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ABSTRACT

Estimation of albedo is paramount in the evaluation of solar energy collectors, atmospheric radiative transfer and studies that
relates to atmospheric thermal balance. This study, employed the shortwave solar energy balancing at the edge of the Earth’s
atmosphere to estimate and compare the variation of albedo for two locations, Gusau (Latitude 12.170N, Longitude 6.700E and
altitude 463.9 m above sea level) and Calabar (Latitude 4.970N, Longitude 8.350E and altitude 61.9 m above sea level) situated
across the Sahelian and Coastal climatic zones of Nigeria respectively using measured monthly mean daily meteorological
parameter of global solar radiation obtained from the National Aeronautics and Space Administration (NASA) during the period
of twenty two years (July 1983 — June 2005). The variation of albedo with clearness index, relative humidity and mean
temperature were investigated. The variation of emitting Earth’s surface temperature and maximum wavelength for each location
were also investigated. The results in this study revealed that the estimated surface albedo depicts a direct opposite relationship
with the clearness index, an inverse relationship with the emitting Earth’s surface temperature and a direct relationship with the
wavelength for the studied locations. The highest and lowest values of albedo simulated for Gusau was in the months of August
and February with 0.4933 and 0.3270 respectively, while for Calabar are in the months of August and January with 0.6949 and
0.4218 respectively; the estimated albedo obtained for Calabar in this study are more than that of Gusau throughout the months for
the period under investigation suggesting that as the location’s latitude and global solar radiation increases the albedo or
reflectance decreases. The variation of clearness index with albedo for Gusau suggests the availability of abundant global solar
radiation throughout the months in the region while for Calabar revealed the availability of abundant global solar radiation only in
the months of January, February and December. The emitting Earth surface temperature for Gusau ranged between 235.1297 K in
August and 252.4133 K in February while for Calabar ranged between 207.1236 K in August and 243.0097 K in January, these
values agrees closely to the standard emitting Earth surface temperature value (255.0000 K). The maximum emitting wavelength
values for both locations revealed that the radiation is longwave and are found within the infrared region of the electromagnetic
spectrum. The variation of relative humidity with albedo depicts almost a similar trend for both locations. The results showed that
as albedo increases during the rainy season the mean temperature decreases.

Keywords: Albedo, Global Solar Radiation, Earth Surface Temperature, Maximum Wavelength, NASA

1. INTRODUCTION

Solar radiation data has been considered as an essential requirement to conduct feasibility studies for solar energy systems [1].
Among the renewable energy resources, only solar energy has the greatest potentiality, availability and is free from environmental
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hazard [2]. Over the years, the amount of solar radiation reaching the Earth’s surface is being modified through reflection,
scattering and absorption in the atmosphere. The fraction of the incident solar radiation that is reflected and scattered back into
space is called albedo [1].

Albedo is related to reflection of solar radiation at a surface and therefore defined in terms of it, as the ratio of the reflected solar
radiation to the incident solar radiation at the surface, i.e., H/Hy [1]. The extraterrestrial radiation, Hy at the edge of the
atmosphere, from the sun, is considered the incident solar radiation. Albedo or reflection coefficient is also known as reflectance
or reflectivity of a surface; by this, the surface albedo of the Earth is regarded the same as planetary albedo by many scientists [3].
The average overall albedo of the Earth, its planetary albedo, is about 0.3. This fraction of incoming radiation is reflected back
into space. The other 0.7 part of the incoming solar radiation is absorbed by our planet [4]. It is assumed however that the
reflected radiation, H,, is both diffuse and specular in nature, that is, it is diffuse if the reflected radiation is uniform or isotropic in
all angular directions, and specular if the surface of reflection is smooth with respect to the wavelength of the incident radiation
such that the laws of reflection are satisfied [3]. It was reported by Gutman [5] that the observed albedo assumed that the radiation
field is isotropic. Albedo, as a property of a surface, therefore, can be used to determine the brightness of a surface. According to
Prado and Ferreira [6], materials with high albedo and emittance attain low temperature when exposed to solar radiation, and
therefore reduce transference of heat to their surroundings. Thus albedo is an important input parameter or quantity in evaluating
the total insolation on a building or a solar energy collector. It is also important in the studies dealing with thermal balance in the
atmosphere. The Earth’s albedo affects the amount of Sun-light the planet absorbs. It plays a major role in the energy balance of
the Earth’s surface, as it defines the rate of the absorbed portion of the incident solar radiation. Hence, it has a direct effect on
Earth’s energy budget and, therefore, global temperatures. If the Earth receives more energy from the Sun than it sends back to
space, the Earth gets warmer. On the other hand, if the Earth reflects more of the Sun’s energy than it absorbs, the Earth gets
colder. Some studies on the albedo of the Earth’s atmosphere for different locations have been investigated.

