind fields also show the propagation of stronger
low level vortices along with a upper level anticyclone leaving

the West African coast on August 22 (figure not shown).
The possible link between the non-developing AEW and a
Saharan air Layer (SAL) event have been studied in order to
better understand the factors that may prevent it to develop
into cyclones. The SAL is a warm, dry, and often dusty



International Journal of Geophysics 11

Mean relative humidity (600–900 hPa)
100

90

80

70

60

50

40

30

20

Time

(W) (F)

1996
16 Aug1 Aug 6 Aug 11 Aug 21 Aug 26 Aug

(a)

Mean temperature (900–800 hPa)

(W) (F)

25
24
23
22
21
20
19
18
17
16
15
14

Time
1996

16 Aug1 Aug 6 Aug 11 Aug 21 Aug 26 Aug

(b)

Figure 11: Mean time series of humidity between low and mid-
levels (a) and of temperature over the low-levels (b) of the
atmosphere in August 1996. The lines represent the passage of the
non-developing AEW (W) and the AEW associated with Fran (F)
troughs over Dakar station.

air mass visible from the space that propagates from the
Saharan desert westward across the Atlantic Ocean and
reaches as far as Florida and the Caribbean [40, 41]. The
SAL is an important meteorological feature over West Africa
and the Atlantic Ocean during the boreal summer [42].
The analysis of the rawinsonde data of Dakar when the
trough of the non-developing AEW is over Dakar on August
11 at 00 Z and 12 Z (Figure 12(a)) shows the presence of
a temperature inversion associated with a decrease of the
humidity at 00 Z. At 12 Z, the temperature increases by
3.2◦C in the inversion layer (between 925 hPa and 850 hPa),
and it is still associated with a decrease of the humidity.
Using the Total Ozone Mapping Spectrometer (TOMS)
aerosol index (http://toms.gsfc.nasa.gov/), we noticed the
presence of dust over Dakar on August 11 (figure not shown)
confirming the occurrence of a SAL event. This SAL event
may induce thermodynamic stability that may play a role in
the nondevelopment of that AEW into a cyclone off the West
African coast.
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Figure 12: Skew-T plot of rawinsonde data at Dakar on August 11
at 00 Z (a) and 12 Z (b).

In order to go further in the characterization of the
degree of conditional instability of these two AEWs, two
instability indexes were computed: the Convective Available
Potential Energy (CAPE) and the Convective Inhibition
(CIN). The CIN is the energy needed to lift an air parcel
vertically and pseudoadiabatically from its originating level
to its level of free convection (LFC).

CIN =
∫ LFC

ps
(Tva − Tv) · Ra · d(ln(P)). (3)
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Table 1: CAPE and CIN values in the case of the AEW associated with a cyclone (a) and in the case of the non-developing AEW (b) over
land, over the coast, and over the ocean.

(a) AEW with a cyclone.

Domain Land (10◦N, 5◦E) Coast (15◦N, 17◦W) Ocean (15◦N, 25◦W)

CAPE (J/kg) 787 1228 1251

CIN (J/kg) 74 13 0

(b) Non-developing AEW.

Domain Land (10◦N, 2◦W) Coast (15◦N, 15◦W) Ocean (15◦N, 22◦W)

CAPE (J/kg) 811 1084 82

CIN (J/kg) 37 18 118

CAPE is the maximum energy available to ascending a
parcel from its level of free convection to its equilibrium level.

CAPE = −
∫ EL

LFC
(Tva − Tv) · R · d(ln(P)), (4)

where LFC: is the level of free convection; EL is the
equilibrium level; R: is the ideal gas constant for dry air; Tv:
is the virtual temperature of the parcel; Tva: is the virtual
temperature of environmental air; P: is the pressure; Ps: is
the surface pressure.

Higher (lower) values of CAPE (CIN) indicate greater
potential for severe weather. Both CAPE and CIN are
among the best indexes for determining the instability of
atmospheric layers.

