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Abstract

For effective development of solar energy devices and estimation of their performance efficiencies, knowledge of the solar
radiation available on the earth’s surface is of utmost important. This study estimated the atmospheric turbidity coefficient and
extinction coefficient in Makurdi for the period of five years (2010-2014) using data of visibility obtained from the Nigeria
Meteorological Agency of The Tactical Air Force Command, Makurdi. Monthly average values of turbidity coefficient and
extinction coefficient were estimated using the Schuepp’s empirical formula and the Koschmeida formula respectively. Result
shows that the monthly average turbidity coefficient ranges between 0.266 and 0.235 while the monthly average extinction
coefficient ranges between 0.271 and 0.542. These values were high especially in January, February and December during the
dry season, and low in March during the rainy season. The atmospheric turbidity coefficient is important for technological
utilization of solar energy and for the purposes of meteorology, ecology, climatology and monitoring of atmospheric pollution.
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1. Introduction

The study of solar energy availability in many areas of the
world has been attributed to the increase in terrestrial
applications of solar radiant energy ™. For the development
of solar energy devices and estimation of their performance
efficiencies a knowledge of the solar radiation available on
the earth’s surface is of utmost important. However,
according to Robaa et al. 2 not all solar radiation received
at the periphery of the atmosphere reaches the Earth’s
surface. Solar radiation is partially depleted and attenuated
as it traverses the atmospheric layers Bl According to
Elminir et al. ™, extra-terrestrial solar radiation when
passing through the earth’s atmosphere is usually subjected
to attenuation due to scattering by the air molecules and
aerosols, and also due to absorption by various atmospheric
components mainly ozone, water vapour, oxygen and
carbon dioxide. An important factors that affect or
attenuates the amount of solar radiation that reaches the
Earth’s surface under cloudless skies is the presence of
aerosol particles in the atmosphere as a measure of
atmospheric turbidity ™ 51, Thus, atmospheric aerosol load
have been explained to be associated with atmospheric
turbidity . In line with this, an atmosphere that contains
aerosols is described as turbid or hazy 6. Elminir et al. [
had posite that; the extinction of the radiation is strongly
dependent on the state of the sky which include cleanliness
of the atmosphere, whether cloudy or not, and the amount of
gaseous absorbers. Elminir et al. [ added that for
technological utilization of solar energy, a study of solar
radiation under cloudless skies is very important.

Rangarajan and Mani [ defined atmospheric turbidity as a
measure of the total vertically integrated particulate load in
the atmosphere, an important factor influencing the
energetics of solar radiation in the earth’s atmosphere.
Djafer and Irbah [ added that atmospheric turbidity
expresses the attenuation of the solar radiation that reaches
the Earth’s surface under cloudless sky and describes the
optical thickness of the atmosphere. It is a useful index of

atmospheric pollution, particularly in studies of long-term
secular changes in the composition of the atmosphere and
resultant global climatic changes. However, despite its
importance, there does not appear to be any universally-
adopted definition of turbidity or any universally-accepted
technique for its measurement [/, According to Rahoma and
Hassan ! the study of Atmospheric turbidity is important
for purposes of meteorology, ecology, climatology and
monitoring of atmospheric pollution. However, since
atmospheric turbidity characterizes the extinction effect of
aerosols on solar radiation, Gueymard [ explained that
turbidity affects the direct and diffuse components of solar
radiation under clear skies and that, as turbidity increases,
the direct radiation decreases and the diffuse radiation
increases in about the same proportions so that the total
effect of turbidity on global radiation is considerably
smaller.

