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Abstract 
Wind speed is widely accepted as the principal driver of the Harmattan sea-
son in the West African sub region. It does this by bringing in very huge 
amount of dust through the Northeast part of Nigeria to the whole country as 
a whole. The presence of dust in the atmosphere plays a prominent role in the 
rate of absorptions and scatterings of the solar radiation. However, very little 
or no attention has been given to the study of Gust winds (short duration (in 
seconds) wind speed maxima) in Nigeria. Wind gusts represent hazards to 
property, people, energy sector and transport when severe. The relationships 
between the average wind speeds and maximum wind speed (gust winds) were 
studied diurnally for each month over a year period (2020). The study showed 
some particularly unique results which also might be as a result of the loca-
tion of the station. The seasonal correlations between the wind speeds and 
gust winds were very obvious: Both parameters had more stronger values dur-
ing the dry season than during the season, with both also showing a unique 
trend in January and February with another different trend from March to 
December. The degrees of gustiness of the location were studied with the in-
troduction of both Gust factor and Peak factor. Peak factor was however 
found to be by far the better measure of gustiness than the gust wind factor 
for the location. 
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1. Introduction 

The lack of explanation of the dust mobilization by the large-scale meteorologi-
cal conditions in the summer gives rise to the emphasis on the local to regional 
wind systems being linked to the northernmost position of the Jnter-Tropical 
Convergence Zone (ITCZ) [1]. The climate of the West African region (where 
Nigeria is) is noted to be dominated by the presence of subtropical pressure belt 
system that exists over the North Africa near latitude 30˚ north and it is what is 
responsible for the movement of the North East trade wind. The Northeast di-
rection of this trade wind occurs as a result of deflecting force of the earth’s rota-
tion (Coriolis force). The trade wind that is known to originates from the sub-
tropical high-pressure belt in the northern hemisphere plays a vital role in in-
fluencing the climate of West Africa [2]. 

Extensive studies done over the region revealed that “shift” in the location of 
the Inter-Tropical convergence zone (ITCZ) as a result of climatic changes could 
have immersed consequences on the intensity of the rainfall and the overall state 
of the region [3] [4]. [5] in its work showed that the position of the ITCZ is 
noted to experience low pressure and heavy rainfall that are formed by the con-
densation from moist air that rises as a result of the strong solar heating along 
the equator, before its divergent poleward near the tropopause. The sensitivity of 
the ITCZ to solar heating allows it to track the Sun’s north-south movement, 
thereby leading to seasonal distribution experience in the rainfall and the span of 
the season in the tropics. [3] shows that the ITCZ is actually the interface be-
tween the cool, moisture-bearing south-westerlies wind from the Atlantic Ocean, 
and the dry, hot north-easterlies Continental air mass (CAM) from the Sahara 
Desert. [6] shows the ITCZ as the bands of clouds are accompanied by occasion-
al thunderstorms. [3] [7] [8] went further to reveal that the ITCZ normally stays 
in the southernmost position in Nigeria during January and February at a time 
in the dry season where the North-east winds are prevalent. On the other hand, 
the raining season is noted to begin in March, and the ITCZ experiences its 
northernmost position (southern peak) in the month of July as seen in Figure 1. 
The dry season is between November-February (October-April) in the South 
(North) and the rest of the months of the year are wet season. [9] described the 
two types of winds that influence the time and season in Nigeria. The westerly 
winds (occurs between March and October) are noted to be fairly strong around 
mid-year and accompany by rain sometimes. The wind is also referred to as 
Southwest trade wind. The wind comes from the Atlantic oceans. This wind 
usually is dust-free. On the other hand, the Northeasterly wind occurs from No-
vember till February or sometimes March. The wind is noted to be fairly strong 
and dry most especially in December with a lot of dust (Harmattan). Generally 
speaking, wind can be said wind occurs to as the flow of different gases within a 
large area. Wind can be said to be as a result of differential heating of the earth 
surface by the sun, which leads to difference in Atmospheric pressure. Another 
reason is the constant rotation of the Earth as its orbit around the Sun. The  
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Figure 1. The maps of Africa showing the locations of the ITCZ in (a) 
January and (b) July. The approximate location of Nigeria is marked 
with red star after [4]. 

