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ABSTRACT: The yearly and monthly estimation of terrestrial solar radiation over Lokoja using meteorological parameters of 

temperature and relative humidity during the period of twenty two years (July 1983 – June 2005) was investigated. The monthly 

variation of terrestrial solar radiation with meteorological parameters of global solar radiation, temperature, relative humidity and 

atmospheric pressure were investigated. The results indicated that high values of terrestrial solar radiation were observed during the 

rainy season than in the dry season. The highest yearly average values of terrestrial solar radiation observed during the period under 

investigation were found to be in the year 2005 and 1983 with 378.3521 𝑊𝑚−2 and 368.3232 𝑊𝑚−2 respectively. The highest 

and lowest monthly values of terrestrial solar radiation were estimated during the rainy and dry seasons in the months of May and 

January with 385.6133 𝑊𝑚−2 and 358.5111 𝑊𝑚−2 respectively. High values of terrestrial solar radiation with relative humidity 

and atmospheric pressure were observed during the rainy season and low values during the dry season. The reverse is the case for 

terrestrial solar radiation with global solar radiation and temperature.  
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INTRODUCTION 

Terrestrial radiation is a long-wave electromagnetic radiation in the form of heat energy emitted from the Earth surface and it 

atmosphere in the temperature range of 200 – 300 K [1]. The flux density in the form of energy transported by this radiation is 

measured in Watt per meter square (W/m2) over the wavelengths of between 4 μm and 100 μm in the electromagnetic spectrum [1]. 

Terrestrial radiation depends on the temperature of the radiating body (earth’s surface), surface emissivity, atmospheric temperature; 

water vapor profile and cloud cover [2]. This radiation involves processes of absorption, scattering and emissions from atmospheric 

gases, aerosols, clouds and the surface.  

The lowest layer of the atmosphere generally called the troposphere is closely affected by terrestrial radiation and since this site 

allows temperature decrease with increasing altitude, warm air near the Earth surface becomes less dense and rises replacing cold 

air at the upper troposphere. By so doing vertical movement of convective current is produced thereby creating cloud which 

ultimately rain from the moisture within the troposphere that form part of the weather which we experience [1]. 

Outgoing longwave radiation (OLR) is classified as type of the radiant energy that leaves out the Earth– atmosphere system to space 

at a low energy within the sector of the electromagnetic spectrum at a wavelength extended between 4 to 100 μm; this band of 

radiation is called infrared radiation (IR) [3]. It is one of the most essential and critical climate processes that contributed to the 

radiative budget at the top of atmosphere (TOA), any variation in this fundamental component would cause a long-range imbalance 

net flux, which eventually alters the climate as it adjusts to restore the balance [4]. Radiation emitted from the Earth’s surface are 

absorbed and reemitted in the atmosphere. Again, water vapor pressure has amplifying effects that increase in temperature which 

caused evaporation of water from the Earth surface that enters the atmosphere as water vapor, absorb and emit radiation through the 

continuous feedback loop of water vapor that resulted in the overall increase in terrestrial radiation. Thus, temperature has great 

influence on terrestrial radiation [5]. 

Greenhouse gases (GHG) such as (water vapor, carbon (iv) oxide, nitrous oxide, methane, and ozone) in Earth's atmosphere absorbs 

a particular wavelength of the thermal radiation [6]. As a result, the corresponding absorbing layer of the atmosphere emits more 

radiation due to the extra that adds to the atmosphere. Some of this radiation is downward back towards Earth, which increases the 
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average temperature of the Earth's surface and performs an important part of the global warming [7]. 

Understanding the spatial and temporal variations of OLR is an important issue in expanding knowledge of water balance dynamics 

on different scales for water resources management and planning [8]. Typically, the highest values of OLR are correlated with the 

warmest regions of the Earth’s atmosphere, because they radiate the significances amounts of the thermal longwave radiation to 

space. The cloudless free equatorial trade wind regions and tropical Pacific are affiliated with such high OLR values, while the areas 

of intense convection associated with monsoon seem as regions of low OLR [9]. OLR is sensitive and dependent on several 

meteorological variables, and they have a considerable influence on the OLR, among these are the Earth surface temperature (ST), 

relative humidity (RH) and cloud fraction (CF) [2].  

Moreover, accurate knowledge of terrestrial radiation is fundamental to cooling mechanism of Earth atmosphere system. Knowledge 

of its dependence on surface and atmospheric parameters is therefore relevant for quantitative understanding of climate and of 

climate change [10]. Also, its knowledge is important to solar engineers and meteorologists to enhance solar energy conversion 

systems validate remote sensing estimate of solar energy flux and Earth’s radiation budget [1]. 

