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Abstract

Introduction

North Karun Basin is one of the snow-covered regions of Iran and its snowfall has a great role in the water supply situation in
the central and southern regions of the country. In this research, an attempt has been made to investigate the changes in the
snow-covered surface in the study basin. Access to this information in high and impassable areas is possible only with the
help of remote sensing techniques. The MODIS sensor has multiple spectral bands, but the ETM+ sensor has a better spatial
resolution. The purpose of this study is to monitor, compare and map snow-covered areas by MODIS and ETM+ data in the
northern part of the Karun Basin.

Materials and Methods

The research has been conducted in the northern part of Karun Basin, as one of the snowy areas in Iran. This area is
geographically between 31° 19' 9" to 31° 39' 17" northern latitude and 49° 33' 56" to 51° 54' 23" eastern longitude. The study
basin is over 14802 square kilometers, about 90% of Chaharmahal and Bakhtiari Province and 23% of Karun Basin. The
height of the study area is changing between 800 m at Karun No. 4 dam to 4440 m at the Peak of Zard Kooh Mountain. The
satellite data included MODIS and ETM+ sensors over a period of 15 years (2000 to 2015) used to calculate NDSI. The
satellite pass-times were at Julian day number 360, 333, 365, 355, 360, 363, 331, 350, 336, 355, 342, 345, 363, 334 and 1.

Results and Discussion

The minimum and maximum snow-covered areas produced by MODIS in 2010 and 2013 were 107,295 and 1,364,118 ha,
respectively, and for ETM+ sensor, were 128,758 and 1,090,580 ha, in 2010 and 2006, respectively. The snow-covered areas
estimated by MODIS in 14 dates were more than the corresponding values for ETM+. The exception was 2011 when the
snow-covered area in the ETM+ was greater than MODIS (3067 ha or 1.36%). Based on the results in 15 years, the MODIS
sensor overestimated the snow-covered area equivalent to 26.95% compared to ETM+. In a small snow-covered area,
deviation from the 1:1 line was small but, by increasing snow-covered area, deviation increased. The overall difference in
snow pixels in the 15 years between the two sensors was 26.95%. As MODIS pixels are 500 by 500 m, and ETM+ pixels are
30 by 30 m, the size of the pixels in ETM+ resized to 500 m by resampling method in which to use same pixel size for
another comparison. After resampling, the slope of the regression line slightly dropped. However, there are no-significant
differences. Using data from MODIS and ETM+ sensors had a good performance to monitor spatio-temporal and map snow-
covered surfaces in North Karun Basin.

Conclusion

Due to spatio-temporal frequency in obtaining MODIS imageries via internet freely in temporal resolution of eight-days and
one-day, and also at very wide area coverage, short-time monitoring is possible for hydrological studies, forecasting and
flood warning. On the other hand, the ability and better spatial resolution of ETM+, small snowy fields could be estimated
and mapped better than MODIS. Although it may be need to mosaic several ETM+ imageries to cover wide areas. However,
paying attention to geographical characteristics and time of the study area, end user decides to choose one or both sensor
data.

Keywords: Landsat, North Karun Basin, MODIS, Snow.

Avrticle Type: Research Avrticle

*Corresponding Author, E-mail: ali.morshedi@outlook.com

Citation: Morshedi, A., & Hoseini Boroujeni, B. (2021). Monitoring and comparing NDSI changes using MODIS and ETM+
sensor data to estimate snow cover in North Karun Basin. Water and Soil Management and Modeling, 1(4), 68-82.

DOI: 10.22098/MMWS.2021.9453.1045

DOR: 20.1001.1.27832546.1400.1.4.6.0

Received: 25 August 2021, Accepted: 24 September 2021

Water and Soil Management and Modeling, Year 2021, Vol. 1, No. 4, pp. 68-82
BY NC

Publisher: University of Mohaghegh Ardabili © Author(s)



mailto:ali.morshedi@outlook.com
https://dx.doi.org/10.22098/mmws.2021.9453.1045
https://dorl.net/dor/20.1001.1.27832546.1400.1.4.6.0

