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Abstract: This study examines the influence of
atmospheric humidity on mobile phone signal
strength, focusing on two major Nigerian
networks: 9Mobile and MTN. Signal strength
measurements were taken across multiple
frequency bands—2100 MHz, 800 MHz, 1800
MHz, and 2600 MHz—in selected cities in
southern Nigeria. Data collection was
conducted using a Cell Signal Monitor
application installed on a dual-SIM Android
device, with measurements restricted to
specific cells to enhance data accuracy.
Corresponding relative humidity data were
obtained from hourly reports provided by the
Nigerian Meteorological Agency (NiMet).
Analysis revealed a slight positive correlation
(r = 0.14) between relative humidity and signal
strength, with a standard deviation of 0.23.
However, results varied across different
locations and network cells, suggesting the
influence of additional environmental and
technical factors, including local topography,
base station antenna configurations, seasonal
fluctuations, and the distance between mobile
devices and transmitters. Some variability may
also be attributed to the limitations of the data
collection tool used. These findings provide
valuable insights for radio scientists and
network engineers in optimizing mobile
communication infrastructure. Understanding
the role of humidity in signal propagation can
support more efficient radio resource
management and contribute to reducing
unnecessary radio frequency emissions.
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1.0 Introduction

Weather refers to the immediate or short-term
state. of the atmosphere within the
troposphere—the lowest layer of Earth’s
atmosphere (Amajama et al., 2023). It is
characterized by key atmospheric parameters
such as temperature, pressure, relative
humidity, and wind speed and direction
(Joseph, 2016b). These elements collectively
determine  the  prevailing  atmospheric
conditions at any given location and time.
Meteorologists rely on their understanding of
atmospheric processes and the continuous
monitoring of these parameters to observe
patterns and predict weather developments
(lwuji et al., 2023a, 2023b, 2023c).

By analyzing data on temperature, humidity,
air pressure, wind patterns, and cloud cover,
meteorologists can identify temporal variations
in atmospheric dynamics. These insights are
vital for the development of complex computer
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models that simulate atmospheric behavior.
Such models incorporate the intricate
interactions among weather parameters—for
instance, how temperature affects air pressure
or how wind patterns contribute to cloud
formation. Comparing real-time observations
with model outputs allows meteorologists to
forecast future weather conditions with
increased precision.

The weather forecasting process involves
tracking weather systems, identifying trends,
and understanding how various atmospheric
processes affect local and regional climates.
Accurate forecasts enable the issuance of
timely alerts and warnings, which are essential
for public safety and for sectors that depend on
weather conditions, including agriculture,
aviation, and telecommunications (National
Geographic Society, n.d.).

Among the various weather parameters,
humidity plays a critical role in atmospheric
processes and directly influences the formation
of clouds and precipitation. It refers to the
amount of water vapor present in the air and is
commonly expressed as relative humidity—the
percentage of water vapor in the air relative to
the maximum amount the air can hold at a
given temperature. Warmer air can contain
more moisture than cooler air. When relative
humidity reaches 100%, the air becomes
saturated and condensation occurs, leading to
the formation of clouds and precipitation as
warm, humid air rises and cools (National
Geographic Society, n.d.).

Humidity does not only affect weather
phenomena—it also has a significant impact on
telecommunications. Radio wave propagation,
which underpins mobile and wireless
communication, is influenced by the conditions
of the medium through which the waves travel.
As radio waves pass through the Earth's
atmosphere, variations in humidity can cause
signal attenuation due to energy loss through
absorption and scattering (Luomala & Hakala,
2015; Amajama, 2016). Water vapor alters the
permittivity and  permeability of the
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atmosphere, impacting radio refractivity and,
in turn, the integrity of transmitted signals
(Joseph, 2016a).

Atmospheric variability is inevitable, and its
effects on wireless communication are
supported by both theoretical and empirical
research. Despite several advances in wireless
network optimization, the role of specific
atmospheric parameters, particularly relative
humidity, remains underexplored in certain
geographic regions. As such, understanding
and mitigating the influence of atmospheric
components, particularly relative humidity, on
communication signal quality is essential.

This study therefore, aims to empirically
investigate ~ the  relationship  between
atmospheric humidity and mobile phone signal
strength in selected southern Nigerian cities.
Several studies have explored this relationship
in various geographic contexts. Ofure et al.
(2017), for instance, conducted a 19-month
study in Minna, Nigeria, assessing the effect of
weather on GSM signals. Using data from a
local weather station and signal strength
measurements from the MTN network at a
fixed distance of 300 meters from a Base
Transceiver Station (BTS), they found a strong
negative correlation between relative humidity
and signal strength, ranging from -0.57 to -
0.89.

