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Estimation Of The Albedo Of The Earth’s
Atmosphere At Makurdi, Nigeria
Audu, M.O., Isikwue, B.C.
ABSTRACT: This work investigated the atmospheric conditions over Makurdi in order to access the availability of solar radiation, due to the fact that
solar radiation reaching the Earth’s surface depends on the climatic condition of the location. The monthly mean daily global solar radiation and air
temperature data for Makurdi covering a period of 10 years (2000-2010) were obtained from Air Force Base, Makurdi. The model for shortwave solar
energy balancing at the edge of the Earth atmosphere was adopted in this work. The results show that the global solar radiation and the albedo depict
direct opposite relationship while the Earth’s surface temperature varies directly with the global solar radiation since surface temperature is the reflection
of both the duration and intensity of solar radiation. The highest albedo of 0.7 was obtained in August; the peak of cloud activity while the lowest albedo
of 0.5 was recorded in November; when it was relatively cloudless and dustless. The albedo simulated corresponds with that obtained in other locations
when compared.
Keywords: albedo, atmospheric condition, Earth’s surface, Makurdi, reflected shortwave radiation,
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1. INTRODUCTION
The Sun provides a natural influence on the Earth’s
atmosphere and climate. Over the years, the amount of
solar radiation reaching the Earth’s surface has being
modified, especially since the industrial revolution. Apart
from scattering and absorption of solar radiation in the
atmosphere, the other mechanism by which the amount of
incoming solar radiation reaching the Earth's surface is
modified is through reflection. Reflection is a process where
sunlight is re-direct by 180° after it strikes an atmospheric
particles. The shortwave reflected solar radiation include;
the reflected radiation back to space by clouds, reflected
radiation from the Earth’s surface, and the scattered
radiation back to space by atmospheric particles and
clouds[1], [3]. Most of the reflection in our atmosphere is
mostly done by clouds and the reflectivity of a cloud can
range from 40 to 90%. The fraction of the incident solar
radiation that is reflected and scattered back into space is
called albedo. Albedo is also known as reflectance or
reflectivity of a surface. It is related to reflection of solar
radiation at a surface and therefore defined in terms of it.
Albedo or reflection co-efficient is the reflecting power of a
surface. It is defined as the ratio of reflected radiation from
the surface to incident radiation upon it. It is a
dimensionless fraction and may be expressed as a
percentage. Albedo is measured on a scale from 0 for no
reflecting power of a perfectly black surface to 1 for perfect
reflection of a white surface. The albedos of the individual
surfaces on the Earth, such as water, vegetation, snow,
sand, surfaces of buildings, dry soil, that of the atmosphere,
etc, all constitute the surface or planetry albedo [21].
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Albedo varies diurnally and seasonally from place to place
as well as from time to time in the same location due to the
amount of cloud cover and particulate matter in the air plus
the nature of the surface [13]. The angle of the Sun’s ray
also affect albeo because the lower the Sun’s angle the
higher the albedo [12], [15]. Like solar radiation, albedo
values also vary across the globe with latitude. The average
overall albedo of the Earth, its planetary albedo, is 30 to
35%, because of the covering by clouds, but varies widely
locally across the surface depending on the geological and
environmental features [21]. For surfaces between the
tropics (23.5°N to 23.5°S) the average albedo is 19-38%. At
the poles it can be as high as 80% in some areas. This is
as a result of the lower Sun angle present at the poles but
also the higher presence of fresh snow, ice, and smooth
open water- all areas prone to high levels of reflectivity.
Today, albedo is a major concern for humans worldwide.
Albedo is very useful in the studies dealing with thermal
balance in the atmosphere. It is an important input
parameter or quantity in evaluating the total insolation on a
building or a solar energy collector because, materials with
high albedo and emittance attain low temperature when
exposed to solar radiation, and therefore reduce
transference of heat to their surroundings. It is commonly
used in astronomy to describe the reflective properties of
planets, satellites, and asteroids [4]. Albedo is an important
concept in climatology and astronomy, as well as in
calculating reflectivity of surfaces in LEED sustainable
rating systems for buildings [12]. 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 research works on the albedo of
the Earth’s atmosphere for different location have been
carried out. Some of the several reports on surface albedo
estimation are from satellite data [17], [19], [20]. Most of the
estimated short-wave broadband albedo from satellite data
is often corrected for geometric, atmospheric, spectral,
topographic, and anisotropic effects in order to obtain
accurate results [18], [22]. Working on the solar radiation
375

