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WAVELENGTIE (340 g o O AEROSOL OFTICAL DEPTIH AT UV

e FRILORIN AERONET SITE IN THE NORTH
ENTRAL STATE OF NIGERIA

’Hu'u!n'ur. B.B.,

‘ncp;mmcul ol Science Laborator

¥
f ok ’.S‘fmmﬁ:, S.B. & 'Usman A.
et o I’hysi}L : l{k}:::;:}tu}*g I’h)’mcafl:lcclmmm.[Jmt, Kwara State Polytechnic, lorin
Enuails ), Iu]aml’rluv.;lml “. Sl Hniversity Sokoto, L
| L vahoo.com Phone: +2347063401453.
Abstract
,h'f"_’-“"' uu}s‘nmﬁ ,\{').h;{f or fluid a;rburm- MAss, or particles, that remain suspended in the air and move with the
motion of the air withy, b”"“{ limits T Clinction of sunhpht rcacf’u;rg the ground by a vertical column of
atmosphere ‘ﬁ“' fo l”"“’-‘”! IS often termed 4, acrosol optical depth. This re.-.'c'arf}J work investigates the trend of
Acrasol rO[’“?”’ Depth (A0D) o 390 nm and 4 variabiity over )3 1-rear‘5 (2002-2014) using AJE:RONET‘MMIW
Horin, Nigeria. Daily (“"f"””””’@' mean, mainam, minimum, and_rangc of .-1- OD values and their trends were
m'.':'.crzgrml'ff using resression analysis e result shows that on anmal basis,the nunimum value of daily AOD
occurred in _1.1':::' 2_008 with a valye of 0096 1y August while the maximum vai:ue of AOD occurred in 2006 with
avalue of 3.878. The highesy range of AOD alsg occurred in year 2006 with a value of 3663 in March On year
by vear monrl?f_v average, the minipym value of AOD occurred in year 2008 with a value of 0293 in August
while the maximum occurred in year 2997 with avalue of 1.6747 in 'Jcmumy Year 2008 has the lughest value of
range with a value of 1.3068 The reyui further shows that the vearly representation of daily mean, maximum,
minimum and rangebehave similarlyin trend vl 4 OD rising from November up to March of the following
vear. There is a drop in AOD iy

T May until a minimn, i August of the vear before another rise in the value. A
quadratic fit best deseribed the ploy of daily mean, maximuem, minimum and rangé of AOD with days of the year.

AOD shows PO-‘”_“"' and f’%’?’“'e vaiue of monthly trend throughout the study period. No year with similar
monthly trend This analysis will be useful for Air quality assessment studies

Keywords: Acrosol, AcrosolOptical Depth, UV, AERONET. Irradiane i

Introduction

Aerosols arc tiny solid or liquid phase particles in the atmosphere. They can be naturally occurnng from
volcanoes, windblown dust, dust storms, forest and erassland fires, living vegetation and sea épmy. They could
also be anthropogenic, generated from the burning of fossil fuels (Guido & Artificio, 2016; Bassani& Cuevas-
agulld, 2016: Kambezidis, 2016: Szkc)‘p &Posyniak, 2016). These acrosols occur over a wide range of sizes,
extending from 10-20 pm 10 about 10° pm. Acrosal particles larger than about | Hm in size are produced by
windblown dust and sca spray and bursting bubbles. Acrosols smaller than I pm are mostly formed by
condensation process such as conversion of sulfur diovide (50,) gas (released from voleanic eruptions) to
sulfate particles and by formation of soot and smoke during buming processes (Mehta & Singh, 2018;
Rupakheti e al., 2019; Shah et al., 2019). These acrosols perform a substantial role not only in the atmosphere

and its processes, but also i people’s health and welfare around the world (Al ez al., 2015: Tang & Wang,
2016),

