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ABSTRACT
In this study, the yearly and monthly variation of tropospheric radio refractivity and field strength variability was estimated using the monthly average of daily temperature, relative humidity and atmospheric pressure meteorological parameters during the period of eleven years (2013 – 2024). The results shows that higher values of monthly tropospheric radio refractivity were recorded during the rainy and dry seasons, respectively, with highest and lowest value in the month of the months of February and January with 370.0115 N-units and 332.0318 N-units, respectively. The highest and lowest annual average values of tropospheric radio refractivity were found in the year 2013 and 2022 with 364.3405 N-units and 351.3405 N – units respectively. The study area under investigation yields average gradient of -43.33 N-units/km. Additionally, the average effective earth radius K was found to be 1.381. These values align with the condition of Super-refraction propagation. 
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CHAPTER 0NE
1.1    INTRODUCTION
The radio refractivity is a physical phenomenon that affects the propagation of radio signals in the Atmosphere. This process takes place in the layer of the atmosphere called the troposphere, which extends from the earth surface to a height of about 10km along the poles of the earth and 17km as we move towards the equator. The refractivity itself is being affected by the tropospheric parameters (Temperature, Relative Humidity and Atmospheric Pressure) (Oku, 2016).  Global radio link fading has been an issue in recent years in microwave communication services. In Nigeria, different activities emerging from meteorological parameters and hydrometeors has been some of the major factors affecting radio propagation (Ojo, 2019). The part of the atmosphere most closely related to human life is the troposphere. It is the lowest layer of earth’s atmosphere and region of all weather on earth (D. . Akpootu & Lliyasu, 2017). It has been observed that the propagation of radio signals in the troposphere which extends from the earth surface to about 10km at the pole and 17km at the equator, is often inhibited by certain atmospheric conditions (Oku, 2015). The behavior of radio waves in the tropospheric layer of the Earth’s atmosphere is very important in this modern age, which is highly influenced by radio communications ranging from mobile telephoning through terrestrial digital broadcasting to the propagation of satellite radio signal through the troposphere. (Abimbola, 2021). A medium's refractivity, which is determined by its index of refraction, is a physical feature that affects radio wave propagation and is accountable for a number of occurrences (Akpootu ,2024). Increased dependence on radio communication in Nigeria through the use of communication technologies such as laptops, smartphones and computers in our day to day life ease the way of doing businesses and social activities such as mobile Increased banking, e-businesses, access to news and usage of social media(Sa’adu, 2020). Refractivity is the physical property of a medium as determined by its index of refraction and it is responsible for various phenomena in radio wave propagation such as ducting and scintillation, refraction and fading, range and elevation errors in radar acquisition. There are two main layers that are of interest from a radio communication perspective. The first is the troposphere (lower atmosphere) which ex- tends from the earth surface to an altitude of about 10 km at the earth poles and 17 km at the equator and tends to affect radio frequencies above 30 MHz. The second is the ionosphere which is a region that extends from around 60 km up to 700 km producing ions and free electrons which affect radio signals at certain frequencies; typically those below 30 MHz (M Idris, I Nouhou, MI Iliyasu, AO Aina, MJ Abdulsalami Ohaji, 2024).  It is a well-established fact that radio wave in the Very High Frequency (V.H.F), Ultra High Frequency (U.H.F), and Super High Frequency (S.H.F) bands propagating through the troposphere can be greatly influenced by the variations in the tropospheric weather condition.
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The tropospheric refractive index, n of the troposphere which affects radio wave propagation is dependent on the weather parameters of pressure, air temperature and humidity which are highly variable. The variability of these parameters can cause variation of the refractive index which affects the performance and electric field strength of the radio signals (O nujagbe, 2021). The behavior of radio waves in the tropospheric layer of the Earth’s atmosphere is very important in this modern age that is highly influenced by radio communications ranging from mobile telephoning through terrestrial digital broadcasting to the propagation of satellite radio signal through the troposphere (Abimbola, Bada, Falaiye, & Sani, 2021).

