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Abstract 

This study investigates the impact of weather components—atmospheric temperature, relative 

humidity, and atmospheric pressure—on mobile network signal strength across four major 

providers (9Mobile, Airtel, MTN, and Glo) in Biogbolo, Yenagoa, Bayelsa State, Nigeria. 

Employing a mixed-methods approach, the research combined real-time field measurements 

using the Drive Test (DT) method with meteorological data analysis to evaluate signal 

performance under varying weather conditions. Findings revealed a consistent improvement 

in signal strength with increasing temperature, humidity, and pressure, though provider-

specific variations were observed. For instance, while Airtel and Glo exhibited steady signal 

enhancement (up to 35dBm) across all weather extremes, 9Mobile showed degradation beyond 

306K, indicating infrastructure-specific thresholds. Notably, higher humidity, contrary to some 

existing literature, enhanced signal quality, likely due to localized network optimizations for 

coastal microclimates. The study also identified a strong positive correlation (r > 0.95) 

between atmospheric pressure and signal performance, aligning with theoretical models like 

the Integrated Tropical Propagation Model (ITPM) but highlighting operational disparities 

among providers. These results challenge temperate-region propagation models, emphasizing 

the need for hyperlocal adaptations in tropical coastal areas. Practical implications include 

recommendations for adaptive network management, such as temperature-resilient base 

stations, humidity-aware frequency allocation, and pressure-compensation algorithms. For 

regulators, the study advocates weather-resilience standards and infrastructure-sharing 

frameworks to mitigate service disruptions. By bridging gaps in localized empirical research, 

this work contributes to climate-resilient telecommunications planning in the Niger Delta and 

similar regions, offering actionable insights for stakeholders to enhance service reliability 

amid dynamic weather conditions. 

 

Keywords: Mobile network signal strength, weather components, tropical propagation, coastal 

microclimate, adaptive network management. 

 

Background to the Study 

Mobile network signal strength is a fundamental component of modern telecommunication 

systems, directly influencing the reliability, clarity, and quality of service (QoS) experienced 

by end users. Signal strength, often measured in decibel-milliwatts (dBm), is a critical 
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determinant of how effectively mobile devices connect to base stations, influencing voice 

clarity, data speed, and network availability (Ashidi, 2024; Ajewole et al., 2020). At the core 

of signal strength variation is the complex interaction between electromagnetic radio wave 

propagation and atmospheric conditions. These atmospheric or weather components—

including temperature, humidity, atmospheric pressure, and precipitation—play a critical role 

in modifying the refractivity of the troposphere, which in turn affects the propagation path, 

strength, and attenuation of mobile signals (Ojo, 2023; Amajama et al., 2023). Understanding 

this intricate relationship is especially important in regions with high weather variability such 

as the Niger Delta. 

Weather components such as humidity and temperature directly influence the refractive index 

of the lower atmosphere, causing radio waves to bend, scatter, or attenuate as they travel from 

a base transceiver station to a mobile receiver. This phenomenon, known as radio refractivity, 

results in signal degradation, dropped calls, or reduced data throughput, especially in regions 

with high moisture content and frequent rainfall like Yenagoa in Bayelsa State. According to 

Benjamin (2023), atmospheric moisture in coastal and swampy areas significantly increases 

refractivity gradients, leading to higher signal losses and more frequent service disruptions. 

Similarly, studies conducted in other parts of Nigeria have shown that during the rainy season, 

increased water vapor and atmospheric instability result in severe signal attenuation, while 

during the dry season, mobile signal strength tends to improve due to reduced refractive 

interference (Durodola et al., 2025; Akpootu & Sharafa, 2024). 

The city of Yenagoa, located in the humid tropical climate zone of South-South Nigeria, 

presents a unique atmospheric environment characterized by high annual rainfall, elevated 

temperatures, and persistent humidity levels. These climatic conditions create a dynamic 

tropospheric layer that affects radio wave propagation unpredictably. Omotoso and Olajide-

Owoyomi (2025) highlight that both diurnal and seasonal weather variability can cause signal 

fluctuations, particularly in low-lying coastal areas, due to phenomena such as sub-refraction 

and super-refraction. This variability is particularly challenging for mobile network providers 

operating in Yenagoa, where environmental conditions can drastically alter signal quality 

within short periods, reducing service efficiency and negatively impacting users’ experience. 

Furthermore, with the increasing reliance on mobile networks for critical activities—including 

e-commerce, digital finance, e-learning, and telehealth—the effects of weather-induced signal 

variability pose substantial socioeconomic implications. Sanyaolu et al. (2025) stress that 

network signal instability caused by atmospheric fluctuations disrupts digital inclusivity, 

particularly in regions with limited broadband alternatives. In response, research has begun to 

integrate artificial intelligence (AI) and machine learning tools to model and predict refractivity 

patterns based on localized weather data, showing promise in optimizing signal transmission 

and improving service resilience (Ashidi, 2024). However, there remains a significant gap in 

localized studies within Bayelsa State that analyze how weather dynamics specifically 

influence mobile signal strength in its densely populated urban and peri-urban areas. 

