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Investigation of optical properties of aerosols in Urmia Lake area
using Calitoo handheld sun-photometer

Salar Alizadeh!, Ali Bayat?, Hamid R. Khalesifard'
1- Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS)
2- Department of Physics, University of Zanjan, Zanjan
salizadeh@iasbs.ac.ir, abayat@znu.ac.ir, Khalesi@iasbs.ac.ir

Abstract- Sun-photometer is an optical tool for measuring the Aerosol Optical Depth, AOD and Angstrém
Exponent, AE. In this paper, measurements with Calitoo sun-photometer in Urmia city and Rashkan region, which
has been done for six months, are reported. The measurement period started on November 1, 2020, and lasted
until April 30, 2021. During this period, 117 days were measured. The average AOD at three wavelengths of 465,
540, and 619 nm and AE was equal to 0.25, 0.21, 0.18, and 1.08. Aerosols were classified based on AOD and AE.
Results show that, in 85 days, AOD was equal to 0-0.7 also AE was equal to 0.7-1.7 (industrial urban pollution).
For 12 days AOD was 0.2-1.5, and AE was 0-0.7 (dust). For another 12 days, AOD was 0-0.2 also AE was 0-0.7
(mixed dust). Only in two days, AOD was 0-0.2 also AE was 1.7-2 (clear air).

Keywords: Angstrém exponent, Aerosol optical depth, Calitoo handheld Sun-photometer


mailto:khalesi@iasbs.ac.ir
mailto:abayat@znu.ac.ir
mailto:salizadeh@iasbs.ac.ir
mailto:khalesi@iasbs.ac.ir
mailto:abayat@znu.ac.ir
mailto:salizadeh@iasbs.ac.ir
http://www.opsi.ir/article-1-2528-en.html

[ Downloaded from www.opsi.ir on 2025-12-24 ]

VR ot VE VY ol s 3lsal (e anged olfitils

03ld 9 45 g,
olsd SG sy 5l sl sl aneg )l azly o adlais 5>
gy e
29 8 Sl g5 ol Sy g (s (G008 )95
> Dy30 4595 Jobo 53 Eae Job aw po ) a6
30 Ligles Sl Goas ools (pl 51aiS oo (6.5 o5l
Vlogdon gl pg il ale 5 zge Job a2
azb,o LS jo 6 8ol Yeve jalws Yo U yuly
@l clatte b o, adlhie 00 )
05151 5 ol 45°20'47 44"E 4 37°34'37.94"N
Slaitn 5 drag)| o )0 6 Sl YTV gl ¥ b
A plol 45°4'24.16"E 4 37°3422.95"N L8l e

O JS5) sl 52oglsS ~FY (6 uFoslail ol e alols

RS
A
?"

S ST T e Rashakan
gyl azlyo adlaie ;o (5 pS ol slaome Codga o) S5
o Aol b asta Slels 3 55, Jolo 3 (s 5ol
S oeblyn 53 Lib .55 o 90 o b e
50 A ges plaeil (g Seslal clnls 18 Ll ey ol e
YY¥ fg0me 10 500l (5,503l 59,V VY o e oyl
0,5 Cud (s gl slas,Soilah) Ve osls
g o0l jloads ZlZaul) V0 zlaw 0ol 0 caulyd jo

doddo

Ly b Dpgar a5 siien mle 5 dalr O3 Lajglen
&l g 0aiSTyy Ldo 4y 0598 0 92 0 )lg i S0 b
57 5o ol o 5 (alad mier dajglse caiSuly
sr s adlhe sly ] cal el s
et 98 00 o3liinl jg9 5l Ghmiw ple 5l lagglse
I, busler Sl Gos a5 o0g Sl Sl SO
(W 09) bpgles (Sl Gos iS00 (505l
Sade cdle bicawl 9> 40 OId fpl 0g>g 3l (5 kxe
ales Glgs os dime zoe Job 90 50 Lanslon (Sl Goe
Solms sl cnl 08 dlone 1) (An (y98) pg S
ol ol e Y] el g e e 3 sl )
ashio (o aale £ 0,50 j0 0ud ploul slo s S oslail gy

025010 5 (o0 Aoyl axlyo
S (Sl
S9zg0 Ol)d g (e 92 5 Hgue o2 0 555 slags

G Ja.").w u.0| 50 .\..y.:so oAJS‘ﬁ. F) ods g 0

bog salys ply IS (Sl
Ty = T, Rayleigh + Ty, abs T Ty, Aerosol Q)

