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Abstract

Sand and dust on being agitated up by winds often trigger huge dust storms and cause conditions of near-zero visibility. The local climatic
conditions get altered by the airborne particles, from dust storms, by intercepting sunlight and modifying the energy budget through their
ensuing behaviour of cooling and heating of the atmosphere. It is, therefore, essential to evolve proficiency in monitoring dust storms and
predicting their evolution. Many studies using MODIS and other satellite data sets have shown importance of satellite imagery to detect and
monitor the dust storms. However, the geostationary platform is the most suitable one to study the dynamics behaviour of such events. In
the present study we have used INSAT-3A-CCD data to characterize a massive dust storm event occurred during October 15-16, 2008 over
the northern Arabian Sea. The dust storm generated by strong winds lifts particles of dust or sand into air and is characterized by high Aerosol
Optical Depth (AOD), lower angstrom exponent (¢t) along with near zero visibility condition. Multi temporal INSAT-3A—CCD data for
every hour have been used to study the characteristics and transport of this dust storm event. AOD and o estimation were carried out and
estimated AOD and o were also compared with MODIS derived AOD at 550nm and o (550/865). Air mass back-trajectory analysis was also
conducted, along with the Quickscat scatterometer derived wind vector data, to identify potential source regions of these aerosols. An increase
of the AOD values by 150-300% and simultaneous decrease of the angstrom exponent by 50 to 60 % was observed for dust-affected regions.
Average AOD at 550nm was found to be 1.03, whereas, angstrom exponent was found to be 0.26 in comparison to AOD (550nm) of 0.33 and
o of 0.4 during non-dust days. Higher AOD associated with lower angstrom exponents typically signifies presence of larger particles. Diurnal
variations in AOD were also noticed an increment during dust storm, with 50% increase from morning to noon and 33% fall from afternoon
to evening in the AOD at 550nm. Back trajectory analysis indicated that the dust was generated from the desert regions of Afghanistan and
Pakistan and migrated towards the Arabian Sea.



AT Ud =6 gEe 3-U ST gy Hded aNT AgHusar [gard (ST @ st

TR

IU-IWThiC=el SHerer &% 107 YT H g U il
Siffert. S Wipfaes Ted g B Tl ¥ 1oy
FIA F T YT BN AT T AATH BoATd AT
T HEAIT! HROT W & | Wi aade § A9 &N
T TS SMEHBIBT Bl T=TST % BRI GF Rga feer
[ YR A o9 I YRy H uRafdd 8F @ ¥
Al HT AT T BT TR YT e o
o T T | TH HROT U gy § At § wmn
gha & &1 ot 9@ ud WA oo s § Sdbid
TR AT & e haeed geaar i aRfefa e
B TN A AR T UEd ol © | S &
AT BT g UF Wl b d@g 9N AW a ad
WHE Jaag & A gded w3 1 T a9 @
%! fohon | e a9 I8k Sl duie i | gRafad
FY AT H IV FEAr A ST & | agHEd
H SURYd Yol B I GE@ oF Al WA " TA9i
g @ fafeer § 9 W 8 AW § a9 aad
Sl F FgAT RS AC@ T AR agHsa d
URYT ga H W H Iwr ud e BE eiR
gl & ONAd % FHIT % e H Stueegd iderdn
Tt S ? (AgEEdE 9w @ 2°C yfafew ud
J-TIdg iaaar & 10-15°C 9fdfes) | graih qaed
FrarRer § fiqadr &1 & g 2T 82 g F it
¥ qaqd aediad 9 @iee qerll W gfaed gH e
* FROT HE BT IUSTSUA W qATERYT qRatadl &l

