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Extended Abstract

1. Introduction

Water resource planning in different world countries is based on the potential surface resource availability.
Land use changes, especially in watersheds that include cities and population centers, strongly affect the
quantity of water. In this regard, this study aims to determine land use/land cover changes in the Samian
watershed, Ardabil. Also, investigating the relationship between land use changes and the amount of surface
water in this watershed was explored; changes in land use in a region cause a change in the hydrological
cycle, followed by disruption of precipitation, evaporation, permeability, and runoff. Land use can be
considered the most changing factor of hydrological processes in spatial and temporal scales. In order to
separate the joint effects of climate change and human activities on watershed hydrology and the tendency
to simplify the details, it has focused on the watershed runoff level. Hydrological events such as river flow
result from complex interactions between climate change and human activities. It is essential to predict and
obtain a small amount in the runoff production and transfer it to the outlet point of the basin. The runoff
coefficient can be defined as a ratio of rainfall produced as runoff in an area, which varies based on the
slope, land surface conditions, vegetation type, and soil hydrological group. The runoff coefficient indicates
the runoff ratio to total precipitation in different areas where the previous soil moisture is not considered.
One of the goals of watershed hydrology is to determine the response of runoff production to changes in
area and land use characteristics. Zoning maps of runoff and flood coefficients in different return periods
can be considered in developing residential areas and urban infrastructure design. The current research aims
to determine land use changes in the Samian watershed in four consecutive periods. In addition, the pattern
of guantitative changes in surface runoff coefficient values in the study periods has been evaluated based
on the recorded runoff data in different watersheds. In this regard, the changes in runoff coefficient values
have been evaluated using one-way ANOVA and Tukey’s tests.

2. Materials and Methods

In this study, ENVI software obtained land use for four time periods from 1993 to 2017. In order to
investigate the quantitative changes of water, 5 hydrometric stations and 32 rain gauge stations within the
watershed were selected, and the runoff coefficient of these stations was obtained based on the recorded
data in river gauge stations. In the next step, ANOVA and Tukey tests were exerted to determine the
significance of changes in the mean runoff coefficient.

3. Results and Discussion

According to the results, rangelands have decreased considerably by 9.75% in the studied years. Also,
irrigated agriculture had the highest increase, with 8.45%. Residential areas had increased in the study
period by 1.42% compared to the first period. Rainfed agriculture has also increased by 3.29% in the study
area. Also, the use of forests has decreased by 2.25% of the entire area, and finally, the use of water zone
has decreased by 1.16 in the last period, with downward changes in the studied years. In all studied
hydrometric stations except Nir station, the changes in runoff coefficient were significant. In Samian,
Aladizgheh, Atashghah, and Ghilande stations, the changes in runoff coefficient have decreased, which
means a decrease in river discharge during the research period.

4. Conclusions

Since the use of water agriculture in the region has increased by 8.45%, it has caused a considerable amount
of surface runoff to be allocated to agricultural land. As a result, the discharge in the hydrometer stations
has decreased, directly affecting the runoff coefficient. The results can be used in the quantitative analysis
of the relationship between land use change and surface runoff coefficient changes. Also, based on the
reduction of natural lands, it is possible to predict the increasing intensity of runoff and flooding. In
addition, land use planning and management and knowledge of the amount, intensity, and spatial changes
of runoff production potential are prerequisites for planning for runoff control.

5. Aknowledgmant & Funding
This work was supported by the University of Mohaghegh Ardabili. The authors are grateful to the
University of Mohaghegh Ardabili to finanncialy support this research.

6. Conflict of Interest
The authors declare no conflict of interest.



w‘;.iﬂ{.%

.Jj[}"b“}.g}%auw

409> oyl g /8 3 )15 ki U (codaw Sllg 5 w30 guiti BLS

i 5! ! ool

£obyol s Todlj dhuae Bgiy ¢ P ol STy der dww 03,8 6051 ol

hadi.izadifard@gmail.com .yl ,ol ¢ Jud)l ¢ )l Baee oKl ¢ wdine g (8 0aSKuih oyl jae widige 05,5 =)

rasinezami@uma.ac.ir .l ul ¢ ool ¢ od)l Bivee oKl ¢ wdine g (58 04SuiSld ¢yl pos awdito 09,5 ¢ Joimo omsgs =V
raoofmostafazadeh@uma.ac.ir . ) < sl ¢ Jod,l Bivee ol&isly ¢ rudo @lio g (65)9liS 008l ¢ anbo milio 09,5 Y

h5_khavari@uma.ac.ir .yl Jus)l ¢ syl sise oKl ¢ anbs polio g (5,9liS 0uKuisly ¢ rdo (5Ll yan 09,5 ¥

JXWES

Pl (das glie Jruilty ol 1 (o il sloypiS )3 o lie (552005 18
Olesl 059> 5> (2ol) Gidg/ (LS el Clyts G Sl Gimgh Sl Ban 9 e
el a g ol )3 Qllgy ey Sl (25l 55 9 Jeed))

WA BAYYY Jlo 3l Gloj oysd 5oz sl (odl)) opnl8 Il Gimgls oyl )3 20315 g (w9
YV 5 (o yingyit olSiun] O «ol oS @lpss )y sl el Cawd G ENVI l38ls 5 bawsgs
4 Sregyd ol Clly) cups g ad Sl asgs J3I ) (el ol
0ol 3 obly) apd 0Sike slaodly 3 i (5)lme e Sl e ol S
A5 oslitl (S (905l 9 48,y il

Al 1y i e G0l Moy AUVD b &5 pe (60)8 dddllae 390 (sl Jlo 4> (LB
b ool 5o Gl o oter (Gl 200 AFD L o] (55,588 )8 sizeen
o3 VEY Jgl 0)90 4y Cun g atsld yiul3al o ygd plad 50 JsSume (5,08 .l atily
0392 9yt9y il b adlllas 3)90 (slnoye 53 20> YIVA L 5 > (gjygliS -yl il 38l
SOl &S 59y +/+0 5l 50S SI Hlde 45 oK) jds ddlllas 350 (slaolKin] don 1> .ol
2)93 Jsb 53 adlllan 390 loolRiwl 3 Cllyy o pd 4 bogrye sloodly )3 (5l ine 392
ol el

gy oy Syusis oS 5 olKetil a3V (ool (sloolSitu] 1> 1,6y drgis
ol )> (g fcuwl Gimggy 0)95 Job )3 wlEdg) 3 (23 ol Glime & & 035 (talS
2,00 295 g Jholixe yuss 4o

w2 ) 5 b5yl (oS o 5 Sl o lis ggeome 5 gl 3,2y (g y5ls
0Bl Olsee olel 2 Gl oo women 355 5118 0Ll 350 (e Clily) (S S
oialel cal 2 0gMe 2905 i ) (58 e 5 PUlsy S0 (1 ke (b 1))
SUlgy g5 Jewsily Gl Slyass 5 ©ud (e 5 @M 55 9 (S Cupde g (ojp
el Shlgy JyS slyy (s yteliy st

e OleWb!

i 10 ylowd
y¥-¥) 1o
VEV/-0/YD HOU PRy Py
VAV toil g g,
VEANY ROy TNy
VEY/eY/N WS & ,U
o jlgals

s folr @

280 )] i @

) Ay @

el

e (pl 4 gl ) 0923
w03l stlras cdsrw o sollas Sy e gdl 03,865 5]
5 bl (VF4Y) e (obyls 9 wlig,
Dbl S e b (e Sl oyl
Clllbo Syl il Gholw ades 5l
YE-FV (OWNVF (i bl  ldlis

doi: 10.22034/jargs.2023.373960.0

g S oKl 1 pudl

(o)odiauns s ©

10.22034/jargs.2023.373960.0



mailto:rasinezami@uma.ac.ir
mailto:hadi.izadifard@gmail.com
mailto:rasinezami@uma.ac.ir
mailto:raoofmostafazadeh@uma.ac.ir
mailto:h5_khavari@uma.ac.ir
https://orcid.org/0000-0002-9301-9741
https://jargs.hsu.ac.ir/article_168053.html
https://creativecommons.org/licenses/by-nc/4.0/