Audu et al. [7] estimated the albedo for Kano, Nigeria. In their studies they obtained maximum albedo of 0.58 in August (the peak
of cloud activity) while the minimum albedo of 0.41 in November (the onset of dry season) using global solar radiation data for
Kano, Nigeria during the period of 34 years (1977- 2010) obtained from the International Institute for Tropical Agriculture,
Ibadan, Nigeria. In the study carried out by Babatunde et al. [4] they obtained the albedo for Ilorin, Nigeria ranging between 0.361
and 0.644 using global solar radiation data measured at the Department of Physics in the year 2000. The highest albedo recorded
was 0.644 at the peak period of cloud activity in August and the lowest was 0.361 in November when it was relatively cloudless
and dustless. Seven years later the study carried out by Babatunde et al [4] was expanded by the leading author, Babatunde [8] and
he confirmed the values of albedo obtained, however, was approximated. In another development, Audu and Isikwue [9] adopt the
model for shortwave solar energy balancing at the edge of Earth atmosphere to estimate the albedo for Makurdi, Nigeria. The
results indicated that the highest albedo of 0.7 in August and the lowest of 0.5 in November were estimated using global solar
radiation data covering the period (2000- 2010) obtained from the Air Force Base, Makurdi, Nigeria. In a related study De Sonsa
et al. [10] obtained albedo at Maceio, Brazil as 0.47 and 0.41 during the rainy and dry seasons respectively. More recently,
Akpootu and Iliyasu [1] adopt the shortwave solar energy balancing at the edge of Earth atmosphere to estimate the variation of
albedo for Sokoto using measured monthly parameter of global solar radiation during the period of thirty one years (1980 — 2010).
The results in their study showed that the highest and lowest values of albedo simulated for Sokoto were found to be in the months
of August and November with 0.4925 and 0.3185 respectively. In another study, Barka et al. [11] proposed a multivariate model
that uses temperature and relative humidity linear relationship to determine the albedo of some selected sites in the Republic of
Chad. They obtained RMSE, MAE and MAPE values of 0.035, 0.027 and 7.58 respectively.

The purpose of this study is (i) to estimate and compare the surface albedo for two tropical locations namely, Gusau and Calabar
situated across the Sahelian and Coastal climatic zones of Nigeria respectively. (ii) to investigate the variation of albedo with
clearness index, relative humidity and temperature for the locations (iii) compare the monthly mean emitting Earth surface
temperature for the locations to the standard value (iv) to investigate the type of radiation found in the electromagnetic spectrum
considering the values of the maximum wavelength obtained for the locations.

2. METHODOLOGY

The measured monthly averaged daily climatic data of global solar radiation, relative humidity, minimum and maximum
temperature meteorological data used in this study 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. The mean temperature was obtained by taken the average of the minimum and maximum temperature. The study
area under investigation is Gusau (Latitude 12.17°N, Longitude 6.70°E and altitude 463.9 m above sea level) located in Sahelian
zone of Nigeria and Calabar (Latitude 4.97°N, Longitude 8.35°E and altitude 61.9 m above sea level) located in the Coastal zone
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of Nigeria. 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 that a good climatological average is assured. The quality assurance
of the meteorological measurements was determined by checking the overall consistency of the daily and monthly average of the
meteorological parameter used in the study locations. 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 [12]. According to Olaniran [13] Nigeria is classified into four climatic zones; these are the Sahelian zone,
Midland zone, Guinea savannah zone and the Coastal zone. The locations within the climatic zones are shown in Figure 1.
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Figure 1. Map of Nigeria showing the locations under investigation

The extraterrestrial radiation,H,is the solar radiation received at the top of the Earth’s atmosphere from the sun on a horizontal
surface and is considered as the incident solar radiation [14].

The monthly average daily extraterrestrial radiation on a horizontal surface (H,) in MJ/m?day can be calculated for days giving
average of each month from the following equation [3,15]:

360n
365

2Mwg
360

H, = (%) Ise [1 + 0.033605( )] [coswcos&sinws + ( )simpsind] 1)
where I, is the solar constant (=1367 Wm), ¢ is the latitude of the site, § is the solar declination and w; is the mean sunrise hour
angle for the given month and n is the number of days of the year starting from 15¢ of January to 315 of December.

