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Abstract. This paper presents 6 years one-minute wind speed data obtained from Covenant 

University, Ota during the period 2012 to 2017. High rainfall accumulation and rain rate are 

the features experienced in the tropics. This eventually leads to high attenuation of microwave 

signals propagated at frequency above10 GHz. One factors amongst others that affect the 

accuracy of the measurement of rainfall is wind speed. Wind speed being one of the key 

parameters during rainfall, has significant effect on the accuracy of rainfall rate and the 

propagation of communication signals.For efficient and reliable access communication link 

there is need for adequate study to mitigate its effect on attenuation in any location of interest. 

As the wind speed increases during rainfallit induces error in the measurement of rain 

rate.Hence for adequate and reliable prediction of attenuation, the evaluation of the distribution 

of wind speed during rainfall is essentialin any locality.The results obtained showed that the 

average wind speed observed from 2012 to 2017 were 2.8 m/s, 2.7 m/s, 2.3 m/s, 1.4 m/s, 1.5 

m/s and 1.5 m/s respectively. From the result obtained, the average wind speed is low.hence, 

no significant error in the measurement of rainfall accumulation and rain rate in the location of 

study. 

 

1.  Introduction  

Rainfall rate is a fundamental parameter in the prediction of attenuation of microwave signals at 

frequency, 10 GHz and above [1-7]. Rainfall rate is the rain accumulation per unit time, measured in 

mm/hr. The accuracy in the measurement of precipitation data is particularly important as it is the 

major input parameter for some scientific applications especially in the prediction of attenuation of 

communication signals in any locality. Absorption and scattering are two phenomenon that causes 

reduction in the signal strength of incident microwave signals as it propagates through the troposphere 

from the transmitter to the receiver of the ground station [8-10]. This effect is observed both at the 

point-to-point link or earth to satellite link. These phenomena are severely observed during rainfall 

due to the spectral differences in the diameter of the wavelength of the microwave signal and rainfall 

distribution size. The arrival of raindrops at their terminal velocities on the earth surface depend on 

their sizes.  
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Thevertical wind speeds in cloudsdetermines the least possible size of raindrops dropping on the 

ground. The lower clouds generate drizzle type of rain with diameter of about 0.1 mm diameter [11-

12]. During the fall, raindrops of about 7 mm in diameter breaks apart into smaller diameter.Raindrops 

which appear as almost perfect spheres with diameters less than 0.3 mm fall at terminal (falling) 

velocity [13, 12]. Rainfall rate can also be described as the depth of the layer of precipitation, as it falls 

for a period of one-hour and above especially when evaporation did not occur, not absorbed by the 

soil, and not affected by wind. 

 

The rain gauge offers almost an accurate possible spatial and temporal measurement of rainfall at a 

point, although this might be prone to some likely errors depending on where it is installed. The 

environment or location of the rain gauge could change from calmness to turbulence (windy). 

Evaluation of the wind condition of the location of study is necessary to integrate its results as an 

additional cause of error for an adequate prediction of the total attenuation to radio waves signal 

propagated in the location of study.  

 

These errors could be systematic and/or random errors which could be as a result of environmental 

condition that could affect reliable precipitation measurement and collection of accurate data such as 

wind-induced gauge measurement [14-15].Wind speed causes the terminal velocities and 

corresponding kinetic energy of raindrops to decrease/increase. This affects the inclination angle at 

which each raindrop falls. Any increase in wind speed causes a resultant rise in the inclination angle 

and kinetic energy of the raindrops as it approaches the ground [16].  

 

These errors could be introduced into the rain gauge data measured and collected over time which 

could cause loss of rainfall accumulation and rain rate data. This data is very important for prediction 

of rain attenuation of communication signals hence the need to evaluate the wind speed observed 

during rainfall to ascertain its possible effect on the accuracy of the data collected and analysed [17-

18]. Hence, the accurate information about the wind speed data in a targeted location for proper 

prediction of attenuation is very essential. It has been reported that in Nigeria, there is variation in the 

wind speed detected across the country. In the south, the wind speed ranges between 2 m/s and 9.5 m/s 

while a higher value is experienced in the north [19-20].  