% S g T Cupiw g il

SIFE

YYAF-Y0£1 & Cig 5l bLs

9 MODIS gvowiowuw ol 5l aalaiw! U NDSI &l s duns o 9 (Wil
Pl 59)8 2l 2dge )3 (B (dgy 35912 j9lieds ETM+

Y #) N
S9N e 92 ¢ Sdye e

Ol )5 e 859U5 gy 9 Ubigel
Ol 05 b et b (5539l wlilyn lasions 35 30 ol S

NN

9 S350 Bblie ol o el Cundg 3 (90b5 sl B ] (B2 Y55 5 09 )5S xSy Bblie S S (Jlad 098 ol dog>
D oMbl pl d oliwd b s 34856 Dyg0 Adg> 0 By 3l aduds prdaw Glypd U Conl odds (w Sidghs cpl g0 )b jedlST g
ETM+ biionis (Jg ddaie il (slasily (4lyls MODIS saioriw .Cunl ydy Sl 593 51 iominw SiST SaS 4y S gullcins g 2 po bl
83940 ;3 ETM+ g MODIS (glaosiomiw (slaodls jl (8 (sdindiny g dumslio il caiod opl 5l Cub .ol (g S0 S5 @ya8 ()b
4S ol s YN B Yeee o5l Sl edd golaw ysl gl Cusl lnl 1S (2l S lgied ) sl Ao Jled sy
Bl 93 jl By ibgy Olpud oy o 4 S il ETMAF Saiomin 4 Coad doyd Y8R0 Joleo (6349 5 yie MODIS 3iomin
Sl e bad s Lol e yiol380 ¢ o3l b 51 Clioul adyy ) odndigy prdaw ial38l b aS ald lis ddome (gl pdiges I s (0I5 & o
(Sloj sl 09> 2,5 ETM+ g MODIS (glassiotuw 45 sl olis goli (IS gl (MY VF olie j3 VY VOY) cowl adly jials
ety By il osndsy SosS sl Ll oo ETMA suioeis cuslio e SS&5 42 ST )l By 5l oandsy sl (saiaing 5 Sl
Sl (cdisainy ¢ 03 (e MODIS suiociaw

90 st o Jlod (9,8 ol A By 1S glaolg

gk 1l g3

ali.morshedi@outlook.com : S5 S g Ko Jgtune”
sokaieds ETM+ g MODIS (slaosiomis (gloodly jl odlaiwl L NDSI @lyoss duslio g (ol (Ve r) i cingp dums g f g po 13U
A=FA N S 5 ] e 5 siloJte o 098 520l 209> 1> (B G 9]

DOI:10.22098/MMWS.2021.9453.1045
DOR: 20.1001.1.27832546.1400.1.4.6.0

Ve VY 1y oyl VFe e/ 8T s g
AY B SA dxio  oylads ) 093 e v Jls «SB 5 ol o o g sk fto
SBrws © )] e oKl 180

N0



mailto:m@yahoo.com
https://dx.doi.org/10.22098/mmws.2021.9453.1045
https://dorl.net/dor/20.1001.1.27832546.1400.1.4.6.0

AY U SA Olxdio (YF e e Ju‘f b)w ) D)sb/tslﬁgyj%ﬁ.\ng‘_g}ud.\n QM/@#Q)-’MS&M;& \'

Sl 9 S50 z99 L) g (blie Ll 00 ) & (50
ol (Manickam and Barros, 2020) sl aws, N
5 By e Sluogad (oS (pSeill WUy (5l
o) 650510l a8 o yrwd bl e g odlidlyes sblie y>
S el | wil Sibs 5 ced Sl (Sew
P cdS lgie «plple (Custodio et al., 2016)
5 Olg oo Mad By ey 5| B Lol B aS laasgs
35 ol (B b gl clr GGPeSS

(Haghizadeh et al., 2020)

S phdy Ohl dej > gaamte Slillas 35 ol
i dlox o 148l 003 plosl (glolgnle yglias dusge,
b 3¢ &ls ,» Porhemat and Saghafian (2007)
cod g i ol MLl (6 SSE )8
Bt polaiecydy WA L3 (peyn 90 |y By iy
oo ol (£S5 5,08 | NOAA 3,lsale AVHRR
o8 L Landsat 5jlgale TM baodw g jie Veoo
2 NS duolie § Sl e YAD Jolee (somsl (630885
L Gy Gee day Jbo 4 (Sharifi etal., 2008) dales
09l Se Gl | (S & (placs Lo ) £ld)]
P Gy Bes Gyt g ddlas pl o g asby wuwl
pbl dlads YOA 1> ses (g ySojlul 5k i) calizee clelas)l
b plol Faizizadeh (2019) lawgs a5 (gladllas 45 sl
29k 5l g Gy Bes D)5l p sl Sentinel AL 3 lsale yglas
NDSI) Gy 005 Jloy olis yasls ¢ Landsat 8 5 lgale
A 03l By gy pedaw 359l (gl
5l eslazwl L Haghizadeh et al. (2020)  jiag5 o
@y b |y Landsat 8y a5 0 By b pdew NDSI
Iy asls ol g 03,8 odlitl odizias ol (Y e S5
SRM" G2 g llyy (SaSslgyten o 53 (63909 olyiea;
GBS 5 b 18 eolatwl 3y50 by, (gilwdns (slp
bl pmolal S8 4 Kadkhodaei et al. (2020)
2w NDSI 4 Snow Map i 555l 51 eslaswl L 3 MODIS
Donmez et ingh 55 .155,5 3,90y 1y Gy 5l By b
Landsat 5 MODIS suouw sleosly SaS™ 4 al. (2021)
Ab el S gl e dalaie 0 By ke wyp 4 B
Landsat (slaosls p yaslis cpl 45 Koy a5 opl 4 gl
o Jos g iz oyl YL Sl SS& @8 sy
ol 3 Gy b A Afifi (2021) oo s S