Using daily NCEP/NCAR reanalysis data, the CAPE and
the CIN were computed at three different positions of the
AEW trough for each disturbance: when the AEW troughs
were located over the continent, when they reach the West
African coast and when they are located over the eastern
North Atlantic Ocean using the information from Figure 9.
Table 1 shows the values of CAPE and CIN for the AEW
associated with a cyclone and for the non-developing AEW,
respectively. In the case of the AEW associated with a
cyclone, the CAPE values increase from the continent to
the ocean (from 787 J kg−1 to 1251 J kg−1) while the CIN
values decrease dramatically (from 74 J kg−1 to 0 J kg−1).
Such an atmosphere is highly unstable and favorable for
deep convection. In the case of the non-developing AEW,
the CAPE values increase from the land to the coast, and
decrease from the coast to the ocean (82 J kg−1), while the
CIN values decrease from the land to the coast and increase
from the coast to the ocean (118 J kg−1). This situation is
less favourable for tropical cyclogenesis. However, as the
CAPE and the CIN are very dependent on the choice of the
ascending air parcel, it is difficult, using data at daily time
scale, to discuss the important impact of sea breeze (below
900 hPa) and on the diurnal cycle which may affect values of
these indexes in Dakar. Moreover, the calculation of CAPE
and CIN with NCEP/NCAR may be also dependent on the
model convective parameterization because of the fact that
Africa is data sparse region (absence of many soundings).

Finally these results suggest that the propagation in an
unstable environment (from the continent to the ocean) of

strong low levels vortices collocated with a high humidity
and an upper level support may be essential for the genesis
of hurricane FRAN.

5. Conclusions and Outlook

Previous studies have shown that although the number of
AEWs in the tropical Atlantic is fairly constant from year to
year, there is a substantial variability in the fraction of AEWs
that develop into tropical cyclones [19].

The objective of this work was to understand the main
differences over the African continent between an AEW
that developed into a cyclone and AEW that did not. We
did not consider synoptic disturbances after the genesis of
associated cyclones or beyond 30◦W over the Ocean. Thus,
we did not deal with the behaviour of the cyclones over
the Main Development Region (MDR). The MDR is the
Atlantic Ocean region that lies between 10◦N and 20◦N and
corresponds to the main cyclogenesis area over the North
Atlantic [43].

A statistical study showed that between 1989 and 2003 (a
period of 15 years), 48 cyclones were born in the eastern part
of the MDR. These cyclones had generally a long lifecycle.
Moreover, they were all associated with AEWs which are
coming from the southern track as well as from the northern
track but especially from the southern track.

A composite study of the characteristics of these AEWs
before their genesis days was carried out and these charac-
teristics were compared to those of non-developing AEWs.
Developing AEWs are associated with the highest PV and
negative intensity of the meridional gradient of the PV over
the continent and further over the North Atlantic Ocean
suggesting that developing AEWs are stronger than non-
developing AEWs. Moreover, developing AEWs are more
active (greater mean relative vorticity at 850 hPa) over the
continent and the ocean. From the point of view of the
thermodynamic, highest values of potential of convection are
found for developing AEWs indicating that the atmosphere
is more unstable in this case. This is consistent with the
existence of stronger convection and of a monsoon stronger
and deeper in latitude. All these characteristics over West
Africa and the North Atlantic Ocean for developing AEWs
confirm the existence of a more favourable environment
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for tropical cyclogenesis. This composite study suggests that
dynamic and thermodynamic conditions are both essential
parameters for the development of an AEW into a cyclone.

A case study of the characteristics of an AEW associated
with hurricane Fran was carried out and compared to a
non-developing AEW. The rawinsonde data from Dakar
station showed that the AEW associated with a cyclone is
characterized by the existence of high humidity from the
surface to the upper levels; while the non-developing AEW is
associated with a Saharan Air Layer event which may prevent
it to develop into a cyclone. The computation of CAPE and
CIN confirms that the atmosphere is highly unstable in the
case of the AEW associated with a cyclone; CAPE values
increasing from the continent to the ocean while CIN values
decreasing dramatically. From this study, it appears that the
development of the AEW to Hurricane Fran is the result of
the conjunction of favourable conditions: strong low-levels
vortices, high humidity, an unstable environment, and an
upper level support. Composite and case studies show that
favourable conditions for cyclonic activity for the case of
developing AEWs are present over the North Atlantic as
well as over Africa, suggesting that North Atlantic cyclonic
activity may be forecasted from Africa.

Research on North Atlantic TCs precursors over the
African continent will be continued through modelling
studies. The differences between developing AEWs and non-
developing AEWs will be depicted by performing sensitivity
studies with regional climate models. This study needs to
be continued further using data with a better temporal
resolution. Interactions between AEWs and active/inactive
phase of the West African monsoon as well as with dry
intrusions from the Saharan Air Layer and mid-latitude
need to be investigated to better understand and define
atmospheric characteristics over the African continent and
Eastern Atlantic that are potential precursors to the develop-
ment of North Atlantic TCs.
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