Similarly, Osahenvemwen and Omatahunde
(2018) studied mobile signal strength for the
Glo network in Benin City, Nigeria. Data
collected wusing frequency-signal tracker
software revealed negative correlations of -
0.50 and -0.44 for relative humidity and
atmospheric pressure, respectively, indicating
that higher humidity and pressure reduce signal
strength.

In Haryana, India, Dalip and Kumar (2014)
examined the effects of environmental
parameters on GSM and GPS signals.
Conducting tests along a 50 km route while
excluding high-humidity zones near rivers,
they noted that although rain could enhance
signal clarity by washing away pollutants, high
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humidity generally absorbed radio waves and
weakened signals.

In contrast, some studies have observed
positive correlations between humidity and
signal strength. For example, Felix et al. (2017)
found that under cloudy conditions in Abuja,
Nigeria, higher humidity was associated with
stronger WE FM radio signals. Similarly,
Ayantunji et al. (2018), studying UHF signal
propagation in Gusau, Nigeria, reported a
positive correlation between humidity and
signal strength, with coefficients ranging from
0.418 t0 0.728.

However, most studies support the conclusion
that humidity generally attenuates radio
signals. Ukhurebor and Umukoro (2018) found
a strong negative correlation (-0.96) between
relative humidity and UHF signal strength for
EBS Television in Benin City. Amajama
(2016) reported similar findings in Calabar,
Nigeria, identifying a strong inverse
relationship (-0.93) between humidity and
UHF signal strength. Likewise, Segun et al.
(2013) established that variations in relative
humidity  and  atmospheric ~ moisture
significantly affect UHF radio signal
propagation in Southwest Nigeria.

Guidara et al. (2018) also conducted a
controlled laboratory study on the effects of
temperature and humidity on Received Signal
Strength Indicator (RSSI) in indoor wireless
sensor networks. Although they reported a
strong positive correlation between relative
humidity and RSSI, the effect diminished at
shorter transmission distances, suggesting that
environmental influence is distance-dependent.
In Kokkola, Finland, Luomala and Hakala
(2015) further highlighted the importance of
atmospheric variables on outdoor wireless
sensor networks. Their study showed that both

temperature and relative humidity had
significant impacts on signal strength,
confirming the broader relevance of

meteorological ~ conditions to  wireless

communication reliability.
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Despite these valuable contributions, a
noticeable gap exists in studies that isolate the
effect of relative humidity on mobile phone
signal strength within the coastal and humid
regions of southern Nigeria. Most prior studies
either consider multiple weather parameters or
lack granularity in data collection across
frequency bands. The specific objective of this
study is to determine how relative humidity
alone influences signal strength across multiple
frequency bands (800 MHz, 1800 MHz, 2100
MHz, and 2600 MHz) for MTN and 9Mobile
networks in cities such as Calabar, Uyo, Port
Harcourt, Yenagoa, and Warri.

By restricting measurements to specific
network cells and integrating real-time
meteorological data, this study aims to produce
localized and frequency-specific insights.

The significance of this research lies in its
potential to inform telecommunication
infrastructure  design and  optimisation
strategies in regions with high humidity.
Understanding the role of atmospheric
moisture in signal propagation can help
network  engineers  optimize  antenna
configurations, select robust frequency bands,
and develop adaptive transmission protocols to
enhance signal reliability and reduce energy
waste due to retransmissions. Ultimately, this
will contribute to improving the quality of
service (QoS) and radio resource efficiency in
mobile networks operating under variable
atmospheric conditions.

2.0 Materials and Methods

This study examined the impact of atmospheric
humidity on mobile phone signal strength in
five cities across southern Nigeria: Calabar,
Uyo, Port Harcourt, Yenagoa, and Warri. The
objective was to evaluate how variations in
relative humidity influence the downlink signal
strength of selected mobile communication
networks operating in 3G and 4G frequency
bands.
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Two major Nigerian mobile network
providers—MTN and 9Mobile—were selected
for analysis. MTN operates 3G services within
the 2110.00-2120.00 MHz band and 4G
services within two downlink bands: 791-821
MHz (800 MHz band) and 2620-2690 MHz
(2600 MHz band). 9Mobile operates 3G in the
2130.00-2140.00 MHz band and 4G in the
1805-1880 MHz range (1800 MHz band)
(Nigerian ~ Communications  Commission
[NCC], 2020).

