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Abstract: Realistic knowledge of rainfall characteristics and modeling parameters such as size, shape, and drop size
distribution is essential in numerous areas of scientific, engineering, industrial and technological applications. Some key
application areas include, but not limited to microphysics analysis of precipitation composition phenomenon, weather
prediction, signal attenuations forecasting, signal processing, remote sensing, radar meteorology, stormwater
management and cloud photo detection. In this contribution, the influence of rain intensity on raindrop diameter and
specific attenuation in Lokoja, a typical climate region of Nigeria is investigated and reported. Three different rain rates
classes obtained due to heavy rainfall depth, heavy rainfall depth, and heavy rainfall depth have been explored for the
raindrop size distribution analysis. The three-parameter lognormal and Weibull models were utilised to estimate the
influence of rain rates on the drop sizes and specific rainfall attenuation in the study location. For Lognormal model,
the maximum raindrop concentration occurred approximately at diameter of 1 mm before showing downfall
performance trends as the drop diameter increases. In the case of Weilbull model, the maximum raindrop concentration
occurred at different drop diameter with the three rain rate classes, before showing downfall concentration trends with
increasing rain drop diameter values. By means of the two models, the highest raindrops concentration values attained
in correspondence with the specific rain attenuation were made by drop diameters not more than 2.5 mm. In terms of
rain rate, specific attenuation and frequency connection, the results disclose that attenuation of propagated
electromagnetic waves increases at increasing rainfall depth and increasing operating frequency bands. The results also
disclose that the specific attenuation is directly proportional to the increase in rain intensity levels in correspondent with
the operational frequency. As a case in point, at 4GHz frequency, the attenuation level of about 20 dB/km level is
attained for mean, minimum and maximum rain rates of 29.12, 12.23 and 50.22 mm/hr, respectively. But as the
frequency increased from 4GHz to 20GHz, the attenuation level almost doubles from 20 to 45dB/km at still same rain
rates. The above performance is so, because at higher radio-microwave frequencies, the wavelength of the propagated
electromagnetic waves approaches the mean diameter of the raindrop. The results display gradual increase in
attenuation levels as the diameter rain drop sizes and intensity increases or become broader. The attenuation grows
because the raindrops interfere, distort, absorb and scatter major portion of the microwave energy. However, the gradual
trend in the attenuation level increase becomes slower and tending to logarithm stability at larger rain drop values. This
may suggest that the attenuation level may come to equilibrium state at higher rain drop diameters. The resultant
outcome of this work can assist microwaves communication engineers and relevant stakeholders in the
telecommunication sector with expedient information needed to manage specific attenuation problems over Earth—space
links communication channels, particualry during rainy seasons.

Index Terms: Lognormal model, Weilbull model, Rain rate, Rain attenuation, Raindrop concentration, Raindrop
diameter, Specific attenuation.
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1. Introduction

Rainfall events remained one vital natural phenomenon affecting the coverage strength and energy propagation of
signals at different frequency bands. The energy of propagated microwaves signals can be attenuated over spatial
communication channels as a result of their distortion, scattering and absorption that cause attenuation of
electromagnetic waves and this in turn degrade the coverage quality of the transmitted signals at receiver end and the
entire service reliability of communication links [1, 2]. Particularly, at certain transmission frequencies signal
attenuation due water vapour absorption, dispersive molecular absorption and scattering has been reported to have
significant effects on cellular communication systems [3, 4]. The absorption leads to equivalent loss and reduction
transmitted signal energy and momentum. Moreover, refractive effects due to rainfall events can cause phase and
amplitude scintillations (fast fading) at round the user equipment terminal.

Lokoja is situated in the tropics and raining seasons in this region is convectional in nature. The heating of the land
and terrain during the day set convectional currents into motion. The rising of atmospheric events due to warm air often
results to cumulonimbus clouds (i.e., hot tower cloud) formation, thunderstorm cloud formation and torrential rainfall
[4]. Therefore, a good knowledge of rain drops size distribution (DSD), rain depth and their intensity levels are very
critical in the evaluation and prognostic assessment various attenuations due to rain over the wireless communication
channels and systems during planning and optimization. Information about raindrop size distribution (DSD) due to rain
is very vital for predictive estimation and analysis microwave signal coverage [5-10]. The DSD modeling is particular
important for microwave planning application in the tropical region over the counter part region because tropical region
is characterized with heavy rain rate and very heavy experiences [11-15].