The purpose of this study is to (i) estimate the yearly and monthly terrestrial solar radiation for Lokoja, Nigeria using the Stefan – 

Boltzmann equation with meteorological parameters of temperature and relative humidity during the period of twenty two years 

(July 1983 – June 2005) (ii) investigate the monthly variation of terrestrial solar radiation with meteorological parameters of global 

solar radiation, temperature, relative humidity and atmospheric pressure. 

 

STUDY AREA 

Nigeria being a tropical region has two seasons, the wet and the dry. The wet season is characterized by heavy rainfall. The season 

falls between the months of April and October. The dry season, on the other hand, is characterized by scanty or no rainfall and dry 

dust laden atmosphere. The season falls between the month of November and March [11]. In Lokoja, which is the capital of Kogi 

State, Nigeria, the wet season is oppressive and overcast, the dry season is muggy and partly cloudy, and it is hot year round. Over 

the course of the year, the temperature typically varies from 66°F to 96°F and is rarely below 60°F or above 101°F. The study area 

under investigation is Lokoja (Latitude 7.78 °N, Longitude 6.73 °E and altitude 62.5 m above sea level) as shown in figure 1. 

               

Figure 1. (a) Google map showing the study area (b) Map of Nigeria showing the study area 
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METHODOLOGY 

The measured daily climatic data of temperature and relative humidity utilized in this study for the estimation of terrestrial solar 

radiation were obtained from the National Aeronautics and Space Administration (NASA) atmospheric science data centre under 

Surface meteorology and Solar Energy. The daily averaged data were aggregated to monthly data. Similarly, the monthly averaged 

data were aggregated to yearly data. To avoid possible misleading indications related to year to year variation in weather condition, 

the period under investigation is twenty two years (July 1983 – June 2005) so as to obtain a good climatological average. The quality 

assurance of the meteorological measurements was determined by checking the overall consistency of the daily, monthly and yearly 

average of the meteorological parameter used in the study areas. 

Stefan Boltzmann formulated a law that is related to the energy flux density which is proportional to the fourth power of absolute 

temperature. Because of that, emission of radiation from Earthly bodies changes considerably, even in the limited temperature range 

characteristics of a single day or season. This can be expressed mathematically as [12]: 

𝐸 = 𝜀𝜎𝑇4                                     (1) 

where 𝐸 is the terrestrial solar radiation, 𝜀 is the emissivity of the surface, 𝜎 is the Stefan Boltzmann’s constant which is 5.67×10-8 

Wm-2K-4 and 𝑇  is the temperature measured in Kelvin. Emissivity can be calculated in terms of water vapor using the expression 

[13]: 

𝜀 = 0.605 + 0.04𝑒0.5                     (2) 

where 𝑒 is the water vapor pressure in hPa. 

The water vapour pressure, 𝑒 was obtained using the expression given [14 – 16] as:  

𝑒 = 𝑅𝐻 (
𝑒𝑠

100
)                                 (3) 

where 𝑅𝐻 is the relative humidity in percentage (%) and 𝑒𝑠 is the saturated vapour pressure in hPa. 

The saturated vapour pressure was evaluated using the Claussius Clapeyron equation [17] defined as: 

𝐿𝑜𝑔10 𝑒𝑠 = 9.4051 − (
2353

𝑇
)            (4) 

𝑒𝑠 from equation (4) becomes 

𝑒𝑠 = 10[9.4051−(
2353

𝑇
)]

                       (5) 

 

In general, changes in temperature (𝑇) and water vapor pressure (𝑒) cause change in the terrestrial solar radiation (𝐸). 

 

RESULTS AND DISCUSSION 

 
Figure 2. Yearly variation of terrestrial solar radiation for Lokoja 
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Figure 2 shows the yearly variation of terrestrial solar radiation for Lokoja during the period under investigation. The result shows 

fluctuations in the values of terrestrial solar radiation with the highest and lowest values of 378.3521 𝑊𝑚−1 and 368.3232 𝑊𝑚−1 

in the year 2005 and 1983 respectively. The mean terrestrial solar radiation during the study period is 374.2195 𝑊𝑚−1.  

 

Figure 3. Monthly variation of terrestrial solar radiation for Lokoja 

 

Figure 3 shows the monthly variation of terrestrial solar radiation for Lokoja during the studied period. The values of terrestrial 

solar radiation increases from its minimum value of 358.5111 𝑊𝑚−1 in the month of January and attained its maximum value of 

385.6133 𝑊𝑚−1 in the month of May and then decreases from May to August, the decrease in the value of terrestrial solar radiation 

in August could be as a result of August break when there is a break in rainfall, this is a phenomenon that usually occur in virtually 

all the locations across the climatic zones in Nigeria. The terrestrial solar radiation further increases from August to September and 

then dropped to December. The highest value of terrestrial solar radiation obtained in this study was found in the rainy season in 

the month of May as 385.6133 𝑊𝑚−1 while the lowest value was found during the dry season in the month of January as 

358.5111 𝑊𝑚−1. The result in this study contradicts the findings of Ikeh et al. [1] where they found the highest and lowest values 

of terrestrial solar radiation to be 400 𝑊𝑚−1 and 381 𝑊𝑚−1 during the dry and wet seasons respectively for Awka, Nigeria. 