According to Lopez and Batlles B! aerosols are solid and
liquid particles suspended in the atmosphere, ranging in size
from 10~ um to several tens of microns either of natural
sources (such as volcanic eruptions, dust storms, forest and
grassland fires, sea spray, etc.) or of anthropogenic origin
(such as the burning of fossil fuels). In the case of Makurdi
in Benue State, Nigeria, the major source of aerosols is of
anthropogenic origin (burning of fossil fuels) due to the
availability of industries including Nigerian National
Petroleum Company Depot, rice meal, cassava mills and
some other grain mills. According to Eltabaakh et al. M
aerosols have direct radiative forcing because they scatter
and absorb solar and infrared radiations in the atmosphere as
well as alter warm, ice, and mixed-phase cloud formation
processes by increasing droplet concentrations and ice
particle concentrations, consequently causing indirect
radiative forcing associated with the changes in the
microphysical and optical properties of clouds. Lopez and
Batlles ! added that an increase in the concentration of
aerosols in some urban regions caused by human activity
has a significant impact on the environmental quality of the

1



International Journal of Advanced Engineering and Technology

cities, which makes the atmospheric opto-chemistry faster,
the air turbid with lower visibility, and polluted. Eltabaakh
et al. 1 explained further that; aerosols are highly
absorbent of solar radiation, such as black carbon, and they
may reduce cloud cover and liquid water contents by
heating the cloud and the environment where the cloud
forms. This is known as the semi-direct effect because it is
the result of the direct interaction of aerosols with radiation
that indirectly influences the climate by altering clouds. The
net effect of aerosols on climate depends on the summation
of all the three mechanisms above [*?l, However, aerosols
have two dominant layers in the atmosphere. According to
Lopez and Batlles B! the first dominant layer is near the
Earth’s surface at 0-3 km, which is affected by natural dust
storms and man-made inputs to the atmosphere, whereas the
second dominant layer is the stratospheric dust layer at 15—
25 km above sea level, which is caused by volcanic action
and cosmic sources. In addition, aerosols play an important
role in absorption and scattering of solar radiation, as well
as in the physics of clouds and precipitation [,

A key reasons for the uncertainty about aerosols-climate
interaction is that aerosols demonstrate high variability, both
spatially and temporally and that the extent of their
variability has not been fully investigated [*31. There is a
paucity of reliable data on the amount of aerosols in the
atmosphere. Conventional techniques for quantifying
atmospheric turbidity the amount of aerosol integrated
vertically through the atmosphere typically require costly
and sophisticated instrumentation and clear-sky condition
[14. 151 Recent satellite estimates of turbidity are also
restricted to clear-sky condition and non-terrestrial region
16, 171 The clear-sky restriction produces gaps in the
turbidity record, as well as a possible bias because cloudless
skies are associated with a limited set of synoptic situation.
In addition to these potential biases, atmospheric turbidity
measurements and estimation are not optimally distributed
in space, they are geographically biased (31,

Due to the relationship existing between aerosols and
attenuation of solar radiation reaching the Earth’s surface,
different turbidity factors based on radiometric methods
have been defined to evaluate the atmospheric turbidity.

Some of these are the Linke’s turbidity factor, Ti (8] the
Angstrom turbidity parameters, B [, the Schuepp
coefficient, B 2%, the Unsworth-Monteith turbidity factor,

T, U others methods are Illuminamce turbidity
coefficient, Ti, Volz turbidity coefficient, T, and Kastrov

turbidity coefficient, Tx. In this study, the Schuepp method
was adapted to measure the atmospheric turbidity
coefficient while the Koschmeida method was employed to
calculate the extinction coefficient for the city of Markurdi
Nigeria using the visibility data for the period of five years
(2010-2014) from Nigeria Meteorological Headquarters
Tactical Air Command Makurdi Airport.

Atmospheric turbidity is a useful index of atmospheric
pollution particularly in studies of long-term secular
changes in the composition of the atmosphere and the
resultant global climate change [?2. It is affected by amount,
kind and size distribution of aerosols as well as the amount
and distribution of atmospheric water vapour [,
Measurement of atmospheric turbidity is important in
meteorology, climatology, atmospheric pollution, and in
determining the amount of spectral global irradiance and for
designing photovoltaic cells.