v O e2 9386351 [ v (p81] bgr [ 552)8 ydS b (Pdaws SUlg) o pd ki DL |

dodlo —)
S il Sy )3 g 00 pll (aw e sy iy bl pler il (slaypiS > OF e (53000l
9 u}t.\a.w dL&auT Q».o;b é»L.n > e .))5 M (S4R) ) dl.bu] 9 UJLL»» dl.{bu] Alwd g0 & u‘yuo 1) O%2) b)f dl.baui
9 08198 v ljome s 93 Cpgo & gite 93 (pl WIE (i pte Blod 4y o il Jolss )3 o L cilitseo (s S5 &y (i
buwg & cuwl Llse 5l (S lgisar Bl 658 @l (Winter et al., 1999) wob oo a8 )5 jlas )3 cglate byl
oyl Ol pess ol D9d o ey g aw O @lie CutS g CanS 1 s Dbl el § 298 0 du) Cannbs )3 ]
S rid 45 2 0yl Coly dilate Sy )3 (LSl (6 Dl D9b Campb )3 (JLSUS g s Sl el sl (S
B gl lgalo ol b inlyas 45 3550 ailate 13 Wbl bl 5 (s pisdsd e ik 095 oo o S % 5
Oy olg o 1y 2l 60,8 (Palamuleni et al., 2011; Ke, 2015; Abdolalizadeh et al., 2019) cusl aswis
sases (Choetal., 2009) co)3 Jlas 1o Jloj 5 S sla wlio 0 (SSjelgyiud saiilyd 5 o sdiad s Jole
Sl i calio 60,8 i 8l byl lp sVl sblie 1 Of cuisS g cueS el & o1 s a4 sk
35 305 s L33 (5lwodles 4 led g su5ul 056 (S59lgshm 69y p (Sl slacld g bl il i S e il 3 S5
ol OMoles dons ilBdg) by JSle (S5elg n (ol (Wu et al., 2017) cuwl oids asgs Cllyy adaw (55)
Cawl Sl g O (D Jelge op 3ate j1 S (Silveira et al., 2017) cul Slusl slacdled § o8l @l s oy
& Cj JEsl g Cllsy adgi o S Hlaie 03)91 Casd &y g (s yhmy 20yl &l 9 o Ble Copde 3 (b5 Cuodl &S
S 0)8 Gy (Sl s Glpte cod g b Sy cupl sl J1y55 0 (0L sl ool Sl adge (g5 dais
SE (Seiolgin 095 5 (ALS Ui £95 wcmes aw Lulyd s bl 0 45 g o adgp allaio Sy 53 Sy, iy
A S L8 oo, OT 2 &S Cuol dalisee sble jo IS 45)b 4 Gllsy Cons sniad lis Gy oy ol ol
3950 03wal Vogill LUlgy oy S cughy w3l 38,5 i )3 e Ll oy (Craciun et al., 2009) 345 oo 435,5
sl colus GRIBIL LS, (el ) Glly) cupd 25 00 (s il (sla o)l bl So3gdgyam lillas o &S
Penna et al., ) ool atasly cus bogas 5 (31,595 Slaogas 4 jusol Gllyy copd Olss ( 3)b 5l g Wb o ials
o8l Jolgs 555 25 A S5 Jalys g (oanlil sl l epn i 93 (b Sl & )b s > (2011
s p)l8 Jolis 55 (31,5558 (sl el b L(Anquetin et al., 2010) cuwl (Si,b S mi595 5 (o)l G g pglas Jolis
[Panjehkoobi et al., 2019) coul ddlaio iSa) g5 pmicxed g 3l 059> Colue g SB £g gy JSb it o)
s o & (Sl Slaulleb (izman )18 o 556 Dllyy S5y 2 By 9 5 9 UL sloelgn ohgty conldl (5
2 (3l Gdsn s S g 550 05> St Alo) otna e o 2 5 (S Bl 9 (55588 )3 ol B e o)
Lo 5e00rhn g (6 nlS Sl Sl il oS (sl SeSLsS (sla g, (FENta etal., 2017) 15,35 o 5l Clgy by (59,
(Liu et al., 2013) 945 o0 (5909, (silo o g (s)lo] (sla bl ¢ 95 5ol (gloojon Jols 45 5 05 3gmg sl o> (3lae
e P hlisee L) (68 s b bt sloases (Siglsynm slaciglis (g3l S jolato; St (295 slaoie b,
@ g ol g3kl gy SO Sloj (g Julos g 450 (Germer et al., 2009) 3,5 o 55 odlitul 3)90 S sladsgs p wald
2l oy [ 6 )l8 Sluogad (208 Sl (cwyp )b Jl g Cons gt ) SBgl 5t o 3315 5 Gt Yl (slaodl>
08Ty oy ol (5elg,hm Blaal 5l S (Wang et al., 2009) 340 o o3kl asgs p  Sludl @l 1L bg Jole SO lgiea
Ol g canl oLl BB GUlgy o <ol (saosly syl a8 canl (l)] (60)5 sl S g Colue jd yuss 4y Sllgy Ao
o (695 3 ()l slosimg (Zillgens et al., 1007; Penna et al., 2011) 5 1) wlis S5 sladsdes 4 puosd
il e 5 ool b g oy 53 slades 55 hlan g b ol o ploml (So5olg,en gl g ol 68 s Syl oS
S 2 o) S0 gl A3y gwy 5 by lise 2 2] 58 8 adlae & S Slaje S (g )S) g (5dayn
Lg)._:)f u])...w ()‘)&‘“" 5 &yl .(Yan etal., 2013) 5 ase> 0 by (g CueS Ql},,o » uf’-‘)“" & i S u\).....-u
Silodso g s il 13 i (55 @505 b o] oy )18 gy 9,90 2Ll el ojon 31, Ol e g S )

1. Potential Runoff Coefficient



VEY g 0) 0 lond V€ 0,95 «Suiidh Bblis bl pin Clallae YA

d9dcse el it cpl )3 (Sl e § (559l dngs gl (oA el Sy domis oyl 4 SiSCaN 1.0l b (ool am
K 5 oIS (Calijuri etal., 2015) cuul 03,8 a8l wb O CuisS 5 L5k dzsly JialS dioy> 0O ddgs I 2gp oS
@5 538 e Jgto 093 4w > JLSis 5 3] (68 b o |y Sy adgs 53 Ol g (ol elady gl
1 093 (2 ST )3 dilato () &S (g gy sl JIS 3G 4> ly) (fine sy 2 JuiSid 5 2l (5SS 2 s
Ol bl s 15 1y o0 Sllgy (bl 68y 8l ) Kan ¢ oyig 8 (Kazemi et al., 2018) el ol o Uy,
Olyass 9 2oy F/AD 50 4 Yo VF B VAAY Jlos 5l (60 (630518 Cnluns (yiolj8l b oS 08,8 dons g 2> j1,8 b5l 5580
256 abj)l B b o) Kan 5 oydb] fLede (Forotan et al., 2019) coul axils il53l am)d VA b odaw Uy,
WIY (s 4 M yiSTas polie a8 4zl > VoV B Yoo v ola Jlo dlols > jiw s jusol 039> j3 (o)) (68 puuss
5 2 od 659l sl)) colus g EalS o3 YWY (e ol (6p)5 oy 45T Jlo 3 sl aily il 31 s )
G i zals 2yl aS Wiols dlpsiy i) .ol Al asl58l do y3 VEIAY § V+/5F D/A) Ci i SoSome bl 5 £L
.(Gholamian Ildormi, 2021) 54 aw5 mul Ao > o o)) jl coluo g cblis jglaieds fyojpw inlel 5 (o5}
Tl 2 PleS dnwgi a9 Sl (b Cusdge g (o)) Ghbg Clipsi CIS qw)p Baa b s 5 el
S Casdge g Camg STl Qlly) Al e jolatods a5 Bl yd (5 b (e Bblie S (S )3 (Sojolgyn
Jds 4 151 . (Nasehpour et al., 2021) 5,5 )18 Jlasae )b opdd laylpl 5l oolaiwl 5 (g y0ud Cllgy olise p (81
wblis gl (Sl 3 350 5 35> @Bsots Gl ol «Cusl 03)5 s oAby (o) gy SleMbl ¢l glacyled
33 3b5 Cumdl (5865 Golie 13 Logad (rlaws Glocl SS9 oS 1 o] 1 5 005 i 3] okl 5 ilats dngs
lcuiS i oy9d 13 (535 Juw 5 Ollsy cu pd (cabaiys slaaias . (Hassanalipour et al., 2022; Amiri Nateghi, 2023)
Abdollahzadeh et al., 2016; ) 5,5 )8 Jaise (o4 slacslopy; b s S sblie dawss 10 Lilgs o caliseo
2 ogde sl Jlgie 093 Yoz 13 el sl 0590 )3 pol)) (o) lyuks s gl img3 Caa (Sayyad et al., 2022
byl cilises gl ssal ys GUlgy o cud ol Lobul 5y Sllas (slaoygd 3  oxdaws Uy oy yolie oS Sy (o)