The seasonal variability of the acrosol optical propertics and the repional Radiative Foreing (RF) are mainly
controlled by acrosol Toading, in which dusts have been playing an important role in the atmosphere (Falaiye er
al, 2013; Ginoux & Hsu, 2010; Nwolor, 20100, Nwofor, 2010b; Opunjobi,2012). Atmospheric deposition is
estimated 1o provide 450 Ty oy Vol dust 1o the oceans (Rassani e al., 2016; Kambezidis, 2016; Szkop of al.,
2016). Almost halt of this estimated plobal dust input is provided by the arid regions of the Sahara and Sahel
deserts resulting in o westward ow of matetial over the North Atlantic Ocean (Bowyoes af | 2018; Guido &
Arntificio, Efllh;' Pere ef al., 2018). Atmosphence dust deposition 1s an important source of vital and himiting
nutrients and metals to the ocean, alfectimg the oceanic carbon uptake, phiytoplankton growth and productivty,
Recent reports also suprest that dust inputs may promote nitrogen fixation by providing wron and other trace
metals (Nwofor & Chineke, 2007; Sharafa o al., 2020).

The solar ultraviolet radiation reaching the Farth's surface has hcc? broadly dlscu.\wd‘ duning the last decades
because of itg biolovical and photochemical actvity (Remart & Veismann, 200‘11‘ Great emphasis has b_ccn
placed on the pmumJI merease m surface UV radiation due to the (lh:p]‘cnnn ol sn.un‘l_\plwm (\t!\lllL‘ “L.'\]LICR
07one, other atmospheric components like clouds, pascous :thmh:-r.s .-:I_m! lm'pu-\phm: .|cr.0i-ul’x mf]ucmc‘r‘lw
ransmussion of U1V radiation throueh the atmospheie |’i’--"1hJ eral 2005 Kumaret af |, 2014, B7$.|1[|’:. 20010). The
Importance of the influence of actosols on the surface UV radiaton was introduced by Liu er af. (1991).
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sequences of AOD Emetere & Akinyenu (2017) found e I\alzcls of t\-OD were associated wath changcs in
A i At exleme 3

1 5% decrease in the daily crythemal UV dose and thatextic ~.er certain parts of the Earth wath a high

QVer c¢
erythemal UV doses of 20-30% Rupakhet ef al. (2019) fmm\d’ 'r?:i e surface by morc than 50% Emetere
loading of absorbing particles, the acrosols could reduce the U

1acoer variations in the surface UV radiatio
¢t al. (2015) esumated that changes n actosol loadng could g:“c:arlb”n ‘:r:ibc;lh human and plants, this PJ;J':
than chanees in the ozone column Based on the effects of kv 1% I; “:;ro ion of incoming UV radiation l;
study the DLrend and vanability of the effects of both scattering an absorp y

atmospheric aerosol using AERONET data

rough the atno
Several studies demonstral

Materials and Method
Description of the Study Arca _
The research site s located at Umversity

Guinea Savannah zone of West Afnca; a transiion N
% - and the savanna of upper !
is in the desert transition zone between the Sahara an L ) :
dusty HLarr;JLﬂ:ln wind (Ginoux et al, 2010) Precisely, Hlonn 1s located at the upper up of }hc guinea-savanna
sone with a mean monthly average lemperature of about 30.2 0C and average annual rainfall of about 873

mm(Falarye et al, 2013). Figure |shows (a) the map of Nigena, (b) map of Nonn and (c) map of the site

of llonn, Nigenia. Tlorin (8 SON, 4.50E, 375m) 1s siuated 1n the
z.onc between the Guinea coast and SahelWest Afnica [lorn
higena and 15 influenced by the

respectively.
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Figure 1: Mgitized (a) Map of Nigena showing, Kwara State (b) Map of Kwara State showing llonin South
LGA (¢) Map of Horin South LGA showing study arca

fnstrnmentation (Cimel Sun Photometer and measurements)