2. Literature Review

The knowledge of atmospheric turbidity, as a measure of
aerosols load, is important for the estimation of the impact
of a polluted atmosphere on weather and climate, studying
air pollution and energy exchange, correcting satellite image
for the atmosphere effect in the visible spectral range
(especially over polluted regions), and simulating spectral
solar irradiance which is helpful in the design of
photovoltaics, window glazing for energy-efficient
buildings, calculation of heating and cooling loads in
architecture and the design of flat-plate collectors 24 21,
Several empirical models have been developed to calculate
atmospheric turbidity coefficient using various parameters
[26, 27, 28, 29, 21, 30, 31].

Angstrom in ¥l developed the earliest model used for
estimating turbidity coefficient (B). He defined it as a
dimensionless index that represents the amount of aerosols
in the vertical column or direction. In addition, it represents
the combined effects of both scattering and absorption
caused by aerosols 1. This representation of atmospheric
turbidity by Angstrom is very common. According to Katz
et al. 4 jts determination has been subjected to a number of
projects. The minimum value (zero) refers to an ideally dust
free atmosphere, while values superior to unity refers to an
extremely turbid atmosphere. Under clear sky conditions, an
atmosphere aerosol generally contributes to the largest
attenuation of solar radiation in the visible region. Scattering
and absorption effects are cause by aerosols [%6 27,

Angstrom model is given as Tax = BX* where B is an index
which is the amount of aerosols in the atmosphere at the
vertical direction and varies from 0.0 to 0.5 or even higher
6. The wavelength exponent o is related to the size
distribution of the aerosols particles, large values of
indicates a relatively high ratio of small to large particles.
Linke in 08 forwarded the ideal of turbidity, eventually
named the Linke’s factor and it was defined as the number
of clean and dry atmosphere that would be necessary to
produce the same attenuation of extra-terrestrial solar
radiation that is produced by the real atmosphere 2°. It was
suggested that Linke’s turbidity coefficient is not a pure
turbidity coefficient because it also incorporates water
vapour and No, optical depth. Nevertheless, the turbidity
may be useful when no data on precipitable water are
available making the determination of other coefficient
difficult. Although Linke does not explicitly show the
effects of aerosols and water vapour, its easy measurement
made it quite popular in meteorological station [, Linke’s
turbidity is a key input for several models that asses the
downwelling irradiance under clear skies. These models are
used by several communities in the field of renewable
energies, climatology, argo-meteorological and atmospheric
pollution. Linke turbidity coefficient is also useful for the
prediction of the availability of solar radiation. It has a
serious drawback; it varies with airmass even when
atmospheric condition remains constant. Linke can be
directly linked obtained from the pyrheliometric
measurements of the beam irradiance during periods of very
clear sky with an air mass of 2. Since this kind of data is
rarely available, Linke’s turbidity generally becomes an
estimated parameter. In addition, the time series of the
radiation data is generally too short to allow estimation on a
daily basis. Fortunately, long-term monthly averages values
are sufficient for most applications. Attempts have been
made to relate it to Angstrom turbidity 2],
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Unsworth and Monteith X had introduced a method for
estimating of turbidity of the atmosphere. The Unsworth-
Monteith turbidity represents the number of clean and dry
atmosphere which exhibits the same attenuation as the
actual atmosphere that contains aerosols and water vapour.
They used experimental irradiance measurements of a clean
atmosphere and developed the formula

Ipni= lonaexp (—Tys mp) where Ten and ™r represents the
normal incidence total solar radiation under a dust-free

atmosphere (Wm™7), and exp (-Tu™r) represents an aerosol
spectral transmittance coefficient. With the definition of the
integrated total optical thickness, an integrated expression of

Ty that is similar to the expression of Ti given as
_ 1 1bm
Ty —:I_lﬂ{;]

Iluminance thbidity factor was introduced by Navvab et al.
31, The concept of the illuminance turbidity factor is

analogous to that of the Linke factor with fen, fo, and Tu

substituted with {zsn, {vo, and Tir. The turbidity is apparently
a better parameter for describing atmospheric conditions
because, unlike the Linke factor, it is insensitive to water
vapour content, airmass, and solar altitude angle or time of
day. It can be determined from the direct measurement of
the beam normal illuminance. Illuminance turbidity can be