 

2.  Methods and Data Analysis 

The data used in the analysis was obtained at Covenant University, Ota, Southwest Nigeria. Figure 1 

shows the Davis weather station-Vantage Vue2. The equipment is used in the measurement of weather 

data such as rainfall rate,temperature, humidity, wind speed, pressure, water vapour. It comprises of a 

group of devicesknown as Integrated Sensor Suite (ISS) for the measurements. In addition, itmeasures 

surface wind speed and directionusing an anemometer. It also measuressolar radiation and energywith 

the aid of solar sensors. Vantage Vue measures wind speeds as between 2 mph (3 km/h) and 150 mph 

(241 km/h). Davis’ station also reports conditions in as little as 2.5-second intervals depending on 

what is being measured, which is of a great advantage. Davis gives a more accurate count over time. 

Davis’ sensor measures wind speed and direction using the traditional cup and vane. The rain gauge 

used for collection of data is a tipping bucket rain gauge. It is a complete package called Integrated 

Sensor Suite connected to the weather station to acquire rainfall data. The data logger stores data every 

second to return an averaged value every 1- minute. The total number of data per day is 1,440 data 

which amounts to 44,640 per month. The time series plots were obtained to show the monthly 

variation of wind speed at the station of interest. 
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Figure 1: Davis Weather Station Vantage Vue2  

Source: http://www.eeprocess.com/Davis/vantage_vue_iss.html 

 

The daily, monthly, and yearly wind speed data were measured, recorded and analysed for 6 years. 

The diurnal variation in the wind speed during rainfall were observed as the data used were obtained 

in one-minute interval. This is helpful in mitigating against loosing extremely low and/or high wind 

speed data. The monthly mean wind speed was analysed using excel package. Hence, the variation in 

the monthly mean wind speed data was monitored for the six years. 

 

 

3.  Results and Discussion 

The monthly average wind speed observed for six years is presented in Figures 2 to 7. There was no 

result for January, February, and March 2012 because measurement started in April. The month of 

May was the month with the highest monthly average wind speed of 3.4 m/s in 2012 as shown in 

Figure 2. Figure 3 shows that February had the highest monthly average wind speed of 4.6 m/s in 2013 

while the lowest was observed in three months i.e. June, July, and September, respectively. It was 

observed that, there was a decline in 2014 and 2015 while the highest monthly average wind speed of 

3.7 m/s and 3.0 m/s were recorded respectively in April as shown in Figures 4 and 5, respectively. The 

lowest in 2014 was 1.3 m/s while in 2015, 0 m/s was observed. Also, in 2014, there was a constant 

wind speed was observed in May, June, and July. In 2016 and 2017, there was a further decline, the 

highest monthly average wind speed of 2.5 m/s and 2.4 m/s were recorded respectively in March as 

shown in Figures 6 and 7 respectively. The lowest in 2016 and 2017 is 0.7 m/s and 0 m/s respectively 

in January. The overall average was 2.0 m/s. Overall, it is observed that the highest wind speed 

occurred during the period when rainfall is about to kick off. This is the period when there is a shift 

from the dry season to rainy season and a drop in wind speed was observed during the rainy months in 

an average year (June, July, August, September, and October). 

 

For a reliable access to communication signals along satellite communication link both on earth-space 

and point-to-point link requires a line-of-sight (LOS) link between the transmitter and the receiver. 

Along the LOS, weather parameters such as wind, if present above the threshold value would cause a 

false result in the estimation of rain accumulation and rain rate which would eventually affect the 

attenuation estimate for such locality. Ometan, et al.,2019 calculated the rain attenuation resultat 0.01 

% to be 4.01 dB for this locality [21]. The variation in the wind speed obtained from the analysis 

shows that there was no effect of wind on the estimated rain attenuation. Therefore, the rain 

http://www.eeprocess.com/Davis/vantage_vue_iss.html
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attenuation obtained in the study area would be used for the adequate calculation of receive power 

needed to mitigate its effect.  

 

 

 
Figure 2: Average wind speed during rainfall in 2012 

 

 
Figure 3: Average wind speed during rainfall in 2013 
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Figure 4: Average wind speed during rainfall in 2014 

 

 
Figure 5: Average wind speed during rainfall in 2015 
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Figure 6: Average wind speed during rainfall in 2016 

 

 
Figure 7: Average wind speed during rainfall in 2017 

 

4.  Conclusion 

Wind speed being one of the key parameters in the troposphere, has significant effect in the 

propagation of communication signals for efficient and reliable access to information as technology 

advances. Hence the need for its adequate study to mitigate its effect in the evaluation of attenuation in 

any location of interest. Poor/inadequate knowledge of the wind intensity in a locality could result in 

inadequate prediction of rain attenuation in such a locality. This study, therefore, shows the analysis 

carried out on the monthly mean wind speed for the location of interest. The observed results show 

that the wind speed experienced in this location is low. It is found to be within the range such that it 

could not cause any error in the measurement of rainfall accumulation and rain rate, and hence the 

evaluation of rain attenuation. The analysis reveals that the received signal performance is not affected 

by wind, especially during rainfall. More analysis could still be carried out. 

