



Empirical and Measured Analysis of FM Signal Attenuation at 91.1 MHz and 101.5 MHz in Adamawa State, Nigeria



ABSTRACT
FM signal is one of the major and fastest channels for information dissemination in Nigeria, especially in times of security treats due to the rising insecurity in the nation. However, the quality of radio broadcasting in North-Eastern Nigeria is very poor due to the nature of the terrain that causes interference with the transmitted signals. In this study, analysis of signal attenuation on FM 91.1MHz and 101.5MHz was studied in Adamawa State using propagation models. Primary and secondary data were taken from the field and the radio stations respectively. The field data were that of signal strength of both stations at a mean distance of 20km through a 250km radius of coverage along Adamawa Central and Adamawa North senatorial districts using a field strength meter (TM-195, 3-axis). Calculated attenuation using the Okumura’s model was compared to the measured attenuation. The effect of some atmospheric parameters such as temperature and pressure were also measured. The results show that signal attenuation is directly proportional to linear and vertical distance. The correlation between attenuation and distance is 0.85 for FM91.1 and 0.80 for FM101.5. Attenuation of signal strength appears to be directly proportional to temperature and inversely proportional to increased pressure. It was also discovered that the radio stations do not cover a 250km radius as calculated and documented, which means that there is a disagreement between the field and documented values of the signal strength of the radio stations owing to the high attenuation of the signals in the region. This study will have application in telecommunication, especially in the procurement and installation of transmitters both for public and private sectors within this region of the country.
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1. Introduction
Communication is the dissemination of information from one point which is the transmitter to another point which is the receiver and one major source of information dissemination is radio communication (Oyetunde, 2013). Radio waves carry audio frequency information through a modulation process, either amplitude modulation (AM), frequency modulation (FM), or phase modulation. FM communication is done by transfer of information over a career wave by frequency manipulation, variation or what is known as frequency modulation within the Very High Frequency (VHF) range of the radio spectrum usually between 87.5MHz to 108.0MHz (Bruce, 2008; Oyetunji, 2013). The effectiveness of radio signal transmission is heavily influenced by obstacles and the propagation medium, making signal strength crucial for the design and operation of radio systems (Amajama et al., 2023). This means that when designing or operating a radio system, such signal strength must be considered and analyzed (George & Theodore, 1982). However, objects along the paths of a medium of propagation of radio signals can cause attenuation. 
Radio signal attenuation is the reduction in the strength of the radio signal in the process of information exchange during communication (Onyebuchi et al., 2025). Attenuation can be as a result of multiple reflections, absorption, multiple diffractions, Fresnel zone interference, or radio frequency interference (Kodheli et al., 2020; Yusuf et al., 2022; Orji et al., 2024). Some possible factors contributing to signal attenuation as established by Oyetunji (2013) and Shalangwa et al. (2010) includes transmitter power, antenna gain or directivity, signal radiating power, vegetation, unwanted radiators, thunder storms or lightening, tall buildings, changes in atmospheric conditions and Reflection due to other communication outfits. According to Ebhota et al. (2019) and Isabona (2020), attenuation reduces radio signal strength as it propagates, causing signal degradation, lower data rates, poor reception, increased data errors and communication range limits. High attenuation and degradation of propagation of radio wave signals is a major concern to stakeholders, experts, and engineers in the telecommunication industry.
Keeping the society informed in a comprehensive, timely and intelligent manner is vital, especially in conflict situations. This is because most people depend on the media for timely and accurate situational analyses of events as they unfold (Nwankpa et al., 2022). In the case of Nigeria, ensuring the security of lives and property has become a critical concern for the government, communities and individuals due to increasing insecurity activities of Boko haram insurgency, kidnapping activities, terrorism, farmer herdsman clashes and arm bandit activities within the country (Achumba et al., 2013; Yusuf, 2024). One major challenges faced by the public in curbing with such insecurity problems is ineffective communication systems due to poor radio signal reception from transmitting stations (NSACC, 2021; Yusuf, 2022). Therefore, the objective of this study is to carry out an analysis of the signal attenuation on FM 91.1MHz and 101.5MHz in Adamawa State, Nigeria using propagation models. Most previous studies focused on the effect of linear distance on signal strength while our study will look into the effect of linear distance and some atmospheric conditions with altitude gain on the signal strength. The analysis of signal attenuation is of utmost important especially in Adamawa State because it is one of the State facing challenges of Boko Haram insurgence. The study will reveal vital information for improve network capacity and will strengthen security efforts in the area.