Our main objects in this paper are to expore relevant rain rate models to analyse and provide clear information on
raindrop size concentration level that can be attained in Lokoja; determined connection between the raindrop sizes and
specific attenuation levels four different rainfall distribution models and also quantified the influence of the raindrop
diameter and rain rate on specific attenuation

A. Literature Review and Research Motivation

Various studies on rainfall characteristic parameters modeling and analysis such as rain attenuation, rain drop
diameter, raindrop size distribution, velocity and depth of fall utilising simulated and measured data have been reported
in literature, but particularly at higher frequencies [15-22], Semi-Temperate [31], and Mediterranean [32-34]. However,
a detailed clear-cut study on raindrop size rainfall distribution analysis and their influence on specific signal attenuation
are mixing in typical Tropical climate region where this study is conducted. In our previous works, the effect of rain
rate, cloud, snow and atmospheric gases were modeled and quantified to estimate their resultant impact on RF
communications in Dry Savanna and Tropical Wet Climate [36, 37].

In this paper, rain intensity impact on raindrop diameter and specific attenuation at microwaves communication
links is investigated using Tropical climate region as a case study.

To this end, the research paper is motivated by the following prime contributions:

= We conducted a detailed statistical analysis and classification of 12 years of empirical rain rate data in the
tropical climare region.

= We provide a detailed survey on most commonly propabaility distribution models used for raindrop size
distibution (DSD) analysis in literature

=  We expore the models to conduct and provide raindrop size concentration that can be attained using the
propabaility distribution models in the study location

= We determined connection between the raindrop sizes and specific attenuation levels four different rainfall
distribution models

= We quantified the influence of the raindrop diameter and rain rate on specific attenuation

The remaining lot of the paper is structured-out as follows. Section 2 highlights the paper preliminaries. In section
3, materials, case study area and data collection method are given. Section 4 delivers the results accompanied with clear
discussions. Lastly, summarized conclusion of the paper is provided in section 5.

2. Background

A. Rain

Basically, there exist two main types of rain in the tropics, namely the stratiform rain and the convective rain.
Stratiform rain is by definition conditionally stable and stratified. This type of rain occurs when a pool or large amount
air masses grow transversely in correspondence with larger-scale force of atmospheric dynamics.

Convection rain is by definition unconditionally stable and short. This rain type occurs when the Earth's surface,
particularly in the interior of the moist atmosphere, get heated above its surroundings temperature, which in turn result
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to significant evaporation. Convective rainfall falls from active cumulus and cumulonimbus clouds while Stratiform
rainfall falls from nimbostratus clouds.

B. Rain Drop Size and Distribution Models

In a cloud, there exist numerous banks of droplets of different sizes, which accumulate up in the air, but not yet
large enough to fall as rain. By way of a process, known as ‘collision and coalescence’, larger and smaller cloud
droplets collide and fall as rain.

In the radio microwave frequency range of the electromagnetic spectrum, the drop size, velocity, depth and shape
of rainfall all play key part in the attenuation and degradation of propagated signals energies via scattering, absorption
and diffraction. The rain drops size distribution, N (Di), expresses the raindrops’ number falling per cubic meter (mm-
3m1), with drop diameters, Di. There exist many models in literature that connects rain drop size and rain rate (i.e rate
of falling rain). One of the first ever empirically based models was proposed in [35] to model median diameter to rain
rate and it is given by:

D, =-1.238R™"* @

where R; definesthe rain rate in mm/hr.

