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 Rain attenuation poses a significant challenge to satellite communication networks, 

resulting in signal degradation, increased path loss, and reduced coverage, 

particularly in tropical regions and at frequencies above 10 GHz. This study 

examines average rain-induced attenuation and rainfall data for microwave links 

operating at 11 GHz, 13 GHz, 14 GHz, 18 GHz, and 23 GHz, with a rainfall rate of 

50 mm/h, over a terrestrial link in Port Harcourt, Rivers State, Nigeria. The city's 

terrain, encompassing urban, suburban, and rural environments, serves as a 

representative model for broader applications across Nigeria. Situated in the coastal 

region, Port Harcourt experiences annual rainfall ranging from 2000 mm to 2400 

mm. Satellite communication is frequently hindered by persistent rain attenuation, 

occasionally leading to outages lasting minutes, hours, or even days. Data for this 

analysis were sourced from the Nigerian Meteorological Agency (NIMET), and 

also the International Telecommunication Union's Radio-wave Propagation (ITU-

R P.618-13) model was employed to estimate long-term rain attenuation for these 

frequency bands. Python and Excel software were used for data analysis and 

simulation. The results obtained show that higher frequencies experience greater 

attenuation.  As the frequency increases, the rain attenuation also increases 

significantly. At any given percentage, attenuation increases with frequency. At 

0.001%, 23 GHz has the steepest curve due to its higher attenuation value of 57.63 

dB. Lower frequencies have relatively flatter curves, representing reduced 

attenuation. This helps to clearly show the trend at very small percentages of time. 

Attenuation decreases rapidly as the percentage of time exceeds increases. Also, 

the analysis revealed significant attenuation from June to September, coinciding 

with the peak rainfall period in the region. This study underscores the substantial 

impact of rain fade on signal attenuation at higher frequencies in Port Harcourt. The 

findings provide critical insights for satellite communication engineers to optimize 

the planning and design of microwave links in the region throughout the year. 
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1. Introduction  

The growing demand for high data rates and capacity, 

coupled with the limitations of previous wireless generations 

in meeting these needs, has driven extensive research and 

development of 5G/6G communication networks [1]. These 

advanced networks are designed to deliver multi-gigabit-per-

second (Gbps) data rates, exceptionally low latency, and 

improved quality of service (QoS), supporting critical 

applications such as e-health in rural areas, inclusive 

education, and bridging the digital divide [2].   

Millimeter wave (mmWave) communication, operating 

within the 30–300 GHz frequency range, has emerged as a 

key candidate for 5G/6G networks and beyond, addressing 

the scarcity of sub-6 GHz spectrum [3]. The mmWave band 

offers enhanced security for communication transmissions 

and the large bandwidth necessary for achieving higher data 

rates in fronthaul, backhaul, and short building-to-building 

links [4]. However, a significant challenge of mmWave 

signals lies in their limited propagation distance, as they are 

highly susceptible to attenuation caused by atmospheric 

phenomena such as rain, foliage, and atmospheric absorption 

[5].   

This research primarily aims to evaluate the impact of rain 

attenuation on radio frequencies. Among various 

atmospheric factors, rain is the leading cause of signal 

attenuation in microwave and millimeter wave 

communication, due to absorption and scattering effects on 

terrestrial and satellite links. The attenuation effect becomes 

particularly pronounced when the operating frequency 
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exceeds 10 GHz, especially in tropical regions prone to heavy 

and thunderous rain with significant depths [6]. Estimating 

its impact on link design remains unpredictable and 

challenging. 

2. Study Area 

Port Harcourt was established by the British colonial 

administration in Nigeria between 1912 and 1914. 

Geographically, it is situated between latitudes 4° 44' 58.8" 

N and 4° 56' 4.6" N, and longitudes 6° 52' 7.2" E and 7° 7' 

37.7" E. The city experiences a tropical humid climate 

characterized by long, heavy rainy seasons and brief dry 

seasons. It receives abundant sunshine, with temperatures 

ranging from 25°C to 28°C [7].   

As of the 2006 Census conducted in Nigeria, the urban 

population of Port Harcourt was estimated at 1,382,592. Road 

construction in this region faces significant challenges due to 

its unique terrain. The city lies on a low-lying coastal plain, 

geologically part of the sedimentary formation of the recent 

Niger Delta, with an elevation of less than 15.24 meters. 

