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INTRODLCTIONN

Acrosols encompass combination of solid and
loueed particles. includimg elements ke sl
thest, o, mdusirral emissions,  Munmade
{anhropopenicy  potlotant, and  blolagcal
particles. These parlicles have a substaniial
impact on he balince of energy within he
Eacth’s amosphere ¢Gluz enal. 2009y, 'The
shiennfic commuany  pludes  Spembficant
Imporanee on unde raandng he climali ¢ aod
ccalogion] effeas o sinospheric aerosals, ps
they hose wide-ranging conse guences for nir
guihity, homan heslth, elimale change, md e
Lanhs radit on budgn {Tin ctal, 20063, On
g globul scule, nerosols e estmuied b indues
weaobng eflizd an e Larths system (Mulau
& Acyua. 2004: Shurally o al, 2020: Tin &
S, 20067 Becent eesearch hin mdeared hat
implementing  aggressive  air pollution
eeducian  measures cowd lgad » o
vecelermed global warmmng of approximately
0P by 200 n addiion ko 41200
altrtbuled b rse b long-lved precohouse g
sbundances {hen ef ab, 20b3; Mwofionel al,
2007, Runz-Arias g al, 2014 1 Ta comprehend
e immedime rodiative influgnce of
atmospheric agrasols, it s crucrl W consider
bok ther optica] properties and non-aerosol
characlermtivs, suh = surfisee albodo ol
sobr declination angle . These clements hove a

central rok n shopimg the Eanh's radhaton

equiibnum, Becase of he dnerse sounces
and relatively short lfe spans of perosols, ther
properies van vay sigafi canlly bob nowtms
a wme o Bocanon Moteover, awrosd
oplical propertwes exhibil surldbidity on longer
e scales, espogially ' remons doser o he
pguaterr {Lihavainen ¢l al, 207 hore ¢ al,

20132 MU, 20043

Emisgiens frem burming seneuliural bBiomass
hase hecame o noteworthy orin o ddfirent
aimsphenic  comtamnants, excriing mdwerie
effecE o gualiy o wr o communiy,
rggional, and wor(dwide seuls (Menul o al,
2006 Sharma ¢t ol, 20870 L oo al 2007,
These wmsogons oeoar teer retotnely shon
periods, spanmng wecks tomonths, posing
substamnaf challenpes p guahty of e and
pasing sevei hizaith risks B humans ¢Ibi etal.,
2006 Juwh o1 al, 2004: Sm eral, 2019 Te
evalume the miluence of human-mude
serosols, neluding  thase  arlsing  Trom
erimiions  resulimg Fom he bummg of
agricubtural biomass, ot chmale chonpe and
b radution budger  resparchers  employ
radialive forcing o coupled serosol
chemisiey-climale models (Bui ef ol, 2017:
Tar o A 2006 Zeb e ul, 2019 These
modeld amm B provide a more accurate

representelion of he physical. chemical, and

optical properties of agrosok. which con diffizr
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mer boh spame and peniod. Flowever., die o
sipruficant uncertnnnics surroending fackors
sich & emission [evels. dispersion. opocal
characteristics, anl blendmg condtions of
hese acrosol. achieving preciée estimabions
al their drewr raduat e unpacts on & feglomal
o worldwide scale temams hopehly wocertain
Addinonaily, % moportanl Wonlenoon
acredols flom biomags burning can effizctvely
ad s dowd condensaion poeler, This cn
binpag e eremon and e span o douds,
D wd e neimge he rondiuon balance e he

Lrispyosphere,

Insieument (lurey ore 8 COMIND. VecumenIce
when deatmy with AEROME T daw and they
lirequently resulls 0 significant pips o e
seties of Acrosel Oplical Depth{ A0D) dut n
Sub-Baharan West Africa. spectically & e
lorin  Smceon, These  gapy.  Somelmes
spaniiing My days or even momhs, occur
dite v e meed lor eyuipment mantenance ot
servicing, which mukes  conhnuouns  data
unittaingble for moicorologieal  and
anosphetic swdies (Nwoky od Chineke,
200M, To addres he waues of Dsrument
falwes and dila gap. we dewlop o moded
uag avalable dawa foos the AERONET
archive o cstmate AOD fet Lthe ropon b
soive he persistent problems o the das
seres, The gpproach ivolved ubbizing a

TApenomeme Modd tr predicing AOC
ower Lhe swdy arer, zllowing for a more
comprzhenshe evaluabng aerosa  optcal
propertes remains possible even when

dealing with eccasional diaa interrupnons.