 
characteristics of the terrain (buildings mountains, extremely tall trees, or man- 
made infrastructures so on) definitely also influence the strength of the wind. 
Wind flow patterns aloft is known to follow isobars or contours where friction 
has very little effect. However, the presence of friction near the surface cannot be 
neglected. Friction between the wind and the surface of the terrain slows the 
wind. This implies that the rougher the terrain, the greater is the frictional effect. 
Also, the stronger the wind speed, the greater is the friction. As frictional force 
slows the windspeed, Coriolis force decreases. However, friction does not affect 
pressure gradient force [10]. 

On the other hand, a Gust is a sudden and brief increase in the speed of the 
wind that does not last more than 20 seconds. All gusts are a type of wind. Gust 
is noted to be of a more transient phenomenon than a squall, which lasts mi-
nutes, and this is followed by a lull or weakening in the wind speed [11]. Gener-
ally speaking, winds are least gusty over large water surfaces and are mostly gus-
ty over rough land and near sky buildings. 

In this paper, we will study the Gust factor and Peak factor between the meas-
ured wind speeds and the gust wind, any seasonal relationship in the two based 
on the location of the station and any other unique characteristics that might 
result from the fact that the station is a low attitude station. 

It is a known fact that, differences in temperature create differences in pres-
sure. These resulting pressure differences create and drive a unique complex 
system of winds that involves in a never-ending attempt to get to equilibrium 
[12]. It is also worth noting that wind also transports water vapor and spreads 
fog, clouds, and precipitation. 

[13] revealed, that, the wind speeds in Nigeria range from 2 to 9.5 m/s, with 
the trend showing according to the data that the wind speeds are seen to be low 
in the south and gradually increases to higher wind speeds in the north as seen 
in Figure 2. 
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Figure 2. Wind Speed map for Nigeria After [13]. 
 

[14] emphasized wind speed as the primary driver of the dry season in the 
West Africa Sub region. The Northeast trade wind, which is responsible for the 
convey of a huge amount of dust across the region seasonally, leads to the har-
mattan season, that is, experience most noticeably between November/Decem- 
ber of a particular year, and January till March of the following year. [15] to-
gether with [16] raised the importance of the distribution of the variations in 
wind speed with respect to the impacts of climate variability and change. Wind 
being one of the elements of climate is known to move from the region of high 
potential to that of low potential system. “[17] shows that the movement of the 
wind during the dry season” is determined first by the pressure gradient that is 
experience in the Sahara Desert, during the low sun period (winter period of the 
Northern hemisphere). The conclusion from this, is that: how fast the wind 
moves, depend on how great the pressure of the air is. This led to a conclusive 
statement that, the wind determines the amount of dust that is brought to the 
region either seasonally or annually. 

[18] shows that the characteristics of the surface roughness near the observa-
tion sites significantly affect the characteristics of the wind speed and direction. 
[18] further characterized surface roughness by many factors that includes: the 
building coverage ratio, the building volume, ratio of high buildings, average 
area of buildings and the average height of the building. In his study, [15] classi-
fied a “high building” as a building with more than four stories. The values of 
these other factors were evaluated using a building information database. The 
atmospheric wind is turbulent over a large range of scales. Wind gusts are noted 
to be short duration (seconds) wind speed maxima. Therefore, [11] showed that 
information on wind gusts is strongly needed for thorough assessment of wind- 
induced damage and risks to safety of lives and properties. [19] stated that Long- 
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term, continuous and what is called representative wind gust observations should 
form the basis for risk assessments and wind gust forecasting. The ability to suc-
cessfully forecast wind gust on a time scales of one day to several weeks ahead 
are useful according [11] in necessary preparations and actions in various fields 
of operation. These includes: Shipping [20], aviation [21] [22], energy sector [23] 
[24] and transport on land [25]. 