1 J -

. T; (——) In( 2z

given as " *“ (6.-. ﬂ:.-) ( Iea there the values of Gi can be
. 0.1

calculated as “~t+oomsm, . [Huminance turbidity has a

heuristic advantage as an approximate analytical expression
because it can be directly derived from the Angstrom

turbidity formula given as Ti=1s2068,
Computations of Volz’s turbidity are performed according
to the usual Bouguer—Lambert—Beer Law that expresses the
measured intensity at wavelength A given as
.“:'“-r.'l:—lnﬁ.l-l_||.l :

T. = —'I'I]_ 2w . .

¥ my T =T \yhere T is the Rayleigh
scattering coefficient for air molecules at wavelength A, and
T3 is the absorption coefficient for ozone at .
Adeyefa et al. 33 reports that Kastrov [ obtained the
following simple formula for the integral solar radiation on

isc

I=

surface level as +1em™  from which we obtaine

T _UCN:_.L) _ o N
FEm Mb where T¢ is a quantitative characteristic of
atmospheric transparency.

Majumda et al. B% defined a new measure of total
atmospheric turbidity, termed as the rational turbidity

coefficient, Tr- to overcome the limitations of the Linke

turbidity Coefficient Tz. It is composed of three components
namely,

(i) Pure and dry air (the basic effect),

(ii) Perceptible water vapour w, and

(iii) Aerosol particles in the atmosphere (dust, smoke,and

haze).

The formulation for the rational turbidity coefficient is
. — i D!:-t'?—'lnfr_.,z]ﬁ

given as ‘" m*“ po7raTvs . They correlated the
rational turbidity coefficient with the Angstrom-Schuepp

turbidity coefficient B for different values of perceptible

water w at unit airmass to eliminate the effect of any
possible virtual variation with airmass. They demonstrated

that the effect of B and w were inseparable because the

scattering of radiation by aerosol particles and the

absorption of the same by water vapour coexist within the
absorption bands of water vapour. Thus, the two effects
cannot be isolated from each other. This interaction
becomes more pronounced with increasing particle size
since the negative exponent of | in the Angstrom-Schuepp
equation approaches zero for large particles. It also

investigated the effects of varying air masses ™ on Tr in
relation to B and w and presented a formula that connects Tr
with B, w, and My as

L+0LBLT LOLEBE) My
T =1+ 80(5/ )
+ —0L2347 | 1T
[25{ " ']J. 02347 (0.2E9 ﬂ,].wl}!

Schuepp introduced the turbidity parameter B, which is
fundamentally based similarly with f (Angstrom turbidity)
because they have the same theoretical basis. B = 0.25-
0.017V is Schuepps turbidity coefficient and, V is visibility
in metres. Hence, an excellent survey of the different
sources of error which should be avoided or corrected for on
actinometrical research, especially when we wish to
determine from such measurement the parameters of
atmospheric transmission like turbidity coefficient and the
wavelength exponent. However, this is the easiest method in
estimating atmospheric turbidity because it does not require
much data record.

Angstrom and Schuepp are true turbidity coefficients that
are unaffected by anything except by the aerosols total
burden. However, Linke turbidity coefficient is affected by
the presence of mass aerosols particles in the atmosphere
there by causing it to be turbid, effect of perceptible water
vapour from absorption, and pure and dry air (basic effect).

