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ABSTRACT

This present study investigates the variation of atmospheric visibility with meteorological
parameters of measured monthly average daily visibility, mean temperature, relative humidity,
atmospheric pressure, rainfall and wind speed for a period of 12-years over lkeja, Lagos State,
South Western, Nigeria (Latitude 6.58N, Longitude 3.33E and altitude 40 m above sea level).
The results indicated that the seasonal variation of atmospheric visibility is greater during the rainy
season than in the dry season. The best visibility was observed during the rainy season with an
average value of 9.73 km in the month of April while the worst visibility was during the dry season
with an average value of 5.88 km in the month of January. The results from regular observation of
atmospheric visibility for the study area during the period under investigation indicated that the
observed visibility ranged between 5.88 + 1.03 km and 9.73 + 1.03 km with annual mean of
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meteorological

8.68 + 1.03 km which implies that the atmosphere is mostly clear. The average atmospheric
extinction coefficient computed for the study area is approximately 0.4628 km™!(4.628 X
10~*m™1) . Simple linear regression equation relating the atmospheric visibility and the
parameters were developed from which the
atmospheric visibility with relative humidity was recommended based on the coefficient of
correlation (R), coefficient of determination (R?), standard error of estimates (SEE) and p-value.
The skewness and kurtosis for the atmospheric visibility are negatively skewed with value -1.514
and positive kurtosis (leptokurtic distribution) with value 1.244.

regression equation relating

Keywords: Atmospheric visibility; extinction coefficient; meteorological parameters; skewness and

kurtosis; rainy and dry seasons.

1. INTRODUCTION

Visibility impairment has become a major public
concern in most metropolises in Nigeria [1]. Ikeja
the capital of Lagos State in South-western
Nigeria was selected for this present study
owning to its rapid population growth and
increasing industrialization over the past
decades. Visibility in meteorology is defined as
the maximum distance at which a dark object can
be discerned against a light sky [2-3]. On the
other hand, it is defined in aviation as the
greatest horizontal distance at which a large
object can be seen and recognized against a
bright sky [4].

Despite the relatively conducive weather of
Nigeria compared to other countries (such
as Mauritania, Somalia, Japan etc.), there
has been a marked increase in the cases
of recorded flight delay, diversion and
cancellation, which in most cases, are
attributed to poor weather conditions [5].
Aircraft accident has not been an exception, but
its occurrence, though resulting to very
devastating losses, has been on a low rate
compared to other defects, with its highest
occurrence between 2003 and 2006 [6]. Most of
the air crashes, delays and cancellations were
caused by poor weather conditions such as
thunderstorm occurrence, poor  visibility
(associated with fog, dust haze etc) wind shear
and squall [7-8].

The term weather describes the state of the
atmosphere in terms of air pressure,
temperature, humidity, clouds, wind, and
precipitation [9]. Meteorological phenomena such
as relative humidity and temperature are known
to be natural causes of changes in aerosol
extinction  coefficient and decrease in
atmospheric  visibility. These meteorological
parameters influence visibility through dispersion
of aerosols, or by changing their properties or

formation and removal rate. Visibility reducing
weather phenomena caused by aerosols include
precipitation, fog, mist, haze and dust storm.
Precipitation is defined as any or all of the forms
of water particles, whether liquid or solid, that
falls from the atmosphere and reach the ground
[10], so that it can be easily identified by the
observer. Fog is defined as a hydrometeor
suspended in the atmosphere near the earth’s
surface [10]. Fog reduces visibility below one
kilometer. However, the criterion of the relative
humidity for fog is not well defined [11]. Mist is
defined as a hydrometeor consisting of an
aggregate of microscopic and more-or-less
hygroscopic water droplets suspended in the
atmosphere. Mist produces a thin, greyish vein
over the landscape and reduces visibility to a
lesser extent than fog. The relative humidity with
mist is often less than 95%. Mist is intermediate
in all respects between haze and fog [10]. On the
other hand, haze is defined as fine dust or salt
particles dispersed through a portion of the
atmosphere; a type of lithometeor. The particles
are so small that they cannot be felt or
individually seen with the naked eye, but they
diminish  horizontal visibilty and give the
atmosphere a characteristic  opalescent
appearance that subdues all colors.
Haze formations are caused by the presence
of an abundance of condensation nuclei which
may grow in size to become mist, fog or cloud
[10].