The solar declination, § and the mean sunrise hour angle, w, can be calculated using the following equation [3, 15]:

§ = 23.45sin {360 (22")] @)

365
ws = cos™1(—tanptans) 3)

According to Babatunde [16], the shortwave solar energy balancing at the edge of the Earth’s atmosphere can be computed using
the expression:
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Hm . Hq . Hy
Hyp Ho  Hyp

=1 (4)

where H,, is the measured global solar radiation in MJ/m?day, the ratio Z—’" is the fraction of the extraterrestrial radiation
0

transmitted through the atmosphere to the ground surface, and is known as the clearness index [17, 18], H, is the absorbed solar
radiation, the ratio % is the solar energy fraction absorbed, and is known as the absorption co-efficient or absorbance, and % is
0 0

the solar energy fraction reflected back to space, and is known as the reflection co-efficient or reflectance [16] and H, is the
shortwave reflected radiation. According to the study carried out by Babatunde [16]. The ratio %Was found to be very small in
0
value compared with the other ratios given in equation (4) and therefore negligible, i.e., % <1
0
Therefore equation (4) becomes

Hm . Hy
Ho  Hp

~ 1 (%)
From equation (5), the reflectivity or albedo can be estimated using the expression as
= 1--= (6)
The flux density of longwave radiation emitted by the Earth, Fg, given by the Stefan-Boltzmann law [19] is expressed as

Fp = UTE4 (7)

where ¢ is the universal Stefan-Boltzman constant, ¢ = 5.67 X 1078 Wm™2K ~* and T}, is the Earth’s temperature, in Kelvin (K).
Fg is also given [19] as

A ®)

where % is the planetary albedo of the Earth for the study area and F; is the flux density of solar radiation incident upon the Earth
0
(1368 Wm™2).

Combining equations (7) and (8), the following equation was obtained that relates the surface temperature of the Earth, Tgto its
albedo for the study locations [19, 20] as

fe)

The equation given in (9) indicates that the temperature T; would decrease as albedo increases.

In atmospheric science the term “shortwave” (A < 4 um) refers to the wavelength band that carries most of the energy associated
with solar radiation and “longwave” (1 > 4 um)refers to the band that encompasses most of the terrestrial (Earth-emitted)
radiation [19]. In the radiative transfer literature, the spectrum is typically divided into the regions shown in Figure 2. The
relatively narrow visible region, which extends from wavelengths of 0.39 to 0.76 um, is defined by the range of wavelengths that
the human eye is capable of sensing [19]. The near infrared region, which extends from the boundary of the visible up to ~4 um,
is dominated by solar radiation,whereas the remainder of the infrared region is dominated by terrestrial (i.e., Earth emitted)
radiation [19]. Microwave radiation is not important in the Earth’s energy balance but it is widely used in remote sensing because
it is capable of penetrating through clouds [19].

The maximum wavelength of emission at temperature, Ty is given by the Wien’s displacement law [19] as

Ay =22 (10)

L

Am is expressed in micrometers and Ty in Kelvin.
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Figure 2. The electromagnetic spectrum [19]

3. RESULTS AND DISCUSSION

Table 1. Monthly mean meteorological parameters for Gusau

Month Hinea(MJIm2day™) RH (%)  Tuean (°C)
January 19.7971 15.8990 23.8667
February 22.6567 14.4270 25.6269
March 24.1145 23.1835 28.6017
April 24.6174 43.1662 29.5042
May 24.1246 61.2077 28.3980
June 23.3990 76.2176 26.1061
July 20.4644 81.7522 24.8295
August 19.1225 81.2932 24.8150
September 20.6228 76.9805 25.5309
October 21.3928 53.2214 26.9423
November 20.4428 21.6322 26.8410
December 18.8926 17.2176 24.4835
Mean 21.6373 47.1832 26.2955

Table 2. Monthly mean meteorological parameters for Calabar

Month Humea(MIm?day™) RH (%)  Tomean (°C)
January 19.7911 76.5317 25.1333
February 20.5331 78.2678 25.4831

March 17.8988 82.5394 25.5098
April 16.6275 83.7085 25.6170
May 15.5371 84.6878 25.4788

June 12.9632 84.8498 24.6783

July 11.4898 84.2080 23.8383
August 11.2041 84.9356 23.6143
September 11.7428 86.3630 23.8736
October 13.0639 86.5349 24.2012
November 15.4424 84.6653 24.5426
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December 18.4972 80.2082 24.9147
Mean 15.3993 83.1250 24.7404