1.2   STATEMENT OF PROBLEM
Reliable radio communication systems are essential for socio-economic development, particularly in developing regions like Southeast Nigeria. However, the effectiveness of radio wave propagation in the troposphere is highly influenced by meteorological factors such as temperature, relative humidity, and atmospheric pressure, which collectively affect the refractive index of the atmosphere. In Ebonyi State—a region characterized by diverse topography and significant seasonal climatic variations—these atmospheric conditions vary markedly throughout the year, potentially leading to unpredictable changes in tropospheric radio refractivity.
Despite the critical role of radio refractivity in the design and performance of wireless communication systems, there is a lack of detailed, localized studies focused on Ebonyi State. Most existing models and data are based on generalized atmospheric assumptions or studies from other regions with different climatic conditions, leading to inaccuracies when applied locally. The absence of region-specific refractivity profiles limits the ability of engineers and communication planners to optimize signal transmission, predict signal degradation, or manage frequency allocation effectively.
1.3   SIGNIFICANCE OF STUDY
Analysis of tropospheric radio refractivity over Ebonyi, South-East, Nigeria using meteorological variables particularly in the context of improving communication infrastructure and atmospheric science. This study provides a detailed analysis of tropospheric radio refractivity using local meteorological variables, this research will enable more accurate modeling of radio wave propagation over Ebonyi, Nigeria. The study will generate valuable region-specific data on atmospheric refractivity, which is currently limited or nonexistent for Ebonyi. This data can serve as a reference for future atmospheric and climatological studies in the region.
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 Engineers and technicians involved in telecommunication infrastructure development will benefit from the findings, particularly in selecting appropriate frequencies, designing antenna systems, and predicting signal degradation due to atmospheric conditions. 
The results can inform national and regional communication regulatory agencies, such as the Nigerian Communications Commission (NCC), in frequency planning and spectrum management, especially in regions with complex climatic variability. This result findings can also add to the body of knowledge in atmospheric physics and environmental science. It may also stimulate further research into radio wave behavior in different climatic zones of Nigeria and Sub-Saharan Africa.

1.4   AIMS AND OBJECTIVES 
AIM OF STUDY
To analyze the tropospheric radio refractivity over Ebonyi State, Southeast Nigeria, using meteorological, in order to understand its spatial and temporal variations and their implications for radio wave propagation while the specific objectives are to:
OBJECTIVES
1. Collect and analyze meteorological data (temperature, relative humidity, and atmospheric pressure) for Ebonyi State over a defined time period.
2. Compute the surface and elevated tropospheric radio refractivity using the collected meteorological data.
3. Examine the seasonal and diurnal variations in radio refractivity over the study area.
4. To determine the dominant meteorological variables influencing tropospheric refractivity in Ebonyi State.
5. Assess the implications of the observed refractivity variations for radio wave propagation and communication system performance in the region.
6. Provide recommendations for optimizing communication infrastructure based on the refractivity trends of Ebonyi.
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                       CHAPTER TWO
2.0    LITERATURE REVIEW
(D. . Akpootu et al., 2021)  showed the Stefan-Boltzmann law has been employed to estimate the yearly and monthly average values of terrestrial solar radiation using monthly averaged meteorological parameters of temperature and relative humidity obtained from the National Aeronautics and Space Administration (NASA) during the period of twenty two years (July 1983 – June 2005).
(Oku, Amajama, et al., 2015) showed this research work has established the fact that metrological parameters contribute significantly to the radio refractivity of Ebonyi atmosphere and hence affects the radio wave propagation.
(Sa’adu, Bawa, & Bello, 2020) showed it has been observed that refractivity reveals seasonal variations with high value in rainy season and low values in dry season. 
(D. Akpootu & Iliyasu, 2017) estimated tropospheric radio refractivity under varying meteorological conditions in Ikeja, Nigeria. The results indicated that an average value of 370.0015 N-units and an average value of 332.0318 N-units were observed during the rainy and dry seasons respectively. (D. . Akpootu & Rabiu, 2019) developed empirical models for estimating tropospheric radio refractivity for Ebonyi, Nigeria, using meteorological parameter. The study showed that radio refractivity with relative humidity was found more suitable for the one variable correlation.
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CHAPTER THREE
3.1   STUDY AREA
The study is located in Ebonyi State, which is one of the States in South-eastern Nigeria. Ebonyi State lies approximately within latitudes 5° 40’ and 6° 45’ North of the Equator and longitudes 7°30' and 8°30'East of the Greenwich meridian. The prevailing climatic condition in the area is characterized primarily by two regimes which are the rainy and the dry seasons. The rainy season is usually from April to October; while the dry season starts from October through to February. The area can be described as having a bimodal rainfall pattern (Diagi, 2018)
[image: C:\Users\dell\Documents\Ebonyi Airport.jpg]
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3.2   DATA ACQUISITION
Monthly average temperature, atmospheric pressure and relative humidity data covering 9 years period from (2013 to 2022) for the study area were obtained from the Nigerian Meteorological Agency (NIMET) Oshodi, Lagos.