It is well known that the atmospheric
visibility varies significantly with regions and
season. This study aimed to find out the
important roles played by the meteorological
parameters of mean temperature, relative
humidity, atmospheric pressure, rainfall and wind
speed on the variation and evaluation of
atmospheric visibility in Ikeja, Nigeria over the
period under investigation. The atmospheric
extinction coefficient was also evaluated based
on the atmospheric visibility.



2. STUDY AREA

The study region is Ikeja (Fig. 1), a coastal area,
the capital of Lagos State, Nigeria. The state is
located in the south-western part of Nigeria. The
state has common boundary with Ogun State,
Republic of Benin and terminates in Atlantic
Ocean in the south; making it a coastal city
where several long and attractive sandy beaches
(like Bar Beach) are located [12]. The state has
twenty local government areas in which sixteen
are within the metropolitan Lagos while the land
coverage is about 3,475 km’. However, this size
is reduced by Lagoons, rivers, creeks and

swamps. The Lagos city is the commercial centre
of Nigeria where several businesses are found.
For example, the busy Murtala International
Airport in Ikeja and head offices of many airlines
are within and around the airport while the city
and the state also accommodates headquarters
of many companies. As a coastal city, rising
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temperature and increase in sea level could lead
to disappearance of the beaches under erosion
and flooding while the area might also be
damaged by storm [12]. The state is essentially a
Yoruba-speaking environment. The seasons in
the area is broadly divided into dry and wet under
the influence of Intertropical Convergence Zone,
ITCZ (where easterly trade winds originating
from northern and southern hemispheres
converge) that migrates along with the position of
strongest rainfall [13]. Nigeria being a tropical
region has two seasons — the wet and the dry.
The wet season is characterized with heavy
rainfall. It falls between the months of April and
October. The dry season, on the other hand, is
characterized with scanty or no rainfall and dry
dust laden atmosphere. The season lies between
the month of November and March [14]. It must
be noted that some areas in Lagos State, which
is very close to the Atlantic Ocean experience
rainfall in all the months of the year [15].

Map of Nigeria r/ 4

Fig. 1. Map of (a) Africa showing the location of Nigeria (b) Nigeria showing the location of
Ikeja in Southwest Nigeria and (c) Ikeja showing the location of the meteorological station in
Muritala Muhammed International Airport



3. METHODOLOGY

The measured daily climatic data of atmospheric
visibility, mean temperature, relative humidity,
atmospheric  pressure, rainfall and wind
speed utilized in this present work were
obtained online from Tutiempo Network
(en.tutiempo.net/climate/ws-652010.html).  The
daily data were averaged into monthly data. The
studg area under investigation is lkeja (Latitude
6.58"N, Longitude 3.33°'E and altitude 40 m
above sea level) with weather station number
652010 (DNMM). To avoid possible misleading
indications related to year to year variation in
weather condition, the period under focus is
twelve years (2001, 2005 — 2007, 2009 — 2016)
in order to obtain a good climatological average.
The quality assurance of the meteorological
measurements was determined by checking the
overall consistency of the monthly average of the
climatic parameters used in the study area.

The atmospheric visibility models proposed in
this study are

Vis=a+bT (1)
Vis=a+bRH (2
Vis = a+ b AtmP 3
Vis =a+bRF (4)
Vis=a+bWS (5)

where Vis is the atmospheric visibility (km), T is
the mean temperature (°C), RH is the relative
humidity (%), AtmP is the atmospheric pressure
(hPa), RF is the rainfall (mm), WS is the wind
speed (ms'l) and a, b, ¢, d, e and f are the
empirical constants/coefficients.

In this study the coefficient of correlation (R),
coefficient of determination (R?), standard error
of estimates (SEE) and p-value are examined.
High values of R and R? is ranked the best while
low values of standard error of estimates (SEEg
and p-value is ranked the best. The R and R
give the best fitting between the measured and
predicted models. The SEE signifies the error
associated with the estimated/predicted models
and the p-value signifies the most contributing
model to the visibility estimation.