Later on, the authors in [38] came up with an exponential based distribution model provided a superior
performance on raindrop-size distribution analysis and rainfall rate computations. The empirically based exponential
distribution model is given by:

N(D,) =N, e™" 2

where the sloe parameter, A = 4.11.238%°# and N indicating the scaling parameter. The expression in (2) is the

popular so-called exponential model.
Furthermore, researchers conducted by the authors in [38-40], introduced three-parameters based Gamma and
Lognormal models for raindrop size analysis. The three Gamma model is expressed in the form:

N(D,) =N, D"e ™" ©)

where A =7.09R°%, N, =64500R **and with u being the shape parameter.
The three-parameter lognormal model is given by:

v
ND) - JNZL”;L;[_%[W) ] @

where
A =7.09R™¥ (5)
N, =aR’ (6)
p=A, +B,InR, (7)
o’ =A,+B,InR, (8)

Apart from the gamma, exponential, and lognormal distributions models, which are most common for raindrop
distribution modeling and analysis in the literature, there exist other distribution model like the Weibull model and it is

the form [41];
N(D,) =N, Z(T)M{—[?]q] ©)

A =7.09R ¥ (10)

where

N, = 64500R °° (11)
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In this paper, the three-parameter lognormal and Weibull models are engaged to estimate the influence of rain rates
on the drop sizes and specific rainfall attenuation in the study location.

3. Methods

A robust stepwise approach is adopted here to conduct a detailed clear-cut study on raindrop size distribution
analysis. To this end, we engaged the three-parameter lognormal and Weibull models described in equations (4) and (9)
to achieve the driving goal. Information on the study location and the method of rainfall data collection explored are
provided as follows:

A. Study Area

Lokoja, the research study location, is the commercial and administrative capital of Kogi State. Lokoja is a
medium-sized semi-urban city and it is situated between Longitude 6° 41’E - 6° 46’E and Latitude in north central,
Nigeria as displayed in Fig. 1. The climate is naturally tropically moist, characterized by oppressive and overcast wet
season. The dry season is partly cloudy, hot and muggy all year round, with temperature range between 37°C to 41°C,
and with January and March most times being the hottest period. The climatic condition of Lokoja is highly influenced
by two main big rivers, which are River Niger and River Benue. The mean rainfall of Lokoja is approximately 1214mm
in terms of depth level during rainy season. Rainfall season usually commences in the first quarter of the year between
months of March and April [42].
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Fig. 1. Map Display of study location and their geographical coordinates

B. Data Collection Method

The empirical 12-year rainfall data engaged to conduct the influence of rain intensity (i.e., rain rate) on raindrop
diameter and specific attenuation at microwave frequency band in this study has obtained from the Nigerian
Meteorological Agency (NIMET). This is the first and only main agency equipped and empowered by Nigeria
government to monitor and acquire daily/yearly data concerning weather and climatic conditions. The said task is given
to the agency for policy planning, formulation, planning, management, and research purpose in the sector [4].

The agency has many work stations equipped with manual and electronic measuring tools such as weather radar
and tipping-bucket rain gauge, all which stationed in different region of the Nigeria, wherein rainfall data, including
precipitation are taken and recorded daily. The tipping-bucket is an automatic mechanical device designed to
measures rainfall depth in increments of approximately 0.25mm. The tipping-bucket has a detached point and a tip with
pail and funnel for the rainfall data collection. As soon as an equivalent amount of 0.25mm rainfall depth has been
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obtained and recorded with the bucket, it is tipped off (emptied). Displayed in Fig. 2 is Mean Annual Depth of Rainfall
depths obtained from study location.

Mean Annual Rainfall Depth (mm)

2020

2018

2016

Year

2014

2012

2010

2008

r T T T T T 1

1000.00 1050.00 1100.00 1150.00 1200.00 1250.00 1300.00

Fig. 2. Mean Annual Depth of Rainfall depths from study location

4. Results and Discussion

The required scripts coding, computations, results and their graphical displays are provided in detail in this section
with the aid of MATLAB software.

