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Abstract 
In this paper, we analyze the directions, intensities, spatial and temporal dis-
tributions, variability, and trends of extreme wind events using wind speed 
data that span between the 2012-2017 periods in Garoua City. The results ob-
tained show that the wind blows a little almost from all directions and the 
dominant direction is from the North-West with more than 40% of winds in 
this direction, the dominant axis is SE-NW with more than 55% of winds in 
this axis and the annual mean wind speed at a height of 10 m is 5 m/s in 2014.  
It was further shown that it decreased until it was canceled in 2017 character-
istic of the calm wind. In this context, the forecast of the wind speed variability 
(intensities and directions) becomes very crucial. This fact denotes a problem 
for lighter aircraft, whose crosswind rates are lower. 
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1. Introduction 

The wind is an important weather parameter for aeronautics during taxiing, take-
off, landing, navigation [1] [2], and safety in the air [3], for urbanization during 
the dispersion or concentration of pollutants around industrial sites or in cities 
[4] [5], for agronomy during certain sensitive crops [6] [7] and for renewable en-
ergy during the production and evaluation of wind energy potential [8]-[13]. In 
addition, the force released by the wind can also be experienced as a major climatic 
constraint [14]-[17], capable of causing considerable damage to the most solid 
infrastructures [18], or even weakening certain economic sectors of one or even 

How to cite this paper: Augustin, D. and 
Cesar, M.B. (2025) Extreme Wind Speed 
Modeling across Garoua City and Implica-
tions Assessing for the Flight Activities. At-
mospheric and Climate Sciences, 15, 696-
708. 
https://doi.org/10.4236/acs.2025.153035 
 
Received: April 2, 2025 
Accepted: July 27, 2025 
Published: July 30, 2025 
 
Copyright © 2025 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/acs
https://doi.org/10.4236/acs.2025.153035
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0003-2836-1580
https://doi.org/10.4236/acs.2025.153035
http://creativecommons.org/licenses/by/4.0/


D. Augustin, M. B. Cesar 
 

 

DOI: 10.4236/acs.2025.153035 697 Atmospheric and Climate Sciences 
 

several countries simultaneously [19]. 
The implications presented above highlight the need to model this phenome-

non and understand the physical processes responsible for their prediction. Its 
modeling has been the subject of much work in recent years. Wind speed Varia-
tions allow us to understand the climate change effect in the area of interest, es-
pecially since its impact on wind speed differs considerably from one place to an-
other [15]. Although these variations are essential to the environment, their as-
sessment in Cameroon, particularly in Garoua City, has been ignored or non-ex-
istent, or also not well understood. The lack of literature on future spatiotemporal 
variations of wind speed is particularly apparent in this area. 

Several analytical studies [20]-[24] have noted that a Rayleigh distribution (a 
special case of the Weibull distribution) emerges for the wind speed if its compo-
nents are assumed to be individually Gaussian. To obtain a physical understand-
ing of the observed Probability Distribution Functions (PDF) of sea surface wind 
speeds, a stochastic model for boundary layer winds (including several assump-
tions and parameterizations) was developed [25]. 

The motivation for this work is to know the local weather conditions and im-
prove forecasts for Garoua City. To achieve our objective, data from pilot probes 
and synoptic observation stations recorded during the period 2012-2017 have been 
used to numerically analyze the spatiotemporal variability of the wind likely to 
attenuate activities in the Sahelo-Sudanian zones and in particular the Garoua city 
based on the hydrodynamic model. The latter reflects the behavior of the speed 
module, as this value is used in statistical studies. In addition to the statistical ap-
proach, a description of the probability distribution of observed wind speed was 
based on theoretical ideas drawn from the hydrodynamic peculiarities of atmos-
pheric motion. This is justified by studying the products of numerical simulations 
or the equations sufficiently simplified to obtain their analytical solutions. 

The data used and methodology are described in Section 2. The results and dis-
cussions are given in Section 3. The conclusion is drawn in Section 4. 