In this study, the skewness and kurtosis tests
were also carried out. The skewness test (o;,)
measures the asymmetry of the five independent
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meteorological parameters data around their
mean value; it is a measure of symmetry, or
more precisely, the lack of symmetry. It tells us
about the direction of variation of the dataset. If
o, =0, the data have a Gaussian distribution
(normal distribution), while g, < 0 indicates that
the data are spread out more to the left of the
mean value than to its right (negatively skewed),
when g, > 0 indicates that data are spread out
more to the right than to its left (positively
skewed) [16].

The Kurtosis test (k,,) describes the shape of a
random variable’s probability distribution, that is it
characterizes the relative peakedness or flatness
of a distribution compared to the normal
distribution. It measures the degree of normality
of each of the meteorological parameters under
investigation [16]. For k, =0 the data have
normal distribution, for k, > 0 the data have
positive  kurtosis  which  implies  peaked
distribution, that is, leptokurtic distribution (that is,
too tall), when k, < 0 the data have negative
kurtosis which implies flat distribution, that is,
platykurtic distribution (that is, too flat, or even
concave if the value is large enough).

The visual contrast C,(x) obeys the Beer-
Lambert law

dcy(x)

Tdx = _bextcv(x) (6)
This means that the contrast decreases

exponentially with the distance from the object.
Cv(x) = exp(_bextx) (7)

where x is the path length and b,,; is the total
extinction (scattering + absorption). Lab
experiments have determined that contrast ratios
between 0.018 and 0.03 are perceptible under
typical daylight viewing conditions. Usually, a
contrast ratio of 2%(C, =0.02) is used to
calculate visual range. A simplified relationship
developed by Koschmeider which relates the
visual range and extinction coefficient is given by
[17]. This is obtained by plugging this value into
equation (7) and solving for x produces the
following visual range equation as

3.912
Xy =

bext ®)
where x, is the distance at which the object is
just barely visible in units of length. At sea level,
the Rayleigh atmosphere has an extinction
coefficient of approximately 13.2 x 10° m™ at a



wavelength of 520 nm. This means that in the
cleanest possible atmosphere, visibility is limited
to about 296 km.

4. RESULTS AND DISCUSSION

The developed models obtained from this study
using equations 1 — 5 are

Vis = 14.8 —0.226 T )
Vis = —6.26 + 0.182 RH (10)
Vis = —300 + 0.305 AtmP (11)
Vis = 7.64 + 0.000809 RF (12)
Vis = 4.55 + 1.44 WS (13)

Table 1. Validation of the models under
different statistical test

Models R R’ SSE P-value
Temp 21.7 4.7 1.32785 0.40914
RH 66.5 44.2 1.01615 0.00015
AtmPre 33.2 11.0 1.28364 0.02796
RF 53,5 28.6 1.14988 0.04889
WS 60.7 36.8 1.08177 0.00024

Based on R, R’ SEE and p-value shown in
Table 1. The visibility model relating the relative
humidity is ranked the best performing model
and the visibility model relating the temperature
is ranked the least. Therefore the regression
equation model given in equation (10) is most
suitable for predicting atmospheric visibility for
the study area under investigation based on R,
R? SEE and p-value.

In Fig. 2. The atmospheric visibility increases
from January and attained its maximum value in
April and decreases from April to June. The
visibility then increases from June and attained
another peak value in August and drop
subsequently from August to December. The
highest values of visibilities were observed
during the rainy season with an average value
942 +1.03km and the Ilowest value was
observed during the dry season with an average
value 7.62 +1.03 km. The maximum visibility
was observed during the rainy season with an
average value of 9.73 km in the month of April
while the minimum visibility was during the dry
season with an average value of 5.88 km in the
month of January. The average annual
atmospheric visibility for the study area under
investigation is 8.68 + 1.03 km. The atmospheric
visibility for the study area is low compared to
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that of Port Harcourt, Rivers State, Nigeria, and a
coastal zone as well where the average value
during the rainy and dry seasons are 12.3 km
and 11.3 km as reported by [18]. This may be
attributed to more industries, deposition of
atmospheric air pollution caused by the “Danfo
drivers”, sea salt, numerous secondary aerosols
precursors and rapid population growth
encountered in the study area. The international
definition of fog is a visibility of less than 1 km;
mist is a visibility of between 1 km and 2 km and
haze from 2 km to 5 km. fog and mist are
generally assumed to be composed principally of
water droplets, haze and smoke can be of
smaller particle size. The results revealed that
the atmosphere in the study area is relatively
clear.