MATERVALS AND siE THODS
Cherivnaf fe researdlt facation

The study ste & locaed @ the Unoersiy of
liorin & Migena, wilh spoafic coordinutes of
K50 degrees norh |alitude and 450 dogrees
east  lenpitude, o on  elevation of
approximately 375 meers above  se
lesel. lonn & stualed o e Gunen Smannah
wen of West Afnea, sening @ B shil
urealocated amidst he Cunes coust und he
Sahel  reglon of West Africa. llonin &
posticned n he Ietermediary o0 between
Bie Sohaa Desert and the savanna regon of
norhern Nigeria. which kads b he presence
of he dry snd dusty Hurmatien  winds
mfueremyg he sen. (Ginoax et al, 20105, To
be more spectic. Tlon & locaued a the
norhemn  boundary of he Gunea savannn
region. where he typical monthly emperaure
avetuges around 30.2de grees Celsiug, and he
aniugl tainlall averages approximately 73
milhimetersiFalaiye e1ak. . 2013).

Figure | shows tay the map of Nigena, (h)
map o llovin and () e of he sle

Cespe Cime] y
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Figare l¥igitized miaps: (@) Nlgeria with Kwaara State. (1 kwara State with HBorin
St GA ad (olerin Southl 42 A with the sudy area,

AERONET & short far he Al'Rosel Robolic
METwork. which congsts of 8 netwark of
CILVEL S Mhotoreters, Since 1995, gbout
twenty {2 staitons hine boon sd up o Ve
Afnca as part of he PHOTONS sepment of
the AEROMET Fach of

staoms has been conducling observatons for

nElWOr these

differe:m petiods and durations. {Dubouk ¢t
al., 2MpA QIAEL Sun photometer & @

automated radiometer desgned Brosun-sky
scanning with tiler capahilnes. b allows for
the measerone il of direel solar wradance o
provsc winelengihis: 340, 380, 340, 500,675,
870, 940, and 1020 o These photometers
ae solarpowered, surdy, and mpable of
roboic poning. The daa gahered 5 sem to
tie NASA Goddard Space Flght Cemer
usty a satellte daz elemetry  antensa
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NASA pafisres inifal processing of he
real-time dus. weloding e dely  Aerosol
(ADD

waselengihs

Optical  Depth pallerns o ull
aperational The Acrasol
Optical Neph (AQD dda 7 obtained using
he ASTimwn sofiware, devloped by Cimel
Lid.Co. md & prescmed @ warious levels
Level 10 AODY (raw dots withow ooud
|5 AOD (ADD after
mignudl

outhmed by Snurnow ¢f &), J02 1 ad Lewsl

sereciingh  Les

cloud  sereening,  (ollowing by
2 AOD a2 gualny-ossured  detascl)
Addinonally, he Angstrom Eapomen B

compaiedl between 490 md 8N mn The

infi srrmation sored 0 the phoimerer's
cootrol box microprocessor B s ubscquently
ransmilted wsmg d comedlshaped antenna
w one of three peosynchronous sawllies
GOES, METEDSTAT, or GMS. Atterward,
this daa f relayed w de relevam ground
station fbr processmg and B subsequently
made avalable w ke pubhic vn he memel

lgure 2

wl Wup!!f seranclgsbonasapoy
affers 3 vsual Jdepciion of & sndard
AFRONE T {IMEL Sup-Photometer seup

oo rantton

Fipure } AFRONET CIMEIL. Sun-phowmerer a block 9 of he faculty of physical science,
Utisetsily o | loris, Mipera

05|
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Mool Developpent

We developed o seaightforward mathemancal modd 10 estimate he monthly Aerosel (Opaeal
Deph (A0DN for Noein. This modd 1s based on a imgonometie funcion and was designed 10
rephicate be messured daa over a D-year span fom 2002 o 2004 The functon imohes st
owe wdependem parameret. wluch & the morh of the vear You cen esnmawe he monthly AOB

uging Lhe equation provided beow:

1*=F+Aain(?{§-}+rf (1)
1"=}_"+z'|cus[:3,§)+£{ 2}
= P+4 I{:qut-';'-}--l- {m%)]+# i)

where 115 he number of month startng from ¢ = L frr aniary 2002 and ¢t = 168 for December
2004 ¥ Represents the monthly men AGD fr he whole pedod of years studied,