).:51;.4’ )‘ odléw! Ls KN »y 9 A.aw ut’w‘ JLl ‘L)")f‘)

! Normalized Difference Snow Index
2 Snow Runoff Model

dodbo — )
039 By jl odedey 0)lgen (yej B3 aw JS Ao 3 Ve 5l iy
Nolin) was o JSis il gy |y oy Ve dgus oS
oS e Jop ¥oojl i S (gsw 3l (and Dozier, 2000
)LoT U»Lwl » Lol d)) )I odudgy UL““) JAAB O LJL"‘“’
slaol 1oy OV ¢ xaw clac] Loy Fo dgas g0
Mashayekhi, ) 5g. 0 u».ol) Gy wod 5l lpl e
(1990

el Gp e o Jld g op Gble
5 shad ol dbml )3 (glodes 18 (Sliwej sl bk
2 EhgkiS g (6598 dlo 5l calize Bjlas (gl ol
B 8y (Zeynalietal., 2021) w5 o ) ddlats oy
Jededey gobaw Ll 5 035 Cuenl Bl b (5iglgyun
Y game W g ol 5l el a5le alisee slaais 1 Gy
0§ Jols llg, 3,41 (Rango et al., 2000) (¢;,slis
ol 5 S cusb, el (Marsh and Woo, 1985) G,
sy slaadls (Zhang et al., 2017) laalsg, 5 4l
SB ule,s (Schneebeli, 2002) yope clyles 51 eMbl
55k cumex » b o (Larney and Timmerman, 2001)
Cline, 1997; Gerland et al., 1999; ) lap ;555,50
Mir  Yaghoobzadeh and Ghanbarpour, 2010;
dysly eoplplo .l cuenl pls (Vafakhah et al., 2011
alie ipte 1 S plgsas ol suing g B by
o Maald (gy905 ¢ SliwnsS sblie o oy ;.j LS el
» (Donmez et al., 2021; Shayan et al., 2017) 4.
oo 86 55 walsg) 3 Ol kS By by (b o
2 Py pids s <Ll (Parajka et al., 2001) )i
S S8 @ b ppgal gy LS @l gble
SleMbl pl due sl 1y ol pds Sl yed 51 iz
039 (oo d y olSiug! | dwsn v 4 ASS S sojls
o jodie (o3laiBl Lo 5l om g o)l bld | ea oS
oo 9 Slanss sble ) By ot 5 g pSejlul
p BBU Jdoa e slaghy Lol Sl
)Jsl.m.: )l oolézwl 9 039 us.«ol.s LS“’L""I?'Q’ dh’bo&w‘
Sy By 5l eddgy zokaw 25l sloin Sl g (shjlsalo
{(Porhemat, 2002) cusl _uwlio

Sbl g S b Bagize o s L gl By
ow> (Wiscombe and Warren, 1980; Warren, 1982)
9 d).))l LRI LS‘AJ“&U RS el u_a.».‘o L;me
ol o e g Sloy Jgb b cdd L ol ganaab
4 a9 byl Lo (Drewry, 1986; Dozier, 1989)



\Al

. §MODIS gWoxioiw glaodld 1 83lkwl LNDSI O puts dus o g (ol

Sy a1y eyl wlagy ol slaaslipw pliel Caond
@Y Jod (oye om dlold ) oldle a4l )l
YV g0 YA By Job 9 adBo ¥R 5 a0 V) U aidd VA
(V JSS) caol a3 )8 adds OF 4 avyd O) b oadds
oy A g 0dg) mipe yioghS VALY 1 al dbes ol colus
Lo 2 V¥ 5 sl 5 Jlwn i gl Cls
e Aol adhie opl glay) ol oad @Bly o] 5 )8
o 0953)5 J8 )3 3o YFF+ b e (1)l s olSGls oo
4 by cbleale cledbl I jiagsh cpl .l
Al V0 Sl 3L G > ETM+ 5 MODIS  slaosious
Blad & o)lsale )35 claje) 3 cupa (YN0 b Ver)
O XYY XEY XS YOO XEO XYY Y- L s wsdo