IJSTR©2014
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 4, APRIL 2014

measurements in Maceio Brazil, [8] recorded the albedo in
the rainy and dry seasons in Maceio, Brazil as 0.53 and
0.59 respectively. Babatunde et al [3], worked on the
simulated reflected shortwave radiation and its
characteristic variation at Ilorin, Nigeria. Their results
showed among other things that the highest reflectance of
0.64 was recorded at the peak period of cloud activity in
August, and the lowest reflectance of 0.36 was obtained in
November when it was relatively cloudless and dustless.
This work hopes to investigate the atmospheric condition
over Makurdi and its effects in reflecting shortwave solar
radiation, in order to determine the total solar radiation
available in Makurdi. Makurdi, having an area of about
33.16 km2 is located at latitude 70 41′ N and longitude 80 37′
E. Makurdi is noted for its hotness during the dry season
and heavy rainfall during rainy season particularly in the
month of August with an average air temperature and
rainfall of about 33oC and 200 mm respectively. This high
temperature is attributed to the present of River Benue (the
second largest river in Nigeria) which cuts across the
middle of the city, and serves as heat reservoir. The high
rainfall is equally due to the presence of the river. Also,
presence in Makurdi is Dangote Cement Company which is
one of the largest cement producing companies in Nigeria,
located a few kilometers from the town. The atmospheric
condition over Makurdi is largely influence by the cement
dusts. The monthly mean daily global solar radiation and air
temperature data used in this research were obtained from
Nigeria Meteorological (NIMET) Agency, Air Force Based
Makurdi, Benue State. The period under focus is from
2000-2010. Short wave solar energy balancing at the edge
of the atmosphere can be computed using the relation
given by [2] as:
𝐻𝑚
𝐻𝑜

+

𝐻𝑎
𝐻𝑜

+

𝐻𝑟
𝐻𝑜

=1

(1)

Where 𝐻𝑚 is the global solar radiation and 𝐻𝑜 is the
𝐻
extraterrestrial radiation. 𝑚 is the ratio of the global to the
𝐻𝑜

extraterrestrial radiation and it is the fraction of the
extraterrestrial
radiation
transmitted
through
the
atmosphere to the ground surface. This fraction is called
𝐻
clearness index. 𝐻𝑎 is the absorbed solar radiation and 𝑎 is
𝐻𝑜

the fraction absorbed, called the absorption coefficient or
𝐻
absorptance. 𝑟 is the ratio of the short wave reflected
𝐻𝑜

radiation, 𝐻𝑟 towards the space to the extraterrestrial
radiation, 𝐻𝑜 incident on the surface of the Earth at the
edge of the Earth’s atmosphere. This fraction is called the
𝐻
reflection co-efficient or reflectance. 𝑎 has been found to
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The extraterrestrial radiation, Ho is the solar radiation
received at the top of the Earth’s atmosphere from the Sun
on a horizontal surface and it is considered as the incident
solar radiation. The monthly mean daily extraterrestrial
radiation, Ho on a horizontal surface was computed from
the equation given by [7]:
𝐻𝑜 =

24
𝜋

𝐼𝑠𝑐 𝐸𝑜 (

𝜋
180

𝑊𝑠 sin ∅ sin 𝛿 + cos ∅ cos 𝛿 cos 𝑊𝑠 )

(4)

where W s is the sunrise, sunset hour angle given by [9] as:
W s = cos-1 (-tan ∅ tan δ )

(5)

∅ and δ are the latitude and declination angles respectively.
The value of declination was computed from the equation of
[6] as:
𝛿 = 23.45 𝑠𝑖𝑛[ 360

𝐽 +284
365

]

(6)

where J is the day number of the year (known as the Julian
day). Eo is the eccentricity correlation factor of the Earth’s
orbit given by [14]:
𝐸𝑜 = 1 + 0.0033 (

360 𝐽
365

)

(7)

Isc is the solar constant in MJm-2day-1. The value of Isc used
in this work was 4.921MJm-2day-1.