2. Pathloss Propagation Models
Pathloss propagation models are models that were developed for predicting signal propagations in an environment. There are two types of this model namely; Empirical and Theoretical propagation models.
2.1 The Empirical Propagation Model
The Empirical Propagation models are based on experiments. They depend on research carried out and real facts gathered. This is discussed under Okumura’s measurement or propagation model.
Okumura’s Measurement: In this research work, a complete measurement with a specific number of clutters frequency, transmitter height, and transmitter power. Okumura states that signal strength decreases greatly with distance more than it was predicted by free-space losses (Medeisis et al., 2000; Wilson et al., 2003). It is commonly used for initial planning in urban and suburban cellular systems due to its simplicity and effectiveness. Following the works of Abdullahiand and Haulat (2025), the model calculates total path loss (L) in decibels using the following formula:
 						(1)
where  is the free space loss,  is the median attenuation relative to free space (i.e. 50th percentile) of path (propagation) loss derived from Okumura's curves,  is the base station antenna height gain factor,  is the mobile antenna height gain factor, and  is the gain related to terrain or environmental correction.
 and  are calculated using the simple formulae:
 								(2)
 								(3)
							(4)
2.2 Theoretical Propagation Model
These are mathematical representations of experimental results performed on the propagation of wave using many frequencies, locations, vertical distance, and horizontal distances (Zia et al., 2014). These models proved that the received signal power reduces systematically with the distance covered (Kumari et al., 2011). There are two types of theoretical propagation models which are; Free-Space Propagation and Plane-Earth propagation models.
Free-Space Model: In this propagation model, the wave is assumed not to be absorbed or reflected as in ideal propagation which implies equal radiation in all directions from the propagation source and it is propagated to an infinite distance with no distortion (Zia et al., 2014). Signals in this model suffers attenuation increases as frequency increases for a given distance, this happens because higher frequencies have short wavelengths (Frank, 2014), hence, covering a given distance. Apparently, when the frequency is increased the wavelength decreases. By identifying the flux power, the power density at any point at a given distance from the transmitter, if the antenna receiving the signal is placed at this point, the received power of the antenna can be calculated from equation (5) as;
											(5)
 is the transmitted power (W/m2) and  is the power at a distance ‘d’ from the antenna. If fixed power is generated by the radiating element the same power is distributed over an expanding spherical space, thus, the energy will be distributed more partially as the spherical space expands (Zia et al., 2011).
Plane-Earth Propagation Model: This propagation model looked into the propagation of signals slightly over the ground surface which the free space model of propagation did not actually consider. When radio wave is propagated over the ground, mostly, signal power is reflected due to the presence of the ground which is then sent to a receiver. To best estimate the magnitude of the reflected power, this model is modified and referred to as the ‘Plane-Earth’ propagation model (Zia et al., 2011). This model best presents the true features of radio wave propagation over the ground. This model calculates the received signal to be the sum of the direct signal and that of the reflected wave from the flat, smooth Earth’s surface. The parameters that were put into consideration and relevancy are; antenna height, the distance covered, frequency, and the reflection coefficient of the earths interface (Olasoji & Kolawole, 2011). This coefficient is different for different earth’s surfaces or terrain for example, water terrain, desert terrain wet-ground, mountain etc. That Path loss equation for this model is given by equation (6) 
 (d) -  () - ()							(6)
Where d is the path length in meters, h1 and h2 are the antenna heights at the BS and the mobile respectively. This is actually not appropriate for mobile GSM systems of mobile communications because it does not put into consideration reflections from buildings and multiple propagations or diffraction effects. Still, if the mobile height changes which is practically possible, the estimated Attenuation will also be changed.
3. Materials and Methods
3.1 Materials 
The materials used in this study are TM-195 Field Strength Meter (3-axis) for measuring signal strength, NP-198GPS and Land Meter for measuring linear distance, altitude (height) and atmospheric pressure, MASTEWCH MS8217 Digital Thermometer for measuring the atmospheric temperature and Toyota starlet car with a stereo and antenna for monitoring programs on the two radio stations. 
3.2 Study Area
This research was carried out within two Senatorial districts of Adamawa State. From Adamawa Central to Adamawa North Senatorial districts with the two radio stations located at the Central and the last reading point at the Northern district. The two radio stations credentials are shown in Tables 1 and 2.
Table 1: FM Fombina’s Operation Parameters
	System Parameter
	Station 

