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Abstract : The evaluations of radiation energy balance are hereby present some selected cities in the tropical
forest and savannah zones of Nigeria. The data used for the study were obtained from the Nigerian
Meteorological Agency (NIMET) Abuja, (1990-2010). The results among other things show that the albedo was
generally high (60 to 64%), in all the locations considered, implying that majority of the solar radiation in these
locations did not reach the surface. However, there are increases in the radiation balance in Port Harcourt and
Makurdi locations, whereas in Enugu and Kano, the curves indicate negative or decrease in radiation balance.
This implies that there is a balance in solar energy radiation budget that could enhance solar energy
technologies in Port Harcourt and Makurdi towns. On the other hand, suggestions have been made on the need
for seasonal considerations of the radiation balance for more efficient climatic and solar technological
planning.
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I.  Introduction

The energy that drives the climate system comes from the sun. However, not all of the sun's energy
comes to Earth. The sun's energy is emitted in all directions, with only a small fraction being in the direction of
the Earth. The Earth's climate system constantly adjusts in a way that tends toward maintaining a balance
between the energy that reaches the Earth from the sun and the energy that goes from Earth back to space. Some
anthropogenic perturbations contribute to a positive radiative forcing which reduces the net long wave radiation
loss out to space, thus, the radiation balance is disturbed, which in turn causes a change in the Earth's energy.

Some research works on the estimation and utilization of solar radiation have been carried out in
Nigeria, especially, in the savannah ecological zone of the country ([1]; [2] and [3 -8]). However, none of these
works has estimated the radiation balance of the atmosphere over the locations considered in this work). The
locations considered are Port Harcourt, Enugu and Makurdi and Kano. These cities were chosen because of their
industrial and climatic features, which may influence the radiation budget of the cities.

Port Harcourt in the tropical forest zone is an industrial area. Thus, there could be possible sites of solar
energy based technology industries. Its coastal location at the bank of the Atlantic Ocean may also have effect
on the radiation balance. Enugu and Makurdi are in the guinea savannah ecological zone of the country. Enugu
is flanked with hills and valleys and is the coal base of Nigeria. It is also gradually getting industrialized. Hence,
there could be need to ascertain the radiation energy balance in the area. Makurdi, in the north central region of
the country is noted for its high temperature due the presence of the River Benue, which cuts across the city and
serves as a heat reservoir. This could affect the energy balance in the area.

Kano, being in the Sudan — Sahelian zone with its proximity to the Sahara desert influence could serve
as a good object of study with respect to energy radiation balance. It is also important to note that it has not been
found in the literature where the energy radiation balance in these cities was considered.

The daily global solar radiation, minimum temperature and maximum temperature data used in this
work were obtained from the Nigeria Meteorological Agency (NIMET) Abuja — Nigeria (1990 - 2010). The
solar radiation parameters considered in this work are the global solar radiation denoted by SR, the net solar
radiation (NSR), the reflection coefficient (RC) or albedo denoted by Hr / Ra, the net terrestrial radiation (NTR)
and the radiation balance (RB).

Il.  Methods
The net solar radiation NSR (MJm~2day ') was determined using the equation given by [9] as

NSR = Ry(1 —ay) , @,

R, is the global solar radiation, oy is the albedo of the location obtained from [7] as
Hy

As = R 2

and the H,. is the reflected radiation given as
R
H=01- R_z)Ra ) (3)
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R, isthe extraterrestrial radiation obtained using [3].
Furthermore, the net terrestrial radiation was obtained using the expression [9]:

T*max+ T*min Rs
NTR = §[-mecimin] (0.34 - 0.14,/e,) (135 x = — 0.35) 4)

Tmaxs Tmin» Rs, S are maximum temperature, minimum temperature, global solar radiation and the
Stefan Boltzmann’s constant respectively. The actual vapour pressure, e, was computed using the relation
adapted from [10] as:

17.27 Tmin
e, = 0.611exp [—Tmm+273_3] (5)

On the other hand, the clear sky solar radiation (MJm~2day~1), Ry, was obtained using the [11]:

Re = (0.75+2x107°x Z)R, (6) where
Z is the elevation of the station above sea level (m). For Makurdi, PortHarcourt, Enugu, Oyo, and Kano, the

values for Z are about 106.4, 468,248,287 and 479 m respectively.
Finally, the radiation balance, RB of the Earth-atmosphere over Makurdi was determined by subtracting net

terrestrial radiation from net solar radiation thus:
T*max+ T¥mi R
RB =R.(1 — — §|—ax_—mnj(0.34 —0.14 1.35x —=—0.35 7
S~ a;) — s [Fmec e ( Jea) (135x g2~ 035) (7)

I1l.  Results And Discussion
Figures 1 — 4 show the temporal variations of SR, NSR, RC, NTR and RB in Port Harcourt, Enugu,
Makurdi and Kano respectively; while the maximum and minimum values of these parameters in these locations

are presented in Table 1.
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Fig. 1: Temporal variations of solar radiation parameters in Port Harcourt, Nigeria (1990 — 2010)
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Fig. 2: Temporal variations of solar radiation parameters in Enugu, Nigeria (1990 — 2010)
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Fig. 3: Temporal variations of solar radiation parameters in Makurdi, Nigeria (1990 — 2010)
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Fig. 4: Temporal variations of solar radiation parameters in Kano, Nigeria (1990 — 2010)

Table 1: Maximum and Minimum values of the solar energy parameters in some selected cities Nigeria
(1990 - 2010)

location | SR (MIm™day™) NS (MImdayY) RC (or albimo) (%) NTR (MIm ey ) REB (MImday™)

Max |yt [Mm |y [Mx |y (Mo |y [Mx [y (Mo [y [Mx |y (Mo |y [Mx [v [Mo|w

FH 2143 | 1999 | 13.08 | 1991 [ 1278 | 1999 | 476 | 1991 | 64.00 | 1991 [ 40.00 | 1999 | 329 | 1993 | 130 | 2002 9.69 | 2003 | 3.63 | 2002

Enugn | 2270 | 2000 | 12.69 | 2010 | 1432 | 2000 | 447 | 2000| 64.00 | 1996 | 37.00 | 2000 | 7.17 | 2000 | 247 | 1996|426 | 2003 | 1.32| 2010

Maude | 2287 | 2003 | 1278 | 1993 | 1477 | 1992 | 134 | 1993 | 64.00 | 1995 | 36.00 | 1992 | 5.01 | 1994 | 134 | 19093 | 10.95 | 1992 | 2.39 | 1993

Kano [ 2291 | 1993 | 1420 | 2002 | 14.67 | 1993 | 5.63 | 2002 | 60.00 | 2002 | 36.00 | 1993 | 425 | 2010 | 1.40 | 1990 | 10.91 | 1993 | 3.72 | 1996

PH=Port Harcourt; Max = Maximum value; Min = minimum value and yr = year of occurrence

It could be observed from Figure 1 that the temporal variations of the SR and NSR over the study
period in Port Harcourt are positive, but with a very small coefficients of variations (R* = 0.55% and 0.44%
respectively). The maximum value of NSR (12.78 MJm™day™) was obtained in 1999, (with the corresponding
maximum albedo value of 64%), while the minimum value of NSR (4.76 MJmday™) was obtained in 1991
when the minimum albedo of 40% was obtained (Table 1). Thus, the albedo varies in opposite sense to the SR
and NSR.

Table 1 also shows that maximum NTR (3.29MJmday™) occurred in 1995, with the minimum value
of about 1.30MJm™day™ occurring in 2002. Thus, it could be said that maximum radiative heating and
minimum radiative cooling were obtained 1995 and 2002 respectively. This minimum radiative cooling in 2002
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corresponded with the minimum RB (9.69 MJmday™) for Port Harcourt during the study period. Furthermore,
from the equation of the curve (Fig. 1e), it is obvious that the trend in the variation of RB is negative, implying a
decrease in radiation energy balance in Port Harcourt during the study period. This could be possible due to the
increase in the solar reflective coefficient (albedo) of the atmosphere. This increase in the planetary albedo
could be due to the location of Port Harcourt in a tropical rain forest zone, its industrial air emissions and its
proximity to the Atlantic Ocean, thus, the influence of the vegetative canopies, industrial smoke and gas flares
and ocean surface may account for the low NTR.