2. METHOD OF ANALYSIS
The extraterrestrial radiation was calculated using equation
(4). By inserting the values of Isc and equations (5), (6) and
(7) into equation (4), the monthly mean daily extraterrestrial
radiation, Ho on a horizontal surface was computed. This
was used as one of the input data in computing the
reflection co-efficient using equation (3).

3. RESULTS
The monthly mean annual global solar radiation, clearness
index, reflection co-efficient or reflectivity, and temperatures
are presented in Table 1. The variation of monthly mean
annual global solar radiation, maximum and minimum
temperature and reflection co-efficient are presented in
Figure 1. Figure 2 shows the comparison between the
monthly mean annual clearness index with reflection coefficient while the variation of monthly mean annual global
solar radiation with reflection co-efficient is presented in
Figure 3.

𝐻𝑜

be very small compared to the other ratios, hence negligible
𝐻
i.e. 𝑎 < < 1 [2]. Equation (1) then becomes:
𝐻𝑜

𝐻𝑚
𝐻𝑜

+

𝐻𝑟
𝐻𝑜

≈1

(2)

Therefore, the reflectivity or albedo can be estimated using:
𝐻𝑟
𝐻𝑜

=1−

𝐻𝑚
𝐻𝑜

(3)
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TABLE 1: MONTHLY MEAN ANNUAL SOLAR RADIATION, CLEARNESS INDEX, REFLECTION CO-EFFICIENT AND
TEMPERATURES FROM 2000 TO 2010.

Months

Hm
HO
Hm
Hr
/HO
(MJm-2day-1) (MJm-2day-1) (MJm-2day-1)

Hr/Ho

Tmax.(oc))

Tmin.(oc

19.2001

33.25465

0.42263

0.577366

35.08182

20.39091

Feb

15.61818

19.95391

35.57208

0.43906

0.560943

37.33636

23.00000

Mar

15.55455

21.89193

37.44649

0.41538

0.584619

38.04545

24.84545

Apr

14.79182

23.29302

38.08482

0.38839

0.611609

35.97273

25.58182

May

14.35455

22.91593

37.27047

0.38515

0.614855

33.33636

24.22727

Jun

13.65455

22.80787

36.46243

0.37448

0.625517

31.21818

23.13636

Jul

12.00909

25.33924

37.34833

0.32154

0.678457

30.54545

23.52727

Aug

11.35455

26.13541

37.48995

0.30287

0.697131

30.05455

23.14545

Sep

13.06364

24.50231

37.56594

0.34775

0.652248

30.83636

22.85455

Oct

14.86364

21.15124

36.01486

0.41271

0.587292

32.08182

23.00909

Nov

15.69091

17.97473

33.66565

0.46608

0.533919

34.12727

22.06364

Dec

15.26364

17.11538

32.37901

0.47141

0.528595

35.10909

17.46364
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Fig. 1 Variation of monthly mean annual global solar radiation, maximum and minimum temperature and reflection co-efficient.
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Fig. 3 Variation of monthly mean annual global solar radiation with reflection co-efficient

4. DISCUSSION
From Figure 1, it could be observed that the global solar
radiation and the minimum and maximum temperature
exhibit the same trends, but varies in opposite direction with
the reflectance. This implies that the Earth’s surface
temperature increases as the global solar radiation
reaching the Earth’s surface increases. This is because air
temperature is the reflection of both the duration and
intensity of the solar radiation incident on a given location
[5] cited in [11]. This variation of global solar radiation with
the air surface temperature was equally observed by [10],
[11]. On the other hand, Earth’s surface temperature
decreases as the albedo increases because most of the
solar radiations are reflected back into space. This inverse
variation of Earth’s surface temperature with albedo is given
in the expression of [16] cited in [3] as:

𝑇 = (1 − 𝑎) 𝑆 4𝑄

1/4

(8)