	Antenna type
	Yagi Udah

	Distance cover
	250km

	Transmitting frequency
	101.5 MHz

	Transmitting power
	8KW

	Mast height
	150m

	VSWR
	0.0034W

	Year of commissioning
	2003

	Location
	N09018135.611, E012029119.311

	Elevation
	219m



Table 2: Gotel FM Operation Parameters
	System Parameter
	Station

	Antenna type
	Unidirectional

	Distance cover
	250km

	Transmitting frequency
	91.1MHz

	Transmitting power
	10KW

	Mast height
	150m

	VSWR
	0

	Year of commissioning
	2012

	Location
	N09018119.211, E012028127.111

	Elevation
	221m



3.3 Method of Data Collection
The materials mentioned were used to collect and record signal strength from the base stations taking 1km reference point and thereafter, taking readings for every 20km of distance moved. The data collected were both primary and secondary readings. Operation Parameters were obtained from the radio stations and field readings of signal strength, linear distance, height, temperature and pressure were taken throughout a 250km radius of coverage at 20km apart from Girei to Madagali LGAs.
3.4 Signal Strength of Radio Wave
In telecommunication, particularly in radio frequency propagation, signal strength (also known as field strength) is defined as the transmitting power output that is received by a reference point antenna (RX) from the transmitting (TX) antenna at the BS. Evwaraye et al. (1998) show that signal strength can be determined or calculated using the relation in equation (7)
                                                                                                                         		(7)
Where µ is a constant given by 4πx10-7, C = speed of light Pav = power of transmission, and R = distance from the transmitter.
3.5 Attenuation of Radio waves
Attenuation is widely and generally referred to as the reduction in the signal strength of a transmitted signal (Okumbor & Okonkwo, 2014). Attenuation is sometimes referred to as a loss is signal strength. It is a natural effect of the atmosphere on signal transmission over a reasonable distance. Its unit is decibels/distance, mostly in kilometers (dB/km). The success of RF transmission owes a great deal to the low attenuation suffered by RF signal as it travels through the atmosphere. Sharad (2004) gives the attenuation of signal as a function of signal strength and distance as;
      										     	(8)
Where S is the signal strength in V/km and D represents distance from the base station transmitter in kilometers. Attenuation in dB/km is given as;
										      	(9)
Where S is the conversion from V/m to dB/km as S is the ration of the initial power density  to the final power density  and D represents the distance from the base station transmitter in kilometer (km).
3.6 Correlation Coefficient
This is the measure of the extent to which two measures say X and Y vary together. Correlation analysis examines each pair of measurement to determine whether the two tend to move together. Correlation coefficient can assume any value between -1 and +1. This work will evaluate the correlation coefficient between attenuation and distance. The correlation coefficient between any two quantities say r and y is given by equation (10).
								(10)
[bookmark: _GoBack]4. Result and Discussion
The results of this research work are shown in Tables 3, 4, and 5 and the graphical representations of the parameters in the tables are plotted in Figures 1, 2, 3 and 4 respectively. The relationship between signal strength attenuation and distance with some atmospheric conditions was discussed in each of the following sections of the graphs. Equations 7, 8, 9, and 10 were used in the computations of all the parameters in the results.
Table 3: Calculated values of signal attenuation and distance
	Distance (km)
	Fombina
	Gotel