2. Data Used and Methodology  
2.1. Study Zone 

Garoua is the capital of the Northern Cameroon Region which extends between 
8˚ and 10˚ north latitude and between 12˚ and 16˚ east longitude. This region is 
located to the North by the Far North region, to the South by the Adamawa region, 
to the East by the Republic of Chad and the Central African Republic, to the West 
by the Federal Republic of Nigeria (Figure 1). Its climate is Sudano-Sahelian, char-
acterized by a dry season and a rainy season [26]. It is strongly influenced by the 
presence of the Bénoué River and the Mayo Kébi, Lébri, Badjouma, and Bangaï. 
Data from the Garoua airport rainfall station show an average annual rainfall of 
1200 mm and an annual average temperature of around 25˚C. 

Its relief is generally rugged and is made up of a mountainous area (Mont Tin-
guelin) and the valley (Bénoué valley). The hydrographic network is made up of a 
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few rivers. The soils are strongly eroded sedimentary and clayey types. 

2.2. Data Used 

The data used was collected by the VANTAGE PRO system at the observation 
station at Garoua aerodrome. It is located 2.1 NM NNW of downtown Garoua 
and is oriented East/West (more precisely 890/2690). The references for Garoua 
aerodrome are given in Table 1. They are available 24 hours a day and every day. 
These data were processed using the R statistical processing software [27]-[30]. 
 

 
Figure 1. Locations of the climatological observing stations for which the data set has 
observation records. 
 
Table 1. Table giving the references of the Garoua aerodrome. 

ICAO Location Indicator FKKR 

Track length 3450 m 

Track width 45 m 

Track orientation E/W (89˚ and 269˚) 

Airfield altitude 242 m 

Latitude 09˚20'12''N 

Longitude 013˚22'52''E 

Location of weather parameter 
measurement sensors 

Glide path (touchdown zone RWY09) 

2.3. Methodological Approach 

We consider the hydrodynamic model following that reflects the behavior of the 

https://doi.org/10.4236/acs.2025.153035


D. Augustin, M. B. Cesar 
 

 

DOI: 10.4236/acs.2025.153035 699 Atmospheric and Climate Sciences 
 

velocity modulus, to physically understand the simulated PDFs of surface wind 
speeds. 

According to the equation of motion, the acceleration of the horizontal velocity 
vector is given by:  

d
d

h
P hf

t
= −∇ Φ − ∧

u k u                       (1) 

where hu  the horizontal velocity vector, P∇  the horizontal gradient operator 
applied with pressure held constant, Φ  geopotential and f  the Coriolis pa-
rameter. 

It is simpler to use natural coordinates to investigate the acceleration of the 
horizontal velocity vector in curves [31]. 

In the natural coordinate system, ŝ  follows the flow, n̂  is normal to the flow 
and to the left of ŝ , and k̂  is vertical. 

Then, Equation (1) can be expanded in the natural coordinate system and we 
obtain the following component equations: 

d
d
U
t s

∂Φ
= −

∂
                         (2) 

And 
2U fU

R n
∂Φ

= − −
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                      (3) 

Equation (3) is transformed to obtain equation (4): 
2

g
U U U
Rf

+ =                         (4) 

with gU  is the geostrophic wind and is defined as 1
gU

f n
∂Φ

= −
∂

, and R is the 

curvature radius. 
Equation (4) can be used to calculate the wind speed Probability Distribution 

Function by knowing the geostrophic wind Probability Distribution Function 
[24]. 

Thus, the expression for the wind speed Probability Distribution Function and 
Cumulative Distribution Function is given respectively by: 

( ) ( )( )2 11 exp
2 g
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And  
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                  (6) 
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 Ψ = . 

where gσ  standard deviation of the geostrophic wind and 1χ η= − , η  the 
autocorrelation coefficient between height fluctuations at point “1” and “2”.  
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In the following, we numerically investigate the extreme wind speed across Ga-
roua city. The curves are performed by R and MATLAB programs. With the 
MATLAB program, we chose 1000 iterations that produce figures with relevant 
color coding. 