Where 𝑎 is the albedo, S is the solar radiation constant and
Q is the universal Stefan-Boltzman constant. It indicates
that temperature, T decreases as albedo increases. From
the graph of the comparison between monthly mean annual
clearness index, 𝐻𝑚 𝐻𝑜 with the reflection co-efficient,
𝐻𝑟 𝐻𝑜 (Figure 2), It could be observed that the lowest value
(0.302) of 𝐻𝑚 𝐻𝑜 corresponds to the highest value (0.697)
of 𝐻𝑟 𝐻𝑜 in the month of August. Again, in the month of
December,
a
very
high
value
(0.471)
of
𝐻𝑚 𝐻𝑜 corresponds to a very low value (0.528) of 𝐻𝑟 𝐻𝑜 .
The overall results depict direct opposite relationship
between the clearness index and reflectance, especially in
the months between June and October. It implies that apart
from the rainy season period, the sky is clear almost
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through the year. A high value of reflectance was observed
in February, though a relatively cloudless month. This
indicates that reflection of radiation at that period was by
the dust particles in the atmosphere. Hence, the
atmosphere in February during the period under study was
heavily laden with harmattan dusts. Figure 3 is the variation
of monthly mean annual global solar radiation with
reflection co-efficient. It is interesting to note that high
reflection co-efficient was observed from July to September
with the highest (0.697) in August. This corresponds to the
low solar radiation observed in the same period with the
lowest (11.35 MJm-2day-1) in the month of August. The
highest reflection co-efficient with the corresponding lowest
solar radiation observed in August was probably due to the
rain bearing clouds which pervaded the sky in the rainy
season. It implies that more radiation was reflected back
into space than received on the Earth’s surface, hence,
high brightness of the Earth’s surface toward the space and
low surface temperature of the Earth. On the other hand,
low reflection co-efficient was observed between OctoberDecember and February-March with the lowest in
December (0.5). High solar radiation was observed in this
period with the highest solar radiation (15.69 MJm-2day-1) in
November (probably due to hamarttan dust which scattered
the solar radiation at that time). It implies that the global
solar radiation received on the Earth’s surface was more
than the reflected radiation lost into space. It also shows
that the sky was relatively cloudless, albedo was relatively
low and more radiation was available to the solar energy
devices. April-June is a transition period from dry to rainy
seasons and the variation of 𝐻𝑟 𝐻𝑜 with 𝐻𝑚 𝐻𝑜 were very
small. The albedo value obtained in this work ranged
between 0.5 and 0.7. This value is very close to the albedo
(0.4 and 0.6) obtained using the same equation by [3] in
Ilorin (80 30′ N, 40 34′ E) which is in almost the same
latitudinal location with Makurdi. The result also
corresponds to the albedo of 0.47 and 0.41 obtained by [8]
in Maceio, Brazil (90 40′ S, 350 42′ W) of coordinates almost
similar to that of Makurdi (70 41′ N, 80 37′ E).

REFERENCES
[1].

E. B.
Babatunde and T.O. Aro ―Characteristic
variations of global solar radiation at Ilorin,
Nigeria,‖ Nig. J. Solar Energy. Vol. 9, pp 157-173,
1990.

[2].

E. B. Babatunde ―Some Solar Radiation ratios and
their Interpretations with regards to Radiation
Transfer in the Atmosphere,‖ Nig. J. of Pure and
Appl.Sc. In press. Vol. 4, pp 139-145, 2003.

[3].

E.B. Babatunde. O.A. Falaiye and C.C Uhuegbu
―Simulated reflection SW-radiation and its
Characteristic Variation at Ilorin, Nigeria,‖ Nigeria
Journal of Physics, Vol. 175, pp 193-201, 2005.

[4].

W.C.
Bond.
―Encyclopædia
Britannica,‖
Encyclopaedia Britannica Student and Home
Edition. Chicago: Encyclopædia Britannica, 2010.

[5].

M. Chegaar and F. Guechi ―Estimation of Global
Solar Radiation using Meteorological Parameters,‖
Rev. international D’Heliotechnique. Vol. 40, pp 1823, 2009.

[6].

P.I. Cooper ―The Absorption of Solar Radiation in
Solar Stills,‖ Solar Energy. Vol. 12, no. 3, pp 313317, 1969.

[7].

J.A. Duffie and W.A. Beckman. Solar Engineering
of Thermal Processes. John- Wiley and Sons, New
York. 1991.

[8].