	
	Signal Strength (V/m)
	Signal Strength (dB)
	Attenuation (dB/km)
	Signal Strength (V/m)
	Signal Strength (dB)
	Attenuation (dB/km)

	20.00
	0.001100
	-3.01
	-0.151
	0.0387
	-3.04
	-0.152

	40.00
	0.000584
	-6.03
	-0.151
	0.0194
	-6.04
	-0.151

	60.00
	0.000365
	-7.80
	-0.130
	0.0129
	-7.81
	-0.130

	80.00
	0.000274
	-9.04
	-0.113
	0.0079
	-9.94
	-0.124

	100.00
	0.000219
	-10.01
	-0.100
	0.0077
	-10.05
	-0.100

	120.00
	0.000183
	-10.79
	-0.089
	0.0065
	-10.79
	-0.089

	140.00
	0.000156
	-11.49
	-0.082
	0.0055
	-11.51
	-0.089

	160.00
	0.000137
	-12.05
	-0.075
	0.0048
	-12.10
	-0.075

	180.00
	0.000123
	-12.52
	-0.069
	0.0043
	-12.58
	-0.069

	200.00
	0.000109
	-13.04
	-0.065
	0.0038
	-13.12
	-0.065

	220.00
	0.000099
	-13.46
	-0.061
	0.0035
	-13.48
	-0.061

	240.00
	0.000091
	-13.83
	-0.057
	0.0032
	-13.86
	-0.057

	260.00
	0.000084
	-14.18
	-0.054
	0.0029
	-14.29
	-0.054



Table 3 shows the distance, calculated signal strength, and attenuation of FM Fombina and FM Gotel radio stations as given by calculations from the base station. The distance was assumed while signal strength and attenuations were calculated using Equation 9 from a reference point of 1km.
   		
Fig. 1: Calculated signal strength attenuation versus linear distance.
In Figure 1, it is clearly seen that signal strength attenuation is directly proportional to the distance for the two radio stations, the more distance covered the more the signal strength is reduced theoretically. This very result agrees with the works of Kumara et al. (2011) and Shalangwa et al. (2010).
Table 4:  Measured values of signal attenuation with distance
	Distance (km)
	Fombina
	Gotel

	
	Signal Strength (V/m)
	Signal Strength (dB)
	Attenuation (dB/km)
	Signal Strength (V/m)
	Signal Strength (dB)
	Attenuation (dB/km)

	20.00
	0.0083
	-3.113
	-0.155
	0.0096
	-2.964
	-0.148

	40.00
	0.0080
	-3.273
	-0.081
	0.0096
	-2.964
	-0.074

	60.00
	0.0073
	-3.671
	-0.061
	0.0095
	-3.010
	-0.050

	80.00
	0.0060
	-4.522
	-0.056
	0.0090
	-3.245
	-0.040

	100.00
	0.0050
	-5.314
	-0.053
	0.0087
	-3.392
	-0.034

	120.00
	
	
	
	0.0076
	-3.979
	-0.033

	140.00
	
	
	
	0.0071
	-4.274
	-0.030

	160.00
	
	
	
	0.0067
	-4.526
	-0.028



Table 4 shows the measure distance, signal strength, and attenuation (fieldwork). However, beyond 100 km the signal for Fombina FM was undetected while for Gotel it was at 160 km. This shows that the two radio stations do not cover the claimed 250km coverage radius documented. The attenuation was calculated from the measured values using Equations 8 and 9.
	