Although, the variation could be as a result of the differences in the climatic condition.  

 

Figure 4. Monthly variation of terrestrial solar radiation with global solar radiation for Lokoja 
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Figure 4 shows the monthly variation of terrestrial solar radiation with global solar radiation for Lokoja during the period under 

investigation. The result revealed that the global solar radiation increase slightly from January to its maximum value of 

243.5922 𝑊𝑚−1 in February and decreases continuously to its minimum value of 172.3729 𝑊𝑚−1 in the month of August and 

increases to December. The global solar radiation and the terrestrial solar radiation decreases from May to August and increases 

from August to October; the global solar radiation increases from October to December while the terrestrial solar radiation decreases 

from October to December. The highest and lowest values of global solar radiation were recorded during the dry and rainy seasons 

in the months of February and August as 243.5922 𝑊𝑚−1 and 172.3729 𝑊𝑚−1 respectively while the highest and lowest values 

of terrestrial solar radiation were estimated during the rainy and dry seasons in the months of May and January as 385.6133 𝑊𝑚−1 

and 358.5111 𝑊𝑚−1 respectively. The opposite effect observed may be attributed to the fact that the global solar radiation is a 

short wave electromagnetic radiation emitted from the Sun to the Earth while the terrestrial solar radiation is a long wave 

electromagnetic radiation emitted from the Earth surface to space. It was observed that the values of terrestrial solar radiation are 

higher than the global solar radiation throughout the months for the period under investigation.  

 

Figure 5. Monthly variation of terrestrial solar radiation with temperature for Lokoja 

 

Figure 5 shows the monthly variation of terrestrial solar radiation with temperature for Lokoja during the studied period for Lokoja. 

The temperature increases from January to its maximum value of 299.2670 𝐾 in the month of February and then decrease to its 

minimum value of 296.6562 𝐾 in August; the temperature then increase from August to December. High values of temperature are 

recorded during the dry season and low values during the rainy season while for the terrestrial solar radiation high values are 

observed during the rainy season and low values during the dry season.  
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Figure 6. Monthly variation of terrestrial solar radiation with relative humidity for Lokoja 

 

Figure 6 shows the monthly variation of terrestrial solar radiation with relative humidity for Lokoja during the period under study. 

The terrestrial solar radiation increases with relative humidity from January to May; as the terrestrial solar radiation decreases from 

May to August the relative humidity increases from May to June and decrease slightly to August. The terrestrial solar radiation 

increases from August to October and then decrease to December; while the relative humidity increases slightly from August to 

September and then dropped to December. The highest and lowest values of relative humidity are found during the rainy and dry 

seasons in the month of June and January with 84.1854 % and 43.8948 % respectively. High values of terrestrial solar radiation 

and relative humidity are recorded during the rainy season and low values during the dry season.  

 

Figure 7. Monthly variation of terrestrial solar radiation with atmospheric pressure for Lokoja 
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Figure 7 shows the monthly variation of terrestrial solar radiation with atmospheric pressure for Lokoja during the period under 

investigation. The atmospheric pressure decreases from January to its minimum value of 984.5321 ℎ𝑃𝑎 in the month of March and 

then increases to its maximum value of 988.6821 ℎ𝑃𝑎 in August and then dropped steadily to December. High values of 

atmospheric pressure and terrestrial solar radiation are recorded during the rainy season and low values during the dry season.  

 

CONCLUSION 

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). The monthly variations of terrestrial 

solar radiation with meteorological parameters of global solar radiation, temperature, relative humidity and atmospheric pressure 

during the period under investigation were investigated. The yearly average terrestrial solar radiation indicated that the highest value 

of 378.3521 𝑊𝑚−2 was found in the year 2005 and the lowest value of 368.3232 𝑊𝑚−2 was found in the year 1983. Furthermore, 

the results in this study revealed that high values of monthly averaged terrestrial solar radiation were estimated during the rainy 

season than in the dry season; the highest value of terrestrial solar radiation was found to be 385.6133 𝑊𝑚−2 in the month of May 

during the rainy season and the lowest value was found to be 358.5111 𝑊𝑚−2 in the month of January during the dry season. The 

results of the variation of terrestrial solar radiation with global solar radiation revealed that as high values of terrestrial solar radiation 

were observed during the rainy season low values of global solar radiation were observed, similarly, as low values of terrestrial 

solar radiation were observed during the dry season high values of global solar radiation were observed, this may be attributed to 

the fact that global solar radiation is a short wave electromagnetic radiation emitted from the Sun to the Earth and terrestrial solar 

radiation is a long wave electromagnetic radiation emitted from the Earth to the space, thereby leading to an opposite effect.  
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