Given the paucity of empirical studies focusing on the direct effects of weather components on 

mobile network performance in Yenagoa, this study aims to fill that gap by conducting a 

focused analysis of selected areas within the state capital. Building on existing empirical 

findings (e.g., Amajama et al., 2023; Ojo, 2023; Adediji et al., 2017), the study will assess how 

key meteorological variables affect mobile signal propagation, with the objective of proposing 

adaptive network management strategies. The significance of this investigation lies not only in 

its contribution to the growing body of knowledge on environmental impacts on mobile 

communication but also in its potential to aid network operators and policymakers in designing 

more robust, climate-resilient communication infrastructure in the region. 
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Statement of the Problem 

In the era of rapid digitalization and mobile-first communications, uninterrupted mobile 

network connectivity is essential for economic, educational, and social interactions. However, 

a persistent challenge affecting mobile network quality in tropical regions such as Nigeria is 

the variation in signal strength due to weather components like temperature, humidity, 

atmospheric pressure, and rainfall. These atmospheric factors interact with radio waves, 

causing phenomena such as refraction, scattering, and attenuation, which ultimately weaken 

signal reception (Adediji et al., 2017; Ojo, 2023). The situation is more concerning in swampy, 

lowland, and coastal cities like Yenagoa, where high moisture levels and frequent precipitation 

may amplify signal instability. Users in these regions often experience dropped calls, slow data 

transfer rates, and unreliable service, especially during certain weather conditions. Despite the 

technological improvements in mobile networks, the problem of fluctuating signal strength 

linked to weather variables remains inadequately addressed by both researchers and network 

service providers (Benjamin, 2023; Akpootu & Sharafa, 2024). 

Existing literature has made commendable efforts to explore the general influence of weather 

or atmospheric conditions on mobile signal propagation. For instance, Durodola et al. (2025) 

examined seasonal refractivity variations in Jos and found notable impacts on signal strength, 

particularly during periods of high atmospheric moisture. Similarly, Amajama et al. (2023) 

studied the effects of refractivity on signal strength in Benin City and emphasized the role of 

temperature and humidity. However, these studies are limited in scope and tend to generalize 

findings across diverse ecological zones without acknowledging the unique topographical and 

climatic realities of specific regions like Bayelsa. Moreover, many studies, such as those by 

Omotoso and Olajide-Owoyomi (2025) and Ajewole et al. (2020), rely on secondary 

meteorological datasets or simulation models, often neglecting real-time field measurements 

and localized signal strength data. Others like Ashidi (2024) have focused heavily on predictive 

modeling using AI, but with limited consideration for the microclimatic variabilities in urban 

centers like Yenagoa. Furthermore, several works have emphasized signal quality in major 

metropolitan cities, leaving smaller but climatically significant locations under-researched 

(Sanyaolu et al., 2025). 

Given these gaps, this study seeks to contribute to the existing body of knowledge by providing 

an empirical investigation that is both localized and data-driven, focusing specifically on how 

real-time weather components affect mobile network signal strength across selected locations 

in Yenagoa, Bayelsa State. Unlike previous studies, this research adopts a mixed-methods 

approach that combines meteorological observations with field-based signal strength 

measurements, offering a more granular understanding of the weather-signal dynamics in a 

coastal tropical setting. By addressing the identified methodological and contextual limitations 

in earlier studies, this research aims to propose adaptive recommendations that can help mobile 

network operators mitigate weather-induced signal degradation and enhance service quality in 

similar environments. 

 

Objectives of the Study 

The main aim of the study is to investigate Weather Components and Network Signal Strength: 

An analysis of Selected Areas in Yenagoa, Bayelsa State. Specifically, the study will examine 

the: 

1. Effect of Atmospheric Temperature on Mobile Network Signal Strength of Network 

providers in Yenagoa, Bayelsa State. 

2. Effect of Relative Humidity on Mobile Network Signal Strength of Network providers 

in Yenagoa, Bayelsa State. 

3. Effect of Atmospheric Pressure on Mobile Network Signal Strength of Network 

providers in Yenagoa, Bayelsa State. 
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Research Questions 

Based on the stated objectives, here are the appropriate research questions: 

1. What is the effect of atmospheric temperature on mobile network signal strength of 

network providers in Yenagoa, Bayelsa State? 

2. How does relative humidity affect the mobile network signal strength of network 

providers in Yenagoa, Bayelsa State? 

3. What is the effect of atmospheric pressure on mobile network signal strength of network 

providers in Yenagoa, Bayelsa State? 

 

LITERATURE REVIEW 

Weather Components 

Weather components, including temperature, humidity, atmospheric pressure, and 

precipitation, significantly affect the propagation of radio waves, thereby influencing mobile 

network signal strength. These atmospheric variables alter the refractive index of the 

troposphere, leading to phenomena such as refraction, scattering, and attenuation of radio 

signals (Ojo, 2023). 

Temperature fluctuations can cause thermal gradients in the atmosphere, leading to changes in 

the propagation path of radio waves. High temperatures may result in increased signal 

attenuation due to the expansion of air molecules, which affects the density and refractivity of 

the atmosphere (Amajama et al., 2023). 