 

-

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

A
ve

ra
ge

 W
in

d
 S

p
e

e
d

 (
m

/s
)

Month

0

1

1

2

2

3

3

A
ve

ra
ge

 W
in

d
 S

p
e

e
d

 (
m

/s
)

Month



4th International Conference on Science and Sustainable Development (ICSSD 2020)
IOP Conf. Series: Earth and Environmental Science 655 (2021) 012057

IOP Publishing
doi:10.1088/1755-1315/655/1/012057

7

 

 

 

 

 

 

Acknowledgment  

The authors acknowledge the Center for Research, Innovation and Discovery (CUCRID), Covenant 

University, Ota, Nigeria for full sponsorship of the research paper. 

 

References 

[1] Sudarshana, K. P. S., and Samarasinghe, A. T. L. K. (2011). Rain rate and rain attenuation 

estimation for Ku band satellite communications over Sri Lanka. 2011 6th International 

Conference on Industrial and Information Systems. 

[2] Choi D. Y., J. Y. Pyun, S. K. Noh and S. W. Lee, 2012. Comparison of Measured Rain 

Attenuation in the 12.25 GHz Band with Predictions by the ITU-R Model, International 

Journal of Antennas and Propagation. Vol. 2012, pp. 1-5, Article ID 415398, 5 pages. 

[3] Isikwue, B. C., Ikoyo, A. H. and Utah, E.U., 2013. Analysis of rainfall rates and attenuations 

for line – of –sight EHF/SHF radio communication links over Makurdi, Nigeria. Research 

Journal of Earth and Planetary Sciences, Vol. 3(2) pp. 60 – 74. 

[4] Omotosho, T. V., Obiyemi, O. O., Mandeep, J. S., Abdullah, M., Akinwumi, S. A., 

Willoughby, A. A., Ometan, O. O. and Adewusi, M. O., 2015. Review of Rain Attenuation 

Measurements on Earth - Space Links in Nigeria. International Conference on Space Science 

and Communication, 10-12 August 2015, Langkawi Malaysia. 

[5] Omotosho, T. V., Ometan, O. O., Akinwumi, S. A., Adewusi, O. M., Boyo, A. O. and Singh, 

M. S. J., 2017. Year to year variation of rainfall rate and rainfall regime in Ota, southwest 

Nigeria for the year 2012 to 2015. Journal of Physics: Conference Series, 852 (012013). 

012013. 

[6] Sujan S. and  Choi D. Y., 2017. Rain attenuation over terrestrial microwave links in south 

Korea. IET microwaves, antennas & propagation, Vol. 11 (7), p. 1031 – 1039, 02 June 2017. 

[7] OO Ometan, TV Omotosho, MO Adewusi, SA Akinwumi, ME Emetere and AO Boyo, 2019. 

Six Years Result of Rainfall Rate Measurement at Covenant University, Southwest, Nigeria 

Journal of Physics: Conference Series 1299 (2019), 012061. 

[8] M. C. Kestwal, S. Joshi, and L. S. Garia, 2014. Prediction of Rain Attenuation and Impact of 

Rain in Wave Propagation at Microwave Frequency for Tropical Region (Uttarakhand, India). 

International Journal of Microwave Science and Technology. Vol. 2014, Article 

ID 958498 pp. 1 – 6. 

[9] J. Y. Suen, 2016. Terabit-per-Second Satellite Links: a Path Toward Ubiquitous Terahertz 

Communication. Journal of Infrared, Millimeter, and Terahertz Waves, Vol. 37, pp. 615–639. 

[10] Kaushal, H., and Kaddoum, G. (2017). Optical Communication in Space: Challenges and 

Mitigation Techniques. IEEE Communications Surveys & Tutorials, 19(1), 57–96. 