Signal strength measurements were collected
using an Android smartphone (Nokia TA-
1332), configured as a mobile station and fitted
with dual SIM cards from MTN and 9Mobile.
The Cell Signal Monitor app (Version 5.1.1)
was used to monitor and log downlink signal
strength data in real time. The application was
configured to record signal strength at one-
minute intervals, and hourly averages were
computed for analysis. Data were collected at
fixed measurement sites (referred to as
"restricted cells") within each city to ensure
localization and repeatability of measurements.
Each measurement session was synchronized
with hourly meteorological reports from the
Nigerian Meteorological Agency (NIMET).
Specifically, the relative humidity data
corresponding to each hourly signal strength
average were extracted from NIMET reports
for the respective city. This enabled a point-to-
point analysis between atmospheric humidity
and mobile signal strength. Data were collected
over a continuous period of February 01, 2023
to July 30, 2023, and all measurements were
taken in open outdoor locations to minimize
structural interference. Measurements were
repeated across different times of the day to
capture diurnal variations in humidity and
signal behavior.

3.0 Results and Discussion
The linear graphs presented [Fig. 1 (a-p); Fig.
2 (a-p); Fig. 3 (a-p); Fig. 4 (a-p); and Fig. to
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5(a-p)] illustrate the relationship between
received signal strength and relative humidity
for the eighty-eight (80) cells examined in this
study. Among these, sixty-five (61) cells
exhibited a positive correlation between
received signal strength and relative humidity,
while twenty-three (19) cells demonstrated a
negative linear relationship. The correlation
coefficients observed ranged from -0.61481 to
0.74409, indicating a significant correlation
between these two variables, though the
strength and direction of this relationship
varied across the measurements taken from
different transmitting cell identifiers (IDs) in
the respective cities.

In Calabar, measurements were conducted
from the following transmitting cell IDs:
14631, 14635, 1383, 1385, 29282, 29286,
23143, 23253, 25912, 25916, 23112, 2553,
14671, 14675, 25202, and 25209.

In Uyo, the transmitting cell IDs utilized for
measurements included: 21013, 21017,
200313-1, 200225-2, 2034-1, 2034-3, 200222-
13, 200085-83, 21041, 21045, 200085-82,
200222-13, 13743, 13747, 200584-13, and
200078-81.

Measurements in Port Harcourt were taken
from the following transmitting cell IDs:
20201, 20205, 230240-6, 230458-4, 19843,
19847, 230335-6, 230403-6, 48412, 48416,
22071, 22078, 20172, 20176, 902067-6, and
2303316.

In Warri, the transmitting cell IDs from which
measurements were taken include: 42707,
42703, 510490-81, 510490-83, 4275, 45871,
902744-81,510481-81, 42773, 42777, 510034-
82, 510865-83, 42731, 42733, 510664-4, and
510512-83.

Finally, in Yenagoa, measurements were
conducted using the following transmitting cell
IDs: 20431, 20437, 24696, 24036, 13217,
13219, 24634, 24647, 20431, 20437, 1215,
24696, 13712, 3717, 24786, and 24787.
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Fig.1 Signal strength VS Atmospheric Temperature in Some Cells in Calabar
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Fig.5 Signal strength VS Atmospheric Temperature in Some Cells in Yenagoa

Table 1 summarises the results of the analysis,
presenting the average correlation coefficient
(R-value) for each location, the average
standard deviation of the R-values, the overall
average R-value, and the overall average
standard deviation of R-values.

The overall analysis indicates a slight positive
linear relationship between signal strength and
atmospheric humidity, as evidenced by an
overall average R-value of 0.1386 and an
overall average standard deviation of 0.2280.
The observed discrepancies among the results
can be attributed to geographical and
topographical  differences  between the
locations of the base stations and the mobile
stations where signal strength measurements
were conducted. Mobile phone communication
primarily operates on a point-to-point or line-
of-sight basis, implying that variances in
terrain and obstacles can introduce significant
fluctuations in received signal strength. This
aligns with the findings of Dalip & Kumar

¥, &
S

(2014) who noted that GSM receivers tend to
exhibit improved signal strength at greater
heights, thereby minimizing obstructions that
could interfere with signal transmission.
Conversely, lower heights increase the
likelihood of encountering obstacles, which
can weaken the signal and lead to variations in
signal strength.

In lowland areas where the base station is
situated at a higher elevation, an increase in
radio refractivity generally correlates with
enhanced signal strength. Conversely, in
highland locations where the base station is
located at a lower elevation, radio refractivity
may impede signal strength.

Moreover, factors such as wind speed and
direction, which were not considered in this
research, could also contribute to the observed
discrepancies in the results. Water vapor—the
predominant  atmospheric  constituent—
influences the density of vertical atmospheric
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layers, which can be concentrated or dispersed
depending on various atmospheric conditions.