On the other hand, [26] shows that the gust factor depends on wind speed, 
heights, turbulence intensity and atmospheric stability. The greater the Gust fac-
tor, the less the wind speed and vice versa. [26] also indicated that gust factor 
follows the same asymptotic shape as the turbulence intensity. It however con-
cluded that the Peak factor mainly depends on turbulence intensity and averag-
ing time for gust and mean wind speeds.  

2. Methodology 

The geographical atmospheric parameters in Abuja such as the UV index, tem-
perature, dew point, humidity, wind speed, precipitation rate etc. were measured 
with the help of meteorological weather station called Davis Vantage Pro 2 
Wireless Weather Station. The Davis Vantage Pro 2 records atmospheric para-
meters in one package called the integrated senor suit (ISS), it was installed at 
Abuja Wuse 2 (9.08˚N, 7.48˚E), in Nigeria, on the top of a pole at an elevation of 
approximately 493 m above the sea level. The data is saved on the data logger af-
fixed to the Davis vantage Pro2 console; the data logger also provides an inter-
face for direct access to the weather station recorded data. The 6510 data logger 
USB variant was used alongside with the WeatherLink software to store the data 
on a local computer and also to upload the data to WeatherLink cloud. The 
sampling was done at 5mins and it was averaged to one hour for the sake of this 
paper. For analysis of the measured wind speed and Gust, we used the “Area 
graph” of the origin software. This allows for a better understanding of the trend 
both parameters exhibited diurnally, seasonally and any other characteristic due 
to the location of the station. Using this software: when one Y column of values 
(or a range from one column) is selected, the “area” between the data plot and 
the “From” Y axis value is filled by default. That means, when more than one Y 
column of values (or a range from more than one column) is selected, each suc-
cessive column of values displays as an Area graph that is stacked on the pre-
vious Area graph. Thus, the upper bound of the previous Area graph becomes 
the baseline of the next Area graph. [26] described the gust factor as a crude re-
presentation of the dynamic properties of the wind, which has been widely ac-
cepted as the only measure of turbulence in meteorological measurements. Gust 
factor can be said to be the ratio between maximum and average wind speed. 

max,
TrG U r

Ur
=                             (1) 

where max,U r  is the maximum T-second moving average wind speed during 
a r-second averaging period and Ur is the T-second average wind speed accord-
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ing to World Meteorological Organization? Common values for r are mainly 10 
minutes or 1 hour. Thus, GTr is proportional to the inverse of the mean wind 
speed. In practice, the measured GTr values show a large variability at low mean 
wind speeds, but at strong wind speeds (neutral conditions), G typically reaches 
a constant value characteristic of the measurement site. The mean GTr depends 
on various environmental factors, such as the measurement height, surface 
roughness, atmospheric static stability [11]. 

A normalized gust factor is defined clearly as the ratio of the maximum wind 
speed fluctuation and the standard deviation of the longitudinal wind compo-
nent (ō). 

max,
oPTrK U r Ur

=
−                        (2) 

KPTr, which the gustiness parameter is also referred to as “peak factor” where 
Ur and Umax,r are the same as Equation (1). 