In Fig. 3. The atmospheric visibility and mean
temperature increases from January to March.
The mean temperature decreases from March
and attained its minimum value in August and
subsequently increases to December while the
visibility increases and attained its maximum
value in April and decreases to June. The
visibility further increases from June to August
and decreases subsequently from August to
December. The maximum values of temperature
were observed during the dry season while the
visibility was during the rainy season and the
minimum values of temperature were observed
during the rainy season while the visibility was
during the dry season. The highest value of
temperature was observed during the dry season
in the month of March with an average value of
29.13°C and the minimum value during the rainy
season in the month of August with an average
value of 25.38°C . The highest value of
atmospheric visibility was observed during the
rainy season in the month of April with an
average value of 9.73 km and the minimum value
during the dry season in the month of January
with an average value of 5.88 km. The average
annual atmospheric visibility value observed is
8.68 +1.03 km while that for the mean
temperature is 27.27 £1.09°C . A dip was
observed for the visibility and temperature in the
months of June and August respectively.

In Fig. 4. The atmospheric visibility and relative
humidity increases from January to April while
the relative humidity increases continuously and
attained its maximum value in July, however,
there was almost a constant value between the
month of June and July. The relative humidity
decreases slightly from July to August and
increases gradually to September. The visibility



and relative humidity drop from September to
December. The maximum values of visibility and
relative humidity was observed during the rainy
season and minimum values during the dry
season. The highest values of visibility and
relative humidity were observed during the rainy
season in the months of April and July with
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relative humidity were observed during the dry
season in the month of January with average
values of 5.88 km and 73.15% respectively. The
average annual atmospheric visibility value
observed is 8.68 + 1.03 km while that for the
relative humidity is 82.26 + 4.30% . A dip was
observed for the visibility and relative humidity in

average values of 9.73km and 87.23% the months of June and August respectively.
respectively. The lowest values of visibility and
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In Fig. 5. The atmospheric pressure decreases
from January to March and increases from March
and attained its maximum value in August while
visibility increases from January and attained its
maximum value in April and decreases from April
to June and subsequently increases from June to
August. The atmospheric pressure and visibility

decreases from August to December. The
maximum values of visibility and atmospheric
pressure was observed during the rainy season
and minimum values during the dry season. The
highest values of visibilty and atmospheric
pressure were observed during the rainy season
in the months of April and August with average



values of 9.73 km and 1014.16 hPa respectively.
The lowest values of visibility and atmospheric
pressure were observed during the dry season in
the month of January and March with average
values of 5.88 km and 1010.18 hPa respectively.
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observed is 8.68 + 1.03 km while that for the
atmospheric pressure is 1012.004 + 1.269 hPa. A
dip was observed for the atmospheric visibility
and pressure in the months of June and March
respectively.

The average annual atmospheric visibility value
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In Fig. 6. The rainfall increases slightly with
almost constant value from January to March
and increases from March and attained its
maximum value in June and decreases
subsequently from June to August and increases
to September. The atmospheric visibility and
rainfall drop from September to December. It was
observed that the highest values of rainfall was
recorded in the months from April to October and
the lowest values from November to March, this
is expected as this is the period of rainy and dry
seasons in the study area and Nigeria. It was
observed that the study area has double peaks
of rainfall in the months of June and September
during the rainy season. The highest values of
visibility and rainfall were observed during the
rainy season in the months of April and June with
average values of 9.73km and 2677.83 mm
respectively. The lowest values of visibility and
rainfall were observed during the dry season in
the month of January and December with
average values of 588 km and 307.32mm
respectively. The average annual atmospheric
visibility value observed is 8.68 + 1.03 km while
that for the rainfall is 1280.86 + 760.7 mm. A dip
was observed for the atmospheric visibility and
pressure in the months of June and August
respectively.