ol 0as b)) (SS9 cygejl 9 4, bl 05l 5l ekl b Cllyy copd palie ol diasly s 5 .l 00

09959 330 =Y

axdlao 590 athaio —V-Y

Syl o ol py0200lS YR FIYFA Colino b ylie cd 1 50l Jodyl bl (35 0 Cuond )3 Lok ):.'xj 0jg>
Sl me WYY ddlaie oyl lawgio glas)l g o ¥Fe o dgas adlaio pl yiSlas £li)) sl 8 )3 4118 ey g e (g ¢ Jusd)]
el gl s wulll 1 5l L g Siddas wuldl caalllas 390 ddlato 3 Slon g Ol 0yinS Cp e g Sl sl aw
slyls asgs oyl (Khavarian et al., 2020) 394 oo oanlie maldl 93 cpl 3 55 (ol 5 023) (6555l o)) Zolams o3 5
D35 oo Aol yu M diold 13 3930 (sladedds g iy gd (b )L 5l sl ekl wliag, sl Lol dlBag; duw
p3Y djycse gwoyd Bldg) 4 el (Sliwg)y (a3 53 (b Gl sl Joee ) Jud)l el bawg 1 ygee Sl 29 (0
(ol sladiling, Joli ol ol 48L5 s § 3,5 oo daudr po (U (sloogS )8 ateld 5 guo B 4ilBdg, &S cuwl (S5 &
59Mol (i joed 0394500 53 g 0id ) Adg> I )l b Sl jge Sl 9 (208 Sl St )3 &5 Sl (laji 5 g0 )3
aVlo lod (1Sko g jio Lo VIV adgs ;0 4Vl 5L bwgte (Fataee & Mohammadi, 2019) 555, .0 ()l 39y
5 £5yolsS loliwg) ST Jad ccawl yiso Ve gl lelw 059> .(Zareie at al., 2020; Mehri et al., 2017) ¢l A °C
dy50 sBddes 15 g ddgs Olasuin Cuol odd (5155 405 WYYV AYAF Jlo U ddes cpl JS Cunes 9 sl (g)lanl
ol (V) Jgdo illas asllas



4 O e2 9386351 [ v (p81] bgr [ 552)8 ydS b (Pdaws SUlg) oo pd ki Bl |

Ol o Judyl linel > axlllus 3 yg0 diliie o Ldl jha Conlige ) IS

axlllas 390 (DAL 45 g A9 Sladudn L) Joua

T S ST S )b | (i) ot | aip | i,
WYY FAN/as LARSYANY IYIYY Y. £/Ys Ol )
NANAN W V.- VI VAY/A8 &S 50Y1 y
Y0V WAY/VA SISV V-£IAF SNVAYVS o5 ¥
WYT/08 YA23/A YYAY/aA \FO/YY AE/Y oS £
VAYY/AA VE. 2 yoa/ry YTy /va Jw 0

399 31 homw godly e

5 05 wymwd )0 Jdd Ve VF g Ve e A oo AAAY o Jlo (slp A 50 o)l Cuwsid slaoylsale polad I jimgls oyl 4o
L?’Yb u.m.‘o m )I 9 [ XW) 4.45[)).) li:).o] LS‘“’L'“’U“A) wl.«u )] );9L.a; L)"‘ Lol ous solawl ))9La; WL.A la;l).m w‘.}
ol (V) oo gallas i odlaiwl 5 glad colaseiio it Hld )95 5

ou 03wl (glo Jlgalo ol CleMbI.Y Joua

3, i Sl ppgad &)U Ok <,

Y Y2 1992 July 25 )
Landsatb o )lgale TM

v¥ VY 1992 July 25 Y

A VPV 52000 June ¥
Landsat5 o )lsale TM

v¥ VY 52000 June £

vy PV 29 June 2008 o
Landsat5 o )lsale TM

ve VPV 29 June 2008 1

vY VY 12 August 2016 v
Landsat8 o lsale OLI

vf VSV 12 August 2016 A




VEY g 0) 0 lond V€ 0,95 «Suiidh Bblis bl pin Clallae v

Sregyed slasdls e
wly gl olg o JS job 4 s odlatul yloy Job p3 Shialie (claedls gy jl Ol casS Olyuss caosih b)) slaiesy
5 455 sl obg) S5l 13 Pl gl dge (sierads 6 yRelhU 5 63l ilol slaig) (SIS sla by dtd 4
Sglaes oSl O & byyyo adgs (6 ytog,uts (claolSiu] (claodly Limgss oyl )3 .cowl laodls conlo a4y v g5 damodly Juloss

5 ol 0 s Jud)) ol (ladhaie O flojlu 48 conl A0 B 5 clay Jlo 4 bgyyo (6 y209,un (slaodls ol o
Ll 005 R UTM L.i)).o.ﬂ P L)"L“’] » Ao d)l)ﬁdu"oj bla (\“) J9J>

OiR95 (x50 03wl 3590 ailjey (25 Hlof (5110 (5 0g i (R0 Y Joua

UTMX UTMY wlaag, o oy S5 SES AT s,
Yavaaray FYDVFLY g0y V- Ol )
YAYAR\YY Frraaay g0 Va¥e o331 Y
YAVEYVSY FYITYVAR e Va0 v ¥
YayAR VY Frraaar sl oy VAFY olSzs] £
Yavsarry FYFRY.Y sloglsll 14+ 00 S 0

oyl o] grosly e

oS slodly Ldow g ion (ol i (LS LM.; ol Cud (oS ledMbl glyls &S (F) Jodo omiw )il slaolKiw]
s ol (o.\.?)@f 9 oK ¢<@)’.3.>YT g).u) slase ;g ylolw 059>

ol idgis )0 00l 3y80 (Bw b aluy] OleMb! £ Jaan

UTMY UTMX NCEIW NCEI PN asg>
FYTAAAY YAYASA- & Va-- V¥ L

FYO-AVY FAYHAFOY V41 - ) Sheelis

F12030F FAYH0s14 VAo YE Ohganlens

FYAVOYY FAYSYAFO Va-+ A Gl 53

FYYYEY YAVOFASA Va-- ¥4 Y

FY-AYYY FAYOAFAY Va-AYY NA

\ARRRAR FAYABAY 14—+ 90 e

FYVEFAY ¥avf.qs. Va-+ AY Lo el

FYOFAND FAYYAARY V4--99 o,

FYVFEOY FAYYATY - 13-+ 0) s gl
FYYFFVY FAYFYIAY VA YY O s

FYTEAY. FAYSYYOF Va--Y¥ s

FYYFYOY Yavofs- - V4. oY ol

FYFYFs FAYFAVFA 14+ 00 LS

FYYYEYD Yavsay.s 14—+ 04 Slpsoyss

FYF-.AQ FAYAQ- Y- Va-1 4 oS 50V

FYTA-YE FAYAYALS V4-AQ) &b

FYTYAAD FAYFYFFY VA-\FF o551

FYIY-00 FAVOYFFO Va-af- Ol




UTMY UTMX ol a8 NEI N Qog>
FYYYD. - FAYYarey 13-4 s
FYVFFAY FAYPAYY - Y40 o o
FYPA-YF TAYAYALS 14-A4) &k
FYF- - AQ TAYAQ-Y- Y4-1F4 oS oYl oS50V
FYTAAAY TAYASA- £ V- Vf s
FYTYAAD TAYEYESY 13-\ FF KT i

oK
FYYYD-. - FAYYarey 13-4 s
FYVY .00 FAVOYESD 14-9F . ObsSs
FYVFSAY TavF.q5. Ya- AV e ol
FYYEYOY TaYHts. - Y- QY ol b