3. Results and Discussions 

The rainfall pattern for each month of the year 2020 can be seen in Figure 3. It is 
distinctively clear that the rainfall started in the month of March (which happens 
to be the smallest in terms of volume) and ends in October (with 12 days). The 
month of September had the highest number of days of rainfall and invariably in 
terms of volume of rainfall too. This is in agreement with [4], which stated that 
precipitations increase (rainfall peak) during which the ITCZ is in the north-
ern-most position. On the other hand, 99% of the measured wind speeds at the 
station, fell within range (0 to 4.40 m/s) given by [13] in Figure 3. The location 
of the station is represented by “Red star” in the Map. Figure 4 shows the diur-
nal variations in both the wind speeds and gust wind speeds in everyday of each 
month of the year 2020. The gust winds values are higher than the measured 
wind as expected. The diurnal trend can be divided into early morning (00:00 till 
06:00 hrs), Daytime (6:00 till 18:00 hrs) and Nighttime (18:00 hrs till 23:00 hrs). 
The peak of the wind speeds in January occurred at 01:00 hrs while that of the 
Gust wind speeds for the same month occurred at 03:00 hrs. The strong depres-
sion noticed in the graph in the wind speeds during the daytime of the month 
occurred at 08:00 hrs. While that of the gust wind during the same period oc-
curred at 10:00 hrs. The peak of the wind speeds during the daytime occurred at 
11:00 hrs, but that of gust wind was at 13:00 hrs. The strong depression at the 
later daytime/beginning of nighttime occurred at 18:00 hrs for the wind, but that 
of gust wind occurred roughly at 19:00 hrs. On the other hand, the peak of the 
wind speeds in the month of February 2020, occurred at 03:00 hrs and that of 
gust wind occurred at 05:00 hrs. The “small” depression in the early morning in 
the wind speeds and gust winds both occurred at 03:00 hrs (same time). A “big-
ger” depression was more pronounced in the gust winds in the early morning at 
06:00 hrs. As the day go by, the values of both wind speed and gust wind de-
crease. Moreover, both the wind speeds and the gust winds had their lowest  
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points in this month at the same time (19:00 hrs). Even though, March had only 
15 days data. It still revealed some very important information. Both wind speeds 
and gusty winds showed almost exactly the same trend in both parameters (same 
Peak time, lowest point time etc.). However, the time of the lowest point of the 
both parameters moved from the nighttime period in the earlier two months to 
the early morning period (07:00 hrs). Another vital point to be noted, is the fact 
that the exact time of the lowest point of February (19:00 hrs) was the same time 
as the peak of March. What was distinctively clear from March to December is 
that, both the Wind speeds and “Gust winds” exhibited very similar trends across 
the three classifications. The only difference was whether early morning values 
were greater or less than the night-time values. March, April, May, June, August, 
October, November and December had their early morning values stronger the 
nightime values. Whereas, July and September had stronger night time values 
than morning values. 
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Figure 3. The rainfall pattern for each month of the year 2020. 

 
It is distinctly clear that the trend in the wind speeds and gust wind speeds in 

January exhibited 2 hours variations (whatever happened to the wind speeds 
comes two hours before that of the gust wind occurred during the early morning 
and daytime) and 1 hour variation at their lowest point. The situation in Febru-
ary also showed sometimes 2 hours or same time scenario. This “phenomenon” 
only happened in January and February alone throughout the whole year. This 
might be related to the position of the ITCZ at this time of the year. 

[4] revealed that a climate-induced little shift in the location of the InterTrop-
ical Convergence Zone (ITCZ) “was” noted to have considerable effects on the 
intensity of rainfall and the overall activities of the region. The ITCZ is in the 
southernmost position in Nigeria around January-February (A time in which  
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Figure 4. Diurnal variations in the wind speeds and the Gust winds for each month of the year 2020. 
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dry season is prevalent under the influence of the north-east winds). The month 
of March had a holistic change in the shape of the trend, the time of peak and it 
now follows the usual diurnal trend (low in the early morning, high in the after-
noon and low at night). The change in both parameters was very drastic, and 
what caused it must definitely be a “major” thing. I strongly believe, it is as a re-
sult of the movement of the Sun. The Sun crosses the Equator and moves north-
ward in March, thus leading to high temperature around March-April in the re-
gion [4]. The effect of the crossing is experienced in both months (temperature 
and winds). No wonder, the graphs of the two months (both in wind speeds and 
gust winds) reflect a chaotic pattern throughout the whole month. This pattern 
only occurred in the two months (March and April) out of the whole year. Even 
though March, April, May, June, August, October, November and December 
had their early morning values stronger the nightime values. The month of No-
vember and December had stronger early morning values than other months as 
seen from the graph. This could be as a result of the presence of the Northeast 
winds (early stages of the dry season at the location). Figures 5 shows that, there 
are more stronger wind speeds and gust winds in the months of the dry season 
(October till March) than in the months of the rainy season (April till Septem-
ber). This is in agreement with [4] [17] [27]. 

