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ABSTRACT
Using radar data from Dakar (Sengal), National Centers for Environmental Prediction–National Center
for Atmospheric Research (NCEP–NCAR) reanalyses, outgoing longwave radiation provided by the National Oceanic and Atmospheric Administration (NOAA) Television Infrared Observation Satellite
(TIROS) satellite series as well as data from the National Hurricane Center (NHC), a cyclogenesis process
leading to the birth of a tropical cyclone from a Sahelian mesoscale convective system (MCS) off the
African coast of Senegal is described. The cause of this evolution seems to be the coincidence of the MCS
with an easterly wave over a warm sea, the presence of a wide area of precipitable water vapor, strong
convergence in the low and midtropospheric layers, and an easterly vertical shear of the zonal wind. As a
result, a dynamically well organized convective system built up and the system rapidly strengthened. Before
moving away from the African coast of Senegal, this perturbation, which became the tropical cyclone
“Cindy,” caused the wreck of more than a hundred fishing pirogues and the deaths of many fishermen
because of the suddenness and speed of the phenomenon.

1. Introduction
Mesoscale convective systems (MCSs) and notably
squall lines are the most frequently observed rainbearing systems in the Soudano–Sahelian strip (e.g.,
Laurent et al. 1998; Laing et al. 1999). Sahelian MCSs
rapidly move westward over hundreds or thousands of
kilometers and frequently reach the Atlantic Ocean. At
the end of their continental path, when they cross the
Atlantic Coast, most Sahelian MCSs weaken and disappear over the sea near the coast. However some systems strengthen. These strengthening systems play a
major part in the birth of the tropical cyclones observed
in the late summers over the western Atlantic area
(e.g., Gray and Landsea 1992; Gray et al. 1992; Landsea
et al. 1998; Thorncroft and Hodges 2001). Authors have
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shown that hurricanes reaching the coast of the United
States are markedly more numerous when wetter conditions with numerous MCSs are observed over the Sahel (Gray 1990; Gray and Lansea 1992; Gray et al. 1992;
Landsea et al. 1998; Lawrence et al. 2001). The powerful, frequent, and well-organized continental MCSs of
the very wet years are correlated with a high number of
cyclonic perturbations over the Atlantic Ocean. The
transition from mesoscale convective systems toward
cyclonic vortices has been discussed by Reed et al.
(1977), Bartels and Maddox (1991), and Harr et al.
(1996), among others.
Many previous studies have led to a better understanding of the processes that govern the dynamics of
the cyclonic tropical disturbances. Thorncroft and
Hodges (2001) showed that there is a correlation between the number of easterly waves over West Africa
and the number of tropical cyclones observed over the
Atlantic. Lawrence et al. (2001) analyzed the characteristics of the 1999 cyclonic season including Cindy,
the case studied in the present paper. They found that

© 2005 American Meteorological Society

Unauthenticated | Downloaded 01/09/23 07:51 AM UTC

MWR3003

2804

MONTHLY WEATHER REVIEW

VOLUME 133

FIG. 1. Area observed by the radar of Dakar-Yoff.

five tropical cyclones reached level 4 on the Saffir–
Simpson code (Simpson 1974) making this season the
most active one since 1985. Their study also showed
that 11 of the 12 tropical cyclones recorded during that
year (i.e., 92%) originated from an easterly wave, which
is much higher than the mean of 62% for the period
between 1967 and 1999. However, the transition between continental MCSs and the first cyclonic organization off the African coast is not well understood because it has rarely been observed and described.
The goal of this paper is to present some observations about the birth of Cindy, a particularly clear case
of a filiation (or link) between a radar-observed disturbance originating from Sahelian Africa and the beginning of a cyclogenesis over the Atlantic Ocean. The
National Hurricane Center (NHC; http://www.nhc.noaa
.gov) classified the studied disturbance as a “tropical
depression” on 19 August 1999 when it was located
close to the African coast, southwest of Dakar, Senegal,
around the point of coordinates (13.5°N, 18.9°W).
Later, this disturbance became Hurricane Cindy. Such
radar observations have never been presented before.