LS
FYYEaY. TAYEYYOY V4. Y¥ Js )|
FYVEFAY FAYFAYY . Va--0) b
FYYYFVY TAVOFASA Y4 F4 <Y

OoRg5: (g, ~T-Y

&loylgalo polai ganand o
Eleeas 5 Sy siogdly Mol plocl ol pab 23,5 plool bl coy Sl Casl pj¥ (lojlonlo ot j) odlisl (ol
ly (slys @8l 4> &S cuwl Radiance yolie 4 DN (glaools a5 Jols cslsMol ol (Haji et al., 2022) el osizein
Joas 5l an el o Radiance 1) yauwes! 5l jaue 5l dn sdizsias & jlaidyge s b 5l oty (6550 o)liee cCanwl odiomiw LB
oy Lis odls ol .3y9] cuwd 4 1) (Reflectance) yauwes! | youe 5| hd Gum jl wlSsil Hlude le5 0 Radiance (slaosls
b o3y opl pll | aey (Yousefian, 2018) wab oo 00ly lis ado Fuwly (glologes b &S conl yigad j3 (5,lee i
£ gy g odliwl polai pl Sy (gl 3aal Gl SSS | cusl oY AL o)lanle 1 38 g3 )d dalllas 596 dilais (3]
9y il 3 el (A dix sl 2os (Rl ln ey il el lojlsmle pglat pledl sl 29y (e "]
L SlogS0b o3l b o plesl 1 Jools s 1y o SlSo KUSE €08 b b 152 et Slongs Caul 36 )6
S95 2 s Al 3 5 end (giljly (S SSE )8 b Siileg )l g ) 3 S b 0Ly Sl SSE )08
Talebi ) 355000 Jloel S Ko S8 S35 b o sz gt i sl 5 03 (sl SSLLSI g
ol yllas ganad bl ealatwl hgy (pcwlie (slojlonle yslas siadl cus (Khiavi & Mostafazadeh, 2021
S L dign5 Sy bl B 235 o 4 iz ys S (ol ol Sl iy 2950 b sl 5 o
4575 oy i JSy Al & ol uilly ol 2 ABLEG JuSy yo DL G5 ol 3 &S Sl el S8 &
Siin JuSy Sl 33 Loy i ol 1 sty (slnasly g2 45 ol (3 3 523 wiass S () 3 S3sm o 5

(Yousefian, 2018) 5,l> 5 4l

2l oo s 4 (V) dal,y 5l eanaib cla by 5l odel o 4 gl >

1
A=— ) p. (V) aly
OA=3 QP

Khavarian et al., ) col las s 5lo Lol jhd yolie Pii g islejl sla Jusly IS sliws N o IS como ,Sils OA o
il (V) dlaly sollas 35 LK oy (2020

1. Digital Number
2. Gram-Schmidt



VEY g 0) 0 lond V€ 0,95 «Suiidh Bblis bl pin Clallae vy

Po-P
Kappa= 9 €100 (V) sl
1-P¢

(Khavarian et al., 2020) ¢l ,Lasl 3,60 ,38le5 Pe g odis odlivo | s yd Po )] 43 48
) )9 Py Feg ) [SLp)

b)gaJB.b)awlhab),oébe‘yU'g,%,é&‘MMgwbu .
ool 03555 5345 Sl Conl Sl adge (293 dla 4y ol JSI g Gly, g 53 (o8 ke 35l Casd 4 9 (ot
Gy Jots S§ 5o oK) dilale (2 5 (o)l i lal adgs 1> Gllgy o pd a1y (Anquetin et al., 2010)
wlale ol 4 k090 (claolKim] (456 )3 cuoyio o ) dilale (23 pdlie (cam dls yo )3 .05 (g yslans Sloj 0)gd s
5 el Cowd 4 dilate )3 Olly, gl dsgs Colue 4 pdlie pl el b s g DD o (xS i Canss )
i )ge ol )3 dbgiye olo )3 Gl o calale )k ggoome  jlde (pl el b ddlate 3 Gy, )] dploce

ol Cad

4y b Sy el fy U1 e
058 3T ol 53 055 e )8 eolital 3,90 09,5 9 5l e 53 (o G S (:S0le ulie (slyy 48,y uily)ly U]
80 (1l o JBlas oS ! OT Slo Hi a6l (5,8 blie ;5 g 3,105 393 sy uSle oy B3] &8 ol 1 Ho 4yl
oy M LSS b o a8 canl ol 4, uibylg 3IUT 51 eolaul sblse 51,05 349 (6y5 sme B! laodls 1 09,5
29 g0 olital Ho (23 (ody b 3) sl ol 51 48 sl (glojlol F justio 350 (0] ctlol 350 (sloog )5 (IS (ko
Sl lan &S Loy ) s (il ly 39 s ol (S (Slaie St (slo pite 2laiss) (g3ljT 42y ) ooy S (SuiS, JS1
29,5092 i)l 39 s 1 (o3Il 2y 1y (o9, 950 (SST ST rimen Mol Sl s 4y el T Lo ey o
((Esfandiyari et al., 2021) 555 o o y5 5 S ygu0ds B puiio Cales p3 cdol dnlgs s 4 Tlas Slayyo p6Sbe oo b

Forrs (V) e,

g0 8 byt GlaoSibe ibime pis b ibie e Dby il S ges] xS s Sl
o 53 5 255 laog,S (3 Silke e Coolds Lo 5 olS3T sl /40 1 5SasS Sig e ST S lgiso 5 o )b sy
Abdolmohamadi et al., ) 1,5 ()l ze bls)l o2 yo bog)S aS 39 0 3y dud 8 pl Wil +/+0 jl 555 Jlade ol S
Sl by 55 (S osedl ol el lojom usl 00 (ygeil uilly 3T ol b lojom Wodls (392 Jlos (159 (2021
S5 093l 3 wog)S o (Sildstme (sl sl 00 Bl 55 o) geil oo Sl aog,S Sl AT e (e n il
s 25 bl 8 les 25 5 99,00 S & og)S o iy sladunlie oled sl (S ges] 1l 0 ool
o $lp imgy opl ) (Fattahi & Behrouzi, 2018) .S o Kinlon Iy iy sloduslio plos (¢lp (5y9laes jl Juol>

a5 03lizel LS55 5 4Ky Ldlls cygesl 5 llyy s pd o)l sine

Lasy -¥

&lo,ledle wolai (s gauaddb Cono Jbj, Y-V

Ol Como wyp cpitmen Caol ol edlatwl Jlass! Sl (g, 5 0sd @yl saudils jl glojlgale yglad sl (oly
lp g VO Yoo A s (gl /A Feve Jlo sl /YW NAAY Jlo Gl copd cpl &5 i plosl LS b b jglas

1. Anova
2. Mean Squared Regression
3. Mean Squared Error



2 Ao pd YIVAL 50 ;2 (65)WiS 0yl ol 8l o p3 VIFY Jol 090 dy G 5 atisly yiulj8] laoygn plod jd (S9Sume (5,08
oS Canl 0392 99y iR VNS Loygd )31 )3 adlllas 350 (glay Jlo > Jg3 lpss b o aig 60)8 5 Ll 5 g ol
&) dalllas 3y50 (sla Jlw 4 boyyo o)l (65)8 il (V) oyloud S5 53wl oas &1y (Y 5 V) US55 (8) Jgdo 0 @ls

Cawl 005

Olbolus 80l 45 andllao 3,90 (50,95 ;3 (w8, (559,15 ol gt il .Y UKD

el 4l i 0 5 2l (55,5l ()5 A B0 ()5 Clae St dalllae 0)50 Jgb 50 ¥ JS sillas
adls )5 jlo g cilo g Jod)l (654 drwg 4 0dljme g olgs S cdalllas 5)90 ddlale > (Lol (608 s glil) 5
.(Kheirkhahzarkesh & Hoseinzadeh, 2021) silosges o,Lil YooV J1VAR Sloj o5l 10 (oo 3blio jgloro (slaliug,
0595 dw ;3 olblyis GleMbl wiww ¢ 599 3l Liowww slaodly 5l edlatwl b Lolyl (6,8 @l Slo g oone ¢ picron
bl «lel ol celyj slag S pdaw 45 583 aes g 13,8 ol Judyl liwsged 3 WA 9 WYY OYES lo;
5 &r SN sl gaw Jlie ) 5 4Bl JRl3E WA BWFF b Jlo dols 3 pb (3] 35 g (sinto (S5Sue
.(Mosayebi & Maleki, 2014) slawily oialS 89y m2d o3l