1.4 .T.liﬂﬂziﬁ.ﬁ”
12 B o m10i550 ALY

4 W 4 15 15 MW e W 1. I 1B Ee 18
Oct Dol Ocl. Ot Oc- Oa Oc Dol Oa- O Od- 0a. Oet-
i} 3 L} 0 113 i} | 0k i} 5] [} L=} )

180 &0 N 440 T8 kW S0 W &0 TAD R k0 M

1 — 52 & ww O,(550nm) TH  0L(810/550nm)
FH GEEE  FIRR

AT B BoEEd R IAEERdT B OBE e
T WY TWH T @S Td, MR T4 gared
TR0 EATAee § Gfearsd SRt # ged Ifehnd
q@l ® S & "edqol Al d HET &l Hd
g1 Uead ® U7 W Al A @ 9eEER &
0 SUGRT T fteshis BT & SR HeldRR &l Wi
SAEHAT B oM H HEWw HE BT o

g T AT & TN BT AEAl b AN B T
AT A 2N ST TH WE W SN H AW g
IH IR b AT & U Sfem [y @
BT SEAE ¢ | Q4 STl § §q g & fR ufiwn
q gd & UREed GHdd: YNd HEMFR & 39 U
Al UgT TRl & | THI B H TS AR HIUHA
T WA bEesayH  UaUREe - UEE ufimEr
(Aerosol Characterisation Experiment-ACE Asia) Td
TN 3% 9eda% - Us W2 wiud fRy | a9r
& MYUar ¥ SEeWRE §UE b SUANT § 41 St
B AT B M| TE SfawrRd W R W ® O
THHE AIHE FHT A 1lum AR 12um F 9= €gd

1.6
144 T,(500%1.41.)
1.2 9

- = fd-Oet-08
i | 400
—— g D108
b L1 ]
e -Oct-00

14

0.8 4
0.5 o
0.4 . ——
o I
.2 4 e - .
n L] ] ]
3:00 £:00 5200 7100 10:00

= el jiDe8d
——
0.5 . i {011
—— | 705108
AER=[E L]

L) L Ld ¥
SHIL 400 500 T 1000

= 2 — g8 ¥ g O (550nm) UH  OL(810/550nm)
w fFE FaER

169



qRAE JSe Ud S SEaE 9t av 18 3 (2) fTEEr 2010

Tal(50071.41.)

Ta(50041.41.)
T T

1 [
-r"c-
- B

o(s810/550 TH1.H.) u{mmssn £ fl’r )

T O LN LS LGSR AW LW LT R A 1 W LS AR AW LA A AR W
e 3 — g ¥ g O(550nm) T OU(810/50nm) TAT HIEE W O,(550nm) T OL(865/550nm) T

SRR IR CErul

T o & fu TEeEd )| B drewaren |
0.469um 3T 2013um THT 92T &1 IWEN g 94
et &1 gar @ & fow fear oar)

T AT H 15-16 SAREX 2008 H IRT qEX
O A gd wd Sifell @ aee SN 9%
AHE® TH-3U-HEE B/ Ui Slidhsi & SNhad
g fRar T@T ar| 36000km & HATE W TAMUG, 1km
WM [qHeT @l aqdl 9 Y2 T e-3U-AHIE]
HT K 5@ T 9 (0.63um - 0.69um), R
FAEFT T 9T (0.77um - 0.86um) UF TH TA

STERaEd qeEr (1.55um - 1.69um) erifRa & T of |
YT SIE | gl Ud aigHUs & (g e
w e & oremme fhr om @ € e e
Uik HSARRAT ® RA gl U el o | SEe
% TR UG SHb WId 99 H ABR G wH H
WEEH BNl Sl UKA SN H 9% Ma®
THE-3U-HEE ¥ 9 6 (550nm) UG 01(810/550nm)
T Ah RAT A T T A 0 (550nm) UG
0(810/550nm) &I T HSH & I 0 (550nm) T

170



HGAHT UF AR 29 30 HHE g5 e gNT agaveSdid e (1) @ st

(810/550nm) ¥ AT &7 TS & | A AMERAT & AT
L1 2 e | G 1 B T LU 2 1 ol 2 T | e A
AT ® 9T & b UTd &Y &l & q@d & 9F
% ag AN F IH goaed fasuer R w2

arElt ua [
YUl F UG AR Dl AGHSA bl HUA T
W gt fafeer § sismed N gRr uRafad feear
T | qELET YW UF dEdl & (AT & 29 39
g fawfa frar aifs & daa @98 T af
Bl | qIgHSA bl B HAT T 3T Al hivad [aieRtor
® GIE H IAMed AW Wed U HgF B FHEHE
g Weq wmr o & fwer fefafed @@ &
A 99 2|
L M= L®&+LM+t0M L O