Table 1 and 2 shows the meteorological parameters and the mean values for Gusau and Calabar during the period under study. It
can be seen that the yearly mean monthly global solar radiation and mean temperature for Gusau are higher than Calabar except
for the relative humidity as this variation is expected for Sahelian and Coastal regions.
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Figure 3. Comparison between Albedo for Gusau and Calabar

Figure 3 shows the comparison of the monthly average daily planetary albedo between Gusau and Calabar. The figure indicates
that high values of albedo were observed in the months of July, August and September for both locations. The highest and lowest
values of albedo was observed in the months of August and February for Gusau with 0.4933 and 0.3270 relatively while for
Calabar the highest and lowest values of albedo were found in the months of August and January with 0.6949 and 0.4218
respectively. The highest values of albedo recorded in the month of August shows that this is the month where we have the peak
of rainy season in the study locations and a predominantly cloudy month, attest to the fact that reflection of solar radiation by the
planet Earth in this region, are mostly due to clouds, aerosols and air molecules of which cloud is the major contributor. The
surface albedo obtained for Gusau ranged between 0.3270 and 0.4933 while for Calabar ranged between 0.4218 and 0.6949. The
lowest values of albedo obtained in the months of February for Gusau and January for Calabar are during the dry season when it
was relatively cloudless and dustless. The values of the albedo obtained for this study areas under investigation compares
favourably well with previous studies such as that of Babatunde et al. [4] where they obtained the albedo for llorin, Nigeria
ranging between 0.361 and 0.644. The highest albedo recorded was 0.644 at the peak period of cloud activity in August and the
lowest was 0.361 in November when it was relatively cloudless and dustless. Audu et al. [7] estimated the albedo for Kano,
Nigeria. In their studies they obtained maximum albedo of 0.58 in August (the peak of cloud activity) while the minimum albedo
of 0.41 in November (the onset of dry season). In another development, Audu and Isikwue [9] adopt the model for shortwave solar
energy balancing at the edge of Earth atmosphere to estimate the albedo for Makurdi, Nigeria. The results indicated that the
highest albedo of 0.7 in August and the lowest of 0.5 in November were obtained. Akpootu and lliyasu [1] obtained the highest
and lowest values of albedo simulated for Sokoto to be in the months of August and November with 0.4925 and 0.3185
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respectively. Barka et al. [11] developed a multivariate model to determine the albedo of some selected sites in the Republic of
Chad. The RMSE, MAE and MAPE values obtained were 0.035, 0.027 and 7.58 respectively.
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Figure 4. Comparison between Albedo and Clearness Index for Gusau

Figure 4 compares the variation of the reflectance, reflectivity or albedo and the clearness index for Gusau during the study
period. It can be seen from the figure that the reflectance have opposite characteristics to the clearness index. The magnitude of
the reflectance or albedo indicates the degree of the surface brightness and the amount of the global solar radiation reflected back
to space. Thus, when the sky is relatively cloudless, albedo or reflection coefficient would be relatively small, therefore, more
radiation would be available to solar energy devices on the Earth. The measured global solar radiation (H,,,)and the shortwave
reflected radiation (H, )are fractions of the extraterrestrial radiation (H,), therefore, the clearness index and reflectance can be
compared. The values of the clearness index are more than those of the reflectance, throughout the months for the period under
investigation for Gusau, the consequence of this, is that, since the global solar radiation is towards the ground surface and the
shortwave reflected radiation is towards the space, therefore, the global solar radiation received on the Earth’s surface is more than
the reflected radiation lost to space throughout the months in the location; signifying the availability of abundant solar radiation in
the region. The highest value of albedo and the lowest value of clearness index were found in August. This is where the region is
said to have its peak value during the rainy season. The highest and lowest values of clearness index was observed in the months
of February and August with 0.6730 and 0.5067 respectively while the highest and lowest values of albedo was observed in the
months of August and February with 0.4933 and 0.3270 respectively verifying their opposite relationship as illustrated in the
figure.
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Figure 5: Variation of monthly mean relative humidity with Albedo for Gusau
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Figure5 shows the monthly variation of relative humidity with albedo for Gusau during the period under investigation. The figure
showed that the pattern of variation of relative humidity with albedo have almost similar trend; indicating that the moisture
content in the atmosphere may reliably predicts the values of albedo as a direct variation. The relative humidity and albedo
decreases slightly from January to their respective minimum values in February. They both increase subsequently from February
until the relative humidity attained its maximum value of 81.7522 % in July while the albedo in August with 0.4933. The relative
humidity and albedo decreases from their maximum values until the relative humidity reaches December while the albedo
decreases to November and slightly increases to December.
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Figure 6: Variation of monthly mean temperature with Albedo for Gusau
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Figure 6 shows that the temperature increases from its minimum value of 23.8667 °C in January and attained its maximum value
in April while the albedo decreases slightly from January to its minimum value of 0.3270 in February and increases subsequently
to its maximum value in August. The figure revealed that as the temperature decreases from its maximum value in April to
August, the albedo increases. It can be seen that the temperature increases from August to October and decreases from October to
December; the albedo decreases from August to November and increases slightly to December. It was observed that the
temperature decreases from October to February. This is the cold season for the study area when the climate is dominated by
harmattan wind blowing sahara dust over land. It was expected that the temperature should increase just like most of the coastal
regions in Nigeria, but, decreases because of the dust particles in the atmosphere that dims the sunlight.
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Figure 7. Monthly mean emitting Earth surface temperature for Gusau