ALRONET s an acronym for AIRosol Robotic NETwork which as @ federated network of CIMEL Sun
photometers Smce 1995, abour twenty (20) stations have been mstalled i West Africa by the PHOTONS
component of the ALRONET network, with different penods and durations of alisenyationstDuboy ik or af
20100 A CIMEL Sun photometer which 15 an automate sun-shy scannig (il radiometer, allowang the
measurement o the direct solar ntadiance at waveleneths 330,380 440,500,675 870 010 and 10 00nm h l;mf-lf
powered, hardy and robottcally ponted Data acquired were sent to the NASA Gaodd ! space theht center an
using a satellite data telemetry antenna, NASA provides prelumimary processing of real tine data contammeg the
daily patem of AOD at all operational wavelenpths The AOD data AT c..ﬂ\ul.urd Ly using th \‘~]E’\\|'T
woftware (Cimel Lid Ca) for devel 1.0 AOD (raw result withour cloud-scicend, Tevel 16 '\HIIW {cloud-screen
AOD) hased onSmmov cfal (2002 Jevel 2 AOD (quahiy-assured duata sel) .m‘ri Angstiom Faponent between
110 10 570 nm The data stored i the cantrol boy rmcrn;ﬁm'c‘;m| are then b |1|:\:'nlrilr.jd VI ”H"IL'UI‘HL' 1|-chaped
suicnna o any of the three geasynchionous satelltes GOLS, AMETEOSTAT ar GMS from where 1t 1
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Figure 2: AERONET CIMEL Sun
Nigena.

-photometer at block 9 of the faculty of physical science, University of llonn,

Data acquisition

A thirtecn years darly‘a\'emgc data of AOD at 340 nm spanning from 2002-2014 were obtained from the archrve
of the AERONET NASA website. Due 10 mstrument failures which occurs with AERONET several gaps
spanning many days and somctimes months occur 1n the AOD data scries for Sub-Sahel West Afﬁca cspccull?'
llonn stauon. A 13 years centered moving average smoother was applied to the data senes. This is ncccsur:'
because of the data paps. From the daily data, the daily monthly average were extracted. | -

Results and Disscusion of Findings

Table | shows the statistical summary of year to year daily AOD at 340 wavelength for llonn for years 2002 —
2014. The lowest mimtmum value of the daily minimum AOD (0 095) was observed in 2008 This shm\';d tl.:m
the atmosphcre 1s polluted throughout the penod covered by the research, as a clean atmosphere will have AOD
values not exceeding 005 (Tanet al, 2015) Also, the year wath the highest value of maximum daily
AOD/atmosphenc pollution (AOD = 3 878) is 2006 The highest (1.166) and lowest (0 662) average daily
values of AQD shows that the atmosphere in Honn is highly polluted ) '

. _Table 1: Summary of year by year daily statistical AOD at 340 nm parameters for llonn from 2002-2014

YEAR MIN MAX MEAN MODE  STD.DEV. RANGE
2002 0.213 2.250 0.664 0.213 0.409 2.036
2003 0155 1010 0.993 0.155 0.572 2.800
2004 0303 1.858 0.864 0.371 0371 1.555
2005 0.148 2.533 0.846 0.148 0.446 2388
2006 0.215 1878 0.869 0.215 0,548 1063
2007 0103 3312 0570 0.103 0.540 31209
2008 0.005 3.663 0 856 0957 0.549 3567
2009 0.120 2408 0917 0.120 0504 2.288
2010 0802 1 950 1 166 0802 0373 1178
2011 0.167 1.627 0 662 0.167 0363 I 460
2012 0156 1,632 0908 0.156 0611 3476
2013 0118 1834 0728 0138 0378 | 608
2004 0182 2260 0872 0182 0462 2078
—_
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n for year 2002-2014.