Drainage in the area is poor, influenced by numerous surface 

water bodies and heavy annual rainfall, ranging from 2000 

mm to 2400 mm [8].  

 
Fig.1(a): Map of Port Harcourt City with different routes. 

The coastal location of this city exposes it to frequent and 

intense rainfall, which has had a considerable impact on 

microwave communication systems. The persistent rainfall 

contributes to rain attenuation, a phenomenon where rain 

droplets absorb and scatter electromagnetic waves, 

weakening signal strength and degrading communication 

quality. This attenuation effect results in consistent signal 

distortions that can lead to communication outages lasting 

minutes, hours, or, in severe cases, even days.  These 

disruptions have raised significant concerns among service 

providers, businesses, and researchers regarding the 

reliability of microwave communication networks. 

Addressing this challenge requires innovative strategies to 

mitigate the impact of rain attenuation. These could include 

employing robust fade mitigation techniques, optimizing link 

budgets with higher fade margins, leveraging alternative 

communication bands less affected by rain. 

3. Literature Review 

Numerous researchers and authors have made significant 

efforts to assess rain rate, rain attenuation, and signal 

degradation both within and outside Nigeria. For instance, [9] 

conducted a study using 1-minute rain rate data collected over 

two years in Akure, Nigeria. Measurements were obtained 

with an electronic weather station and a self-emptying tipping 

spoon, and the data was logged for analysis. The study 

employed validation techniques such as prediction error, 

RMSE, SC-RMSE, and Spearman’s rank correlation. The 

findings revealed that no single model consistently provided 

a superior fit compared to others.   

In Malaysia, research was conducted on the propagation of 

millimeter waves (mmWaves) over a 38 GHz link using real 

measurement data. The study utilized one year of rainfall data 

gathered over a 38 GHz line-of-sight link with a 300-meter 

path length and a sampling interval of 1 minute. Rain-induced 

attenuation distributions were evaluated against the modified 

ITU-R distance factor model at various time percentages to 

validate the model's accuracy. The results demonstrated 

excellent alignment between the modified model's 

predictions and the measured rainfall fade in Malaysia, as 

well as with data from other locations [10].   

Additionally, the impact of rain attenuation on 5G networks 

was examined, and an optimal fade margin was proposed. 

Data was collected using a tipping bucket rain gauge and an 

RD-69 disdrometer, producing three separate datasets over 

different periods. The prediction model error, 𝜀, was 

employed to validate the models, with its representation 

provided mathematically as:   

 

ε𝒑 =
 R𝒆𝒔𝒕 (𝑷)−R𝒎𝒆𝒂𝒔 (𝑷)

R𝒎𝒆𝒂𝒔 (𝑷)
*100%         1 

The findings indicated that the optimal attenuation margin for 

5G should range from 6.5 to 10 dB for a 26 GHz link and 7 

to 11 dB for a 28 GHz link [11]. In another study, [12] 

examined the effect of rain intensity on signal level 

measurements for millimeter-wave (mmWave) radio links 

over short distances, focusing on quantifying fading bias to 

achieve more accurate rain rate estimates. Measurements 

were conducted in line-of-sight scenarios using backhaul 

networks during rainy days in Beijing, China. These readings 
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were compared to local rainfall measurements obtained from 

a disdrometer and a rain gauge. At 25 GHz, wet testing 

revealed up to 4 dB loss caused by the water coating on the 

antenna. Even one hour after the rain had stopped, attenuation 

remained elevated due to residual moisture on the antenna. It 

was concluded that extended signal monitoring could 

quantify fading patterns more effectively.   

Research by [13] investigated the impact of heavy rain on 

link performance to estimate attenuation accurately using 

dynamic rain fade measures for sustaining link connectivity. 

This study employed 17 years of rain data collected with two 

tools: the JW RD-80 disdrometer and a rain gauge, using 

three different sampling intervals. The study assessed which 

dynamic fade mitigation techniques were most suitable, 

utilizing a Backpropagation Neural Network (BPNN) to 

predict link conditions. The model was validated using 

rainfall events of varying intensities across multiple regimes, 

demonstrating that the BPNN outperformed other models in 

selecting effective rain fade mitigation strategies.   

