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The trends of changes in the near-surface wind speed from 1961 to
2016 in the South of Benin have been analyzed based on anemometric
data of the synoptic station in Cotonou. From the linear regressions and
the application of Pettitt test, the decennial and interannual variabilities
of the monthly and yearly average speeds have been analyzed. The
results show a strong decrease of the wind between 1961 to 1977 and
less between 1978 and 2008. Starting in 2009, the wind speeds
increased due to the intensification of the wind during the first half of
the year except for February. The changes in wind speed are mainly
due to strong winds fluctuations.
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Introduction:In the context of the current climate change, recent studies focused on the trends of temperatures and precipitations
instead of changes in near-surface wind speed (Shenbin et al., 2006; Pryor et al., 2009). This fact has particularly
been true in West Africa, partly because of the importance of precipitations for the economy and food safety in that
region (Barbier et al. 2009; Sultan et al., 2012). However, changes in near-surface wind speed could have some
important socio-economic and environmental consequences (Fallot, 2008; Guo et al., 2011). Zhou et al. (2006) have
demonstrated that the decrease of the wind speed has caused the reduction in wind energy supply in the delta of
Pearl River in China. The decrease of the near-surface wind speed would be the first factor responsible for the
decrease of atmospheric evaporative demand on the Thibetan plateau (Shenbin et al., 2011) and in Australia
(Roderick et al., 2007). Therefore, understanding changes in wind speed can help us understand climate changes
better and its environmental, ecological and socio-economic, and impacts (Guo et al., 2011). Several studies have
analyzed the trends of changes in near-surface wind speeds over these last 50 years in several regions of the world
mainly in Europe (Brazdil et al., 2009; Pirazzoli et Tomasin, 2003; Smits et al., 2005), Asia (Guo et al., 2011; Zhang
et al., 2007), America (Pryor et al., 2009; Tuller, 2004), Australia (McVicar et al., 2008, Roderick et al., 2007),
Antartic (Aristidi et al., 2005; Turner et al., 2005) and Alaska (Lynch et al., 2004). For West Africa, less attention
has been given to long period changes of the near-surface wind speed. Studies on near-surface wind speed mainly
focused on lithometeors issues (Kalu, 1979; McTainsh, 1980; Chamard and Courel, 1988; Ozer, 1997). This study
aims to document changes in near-surface wind speed in South of Benin from the anemometric data of the synoptic
station in Cotonou (Benin).
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Data and methods:Study Area and Data used
Benin is located in West Africa in the tropical area between 6˚30´ and 12˚30´ North latitude and 1˚ and 3˚40´ East
longitude (Fig 1). Two masses of air, the monsoon and the harmattan, traverse Benin. Each becomes dominant
depending on periods of the year (Gbaguidi et al., 2011). The monsoon is higher during the rainy seasons (MarchNovember). The harmattan is higher in the dry season (November-February). The average daily speed is roughly 4
ms-1 (Allé et al., 2013). Benin has a less hilly terrain particularly in the South with a vegetation destroyed by the
anthropic activities (Gbaguidi et al., 2011).
The anemometric data used are the maximum daily near-surface wind speed, which were measured at 10 m above
the ground. They derive from the synoptic station in Cotonou (06˚21´N; 02˚23´E), which is installed in the South of
Benin on the Atlantic coast since 1952. However, it is only from 1961 that the frequent recordings of the wind speed
started. That is the reason why the period from 1961 to 2016 has been chosen to undertake this study. It is
considered as the possible longest period of recordings of the near-surface wind speed in Benin. These data show
fewer gaps from 1961 to 2016 (less than 10%). The gaps have been considered as missing data.

Fig 1:- Location of Benin in West Africa with the major direction map of the monsoon in Benin according to
Gbaguidi et al., (2011)
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Methods:Changes in the wind speed on the annual scale
First, a chart based on the wind speed index has been used to visualize the interannual variability of the mean annual
wind speed. The index of the wind speed has been calculated as shown by Lamb (1982) as a reduced centered
variable (Eq.1). This means an excess (index > 0) or a deficit (index < 0) of the wind speed for the year under
observation compared to the chosen period.
̅

(Eq. 1)