3. Materials and Method
The data for this research was obtained from the record
section of department of meteorological station of the
Tactical Air Command, Makurdi, Benue state, Nigeria. The
record section contains daily record for visibility. For the
purpose of this research the monthly mean data on visibility
in kilometres (km) was retrieved for the period of five years
(2010-2014). A typical sample of the data for visibility
obtained from NIMET recorded for the period of January to
December in the year 2010 is as shown in Appendix. The
monthly mean visibility V can be calculated as follows:
V=Xfd/d

()
where f is the frequency and d is the distance in kilometres
The Schuepp’s method was employed to calculate the
turbidity coefficient B. This is because the Schuepp method
gives a true turbidity coefficient that are unaffected by
anything except by the aerosols total burden. However,
following the work of Excell %1, was obtained the turbidity
coefficient as:
B =0.25-0.0017V

(1
where V is the mean visibility in kilometres
In a similar way, the Koschmeida method was employed to

calculate the extinction coefficients Zexr and following the

work of Dobbins [, the extinction coefficient is given as:
&.912

b =
gxt I

(1)

where V is the mean visibility in kilometres
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3.1 Study Area

This research was carried out in Makurdi, Benue State
Nigeria. The Benue valley covers about 56,980 square
kilometres of Nigeria landscape. Makurdi, which is the
Capital of Benue State, is situated in this valley at an
elevation of 100m above the sea level Bl The Makurdi
climate is found between the equatorial forest and trade
wind hot desert, known as Sudan or savannah climate.
Makurdi, is located on latitude 07.41°E of the equator and
on longitude 08.7°E and has an altitude of 106.4m. The data
for this research have been measured and recorded at the
department of meteorological services of the tactical air
force command Makurdi, which is located at 6km from the
centre of Makurdi town along Gboko road.

4. Results

4.1 Mean visibility

The monthly visibility was calculated using equation 1.
From the data table (appendix) the mean visibility for

January 2010 can be calculated. First 100, 200, 400 metres
do not have any observation, but at 1km it had the frequency
3 for the first week, 2 for the second week and 1 each in the
third and fourth week which gives a total frequency of 6,
then at 2km the total frequency is 11 and 46 for 4km.
Between 10-19km, a mean distance of 15km was selected.
Thus, the monthly visibility V in km can be calculated as:

E+l+11+2+43+4+66+15 1190
1-’ = =
126 126 =0.444 %~ 944

Similar process was repeated for the rest of the months to
obtain the monthly visibility for each year from 2010 —

2014. The average monthly visibility V' for five years was
then calculated. The monthly mean visibility, the annual
mean visibility and standard deviation were calculate and
the variation of this measured values from 2010 to 2014 are
summarized in Table I.

Table 1: 5-year monthly mean visibility (km) and their standard deviation

Months 2010 2011 2012 2013 2014 ¥ (km) S
January 9.44 12.00 NA 6.00 11.20 9.65 4.90
February 8.78 10.00 NA 9.40 9.00 9.30 4.18
March 14.34 13.30 NA 15.00 15.00 14.40 6.48
April 8.24 14.30 NA 15.00 15.00 13.13 6.52
May 14.31 15.00 6.00 15.00 15.00 13.06 6.40
June 14.19 15.00 10.00 14.30 15.00 13.70 5.90
July 14.13 14.10 9.40 14.10 14.10 13.16 5.70
August 13.64 13.00 14.30 14.10 14.00 13.80 5.66
September 10.12 13.30 14.00 15.00 15.00 13.48 5.79
October 13.72 14.00 14.40 15.00 14.10 14.24 5.83
November 14.34 12.00 15.00 15.00 14.00 14.06 5.85
December 9.74 10.20 3.00 14.00 11.30 9.64 5.36

Average | 12,08+ 2.34 | 1302+ 1.68 | 1076 £ +.47 | 1349 £ 2.83 | 1356 £ 1.97 | 10 5g% 1.92

Note: N A- Not Available, Vs monthly mean visibility coefficient, S is the standard deviation

From Table I it can be seen that year 2014 recorded the
highest annual mean visibility of 13.56 km with standard
deviation (1.97) while the lowest annual mean visibility of
10.76 km was obtained in the year 2012 with standard

deviation (4.47) during the 5 years period (2010-2014). The
variation of the annual mean visibility is as shown in Figure
.

