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Dynamic State Of Atmosphere On The Coast Of
Benin From Radiosonde Data Of Cotonou

F.K. Guedje, B. E. Houngninou, T. Adanmitonde, A.J. Adechinan

Abstract: This study characterizes the dynamic state of the atmosphere on the Coast of Benin from the radiosonde data. The
average monthly wind speeds were calculated. The main results of this study provide information about the dynamics of the
atmosphere through the jets characteristics. Two peaks were identified respectively around 5 km and 16 km altitude. The
maximum value of the speed of the horizontal wind for the first jet is recorded in September with 17.5 m/s, whereas the same
value is noted in July and is 23 m/s for the second jet. The rose corresponding wind at these levels for each study month was
represented. This has allowed us to identify the prevailing wind in different months concerned. Then the vertical profiles of
pressure, temperature and humidity have been shown. This revealed that the air temperature and atmospheric pressure

gradually decreases with altitude until the tropopause.
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1 INTRODUCTION

Climate variability leads to major threats to the environment
and development [1]. Human, at the resurgence of extreme
events due to climate change not just content to watch the
weather and try to understand the processes behind its
changes[2] . Rather, it seeks to predict or better predict major
trends. This is what explains the fervor noted within the
scientific community over the past decades on issues related
to knowledge and climate change in all its forms. Many studies
[3], [4], [5], [6] in this direction have led today to understand a
little of the physical mechanisms of the essential climate
variability to improve forecasting global, regional and local
climate. In this area, very few studies on Africa and particularly
on West Africa are made. The few studies [7, 8] related to
winds in south of Benin have focused on surface winds. The
interest of this work is based on the fact that the literature on
the characterization of the altitude atmosphere in south of
Benin is almost nonexistent. This study aims to fill this gap by
characterizing the dynamic state of the atmosphere on the
Benin coast from radiosonde observations made on the
ASECNA station in Cotonou. It will specifically use the vertical
profile of horizontal wind and identify the type of prevailing
winds in the year and the period during which it was observed.

2 DATA AND METHODS

The coastal zone is characterized by a succession of lakes
and lagoons separated from the sea by a narrow coastal strip.
It covers one hundred twenty five kilometers long and four
kilometers wide on average [10]. Radiosonde date are used in
this study. The technique use an ascending balloon with a
radiosonde which carries and transmits the measurements of
atmospheric parameters.
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Radiosonde samples the atmosphere during their vertical
ascent and rebroadcast directly measurements to down. The
average speed of the ascent of the balloon is about 5 m/s [11].
The data used in this study were provided by the
meteorological station of ASECNA based at the International
Airport of Cotonou during the year 2008. These are daily data
on the speed of zonal wind (m/s), the speed of the horizontal
wind (m/s), the speed of the vertical wind (m/s), the wind
direction (degree), relative humidity in (%) and the pressure
(hPa) with a sampling interval in the order of one second.
Throughout the year 2008, it is in February, March, April, May,
July, September and October that the measures are carried
out regularly. All the stripped data files indicate that the first
steps of the radiosonde start from 140m above the ground.
Different altitudes considered for measures vary from one
shoot to another. Beyond 17 km altitude, the information
returned by the radiosonde to the ground before it bursts is no
longer reliable. Thus, the analyzes will only affect the altitude
range between these two values. The processing of the
collected data was done with Matlab. In order to harmonize
pressure levels where different parameters were measured,
the height of the radiosonde is interpolated for each 100m
[12]. Thus the average monthly atmospheric parameters
(horizontal wind speed, relative humidity, atmospheric
pressure and temperature) was calculated and represented.

3 RESULTS
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Figure 1 : Wind speed and wind rose in May
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Figure 3 : Wind speed and wind rose in July

(d) M
{1d)

| W ol b E
| 1k o
iyl
| 5
' oM. [2d)
1 14y - o
{ W oem b E
! 1 X
L S,
______ g

(&) M

. . . I.._. - (e
. | i
i T S
£ o} - s
] | M
| P ';_. | 2]
i 1 W o & E
. . . | e o] '|'|

; 5

Figure 5 : Wind speed and wind rose in October
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Figure 6 : Vertical profile of humidity of the months of may,
june, july, September and October.