A oolatwl Vg TYF FFY T STY YO0 NV

Ay oS 4 ol @l 5l edlil b g el cussas MODIS
Ryal SSE 08 gid ool ) a8 el By g
slhoss o oY+ 4 Resampling g, alusgdy MODIS
Ghorbanzadeh « (g o Jud ol 51,500 Gldlas ales
Kharazi et al. (2007); Rasouli and Adhami (2007);
2ses 0,L5l Dini et al. (2008); Raigani et al. (2008 a,b)
By Gludyy (a9 dwalio (ol (oS (pl j Ban Y
LSy bdgazme )3 ETM+ g MODIS (glaosizsuw (sbeodls
(YN B ¥eee) dlo VD 3,9 o )8 5yl Ao Jlod

o

L gy 9 dlge Y

axlllae 3,90 Aikaio — V-

N & o)l ppl o Jled (ie 0 Gios ol
o Do At b pbxl wusl glpl x5Sy Sl

588870

Shahrekord

Lordegan

351423
3615059
Koohrang
|
0 100 km
) o e e L
351423

3615059

Borujen *

T 3454421
588870

Flowd (39,5 adge CunBae -) SIS
Figure 1- Location of North Karun Basin

P VLB 5 50 oale w53 B ol L3k ey
@S (B sk paeis ¢l NDSI (asls 3y slasil
O Cows g8lg 0 NDSI Gy idgy adld )b oo
Dozier, 1989; Hall 6t) 3,0 ¢ jo )3 oygole cado 93 M5!
iy 3l ;500 ol asle asls oyl .l (al., 1998
Hall et) sas o ialS 1) (s 0masl @l ab (g pScuus
awbxe Hall et al. (2000)  ji2g3 wle!l 5 (al, 2001
1ol 00 5l V IS Aslee & yg0ds NDSI jasls
Perem “PswiR. ()

NDSI=
P ™ Powm

NDSI & yiwiigy (s li —Y-Y
(gdindil wle elge a4y By 5l odudes polaw (Saobjl
gly iy (ol i 5 Gos e 5305 oo e (JSC3
B8l Sl bl atnly GBS &g 5 aedyob 39,8
5008 gl g Spo b B3940 )3 o (Sl i 5l
5 By bybgd bzl g Lgd |y )] e a5 395 o atwls Koo
(Barton et al., 2000) b o By (il Lal58l 1Y
Sr bl o BMET el o5 Lab (Shy ek
Conl 508 0ig3le 5 (Fye b lmodgizme )> Sl g e

Do sy w9yl By (Ol wyp b oS



AY U SA Olxdio (YF e e JLMJ f b)w ) 8,90 /6‘9991 %ﬁé&gd)u‘).\n Q)M /‘::-9,4‘;..3“»9‘5.\“,» vy

b Slaylys 4 boaye g jg) cada (Sloj e8> L MYDI0AZ
s g yio B JlKe B b jieghS VWee 0 VYee olal
b SladSuy » Joidio odly JS it (qwgim (piS2rg
Sy il odsdy golaw g 039 (o)) Culn) B (581> b
NDSI 5l 48 Gy 45 iy 98)| olasl 1 oioxio 3y (sl
&ly » (Hall etal., 2002) wgb o g5 LS o olaiu]
MODIS ks | o 15 (gl jtus) by Libey (slodit
156) S fodh W) jio 1) Wyle WIS oyl Atk
—a2)3) YV By 8B — (o) VO fcad) VY (el
Ve ) B oegldl) YRSl s o el
B Loyl gludl) YOF ((By) Yoo 5 slarl)
Hall etal., ) sz (o3 593 sl uSr) YOO 5 (MODIS
(2001

&S5l NSIDC Ml ol 51 o3lital 5,90 5l
Miley SoS a4 adlae )90 asgs & bgpe i5u g
i ol )3 g gyl (ol pows j ArCGIS 10.8.1
G b sladusty sl I BT L Gyl sl pdaw
P colue ol G Jobs g pgal o 3 Yoo oo
S el GBgR 3y90 Adlate )3 «JuSyy

Landsat ETM+ _gbaal> -¥-¥
Kl b Wb cuia Jols ETMY bdiocon poal ya
& baywe Sb b e 10 S cdy b Soleg UL wil
g yie Vo S B3 L (obsS z90) 505 (yple 9 (Fpe il
LGy Gide did cuwl £r S cdd b gyl sl S
Sl b Gy s b ans 0 5 ¥ el 5l eolatul
J0F zae Job LY Wb) cad Sy edgiee > (gySlis
T 308 Opdle LIS )3 Hho & S35 (LbSL g (seg)See
sl (o9 )50 VIFD 9o Jobo L 0 L) obsS

Landsat 5 lsale yolas pdgaome SlSe jibe 4 asgs b
olizl ol Siljge 5l B 39y 5k MODIS &y capens 7
O 05 By 0y90 upl Ao IS A s 4y 09
b Landsat 7 5 jlsale ETM+ suioxiw pguas YO 51 jslaie
4,38 gy 4 baiye cudypay (YNO L Yere) Jlo VO
YV XY XE. YOO XFO XYY X5 Ll oo oyl
Sb cuin Jols <SG g YYF FPY XFO SFY X0 XY S0
@ baye ()l 308 ople 5 S35 508 ol (S 0)
YA pno VEO iy YAy V¥ Ciudy YA s VOV (i,
&0 i ) YV oo VED i3y 9 YV puue VY (i,
5 o3l GEOTIF (¢ 95 JB 3 5 (Sl

o 29 VA powe V¥ ) 4 by 5500 pgas
SSlige pyai 0g)5 V0 2 gl gy o (35 SSljge

lagse Job 15 bl & bysye Tswir 5 Toreen doleo ol )
LNDSI o ls s odicxw jogl V/E o yiogil +/5F
Gy s ¥ Al &y 90a MODIS bt sl j1 odlizul