SoSTy 5l o8b (Sl Gos Ty Rayleigh YU alal; )0
5 = slslE Glp (Sl Ges Tabs k)
el A zge sk jo lanslsa ( Seil Ges T, Acrosol
Sy i olSiws (sl ] slozge b
090 0 3> slajl5 L 4l s (Calitoo) s
abaly )3 T, abs ke 5l Glee om0 S o0 U8 5>
SoSTy 4 bape (Sl e [Y] 05 5 By (V)
el (65 o5lail Joo YU sloJoSge 4 arnnly L,
3,5 apla |, o] plgioe 92 5lad gpSoslail b o5
alewgy J5 (Sl Ges pSoslail b colesye [¥Y]

2,5 dmla | Lo gglae SOl Bee ()19 oo cimand


http://www.opsi.ir/article-1-2528-en.html

[ Downloaded from www.opsi.ir on 2025-12-24 ]

VR ot VE VY ol s 3lsal (e anged olfitils

oals dlasy ol jor 4y ole y 40 (g S o3Il slojg, olass i ) Jgu
Sl s i lesliiwl boad CuS V0 5 ) e

ARARTCWIR)) YoV (oKs,) Ju

£sexe | Apr | Mar | Feb | Jan | Dec | Nov olo
VY | vf \f4 \Ai YA N 'F BISESY
S Sl

YE-Y | OF. | OVY | SEY [ YAV VEQ | Y ool slass
\ oo

A9Y | YYA | YA | Vg0 qy ve \ ools slass
V0 gl

e ohd paly by Sld Sae ol jo e (V0 A)

Sadls ade (9,500 Kl S5 ol b il 3) ails

> AOD Saisly s ,Soslail 59, VY ol § s o
PV zge Job ;0 AE & Caed gl PO zoe Jsbo
AE 3 AOD il bl oais ools ylid xegsl 20
ol p oS gamanns 1) Ol el oo oad (5,505l
Sl (SOl wogll e Le 09 5 F s ol IS
(e ol Ho [P 0] wilows SISy SU slgp g simio
I8 o 5 (Sogll anus 10 Ol 5l slodwe is
SOy Jole ooglT JLé g ,Le Lajg, 5l golans jo .ol

o 1 S35l1 51 s )le slajg, slass g 039y duag)l 5>

0.8 r
465nm 540 nm © 619 nm| 4
0.6 - o 3D
G041 2. - M
02§ §@gk: 8 3 & AT B * ‘
. il e -‘:-' "tw,‘"‘"foﬁ"orq’(%?'.'
2 g G
vs 4 el et e T e (<)
P < e o ° o 3 o L
- ] « E o 11 ® °
=z 1 11 e 1 1
0.5 - i Al A
0 AE (465 nm - 619 nm) c ® o °
N-20 D-20 J-21 F-21 M-21 A-21 M-21
Date

2O g0 Jsb ¥ ,0 AOD ailjg, uSiles ol s () Y JSCs
Yoy Lyl Yo BYeYe g ) 5l xegsl FPO-£14 T

(conl @il gals o7 jo olusl glas 5 ol 50 a5y
Sl Jolis V0 ahaws o0l yo () Jgaz) el Cowsy
1% 5 O PO zgo Jsb ¥ ;0 AOD 5 o)l
20 z90 Jsb 90 ;9 AOD jl oo zl,5uiul AE ¢ yiegils
30 G pSoslail slasg, olaxs V Jauz .cuwl gl #14
e cpl o oal VD 9 ) s ools slawi g ole y»

Z3e Jsbo ¥ 53 AOD wlis, (eils Slyenis (Gl ¥ IS
(&) Y USS 5 ams o iales | jegili £14 5 OF+ FFO
zoe Job o AR alyy), oSk Sliess Sloy
3gd o0 0ddlive Zgog Ay .Cawl Lastine ylegili FYA-YFO
Obis @l w)ls (Jo3p wig; AE ailyg) (S0l Sl oS
ali8laig, AE AOD (Lioli8h) el b 25 was
00 (6 5503l AOD sias iy el arils (o2alS)
0 51 YL AOD Ll o a8 olass, slass g oos + 10 15
P50 z5e Jsb 50 AOD S Sile ol a8 congy
VoA g VA VY e YO Ll AE 5 egili $14 5 OF -
STy s a3l SelisT ze Jsb s
$ly oals <l AOD o)lgen acxad 0 ol oo ial3l
ol gse Jsbo 5 st (hoslh ¥50) oS 25 Jsb
390 b yl)l ol s VUSS jo el (Segsl £19)
Oyt sl 0sd iyl alale il O g
o5l P90 g0 Jsb o e o AOD o5z (¢ 5205
AE (lie (2 5eS) (it 5 (0osle) pslys obo sl
AE e a0 el (91) peslws ole (glp oo ol
037 Sl (FEBy0) Fn, ol sl (eS) e
el VJ) 5555 eSelail el S sl AE Sibeo


http://www.opsi.ir/article-1-2528-en.html

[ Downloaded from www.opsi.ir on 2025-12-24 ]