3. Results and Discussions 
3.1. Distribution of Wind Speed Direction over 2012-2017 Period 

Figure 2 displays the wind speed direction rose diagrams over 2012-2017 period. 
It provide useful information on the distribution of wind direction and availability 
of directional wind speed. The wind rose constructed using measurements of the 
wind speeds and corresponding wind directions. The blue portion represents the 
wind speed < 1 m/s. The green portion shows the wind speed at 1 - 2 m/s; the 
orange yellow portion indicates that the wind speed is 2 - 3 m/s; the brown portion 
indicates that the wind speed has exceeded 3 - 13.4 m/s. Occurrence distribution 
of wind speed and direction for the annual average has been observed. According 
to Figure 2, the wind varies in all directions and the dominant direction is North-
West with more than 40% of winds in this direction, and the dominant axis is SE-
NW with more than 55% of wind direction in this axis. 
 

 
Figure 2. Wind speed direction rose diagrams over 2012-2017 period. 
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Figure 3 illustrates the wind direction boxplots for each month of the period 
2012-2017. We observe that the value of the median wind direction at the Garoua 
station is 140˚ in the months of January and February; hence the wind direction 
is SE, 250˚ in the month of March showing a WSW direction, 290˚ in the months 
of April, May, June, and July indicating the WNW direction and reaches a maxi-
mum of 320˚ proving the wind is from the NW in August. We also note that dur-
ing the months of September and October, the median wind direction is 290˚ from 
a WNW direction. The wind is 210˚ SSW in November and 150˚ SSE in Decem-
ber. The largest value recorded is 340˚ NNW direction. The wind turns clockwise 
from January to August and from the SE sector to the NNW sector, it then returns 
counterclockwise from August to January. This proves the wind speed variability 
in this region. In Figure 3, the coherence of extremal behavior across directions 
suggests that direction could be treated as a covariate of the parameters in the 
distribution of the statistics [21]. 
 

 
Figure 3. Monthly distribution of wind speed direction over the 2012-2017 period. 

 
Figure 4 displays the wind direction boxplots for each year. It shows that the 

annual distribution is asymmetrical and the distribution is more elongated to-
wards the largest values. The dominant wind direction is WSW (250˚) in 2012, 
the wind has a dominant direction of WNW (300˚) from 2013 to 2015 and it is 
290˚ characteristic of the dominant WNW wind direction. 

3.2. Distribution of Wind Speed Intensities Over 2012-2017 Period 

Figure 5 illustrates the boxplots of wind speed intensities for each month in Ga-
roua City. According to Figure 5, the lower horizontal line of each boxplot repre-
sents the first quartile (Q1), that is, the middle number between the smallest and 

https://doi.org/10.4236/acs.2025.153035


D. Augustin, M. B. Cesar 
 

 

DOI: 10.4236/acs.2025.153035 702 Atmospheric and Climate Sciences 
 

the median of the wind speed dataset. The yellow part represents the interquartile 
range (IQR), that is, the 25th to the 75th percentile. The horizontal line in the IQR 
represents the median of the dataset. The upper horizontal line shows the Q3. All 
datasets shown outside the boxplots are outliers. 
 

 
Figure 4. Annual distribution of wind speed direction over 2012-2017 period. 

 

 
Figure 5. Monthly distribution of wind speed intensities Across Garoua based on data from 
surface wind observing stations for the period 2012-2017. 

 
Further, Results indicate that with average near-surface wind speeds of 0.4 m/s, 

a minimum of 0 m/s, and a maximum of 5 m/s, winds are rarely strong in Garoua 
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(Figure 5). The maximum wind speed was observed in April and May, with an 
extreme value above 12 m/s in April, while the minimum was reported in January, 
February, Mars, June, July, August, September, October, November, and Decem-
ber. It is notable however that calm conditions generally exist across the region, 
and this can be attributed to the Sahel-sudanese climate with prevailing trade 
winds within the Hadley circulation [32] [33]. 