Figures 2a —e show respectively the temporal variations of RS,NRS, NTR, RC and RB in Enugu over
the period under study. The year 2000 was marked with a very high SR and NSR reaching the surface. That
implied a very low reflected radiation, hence low albedo. And because a large amount of short wave would have
been absorbed by the Earth, a large amount of outgoing long wave radiation, OLR NTR was remitted as NTR.
Hence, in the year 2000, the minimum albedo and the maximum NTR were about 37 % and 7.17 MJm™day™
respectively (Table 1). However, the maximum RB (1.82 MJm™day™).was obtained in 2010when the NSR had
the least value. It is important to note here that the RB has the same trend in variation with other parameters
which on the other hand have opposite trend with the albedo. The low albedo could be as a result of the location
of Enugu in Guinea savannah with tall grasses and few tall trees, hence few vegetative canopies that could have
caused reflection of the SR. Secondly, the topography of the area with many hills flanking the town could not
have allowed thick rain clouds that could have enhanced the reflection of SR.

Considering the Makurdi station, the lowest insolation obtained in 1995 brought about a corresponding
least net long wave radiation or net terrestrial radiation (NTR) of about 1.34 MJm?day™ emitted from the
Earth’s surface (Fig. 3d), whereas in 1994, when the albedo was very small, the highest amount (5.00 MJm “day”
1) of NTR was emitted from the Earth’s surface. This implies that in 1994, there could have been more evapo-
transpiration or loss of moisture and high humidity due to high emission of NTR from the Earth’s surface. This
condition could have affected humans and crops adversely. Thus, the years 1994 and 1995 experienced very
anomalous NTR in the area. This result agrees with [12], who observed among other things that Sudan and
Sahel Savannah had strong negative vegetative greenness anomalies in the years 1994 and 1995.

The variation in RB over Makurdi area within the period under study portrays a positive trend with a
gradient of 0.16 (Fig. 3e). However, the percentage of the variation is also negligibly small (R* = 0.16%),
showing that the RB has been constant in the last two decades in the area. However, it could be observed that
the highest radiation balance (10.95MJm™day™) was obtained in 1992, with the lowest RB of about 2.59 MJm"
%day™ obtained in the year 1993. This could be due to an increase in greenhouse gases such as Carbon dioxide
over the period, thereby perturbing the radiation balance ([13]). This is evident in Figure 3d where the NTR has
a high value of about 5.01MJm?day'in 1994.

Figure 4 shows the temporal variations of solar radiation parameters in Kano, Nigeria (1990 — 2010).
The maximum NSR (14.67 MJmday™) was obtained in 1995, while the minimum NSR (5.63 MJm*day™) was
obtained in 2002 (Tablel). It is interesting to note that the year 2002 of minimum NSR corresponded with the
year of maximum albedo (60%), while the year of maximum NSR (1995) corresponded with the year of
minimum albedo (36%). This corresponded with the maximum radiation balance of 10.91 MJm™day™.
Observation from Table 1 shows that among all the locations considered, the least albedo was obtained in Kano.
This could be due to its Sahelian characteristics of mainly grass land and little or no vegetative canopies and rain
clouds that could enhance the reflectivity of solar radiation. Consequently, the amount of solar radiation
reaching the surface was maximum with SR as 22.91 MJmday™ (Table 1).

It could be observed that in all the locations, the amount of solar radiation reflected into space (albedo)
is generally high, with the maximum values ranging from 60 to 64%. In addition, it could be observed that, the
least radiation balance was obtained in Enugu (Table 1).

IV.  Conclusion
The trend in radiation balance curves shows that:

e The Albedo was generally high (60 to 64%), in all the locations considered, implying that majority of
the solar radiation in these locations did not reach the surface.

e However, there are increases in the radiation balance in Port Harcourt and Makurdi locations, whereas
in Enugu and Kano, the curves indicate negative or decrease in radiation balance. This implies that
there is a balance in solar energy radiation budget that could enhance solar energy technologies in Port
Harcourt and Makurdi towns.
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