VLY Jlr 0 o lowd (V€ 590 «Sis sblo LSl as Olalllao \E3
Sl 0,93 Jsb 13 Sy £ 2,15 Ol o lune Ol i 9 Slaseise .0 Jouia
S . . . . .
| Jw coluwe Jw calue Jw calue o lbuwo g/ 65,5 Olab )
@ Comd 3 ‘ 3,

ra0 VYAV 1Yva 1YY Jlo sl
Jgl 2593
+A/$D MFIAS VYY/YA 5.0IYA DOF/AY o ipslis )
AR V-$0/AY Ve VAV ay-/A\ arv/o. o £yl Y
-¥/%0 YA/ AR /08 W8 s ¥
-a/v0 WEO/VY VAYA/AA Y\ YIS VAFS/¥ Sy £
/¥y VEY/os WYV \We/vY ASIA SoSns °
AV v/Ya /ey ¥/OA ov/-¥ o A 1

¥a.S/Y5A o
2500

"3 2000

i 1500 Q1371

) 1000 01379

%, 500 @1387
2 o A @1395
CAN AN d 2
P A

Sl 5,95 Job 13 b1yl (51,18 Ol ¥ JSUS

OBt 0,90 Jab 13 andllae 390 (SR Cllg,y o gd Ol i (pud 9 dewlono —F-Y
il (glmoygs 4> Julow (cliue g dol cawd 4y olo ya p3 lly,y oy e cilale Sl g )b g5 polie duloe I e
3ol U 1Y ol 0 e (S53b  oxdaw Sllg,y jluie «llyy upd dulne )3 @Sl 4y dog b b 43,5 ey
Gl 0395 CawdV Loyl slas )8 50y 1 (5U (0L do b odaw Cllgy j0 il yuss a8 5505 (5,8 )lg5 o0 9 48 oy

ol 0045 0391 Ciliee (gloy93 15 Cllg) o pd (pSlie ke (F) JSC5 slajlages 5

axdllas 3,90 0593 43 Olly,y Cu b Oyt JIoged & S



axlllao 3 90 (SO 4> Cllg,y o o O s pnas - Y-V

' SE o9l 9 40,bSs uibly i el Sl el Cllgy s 355ke (slaodls )3 (gl e Sy s sl
390 SWlas 0)93 oz > Sy capd G Sl oz sl LR il > oSy Guilly 5T gl ab ooliz
51 S SPSS 38le 5 5l sl Cawd 4 Sig e o oK) jods axlllas 3550 (claolKins] don ;3 Cal 48,3 15 o3lizul
Slllas 0y93 Jobo jd oo ol 3 Cllyy copd 4 basye (slaodld yjusd > (gl ne 3939 )i a5 39y +/+0
AB3gy 50 (2 bl line 4 &S 039 idlS Gllgy oy @l poss 0S¢ olKisT a8 13YT ¢ lhols (laolKiun! ;> .l
5 (F) Jg 5 4y iyl Jelow (igeil @lis 2,005 g2y g)loline s 5o olSial )3 (Jg sl g 0595 Jobo
ol osal (M) B 1) o Jpi 5 oo b Loy clie K55 & 55 ]

adlho 5,90 (SO ;3 LUy o pd ol i 8,93 ;e duny o (619 ad b Sy il g Judowi (9053 2l T Jgus

sig F Glay po (Sleo df Olaspo £ gooxo by @b
SNYY ¥ - ¥as 295 o
[+ AN o[ vy Ve YIYAQ 29,5 090 a5 oM
VEY YIEAD Js
-I6YY ¥ V0P TS e
<efe Yol --Y$ VE- \las YRS ol T
VFE oY Js
-Iv7 ¥ V/eva TS e
<efee Y IYAP [ VA VEe Y/EAY 29,5 09 ouidLS
VFE \i et Js
“[+ YN ¥ -[-$Y 29,5 O
“IFAN b Y -/ F\ VEe OIYFA 29,5 09 o
VFY OIAYY Js
ARV ¥ - /Yo 5255 o
<efe aUvYY Y VEe VIYYY 29,5 090 Ry e
VFY YNY Js

&1y 20340 el o U So 31 3kl aluwg &1 Sllllas 5las 93 43 Gl g Ol 3901 Y Jouia

BKuiST ol
YOO plsabl 0dgione Sig. ulks (1-3) oilen BV s, g0
Yhodgaomo |l 03gu0 3l tiw!

A S /\¥YY ofoes o[+YA+N "LYYS P 0y9

Nivals WY fenn JYAN A pow 8)93 Jol 2,93
NAGYY) ALY fees o[YA RTARVAR pole 0y9

AN A ofees o[ +¥A- AR 4 Jl 0399

</\YAY — /0% <IvY- /AYASN ofeyay. pow 593 293 8,9
o[58 —-\YYY <IAYY o[+¥A —[-YYAY Pyl 090

A Ara\ ofen /YA A4 Jl 0599

RN —+[\YAY <y o[+¥A —-/ovay- P93 0)93 @ 893
.[-vEs AL <IvYY o[+¥A RARY Pl 059

Rt —/yavy ofes /+¥AN ERTALVAL Jsl oy93

JATYY —].55 <IAYY o[+YA <[+YYAY P93 0)93 o,k 0,9
WA — /.55 <IvyY /AYASN AT pow 93

el 3 xe o/ o0 o )3 SOl BB *

1. Tukey




VEY g 0) 0 lond V€ 0,95 «Suiidh Bblis bl pin Clallae

™

oluns] (5159 w0 )3 A0 Lol s bS53 51 o3liw] b Tlallae (gla0,95 13 Glilyy Cu pud ol pndd (9031 A Jgua

a5 50¥1

780 yluab! 039450 e

03945%0 Sig. 5 (1-d) il SV FYJPH
ol 03905 3, las b

YU
IVAYY — /e ¥Y o[-5A o[ ¥EAY o[- AD) P93 0)93
<IYYAN o [e0eY ofee [¥EAY TONPEY g 0593 Jol 0,93
-/VA¥A ofe5R R [YEAY RIARRYN{ o)l 0y93
o[+ ¥¥ —<AYY o[-5A [ YEY «[+A%0) Jol 595
YA —/-yay <J¥YY o[ YENY o[- 0¥ pow 89> 099 8,93
NARINS —[-AYS JAVAY o[ ¥EAY YA o)l 059
—e/s0eY —+I¥YAN ofeey o[ YEAY o NFEY- Jol 39>
-/yay —-I\¥AS <J¥YY S[YENY —/- 0¥ P93 0)93 g 8593
ANy A4l <15V S[YENY — [ FYYA )l 0590
—/-5 —+/VA¥A ofoYe YA ERIARRYN Jol 059
o[- AYE —/\-0v LVAY S[YENY —+[4337 P93 0)93 o,k 0,93
<YV Y <15V [ YENY <[ FYYA pow 893

el 3 gixe o/ o0 o )3 pSSle BB *

oSt (512 M y3 A0 ylisodo! gelane Uy S5 31 a3liien! Uy Slalllao (g 193 1> Wililyy o Ol i (yg051 A Jgi