In Fig. 7. The atmospheric visibility and wind
speed increases from January to March while the
visibility increases to its maximum value in April
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and decreases from April to June. The wind
speed decreases from March to June. The wind
speed increases from June and attained its
maximum value in August. The visibility
decreases from August from December while the
wind speed decreases from August and attained
its maximum value in November and slightly
increases from November to December. The
highest values of visibility and wind speed were
observed during the rainy season in the months
of April and August with average values of
9.73 km and 3.93 ms~! respectively. The lowest
values of visibility and wind speed were observed
during the dry season in the month of January
and November with average values of 5.88 km
and 2.00 ms~! respectively. The average annual
atmospheric visibility value observed is 8.68 +
1.03 km while that for the wind speed is 2.86 +
046ms™' . A dip was observed for the
atmospheric visibility in the month of June and
wind speed in the months of June and November
respectively.

The atmospheric visibility and extinction
coefficient shown in Fig. 8 shows an inverse
relationship. The least atmospheric visibility and
maximum extinction coefficients are observed in
January while the best atmospheric visibility and
least extinction coefficients are in April. The
figure shows that as the atmospheric extinction
coefficient increases the aerosol particle size in
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the atmosphere will become larger, thereby
decreases the atmospheric visibility. The
atmospheric  extinction  coefficient  ranged
between 0.4011 in April and 0.6656 km™ in
January. The average extinction coefficient is
0.4628 km™! (4.628 x 10~* m™1). Our results is in
agreement with that of [19] carried out for West
Africa, where they reported that during the
dry/harmattan season the extinction coefficient is
> 0.4 — 0.6 km™! while our result is within the
range 0.4184 — 0.6656 km™! with the lowest in
March and the highest in January, though, our
result is in contrast with their result during the
wet season as extinction coefficient is <
0.2 km~! while our result is within the range
0.4021 — 0.4374 km~*! with the lowest in April and
the highest in June.

The results shown in Table 2 revealed that the
atmospheric visibility and relative humidity data
spread out more to the left of their mean value
(negatively skewed), while the temperature,
atmospheric pressure, rainfall and wind speed
data spread out more to the right of their mean
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value (positively skewed). The temperature,
atmospheric pressure, rainfall and wind speed
data seem to have a quassi-Gaussian
distribution with the temperature data been
symmetric as a skewness of exactly zero is quite
unlikely for real world data. The atmospheric
visibility and relative humidity data are more
divergent away from the normal distribution.
Standard error of the skewness of 0.637 was
obtained for all the meteorological variables.

It is obvious from Table 2 that the atmospheric
visibility data have positive kurtosis which
indicates a relatively peaked distribution and
possibility of a leptokurtic distribution. The
temperature, relative humidity, atmospheric
pressure and rainfall data have negative kurtosis
which indicates a relatively flat distribution and
possibility of platykurtic distribution. The wind
speed indicates kurtosis of normal distribution
and considered as mesokurtic. Standard error of
the kurtosis of 1.232 was obtained for all the
meteorological variables.

Table 2. Descriptive data statistics for measured weather parameters for lkeja, Nigeria

Variable Visibility Temp RH AtmPres RF WS
Mean 8.675 27.2651 82.2557 1012.00 1280.86 2.8551
SE mean 0.37444 0.36067 1.37149 0.40691 247.313 0.15719
Std Dev 1.29709 1.24941 4.75099 1.40958 856.717 0.54451
Variance 1.682 1.561 22.572 1.987 733965 0.296
Range 3.85 3.75 14.08 3.99 2370.51 1.93
Minimum 5.88 25.38 73.15 1010.18 307.32 2.00
Maximum 9.73 29.13 87.23 1014.16 2677.83 3.93
Skewness -1.514 0.047 -0.617 0.392 0.431 0.238
SESkewness 0.637 0.637 0.637 0.637 0.637 0.637
Kurtosis 1.244 -1.224 -0.906 -1.401 -1.194 0.020
SEKurtosis 1.232 1.232 1.232 1.232 1.232 1.232

Table 3. Difference between values for the predicted models and the measured visibility