The curves (a), (b), (c), () and (d) of figures 1, 2, 3, 4 and 5
respectively show the variation of the average speed of the
horizontal wind depending on the altitude of respectively May,
June, July, September and October of the year. Through these
different curves globally we can notice two clearly marked
peaks as noticed from a VHF wind profiler radar in Djougou in
the north of Benin [13]. The maximum value (17.5m/s) for the
first peak is recorded in September while the minimum
(3.7m/s) for the down peak is recorded in the month of May.
With the exception of September, the first peak is observed in
other months at an altitude of less than 5 km. This peak is
experiencing a remarkable increase in the month of
September and reaches its maximum value again before
experiencing a decline in October. For the second peak (top),
the maximum value (23m/s) is recorded in the month of July,
the minimum (3m/s) is recorded in May. The average speed of
the horizontal wind is minimum between 6 to 8 km altitude in
the months of June and September, between 0.24 and 2 km in
July and October. In May this value is obtained in the altitude
range between 4 and 6 km. This value is respectively equal to
1.5, 4.2, 4.8, 4.5 and 2.5m/s in respectively May, June, July,
September and October. Average speed is maximum
horizontal wind between 14 and 16 km altitude in June,
September and October; between 12 and 14 km in July and
between 10 and 12 km in May. This value is respectively equal
to 3,15, 23, 17 and 10.5m/s in the months of May, June, July,
September and October. The representations (1a), (1b), (1c),
(1d), (1e) respectively from figures 1, 2, 3, 4 and 5 show the
wind roses corresponding to the first peak observed at the
vertical velocity profiles horizontal winds of May, June, July,
September and October of the year of study. We see that from
these roses winds, the winds towards North East are more
dominant in May, the North West direction of winds are
prevailing in June, the South West direction of winds are more
dominant in the month of July, the south West direction of
winds are dominant in the month of September and in October
the north East direction of winds are dominant. The
representations (2a), (2b), (2c), (2d), (2e) respectively from
figures 1, 2, 3, 4 and 5 show the roses of the wind
corresponding to the second peak observed at the vertical
velocity profiles horizontal winds of May, June, July,
September and October of the year of study. The winds of
South East direction North East, South West, North West and
North West are more dominant respectively in May, June, July,
September and October. We note from the foregoing that the
North East wind direction and North West more blown in
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southern Benin during this study, followed by the South West
wind direction and finally the South East wind direction [9]. The
figure 6 below presents the vertical profile of humidity as a
function of the altitude of May, June, July, September and
October found that:

+ The relative humidity decreases gradually as the
altitude increases.

* It keeps almost the same change on all studied
months. It oscillates between 70% and 90% on the
coast of Benin [7]. The maximum value (90%) is
obtained in September.

* Aslight shift is observed at the vertical humidity profile
on the month of October between 3 km and 12 km.
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Figure 7 : Vertical profile of pressure of the months of may,
june, july, September and October.
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Figure 8 : Vertical profile of temperature of the months of may,
june, july, September and October.

The figure 7 shows the vertical profile of pressure as a
function of the altitude of May, June, July, September and
October reveals that the atmospheric pressure decreases with
altitude. The figure 8 shows the vertical profile of temperature
as a function of the altitude of May, June, July, September and
October reveals the same pattern for all studied months. It
decreases with the altitude until around of 15 km before
knowing an inversion. From this altitude the temperatures of
May, June and July experiencing a slight increase while those
of September and October decrease.
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4 CONCLUSION

From this study, it appears that the Coast of Benin vertical
profiles of horizontal wind speed of the surveyed month show
two peaks. These two peaks are observed respectively around
5 and 16 km. The maximum value of the speed of the
horizontal wind is obtained in July and is 23 m/s and the
minimum value is obtained in the month of May and is 1.5 m/s.
From wind rose, it appears that it is the North East wind
direction and North West most dominant of this study period
followed by the South West wind direction and finally wind
South East direction. Contrary to the wind velocity, the
pressure and the temperature studied vary almost in the same
manner as in literature. They decrease gradually as the
altitude increases. The maximum relative humidity is achieved
in October.
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