Figure 6 represents a box plot of wind intensities for each year in Garoua City 
during the 2012-2017 period. In Figure 6, we see an increase in the average wind 
speed, going from 3 m/s to 5 m/s, and that a decrease in the average wind speed, 
going from 5 m/s to 0 m /s. Thus, we observe that a maximum of the average of 
the wind speed values in 2014 and the year where we observed the greatest value 
which is 5 m/s, then it decreases until it disappears in 2017 calm wind characteristic. 
We conclude that the speed will be canceled out over time. 
 

 
Figure 6. Annual distribution of wind speed intensities over the 2012-2017 period. 

 

Figure 7 displays the probability density function and Cumulative density 
function of the monthly distribution of maximal wind speed intensities for the 
study zone using the hydrodynamic model. It is obtained in using the equations 
(5) and (6) respectively with 2281Rf =  and 0.0346ρ = . The curves resemble 
the Weibull distribution. The probability density function is used to illustrate the 
fraction of time for which a given wind speed possibly prevails at a region. We 
observe that the peak of the density function frequencies of all the sites skewed 
towards the higher values of mean wind speed (Figure 7(a)). It should be remarked 
that the peak of the probability density function curve indicates the most frequent 
velocity. It can be observed from Figure 7(a) that the most frequent wind speed 
expected is 0.4 m/s.  
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The cumulative distribution function (Figure 7(b)) can be used to estimate 
the time for which wind speed is within a certain speed interval. For wind speeds 
greater or equal to 2 m/s cut-in wind speed, it has frequencies of about 98% 
while the same location has frequencies of about 65% for wind speed of 0.5m/s 
cut-in wind speed. In short, the frequency is greater than 50 % for any wind 
speed. The saturation level for the cumulative distribution function is at about 2 
- 3 m/s. 
 

 

 
Figure 7. Monthly distribution of maximal wind speed intensities: (a) Probability density 
function and (b) Cumulative density function. 
 

Figure 8 exhibits the probability density function and Cumulative density 
function of the monthly distribution of extreme wind speed intensities for the 
study zone using the hydrodynamic model. The saturation level for the cumulative 
distribution function is at about 3, 6 m/s. We see that Figure 8 has the same 
appearance as Figure 7 but the value of the extrema is different (0.56 for Figure 
7(a) and 0.32 for Figure 8(a)) and does have not the same saturation level. 

The airport is sometimes subject to the convective systems action, the West 
African monsoon, and geographical discontinuities (different heating depen-
ding on the nature of the ground, relief effects, etc.) due to its geographical 
position. 
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Figure 8. Monthly distribution of extreme wind speed intensities: (a) Probability density 
function and (b) Cumulative density function. 

4. Conclusion 

This work focuses on the analysis of the directions, intensities, spatial and temporal 
distributions, variability, and trends of extreme wind events using wind speed data 
that span between the 2012-2017 period and measured at a height of 10 m, using 
the R and MATLAB programs. The results obtained show that the distribution 
function has a form close to that of the Weibull distribution. This demonstrates the 
bridge between hydrodynamics and extreme event statistics. In Garoua airport, the 
wind blows a little from almost all directions and the dominant direction is from 
the North-West with more than 40% of winds in this direction, the axis dominant 
is SE-NW with more than 55% of winds and the average annual wind speed at a 
height of 10 m is 5 m/s in 2014. In addition, it decreased until it disappeared in 
2017, characteristic of calm wind. Therefore, forecasting variabilities or changes in 
wind intensity and direction is crucial for good management of activities in Garoua 
city and in this airport in particular, especially when they occur abruptly and the 
wind speed is high. This overspeed is due to the thermobaric contrast during and 
after the passage of the cold front and to the superposition of the jet stream on the 
cold front. It results in the formation of a dynamic tropopause anomaly that deter-
mines the intensification of microclimate instability. 
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