Humidity, or the amount of water vapor in the air, also plays a crucial role in signal propagation. 

High humidity levels can lead to increased absorption and scattering of radio waves, resulting 

in signal degradation. This effect is particularly pronounced in regions with high moisture 

content, such as coastal areas (Benjamin, 2023).  

 

Atmospheric Temperature 

Atmospheric temperature variations have a direct impact on mobile network signal strength. 

During the day, as temperatures rise, the refractive index of the atmosphere changes, causing 

radio waves to bend and potentially leading to signal fading or loss (Ajewole et al., 2020). At 

night, cooler temperatures can lead to temperature inversions, where a layer of warm air traps 

cooler air near the ground. This inversion can cause radio waves to reflect back to the Earth's 

surface, enhancing signal strength over longer distances but potentially causing interference in 

local communications (Omotoso & Olajide-Owoyomi, 2025). 

Seasonal temperature variations also affect signal propagation. During the dry season, higher 

temperatures can lead to increased atmospheric instability, affecting the consistency of signal 

transmission. Conversely, in the rainy season, lower temperatures may stabilize the atmosphere 

but introduce other challenges such as increased humidity and precipitation (Durodola et al., 

2025). 

 

Humidity 

Humidity significantly influences the propagation of radio waves. High humidity levels 

increase the water vapor content in the atmosphere, which can absorb and scatter radio signals, 

leading to attenuation and reduced signal strength (Ashidi, 2024). In coastal regions, where 

humidity levels are consistently high, mobile network signals often experience more severe 

degradation. The increased moisture content leads to higher refractivity gradients, causing 

radio waves to bend more sharply and potentially leading to signal loss (Benjamin, 2023). 

Moreover, humidity interacts with other atmospheric variables, such as temperature and 

pressure, compounding their effects on signal propagation. For instance, during the rainy 

season, the combination of high humidity and precipitation can lead to significant signal 

attenuation, affecting the reliability of mobile networks (Akpootu & Sharafa, 2024). 
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Atmospheric Pressure 

Atmospheric pressure, the force exerted by the weight of the air above a given point, affects 

the density of the atmosphere and, consequently, the propagation of radio waves. Variations in 

atmospheric pressure can alter the refractive index of the air, influencing how radio signals 

travel through the atmosphere (Adediji et al., 2017). High atmospheric pressure typically leads 

to a denser atmosphere, which can cause radio waves to bend more towards the Earth's surface, 

potentially enhancing signal strength over shorter distances but increasing the likelihood of 

interference. Conversely, low atmospheric pressure can result in a less dense atmosphere, 

allowing radio waves to travel further but with increased attenuation (Ojo, 2023). 

In regions with frequent fluctuations in atmospheric pressure, such as coastal areas, these 

variations can lead to inconsistent mobile network performance. Understanding the 

relationship between atmospheric pressure and signal propagation is essential for optimizing 

network design and ensuring reliable communication services (Amajama et al., 2023). 

 

Mobile Network Signal Strength 

Mobile network signal strength is a critical parameter that determines the quality and reliability 

of wireless communication. It is influenced by various factors, including the distance from the 

base station, obstacles between the transmitter and receiver, and atmospheric conditions 

(Ajewole et al., 2020). Signal strength is typically measured in decibel-milliwatts (dBm), with 

higher values indicating stronger signals. Variations in signal strength can lead to dropped calls, 

slow data transmission, and poor voice quality, affecting the user experience and the overall 

efficiency of mobile networks (Benjamin, 2023). To mitigate the effects of environmental 

factors on signal strength, mobile network operators employ various strategies, such as 

dynamic frequency allocation, adaptive power control, and the deployment of additional base 

stations. Incorporating real-time meteorological data into network planning can also help 

optimize coverage and reduce service disruptions caused by atmospheric conditions (Ashidi, 

2024). 

 

Theoretical Reviews 

Radio Wave Propagation Theory (Friis Transmission Theory) 

The foundational framework for understanding weather impacts on signal strength originates 

from Friis Transmission Theory (Friis, 1946), which mathematically describes how radio 

waves propagate through different media. This theory establishes that signal strength 

attenuation is inversely proportional to the square of the distance between transmitter and 

receiver, while being significantly influenced by atmospheric conditions. Recent advancements 

by Seybold (2020) have expanded this model to incorporate tropical climate variables, 

demonstrating that in high humidity environments like Yenagoa, water vapor absorption 

becomes a dominant factor at frequencies above 10GHz. The theory's modern interpretation 

(Rappaport et al., 2022) reveals that temperature gradients in coastal regions create refractive 

index variations that can either enhance or degrade signal propagation through tropospheric 

ducting effects. 

Empirical studies in similar coastal environments have validated these theoretical predictions. 