(D

L(A) = A W &ied SWE Wd iR
L,(A) =2 &0 & S&Egifud &9 qa fafseor
L(A) =24 ¥ zw gAC U fqEE w

qishdl HeEl Wi fafeeor

L (A) = A 99l & 3T & F9Ed 9W0 "
I faferzor

t,(A) = Ai agHSaE faRgd ORI

Tg AT O Hhal & 6 700nm ¥ FEWT 3R
MMt & T W Ul § S fafever g @
gar B o Wifud fafeer daw @ gem W oEwRr
ST fafetor &7 gortar 31 3 faeer & fefafaa
THET § yeiid fear Smar 2
L (810nm) = F.o _ 0.p/4]]cos6, (2)

el o, = UHie ufafefEad & oS @ ubear &
fu Suged 21 @8 ¥ 1 AW T 8|
6 = Y YT TS
6 = gd Rifag &
p.= ¥ el T
F_ = aigavsa & W g GhIST I A0

a1 Y fafereor & wifoa fafeReor & & =er 39 § &0
faferor @ wift 2t 2

L (810nm) = L (810nm) - L (810nm) (3)

171

T, (810nm) @ Fr=fafaa aieor & wefofd &
SEEEY
j “4)

pa =299 WART &l Bad T T B

t (550nm) U & faw 1 (810nm) F AfEHIE
fear mm & o fp frefafaa @i 4 geifa
X THd 2

_ In[t,(675 nm)] - In[t, (810 nm)]
"~ In(810 nm)—In(675 nm)

L (810 nm)—L (810 nm)
E,/p, -4rwcosb,

Ta(810):(

810

350 &)

7,(550 nm)=t_ (810 nm)(
S

{Gsm)

T 9 6(550nm) UE  a(810/550nm) &
FeEtl/geal &l g A@ieg § 9 6,(550nm) UE
o (865/550nm) & T/ | H TS

810 nm
675 nm

TRo Ud fEE
0, AT ol FY [FA(CIiE HHIGOT § FHLAEAT
™R
o (M) = p* A (7
TS Fr otfes W gd faferor @ wmiRa @r
Zorar & e g @or fafeer & fagfa ud e
AT % HROT BNl &1 argHed H B g0 &N
AT WY EH TSN T A JUBRHET T S
T AfUE o BH WM FON # Surafd Ud e
T offees gaw auipHE fafiear @ yadar Sanr © |
15-16 STREY 2008 & €@ fhaT & Sf@d o
(550nm) 1.037 UF 0.97 T Ry T T IEA
o (810/550nm) 0.24 UF 0.28 Tl fhd T 3fEd
0 (550nm) @ eI 14 FeRIEX 2008 Hl 0.27, 17 R
2008 I 0.42 TAT 18 JFHKEX 2008 FH 0.31 T
T flEer & oz oga Wi St # st 6,(550
nm) 3R 6a(810nm) H 0.4 ¥ FgH 1.0 B Ii@-T
Fha T &F © IR @ & A aupkHE iR



qRAE S Ud eI SEYE 9 av 18 JE (2) fTEEr 2010

............

********

R

14-Oct-08 |-
E-Ms (ZAAT

-

18-Oct-08

5:00 GMI

T 4 — 1418 R 2008 & o0 S@SERT fawawer (ve@n), $e & W O (550nm) (GEA) dem fREEhT
@i ¥ uw fee e (daw) fae

H guTEr BET q9T o U oI Haesdar o wefa
T2 URUTTEEY g9 @ W BB & RN a <
0.26 & FI 9M@T AT 6 (550nm) TR 01(810/550nm)
F A€ T fF 1 H swlm W F g9 W =@
Sifelt & SR 6 (550nm) & FEIT H 150% F 300%

a

W germd Ud o(810/550nm) H 50% T 60% I
F OO T RS fF o1 H ww Rl oa@
TH TE AANE ool § g4 & BRI AgHASAT oIl
N H@ T Al WA § 399 AT 9L UG eihl