N9 o ol ¥ dlady & ygods ETMH Bieias (glatl,

N band 4-band 6 )
SRR b ond4+band 6
NDSI, _ band 2-band 3 (‘,,)
SR EDE T o nd 2+band 5

§osbsy +¥ b sglus b 55,5 NDSI s (sl Ju
86 la oSty plgisdr 28l 568 /¥ 145 Shg0 35 Sy
22 S (b b (g9 AB) Bgdioe L) Sy
:Aml) o D.L.wy d).) l) J».S..J 2 Aoy g 456,)9.\0
asll By 5l odubgy g oL ))91)4 -/¥ JBI» UT NDSI
4 55 NDSI (glls col sla Ko s Gyl 5l g oo
I ol S8 Gl qanlio gandib S il 5 03 +/F
35S B3k gl g5 2 By g Ol sz oy plsl B
Y J)l) ) A_S'L"&‘J 45‘_5))940 JLl 1V i ¥ ..\JL O o) AR
/¥ 51 5t o NDSI jlide 5 0oy VY 5l i (il gl
Do o ad)S Jlai ) By il edde JuSy o sl auib
doyd Ve 5l 58 55 ¥ Sk QUL &5 Syee 0 pee )l
{Cline, 1997)

2 Ll w3g YU NDSI )y by Mol gla Sy
NDSI s (losydy il ol yondy Gys) bols (el Jusy
el Sy gl ol o ISix sblie ;5 1S o Iy ialS
ol Ul & ead Sl /5§ 55 NDSI L b,
s asls 5l oslatal b b Jusly by anaib 5 e
5| g odlizul Gy Lidsy ms <l NDVI o NDSI
NDVI s IS idey b sy oS0 G
2 ool ciwe S e sl JuSo b awlis o 55Vl
I By pasis wiyesll dee 9 el lp SR 3ble
Y S 590 e 03lizel NDVI ol yana; NDSI 5yl ysolio
S o i |y iy Olles pll ogzs

MODIS gasl> -¥-¥
" @355 5 gedy] 3530 Gosk ) MODIS Gy g o bt
(NSIDC) "Gy 5 g csloosls Lo 55 5 & Lgsye (NDAAC)
Yoo Jlo adgs jl g Terrasylsale glp Vere Jo yolivw jl
MODI10A2 ,;5bas (slmodls 3,05 99 AQUA 3,lgale (gl

! Reflectance
2 NASA Distributed Active Archive Center.
% National Snow and Ice Data Center.



vy . §MODIS gWoxioiw glaodld 1 83lkwl LNDSI O puts dus o g (ol

&y ArCGIS 10.8.1 l58le s < Jls poaip; Lijly o
«ly MS-Office 2019 | 5 Gy idey (sabdige § pwwy
53 b ool (g )lo] guls dunlie g b JS5 puwyi g 5,55
8dgae 1D Sljge dbul (sly polal S beou ¥ S

Do oo odaline Slllas

opl amd Likdig ) adllae 390 B3gamme IS U del s o
9 Syhunes] 5l ol gl g @ pom(ej Cpgots gl
b ol Ly LOPS il 5 eslial | uwiin
Shotesn ol 8S ksl p sase YL
Sjs0 bl sl ERDAS IMAGINE 2015 (la58le 5
o1 Sljge pgas JS 5l GWlhae s3g05x0 (gilulin gl

Landsat ETM+
band 2 and band 5

v

DN to reflectance

Y

Calculating NDSI

v

/ Snow if NDSI >= 0.4 \
¥

Water Mask Forest Mask Snow-Forest Mask
Ifband 2 <0.11 If band 4 <0.10 IfNDVI~0.10

v

Snow Mask

»

Snow Map

By il Wy Slles Jalpo - JSS

Figure 2- Steps of snow map production operations

29l Siljge plode -V JSS
Figure 3- Mosaic arrangement of images



AY U SA Olxdio (YF e e JLMJ f b)to.w ) 8,90 /«5‘}597 %ﬁé&gd)u‘).\n Q)M /@5;.":.3“»9‘5.\*»,» Y¥

lp jblze polie 51 5t MODIS saiscu (slasygl p
Oldgy Jlade (YoVY) 2y90 S jo Laid 5 398 ETMH buiociw
VS L S YeSY) cdl ez ETM+ suismw ,5 by
Wl V0 s olsl ¢ IS obds (MODIS & Cous oy
A Cod Joyd YA oleo (63,9 5y MODIS 3w
b i ETM+ saiorian 53 Gluwlre