16

14

10

12 —é.v/_

[T TN

Year 2010  Year 2011

Year 2012

s yearly mean visibility

Year 2013 Year 2014

Fig 1: Annual mean visibility

Figure 11(a) shows the five years monthly values of visibility
from 2010 to 2014. The minimum visibility value of 3km
was recorded in December 2012 while maximum visibility
value of 15km was found in different months of the years
2011-2014. In the year 2012, from January to April there
were no available records during those months. In terms of

the monthly mean visibility values averaged for five years
as shown in Figure 11(b), it shows that February has a lowest
mean visibility value of 9.30 km with standard deviation
(4.18) while March has the highest mean visibility of 14.40
km with standard deviation (6.48).
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4.2 Turbidity coefficient

The average monthly turbidity coefficient B was calculated
using the Schuepp’s method given in equation Il following
the work of Excell B, However, the monthly mean

turbidity coefficient, the annual mean turbidity coefficient
and standard deviation were calculate and the variation of
this measured values from 2010 to 2014 are summarized in
Table II.

Table 2: 5-yearly mean monthly turbidity coefficient and it’s standard deviation

Months 2010 2011 2012 2013 2014 B (km) S
January 0.234 0.230 NA 0.240 0.231 0.234 0.105
February 0.235 0.233 NA 0.234 0.235 0.234 0.105
March 0.226 0.227 NA 0.225 0.225 0.226 0.101
April 0.236 0.226 NA 0.225 0.225 0.228 0.102
May 0.226 0.225 0.240 0.225 0.225 0.228 0.093
June 0.226 0.225 0.233 0.226 0.225 0.227 0.093
July 0.226 0.226 0.234 0.226 0.226 0.228 0.093
August 0.227 0.227 0.226 0.226 0.226 0.226 0.092
September 0.233 0.227 0.226 0.225 0.225 0.227 0.093
October 0.227 0.226 0.226 0.225 0.226 0.226 0.092
November 0.226 0.230 0.225 0.225 0.226 0.226 0.092
December 0.233 0.233 0.250 0.226 0.231 0.235 0.096
Average | 02291 0.004 | 9228t 0.003 | 92331 0.009 | 92271 0.005 | 2271 0.003 | o229+ 0.003

Note: N A- Not Available, B is monthly mean turbidity coefficient, S is the standard deviation

From Table I, it shows that year 2012 recorded the highest
annual mean turbidity coefficient of 0.233 km with standard
deviation (0.009) while the lowest annual mean turbidity
coefficient of 0.227 was observed in the year 2013 and 2014
with standard deviations (0.005) and (0.003) respectively.
Figure 111 shows the variation in the annual mean turbidity

coefficient of which we observed that; the pattern of the
variation appears to be inversely to the variation in the
annual mean visibility as we compare Figure | and IlI.
Therefore, increase in annual mean visibility results in a
decrease in annual mean turbidity and vise-versa.

0.234

0.232
0.23

A\
/ N\

\/

0.228

AN

0.226

_

0.224 T T

Year 2010 Year 2011 Year 2012 Year 2012 Year 2014

s Yearly mean turbidity coefficient (km)

Fig 3: Annual mean turbidity coefficient
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Figure IV(a) shows the monthly values of the turbidity
coefficient from 2010 to 2014. There was variation in the
monthly values with maximum value of 0.250 occurring in
December 2012 while the minimum value of 0.225 was
found in different months across the years 2011-2014.
Again since there were no available records from January to
April in the year 2012, there was no any calculated turbidity
values associated to those months. Figure 1V(b) shows the
monthly mean turbidity coefficient values averaged for five
years of which we observe that; the pattern of the variation

appears to be inversely to the variation in the mean monthly
visibility as we compare Figure 11(b) and 1VV(b). This means
that an increase in monthly mean visibility will result in a
decrease in the monthly mean turbidity and vise-versa.
However, we observe that December had the highest
monthly mean turbidity coefficient of 0.235 km with
standard deviation (0.096) while the lowest monthly mean
turbidity coefficient of 0.226 km was observed in March
with standard deviation (0.101), August, October and
November with standard deviations (0.092) each.
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Fig 4: 5-years turbidity coefficient graph

4.3 Extinction coefficient

The monthly extinction coefficient was calculated using the
Koschmeida method given in equation Il following the
work of Dobbins 61, However, the monthly mean extinction

coefficient, the annual mean extinction coefficient and
standard deviation were calculate and the variation of this
measured values from 2010 to 2014 are summarized in
Table IlI.