Another study examined signal attenuation above 60 GHz in 

Durban and Cape Town, South Africa. Measurements from 

two separate sites evaluated the specific attenuation 

coefficients relative to water droplet sizes at different 

temperatures as a function of frequency. The results revealed 

that specific attenuation increased with frequency, 

highlighting the influence of liquid water content (LWC) on 

signals [14].   

A novel deep learning architecture was proposed by [15] to 

predict future rain fade using satellite and radar imagery data 

alongside link power measurements. Data from seven co-

located sites for Echostar 19 and 24 were analyzed from Q4 

2018 to Q1 2021. The model was compared with other 

machine learning approaches in terms of accuracy, precision, 

recall, and F1-score for both long- and short-term predictions. 

Results showed that the deep learning model outperformed 

its counterparts, particularly in long-term prediction 

accuracy.   

Similarly, [16] employed a BPNN technique to predict rain 

attenuation using data from three terrestrial microwave links 

operating at 23 GHz and 38 GHz. The proposed model was 

validated using 38 GHz fade slope data and a chi-squared 

fitness test, demonstrating the model’s efficiency for 

predicting rain attenuation in Nigeria. Another study used a 

machine learning-based adaptive spline model to predict rain 

attenuation across multiple frequencies and compared it to 

the power-law model. Data were obtained using a radiometer 

and a laser prediction monitor for frequencies ranging from 

22.234 GHz to 30 GHz. Results showed that the adaptive 

spline model achieved greater accuracy than the power-law 

model, as measured by Minimum Mean Squared Error 

(MMSE) and Root Mean Square (RMS).   

Finally, research in South Africa compared multiple models 

for real-time rain attenuation prediction for Earth-Space 

Communication Links (ESCL). Using 12 years of data from 

the South African Weather Service, the dataset was split for 

training and testing a proposed Artificial Neural Network 

(ANN). The ANN-based model was validated against 

existing models such as the ITU-R and Moupfouma models. 

Results indicated that the ANN model produced more 

accurate predictions with lower errors compared to traditional 

methods [17]. 

3.0 METHODOLOGY 

3.1 Data Collection 

The rainfall data for this study were obtained from the 

Nigerian Meteorological Agency (NIMET) in Abuja. 

NIMET, a federal government agency, is tasked with 

advising the government on meteorological matters, 

including weather monitoring, climate forecasting, aviation 

weather support, and providing monthly and annual climate 

data to users in Nigeria. Monthly and annual rainfall data 

spanning three years (2019–2021) were filtered and 

processed for the study locations.   

To collect climatic data, NIMET employs an Automatic 

Weather Observing Station (AWOS) system known as 

MIDAS IV AWOS. This automated weather station 

comprises a data logger, rechargeable battery, and 

meteorological sensors powered by solar panels or wind 

turbines, all mounted at an appropriate height on a mast. 

AWOS measures basic weather parameters such as air 

temperature, relative humidity, atmospheric pressure, 

precipitation, wind speed, wind direction, and solar radiation 

[18].   

Additionally, NIMET uses rain gauges to ensure precise 

rainfall data collection. The rain gauge consists of a 

collection container placed in an open area, measuring 

precipitation in terms of the height of accumulated water in 

millimeters over a given period. Its upper section includes a 

cylindrical portion with a finely beveled brass rim, onto 

which a funnel is attached. This assembly fits securely atop 

an outer case with a splayed base. Inside the outer case is a 

cylindrical inner can, equipped with a brass-wire handle, 

containing a glass bottle with a narrow neck. The amount of 

rain collected is measured using specialized glass vessels 

known as rain measures. 

3.2 Model Description 

3.2.1 ITU-R rain attenuation model  

The ITU-R P.618-13 model is widely recognized as an 

international standard for predicting the effects of rain on 

communication systems. This ITU-R model is derived from 

the rain attenuation model described by Dissanayake, Allnutt, 

and Haidara in [19], which has demonstrated superior 

performance in validation studies when compared to other 

models. The calculation of slant-path rain attenuation using 

point rainfall rate involves several parameters. 
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i. R 0.01: point rainfall rate for the location for 0.01% of an 

average year (mm/h) 

ii. hs: height above mean sea level of the earth station(km) 

iii. 𝛩: elevation angle (degrees) 

iv. 𝜑: latitude of the earth station (degrees) 

v.  f: frequency of operation (GHz) 

vi. Re: effective radius of the Earth (8500 km). 

vii. Attenuation Coefficients: k and α 

Figure 1(b) presents the slant path through rain and 

description of the parameters used in the corresponding 

step-by-step procedure for computational analysis. 