Nwankwo and Edeko (2021) documented a 15-20% signal strength variation across diurnal 

temperature cycles in Warri, corroborating Friis's foundational work. However, their research 

identified an important caveat - the relationship becomes nonlinear when relative humidity 

exceeds 85%, a condition prevalent in Bayelsa for most of the year. This nonlinearity aligns 

with recent findings by the International Telecommunication Union (ITU-R P.1812-9, 2023), 

which introduced correction factors for tropical coastal propagation models. The theory's 

relevance to this study lies in its ability to explain the observed signal strength variations across 
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different weather conditions in Yenagoa, particularly the consistent improvement during high 

temperature/humidity periods. 

Contemporary applications of Friis theory have evolved to address modern network challenges. 

As demonstrated by Ekpo et al. (2023) in their Niger Delta network optimization study, the 

original transmission equation now incorporates multivariate weather parameters through 

machine learning algorithms. This advancement helps explain why different network providers 

in our study showed varying resilience to weather conditions - each has implemented distinct 

adaptations of these propagation principles in their infrastructure design. The theory thus 

provides the fundamental physics underlying our observed relationships between weather 

components and signal strength variations. 

 

Tropospheric Scattering Theory (Norton Surface Wave Theory) 

Norton's Surface Wave Theory (Norton, 1937) offers crucial insights into how mobile signals 

interact with the troposphere's lower layers, particularly relevant for Bayelsa's coastal 

topography. The theory postulates that under specific atmospheric conditions, radio waves 

become trapped between the earth's surface and temperature inversion layers, creating extended 

propagation paths. Modern reinterpretations by Zhang and Zhao (2022) have quantified how 

this phenomenon varies with the unique weather patterns of the Niger Delta, where the constant 

sea-land breeze circulation creates stable inversion layers from 100-300m altitude. Our study's 

finding of improved signal strength during high-pressure conditions directly correlates with 

Norton's predictions about atmospheric duct formation. 

Recent field studies have applied Norton's principles to tropical environments. The work of 

Ojo and Adediji (2023) in Lagos lagoon areas demonstrated that humidity-induced surface 

wave enhancement can increase signal strength by up to 12dB during certain weather 

conditions. This aligns perfectly with our observations of MTN and Glo's performance patterns 

in Yenagoa. The theory's contemporary relevance is further evidenced by 5G deployment 

studies (Adebusuyi et al., 2023), which show that millimeter wave propagation in coastal cities 

exhibits unique tropospheric scattering behaviors that differ markedly from inland regions. 

The theory's predictive capability extends to explaining network performance variations. As 

established by Chukwuma and Ndujiuba (2021), different frequency bands used by various 

providers (9Mobile's 900MHz vs Airtel's 1800MHz) interact differently with tropospheric 

conditions. This frequency-dependent propagation explains why our results showed provider-

specific responses to identical weather conditions. Norton's work thus provides the theoretical 

basis for understanding how Yenagoa's unique microclimate creates distinct propagation 

channels that affect each network differently. 

 

Electromagnetic Interference Theory (Maxwell's Equations with Weather Modifications) 

The complete picture of weather-signal relationships requires examining electromagnetic 

interference patterns through the lens of modern Maxwellian theory. Recent formulations by 

Isabona and Srivastava (2023) have adapted Maxwell's classical equations to incorporate 

tropical weather variables, creating what's now termed "Tropical Electromagnetics." Their 

models show that in high-humidity environments, water molecule polarization creates complex 

interference patterns that can either constructively or destructively affect signal propagation. 

Our study's finding of improved signal strength during high humidity periods supports their 

prediction of constructive interference dominance in coastal Niger Delta. 

Field implementations of this theory have yielded practical insights. The Bayelsa State 

Telecommunications Project (BSTP, 2022) applied these principles in their network 

optimization trials, achieving 30% reduction in weather-induced service outages. Their 

findings corroborate our observation that atmospheric pressure increases systematically 

improve signal quality, as predicted by the pressure-dependent permittivity models in Tropical 
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Electromagnetics. The theory's comprehensive approach explains why all networks in our 

study showed some degree of weather correlation, while accounting for provider-specific 

variations through their equipment's electromagnetic shielding characteristics. 

Current research directions are expanding this theoretical framework. 5G NR studies in similar 

environments (Okonigene & Ighalo, 2023) are developing weather-adaptive beamforming 

algorithms based on these electromagnetic principles. This explains the superior performance 

of Airtel's network in our study, as they were the first Nigerian provider to implement such 

adaptive technologies. The theory thus provides the microscopic physics underlying the 

macroscopic signal patterns we observed across Yenagoa's mobile networks. 

 

Theoretical Framework 

This study anchors on the Integrated Tropical Propagation Model (ITPM) developed by Falade 

et al. (2023), which synthesizes elements from all three discussed theories into a unified 

framework for coastal urban environments. The ITPM was specifically chosen because it: (1) 

incorporates Friis' transmission fundamentals with tropical-specific corrections, (2) accounts 

for Norton's tropospheric effects in coastal topography, and (3) integrates the latest 

electromagnetic interference understanding for high-humidity conditions - all critical factors 

in Yenagoa's environment. 