2. Data
The precipitation field in the coastal area is observed
with a meteorological radar located at the airport of
Dakar-Yoff (14°34⬘N, 17°29⬘W, altitude 30 m). It is a
non-Doppler C-band radar, with a peak power of 250
kW. The pulse repetition frequency is 250 Hz, the pulse

width 3 s, and the 3-dB beamwidth 1.3°. The data are
in the form of plan position indicator (PPI) and range–
height indicator (RHI) of reflectivity gathered with a
time interval of 10 to 20 min. The reflectivity is digitalized on 8 bits (Sauvageot and Despaux 1990) and
used over a circular area with a radius 250–300 km (Fig.
1). It is calibrated and corrected for attenuation and
variability of the reflectivity vertical profile using a
probability matching method (Calheiros and Zawadzki
1987) as described in detail by Nzeukou and Sauvageot
(2002). Using these data, which are available for the
1993 to 1999 period, these authors have studied some
characteristics of the rain field in this coastal area and
shown that it is ergodic; that is, the mean and variance
of the rain rate are not dependent on the latitude and
longitude, although the cumulative annual rain rate displays strong meridional and sea–land gradients. These
results are confirmed by those of Kebe et al. (2005) who
show that the ratio of the cloud-top areas having an
equivalent blackbody brightness temperature lower
than ⫺35°C to the radar-observed rain areas is constant
throughout the entire observed area and equal to about
1.68. In the whole area considered in the present paper,
the land surface is flat with an altitude lower than 200 m.
Reanalyses of National Centers for Environmental
Prediction–National Center for Atmospheric Research
(NCEP–NCAR) are used to describe the air motion,
instability, and water distribution associated with the
disturbance. These distributions, obtained from a combination between observations and general circulation
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FIG. 2. Time series of radar reflectivity factor PPI gathered with the radar of Dakar-Yoff from 17 to 19 Aug 1999 showing the
transition from the MCS (a), (b) over land to (g), (h) a spiral-shaped structure over sea. Reflectivity is in dBZ. The beam elevation angle
was 0.8°.
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FIG. 3. RHI of the radar reflectivity factor obtained with the radar of Dakar-Yoff on 18 Aug 1999 at 0855 UTC along the 218.6°
azimuthal direction. Range markers are 10 km from each other (total distance 50 km).

models, provide good representations of the main characteristics of the atmospheric circulation. Details about
the models, assimilation techniques, quality control,
and validity limits can be found in Kalnay et al. (1996).
A discussion on the validity of these reanalyses for
West Africa is given by Diedhiou et al. (1999). Grist
and Nicholson (2001) have used the reanalyses to emphasize the difference between four humid years (1958–
61) and four dry years (1982–85) in the Sahelian area.
Nicholson and Grist (2003) show the agreement between the meteorological profiles obtained by radiosoundes and retrieved from the NCEP reanalyses over
West Africa. The reanalysis provides air temperature,
geopotential altitude, as well as the three components
of wind velocity for 17 pressure levels in a grid mesh of
2.5° ⫻ 2.5°. It also provides the relative humidity between 1000 and 300 hPa.
The outgoing longwave radiation (OLR) provided by
the National Oceanic and Atmospheric Administration
(NOAA) Television Infrared Observation Satellite
(TIROS) satellite series is also used in the present study
to follow the evolution of the studied system over the

Atlantic Ocean, outside the radar-observed area. Low
values of the OLR tend to indicate the location of convective systems with deep vertical development. Information on the characteristics of the tropical cyclones
provided by the NHC are used to follow and identify
the time evolution of the disturbances.

3. Results and discussion
On 17 August 1999, around 2300 UTC, a mesoscale
convective system moving westward entered in the area
observed by the radar. Its western part appeared on the
radar screen 250–300 km southeast of Dakar (Fig. 2a).
After 0230 UTC 18 August, when reaching the coast, its
shape was that of a short squall line extending 250 km
along the meridional direction (Fig. 2b). While progressing over the sea, its area and reflectivity increased
(Fig. 2c). Considering the main rain cell clusters, its
westward average velocity before 18 August at 0715
UTC was 40 km h⫺1 (320 km in 8 h). After that time,
the westward motion slowed down (about 20 km h⫺1)
and the heading turned toward the southwest. Figure 3
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FIG. 4. Wind field at 0000 and 1200 UTC from 18 to 21 Aug 1999 at 1000 hPa from the reanalyses of NECP–NCAR.
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FIG. 5. Precipitable water in the atmosphere at 15°N from 17 to 23 Aug 1999 from the NCEP–NCAR reanalyses.