Figure 7 shows the variation of the emitted temperature by the Earth for Gusau. The highest emitting Earth surface temperature
was observed in the month of February (252.4133 K) as this is expected because the albedo is low during this period, thereby
allowing more radiation into the Earth which consequently increases the temperature. The lowest emitting Earth surface
temperature was observed in the month of August (235.1297 K), this is the most cloudy month for this region, where the rainy
season is at its peak; the low temperature is expected, due to high reflection of solar radiation. In this location, the emitting Earth
surface temperature ranged between the values of 235.1297 K to 252.4133 K which compares favourably well with the standard
value for the emitting surface temperature of the Earth (255.0000 K) at albedo of 0.300 [19]. The results revealed that there is an
inverse relationship between the Earth emitting surface temperature and the planetary albedo.
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Figure 8. Monthly mean maximum wavelength for Gusau

Figure 8 shows the variation of monthly average daily maximum emitting wavelength for the Gusau. The highest peak wavelength
was estimated in the month of August (12.3309 um) and the lowest in the month of February (11.4772 um). The peak wavelength
ranged in the values between 11.4772 um to 12.3309 um this values agrees with that reported in radiative transfer literatures, that
for longwave radiation (1 > 4)[19] this shows that the radiation is terrestrial (Earth emitted), and therefore within the infrared
region.
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Figure 9. Comparison between Albedo and Clearness Index for Calabar

Figure 9 compares the variation of the reflectance, reflectivity or albedo and the clearness index for Calabar during the study
period, the figure illustrated that the reflectance/albedo have opposite characteristics to the clearness index. The magnitude of the
reflectance suggests the degree of brightness of the surface and the amount of the solar radiation reflected back to space. Hence,
when the sky is relatively cloudless, albedo or reflection coefficient would be relatively small, in this regard; more radiation
would be available to solar energy devices on the Earth. The measured solar radiation (H,,,) and the shortwave reflected radiation
(H,.) are individually fractions of the extraterrestrial radiation (H,), thus, the clearness index and reflectance can be compared.
The values of the clearness index are only more than those of the reflectance/albedo in the months of January, February and
December for Calabar. Since the global solar radiation is towards the ground surface and the shortwave reflected radiation is
towards the space, thus, the global solar radiation received on the Earth’s surface is less than the reflected radiation lost to space in
the study area. The highest value of albedo corresponds to the lowest value of clearness index in August; this is where the region
is said to have its peak value during the rainy season. The highest and lowest values of clearness index was observed in the
months of January and August with 0.5782 and 0.3051 respectively while the highest and lowest values of albedo was observed in
the months of August and January with 0.6949 and 0.4218 respectively authenticating their opposite relationship as displayed in
the figure.
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Figure 10. Variation of monthly mean relative humidity with Albedo for Calabar

Figure 10 shows that the patterns of variation of relative humidity with albedo for Calabar have almost similar trend suggesting
that the moisture content in the atmosphere may reliably give reasonable estimates of the albedo. The relative humidity and albedo
increases from their minimum values in January until when the albedo attained its maximum value in August and decreases
subsequently from August to December. As the relative humidity reaches June it decreases slightly in July and increases
subsequently from July and attained its maximum value of 86.5349 % in October and decreases to December.
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Figure 11. Variation of monthly mean temperature with Albedo for Calabar
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Figure 11 shows the variation of temperature with albedo for Calabar. The temperature increases slightly from January and
attained its maximum value of 25.6170 °C in April and decreases subsequently from April and attained its minimum value in
August. The albedo on the other hand, increases from its minimum value in January; and attained its maximum value in August;
the maximum value of albedo in August corresponds to the minimum value of temperature in August. This period of August break
is where the location recorded the highest rainfall, though, there is a short dry period. It is obvious from the figure that as the
temperature increases from its minimum value in August to December, the albedo decreases from its maximum value in August to
December.
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Figure 12. Monthly mean emitting Earth surface temperature for Calabar