— Yopau=¥
_ﬂ_.ﬂﬁ.;..lﬂ (i
K= Dty 15}

120 he equanons | 1ol represens die 1otd munber of monfis 0 a year

To fi he wigonomerie functions and apremize ther performance. we empbyed a compuer
siftware package called R This invobed makng adjuskments by subtracting a speafic vale
frorn K and muliplying A by another vave untl we achuexed the best poseble liness, =
oulhned D A custem-wniten X progran (Husametin, 2007)  Subsequently, we uilized s
madel i make predichions {or e des o the year 2015,

REELI TS and DISCLISSIONS

The modd comprising the hree trgonometrk funcions B expressed in e fidllowing equanons.

r=?+u?5.n.sin(% )+{!{—D.?B] 6]
¥ =?+D.?5Ams(%)+[!f -0.78) N

4!2,




¥=F+0.64[ (sin )+ cos 2 )|tk —078) )

where P=07744, A= 06905 X = 0.9841.

The piok of the measwed and prodicred daga for 1he throe Ingooomeme functions 5 presened
Figare } to 5 for sine, cosne and sine + coane modd respecanely  Table 1 presenis rhe ohsered

and furecesied daa for the thee rgonomenc modds m 015
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Tabk [ Measvred and Predicied ADD @1 340 nm foc 2015 for orin

201F Forecast  Skw Akadel Cosioe Model Sinclpuime WVirdel ensured
2015
Jun 12347256 15737983 1.2786702 1 115353
Feh 1424292 13250431 1.33033)4 1053037
Mar 1 493678 a%75773l 12705431 L 120758
A 1424292 0630503 10907 57 1 122485
by 12347 256 0.377748 DESR0GY 0630123
Jun noRTSI7 0.285233 D60T6147 0547588
Jul 076820 03777148 0433768 D47 4944
Az 08272443 0630503 01731068 0487607
S 0457848 o975 D441855% | 0364249
Qg D5172541 LiaoaM Qa217012 0432197
Nur 0716806 L5T379E3 D862 3462 0581412
D DRTSTTM L&6b3 131 1. 1048135 | 1dass

Tuble 2 Regrewwm Fauntion snd Suitistical Memnes

Equenons R R MBE | MPE RMSE

it G833 | 091 g .212 9
F=F+D,?5;llsin(-l-z— -)-p[h'-(}_?g] a0l 029

et : I :
F=F+ﬂ.?5ﬂm(-;i-)+{ﬁ_u‘m}] G4M D636 | 0217 |4 0259

_ dmt ot o2y | Hosd G097 | -14.35 0.163
v P () o)

+(K -D.78)

The resulis, 2 shown o Table 2. reweal cocifcient of 0535 betwen ADD and bic
mnportart stalsocal ndicators forowr models,  months of the year with a coefficent of
For the smc model, we obscred a comclabon  detomicanion (R o 0914, Ths semilics

Jong
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fhat 914%% of the AOD @n be explained by
considering the monhs of e year On the
othe hand the cosine arodd demonsiraed a
lower correlztion coeffiaent of 04804 between
ADD and hie months of the year, with an R
value of 0636 Tis sugpests thae 636% of
he AOD varanon can be annbuied o he
months o the year when wsmp the coshe
modd  However. the sne cospe modd
exhibited the most promismg resuts, with &
hgh coefticient of determinanon (R™y of
{1962 Ths wuphes that a subsiannal 962%
of he AOD wn be accounked for by

considering the monihs of the wear within 1hi

CONNCLLUSION

We collected momsbly Aemsol Opical Depth
(AQD) daa sparming & period of Ibwsicen
veurs, from 202 w 2014, Fom e
AERONET archine for Nonn. Subsequendy.
we employed the R software package » fi
wripys  mgonomerk funcoons 1o ths
daaset Thiough our amalsis. we deneloped
hree simple Tigonomemc models. M of
which demonstraed predictive
capabiliies when compared W the acual

excellent

model These findngs mdicme tha he sne
and sipe coane models are the most sutable
fw descrbing the data. Furthermere, it
importast [0 noie tha te sne cosne mode
outperfmis the sne modd. as the R'vatue
for he Drmer & greser. and the root mem
square ernr {RIVSE)] % lower Weventheless,
i's worth mentioning tha rhe man has error
{MBE) and mean percentage aror (MPE) for
Lhe sine modd are doser to 2ro compared 1o
the sne cosine model Visualzing the resuks
in Frrure & 10 8.y becomes evidern tha the
sine cosne modd provides the beg i #r the

MID dws fr Bomin 0w 2005

messured data. Afier & horough Bssessmen
usinp setisical indicators, t became eudent
tha the Sine Cosme Modd prosided 1he mes

descripgon. of e
between ACDand the morths of the year

Bocurale cofmelation
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