The model's predictive power stems from its multi-layer approach. At the physical layer, it 

adapts Friis' equations for humidity-enhanced propagation. In the tropospheric layer, it 

incorporates Norton's ducting effects with Niger Delta-specific coefficients. Finally, at the 

interference layer, it applies the Tropical Electromagnetics principles to predict constructive 

interference patterns. This comprehensive approach perfectly suits our study's multivariate 

analysis of temperature, humidity, and pressure effects across different networks. 

Our application of ITPM extends its empirical validation. While originally developed for 

Lagos, our Yenagoa implementation tests its generalizability to smaller coastal cities. The 

model's parameters help explain why: (1) all networks showed weather correlations 

(fundamental propagation effects), (2) patterns differed by provider (equipment-specific 

interference profiles), and (3) certain thresholds emerged (tropospheric ducting limits). This 

theoretical anchoring provides both explanatory power for our findings and practical guidance 

for network optimization in similar tropical coastal cities. 

 

Empirical Reviews 

Amajama et al., (2023) investigated how variations in radio wave refractivity influence mobile 

signal strength in Benin City, Nigeria. Using data collected over 12 months, the study analyzed 

meteorological parameters such as temperature, pressure, and humidity, which significantly 

impact refractivity. Findings revealed that signal attenuation was highest during the rainy 

season, where increased moisture led to greater signal bending and loss. Conversely, drier 

seasons exhibited stronger signal propagation. The study concluded that tropospheric 

conditions play a crucial role in mobile network efficiency, with refractivity changes being a 

key determinant of service quality. The research recommended that telecommunication 

operators adopt dynamic frequency allocation and adaptive power control strategies to mitigate 

refractive-induced signal degradation. The results were significant in understanding regional 

network reliability. 

Benjamin (2023) specifically analyzed the effects of radio wave refractivity on the network 

performance of major telecom providers (MTN, Glo, 9mobile, and Airtel) in South-South 

Nigeria. The study utilized refractivity index models to examine how atmospheric variables 

influenced mobile signal quality across different locations in the region. The results showed 

that refractivity gradients varied significantly with altitude and proximity to water bodies, with 

coastal cities experiencing more severe signal degradation due to high humidity. The study 
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found a strong negative correlation between refractivity and mobile network performance, 

indicating that as refractivity increased, signal quality decreased. The study recommended 

incorporating advanced meteorological data into network planning to optimize coverage and 

reduce service disruptions. 

Akpootu and Sharafa (2024) focused on the impact of climate-induced refractivity changes on 

terrestrial mobile communication networks in the Guinea Savannah region of Nigeria. Utilizing 

historical meteorological data, the study examined how temperature and humidity variations 

influenced mobile signal transmission. The results indicated that refractivity was highest during 

the peak rainy months, leading to increased signal attenuation and a higher incidence of call 

drops. The study confirmed that signal degradation was more pronounced in densely populated 

urban areas due to additional interference from buildings and human activity. The study 

proposed an optimized refractivity correction model for mobile operators, emphasizing the 

need for adaptive antenna beamforming techniques to counteract environmental effects. 

Adediji et al., (2017) analyzed the temporal and spatial variability of microwave radio 

refractivity over selected locations in Nigeria, including coastal and inland areas. The research 

used a combination of radiosonde measurements and empirical modeling to determine how 

refractivity influenced mobile network signals. The results showed that areas with high 

humidity experienced more significant signal distortions, while drier inland locations had 

relatively stable network performance. The study confirmed that refractivity variations had a 

statistically significant impact on signal coverage and quality. Recommendations included 

deploying intelligent base station adjustments that respond to real-time refractivity changes to 

enhance mobile network performance. 

Ajewole et al., (2020) investigated the influence of atmospheric temperature variations on 

microwave radio refractivity and its implications for mobile network performance in Akure, 

Nigeria. The research found that temperature fluctuations significantly affected signal 

transmission, leading to variations in signal strength throughout the day. The study concluded 

that diurnal refractivity changes contributed to signal fading, particularly during temperature 

inversions. The findings emphasized the importance of incorporating refractivity-based 

corrections in mobile network design. The study recommended that mobile network operators 

should conduct localized refractivity studies before deploying new cell towers to ensure 

optimal coverage. 

Durodola et al., (2025) examined the seasonal variability of radio refractivity and its effects on 

signal propagation in Jos, Nigeria. Using observational data from weather stations, the study 

found that refractivity followed a seasonal trend, with the highest values occurring during the 

wet season. These variations resulted in signal degradation and increased network outages. The 

study confirmed that sub-refraction conditions were prevalent during harmattan, causing 

signals to bend away from the Earth’s surface, thereby reducing mobile network range. The 

research recommended incorporating seasonal refractivity models into network planning and 

adopting multi-frequency broadcasting to mitigate losses. 

Ojo (2023) investigated the spatial distribution of radio refractivity across Nigeria and its 

impact on mobile network signal strength. The research found that refractivity variations 

influenced fade depth, a key factor affecting signal reliability. Coastal areas experienced more 

severe signal degradation due to higher humidity, while inland areas had relatively stable 

signals. The study confirmed that fade depth had a statistically significant impact on mobile 

network efficiency, with higher refractivity values leading to increased attenuation. The study 

recommended using real-time atmospheric data to optimize transmission power and frequency 

allocation. 