Fig. 2: Measured attenuation of signal strength versus linear distance.
Figure 2, is the field work result. This result conform to the theoretical result as the attenuation is seen to be greatly affected by the actual horizontal distance covered. This is why the said documented 250km radius of coverage is not practically achieved. This result agrees with the works of Okumbor et al. (2014), Oyetunji (2013) and Shalangwa et al. (2010).
Table 5: Measured signal attenuation with height, temperature, and pressure
	Height (m)
	Temperature (0F)
	Pressure (in Hg)
	Attenuation (dB/km)

	
	
	
	Fombina
	Gotel

	249.93
	92.12
	29.50
	-0.155
	-0.148

	234.32
	92.12
	29.56
	-0.081
	-0.074

	265.45
	92.12
	29.45
	-0.061
	-0.050

	307.76
	92.30
	29.30
	-0.056
	-0.040

	272.28
	96.26
	29.42
	-0.053
	-0.034

	268.47
	96.44
	29.43
	
	-0.033

	357.96
	96.80
	29.13
	
	-0.030

	482.75
	96.80
	28.69
	
	-0.028

	507.35
	96.62
	28.59
	
	

	549.10
	95.18
	28.46
	
	

	570.32
	93.56
	28.39
	
	

	543.77
	93.56
	28.48
	
	

	560.53
	91.54
	28.43
	
	

	586.83
	91.94
	28.34
	
	

	590.76
	91.94
	28.32
	
	

	579.76
	91.94
	28.36
	
	

	601.91
	91.22
	28.29
	
	



Table 5, shows the measured attenuation of the two stations with some atmospheric condition. These atmospheric condition or parameters are vertical distance, temperature and pressure. This is to check how atmospheric conditions affect propagated signal strength.

Fig. 3: Altitude (height) against signal strength attenuation.

Fig. 4: Measured Signal Attenuation versus Atmospheric Temperature.