XG0
%40 yUsoab! 83905
: sl ot s
83gux0 0dgu5%0 Sig. ((E8) JRYCH WYY (FYS9Y)
3 5 tius!
Yu onb
-I\EAY o[- 00 -[¥Y IR AV P 0)5
ANA AR ofee -[-¥3YQ RRYARACN pow 0)93 Jol 293
NASYY oy ofes TR RIEY RIARYZN £l 093
— /00 —+[\SAY -[¥Y IR e[ ALY Jol 0y
-1\ASD o[-vyy of--5 TRA “oINFAD pow 0)9 995 0493
AaN s -/ ¥AY ofes TR "oAYAAY £l 0)93
AR —IYV¥D ofoe <[+¥VYR "—.yaay Jol oyed
o[-¥YY —-1\ASD olees TR AR EARIN pod 0y53 gm0 0493
<IN-55 Al -Ihos <[+¥VYR -[-Y¥as prlee 090
AT —+/YaAD ofee TRRL AR Jl oy9
—-[-¥AY —+IYVV¥ ol TR "= /AYAAY P93 093 @,k 0,99
-[-05Y —[\-55 -Ihos -[+¥VYR R iate pows 0y93

el 3 xe o/ o0 o )3 SOl BB *




A%

O e2 9386351 [ v (p81] bgr [ 552)8 ydS b (Pdaws SUlg) oo pd ki Bl |

0 8] gl 203 A0 (lebl o by (So5 1 3Ll b (Flalllas (50,95 ;3 SUly) b Oyt g0il 3+ g

%80 ylsob! 839450 i
03945%0 03945 Sig. d N (1-J) Sile SV FYJPH

U ol 3,15 tiw!
VS —1\o-A -[afs <[-¥YAY o[- YPEY P53 0595
-[+Y\D — /Yy -I5AS -[FYA¥ —./-OYaY pows 093 Jol 09
—/\\AA — /Y TN -[-¥VAY —of+-08) poles 0590
oA BYRYS -[a¥s -~ £VA¥ JoYSEY Jsl oyg
«/-ava oA </a¥a <[+ $YAY —+[+VE¥A pow 0y9d 295 0,93
I —[\evs -[avy -[-¥VAY AY-AY oo o590
Iy —/+YAD I5AS <[~ ¥YAY o[-OYRY Jsl 09
DT —-/-ava -[a¥0 <J-¥YAY A-YSYA P33 0393 P9 09
IR — [V -IvoF -[-¥YAY R poles 0590

Y —-/V\AA .[aaa <[~ ¥YAY o[-0 Jsl o590
Nevs R vy </ ¥VAY —[eY AT o3 093 o, 8,93
R — WYY -Ivos -/~ FVA¥ RS Py 0595

el 3 sine [0 s 5 Sl GBI ¥

ol | (8139 w2 )3 A0 luob! pxdans by (o 51 o0l b Flallkao (glao 98 ;3 Lililg,y o md Ol i (990513 Y Jgua

belw
%690 Lwob! s35ax0
s>
0890 03guzx0 Sig. (1-d) Sl SN Woy90
3yl b
Y onb
AREN — [ YAY IEYA - [-YEO0 -/ f-v4 P93 0y93
ALAIN -/-0F0 oo - [-YEO0 RVARARL pow 93 Jgl 0,93
<\YYA -[- YOV [+ [ YPO0 VAR A1 £l 0)93
-1+ YAY SAREN ¢ I£YA -/ YFOO o[- feve Jol oyes
<N SEAR S [+1) [ YFO0 Tl AT pows 039 @95 8593
SNYYE —efe - ¥Y [-YY - [-YEO0 o[- FFYTY plaz 0y9
— 00 | —eNNAYS | efe- - [-YEO0 L AVYTE] Jsl )9
—+[VF) AN [+)) [ YFO0 el ATY - p3d 093 gm0 y93
“fe0eY —+-AYA IAQ¥ -/ YFOO —l+ YAYY £k 090
—-[- YOV ANAYS [++) - [-Y£O0 ERARS 041 Jol 0y
o[+ FY AR [- VY -/ YFOO — [ FFYY pgd 090 o,k 290
-1+ AYA —efeBeY IAA¥ <[ YEO0 -/ YAYY pow 09>
ol s e /0 o yo  Kile BYSF

&85 42 g Com - €
Sy Jbe ysb @ e Jelse gl cunl (e oLl ) e b Gl ik ool 5 e Cllllas )
2 lojlgale gl eaiail Como pyolie A3l Olise Wl e (bjg0l Sladiged (sla S calllas 350 adlate L]
Cono (Sl &S Casl <IFA o IV A oIV sy e 4 YoNS 5 Yo oA Feve AAAY (cla b (el LS gy ol
P ldeSy (Sr Sl (Sen l3ley 4 oad (B b Sy b )18 cald s 4 xix el il sl
239> Job y> wCul ol cpl oaimd Lt 35 LIy oS 0390 f2b oSt cnl e (Jg 298 (anadb jSoden (oIS



VEY g 0) 0 lond V€ 0,95 «Suiidh Bblis bl pin Clallae A

UialS i ialS Ao ANVD L &ye (60)8 g Lol3l i Lol ao ) MED L ol (65598 60,8 Slalllas
Saclly, I osbis poe olarsl ol 4l il aoys AFD dilaie 15 o (jysliS o)l 45 ol 4 avgi b il |,
65l a8 ol adly ilS ¢ ptag,nun (cloolSiunl )3 5 doxs )3 g ol odd el |y (65)9liS slapme; Caows 4 1y (oxlaw
Yan ) o)l callas cwilosld jl8 wyp dy50 cp 3 |y lades &S LSad g b imgh b aS o)ls Gllsy Copd o paiins
Sl eod a5 Cul o odlatwl (gyt0g)hn sloolSius] (o5 slrodly jl ol yiagd o aS e olil L (et al., 2013
lodgie 33 s BLT550m zsl b 5 o Sllyy s 4 canl Jb 3 ol sl asdllas 3y50 cladilisg, au
wegad ) ohlSen g (598 wly ped y3 Wledges (IS (daw SUlgy (i GRIBE! rdi Sl BagR 53 xS
Oliwe 4 s )lS Coalue Gil38l b a8 Wdges ly lben sblal jd 53 1y oy Sllgy g ol 6 )8 puss il
555 5ol g leds ¢ yuizan (FOrotan et al., 2019) cuwl aily inl38l 0o 3 VOIA b oddaws Cllgy il o o p> ¥/20
Gholamian & Hdormi, ) K350 ()35 b (slas )5 (il 51 3 1) 0o 2 WY (e 4 O piSlas 0 il 58l
)58 osliul 3)90 (o Gllg) upd Slpess g (Sl 6 )y bLS)I (o8 Jlow )3 Wl (oo ol ggexe 5 (2021
ogMe ge (dmrihn ) 53 Jew 9 SUlg) b Al e b (o)) ol (i bl 2 o0 Cimen 255
S5ty St Ulsy a8 Jumailty Sl Sy 9 00 liee S M 55 9 (oS e g e lalel 2

sl Sy U8 el

&35 ol -0
Lkl 3me olKily (ggine g (o3lo slacoles b a5 canl 5,3 oo 5] (oola (BT As)l ol IS bbb 5l a8 Sy Allie o]

L] 0045 Pl.?dl

&b Cuw i -1

lolp YL @ yo 5585 — poed i Ngy b5yl 9 3)5l, (VYAD) ST ¢ ails g olaoMe ¢ g B o0 (o]
FEAYOY (V)VE SB g Ol il olpl b Jled 50 50 coull (slo yal b

ey 33 (e Sloww (sladomin G0 s (WWAR) 855 colj dlaae 9 3L (Mo liaen cslojon a8 s b ssinl

9 A Cawsd dl.tbb.)l.) L/\.S)J )JsLa.s )‘ odlasiwl L: ).Q(wy ul...w‘ Ls“")‘ L)‘“‘"?" d.).ud&Jo (\\C'Y) LOduzw %ﬁdob cJ..alB cd).ml
AOFVEY (V)Y S g Ol oo g (siloJde w90
JY¥-y-Q c(\ ) ')YA ¢ R u.sLB‘).o- SleMb (9:-[; 039> 1§90 AJJLEA) L;.»L.wlyb

L)")“))" L u..ol)l d).s)l.{/dwy CDI).U.Q u.’l.:))l (\\c' \) > ‘.)l).’).‘a.ﬁ 9 d}ﬁ) cb.)le;fz‘a..a.n ‘)sbl «$)9s ulum:l [EC IR ‘u_'>l>
VY (ol pole (008 Clidos gl sladsg, mul ojes 0 (Y10-VAAD) hojlsale polas (ol Se b
MR-V (FF)

d)Q(uJ du.wy ul).sl L;YL’))‘ .(\\c’ \) J}M}) cL;:l.oJl oo cdw‘ c).)u ‘d)ywl c.gé;:) cODl)'L;fL‘a.aa.n c.gﬁw% c)%(_;l:d.u.o
OYAD-OYVY (Y)Y o ; bawmo pole Slallan . o, cudd iuojp g (ddaw slao] cutS g cusS p Jud)l
VYUY 559098550555 9,80 )l (Sliiojes jupl adgs 13 59 ) Hioxiw sloodly 5 (Sufglg)an Jie

gidids jledlatal b Lol Gide 6 0)8 lyoss d)'L»)\S\.JSj Q) VN O P Y P TP RPN PRWPIN IV KC S NWESPRA PP £
5 bl SleMbl dilobs g 593 51 o (Jud)) sl yowo B 3201 0565 16390 anlllas) (clojlgnle polas (¢l,Seos
.‘W—Vf’ 5(‘“)\ v 5‘_;’.‘.\.‘0 é)L.a