Table 3: Extinction coefficient monthly mean (km _L)

Months 2010 2011 2012 2013 2014 Boye (km™) | S
January 0.414 0.330 NA 0.650 0.350 0.436 0.233
February 0.446 0.390 NA 0.420 0.440 0.424 0.191
March 0.273 0.290 NA 0.260 0.260 0.271 0.122
April 0.475 0.270 NA 0.260 0.260 0.316 0.169
May 0.273 0.260 0.650 0.260 0.260 0.341 0.208
June 0.276 0.260 0.390 0.270 0.260 0.291 0.129
July 0.277 0.280 0.420 0.280 0.280 0.307 0.138
August 0.287 0.300 0.270 0.280 0.280 0.283 0.116
September 0.387 0.290 0.280 0.260 0.260 0.295 0.129
October 0.285 0.280 0.270 0.260 0.280 0.275 0.113
November 0.273 0.330 0.260 0.260 0.280 0.281 0.117
December 0.402 0.380 1.300 0.280 0.350 0.542 0.441
Average | 0.339% 0.079 | 0.305% 0.044 | 0.480% 0.336 | 0.310% 0.116 | 0.297% 0.056 | 0.330% 0.085
Note: N A- Not Available, Bexr is monthly mean extinction coefficient, S is the standard deviation
From Table II, it shows that year 2012 recorded the highest 0.6
annual mean extinction coefficient of 0.480 km with 05
standard deviation (0.356) while the lowest annual mean ) N\
turbidity coefficient of 0.297 with standard deviation 0 —_— N
(0.056), was observed in the year 2014. Figure V shows the 0.3
variation in the annual mean extinction coefficient of which 0.2
we observed that the pattern of the variation is similar to the 0.1
variation in the annual mean turbidity as we compare Figure 0 i i i i X
Il and V. Therefore, increase in annual mean turbidity Year 2010 Year 2011 Year 2012  Year 2013  Year 2014
coefficient results in a increase in annual mean extinction
coefficient and vise-versa. s Yearly mean extinction coefficient (km-1)

Fig 5: Annual mean extinction coefficient
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Figure VI(a) shows the monthly values of the extinction
coefficient from 2010 to 2014. There was also variation in
the monthly values with maximum value of 1.30 occurring
in December 2012 while the minimum value of 0.26 was
found in different months across the years 2011-2014.
Again since there were no available records from January to
April in the year 2012, there was no any calculated
extinction values associated to those months. Figure VI(b)
shows the monthly mean extinction coefficient values
averaged for five years of which we observe that; the pattern

of the variation appears to be similar to the variation in the
mean monthly turbidity as we compare Figure 1V(b) and
VI(b). This also implies that an increase in the monthly
mean turbidity coefficient will result in an increase in
monthly mean extinction coefficient and vise-versa.
However, we observe that December had the highest
monthly mean extinction coefficient of 0.542 km with
standard deviation (0.441) while the lowest monthly mean
extinction coefficient of 0.271 km with standard deviation
(0.122) was observed in March.
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Fig 6: 5-years extinction coefficient graph

4.4 Comparison of estimated turbidity and extinction
coefficients results

Table IV is a comparison of the monthly mean turbidity and
extinction coefficient averaged over five years as
represented in Figure VII. The monthly mean extinction
coefficients averaged over five years appears to be similar
but higher than those of the turbidity coefficients. This
values are observed to show considerable variation across
the months as compared to the monthly mean turbidity
coefficients that shows little or no variation across the
months for the five years average. The monthly mean

coefficient shows that the turbidity coefficients for the
months of January, February and December have high
values 0.234km, 0.234km and 0.235km each respectively.
Showing that aerosole loading is much higher during the dry
season. Correspondingly, the extinction coefficient has an
average values of 0.436km ™" 0.424km™* and 0.542km ™"
respectively during these months. On the other hand, during
the rainy season, low values of turbidity up to about
0.226km are observed and the extinction coefficients up to

0.271km™* are observed showing low aerosole loading.