Fig. 5: Measured Signal Attenuation versus Atmospheric Pressure.
Figures 3, 4, and 5 shows how these atmospheric parameters affects the signal strength or how they increase RF signal attenuation. It can be seen from Figure 3 that as vertical distance (height) increases, the signal attenuation also increases. Thus, the higher signals are propagated the weaker they become. Oyetunji (2013), Rakesh et al. (2013) and Zia et al. (2013) reported a similar result. Figure 4, shows that atmospheric temperature has less effect on signal strength. It shows that for a lesser temperature, there is an increase in the attenuation of signal strength and for higher temperature a lesser signal strength attenuation. This result slightly differs from that of Olasoji et al. (2011) which reports a slight increase in signal strength attenuation with increase in atmospheric temperature. Figure 5, shows a direct proportion between signal strength attenuation with atmospheric pressure. As the atmospheric pressure increases signal strength attenuation also increases. This result is confirmed with the studies made by Kumara et al. (2011) and Olasoji et al. (2011).
This research work is saddled with the responsibility to determine the effect of atmospheric conditions on the attenuation of radio frequency signal strength of FM 91.1MHz and FM 101.5MHz. The result of this enormous research work is summarized thus; first linear distance affects the attenuation of radio frequency signals for both stations. The attenuation of signal strength shows more dependence on a linear and vertical distance, pressure, and temperature. The correlation between attenuation and horizontal distance is 0.85 for Fombina and 0.80 for Gotel. Secondly, Altitude (vertical distance above the ground) also affects the attenuation of radio frequency signal strength greatly. The correlation between height and attenuation is 0.65 for Fombina and 0.78 for Gotel. Finally, the theoretical (calculated) framework leads the empirical (measured) framework of this research.
5. Conclusion
The signal attenuation on FM 91.1MHz and 101.5MHz in Adamawa State, Nigeria have been determined using an empirical propagation model and the attenuation have shown a direct relationship with distance where it increases with linear and vertical distance given as D α A, which implies D = KA, meaning that . The correlation between attenuation and distance is 0.85 for FM91.1 and 0.80 for FM101.5 showing a strong relationship. However, the two stations had discrepancies in calculated and measured signal strength due to attenuation and interference from some atmospheric factors and other factors that might affect the transmission of radio waves. Attenuation of signal strength appears to increase with temperature and decreases with increased pressure. It was also discovered that the radio stations do not cover a 250km radius as calculated and documented, which means that there is a disagreement between the field and documented values of the signal strength of the radio stations owing to the high attenuation of the transmission signals and lack of booster stations in the region. This study will have application in telecommunication, especially in the procurement and installation of transmitters both for public and private sectors within this region of the country.
Therefore, the radio stations should start thinking of upgrading their infrastructure by using transmitters with higher transmitting power in the state. Based on the findings, we recommend that Fombina FM should create a boaster station exactly at Mararaban Pella 120km away from the radio station for better area coverage as people from Hong to Michika have no reception of their broadcast at all. Gotel FM should also fix a boaster station at Uba 180km from the base station to cover the rest of the area remaining for the state for better transmission of information. There are about three radio stations in the state right about now, the other which is Adamawa Broadcasting Coorporation (ABC) which is not among the stations in consideration in this work should also be studied to ascertain the level of functionality, coverage and signal propagation. There is the need for more stations in the state for better information especially during this period of insurgency.  
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Fombina	29.5	29.56	29.45	29.3	29.42	29.43	29.13	28.69	28.59	28.46	28.39	28.48	28.43	28.34	28.32	28.36	28.29	-0.155	-8.1000000000000003E-2	-6.0999999999999999E-2	-5.6000000000000001E-2	-5.2999999999999999E-2	Gotel	29.5	29.56	29.45	29.3	29.42	29.43	29.13	28.69	28.59	28.46	28.39	28.48	28.43	28.34	28.32	28.36	28.29	-0.14799999999999999	-7.3999999999999996E-2	-0.05	-0.04	-3.4000000000000002E-2	-3.3000000000000002E-2	-0.03	-2.8000000000000001E-2	Pressure (in Hg)
Attenuation (dB/km)
Fombina	20	40	60	80	100	120	140	160	180	200	220	240	260	-0.151	-0.151	-0.13	-0.113	-0.1	-8.8999999999999996E-2	-8.2000000000000003E-2	-7.4999999999999997E-2	-6.9000000000000006E-2	-6.5000000000000002E-2	-6.0999999999999999E-2	-5.7000000000000002E-2	-5.3999999999999999E-2	Gotel	20	40	60	80	100	120	140	160	180	200	220	240	260	-0.152	-0.151	-0.13	-0.124	-0.1	-8.8999999999999996E-2	-8.2000000000000003E-2	-7.4999999999999997E-2	-6.9000000000000006E-2	-6.5000000000000002E-2	-6.0999999999999999E-2	-5.7000000000000002E-2	-5.3999999999999999E-2	Distance (km)
Attenuation (dB/km)
Fombina	20	40	60	80	100	120	140	160	180	200	220	240	260	-0.155	-8.1000000000000003E-2	-6.0999999999999999E-2	-5.6000000000000001E-2	-5.2999999999999999E-2	Gotel	20	40	60	80	100	120	140	160	180	200	220	240	260	-0.14799999999999999	-7.3999999999999996E-2	-0.05	-0.04	-3.4000000000000002E-2	-3.3000000000000002E-2	-0.03	-2.8000000000000001E-2	Distance (km)
Attenuation (dB/km)
Fombina	234.32	307.95999999999998	268.47000000000003	428.75	549.1	543.77	586.83000000000004	579.76	606.66999999999996	630.01	654.66999999999996	649.03	689.9	-0.155	-8.1000000000000003E-2	-6.0999999999999999E-2	-5.6000000000000001E-2	-5.2999999999999999E-2	Gotel	234.32	307.95999999999998	268.47000000000003	428.75	549.1	543.77	586.83000000000004	579.76	606.66999999999996	630.01	654.66999999999996	649.03	689.9	-0.14799999999999999	-7.3999999999999996E-2	-0.05	-0.04	-3.4000000000000002E-2	-3.3000000000000002E-2	-0.03	-2.8000000000000001E-2	Hieght (m)
Attenuation (dB/km)