Ashidi (2024) in his study applied artificial intelligence (AI) techniques to model radio 

refractivity trends in Nigeria and predict their impact on mobile network performance. The 

study used machine learning algorithms to analyze meteorological and signal data, creating an 
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autoregressive model that accurately predicted refractivity variations. The results showed that 

AI-based models outperformed traditional statistical methods in forecasting signal degradation 

caused by refractivity changes. The study recommended integrating AI-driven refractivity 

prediction models into mobile network management systems to enhance service reliability. 

Sanyaolu et al. (2025) examined the temporal fluctuations of radio refractivity and their impact 

on mobile network field strength in different Nigerian cities. The research found that diurnal 

variations in temperature and humidity significantly influenced signal strength, with morning 

and evening hours experiencing the most severe attenuation. The study confirmed that 

refractivity had a profound impact on signal quality and recommended the use of adaptive 

power control techniques to compensate for refractive losses. 

Omotoso and Olajide-Owoyomi (2025) looked at Diurnal and Seasonal Variability of Radio 

Refractivity Over Coastal Nigeria. This study analyzed how refractivity changed throughout 

the day and across seasons in coastal regions of Nigeria. The research found that super-

refraction occurred during certain atmospheric conditions, leading to extended signal coverage. 

However, sub-refraction events caused significant signal loss. The study concluded that mobile 

network operators should implement refractivity-aware dynamic frequency planning to 

optimize coverage in coastal areas. 

 

METHODOLOGY 

This study employed a mixed-methods approach, integrating quantitative and qualitative 

techniques to evaluate the Quality of Service (QoS) of GSM network providers in Bayelsa 

State, Nigeria, with a focus on weather-influenced performance metrics derived from field data 

and statistical analysis. Utilizing a descriptive research design, data was collected in Biogbolo, 

Yenagoa, through convenience sampling based on accessibility and network activity levels. 

The Drive Test (DT) method served as the primary data collection tool, leveraging a vehicle-

mounted Radio Frequency (RF) measurement system to record real-time signal strength, call 

statistics, and network performance across varying times (morning, peak hours, and night). 

Data analysis was conducted using MINITAB software to derive actionable insights. 

 

RESULT AND DISCUSSION 

Table 1: Signal Strength Vs Weather Component of 9Moble Cell ID: 20431 @Biogbolo, 

Yenagoa 

Network Signal 

Strength 

(dBm) 

Atmospheric 

Temperature 

(K) 

Relative 

Humidity  

(%) 

Atmospheric 

Pressure 

(hPa) 

-90 294 65 1006 

-85 296 70 1008 

-80 298 75 1010 

-75 300 80 1012 

-70 302 85 1014 

-65 304 90 1016 

-60 306 95 1018 

-65 308 100 1020 

Source: Authors Construct from MINITAB, 2025 
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Fig 1: Line Graph of Strength vs Weather Components of 9Mobile 

 

The data in Table 1 and Fig 1: demonstrates a clear inverse relationship between 9Mobile's 

signal strength (dBm) and key weather components—temperature (K), relative humidity (%), 

and atmospheric pressure (hPa)—at Cell ID 20431 in Biogbolo, Yenagoa. As signal strength 

improved (from -90 dBm to -60 dBm), atmospheric temperature increased (294K to 306K), 

relative humidity rose (65% to 95%), and atmospheric pressure climbed (1006 hPa to 1018 

hPa), suggesting that better signal conditions coincided with warmer, more humid, and higher-

pressure weather. However, the signal weakened again (-65 dBm) at the highest recorded 

temperature (308K) and humidity (100%), indicating a potential threshold beyond which 

extreme weather adversely affects signal performance. These trends highlight the influence of 

meteorological factors on GSM signal propagation, with optimal performance occurring under 

moderate weather conditions. 
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Fig 2: Pie Chart of Proportional Representation of Weather Components 

 

The pie chart illustrates the proportional contribution of three key weather components—

temperature, relative humidity, and atmospheric pressure—based on their average values 

recorded alongside network signal strength at 9Mobile Cell ID: 20431 in Biogbolo, Yenagoa. 

From the chart: 

• Atmospheric pressure contributes the largest portion due to its relatively high 

numerical values (ranging from 1006 to 1020 hPa), even though its variation is small. 

• Temperature forms a moderate portion, with values increasing gradually from 294K 

to 308K. 

• Relative humidity contributes the smallest share, despite increasing steadily from 65% 

to 100%. 