 

Figure 1(b): Slant Path through Rain 

where,  

 A is frozen precipitation 

 B is Rain height 

 C is Liquid precipitation 

 D is Earth-Space path 

 

Step 1: Determination the rain height, hR, as given in 

Recommendation ITU-R P.839. 

Step 2: Determination of the slant path length and the 

horizontal projection: 

For θ ≥ 5o  

𝐿𝑠 =
(ℎ𝑅−ℎ𝑠)

𝑠𝑖𝑛𝛳
              2 

For θ < 5o 

𝐿𝑠 =
2(ℎ𝑅−ℎ𝑠)

𝑠𝑖𝑛2𝛳+
2(ℎ𝑅−ℎ𝑠)

ℎ𝑒

1
2⁄

+𝑠𝑖𝑛𝛳

 km                      3 

If (ℎ𝑅 − ℎ𝑠) is less than or equal to zero, the predicted rain 

attenuation for any time percentage is zero and the 

following steps are not required. 

Step 3: Calculation of the horizontal projection, LG, of the 

slant-path length from: 

𝐿𝐺 = 𝐿𝑠𝐶𝑜𝑠𝛳   km               4 

Step 4: Determination of the rain rate at 0.01% for the 

location of interest over an average year, with an integration 

time of 1 min. However, if R0.01 is equal to zero, the 

predicted rain attenuation is zero for any time percentage 

and the following steps are not required. 

Step 5: Obtain the specific attenuation, 𝛾R, using the 

frequency-dependent coefficients and the rainfall rate, R0.01. 

The relationship between rain rate R (mm/hr), and specific 

attenuation γ (dB/km) is given as:  

𝛾𝑅 = 𝑘(𝑅0.01)⍺                  5 

 

Table 1 contains the values of k and ⍺ from ITU-R rain 

attenuation Model. Every frequency has its values of k and 

⍺ which significantly plays role in specific attenuation.  

 

Table 1: Frequency with associated values of k and ⍺ (ITU-R 

Model) 

S/N FREQUENCY k ⍺  

1 11GHz 0.0188 1.12 

2 13GHz 0.023 1.13 

3 14GHz 0.0255 1.14 

4 15GHz 0.028 1.15 

5 18GHz 0.030 1.16 

6 23GHz 0.035 1.2 

 

Calculating specific attenuations for the various frequencies 

for Rainfall rate (R0.01) of 50mm/hr; 

 

For 11GHz, specific attenuation is  

𝛾𝑅 = 0.0188 ∗ (50)1,12 

                                   = 1.503 

For 13GHz; 

𝛾𝑅 = 0.023 ∗ (50)1,13 

    = 1.912 

Table 2 is the calculated specific attenuations from various 

frequencies under considerations. It shows that as frequency 

increases, specific attenuation for various frequencies also 

increases. 

 

Table 2: Frequencies with specific attenuations per kilometer 

distance 

S/N FREQ. k ⍺  𝛾𝑅(dB/km) 

1 11GHz 0.0188 1.12 1.5 

2 13GHz 0.023 1.13 1.9 

3 14GHz 0.0255 1.14 2.16 

4 15GHz 0.028 1.15 2.52 

5 18GHz 0.030 1.16 2.81 

6 23GHz 0.035 1.2 3.83 

 

Step 6: Calculation of the horizontal reduction factor, r0.01, for 

0.01% of the time: 

𝑟0.01 =
1

1+0.78√
𝐿𝐺𝛾𝑅

𝑓
−0.38(1−𝑒−2𝐿𝐺)

               6 
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Step 7: Calculate the vertical adjustment factor, V0.01, for 

0.01% of the time: 

ζ = 𝑡𝑎𝑛−1(
ℎ𝑅−ℎ𝑠

𝐿𝐺𝑟0.01  
)                   7 

ζ > 𝛳, 𝐿𝑅 =
𝐿𝐺𝑟0.01

𝐶𝑜𝑠𝛳
 km 

else,  𝐿𝑅 =
(ℎ𝑅−ℎ𝑠)