D (0.293) was observed in 2008 This observation
hout the period covered by the research. Also, the
1.674) is 2007. The highest (1.17) and lowest
atmosphere in Torin s fnghly polluted

T : or llon
[able 2 shows the statistical summary of year to yeat monthly AOD for Il

The lowest munmum value of the yearly monthly AO
supports suggestion that the atmosphere 15 pu][ulucl throug
year with the highest yearly atmospheric pollution (A_OI) :
(0.618) average yearly values of AOD also supports the idea that the
ters for Horin from 2002-2014

Table 2: Summary of year by year monthly slatistical AQOD parame : '
YEAR rohs MIN MAX MEAN MODE  STD DEV. RANGE
2002 0416  0.88I 0618 0416 0241 0.472
2003 0388 1385 0.829 0.388 0433 0.992
2004 0.710 1.070 0.833 0718 0.205 0.361
2005 0413 1.563 0.786 0413 0.341 1.150
2006 0.403 1.458 0.819 0.403 0.353 1.056
2007 0.378 1.674 0.808 0.378 0422 1.297
2008 0.293 1.600 0.753 0.293 0.445 1.306
2009 0.359 1.510 0.781 0.366 0.417 1.151
2010 1.070  1.311 1.17 1.07 0.123 0.241
2011 0.315 0.980 0.579 0.315 0.282 0.666
2012 0.331 1.534 0.770 0.331 0.464 1.202
2013 0.421 1.38 0.661 0.421 0.350 0.966

. 2014 0.424 1.408 0,737 0.424 0.370 0.984

Table 3 gives the descriptive statistics of AOD at 340 nm for wet and dry seasons. The lowest mean value of
AOD (0.39) during the rainy season under the period being considered was observed tn 2012, With the
knowledge that AODs during the rainy scason is always the Towest, the turbidity of the atmosphere in this
ctation has come to the fore, again. The highest maximum value of AQD (0.73) dunng the rainy scason was
observed in 2006. It was also observed that the minimum value of AQD (0.28) in this season came up in 2008.

Similarly, the lowest mean value of AOD (0.91) during the dry season under the period being considered was
observed in 2013. With the knowledge that AODs dunng the dry scason 1s always the highest, the turbidity of
n this station has, again, been re-cchoed. The highest maximum value of AOD (1.68) during the

the atmosphere i
was also observed that the mimimum value of AOD (0.49) came up 1n 2012

dry season was observed in 2007. It

¢ statistics for the wet and dry season monthly AOD from 2002-2014

Table 3: Descriptiv

. Wet Scason Dry Season
Year Mean Max Min Range Mean Max Min Range
2002
2003
2004
2005 051 0.61 0.10 0.21 112 1.56 0.70 0.86
2006 0.56 0.73 0.42 (111 116 .46 0.77 0.69
2007 0.47 0.64 0.39 0.25 .21 1.68 0.79 0.59
2008 0.44 0.58 0.28 0.30 120 159 0.79 0.80
2009 0.45 0.54 0.34 0.20 1.22 1.51 0.89 0.62
2010
2011
2012 0.39 043 0.33 0.10 L1 - - 0
2013 0.51 0.62 042 0.2 0.91 {48 - .
2014 051 0.62 0.42 02 106 LAl . -
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December up to the January, Eebrgare, rend with AOD at 340am nsing from November to
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Figure 4: Fit for the variation of monthly mean, maximum, minimum and range o
for Ilorin for year 2002-2014.

{ daily mean AOD at 340 nm’

The quadratic fit of the form y = ax? + bx + ¢ for the four parameters aré presented in Table 4.

Table 4: Quadratic fits and statistical errors
AOD at 340nm Constants Standard P
Deviation (SD)
A b c -

Averape monthly mean 0.023 -0.358 1.772 0.105 < 0.0001
Average Monthly Maximum 0.032 -0.475 2.320 0.134 < 0.0001
Average Monthly Minimum 0.022 -0.330 1.581 0.074 < 0.0001
Average Monthly Range 0.010 -0.145 .- 0.740 0.129 = 0.037