Figure 12 shows the variation of the emitted temperature by the Earth for Calabar. The highest emitting Earth surface temperature
was found in the month of January (243.0097 K) as this is expected because the albedo is low during this period, thereby allowing
more radiation into the Earth which consequently increases the temperature. The lowest emitting Earth surface temperature was
found in the month of August (207.1236 K), this is the most cloudy month for this region, where the rainy season is at its peak; the
low temperature is expected, due to high reflection of solar radiation. In this location, the emitting Earth surface temperature
ranged between the values of 207.1236 K — 243.0097 K which compares favourably well with the standard value for the emitting
surface temperature of the Earth (255.0000 K) at albedo of 0.300 [19]. The results revealed that an inverse relationship exists
between the Earth emitting surface temperature and the planetary albedo.
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Figure 13. Monthly mean maximum wavelength for Calabar

Figure 13 shows the variation of monthly average daily maximum emitting wavelength for Calabar. The highest peak wavelength
was estimated in the month of August (13.9868 um) and the lowest in the month of January (11.9213 um). The peak wavelength
ranged in the values between 11.9213 um to 13.9868 um this values agrees with that reported in radiative transfer literatures, that
for longwave radiation (1 > 4)[19] this shows that the radiation is terrestrial (Earth emitted), and therefore within the infrared
region.

4. CONCLUSION

This study estimates and compared the variation of surface albedo for two tropical locations, Gusau (Latitude 12.17°N, Longitude
6.70°E and altitude 463.9 m above sea level) and Calabar (Latitude 4.97°N, Longitude 8.35°E and altitude 61.9 m above sea level)
situated across the Sahelian and Coastal climatic zones of Nigeria using measured monthly mean daily global solar radiation data
obtained from the National Aeronautics and Space Administration (NASA) during the period of twenty two years (July 1983 —
June 2005). The method of shortwave solar energy balancing at the edge of the Earth’s atmosphere was employed in the
estimation of surface albedo. The variation of albedo with clearness index, relative humidity and mean temperature were
investigated. Also, the variation of emitting Earth’s surface temperature and maximum wavelength for each month during the
period under investigation was studied. The highest and lowest values of albedo estimated for Gusau were found to be in the
months of August and February with 0.4933 and 0.3270 respectively while for Calabar are in the months of August and January
with 0.6949 and 0.4218 respectively. The comparison between the estimated albedo for Gusau and Calabar showed that the values
of albedo for Calabar are higher than that of Gusau in each month during the period under study suggesting that as the latitude and
global solar radiation of a location increases the values of albedo decreases. The estimated albedo in this study are in good
agreement with previous studies and are within the range of surface albedo values found for different locations by different
researchers varying from 0 for no reflection to 1 for complete reflection of light striking the surface. The clouds, aerosols, air
molecules and particles are the basic atmospheric factors influencing the reflection and scattering of solar radiation of which the
clouds is the major contributing factor. The variation of clearness index with albedo revealed that the clearness index is higher
than the albedo throughout the months for Gusau suggesting abundant global solar radiation throughout the years during the study
period. The clearness index is only more than the albedo in January, February and December for Calabar. The emitting Earth
surface temperature for Gusau ranged between 235.1297 K in August and 252.4133 K in February while for Calabar ranged
between 207.1236 K in August and 243.0097 K in January, these values compares favourably well with the standard emitting
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Earth surface temperature value (255.0000 K). The maximum emitting wavelength ranged between 11.4772 um in February and
12.3209 um in August for Gusau while for Calabar ranged between 11.9213 um in January and 13.9868 um in August; these
values shows that the radiation in these regions are longwave radiation (1 > 4) as expected and fall within the infrared region of
the electromagnetic spectrum. The variation of relative humidity with albedo depicts almost similar trend for both locations as
both parameters increases and decreases during the rainy and dry seasons respectively. The variation of albedo with temperature
showed that as albedo increases during the rainy season the temperature decreases; similarly, as albedo decreases during the dry
season the temperature increases.
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