presents an RHI at 0855 UTC along the southwest direction limited to 50 km of radial distance (along this
direction the system had an extent of 200 km). It shows
the convective cell nearest the radar. The RHI of Fig. 3
shows that the cloud top reached almost 19 km of altitude with maximum reflectivities higher than 55 dBZ,
which is equivalent to a rain rate of 180 mm h⫺1 [using
the relation Z ⫽ 368 R1.30 found by Sauvageot and
Lacaux (1995) and Nzeukou et al. (2004) for West Africa]. In Fig. 2c, the organization is no longer that of an
ordinary squall line but is a compact and roughly circular convective system. In Figs. 2c–h, two radials of
low reflectivity are observed along the 190° and 210°
azimuthal directions. These radials are linked to beam
blocking by two small volcanic hills, about 80 m high,
named the Mamelles, located near the airport.
Beginning around 1900 UTC, the organization of the
system modified and took an annular shape (Figs. 2d–f)
evolving into a kind of spiral shape clearly visible on 18
August around 0000 UTC in Figs. 2g and 2h. However
in Figs. 2d–h, the radar acquisition has been restricted
by the operator to 250 km (for unknown reason) giving
a circular shape to the farthest limit of the echo distribution, which is not the real limit.
The wind field at 1000 hPa associated with this evolution is presented in Fig. 4 at 0000 and 1200 UTC for

every day from 18 to 21 August. It shows that the wind
velocities were low over the land south of about 18°N.
Over the ocean, the intertropical convergence zone
(ITCZ) appeared clearly between 8° and 15°N, with an
eastward motion of increasing intensity near the coast.
When the convective system approached the coast on
18 August, it was associated with an area of convergence west of Dakar. When the system passed over the
ocean the cyclogenesis began—it first appeared on 18
August at 1200 UTC—and intensified while moving
away from the coast. The center of the cyclonic mesoscale circulation remained around 15°N. It moved from
about 15° to 29°E from 18 August at 1200 UTC to 21
August at 1200 UTC, with a mean velocity of 466 km
day⫺1 or about 20 km h⫺1 westward.
Figure 5 gives the distribution of precipitable water
in the atmosphere at 15°N from 17 to 23 August 1999
from the NCEP–NCAR reanalyses. It shows that the
cyclogenesis process is associated with the presence
over the Atlantic Ocean of a wide area of wet air to
supply the approaching MCS (notably on 17 August).
During that period, the sea surface temperature in the
concerned area was higher than 26°C.
During the coastal crossing of the MCS on 18 August, the surface pressure at Dakar fell by about 4 hPa.
Figure 6 presents the vertical profiles obtained from
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FIG. 6. Profiles of radiosonde observations at Dakar on 19 Aug 1999 at 0000 and 1200 UTC (from Meteorological
Services of Senegal); E and S are for east and south, respectively, and indicate the direction the wind is from.

radiosonde observations at Dakar on 19 August at 0000
and 1200 UTC. It shows that the winds aloft had a
westward direction at all levels at 0000 UTC and had
turned toward the north below 700 hPa at 1200 UTC.
At that time, all the coastal meteorological sites of

Senegal were swept by a northward wind. At Dakar,
the wind velocity was 43 km h⫺1 at 0730 UTC and the
visibility was reduced to 6 km.
Vertical wind shear is an important dynamic parameter for convective development. Weak vertical shear is
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FIG. 7. Field of horizontal divergence at 850 hPa on 18 and 19 Aug 1999, at 0000 and 1200 UTC, expressed in 10⫺6 s⫺1, from the
reanalyses of NCEP–NCAR.

however observed to be favorable to the organization
of the tridimensional circulation associated with the cyclogenesis (e.g., McBride and Zehr 1981; De Maria
1996). Figure 6 shows that, in the present case, the vertical wind shear between the surface and 600 hPa was
about 20 m s⫺1, which is not really weak since 15 m s⫺1
is often quoted as an upper bound that prevents storm
formation. A possible explanation of why Cindy
formed despite fairly large values of vertical wind shear
can be found in a numerical modeling study by Tuleya
and Kurihara (1981). They found that “when the mean
surface wind is easterly, easterly vertical shear (i.e. easterlies increasing with height) is conductive for storm
genesis” because the coupling of the upper troposphere
with the moving disturbance is thus more complete. In
one of their experiments with environmental wind values very similar to that of the present case, the initial
disturbance developed into a vigorous tropical storm
with surface wind exceeding 22 m s⫺1.
The field of divergence (10⫺6 s⫺1) at 850 hPa at 0000
and 1200 UTC on both 18 and 19 August is presented in
Fig. 7. It clearly shows the location, intensification, and
offshore motion of the area of convergence associated
with the cyclogenesis (and also a diurnal effect). Figure