Table 4: Visibility, turbidity coefficient and extinction coefficient monthly mean

Months V (km) B (km) by (km™H)
January 9.65 0.234 0.436
February 9.30 0.234 0.424
March 14.40 0.226 0.271
April 13.13 0.228 0.316
May 13.06 0.228 0.341
June 13.70 0.227 0.291
July 13.16 0.228 0.307
August 13.80 0.226 0.283
September 13.48 0.227 0.295
October 14.24 0.226 0.275
November 14.06 0.226 0.281
December 9.64 0.235 0.542
Average 12.58 0.229 0.339
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5. Implications

Turbidity of the atmosphere depends partly on local weather
conditions, which determine the input of aerosols from
domestic and industrial sources [°l. Based on the analysis, it
is observed that Makurdi is generally a hot region with a
moderate visibility. However, findings have revealed that
the monthly average value of the turbidity coefficient in
Makurdi, varies between 0.226 and 0.235. Which implies
airplane operation and solar energy utilization. This finding
is in line with Lopez and Batlles ! who gave a range for
turbidity coefficient to be between 0.02 for low aerosol load
to 0.5 for high aerosol loads. Also, it is similar to Djafer and
Irbah [ evaluation of Angstrom turbidity coefficient
between 0.02 and 0.19 but not in line with their monthly
average values of Linke turbidity factor of between 1.3 and
5.6. Similarly, the monthly average value of the extinction
coefficient ranges from 0.271 in March to 0.542 in
December which is similar to Lopez and Batlles [ but not
in line with Djafer and Irbah . However, the extinction
coefficient of the atmosphere is proportional to
concentration of light absorbing and scattering aerosols in
the atmosphere. Since turbidity values determine the input
of aerosole loading which have direct effect of scattering
and absorbing radiation ' 31 and our findings have revealed
higher aerosole loads during the dry season as compared to
the rainy season, it implies that Makurdi will experience
more absorbsion and scattering of solar radiation during the
dry season as compared to rainy season.

6. Conclusion

This research work is based on the estimation of mean
atmospheric turbidity coefficient in Makurdi. Using the
visibility data for the period of five years (2010-2014) from
Nigeria Meteorological Headquarters Tactical  Air
Command Makurdi Airport, the Schuepp method was
adapted to measure the atmospheric turbidity coefficient
while the Koschmeida method was employed to calculate
the extinction coefficient for the city of Markurdi, Nigeria.
Though the monthly mean extinction coefficient values
were higher than those of turbidity, the monthly mean
turbidity coefficients were observed to vary the same way as
the extinction coefficient because they both measure the
amount of aerosol loading in the atmosphere. The amount of
aerosols were observed to vary across the season showing
high aerosol loading during the dry season January,
February and December and low aerosol loading during the

rany season. The atmospheric turbidity expresses the
attenuation of the solar radiation that reaches the Earth’s
surface under cloudless sky for technological utilization of
solar energy and describes also the optical thickness of the
atmosphere for the purposes of meteorology, ecology,
climatology and monitoring of atmospheric pollution.

7. Limitations and recommendations

Some limitations of this study are worth mentioning. First a
lot of difficulties were encountered in the process of
retrieving and analysing the raw data due to monopoly of
data and some missing data at the meteorological center.
Since only one centre is available in Makurdi, the available
data may not fully represent the actual situation of Makurdi.
Second, the analysis was only carried out for a period of
five years which may not give an excellent result for a time
series analysis. Further study with more number of years
will give a better result.
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