𝑆𝑖𝑛𝛳  
  km 

If │φ│< 36, 

x = 36 - │φ│ degrees           8 

else, x = 0 degrees           9 

𝑟0.01 =
1

1+√𝑆𝑖𝑛𝛳[31(1−𝑒
−(

𝛳
1+𝑥)

)
√𝐿𝑅𝛾𝑅

𝑓2 −0.45]

    10 

Step 8: The effective path length computation is as: 

𝐿𝐸 = 𝐿𝑅𝑣0.01 km           11 

Step 9: Calculation of the attenuation exceeded for 0.01% of 

an average year 

𝐴0.01 = 𝛾𝑅𝐿𝐸 dB           12 

year, in the range 0.001% to 1%, done by the expression 

below:  

If p 1% or ≥│φ│≥ 36: ꞵ = 0   13 

Step 10: Estimation of attenuation value exceeded for other 

percentages of an average  

If p < 1 % and │φ│< 36 and 𝛳 ≥ 25 

ꞵ = -0.005(│φ│- 36)          14 

Otherwise, 

ꞵ = -0.005(│φ│- 36) + 1.8 – 4.25 Sin𝛳    15 

𝐴𝑝 = 𝐴0.01 (
𝑝

0.01
)

−(0.655+0.33 ln(𝑝)−0.45 ln(𝐴0.01)−ꞵ(1−p)sin𝛳)

dB 

                                               16 

In this case, Attenuation values exceeded for other 

percentages for various frequencies were calculated. 

Fig. 2 illustrates that raindrops can cause Electromagnetic 

signals to be absorbed, scattered, diffracted, and depolarized. 

 

Fig.2.: Impact of Rain attenuations on microwave propagation 

Table 3: Average rain fading rate of different frequency bands in City of Port Harcourt 

 

S/N Month 

 

11G 13G 14G 15G 18G 23G 

V H V H V H V H V H V H 

1 Jan 0.16 0.18 0.24 0.28 0.29 0.34 0.35 0.40 0.50 0.58 0.81 0.95 

2 Feb 0.55 0.65 0.80 0.95 0.94 1.11 1.09 1.30 1.50 1.80 2.34 2.83 

3 Mar 0.74 0.88 1.06 1.26 1.24 1.47 1.44 1.72 1.96 2.36 3.01 3.66 

4 Apr 0.26 0.31 0.39 0.46 0.47 0.54 0.55 0.65 0.78 0.91 1.24 1.47 

5 May 0.87 1.04 1.25 1.48 1.44 1.72 1.67 2.00 2.16 2.74 3.46 4.23 

6 Jun 1.22 1.45 1.71 2.05 1.97 2.37 2.27 2.74 3.04 3.72 4.60 5.67 

7 Jul 2.01 2.41 2.76 3.33 3.15 3.82 3.59 4.38 4.74 5.87 7.02 8.77 

8 Aug. 0.97 1.16 1.36 1.65 1.60 1.91 1.85 2.22 2.49 3.03 3.80 4.66 

9 Sep. 1.89 2.27 2.61 3.15 2.98 3.61 3.39 4.14 2.11 5.55 6.67 8.32 
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10 Oct 0.81 0.96 1.15 1.34 1.34 1.60 1.55 1.86 1.28 2.55 3.23 3.94 

11 Nov. 0.46 0.54 0.67 0.80 0.79 0.93 0.93 1.10 0.99 1.53 2.01 2.41 

12 Dec. 0.34 0.40 0.51 0.60 0.60 0.71 0.71 0.84 0.99 1.17 1.57 1.87 

 

RESULTS 

 After an in-depth analysis of rain patterns and their 

corresponding effects on various frequency bands, the 

findings are presented here. This study examines how rain 

attenuation impacts signal propagation across multiple 

frequency ranges, highlighting the unique challenges posed 

to communication systems, particularly in Port Harcourt 

regions with high rainfall intensity. The results aim to 

provide valuable insights into the behavior of microwave 

signals under adverse weather conditions, such as rain-

induced scattering and absorption. These findings offer 

practical data that can inform the design and optimization of 

communication systems, including satellite links and 

terrestrial microwave networks. 