Figure 5 (a)-(1) shows the linear regression trends in monthly maximum behaviour of AOD from year 2002-
2014 starting from January to December for all the years, This approach was used by Abdou, (2014)to study the
temperature trend in Mekkah. The monthly maximum shows both increasing and decreasing trends with annual
rate of decrease to be —0.030 for January. Month of February shows an increasing rate of 0.0729, this 15
followed by another decreasing and increasing rate of —0.0104 and 0.0143 for March and April respectively.
The months of May, June, August, Scptember, November and December show a decreasing trend of AOD for
Horinwith decreasing rate of—0.047,—0.0084, —0.0085, —0.0134, 0.040 and — 0.059 respectively, while July
and October show an increasing rate of 0.0081 and 0.0047 respectively. This implies that the aerosol loading in
the months of February, April, July and October increase by 0.949, 0.182, 0.104 and 0.065 respectively and
decreases in the months of January, March, June, August and December by -0.91, -0.130, -0.611.-0.104, -0.117,
.0 167, -0.52 and -0.767 respectively for the 13 years considered. The linear regression summary is <hown 1n
Table 5 which shows the regression equation and correlation coefficient. ) )
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Figure 5 (a)-(1): Linear regression trends of monthly maximum ol yearly AOD at 340 nm at Ilorin from January

to December for 2002-2014.
Table 5: Lincar regression equation ol the monthly maximum of AOD.

o ) Regression R Months Repression R
Months Equation Equation
Jan Y+=55.94-0,07X 0.259 Jul Y= 15.5540.008N 0.42]
Feb Y= 144.340.073N 0428 Aug Yo 17.79-0.000X 0.141
Mar Y=23.13-0.01X 0.08 Sep Y 27.0-0.013X 0.321
Apr Y=27.3+0.014X 0.155 Oct Y 8.5540005X 0.051
May Y=67.13-0.048X 0.078 Nov Y- §1.02-0.04X 0403
Jun Y17 57-0008X 0.255 Dec Y=119 59.0 05X 0.7%2

Frgure 6 (2)-(1) shows the Timear regression trends in the monthly minimum of yearly AOD at 340 nm for llonn
from January o December (2002-2014)
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Fipure 6 (a)-(b): Lincar regression trends of monthly minimum of yearly AOD at 340 nm at lorin from January

to December for 2002-2014.

in trend of the monthly minimum of AOD for Horin in January, February, March, June, July
and Scptember with annual increasing rate of 0.0129, 0.0201, 0.007, U.Udf], 0.43):: 10~% and 0.009‘7
respectively while annual decreasing rate of —0.080, =4.99 X 107 ' —0.008,—0.007,-0.0055 and — 0.006
respectively for April, May, August, October, November and December. This means that for the 13 ycars
considered, AOD in January, February, March, June and September increases by 0.169, 0.26, 0.091 and 0.13
respectively and decreases in Apnil, May, July, August, October, November and December by -1.04, -0.0052, -
00117, -104, -0.091, -0.078 and -0.078 respectively. The linear regression equation for the monthly minimum

There is an increase

AOD is shown below.
Table 6: Linear regression equation of the monthly minimum of AOD.

Regression Equation R Months Regru_wh;n Equation R

Months

Jan Y=23.11+0.013X 0.273 Jul Y=1.64-9 48E-4X 0.058

Feb Y=19.08+0.02X 0.886 Aug Y=11.37-0.008X 0.291

Mar Y=12.97+0.007X 0.24% Sep Y-193140.010X 0.393

Apr Y=17.0-0.008X 0.008 Oct Y=14 47-0.007X 0.293
May Y=1.24-4 98E-4X 0.057 Nov Y=12 40-0.000X 0.120
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Figure 7 (a)-(1): Linear regression trends of monthly mean of yearly AOD_340 om at llorin from January to

December for 2002-2014

This means that during January, February, April, June, September and October an mncreas
0468, 0.0117, 0.013, 0.0065, 0.0078 and 0065 was noticed. Also, a decrease in the mon
August, \mcmbq and December for the 13 years period was observed. The linear regressio

monthly meanof AOD is shown in Table 7

_T_!llle 7: Linear regression equation of the monthly mean of AOD.