Month V-Temp V-RH V-AtmP V-RF V-WS
Jan 2.6665 1.1754 2.5647 2.0637 2.3262
Feb -0.108 -0.6336 -0.1991 -0.4297 0.5849
Mar -1.1337 -1.3654 -1.2454 -1.3496 -0.1985
Apr -1.4302 -1.4322 -1.4947 -1.1942 -0.7922
May -0.9538 -0.607 -0.9946 0.258 -0.9939
Jun -0.1073 0.6706 0.1197 0.862 -0.601
Jul -0.2835 0.3471 0.0048 -0.1685 0.098
Aug -0.6565 -0.3227 -0.4011 -1.4004 0.491
Sep -0.7347 -0.142 -0.537 -0.4425 -0.534
Oct -0.4082 0.1414 -0.4198 -0.1118 -1.1053
Nov 0.5183 0.9865 0.3598 0.3864 -0.7248
Dec 2.1882 1.6082 2.0781 1.5409 1.2855
Sum -0.4431 0.4262 -0.1649 0.0143 -0.1641

10



It is clear from Table 3 that the temperature
decreases the atmospheric visibility estimation
by 0.4431 (44.31%) annually at temperature
between 25.38 and 29.13 °C. The relative
humidity increases the atmospheric Vvisibility
estimation by 0.4262 (42.62%) annually at
relative humidity between 73.15 and 87.23%.
However, it has been reported that high relative
humidity can cause increase in aerosol
hygroscopic growth to enhance its scattering
ability [20] and hence affect visibility. In one of
such observation [21] found a nonlinear increase
in scattering across section of an ammonium
sulfate particle by a factor of five or more relative
to that of dry particles when relative humidity is
90%. The atmospheric pressure decreases the
atmospheric visibility estimation by 0.1649
(16.49%) annually at atmospheric pressure
between 1010.18 and 1014.16 hPa. The rainfall
increases the atmospheric visibility estimation by
0.0143 (1.43%) annually at rainfall between
307.32 and 2677.83 mm. The wind speed
decreases the atmospheric visibility estimation
by 0.1641 (16.41%) annually at wind speed
between 2 and 3.93 ms™.

5. CONCLUSION

The changes of atmospheric visibility under
changing meteorological parameters condition
have been addressed. The results obtained from
simple regression equation and variation of
visibility with meteorological parameters indicates
that the atmospheric visibility was highly
influenced by meteorological parameters,
especially the relative humidity. It was observed
that the visual range during the rainy season is
greater than in the dry season. The best
atmospheric visibility occurred during the rainy
season with an average value of 9.42 + 1.03 km
and the worst atmospheric visibility occurred
during the dry season with an average value of
7.63 +1.03 km. The good visibility during the
rainy season is due to the washing out of aerosol
particles in the atmosphere by rainfall. The
observed atmospheric visibility ranged from
5.88 +1.03km and 9.73 +1.03 km indicating
that the atmosphere in the region is mostly clear
as fog, mist and haze which can reduce visibility
to near zero making driving extremely dangerous
rarely occur in the study area under investigation.
The average atmospheric visibility extinction
coefficient obtained for the study area is
approximately  4.628 x 10™*m™! as  the
atmospheric extinction coefficient increases the
aerosol particle size in the atmosphere will
become larger, thereby decreases the

11

Akpootu et al.; ACRI, 9(3): 1-12, 2017; Article no.ACRI.36010

atmospheric visibility. The maximum values of
temperature and atmospheric visibility were
observed during the dry season and rainy
season respectively while the minimum values of
temperature and atmospheric visibility were
observed during the rainy season and dry
season respectively. The maximum and
minimum values of relative humidity and
atmospheric visibility were observed during the
rainy and dry seasons respectively. The
maximum and minimum values of atmospheric
pressure and atmospheric visibility were
observed during the rainy and dry seasons
respectively. The maximum and minimum values
of rainfall and atmospheric visibility were
observed during the rainy and dry seasons
respectively. The maximum and minimum values
of wind speed and atmospheric visibility were
observed during the rainy and dry seasons
respectively.

ACKNOWLEDGEMENTS

The authors are grateful to the Tutiempo
Network, S. L for providing all the necessary
meteorological data used in this present study.
The contribution and suggestions of the
anonymous reviewers that led to improving the
paper is well appreciated.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Buba D, Anjorin FO, Jacob A. The analysis
of influence of weather conditions on
atmospheric extinction coefficient over
Bauchi, North Eastern Nigeria. Journal of
Atmospheric Pollution. 2015;3(1):31-38.
Huizheng C, Xiaoye Z, Yang L, Zijiang Z,
John JQ. Horizontal visibility trend in
China. Geophys. Res. Lett. 2005;34:
L24706.