[11] Tao, W.-K., Chen, J.-P., Li, Z., Wang, C., & Zhang, C. (2012). Impact of aerosols on 

convective clouds and precipitation. Reviews of Geophysics, 50(2), pp. 1 – 62. 

[12] Mason, S. L., Chiu, J. C., Hogan, R. J., & Tian, L., 2017. Improved rain rate and drop size 

retrievals from airborne Doppler radar. Atmospheric Chemistry and Physics, 17(18), 11567–

11589. 

[13] Niu, S., Jia, X., Sang, J., Liu, X., Lu, C., & Liu, Y. (2010). Distributions of Raindrop Sizes 

and Fall Velocities in a Semiarid Plateau Climate: Convective versus Stratiform Rains. 

Journal of Applied Meteorology and Climatology, 49(4), 632–645.  

[14] Matteo C. and Luca L., 2016. On the wind-induced undercatch in rainfall measurement using 

CFD-based simulations. Geophysical Research. Vol. 18, EGU2016-13349, 2016 

[15] Z. Zhou, B. Yong, J. Liu, A. Liao, N. Wang, Z. Zhu, D. Lu, W. Li and J. Zhang, 2019. 

Preliminary Evaluation of the HOBO Data Logging Rain Gauge at the Chuzhou Hydrological 

Experiment Station, China. Advances in Meteorology, Vol. 2019, pp. 1 – 10. Article ID 

5947976 

https://www.hindawi.com/journals/ijap/
https://www.hindawi.com/journals/ijap/
https://www.hindawi.com/journals/ijap/
https://digital-library.theiet.org/search;jsessionid=set6kggxthn8.x-iet-live-01?value1=&option1=all&value2=Sujan+Shrestha&option2=author
https://digital-library.theiet.org/search;jsessionid=set6kggxthn8.x-iet-live-01?value1=&option1=all&value2=Dong-You+Choi&option2=author
https://digital-library.theiet.org/content/journals/iet-map;jsessionid=set6kggxthn8.x-iet-live-01
https://digital-library.theiet.org/content/journals/iet-map/11/7;jsessionid=set6kggxthn8.x-iet-live-01
javascript:void(0)
https://link.springer.com/article/10.1007/s10762-016-0257-x#auth-1
https://link.springer.com/journal/10762


4th International Conference on Science and Sustainable Development (ICSSD 2020)
IOP Conf. Series: Earth and Environmental Science 655 (2021) 012057

IOP Publishing
doi:10.1088/1755-1315/655/1/012057

8

 

 

 

 

 

 

[16] Ayuliana, S., Ilyas, S., Fashbir, 2013. Simulation of wind speed effect on the fall velocity of 

raindrops. Journal of Aceh Physics Society,2(1): 3 – 4. 

[17] G. B. Mekonnen, S. Matula, F. Doležal and J. Fišák, 2014. Adjustment to rainfall 

measurement undercatch with a tipping-bucket rain gauge using ground-level manual gauges. 

Meteorology and Atmospheric Physics Vol. 127, pp. 241–256 

[18] M. D. Pollock, G. O’Donnell, P. Quinn et al., 2018. Quantifying and mitigating wind-induced 

undercatch in rainfall measurements. Water Resources Research, Vol. 54(6), pp. 3863– 3875. 

[19] M. S. Adaramola and O. M. Oyewola, 2011. Wind speed distribution and characteristics in 

Nigeria. ARPN Journal of Engineering and Applied Sciences. Vol. 6(2), pp. 82 – 86. 

[20] Oyewole, J. A., and Aro, T. O. (2018). Wind speed pattern in Nigeria (a case study of some 

coastal and inland areas). Journal of Applied Sciences and Environmental Management, 22(1), 

pp. 119 – 123. 

[21] Ometan, O. O., Omotosho, T. V., Adewusi M. O., Akinwumi, S. A., Emetere, M. E. and 

Boyo, A. O., 2019. Rainfall Attenuation Measurement at Ota, a Tropical Location. 2019 6th 

InternationalConference on Space Science and Communication 

(IconSpace). doi:10.1109/iconspace.2019.8905950  
 

 

 

https://link.springer.com/article/10.1007/s00703-014-0355-z#auth-1
https://link.springer.com/article/10.1007/s00703-014-0355-z#auth-2
https://link.springer.com/article/10.1007/s00703-014-0355-z#auth-3
https://link.springer.com/article/10.1007/s00703-014-0355-z#auth-4
https://link.springer.com/journal/703