f AOD

c by 0.20,
ths m’ March, May,
on summary for the

Regression Equation R Months Regression Equation . R

Months ‘

Jag Y=236-0.02X 0.063 Jul Y=069-5 SSEAX 0.063
Feb V=70 60+-0.036X 0.625 Aug Y 38 £5.0 019X 0.501
Mar Y'=6.82-0.003X 0.058 Sep Y=087 626E4X 0.049
Apr \'_1,22+9.71E-4,\' 0.041 Oct Y=0.88-0.005X 0176
May Y=8.93-0.004X 0.289 Nov Y=63.71-0.031X 0.589
-J.t.‘_n.____ Y=1.99:001X 0081 Dec Y=21.18-0.010X 0.258

Figure 8(2)-(1) depicts the linear regression trends of monthly range of yearly mean AOD at 330 nm for llonn

also from Janua ry to December (2002-2014)
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Figure 8 (a)-(I): Lincar regression trends of monthly range of yearly AOD 340 nm at Horin {rom 2002-2014.

This means that there is 2 negative annual regression rate in January, March, May, June, August, September,
November and December with decreasing rate of -0.0397, -0.0176, -0.047, -0.011, -0.003, -0.023, -0.034, and -
0.053 respectively while the annual increment rate of 0.053, 0.023, 0.007, and 0.012 for February, April, July
and October respectively was observed. The AOD variation rate means that for the 13 years considered,
February, April, June, July, October, November and Decemiber, it inerease by 0.039.0.150, 0.013, 1.495, 0.169,
0.143 and 0.143 yespectively and decreases in January, March, May, August and September by -0.247, -0.026, -
0.117, -0.052 and -0.039 respecuvely,The lincar regression summary ofmonthly range of AODand the
correlation coclTicient 1s shown below:

Table 8; Lincar regression equation of the monthly range of AOD.

Regression Jiquation R Months Regression Equation R

Months

Jan Y=61.05-0.04X 0.309 Jul Y=13.9140.007X 0.283
Feb Y=104 6410.053X 0312 Aug Y=6.42-0.003Y 0.076
Mar Y=067.28-0.018X 0.077 Sep Y=40.88-0.023X 0.397
Apr Y=44.3340.023X 0.241 Oct Y=24.16+0.138X 0138
May Y=95.91-0.047X 0.282 Nov Y=68.52-0.034X 0.408
i Y=21.64-0011X 025§ Dec Y=106.39-0.052X 0.448

Conclusion and Recommendation

The analysis shows that there are both positive and negative trend on monthly
minimum and range of values of AOD during the period of study. On the sex
wet season(0.56) occurred in year 2006. The peak maximum v
found to be 0.42 and0. 31 n year 2006 respectively. During the dry scason, highest mcan (1.22) of AOD was
observed i year 20(]‘)\ hichest maximum (1 68) was n war‘ZO(ﬂ nlelemu.[ m%mmu 1 t [In70 ]---‘? i f"'nr 2007
and 2008 The highest range of AOD for dry scason (0 891s 1in the \'c:lr "‘(N?T The :” o t\'hmtli“ !}-Lc‘rc::ﬁl‘ﬂﬂ
trend of AOD has some n'nplic;\lluna on bath plant and animal. If AOD 1a]1|--]1- 1l|; ‘”‘\T'kl‘[nl”-lr o ) (IL l l'nk”lz'
atmospheie, tee leals falling, dryness in plamts and skin drvness 1 unimui IITln.nnLl'lﬁk-n\} l 'k- ’“‘.3“‘( l']S"’m”h
cough and prevathng air bome diseases. On the order imnd, i AOD 'm h)\\f I'hL.(uﬁ;\:”;p:\r;t-rll(inkc‘udﬂmi

variations of the mean, maximuni,
seasonal basis, highest mean AOD for
alue was 072, Jargestnummum and range were
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cattleherders would siap coming from the northern Nigena and green Ieal would start coming up on e frc,
The research recommend

AERONET AOD data Ofllml study should be extended to AOD at other wavelengths in the study area. The

. the study arca should be compared with other stations in West Africa and whole
African at large,
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