5995 31 ookl b Jud )|y (o)) (63,8 @l pais (5l IK5T L(1YAR) ol b )T 03] panes cedgmne pao iS5 olgs pu
OY=F0 (Y)Y w5 bamo 5 drwgi o 5)lul .GIS 5 RS



Olbelw )ouT sbases yi o pds o] dunlis (V) 3l (s 595 Jrow] 5 BBy 005 dlanan S e gabi {op b oSl
FYS=VIV (V)OY coldlyn b jings ¢ coaldl (claddlge ol s olul 5

FoMow ply 3 e ScSlop (o pde canlio Gbaslyial GV +) maalpl lgdal el goldd o JUils obo
VY SB g Ol Copio g gilodre Lol e 163,90 dlas QSPM g SWOT I snlitl b Jole e aiblay Jlaie
HY-YY

k:JMf.AA) )" LS‘H’,L) ubliﬁ}i«: d){)‘.{ W?J‘ k.;‘..).)jm .(\\""'\O) .t.é?i) cb.)‘)’L;éJa.«aA c.).uol cc)ﬁ.\nm ‘..\W ‘LB.JB‘ 5.&9 50.)‘)4.1‘]]..\.5.9
VYV (VA el Co e g (owtie 05 )l 5l 05> 16390 anlllas iy bl gzl 53 Gl s
Yo

lord 9 (S35 S iy (B (B G e ST ) e (o g Loyl (oyabl fo 008 gderolline
SA=IWY (VO g3y 4ol p g Ldlyin colisilo)S o il 550l 059> ST
Y=V V(Y lae

buwg s Olay ookl (gh,a0bp y3 Ol SleSs pde Jae 3,8 (WWAF) oo «(Sioxe 9 (sdbdeme o b
VYRRV s e aptelie 5 Gio3 ljpslis

9.\»0)9 45[5.)9) )3701 dog> uz]aw Lgllbui ;AA.Q,S &9y dol)l Lgﬁ)lf ul))] (\\N‘\V) ).Qa.'> (e g ‘.VJZ’]).:I ‘ujL.B
ol i j baumo 5 b 5l Ciluo Lo isled pmogw g oyl ()b ssul (awdine g pole o ioled e jaw
Jeo ) e syl 3ee
VAV s3I ageso st Sllal b 163,50 aslllas (NRCS-CN) (oo ) eslitusl b (g oMo llg, ol s
AR

GBSy Sl gase Cllyy p JsSis 5 ol 60)8 s 51 (WAY) Lies «(5)9 el yude ¢ opili]l il (LB
BV (V) A (S bl bl cldllas S s (sades 150590 (saslllas)

OleMb] piuws g 593 3 Siowuw (gla o3l odlatwl b ol (650)8 clyuss il (WWAY) L opusne ¢ ( So cdiid yo ¢ cummo
AVO (VD (b mlio o oldlse SleMbl wlobw g 5933l yiowus o Jud)l oyl o 16350 dalllas) oLl yas

2l gl als Ko g Sl Sl (WR5) o) (b5 5 U 58 hral 1555, el laas g cs e
SYF=EVY (VIFY dhdd g oo S5 . )] bl (slaailss,,
AYAUOWWIY o) bases (25916555 g pole (o8 yliwl 16350 adlllas)

(3lyp adg> 16350 dalllac)yed I ioiw | edlawl b ol (6,8 @lyuss gy obj)l 9 )l L(AVAF) des ¢ )liduwgs
S ol e Jbjgel Ao s ped (si2pa0l e g bl 1)) oli)lS”

References

Abdoalmohamdi, S., lldoromi, A., Heshmati, M. (2021). The Effect of Land Use Change on Some Physical
and Chemical Properties of Soil in the Halshi Watershed, Kermanshah. Geography and Planning,
25(75), 171-180. doi: 10.22034/gp.2021.10902. [In Persian]

Abdolalizadeh, Z., Ebrahimi, A., & Mostafazadeh, R. (2019). Landscape pattern change in Marakan
protected area, Iran. Regional Environmental Change, 19(6), https://doi.org/1683-1699.
10.1007/s10113-019-01504-9.

Abdolalizadeh, Z., Ghorbani, A., Mostafazadeh, R., & Moameri, M. (2020). Rangeland canopy cover
estimation using Landsat OLI data and vegetation indices in Sabalan rangelands, Iran. Arabian Journal
of Geosciences, 13(6), 1-13. https://doi.org/10.1007/s12517-020-5150-1.

Abdollahzadeh, A., Ownegh, M., Sadoddin, A., & Mostafazadeh, R. (2016). Technical Note: Constraints
to residential land use development arising from flood and runoff coefficient in a land use planning


https://doi.org/1683-1699.%2010.1007/s10113-019-01504-9
https://doi.org/1683-1699.%2010.1007/s10113-019-01504-9

VEY g 0) 0 lond V€ 0,95 «Suiidh Bblis bl pin Clallae £

framework, case study: Ziarat Watershed, Golestan Province. Watershed Engineering and
Management, 8(2), 221-235. doi: 10.22092/ijwmse.2016.106462. [In Persian]

Ahmadi, H., Fallahghalhary, Q & Shaemi, A (2016). Estimating and Evaluating the Trends of Annual
Refrence Eevapotranspiration based on Influential Climatic Parameters in the North East of Iran. Water
and Soil Science, 26(3-2), 257-269. [In Persian]

Amiri, F., & Nateghi, S. (2023). Lands cover classification of Bushehr province using Landsat-8 and
MODIS images. Water and Soil Management and Modelling, 3(2), 143-156. doi:
10.22098/mmws.2022.11372.1124. [In Persian]

Anquetin, S., Braud, 1., Vannier, O., Viallet, P., Boudevillain, B., Creutin, J. D., & Manus, C. (2010).
Sensitivity of the hydrological response to the variability of rainfall fields and soils for the Gard 2002
flash-flood event. Journal of Hydrology, 394(1-2), 134-147.
https://doi.org/10.1016/j.jhydrol.2010.07.002.

Calijuri, M. L., Castro, J. D. S., Costa, L. S., Assemany, P. P., & Alves, J. E. M. (2015). Impact of land
use/land cover changes on water quality and hydrological behavior of an agricultural subwatershed.
Environmental Earth Sciences, 74(6), 5373-5382.

Cho, J., Barone, V. A., & Mostaghimi, S. (2009). Simulation of land use impacts on groundwater levels
and streamflow in a Virginia watershed. Agricultural Water Management, 96(1), 1-11.
https://doi.org/10.1016/j.agwat.2008.07.005.

Craciun, A.l., Haidu, I., Magyari-Saska, Zs., Imbroane , A.l. 2009. Estimation of runoff coefficient accordin
to soil moisture using GIS techniques. Geographia Technica, No. 2: 1-10.

Esfandiyari darabad, F., Hamzeei, M., Alaei, N., & Mostafazadeh, R. (2021). Spatial Variations of
Landscape Metrics in Riparian Area Vegetation of Gharesou River Reaches under the Effect of
Different Land Uses, Ardabil Province. Geographical Planning of Space, 10(38), 219-234. doi:
10.30488/gps.2020.197834.3091. [In Persian]

Fataee, E., & Mohammadi, J. (2019). The effects of land use on the quality of surface water in the Qarasu
river watershed. The 13th National Conference on Watershed Science and Engineering of Iran and the
3rd National Conference on Nature and Environment Protection, Mohaghegh Ardabili University,
Ardabil. [In Persian]

Fattahi, M.[H.] & Behrouzi, M. (2018). The application of water governance management model in urban
wastewater use planning by farmers. Journal of Research and urban planning, 8(31), 299-319. [In
Persian]

Fenta, A. A, Yasuda, H., Shimizu, K., & Haregeweyn, N. (2017). Response of streamflow to climate
variability and changes in human activities in the semiarid highlands of northern Ethiopia. Regional
Environmental Change, 17(4), 1229-1240.