With, : mean annual wind speed of year i, ̅ : mean interannual wind speed on the reference period (1961-2016)
and : standard deviation interannual on the reference period (1961-2016).
Next, Pettitt test (Pettitt, 1979) has been implemented in a recurrent way in order to identify a change in
probability’s law of the mean annual wind speed (breakage). Finally, the use of Mann-Whitney´s test (Mann and
Whitney, 1947) allowed us to compare the different sub-periods.
Changing in wind speed on a monthly scale:The analysis of the change in wind speed has been refined at monthly scale. In this respect, a linear regression has
been done every month between the mean monthly wind speed and the years for each sub-period. The slopes of the
linear regressions were used to verify the persistence at the monthly scale of the decennial trends.
Change in the wind category occurrence:Some wind speed categories have been made (Table 1) based on the Beaufort scale (Hirsch et al., 2016). For each
sub-period, the occurrence of a category used corresponds to the ratio between the number of this category and the
total number of observations made over the sub-period. The comparison of the occurrences between the sub-periods
informs us on the changes in category occurrences.
Table 1:- Classification of the maximum daily near-surface wind speed in Cotonou based on Beaufort´s scale
Acronym
Beaufort´s scale terms
Wind speed interval
(km/h)
C1
Light air
1-5
C2
Light breeze
6-11
C3
Gentle breeze
12-19
C4
Moderate breeze
20-28
C5
Fresh breeze
29-38
C6
Strong breeze
39-49
C7
Near gale
50-61
C8
Gale
62-74
C9
Strong gale
75-88

Results:Average features of the maximum daily near-surface wind speed in the South of Benin
The analysis of the distribution of the maximum daily near-surface wind speed shows that 90% of these winds are
located between the interval ]4 ms -1, 12 ms-1] (Fig 2), with an mean annual of 7.8 ± 1.2 ms -1. They are higher from
March to October with a landing at 8.5ms -1 (Fig 3).
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Fig 2:- Distribution of the maximum daily near-surface wind speed in Cotonou from 1961 to 2016
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Fig 3:- Annual cycle (1961-2016), of the maximum daily near-surface wind speed in Cotonou
Change in the annual scale of the wind speed:The wind speeds show an important interannual variability to which the strong decennial variability is superposed
(Fig 4). The recurring application of Pettitt test reveals a first breakage in 1977 and a second breakage in 2008.
Thus, the evolution of the near-surface wind speeds in the South of Benin can be separated into three distinct subperiods: (i) 1961-1977 (P1), (ii) 1978-2008 (P2) and (iii) 2009-2016 (P3). Table 2 sums up the features of each of
these sub-periods. The sub-period P1 is characterized by a speed excess of 13% compared to the mean interannual
(1961-2016), with the highest interannual variability (RSD = 0.11) over the three sub-periods. The sub-period P2 is
characterized by a reduction of 22% of the wind intensities and a reduction of 27% of their interannual variability
compared to the sub-period P1 (RSD = 0.08). During the sub-period P3, winds show a revival of about 36% with
regards to P2 exceeding roughly 5% the level of P1. The test results of Mann Whitney (Mann and Whitney, 1947)
written in table 3 show that sub-period P2 is significantly different from sub-period P1 and P2 (p-value < 0.05).
These results also show that the sub-periods P1 and P2 are not significantly different in terms of wind speeds (pvalue > 0.05). However, the comparative analysis of the sub-periods trends P1 and P2 clearly shows that these two
sub-periods show reverse trends (Fig 5). In fact, the sub-period P1 is characterized by a progressive decrease of the
winds (slope = - 0.15 ms-1a-1) that continued during the sub-period P2, but with a lower intensity (slope = -0.03 ms1 -1
a ). At the reverse, the sub-period P3 is characterized by a neat increase of the wind speeds with a slope inversely
closer to that of P1 (slope = 0.11 ms -1a-1).
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Fig 4:- Indexes of the mean annual of the maximum daily near-surface wind speed over the period of (1961 to 2016)
in Cotonou
Table 2:- Feature of the sub-periods
1961-1977 (P1)
Mean (ms-1)
8.86
Standard Deviation
0.99
Relative
Standard
0.11
Deviation (RSD)

1978-2008 (P2)
6.87
0.56

2009-2016 (P3)
9.34
0.66

1961-2016
7.8
1.2

0.08

0.07

0.16

Table 3:- Mann-Whitney test results, P1 = 1961-1977; P2 = 1978-2008; P3 = 2009-2016
Sub-periods
P1 - P2
P2 - P3
U
515
2
U (normalized)
0.000
0.000
Expectation
263.500
124.000
Variance (U)
2151,917
826.667
p-value (bilateral)
< 0.0001
< 0.0001
alpha
0.05
0.05
12
11

Speed (m s-1)

10
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2009-2016
1978-2008

y = -0.1555x + 315.07
R² = 0.6305

P1 - P3
41
0.000
68.000
294.667
0.124
0.05

y = 0.1122x - 216.52
R² = 0.1733
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Fig 5:- Trends of the mean annual of the maximum daily near-surface wind speed in Cotonou over the period of
1961 to 2016.
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Slope (ms-1a-1)