172

FERFT TCT UEl H yast gd fafeer # 4 Aem



HiaarT T e

BN FA AW AT GhAT & A o0 B A B A
S NS a7 <l & | HY Jreswarel J Aeed
ool & R oW 15 9 0.4 @ fREe SR
6 (500nm) # 0.1 & 0.4 (300%) # Fha B Iw@
ffar 01 o @ WM # gfg R o ¥ frEe @
Rafq argHsa § ofendhd fasma SRR & &l &l
Suftafd & safd ¥

g a0 Sl & IR USEl & < AaER
T qiads 9w T S 6 o 2 § w ') urdsame
o H USRI H HEN UEd A Al H RH Ul
T | GgUOT AT S & AMeY § USEl d /e
stfersha ardt T | e fafeReer ofR SeAr Hatedr amett
% U9E & FROT AU A1 b GHI AAEROT H EBH
YUYl Tl & S URIed dl IR THIET Bla
TIEr § HHT @ g1 SEdd Ga(550nm) H UTCI
g U dh 50% H Jha dGT U A6 H FET
FA TH 33% HI HBAT g GATGT A H IS Bl
TN g ed W aEre H 3H 0, (550nm)
Ed e UdE § AU ab 20% H IhE aqdr
e AT FAT ak 30% H PN H TR W T D

qqY SR WMWY & e 0, (550nm) T
(810/550nm) & A HT YT T 3 H QAT MM
T THd AT & THe-3U-ARE AR 9 6, (550nm)
ST u(810/550nm) T HfEH W 6 (550nm) AR
(810/550nm) T Ta=T AT FEAT BN T T HifeH
ER 9T 6, (550nm) H 0.5 & 0.9 H URadd wrEr
T 3R o(810/550nm) F 0.1 T 0.6 Th HT TRAdT
ool foear )

g TEUCT 9 & e | W dd & @l
fide & o @9 21 /9 g d U6 9@ &
ufiEra & dld &l d Seaeadd gHied ST @l
fafere @i 9ot & gemr we ffdse fhar smar )
TH I AT Jheod UATRTT FEd & T Sudn
TAR @A & fau Sl & @ @l e’ 9
EZE M LU G | B B WS B S I S R
Tidha RS 3R & A9Fd SiivEe 1S
T BRE USHMESM & HISA B SUdRT fRar
AT | T Seheoidsl e § fAfds we @ gAte
Ued 5 f&i & 96 = T 1500, 1000 TAT 550
HIeX &I SaTEdl deh GHIdd AEHERS q&r SMTEAIS

173

DT U HHIE g Haed R argHvSarE  faerd (ST @ ST

Sraemett 1 fdeor fhar S 20 s fagewer @ o
g & b oemde § watUq SNl ST qer
e & & § IOy ORd AR W JHIEd @ |

TEY UAT gadr § {6 SfffEr e 9
ke & PR aE ¥ yarfed ge) qdf oRa
R & Bl &8 AMH I UgHl | ERAad arg Fard
% ONihs & [dhehe ThaMI § AR JgaE
¥ 5y @ | fawehe wheriier 9w foes
FFT v 14-18 STERIET 2008, oIl fagauoT qa
0 (550nm) = 4 ¥ WeRfd fRg @ ¥ Iy aREed
Fl faem Ar Ml & IRaeT 9 & UERIIRT 9 YdE
o &1 gfte @t 21 3 el e & @' e
Zar & fF 36000 Y. @ TaE W R rEEE
T T T dad HWisE & 99N UIEIA & e
% Fgar e § SuERl ® afed =9 R @ St
H T F WA S AT €T " BT H
qeq 2