This proportional representation helps highlight which weather component has the most 

numerical weight in the dataset, not necessarily the strongest influence on signal strength. For 

a more insightful correlation, further statistical analysis like regression or correlation testing 

would be necessary. 
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Table 2: Mobile Network Signal Strength Vs Weather Component of Airtel Cell ID: 

20437 @Biogbolo, Yenagoa 

Network Signal 

Strength 

(dBm) 

Atmospheric 

Temperature 

(K) 

Relative 

Humidity  

(%) 

Atmospheric 

Pressure 

(hPa) 

-85 294 65 1006 

-80 296 70 1008 

-75 298 75 1010 

-70 300 80 1012 

-65 302 85 1014 

-60 304 90 1016 

-55 306 95 1018 

-50 308 100 1020 

Source: Authors Construct from MINITAB, 2025 

 

 

 
 

Fig 3: Line Graphs of Airtel Cell Network Signal Strength vs Weather Components 
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Fig 4: Pie Chart of Weather Components Proportions 

 

 

The data from Airtel's network (Cell ID 20437) in Biogbolo reveals an interesting pattern—as 

weather conditions shifted, so did signal strength. Warmer temperatures, higher humidity, and 

increased atmospheric pressure consistently corresponded with stronger signal readings (-85 

dBm improving to -50 dBm). This suggests that Airtel's network performance in this area tends 

to improve under typical daytime weather conditions, peaking at 308K temperature and 100% 

humidity. Unlike the 9Mobile results, there was no drop-off in signal quality at higher weather 

extremes, indicating Airtel's infrastructure may be more resilient to weather fluctuations in this 

location. These findings highlight how cellular performance isn't just about towers and 

technology—it's also deeply connected to the environment around us. For users in Yenagoa, 

this could mean noticing better call quality and faster data speeds during warmer, more humid 

periods of the day. However, more research would be needed to understand why Airtel's 

network shows this consistent positive trend while others might struggle under similar 

conditions. 
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Table 3: Mobile Network Signal Strength Vs Weather Component for MTN Cell ID: 

24696  @Biogbolo, Yenagoa 

Network Signal 

Strength 

(dBm) 

Atmospheric 

Temperature 

(K) 

Relative 

Humidity  

(%) 

Atmospheric 

Pressure 

(hPa) 

-100 294 65 1006 

-95 296 70 1008 

-90 298 75 1010 

-85 300 80 1012 

-80 302 85 1014 

-75 304 90 1016 

-70 306 95 1018 

-65 308 100 1020 

Source: Authors Construct from MINITAB, 2025 

 

 

 
Fig 5: Line Graph of MTN Network Signal Strength vs Weather Components 
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Fig 6: Pie Chart of Weather Components of MTN Cell 

 

The MTN network data (Cell ID 24696) in Biogbolo shows a clear weather-dependent pattern 

- as temperatures rose from 294K to 308K, humidity increased from 65% to 100%, and 

atmospheric pressure climbed from 1006hPa to 1020hPa, we saw a steady improvement in 

signal strength from -100dBm to -65dBm. This consistent 35dBm boost suggests MTN's 

network performs significantly better in warmer, more humid conditions typical of Bayelsa's 

afternoons. While the signal quality started weaker than both Airtel and 9Mobile's baselines, 

the dramatic improvement under changing weather conditions indicates MTN's infrastructure 

might be particularly sensitive to environmental factors. For MTN users in Yenagoa, this could 

translate to noticeably better service quality during the hottest parts of the day, though early 

mornings might bring connectivity challenges. The lack of performance drop-off at weather 

extremes, similar to Airtel's pattern but contrasting with 9Mobile's, raises interesting questions 

about how different network providers engineer their systems to handle Bayelsa's tropical 

climate. 
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Table 4: Mobile Network Signal Strength Vs Weather Component of GLO Cell ID:24696  

@Biogbolo, Yenagoa  

Network Signal 

Strength 

(dBm) 

Atmospheric 

Temperature 

(K) 

Relative 

Humidity  

(%) 

Atmospheric 

Pressure 

(hPa) 

-100 294 65 1006 

-95 296 70 1008 

-90 298 75 1010 

-85 300 80 1012 

-80 302 85 1014 

-75 304 90 1016 

-70 306 95 1018 

-65 308 100 1020 

Source: Authors Construct from MINITAB, 2025 

 

 

 
Fig 7: Line Graph of Strength vs Weather Components of GLO 
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Fig 8: Visualization Line Graph of Strength vs Weather Components of GLO 

 

The data from Glo's network (Cell ID 24696) in Biogbolo reveals a remarkably consistent 

pattern - as weather conditions became warmer and more humid, signal strength improved 

steadily from -100dBm to -65dBm. What's particularly interesting is how closely Glo's 

performance mirrors MTN's under identical weather conditions, despite being different 

networks. This 35dBm improvement across the weather spectrum suggests that in this location, 

both networks may be using similar infrastructure or technologies that respond comparably to 

environmental factors. 

For Glo subscribers in Yenagoa, this means they can expect better call quality and data speeds 

as the day progresses and temperatures rise. The consistent performance improvement without 

any drop-off at extreme conditions indicates Glo's network is well-optimized for Bayelsa's 

tropical climate. However, the initially weaker signal strength (-100dBm) compared to some 

competitors might explain why some users report connectivity challenges in early morning 

hours. 

These findings raise important questions about network infrastructure sharing or similar 

engineering approaches among providers in the region. The parallel performance trends 

between Glo and MTN could suggest either similar technology implementations or possibly 

shared tower infrastructure in this particular location. This warrants further investigation to 

understand the underlying reasons for such strikingly similar performance patterns. 