 Fig.3: Average Rainfall analysis for the year 2018 and 2019 in city of Prot Harcourt 

 
Fig.4: Average rain fading on Vertical and  Horizontal 

Polarization for 11G Band for every month in one year 
 

 
Fig. 5: Average rain fading on Vertical and Horizontal 

Polarization for 13G Band for every month in one year 
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Fig. 6: Average rain fading on Vertical and Horizontal 

Polarization for 14G Band for every month in one year 

 

 
Fig. 7: Average rain fading on Vertical and Horizontal 

Polarization for 18G Band for every month in one year 

 

 
Fig. 8:  Average rain fading on Vertical and   Horizontal 

Polarization for 23G Band for every month in one year 

 

 
Fig. 9: Average rain fading increases as frequency increases 

as shown in both Vertical and Horizontal Polarization 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Ja
n

.

Fe
b

.

M
ar

.

A
p

r.

M
ay

Ju
n

.

Ju
l.

A
u

g.

Se
p

.

O
ct

.

N
o

v.

D
ec

.

A
ve

ra
ge

 R
ai

n
 F

ad
in

g 
(d

B
)

14G V 14G H

0

1

2

3

4

5

6

7

Ja
n

.

Fe
b

.

M
ar

.

A
p

r.

M
ay

Ju
n

.

Ju
l.

A
u

g.

Se
p

.

O
ct

.

N
o

v.

D
ec

.

A
ve

ra
ge

 R
ai

n
 F

ad
in

g 
(d

B
)

18G V 18G H

0

1

2

3

4

5

6

7

8

9

10

Ja
n

.

Fe
b

.

M
ar

.

A
p

r.

M
ay

Ju
n

.

Ju
l.

A
u

g.

Se
p

.

O
ct

.

N
o

v.

D
ec

.

A
ve

ra
ge

 R
ai

n
 F

ad
in

g 
(d

B
)

23G V 23G H



Int. J. Adv. Res. Sci. Technol. Volume 13, Issue 09, 2024, pp.1521-1530. 

www.ijarst.com                Didigwu &Okeke                                 Page | 1528 

 
Fig. 10: Plot showing attenuation exceeded for        

different percentages of an average year 

 

 

 
Fig. 11: 3D Plot Analysis of Predicted Rain 

 Attenuation A0.01 on different range of 

 Frequencies and Rain Rate 

 
Fig.12: Simulated results for Rain Attenuation at 

 different Frequencies 

 

 

Fig. 13: Rain Attenuation for Percentage of Time Exceeded 

for various Frequencies 

DISCUSSIONS  

The results of this research provide a detailed reflection of the 

impact of rain attenuation on microwave propagation in the 

study area. Figure 3 presents a graphical analysis of two years 

of rainfall data from 2018 to 2019, showing rainfall 

accumulation in millimeters against the months. The data 
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reveals a gradual increase in rainfall starting in May, peaking 

in July for both years, and then gradually decreasing until 

December. Notably, September 2019 recorded the highest 

rainfall accumulation at 630 mm. 

 

Fig. 4 through 8 display the plots of rain fading against months 

for both Vertical and Horizontal polarization. While the 

overall trends appear similar, distinct differences in rain fading 

are observed between the two polarizations each month. For 

instance, Fig. 4 shows that the average rain fading for Vertical 

polarization was 2 dB, whereas for Horizontal polarization, it 

was 2.4 dB, marking the highest rain fading for the 11 GHz 

band. This indicates that the month of July, with the highest 

rainfall accumulation, also experienced the most significant 

attenuation due to heavy rain.  

 

Fig. 9 illustrates the relationship between average rain fading 

and frequency band, providing valuable insights into how rain 

fading varies with frequency. The results indicate that rain 

fading intensifies with increasing frequency. Additionally, 

Horizontal polarization exhibits a greater fading effect on 

microwave signals compared to Vertical polarization, as 

demonstrated in the simulated results in Figure 9. 

Figure 10 is a simulated result of Rain attenuation Ap exceeded 

at other time percentages from 0.01% to 1%. Attenuation 

Exceeded for 0.01% of an Average Year A0.01 was calculated, 

attenuation decreases as the percentage of time increases, 

demonstrating the relationship between the probability of rain 

attenuation and the magnitude of signal loss. For smaller 

percentages (0.01%), the attenuation is higher, reflecting 

severe conditions. As the percentage increases, attenuation 

decreases, corresponding to less extreme conditions. 