Generally, rain is classified according to the depth and rate at which it falls. The duration of fall can long, very
long or short. Here, the obtained depth of rainfall data collected from the study location were first converted to rain
rates (i.e., rain intensity) by dividing the rainfall depth by the duration of fall. Then, similar to the authors in [4], the rain
rate has been classified into three parts, namely heavy, very heavy and extreme heavy rate. While the very heavy rain
rates are the ranged of 1-30 mm/hr, the very heavy rain rates were ranged from 60-120 mm/hr. The extreme heavy
category falls under 121 mm/hr and above. The chart in Figure 2 displays the mean, minimum and maximum of the
classified rain rates.

=~ 140
S 120
£
£ 100
i) 80
2 60
f=
' 40
-4
20
0 Ext Rai
Heavy Rain rate Very Rain rate xtreme Rain
rate
H Mean 29.27 73.71 100.39
H min 12.28 60.36 85.5
M max 59.18 100.57 122.15

Fig. 3. Classified Rain Rates values due to different Rain Depth and Duration

Figs. 4 to 9 show the rain drop distribution levels attained versus drop diameter for minimum, maximum and mean
rain rates using the Lognormal and Weibull models expressions in equations (4) and (9), respectively. For Lognormal
models, the maximum concentration occurred approximately at diameter of 1 mm before showing downfall
concentration trends as the drop diameter increases. In the case of Weilbull model, the maximum concentration
occurred at different drop diameter with the three rain rate types, before showing downfall concentration trends of rain
drop diameter increases.
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Min. Rain Drop size Distribution with Lognormal
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Fig. 4. Rain drop count versus drop diameter and relationship minimum Rain Rates with Lognormal model
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Fig. 5. Rain drop count versus drop diameter and relationship mean Rain Rates with Lognormal model

Max. Rain Drop size Distribution with Lognormal

N(D)[m-3mm-1]

10 L — + Heavy Rain Rate

——+—— Very Rain Rate

¢ Extreme Rain Rate

0 1 2 3 4 5 6
Diameter (mm)

Fig. 6. Rain drop count versus drop diameter and relationship maximum Rain Rates with Lognormal model
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Mean Rain Drop size Distribution with Weibull
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Fig. 7. Rain drop count versus drop diameter and relationship minimum Rain Rates with Weibull model
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Fig. 8. Rain drop count versus drop diameter and relationship mean Rain Rates with Weibull model

Min. Rain Drop size Distribution with Weibull
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Fig. 9. Rain drop count versus drop diameter and relationship maximum Rain Rates with Weibull model

Figs. 10 to 15 show the graphical attenuation levels attained as function of drop diameter for the three rain rates
types using lognormal and Weibull models. By observation in all figures, the entire graphs first depict growing
attenuation level trends as the drop diameter increases, then get to maximum attenuation point with drop diameter
before showing downfall attenuations trends as even the drop diameter increases. For Lognormal model, the maximum
drop diameter with the signal attenuation occurred stand at 1.0, 1.5, 1.6 mm. In the case of Weilbull model, the
maximum drop diameter with which highest signal attenuation occurred 2.0, 2.3 and 2.9mm, respectively, before
showing downfall concentration trends of rain drop diameter increases. These results may suggest that the one-to-one
connection between both signal attenuation and rain drop size does not grow continuously and preposterously. These
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simply imply that signal attenuation only grows linearly on at lower drop diameter and nonlinear at higher drop
diameter, which occurs at after stable equilibrium has been reached as seen in in the figures.

Mean Specific Attenuation versus Rain drop Diameter with Lognormal
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Fig. 10. Specific attenuation versus drop diameter and relationship minimum Rain Rates with Lognormal model.
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Fig. 11. Specific attenuation versus drop diameter and relationship mean Rain Rates with Lognormal
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Fig. 12. Specific attenuation versus drop diameter and relationship maximum Rain Rates with Lognormal model
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Mean Specific Attenuation versus Rain drop Diameter with Weibull
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Fig. 13. Specific attenuation versus drop diameter and relationship minimum Rain Rates with Weibull model
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Fig. 14. Specific attenuation versus drop diameter and relationship mean Rain Rates with Weibull model
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Fig. 15. Specific attenuation versus drop diameter and relationship maximum Rain Rates with Weibull model