J.L. De sonsa. M. Nicacio and M.A.L. Monra.
―Solar
Radiation Measurements in Maceio,
Brazil,‖ Renewable Enargy. Vol. 30, pp 1203-1220,
2005.

[9].

M.A.A. Fayadh and A. Ghazi. ―Estimation of Global
Solar Radiation in Horizontal Surfaces over
Haditha, Samara and Beji, Iraq,‖ Pacific J.
of Sci. and Tech. vol. 11: pp 73 -82, 1983.

[10].

G.H. Hargreaves. and Z. Sammani. ―Estimating
Potential Evapo-transporation,‖ Journal of Irrigation
and Drainage Engineering. Vol. 108, pp 225-230,
1982.

[11].

B. Isikwue. S. Dandy and M. Audu. ―Testing the
Performance of some Empirical Models for
Estimating Global Solar Radiation over Makurdi,
Nigeria,‖ Journal of Natural Sciences Research.
Vol. 3, no. 5, pp 165-170, 2013.

[12].

K. Kotoda.
Estimation of River Basin
Evapotranspiration.
Environmental
Research
Center Paper; University of Tsekuba, Vol. 8. 1986

[13].

K.N. Liou. Introduction to Atmospheric Radiation.
Academy Press, New York. 1980.

5. CONCLUSION
The surface albedo for Makurdi simulated from this work for
the period under study ranged between 0.5 and 0.7.
Although, this value is higher than the albedo of the EarthAtmosphere (0.30) but is within the range of surface albedo
which varies from 0 for no reflection to 1 for complete
reflection of light striking the surface. The result is also
within the range of albedo values obtained for different
locations by other researchers. The atmospheric conditions
at Makurdi for the period under review vary from being
cloudy, heavily laden with harmattan dust, cloudless (clear)
to dustless (clean). Hence, the atmospheric factors
influencing the reflection and scattering of solar radiation
are clouds and particles with clouds being the most. The
highest albedo was observed in August while the lowest
was recorded in November. It shows that solar radiation is
available almost through the year in Makurdi. Therefore,
Practitioner of solar energy technology can use these
abundant natural resources as alternative energy resources
in the state.

ISSN 2277-8616

379
IJSTR©2014
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 4, APRIL 2014

[14].

F.K. Lutgens and E.J. Tarbuck. The Atmosphere:
An Introduction to Meteorology. 7th ed. PrenticeHall Inc. Brintain. pp 238-250, 1979.

[15].

E. Mathew. Vegetation, land use and Seasonal
Albedo Data sets. In global Change data base
Africa documentation, Appendix D; NOAA/NGDC.
1984.

[16].

R. Mcllveen. Fundamental of Weather and Climate.
McGraw Hill. 1992.

[17].

M. Nunez. W.J. Skirving and N.R. Viney. ―A
Technique for Estimating Regional Surface Albedo
using Geostationary Satellite Data,‖ International
Journal of Climatology. Vol. 7, no. 1, pp 1 – 11,
2006.

[18].

B. Pinty and D. Ramond. ―A Method for the
Estimation of Broadband Directional Surface
Albedo from a Geostationary Satellite,‖ Journal of
Applied Meteorology Vol. 26, pp 1709-1722, 1987.

[19].

F. Robert and G. Catherine. ―Calibration of NOAA7
AVHRR, GORS%, and GOES6 VISSR/VAS Solar
Channels,‖ Remote Sens Environ. Vol. 22, no. 1,pp
73-101, 1973.

[20].

R.W. Saunders. ―The Determination of Broad Band
Surface Albedo from AVHRR Visible and Nearinfrared Radiances,‖ Internaltional Journal of
Remote Sensing. Vol. 11, no. 1, pp 49-67.1990.

[21].

G. Thompson. Environmental Encyclopedia, 3rd
ed.,2003. ISBN 0-7876-5486-8

[22].

W. Zhao. M. Tamura and H. Takahashi.
―Atmospheric and Spectral Corrections for
Estimating Surface Albedo from Satellite Data
using 6S Code,‖ Remote Sensing of Environment.
Vol. 76, pp 202 – 212, 2000.

ISSN 2277-8616

380
IJSTR©2014
www.ijstr.org