VEe e o VY (lpl ol en laal o) e aupd oRKils

ol Slom 59, V)0 Lo oud plonil slas yuSolsl bl
G rSoslail o3l o umen 09 pglen 5l g)le ddlaie
ool wils cllye oy sl ey aly 5, SIS g

5 0 9il5 ¢ polsd palg slaoke yo oo cod AE 1 Sils
Sy laole jo wilog; Olyd g sl Y 51 YL 4y 568
loole a5 o oo b Lol ongy Sogll Lol Jole Jlo
Ol aS b Rl ally Culps DS e e S
ol S sleole jo iy osgll Le g Le @lyd was o

s oo 8 il co | adlaie

a2 wo

[\] Ramachandran, S., Kedia, S., “Aerosol optical
properties over South Asia from ground-based
observations and remote sensing,” a review.
Climate 1, pp. 84-119, 2013.

[v] Calitoo handheld sun-photometer, “User
Manual,” [Online]. Available:
http://www.tenumshop.com/en/home/1-
calitoo-aerosol-photometer.html.

[+] Bayat, A., Khalesifard, H.R., Masoumi, A,
“Retrieval of aerosol single-scattering albedo
and polarized phase function from polarized
sun-photometer measurements for Zanjan’s
atmosphere.,”  Atmospheric =~ Measurement
Techniques 6, p. 2659-2669, 2013.

[f] Bayat, A., Masoumi, A., Khalesifard, H.R.,
“Retrieval of atmospheric optical parameters
from ground-based sun-photometer
measurementsfor Zanjan, lIran,” Atmospheric
Measurement Techniques 4, p. 857-863, 2011.

[] Toledano C, Cachorro VE, Berjon A, De Frutos
AM, Sorribas M, De la Morena BA, Goloub P.
Aerosol optical depth and Angstrém exponent
climatology at El Arenosillo AERONET site
(Huelva, Spain). Quarterly Journal of the Royal
Meteorological Society: A journal of the
atmospheric sciences, applied meteorology and
physical oceanography. 2007
Apr;133(624):795-807.

[(] Deep A, Pandey CP, Nandan H, Singh N,
Yadav G, Joshi PC, Purohit KD, Bhatt SC.
Aerosols optical depth and Angstrom exponent
over different regions in Garhwal Himalaya,
India.  Environmental  Monitoring  and
Assessment. 2021 Jun;193(6):1-9.

0.4 2
465 nm 540 nm 619 nm —AE
0.3 - 1.5
g
=
=
=
a
S 0.2 - 1 2
< g
&
=
0.1 4 0.5
0 - - 0
S H >
éo QQ A Q@ @‘b V’Q
Date

OF+ FFO z5e Jsb ¥ 5o AOD aibale (o Sile i ¥ IS
F50-F19 oo Jsb ,5 AE wlbile (nSile 5 yiesil £14

< yn g
. ©
Clearr 10 S
_ == —%—8-@9——@ ——————————
g O 00 P B o
=15 4 o@ OO(% 00 4O
z oO ¢e
° @% ban Tndustrial o
E 1] @ ? o % o
0o @ oo
o oo © o
E ___o_&% 0 © §]
=054 <o @
< Mixed : o dDust ©
o | o o o
Olllljlllllllllllllll
0 0.2 0.4 0.6 0.8
AOD - 465 nm

AE & cs gl 20 20 Job ,0 AOD  Sausl, of s
Mlisy oeSls 51 o glial el FF091Y 5o Jsb o
N0 v slaosls

ashio jo oIS Sl mwand leslawl b (5,50 5lul
oolawl b b pgles lusgas U o)l dolol aeg,l axl o
(Sl 9,0 oloy 5D Saw 5l o olKiws oyl 3l

anlys (5158 ool 18 (eSS ol 08 3 ol 990

sig, JS 51 59, AD 5o cams oo lid gk (nl s
L;ojﬂ 61"9‘ Jal.c (o 65)-94‘“’ LgLQvoA.L.:YT Lgﬁfo)’k\.}‘
S TRART" °°5ﬂ Hbe 959,V sl Jle g 005 90
FERRGIV I K - ).ul.: o 1y g,lo peols ddlaie S50


http://www.tenumshop.com/en/home/1-calitoo-aerosol-photometer.html
http://www.tenumshop.com/en/home/1-calitoo-aerosol-photometer.html
http://www.opsi.ir/article-1-2528-en.html
http://www.tcpdf.org