Forotan, S., lldoromi, A., Nouri, H., & Safarshad, M. (2019). Urban Sprawell and Landuse Change Effects
on Surface Runoff Using NRCS-CN Method (Case Study: Asadabad City). Hydrogeomorphology,
5(20), 1-20. [In Persian]

Germer, S., Neill, C., Vetter, T., Chaves, J., Krusche, A. V., & Elsenbeer, H. (2009). Implications of long-
term land-use change for the hydrology and solute budgets of small catchments in Amazonia. Journal
of Hydrology, 364(3-4), 349-363. https://doi.org/10.1016/j.jhydrol.2008.11.013

Gholamian, H., & Ildoromi, A. (2021). The effect of land use change on the maximum flood discharge of
Sanghar watershed. Journal of Geography and Environmental Planning, 3(31), 107-130. [In Persian]

Haji, K., Esmali-Ouri, A., Mostafazadeh, R., & Nazarnejad, H. (2022). Assessment of land cover/land use
changes using object-oriented processing of satellite imageries (1985-2015) in the Rozechai Watershed
of Urmia. Journal of Applied Research of Geographical Sciences, 22 (66), 171-189. [In Persian]

Hassanalipour, Y., Mostafazadeh, R., Esmali-Ouri, A., Ahmadi, M., & Imani, R. (2022). Evaluation of the
effects of urban development on the quantity and quality of surface and groundwater in Ardabil
plain. Journal of Environmental Science Studies, 7(3), 5374-5385. doi:
10.22034/jess.2022.343220.1792. [In Persian]

lldoromi, A., Nouri, H., & Kazemi, S. (2019). The Effect of Land Use Changes and Drought on Runoff of
Central Zagros Basin (Case study: Basin Tuyserkan). Journal of Arid Regions Geographic Studies 2018,
8 (31) :23-42. [In Persian]

Ke, Y., Im, J., Lee, J.,, Gong, H., Ryu, Y. (2015). Characteristics of Landsat 8 OLI-derived NDVI by
comparison with multiple satellite sensors and in-situ observations. Remote Sensing of Environment,
164, 298-313. https://doi.org/10.1016/j.rse.2015.04.004.

Khavarian, H., Aghaie, M., Mostafazadeh, R. (2020). Predicting the effects of land use changes on the
monthly flow using hydrological model and Remote Sensing in the Kouzetopraghi watershed,
Ardabil. Hydrogeomorphology, 7(24), 19-39. doi: 10.22034/hyd.2020.37489.1512. [In Persian]


https://doi.org/10.1016/j.jhydrol.2008.11.013
https://doi.org/10.1016/j.rse.2015.04.004

KheirKhahzarkesh, M., & Hoseinzadeh Azad, F. (2021). Revealing land use changes in Ardabil using RS
and GIS technology. Journal of Sustainability, development and environment, 3(1), 45-53. [In Persian]

Khodabandehlou, B., KhavarianNehzak, H., & Ghorbani, A. (2019). Change detection of land use /land
cover using object-oriented classification of satellite images (Case study: Ghare Sou basin, Ardabil
province). Journal of RS and GIS for Natural Resources, 10(3), 76-92. [In Persian]

Liu, W., Cai, T., Fu, G., Zhang, A., Liu, C., & Yu, H. (2013). The streamflow trend in Tangwang River
basin in northeast China and its difference response to climate and land use change in sub-basins.
Environmental Earth Sciences, 69(1), 51-62.

Mebhri, S., Mostafazadeh, R., Esmaliouri, A., & Ghorbani, A. (2017). Spatial and Temporal Variations of
Base Flow Index (BFI) for the Ardabil Province River, Iran. Journal of the Earth and Space
Physics, 43(3), 623-634. doi: 10.22059/jesphys.2017.60293. [In Persian]

Mosayebi, M., & Maleki, M. (2014). Change detection in land use using remote sensing data and GIS (Case
study: Ardabil County). Journal of RS and GIS for Natural Resources, 5(1), 75-86. [In Persian]

Mostafazadeh, R., Talebi Khiavi, H. (2011). Landscape change assessment and its prediction in a
mountainous gradient with diverse land-uses. Environment, Development, and Sustainability,
https://doi.org/10.1007/s10668-022-02862-X.

Nasehpour, M., Khozeymehnezhad, H., & Forootan, E. (2021). Evaluation of Urban Development Impacts
on Runoff Using SWMM Model (Case Study: Qom Province). Journal of Environmental Science and
Technology, 22(12), 79-89. doi: 10.22034/jest.2019.45067.4713. [In Persian]

Palamuleni, L. G., Ndomba, P. M., & Annegarn, H. J. (2011). Evaluating land cover change and its impact
on hydrological regime in Upper Shire River catchment, Malawi. Regional Environmental Change,
11(4), 845-855.

Panjehkoobi, P., Masoudian, A., & Qangherme, A. (2019). Calculating basin runoff coefficient using
weather radar (Case Study: Baghu Basin). Journal of Geographical Data, 28(110), 209-224. [In
Persian]

Penna, D.., Mantese, N., Gobbi, A., and. Borga, M. 2011. Runoff response at different spatial scales:
moving from small experimental areas to mesoscale catchments, Die Bodenkultur 62(1):101-107.

Sayyad, D., Ghazavi, R., & Omidvar, E. (2022). Appropriate urban infrastructure management strategies
against floods from the perspective of passive defense using SWOT and QSPM (Case study: Kashan
City). Water and Soil Management and Modelling, 2(1), 42-52. doi: 10.22098/mmws.2022.9651.1055.
[In Persian]

Silveira, C. D. S., Souza Filho, F. D. A. D., & Vasconcelos Junior, F. D. C. (2017). Streamflow projections
for the Brazilian hydropower sector from RCP scenarios. Journal of Water and Climate Change, 8(1),
114-126. https://doi.org/10.2166/wcc.2016.052.

Singh, V. P., Mishra, A. K., Chowdhary, H., & Khedun, C. P. (2014). Climate change and its impact on
water resources. In modern water resources engineering (pp. 525-569). Humana Press, Totowa, NJ.
Talebi Khiavi, H., & Mostafazadeh, R. (2021). Land use change dynamics assessment in the Khiavchai
region, the hillside of Sabalan mountainous area. Arabian Journal of Geosciences, 14(22), 1-15.

https://doi.org/10.1007/s12517-021-08690-z.

Wang, G., Xia, J., & Chen, J. (2009). Quantification of effects of climate variations and human activities
on runoff by a monthly water balance model: a case study of the Chaobai river basin in northern China.
Water Resources, 45, WO0A11, https://doi.org/doi:10.1029/2007WR006768.

Winter, T. C. (1999). Ground water and surface water: a single resource (Vol. 1139). Diane publishing.

Wu, J., Miao, C., Zhang, X., Yang, T., & Duan, Q. (2017). Detecting the quantitative hydrological response
to changes in climate and human activities. Science of the Total Environment, 586, 328-337.
https://doi.org/10.1016/j.scitotenv.2017.02.010.

Yan, B, Fang, N. F., Zhang, P. C., & Shi, Z. H. (2013). Impacts of land use change on watershed streamflow
and sediment yield: An assessment using hydrologic modelling and partial least squares regression.
Journal of Hydrology, 484, 26-37. https://doi.org/10.1016/j.jhydrol.2013.01.008.

Yousefian, H. (2018). Monitoring and evaluating the process of land use changes using remote sensing
(case study: Haraz Basin). Master thesis of geography and urban planning, Aban Haraz Institute of
Higher Education. [In Persian]

Zareie, S., Hazbavi, Z., Mostafazadeh, R., & Esmali-Ouri, A. (2020). Vulnerability Comparison of Samian
Sub-watersheds based on Climate Change Components. Journal of Physical Geography Research
Quarterly, 52(2), 217-236. [In Persian]

Zillgens, B., Merz, B., Kiranbauer, R., Tilch, N. 2007. Analysis of the runoff response of an alpine
catchment at different scales. Hydrology and Earth System Sciences, 11:1441-1454.


https://doi.org/10.2166/wcc.2016.052
https://doi.org/10.1007/s12517-021-08690-z
https://doi.org/10.1016/j.scitotenv.2017.02.010
https://doi.org/10.1016/j.jhydrol.2013.01.008