@ ol ozt 93 5l By by Sl o V1) Al
2 g o 0l 5 Cuwl i 03l L ¥ Sy (KdeSS
by Sl el s 5l Blodl (B jloandey Sos8 ke
(ETM+ saiowiw) X jomme jd Byl odudey gdow yiol3l
b oo ]38 (MODIS suiouw) Y jgome 45 il yol

HDU 9 @w -y
Robas (B33l Jols By il edndyy golaw Gl gl
12 ool 035 &)\ Jga 1> ETMH g MODIS glmoioiu
Lo > By jlodedy ghaw (nFoke 5 e Loll
Glolo ) s MODIS baixis sly Jlas 39,
b cly 5 (LS VFFEIVA 5 1oYYAD) YoAY 4 ¥o) -
5 WAYDA) Yeo8 5 Yodo cbls o ouipa ETM+
() Jois) g0 (4 Y+ - 0A-

s ) Syl oy aw JOE Ol gt )
) odicmias 93y 0dd 3y9l p praws iyl Mo )> g (1S
)Y FLENN olid By 5! 0l C?“a“’ C’L" R W

ETM+ g MODIS dioxiaw 95 1 ] glds g <849 5 sudyy ol jlado—Y Joua

Table 1- The amount of snow covered surfaces and the difference between the two sensors MODIS and ETM +

ETM+ | MODIS clis (L) Gy 5l oasdsy o 39 Juo

(522) o (/652) o ETM+ MODIS
28.11 212321 755353 967674 360 2000
48.03 143129 298005 441134 333 2002
21.27 105609 496612 602221 365 2002
4171 380583 912512 1293095 355 2004
19.15 208838 1090580 1299418 360 2006
13.29 18542 139523 158065 331 2007
28.68 237829 829235 1067064 363 2007
6.86 25999 379025 405024 350 2008
59.18 364553 615989 980542 336 2009
16.67 21463 128758 107295 355 2010
-1.36 3067 225630 228697 342 2011
31.03 147174 474370 621544 345 2012
39.48 386090 978028 1364118 363 2013
15.47 39249 253668 292917 334 2014
67.30 104380 155105 259485 001 2015

1,500,000

1,200,000 -

S00,000 -

600,000 -

MODIS Snow Cover (ha)

300,000

0 300,000 600,000

y=1.3159x
R? = 0.9678

900,000 1,200,000 1,500,000

Landsat Snow Cover (ha)

oS 9 bawgi 0 3591 oo cp V2 Al —F USS
Figure 4- 1:1 relationship between the values estimated by the two sensors

oSy K S 1y sl g BB yol ol (20 Yo p0 20 Y0

).3‘).3 MODIS 5.\.1.’2@ » L_é).g )‘ oJ.u.»}: C9sz .))9]).3 » s

o 00+) MODIS Sy yo 55,5 csloojlsl Joay
ETMt sy 50 5Sess slaojlil & o (20 04



) . §MODIS gWoxioiw glaodld 1 83lkwl LNDSI O puts dus o g (ol

eolitlon oSl 3 Gy gl Bljs, oyt VY S5
am e Lialed |y Al V0 893 S 51 o a5 S5msS
25 59y 5> 9 Ve Jlo ) a5 290 odalie yiapeh
V¥ Jlo 3 ojlgale )35 jo) 4y Cons By g5l o lsale
by SVl Blhe o8 cul Jhysd PGk W)
w3 | ok Byl ey polaw 9 (SO5S (lp e
el ol Mg 5 00 Anlxe ) 5 Lol &S cusly L]
o5 Olgsa Yors Jlo 1+ B0 sl 51 Joiz) cul
st e Sadle g 2 Gy 5l ssobk
o] > By gl)] yioilo Yz 9 (Ve 9 4 sl JSa)
Sl gaw 255 4 0)lsale )5 loj 5 S5ypS ulilgn
(Vg sladsid 5V Joio) 30 aled |y By jl oy
duulie ;I Porhemat and Saghafian (2007) iag} 5
Bt LBy e > TM 5 AVHRR (glo lsale olas e
Om upd & Wb i )8 b pSEp bl
Jlo 5l 0y 93 55 odiomiw 93 mglal ;5 By coluws (RY)
pols g > 45 Cuwl 039 <[22 5 +/AAAY L il VAAY
Col odel Candas [AEVA L ply (Al V) ke jgboas
L85 4 Porhemat and Saghafian (2007) (¥ JSs)
il 5 b sloenle CleMbl lSe SuSE ¢85 4 ,n &S
Slr 9 298 Omw Pk CB L Gy by pj daw
nobad > Br sbglie > B il pj glaw 4
o S a G ©p8 el wb ogs el hlsale
S5 @8 b AVHRR saimn ¢l o5 sy (glaibosl
3y90 35 0 ABlee e yiaghS Ve 394> )3 yiaghS V)
ok AVHRR busis yslad 45 05 (g,Sdms oyl
VO 253> lawgio jebody TM baiotiw 4y Comd 1y By 5l oudig
50205 Dyl peest i (Moyd £ B Ve dleld) ds )
colwe 3yl s Vafakhah et al. (2011)  iwgp
Alie gl Jlo aw (b pgai ¥ 5 Byl endy
&losygly a5 3y lis MODIS 5 AVHRR (claoiixi
O 4eld 53 5 duopd AY/AY Lawgio jebdy AVHRR saiouw
gl pd jSde ey LCusl Moy YEVIFY U asy Y/AY
(2oyd YEIA0 (5Sile) sl S5 03VA B ANS o pols
bz wiglae Sl pac Dini etal. (2008) <.yl o ogde
5058 yodle Sl M |y Wodizis yslo 45 Cuwd AVHRR
w9 4y suleo (B (Reg)See VYD BV/00) (Sle
eyl 9 B S8 4 o6