3.3   THEORETICAL BACKGROUND
N = Refractivity, measured in N-unit 

[bookmark: _Hlk198972070]N=   …………………….. (1)

Expand to get 

[bookmark: _Hlk198972431]With the “dry term” of radio refractivity given by:
 …………………………………………………… (2)
With the “wet term” of radio refractivity given by:
 …………………………………………. (3)
[bookmark: _Hlk198973337]Where P= Atmospheric Pressure (hPa)
T= Absolute Temperature (K)
e= Water Vapour (hPa)

The relationship between water vapour pressure (e) and relative humidity (RH) is given by the expression:
e=    ………………………………………………… (4)
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Where H = Relative Humidity
= Saturated Water Vapor

)  ………………………………… (5)

[bookmark: _Hlk198974124]Where, a = 6.1121
b = 17.502
c = 24097
t = Temperature (


Refractivity Gradient:
The radio refractivity N, also decrease exponentially in the troposphere with height:
 = exp (  OR   = 315 
Where, = Refractivity at surface of the earth
 = Average values of atmospheric extrapolated to sea level
 = Height of the earth’s surface above sea level
 = Scale height = 7.35km

[bookmark: _Hlk198974829]
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 = exp( refractivity gradient


Thus, k may be expressed in terms of refractivity gradient, dN/dh as:
K = [1+ …………………………………………. (6)
	

FSV – Field Strength Variation =
(- )  0.2  ………………………..(7)
decibel
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CHAPTER FOUR
4.1   RESULTS AND DISCUSIONS
Radio refractivity and its variation with other meteorological parameters
The seasonal change of radio refractivity for Ebonyi is seen in Figure below during the period of Nine (9) years. The figure below shows the yearly variation of radio refractivity for Ebonyi during the investigation period. The values of radio refractivity increase from its minimum value of 6.00N – units in the year 2013 until it attained its maximum value of 111.01N – units in 2015; it further decreases sharply to 2017 and then increases to 2018 and dropped 2019, then slightly increases to 2020 and decreases in 2021 before finally increasing in 2022.


 FIG 1
FIG 1: Yearly variation of radio refractivity over Ebonyi, Nigeria
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 FIG 2
Fig. 2: Variation of Mean monthly surface refractivity value for Ebonyi
The mean monthly refractivity value at the Ebonyi station was observed to increase slowly from its minimum value of 332.0318 N-units in the month of January through February and thereafter rose sharply through April to its maximum value of 370.0015 N-units in May; it however decreases slowly through the month of August till it reached another maximum value of 365.0001 N-units in the month of October before decreasing sharply through December.
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FIG 3
Fig. 3: Variation of Mean yearly surface refractivity value for Ebonyi
The mean yearly refractivity value at the Zaria station was observed to be at its highest maximum value of 364.3405 N-units in the year 2013 afterwards decreases slowly to a minimum value of 359.35 N-units in the year 2015 it further decreases sharply 2020 and then increases to 2021 before finally decreased to a minimum value of 351.3405 N-units in 2022.
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CONCLUSION
The international telecommunication union (ITU) method has been employed to estimate the yearly and monthly tropospheric radio refractivity over Ebonyi, Nigeria using meteorological parameters of temperature, relative humidity and atmospheric pressure during the period of eleven years (2013 – 2024). The yearly and monthly variations of radio refractivity was also studied. The refractivity gradient, and the field strength variability were also reported. The results in this study revealed that slightly higher values of monthly tropospheric radio refractivity were recorded in the rainy season than in the dry season with the highest and lowest values in the month of February and January with 370.0015 N-units and 332.0318 N-units respectively. The highest and lowest annual average values of tropospheric radio refractivity were found in the year 2013 and 2022 with 364.3405 N-units and 351.3405 N – units respectively. The refractivity gradient and effective earth radius found for Zaria, Nigeria during the period under investigation were -43.33 N-units/km indicating that the propagation in this region is mostly Super-refraction. This is also supported by the value of effective earth radius, which is greater than 4/3. The highest and lowest values of field strength variability (FSV) was estimated in the year 2022 and 2013 as 111.01 dB and 6.00 dB respectively.
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