Figure 5 shows the gust factor of the measured wind speeds and gust winds. 
The month of January had the highest values, with April being the next, then 
February. After that May, then March. Meanwhile, June, July, October, Novem-
ber and December showed particularly very low values when compared with 
others. The month of January and April had highly very strong values during the 
daytime than the early morning or nighttime. The month of February had 
roughly strong values across the three stages. March had stronger values at the 
early morning. May had almost uniform values across the three stages. June had 
stronger values at the early morning. July had almost uniformly values across the 
three stages. August had stronger values at early morning up to 12:00 hrs and 
then at night time. September had stronger values at the early morning up to 
09:00 hrs then latter in the night time. October had more stronger values at the 
early morning up to roughly 12:00hrs. However, November and December 
showed similar scenario as both had stronger values at the night-times. The 
higher the Gust factor, the lower the wind speed and vice versa. The gust factor 
is said to be a crude representation of the dynamic properties of the wind. Its fo-
recasting is considered very vital in different areas highlighted earlier in the pa-
per. [26] revealed that knowing the time of high or low speeds is very important 
for load estimation on large structures in exposed locations. The Peak factor of 
the whole months in the year 2020 as seen in Figure 6 clearly showed that Janu-
ary and April stood out from the rest. In terms of being the months with the 
highest positive values and highest number of negative values (April first then 
January). April had its stronger values almost 3 times that of January. The next 
month after January was March (but no negative value at all), then May (only  
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Figure 5. Gust Factor for each of the hour for the whole months of the year 2020. 
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Figure 6. Peak factor for each of the hour for the whole months of the year 2020. 
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one negative value). The month of December was the least. This leads to the 
month of December having the strongest wind speeds in the year. [27] showed 
that atmospheric stability relates squarely to both intensity and length scale of 
turbulence. This makes gust factor to be lower for stable conditions. However, 
[26] showed that the peak factor is less sensitive to stability, but shows a slightly 
deceasing trend with increased stability. While Gust factor showed January, 
April, February and May in that order. Peak factor showed April, January, 
March and May in that order. It was clear from the earlier results that March 
and April as shown in Figure 5 due to the movement of the Sun at that time 
(Considering the location of the station too) had a strong impact on the meas-
ured wind speeds and gust winds as showed by their graphs. [26] states that by 
using the peak factor (which includes the turbulence intensity), the dependence 
on turbulence and atmospheric stability is reduced, but still present. The results 
showed by the Peak factor (KPTr) is clearly a better measure for gustiness than 
Gust factor. 

Figure 7 shows stronger values in both parameters in the months in the dry 
season (January, February, November and December). The figure also shows a 
rough increasement in the values of the mean of both parameters as the month 
moves through the raining season. Both parameters also exhibited very strong 
depression from February to March (the strongest in the whole data). Figure 8 
however, shows similar trend in both parameters with the deepest depression 
from February to March. Figure 7 and Figure 9 clearly show that the relation-
ship between the Wind speeds and Gust wind speeds were linear with significant 
coefficient of determination (R2) of 0.9653. 

 

 
Figure 7. Mean wind speed and mean gust wind speed for each month of 
the year 2020. 
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Figure 8. Standard deviation of the wind speed and gust wind speed for each 
month of the year 2020. 

 

 
Figure 9. The relationship between mean gust wind and mean wind speed at 
Abuja, Nigeria for 2020. 

4. Conclusions 

This paper throws up some very interesting detailed information about the in-
ter-relationship between maximum and average wind speeds at this specific lo-
cation. One of them was, the unique scenario between the wind speed and gust 
wind speed of January and February, 2020. The strong reversal in the trend of 
both parameters from March till December was another main point of the paper. 
The impact of the change in the trade wind (from North east trade wind to 
southwest trade wind) from February to March and from Southwest trade wind 
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to northeast trade wind from September to October was clearly seen in the re-
sults. 

The use of the gust factor also revealed that the month of June till December 
had far stronger wind speeds than January to May. However, the use of Peak 
Factor which is a far better measure of gustiness according to [26]. [26] showed 
that the peak factor is less sensitive to stability, but also shows a slightly decreas-
ing trend with increased stability.  

This invariably means that the Peak factor showed increasing trend with de-
creasing stability. Nigeria being located in the tropical region where the atmos-
phere is warm throughout the year automatically makes Peak factor a better op-
tion. 
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