2 Ul a gy pie A balie )3 mye yio YOeeee L
Sl e Oyleds g daled ETM+ baiorinw )0 s Sy
A5 > Byl oandyy JuSy lyiear &S MODIS Jusy o
ETM+ baizvin JuSy YYY dgis foomme )0 g 0 did)S
Al By jlodndey ol

bosye gandiny sbaid ol Ve U0 o IS5 o
(Vede g Yoo Feee baJlo) By il odedyy gobaw &
(Veor JWo) & 50 sl JSi & s gr b .awl i o3l igled
Bl ededy slaglie 3 5290 LSl Sl 5 1y,
ol Sy (23505 U odizminw 93 (gboodly v bbby Jwols
ojlul cdeds) (o5 i Glis ETM+ baiovis pawd 5o Ll
MODIS & cows (Sp sbghee jl (bJusy 5o
o MODIS btz 3 by digy s 3945 oA Lo
el 00 D9l 5 iy Ao y> YANVY dgas ETMH b

Yoo Jlo o ETMH 5 MODIS (slbokionis (shitizg
ol ol odd 0ol Lisled cuipga A 5 Y gl ISE
(SS) i (25) B 5l osdey Slagliue Sy b JS8
Sl lpj el 790 oSS 53 (B slaglie I ey
L iy Gy 5l odedy Sblie caws MODIS i
i ds ETMe 505 (gl 5,k VYAY-20 4 ASVSVE
Voo o Yere celalo ,o ,iSa RIYDIY o VOOYOY L i,
Jde By il ol pdaw Ll L () Jodn) del canday
5 b il 55 MODIS saistiw (slad gl p )3 pwess i
ETM+ 5ot 4 Cand dopd YANY I Ve oo Jlo & s
e B R SIMAAAL
oreS Yoy J 0 MODIS suiztiuw lawgs By 5l odude
S 5l (VISS ) cwl wyy 3y90 sladlo g 3 Oliee
el 3,95 5 (Ve JSK5) ETM+ 8w 3590 b coglés

5 &0 Olyisd Sppgs owlidly oSiu] &5 (J)9e 5
0o hxl e > i)l e e o] (e
el O (st dlatly (g5 o0 9 a)S e > Jled
Syge &by )3 By il odnde paw b SSpaeS oliun] > Sy
ok ORI L (Slea (W US) ey sl )
sl BB 55 By 5l oandyy ghaw (S8 Sy (gld)])
P By cdody bdid sy g Cowo plply cwl
WY US a slizd b (Ve B0 (sl JS05) dlllas 5,90 (sl L
ool 30 g 42 b5 35



AY U PA Olbto VF+ e Jlw F b)w ) b)gb/Jlﬁgyi%ﬁM9d}WJM Q)m/wég)awmg‘_g.\w)a \td

ETM+ 2000' : - <}

SCale. o

(Yooo) ETM+ b 1 Oy gy (Gidigg —F JSud
Figure 6 - Snow cover mapping of ETM+ year 2000

MODIS 2000 'Q

SCale: e 3 imeten

(Y+++) MODIS buioww jI 8y iwdgy (Gaudigy —O JSW5

ETM+ 2004 : )

$0016; Sl Fok s

(Yoo F) ETM+ duiowinw j1 By Limigy (gadigg —A JS0
Figure 8 - Snow cover mapping of ETM+ (2004)

Figure 5 - Snow cover mapping of MODIS (2000)

MODIS 2004 'Q

Scale: S30D X oo .,

(Y++F) MODIS buicmiww 3 (B iwigy (g hdigg -V JSui
Figure 7 - Snow cover mapping of MODIS (2004)

T oo ZooT

ETM+ 2010 :

)
Scale: Kiorsters

S0-COE STCCE E

ZooT

MODIS 2010 :

S0sw oW m o«
Scale: Kiomsters

S0-COE E

(Yo o) ETM+ buiminw 3 (950 (plwiigy (Shivdigg — Vo JSui
Figure 10 - Snow cover mapping of ETM+ (2010)