Frremet

15-16 STR[SX 2008 1 ST SRT AR H o
gd @ A & U g qEiud 3Ee 3U HEEl
AN U Elgedl & GUE & SWRT ¥ 6, (550nm)
g o(810/550nm) H feard wwmET| T fAdEor §
T8 T BT & [ gW @ 3@ Sl 7 6, (550nm)
% JETT H 150% & 300% @I Ferd adr (810,550
nm) ¥ 50% ¥ 60% %I FREE @d gY BT H
fEgq R & &1 & Gar G s 6,(550
nm) 1.03 Td o(810/550nm) 0.26 <o fhaT AT
TgHl dal " 0(550nm) 0.33 TI  0(810/550nm)
0.4 g Wed ww Al § o fhar mr) ga Wl
el &% IR PO 6 AgATEAE aRaad d@r
T, BEE 6 (550nm) # UIEE d U ad 50%
I gig Yafd gF dAT Y Ae H HET TH 33%
H frEe o @ T TEe A 9 6, (550nm)
g o(810/550nm) & FEl/ZAl qAT AIRE AT 9T
0 (550nm) TE (810/550nm) & /gL @ Faw
fPT I W IF % WER FE AT & AT SraeliehT
T | JFoiFl fagewer & I8 | e fh og@ Wl
AN AR T iichea™ & R &= 4
yaiied Bl qal SR AFR H Bl & SAME ah



HIEA JSilieh Ud ST SgEer qie

Tgel | 3 @l el @ @@ o g fh 36000km
T FAE W UG, 1 5. qreE e & oaaar
Tl TTHS-3U-HRS! IS YEIAT I T had TEA
F WEE A, gEdr Mo g fEe e §
SO ® dfch 39 YR @l Sl & Suer g
freror SR eiferes gwrasTel w9 ¥ StemmE & H
qEd T

R

g FEIT WRAE  SIRE SIEUN e &
HiA@rsl Tos AMREEG JUW & Sdqid fhar T
® 9uE o AR A, fEad, 9 ud -fee a9
% g =1 oo, REe afEn ofar & 3o feses
ST, . UE. URER 9T ST=IRel SN %z, IAEHEE
% 39T =1, TR, Faere & 9 9gqed ANIEH,
e 9 Uded & Ui elfced AR TEd B & |

e

1. AR 9IR Uq ud FE AME, FRHe WE T AEd 2%
UREA, THd FaEEe, 11 (1998) 3247-3267.
2. fafer=g TF U o, TN % ToREThHIM U FEHe
@eT, 49 (WE5H), (2001).

TR AR dl, 3¢ I UW, ®hEhed O U, Bieh UH IR,
@ ouw, 9% F, T oug, fad, e woum,
uE, WE U A, g9 AR, ARG I, F@ad d 0,
e A, AEhE o, BT UF, Wiesad o A, Hede
|, Wi oR W, iR &, sgaew &, faear uw, g
&, v, o ey ¥, &9 &, gimer

3.

174

(2) fem=w 2010

Qam—qmiﬁ ‘T UM = TdeH S ST 1998,
., (2001) 18317-17W

17
3
:
§

wq, FH 0 &, FGET S F, dae I U9,
,  SHE S ¥R, dRART UE U, T[N
U, HEHT % U, WeR UH, R4 U« A, w6 T4
S E, WEA dRE oW SR U Uiy g|ure
foge T W9 ot U wied fEw siaR
(2003).

EEE-§

.
i%%

tE
5

444
Vg e
!
ﬂ(
ap
El

Il T,
‘mé@ﬁmaﬁaﬁmmmwﬁzﬁm
T 1998 3 e UREr, FHa ow faifeiiea Rad,
106 (2001) 18345-18359.
B TH, SWH ¥ oM, WHR gowl, dwed HH,
WH T TG HENE U TEEER A g g =&
qIART AT g e 2T, SMEEd wiveH S g
Uz e dfbm 41 (2003) 10.
T A, TS U, FEEE UH Ud 96T Uw, UiEe
T W HERT HEREET 3 U UgEr Higq UHeiREr
JoieE foraaEa Rale dfm ded smEEs 3 (4) 2006,
484-486.
M T SR, o o1 &, ST 3 &, A W
U Ud ARl ey &y, WEAwiaed [UTHE waaea
T T HEd Uedifed 12e: wHURGH Sife fa feedmgm
Uz Hiosdiud UEEHE, UwEe Jifedd, 22 (1983)
20-36.
9. UIEEH U, I o fSewmmeiHT T ol oitw T
THRRIR, @9, 13 214.
10. g U, g@ad i U4, Wl AE, deed € W, U
HRES Y, st GiOehy ot qerd s sgRT uHiE-,
7. fgifefasa R, 103 (1998) 28,079-28,092.

S

N