Change in the monthly scale of the wind speed:Fig 6 sums up the linear regression slopes between the mean monthly of the maximum daily near-surface wind
speed and the years. After analyzing this Fig, it appears that all the months have been affected by the decrease of the
winds (negative slopes) during the sub-period P1 and P2 in various proportions. The months between May and
August are the months that have recorded the highest decreases (slope from -0.18 to -0.21 ms-1a-1) during the subperiod P1. During the sub-period P2, this decrease of the winds has considerably slowed down on overall months as
shown the quasi-null slopes observed. The sub-period P3 is characterized by an important increase of the winds over
January to July except for February, whereas the decreasing trend is still persistent over the second mid of the year
(August to December). The increase of wind speeds observed is observed between P2 and P3 on the yearly scale is
due to the intensification of winds over the first mid half of the year, except for February.
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Fig 6:- Linear regression slopes between mean monthly of the maximum daily near-surface wind speeds and the
years for each of the three sub-periods (P1 = 1961-1977; P2 = 1978-2008; P3 = 2009-2016) in Cotonou
Changes in wind category occurrence:Fig 7 sums up the distribution of wind categories according to Beaufort´s scale for each of the three sub-periods. She
shows that the occurrence of winds of types "Fresh breeze" to "Near gale" has decreased during the sub-period P2
compared to the sub-periods P1 and P3. In fact, winds of types "Fresh breeze ", "Strong breeze" and "Near gale"
have respectively decreased from 34 to 9%, from 17 to 3% and from 5 to 1% between P1 and P2. During the subperiod P3, these winds have made a revival and increased to 45%, 22% and 5% exceeding their historical level of
P1(1961-1977). In the opposite, the frequency of the winds of types "Gentle breeze" and "Moderate breeze" has
increased during the sub-period P2 compared to sub-periods P1 and P3. Their occurrences were respectively 28%
and 57% during sub-period P2 against 5% and 37% during P1 and 4% and 21% during P3. The overlapping of these
variations with decennial trends of the daily wind speeds shows that the decrease of the winds between P1 and P2
and their revival between P2 and P3 are respectively due to the decrease and the increase in the occurrence of strong
winds (Fresh breeze, Strong breeze and Near gale).
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Fig 7:- Distribution of daily maximal wind speeds categories in Cotonou from 1961 to 2016. The categories have
been defined according to Beaufort’s scale (Table 1)

Discussion and conclusion:The decrease of winds between 1961 and 2008 observed in the South of Benin is similar to the trends of wind in
other areas of the world. Pirazzoli and Tomasin (2003) have observed a sharp decrease in the wind speed between
1951 and the first half of the 1970s, with a reduction of this decrease during the 1980s and 1990s. Brazdil et al.
(2009) have emphasized a gradual decrease of the wind speed between 1961 and 2001 in the Czech Republic. Tuller
(2004) observed a reduction of the wind speed during the period situated between the end of the 1940s and the mid
of 1990s. Pryor et al., (2009) showed a decrease of the winds in the USA between 1973 and 2005. McVicar et al.,
(2008) have noticed a reduction of the wind speed on almost 88% of Australia between 1975 and 2006. Decreases of
wind have also been noticed in China (Wang et al., 2004; Xu et al., 2006; Guo et al., 2011). These studies have
generally shown declines between -0.004 and -0.017 ms-1a-1 of the wind speed over these 50 last years similar the
one observed in the South Benin (between -0.03 and -0.15 ms-1.a-1). However, slight increasing trends of the wind
speeds (0.005 ms-1.a-1) have also been noticed in some regions of the world, namely in Antarctic (Aristidi et al.,
2005; Turner et al., 2005) and Alaska (Lynch et al., 2004). These trends match the results of the climate projection
models that show a decrease and an increase of wind speeds respectively in the mid-latitude and high-latitude
regions (Seidel et al., 2008; Yin, 2005). This tends to show that the trends of change in wind speed depend on the
latitude under observation (McVicar et al., 2008). The length of the sub-period P3 under observation (8 years, 20092016) should make us more cautious in interpreting the trend of increasing wind speeds in the South of Benin
starting in 2009. Nevertheless, this trend to a rise of the winds is similar to that reported by Pirazzoli and Tomasin
(2003) over a part of Italy in the 80’s. The changes in wind speeds observed in South Benin are essentially due to
variations of the occurrences of strong winds. This result goes along with the one found in China by Guo et al.,
(2011). Although the trend of wind speed of South Benin goes along with the one observed in Europe, Asia and
America, it does not apply to all of West Africa. In fact, Ozer (1996) hasn’t observed a clear and neat trend of the
wind speed when analyzing the evolution of the directions of the wind speeds from 1951 to 1994 on the Atlantic
coast of West Africa from Southern Senegal to Northern Mauritania. As per the cause of the decrease of the wind
speed, it is not well identified yet (Pryor et al., 2009). It might be linked to the decrease in the gradient of pressure
between continents and oceans as a result of global warming (Lau et al., 2008; Huang et al., 2006; Nazarenko and
Menon, 2005).
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