Figure 11 is a 3D plot of Rain Attenuation as a function of 

Rainfall Rate and Frequency provides a comprehensive 

visualization of how these two variables influence attenuation 

on a microwave link. The X-axis represents the operating 

frequency of the microwave link, typically ranging from 11 

GHz to 23 GHz in our case. Higher frequencies are more 

sensitive to rain-induced attenuation because they have shorter 

wavelengths, which are closer in size to raindrops. Y-axis 

indicates the intensity of rain in millimeters per hour. Rainfall 

rate is a critical factor because it directly impacts the density 

and size distribution of raindrops, which scatter and absorb 

microwave signals while Z-axis is the calculated attenuation 

value due to rain. It represents the loss in signal strength as a 

result of absorption and scattering of the electromagnetic 

waves by raindrops.  As the frequency increases, the 

attenuation becomes more pronounced. At 11 GHz, 

attenuation is relatively modest even for high rainfall rates 

while at 23 GHz, the attenuation values are significantly 

higher due to stronger interaction between the shorter 

wavelength and the raindrops. Rain attenuation increases 

nonlinearly with rainfall rate. For light rain (25 mm/hr), the 

attenuation might be negligible for lower frequencies. 

However, for heavy rain (75 mm/hr), the attenuation grows 

rapidly. 

The 3D plot shows how the combination of a high frequency 

and intense rainfall rate results in very high attenuation values. 

This highlights the need for careful planning in selecting 

operating frequencies, particularly in rain-prone regions. The 

plot helps to identify "safe zones" of operation combinations 

of frequency and rainfall rate where attenuation remains 

manageable for system performance. 

In figure 12, each frequency (11 GHz, 13 GHz, 14 GHz, 15 

GHz, 18 GHz) the results of the attenuation effect were 

obtained.  As the frequency increases, rain attenuation A0.01 

also increases. This trend demonstrates that higher frequencies 

experience greater attenuation due to rain, making them more 

susceptible to signal degradation in rainy conditions. This 

model allows for predicting rain attenuation on microwave 

links at various frequencies, assisting in selecting optimal 

operational frequencies based on expected rain conditions in 

the area.  

Figure 13 displays the relationship between rain attenuation 

and the percentage of time exceeded for different frequencies. 

Higher frequencies experience greater attenuation.  As the 

frequency increases, the rain attenuation also increases 

significantly. At any given percentage, attenuation increases 

with frequency. At 0.001%, 23 GHz has the steepest curve due 

to its higher attenuation value of 57.63 dB. Lower frequencies 

have relatively flatter curves, representing reduced 

attenuation. The x-axis is on a logarithmic scale, covering a 

wide range of percentages (from 0.001% to 1%). This helps to 

clearly show the trend at very small percentages of time. 

Attenuation decreases rapidly as the percentage of time 

exceeds increases. At 0.001%, attenuation is very high, but for 

more frequent occurrences, it reduces substantially. The graph 

emphasizes the challenge of maintaining reliable microwave 

communication at higher frequencies, especially under heavy 

rain conditions.  

CONCLUSION 

This research highlights the significant impact of rain 

attenuation on microwave propagation in the study area, 

emphasizing the varying effects on Vertical and Horizontal 

polarization. The analysis of rain data from 2018 and 2019 

demonstrates a seasonal pattern with peak rainfall in July, 

leading to the highest attenuation during that month. The 

findings reveal that Horizontal polarization experiences 

greater rain fading compared to Vertical polarization, with the 

severity of fading increasing with higher frequency bands. 

Also, the simulated results from the ITU-R Model follows the 

same trends as the measured results obtained from analysis of 

data collected from Nigerian Metrological Agency (NIMET) 

which significantly highlighted the higher impacts of rain 

attenuation on higher frequency bands. The vulnerability of 

microwave links in this region calls for concern as totally 

attenuation occurs for minutes, hours and even days thereby 

grounding all communications that emanate from these links. 

This research underscores the importance of considering 

frequency range when designing and optimizing microwave 

communication systems in regions with substantial rainfall.  
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