Table 1: Summary of results

Location Average R-value Average standard Overall average Overall average
deviation of R- R-value standard
values deviation of R-
values
Calabar 0.202266875 0.171286972 0.138570601 0.228020572

Uyo 0.307398671 0.212507272
Portharcourt 0.173799957 0.249834900
Yenagoa 0.069973125 0.273578691
Warri -0.060585625 0.232895027

The direction of wind, which affects radio
wave propagation, can further complicate this
dynamic, as radio waves behave both as
particles and waves. Previous studies (Chima et
al., 2018; Meng et al., 2009) have shown that
adverse weather conditions, such as wind and
rain, may introduce additional attenuation to
signal propagation, significantly affecting
signal strength and quality.

Zafar et al. (2019) indicated that high wind
speeds and heavy rain could contribute to
increased signal attenuation, particularly
during the wet season. Their findings revealed
a stronger negative correlation between
received signal strength and wind speed during
the wet season compared to the dry season.
Additionally, they proposed that fresh breezes
could elevate the concentration of moisture in
the atmosphere, further affecting signal
absorption and scattering.

Interestingly, the study also identified that
wind speed, when not accompanied by rain,
along with lowered humidity during the dry
season, positively influenced received signal
strength. The reduction of atmospheric
moisture during dry conditions lessens
absorption and scattering effects, allowing for
improved signal propagation and enhanced
received signal strength (Joseph & Oku, 2016;

|
»
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S

Rappaport, 1996; Wayne, 2001; Anyasi &
Uzairue, 2014; Oku et al., 2025).

Seasonal variations further complicate the
analysis, as the study spanned the entire year

of 2019. Regions such as Calabar and Bayelsa
predominantly  experienced wet season
conditions, while Uyo, Port Harcourt, and
Warri experienced both dry and wet seasons.
The refractivity of the atmosphere tends to be
higher in the rainy season and lower during the
harmattan season. This finding is supported by
prior research, including studies conducted by
Oku et al. (2025), which demonstrated that
average radio refractivity tends to be higher
during the rainy season compared to the dry
season. Similarly, Edet et al. (2017) observed
little variation in seasonal radio refractivity
patterns.

3.2  Effect of Relative Humidity on
Received Signal Strength

The research indicated a positive correlation
between signal strength and relative humidity.
This correlation is closely associated with the
inverse relationship between atmospheric
temperature and relative humidity. Notably,
four of the eighty-eight cells exhibited rare
instances where atmospheric temperature and
relative humidity did not align inexplicably.
Nonetheless, eighty-four cells demonstrated
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that atmospheric temperature inversely
correlates with both relative humidity and
signal strength.

These findings resonate with previous studies
(Ofure et al., 2017; Felix et al., 2017; Segun,
2013; Bawa et al., 2017) that have identified
correlations between atmospheric temperature
and relative humidity affecting GSM received
signal strength. Felix et al. (2017) concluded
that radio signal strength is notably influenced
by relative humidity, providing coefficients
suggesting a direct proportionality between
signal strength and humidity. Similarly, [12]
established strong correlations between
humidity and UHF signal strength across
different months.

Contrarily, Michael (2013) reported an inverse
relationship between signal strength and
relative humidity, positing that lower humidity
levels could degrade signal propagation.
Likewise, Valerie (2020) noted negative
correlations between relative humidity and
GSM signal strength. This inverse relationship
indicates that the degradation of GSM signal
strength  typically accompanies increased
humidity levels.

Contrary to these findings, Dalip & Kumar
(2014) suggested that relative humidity's
influence on signal strength depends on
seasonal factors, particularly during winter.
They found that reduced foliage during winter
improves signal reception, mitigating barriers
caused by moisture-laden leaves. This
variability highlights the complexity of
atmospheric phenomena on signal propagation.

4.0 Conclusion

The findings of this study reveal a modest
positive correlation between relative humidity
and mobile signal strength—indicating that
higher humidity levels generally correspond to
stronger signals. However, this relationship is
influenced by various factors, including
atmospheric temperature, terrain, antenna
characteristics, seasonal changes, and the
distance between transmitter and receiver,

|
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which  may  account for  observed
inconsistencies.

This research offers valuable insights for radio
scientists and engineers working to optimize
mobile ~ communication  systems. By
highlighting the role of humidity in signal
propagation, it supports more efficient
communication budgeting and helps minimize
unnecessary radio frequency emissions—a
concern linked to potential health risks (Dahal,
2013; Ahlbom et al., 2004; Erogul et al., 2006;
Ishi, 2011; Pahal, 2013).

Additionally, these findings can improve
frequency reuse planning by reducing
interference and signal degradation caused by
over-budgeting within limited communication
bands (Scourias, 1997). Overall, this study
enhances understanding of environmental
impacts on mobile networks and aids in more
effective  link  budgeting and system
implementation.
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