Figs. 19 to 22 show the graphical representation of attenuation levels impact with drop diameter for the three
classified rain rates types by also using models lognormal and Weibull rain distribution models. A gradual increase in
attenuation levels is seen for graphs as the diameter rainfall sizes increases or become higher and wider. Clear
observations from the graphs indicate that attenuation of microwave signals grows more as the raindrop sizes increases.
The attenuation grows because the raindrops interfere, distort, absorb and scatter major portion of the microwave
energy and this in turn can degrade the coverage quality of the transmitted signals at receiver end and the entire service
reliability of communication links. However, the gradual trend in the attenuation level increase becomes slower and
tending to logarithm stability at larger rain drop values. This may suggest that the attenuation level may come to
equilibrium state at higher rain drop diameters.
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Fig. 16. Rain drop count and Rain Rates relationship with lognormal model
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Fig. 17. Rain drop count and Rain Rates relationship with Weibull model

The graphs in figures 22 to 24 display electromagnetic wave attenuation at different frequencies. The graphs
simply disclose that attenuation of propagated electromagnetic waves increases at increasing rainfall depth and
increasing operating frequency bands. It also shows attenuation to rain is directly proportional to the increase in rain
intensity levels and increase of the operational frequency. As a case in point in figure 22, at 4GHz frequency, the
attenuation level is at 20 dB/km level for mean, minimum and maximum rain rates of 29.12, 12.23 and 50.22 mm/hr,
respectively. But as the frequency increased from 4GHz to 20GHz, the attenuation level almost doubles from 20 to
45dB/km at still same rain rates. The above performance is so, because at higher frequency bands, the wavelength of the
propagated electromagnetic waves approaches the mean diameter of the raindrop. Consequently, this will result to
substantial energy tradeoff between the raindrops and the propagated electromagnetic waves. Such energy interaction
tradeoff will in turn leads to major attenuation of the propagated electromagnetic wave signals. The attenuation effect
becomes more serious with larger rain rates. This is simply based on the principle of physics, wherein the higher
transmission frequency of waves, the smaller the wavelength will become smaller. Also at lower frequency bands, the
wavelength of the propagated electromagnetic waves becomes much larger than the mean raindrop diameter [43-47].

Attenuation due to Mean, Maximum and Minimum Heavy Rain Rates
300 .
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250 |
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200
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50 L

10° 10! 102
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Fig. 18. Specific attenuation and frequency relationship for Heavy rain rates
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Attenuation due to Mean, Maximum and Minimur Very Heavy Rain Rates
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Fig. 19. Specific attenuation and frequency relationship for VVery Heavy rain rates
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Fig. 20. Specific attenuation and frequency relationship for Extreme rain rates

5. Conclusion

Atmospheric based impairments remained one key source of signal degradation in cellular communication links.
This contribution was designed to investigate the rain intensity influence on raindrop diameter and specific attenuation
of microwaves in the 3-30GHz band. The aim has been fully accomplished by engaging combined empirical rain rate
data and relevant models such as lognormal and Weibull for the investigation. By means of the two models, the highest
raindrops concentration values attained in correspondence with the specific rain attenuation were made by drop
diameters not more than 2.5 mm. In terms of rain rate, specific attenuation and frequency connection, the results
disclose that attenuation of propagated electromagnetic waves increases at increasing rainfall depth and increasing
operating frequency bands. It also shows that attenuation to rain is directly proportional to the increase in rain intensity
levels and increase of the operational frequency. The above performance is so, because at higher frequency bands, the
wavelength of the propagated electromagnetic waves approaches the mean diameter of the raindrop. The results display
gradual increase in attenuation levels as the diameter rain drop sizes and intensity increases or become broader. The
attenuation effect becomes more serious with larger rain rates. This is simply based on the principle of physics, wherein
the higher transmission frequency of waves, the smaller the wavelength will become smaller. Also at lower frequency
bands, the wavelength of the propagated electromagnetic waves becomes much larger than the mean raindrop diameter.
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