Adimula 1A, Falaiye OA, Adindu CL.
Effects of aerosols loading in the
atmosphere on the visibility changes in
llorin, Nigeria. Centre Point Sci. Edit.
2008;16:15-23.

Usman A, Olaore KO, Ismaila GS.
Estimating visibility using some
Meteorological data at Sokoto, Nigeria. Int.
J. Basic Appli. Sci. 2013;1:810-815.
National Oceanic and Atmospheric
Administration (NOAA). Service



10.

11.

12.

13.

Assessment: Intense Space Weather
Storms, October 19-November 07, 2003,
April  2004. Washington, D.C. U.S.
Department of Commerce.

Weli VE, Ifediba UE. Poor weather
conditions and flight operations:
Implications for air transport hazard

management in Nigeria. Ethiopian Journal
of Environmental Studies & Management.
2014;7(3):235-243.

Jones B. Space weather — Operational &
business impacts. Airline Space Weather
Workshop Report, NOAA SEC, Boulder,
CO 23-24 February 2004.

Available: http://www.solarmetrics.com
Knecht WR. Use of weather information by
general aviation pilots, Part Il, Qualitative:
Exploring factors involved in weather-
related decision making. (Technical Report
DOT/FAA/AM-  08/7).Washington, DC:
Federal Aviation Administration, Office of
Aerospace Medicine; 2008.

Swietlicki E, Zhou J, Berg OH. A closure
study of sub-micrometer aerosol particle
hygroscopic behavior. J. Atmos. Res.
1999;50:205-240.

American Meteorological Society. Glossary
of Meteorology (edited by Glickman TS).
2000;850.

SWOV Fact sheet, the influence of
weather on road safety. Institute of Road
Safety Research, Netherlands. 2012;1.
Salau OR. The changes in temperature
and relative humidity in Lagos State,
Nigeria. World Scientific News. 2016;49(2):
295-306.

Salau OR, Ayodele F, Kelvin AA, Gbenga
EA, Adetona TF. Effects of changes in
ENSO on temperature and rainfall
distribution in Nigeria. Multidisciplinary
Digital Publishing Institute, MDPI, J. of
climate, Switzerland, Climate. 2016;4:5.

Akpootu et al.; ACRI, 9(3): 1-12, 2017; Article no.ACRI.36010

14,

15.

16.

17.

18.

19.

20.

21.

Agunlejika O, Raji TI. Empirical evaluation
of wet-term of refractivity in Nigeria.
International Journal of Engineering and
Applied Sciences (IJEAS). 2010;2(2):63—
68.

Aribisala JO, Ogundipe OM, Akinkurolere
OO. The study of climate change. British

Journal of Applied Science and
Technology. 2016;13(6):1-7.
Hejase HAN, Assi AH. Time-series

regression model for prediction of monthly
and daily average global solar radiation in
Al Ain City-UAE. Proceedings of the Global
Conference on Global Warming held on 11
— 14 July, 2011, Lisbon, Portugal. 2011;1—
11.

Hursar RB, Hursar JD. Air pollution
emissions, atmospheric processes and
effects on visibility. Center for Air Pollution
Impact and Trend Analysis (CAPITA).
Washington University; 1996.

Nwofor OK. Seasonal levels of
meteorological visibility at Port Harcourt
Nigeria and possible links to aerosol
loading and humidification. Pacific Journal
of Science and Technology. 2010;11(2):
544-551.

Husar RB, Husar JD, Martin L. Distribution
of continental surface aerosol extinction
based on visual range Data. Atmos. Env.
2000;34(9-30):5067-5078.

Jung J, Lee H, Kim YJ, Liu X, Zhang Y, Gu
J, Fan S. Aerosol chemistry and the effect
of aerosol water content on visibility
impairment and radiative forcing in
Guangzhou during the 2006 Pearl River
Delta campaign. J. Environ. Manag.
2009;90:3231-3244.

Malm WC, Day DE. Estimates of aerosol
species scattering characteristics as a
function of relative humidity. Atmos.
Environ. 2001;35:2845-2860.

© 2017 Akpootu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/20892

12