 

Discussion of Findings and Implications 

1. Effect of Atmospheric Temperature on Signal Strength 

The study reveals a consistent pattern across all four network providers (9Mobile, Airtel, MTN, 

and Glo) where increasing atmospheric temperature correlates with improved signal strength. 

This finding aligns with prior research by Ogunseye et al. (2021), who demonstrated that higher 
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temperatures can enhance signal propagation in tropical climates by reducing atmospheric 

attenuation. However, our data shows nuanced differences - while Airtel and Glo maintained 

steady improvement (up to 35dBm gain), 9Mobile exhibited signal degradation beyond 306K, 

suggesting a threshold effect. This supports Abdullahi's (2019) contention that network 

infrastructure has varying temperature tolerance limits. The practical implication for Yenagoa 

residents is that network reliability may fluctuate significantly between morning cool periods 

and afternoon heat. 

 

2. Impact of Relative Humidity on Network Performance 

Our results demonstrate that increasing relative humidity (65-100%) generally improved signal 

strength across all providers, contradicting some previous studies (e.g., Nwankwo & Adeleke, 

2020) that predicted signal degradation in high humidity. This discrepancy may be explained 

by the unique coastal microclimate of Yenagoa, where the constant high humidity levels might 

have prompted network providers to optimize their systems accordingly. Particularly 

noteworthy is MTN and Glo's identical 35dBm improvement pattern, which echoes findings 

by Telecoms Sans Frontières (2022) about shared infrastructure in emerging markets. For 

consumers, this suggests that humidity-related service complaints may be more infrastructure-

specific than previously thought. 

 

3. Atmospheric Pressure Variations and Signal Quality 

The study found a strong positive correlation (r > 0.95) between increasing atmospheric 

pressure and signal strength improvement for all networks. This confirms theoretical models 

by ITU-R P.1812 (2020) regarding tropospheric radio wave propagation. However, the 

magnitude of improvement varied significantly - Airtel achieved the best absolute signal 

strength (-50dBm at 1020hPa) while 9Mobile showed the most volatility. These operational 

differences substantiate Ekpo and Udoh's (2023) argument about the need for location-specific 

network optimization in the Niger Delta region. Practically, this implies that seasonal pressure 

changes (like during the monsoon) may require adaptive network management strategies. 

 

Comparative Analysis and Theoretical Implications 

When juxtaposed with prior studies, our findings challenge the universal applicability of 

temperate-region models to tropical coastal environments. The observed weather-signal 

relationships in Yenagoa differ markedly from results obtained in northern Nigeria by Bala et 

al. (2021), highlighting the critical role of microclimate conditions. This supports the emerging 

paradigm in radio meteorology that calls for hyperlocal propagation models (Falade & 

Chukwuma, 2023). For network engineers, these results underscore the need for weather-aware 

base station configurations in coastal cities. 

 

Practical Implications for Stakeholders 

For consumers, these findings explain the temporal variations in service quality they experience 

daily. Regulators (NCC) might consider mandating weather-resilience standards for network 

infrastructure. Operators could use these insights to optimize tower placement and antenna 

configurations - particularly for 9Mobile which showed weather sensitivity. The study also 

provides empirical evidence supporting smart city initiatives that integrate weather data with 

network management systems. 

 

Conclusion 

This study has demonstrated significant relationships between weather variables (temperature, 

humidity, and atmospheric pressure) and mobile network signal strength across four major 

providers in Biogbolo, Yenagoa, Bayelsa State. The findings reveal that: 
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1. Atmospheric temperature generally improves signal strength, though with provider-

specific thresholds 

2. Contrary to some existing literature, higher relative humidity enhanced signal quality 

in this coastal environment 

3. Increasing atmospheric pressure consistently improved network performance across all 

providers 

4. Notable performance variations exist between network providers despite similar 

environmental conditions 

These results highlight the critical influence of microclimate conditions on telecommunication 

infrastructure performance in tropical coastal regions, challenging some assumptions derived 

from temperate climate studies. 

 

Recommendations 

1. For Network Providers: 

Temperature Optimization: Implement adaptive power control systems that adjust to 

temperature variations, particularly for 9Mobile which showed performance degradation at 

higher temperatures. Conduct thermal imaging surveys of base stations to identify overheating 

components during peak temperature periods 

Humidity Management: Network providers should enhance waterproofing measures for 

outdoor units while capitalizing on the observed humidity-related performance benefit. Also, 

MTN and Glo should Share best practices between, given their identical response patterns to 

humidity changes 

Pressure Adaptation: Providers should develop pressure-compensation algorithms for base 

station equipment, especially for networks showing strong pressure dependence. And also, they 

should consider atmospheric pressure forecasts in network capacity planning, particularly 

during seasonal transitions 

 

For Regulatory Bodies (NCC): 

1. Establish weather-resilience standards for network infrastructure in tropical coastal regions 

2. Mandate regular reporting of weather-related service interruptions to identify vulnerable 

network elements 

3. Facilitate knowledge-sharing forums among providers regarding weather-optimized 

network configurations 
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