@ S 39 ETMH Baiscin (sladyglp b g Sianed gl)b
e s 8 a3 @l (o (255 A & (HSlse
ok oS &S Glej > (slofyple skt (SU 5
$)9e )3 35yl gl 3 A5 S5 e Sl Gy jlordy
o Casl 039 duo g3 Vol i ool Dyge pglad STl a8

W oy oo

(Y+9+) MODIS buimiw I By Lhwigy gudigy -4 JSW
Figure 9 - Snow cover mapping of MODIS (2010)

&l NDSI 2,6l &S 0 aseie Afifi (2021) 5uis 5
9 Sl g calio Jlus wljg; B s Jidgy (sload Ay
Sl Cusbgn 2Vl Glieb] o) L lgin o s Awge
oo dibie 3 ) (B gshe (fE) Cudee (rzen
bl cue 3o Zeynali et al. (2021) s.i>s > NDSI 505
Donmez et al. 4 Crawford (2015) (claimgs ;o .3
MODIS 5aixiw jl Jols guli 45 cusl oad 3)l55 (2021)



vy . §MODIS gWoxioiw glaodld 1 83lkwl LNDSI O puts dus o g (ol
-~ 2000000
140 = Snow Depth = MODIS -+ ETM+
- 1800000
120 1600000
»
_ - - 1400000 .i
= 100 . o )
'éJ ~ 1200000 ..3?
3 80 - 3
3 » ] - 1000000 =
b 60 Py ; - 800000 3
2 ' ~ -/ \ 600000 X
a0 N ) \ %
VAN VAN - 00000
20 \\ // o 1 § ™
NS & e b - 200000
\ W \w
0 ¥ 0
(=] o~ o~ = =] ™~ ~ o0 (=] (=] - o~ o < wn
(=] (=1 =] i=] =] =1 (=] =3 (=] =l - - Ll - -
o (=] =] =] =] o o o =] o =] =3 (=] o (=]
~ ~ ~N ~ ~N ~ ~N ~ ~N ~ ~N ~ ~N ~N ~
Sl
(‘,Jto.w 098 3 MP) By 3l oy e g (&,b’f 8K !) By 85 )] o Ao -V IS
Figure 11- Comparison between snow height (Koohrang station) and snow covered surface (North Karun Basin)
150 150
2000 2004
120 D360 120 |
g g D355 e
L% w90
E o0 = TN E e Pee
E v £ .
E=2 - . ‘e
30 4 30 - :
e
N . ) . ‘
0 eoepmen pr— B Sttty e 0 . emamee oo e SRR R AR TRRRERER
O MW o NWmOD A< ™~NOMWLONWmDBN A< N~NOMO O MW o NWmOWHSNOMWOUOAN DWW o < ~NO MO
Q O 0O 0O o o A NN N MMM M S T T NN N WY W W Q O 0O QO o o 4 NN N MM MM S T T NN W WYY
M N M 6NN M N M Mmoo O O ;0 o6 O N6 o6 O o6n N oo on 6o, M N M MH N MH M OMH O MO 0N ;N M ;" N O 6 ;o ;o Mmoo "M
wedad 39 w9dsd 395
150 - 150 -
2009 2010
120 | 120
3 3
W 90 - 90 -
x D336 bt
- 3
'g 60 - Pee,, E 60
E . ovan,,t . || E D355
.
30 4 .'". ".000. z 30 -
hR .
0 0 o teessstace,
T R O M e A NN O AR O MmO O NN ® oD m©
0O 0 0 0O o d &N N &N MM ®MMOMST T F BB W W 0O 0O 00 & o NN ONMMOO®MST T T N NN O W o
M M e Mo ;M Mme MmO Mo o0 mMme6o Mme”d N o o0 oMmmnm M M e mMmmMmeMaem MMM e Mo MM’ ;oMM ;e oo
wsdad 9y w9995 39y

i 2590 $o 03U US 51 Jlw jlea 13 U pagS cwludlsd ol 45 By dilj,y g5 )] Ol putd - VY JSUS
Figure 12- Changes in the daily height of snow in Koohrang Meteorological Station in four years of the total period (JD stands for
Julius Day for satellite transit day
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Figure 13- 1: 1 Line relationship between the values estimated by two sensors before resampling on ETM+ data
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Figure 14- 1: 1 Line relationship between the values estimated by two sensors after resampling on ETM+ data
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Figure 15- Mapping snow-covered surfaces for ETM + sensor before resampling

50° u‘ 0"E 51°00"E 52 tj‘U t
ETM+ 2000 (Resampled) A
WQE
s
z z
S + +18
Scale;: %50 2 0 N ismsten
50°00"E 51°0'0"E ‘47'0‘0 E

Resampling | (s ETM+ 0350w (5130 B3 5l dndigy Zolaw (giudig — V5 UK

Figure 16- Mapping snow-covered surfaces for ETM + sensor after resampling
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