8 presents the wind at 700 hPa for the period from 18 to
22 August with superimposed cloud cover deduced
from the OLR signal. What can be seen in Fig. 8 is an
easterly wave around a latitude of 17.5°N on 18 August
with the cyclonic depression under the ridge of the
wave. Between 20 and 22 August, the depression intensified just in front of the wave. The vertical wind shear
was moderate, a factor that is favorable to the cyclogenesis.
Figure 9 gives the classification of the studied convective system between 18 and 22 August (from
Lawrence et al. 2001) with respect to the criteria of the
World Meteorological Organization. The “tropical depression” character is attributed to the system on 18
August and maintained on 19 and 20 August. It became
a tropical storm on 20 August at 1800 UTC and Hurricane Cindy on 22 August at 0000 UTC.

4. Conclusions
In this note the successive steps of the transformation
leading to the birth of a tropical depression on the near
Atlantic from a Sahelian MCS is described. This evolution occurred over 4 days. On 18 August the “pri-
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FIG. 8. Wind at 700 hPa on 18 to 22 Aug 1999 from the NCEP–
NCAR reanalyses showing the easterly wave leaving the continent
(bold line). The cloud cover provided by the OLR is superimposed
upon the flux.

mary” MCS approached the Atlantic Coast around
13°N, and on 22 August it was first identified as a hurricane by the NHC and named Cindy.
The primary disturbance had a meridional size of
about 250 km and was organized as a short squall line
moving westward with a velocity of 40 km h⫺1. When
moving over the sea between 14°40⬘ and 12°30⬘N—that
is, between Cape Verde and Gambia—the system
strengthened and its maxima of reflectivity were higher
than 55 dBZ, or 180 mm h⫺1 of rain rate. The sea
surface temperature was higher than 26°C.
Associated with the easterly mean surface wind, the
vertical wind shear was high, which is rather unusual. In
fact, the observed environmental wind vertical profile
was found in agreement with the results of a numerical
modeling study by Tuleya and Kurihara (1981) showing
that the coupling of the upper-tropospheric circulation
with the moving disturbance is more complete with an
easterly vertical wind shear.
This evolution was associated with a strong mass convergence at low levels over the sea (Fig. 4), with a
strong, wide southward motion off the Mauritanian
coast north of 15°N, a wind veering eastward then

northward at lower latitude, low winds on the continent, and the presence of a wide area of a wet air over
the Atlantic Ocean. Over the sea, the MCS rapidly
spread out while a wide echo-free area appeared in its
central part. The spiral shape, which is characteristic of
a mesoscale vortex, appeared at a distance to the African coast no larger than 150 km (Fig. 2h). The time
interval between the arrival of the primary MCS on the
coast and this first radar-observed mesoscale vortex
was only 24 h (from 0000 to 2400 UTC on 18 August).
The horizontal size of this mesoscale vortex was about
200 km in the radar field (with the restriction that a part
of the system was beyond the maximum radar-observed
distance). The footprint of the MCS and its evolution
toward a hurricane was very clear on the low-level
(1000 hPa) wind field provided by the NCEP–NCAR
reanalyses. The wind flux at 700 hPa clearly showed
that an easterly wave was associated with this cyclogenesis.
Most of the factors favorable to cyclogenesis were
simultaneously present, and it is hypothesized that this
is the main cause of the rapid cyclone genesis process.
Tropical cyclogenesis has been observed to occur in a
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FIG. 9. Time series of the classification of the studied disturbance between 18 and 23 Aug 1999: tropical
depression, tropical storm, and hurricane (Cindy).

variety of ways, however, and it is still impossible to
prove that Cindy’s birth was an archetype of this process. Numerous other similar observations would be
necessary to document and comprehensively depict the
tropical cyclogenesis off the African coast and to identify with a correct weighting of the decisive factors.
The observations presented in the present paper suggest that a powerful S-band radar (which is not the
modest C-band Dakar-Yoff radar available, with its
small antenna and peak power) located on the African
coast or on the Cape Verde Islands could be very useful
to an early identification of tropical depressions and
cyclones and to more accurate marine warning forecasts for African fishermen. In the annual summary of
the Atlantic hurricane season of 1999 by Lawrence et
al. (2001), no direct deaths were attributed to Cindy,
but the lives of numerous African fishermen were lost
in the process of its formation.
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