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ABSTRACT

This research aims to investigate and predict the trend of snow changes in
Hamedan region using MODIS satellite data and images, general atmospheric
circulation data, and analysis of coefficients. In order to carry out the work,
using Hamedan station snowfall data and satellite images and the NDSI index,
the trend of snowfall changes from 1992 to 2022 has been analyzed, modeled
and predicted for the next 20 years. Lars was also used to predict and scale
HadGEM2-ES and CMIP5 model data. The results of the analysis of satellite
images showed that the level of snow cover in Hamedan city had decreased
significantly; So that from 20% snow cover compared to the entire area of the
city, it has reached 7% in the last decade. Also, the amount of diffraction
during the statistical period investigated in the first coefficient is about 75%,
indicating snowfall's high contribution in the region from synoptic systems.
The diffraction rate of the second coefficient is 20 percent, which expresses the
effect of Alvand Mountain on snowfall, which has reached 27 percent in recent
years, which indicates the decrease in the contribution of large-scale synoptic
systems, climate change and warmer winters in Hamedan. The maximum
snowfall in the first level is 16.2 cm, which has decreased to 13.2 cm in recent
years. In recent years, the phase angle or time of maximum snowfall has
changed from mid-autumn to early winter.

Cite this article: Maryanji, Z., Toulabi Nejad, M., & Dolatshahi, Z. (2023). The effect of climate change on
snowfall and its prediction in Hamedan County. Physical Geography Research Quarterly, 55 (1), 113-129
http://doi.org/10.22059/JPHGR.2023.358026.1007765

© The Author (s).

Publisher: University of Tehran Press

DOI:10.22059/JPHGR.2023.358026.1007765


https://portal.issn.org/resource/ISSN/2423-7760
file:///C:/Users/admin/Downloads/jphgr.ut.ac.ir
https://orcid.org/0000-0002-2173-2775
http://doi.org/10.22059/JPHGR.2023.358026.1007765
10.22059/JPHGR.2023.358026.1007765

Extended Abstract

Introduction

Snow is the most important type of
precipitation in high mountain areas, whose
increase and decrease affect the activities of
other atmospheric phenomena, agriculture
and even tourism. Besides, snow is a vital
source for feeding river flows in spring and
summer. The high reflection coefficient of
snow reflects a large part of incoming solar
rays to the earth and gradually causes the
warming process in spring. Therefore, snow
and its duration play a key role in many
ecological and economic-social systems,
especially in the mountainous areas of
Zagros. Therefore, snow can be considered
a climatic element, which with its spatial
and temporal variability and accurate
knowledge of snow cover, provides
valuable information about climatic and
hydrological conditions, which is necessary
to understand the details of the climate
system and the water cycle along with their
changes; because snow and snow cover is
one of the major sources of water supply in
most countries of the world, especially in
their mountainous regions.

Therefore, the snow covers and its
equivalent provide about one-third of the
water needed for agricultural and irrigation
activities all over the planet. In most
northern  regions of the Northern
Hemisphere and alpine environments, snow
runoff is responsible for the maximum
instantaneous  flow intensity and an
essential part of the annual flow intensity.
The high albedo of snow, along with its
high surface extension, has a significant
impact on the earth's radiation budget.
According to climatologists and
meteorologists who study climate and
atmospheric changes from a global
perspective, snow cover monitoring is a
necessity. Thus, due to the high efficiency
of snow cover in various surveys,
continuous monitoring of snow covers and
preparation of snow-covered surface maps
is an undeniable need. Climate changes in
arid and semi-arid climate regions have
always been considered one of the key
components of sustainable development. In
this regard, paying attention to the
persistence and prevention of rainfall is

very important. Based on this, the ratio of
snowfall to annual precipitation, durability,
and height of snow are considered to be the
most serious indicators of this adaptation to
the ecological power and the structure of
the residential space of Iran. Therefore, any
change in this phenomenon first affects the
available water volume. Then the spatial
structure of the region undergoes severe
and unpredictable changes from various
economic, social and security aspects. This
is especially necessary for the mountainous
areas of Zagros, where the water from
melting snow plays a vital role in the flow
of water, which can be considered a major
and fundamental operation in water
resource management and flood control in
Zagros. The present research  uses
combined methods to analyze the
relationship between snow cover changes in
the Middle Zagros region and atmospheric
circulation changes.

Methodology

In this study, the snowfall data of the
synoptic station, Hamedan Airport, has
been exploited. The selected statistical
period equals 30 years (1992-2020). In
order to investigate changes in the snowfall
regime in Hamedan, covariance analysis
was used. In order to analyze more
precisely, components such as trend and
changeability were extracted from the data.
In this study, the amount of trend was
obtained through the linear regression
function (assuming that the trend is linear)
and the least square method, which was
significant at the desired confidence level.
ee n Keddall’ nnn-parametric test was
applied to detect any possible trends in the
snowfall statistical series and check the
significance level of existing trends. Partial
(short-term) trends, changes of position or
the starting point of the trend in the
snowfall series are also investigated by the
graphs of the time series of (t)u and (t)a
values. Also, to investigate changes in
snowfall in the studied area, MODIS snow
cover data with a resolution of 0.05 degrees
and NDSI index were exerted.

Results and discussion
Data analysis shows that the snow height in



Hamedan station has decreased by 9 cm on
average. The rapid increase in winter
temperature and decrease in snowfall
indicate the effects of climate change and
global warming in Hamedan region. In
general, the meaningful results of this
process are proved by Kendall's method.
According to this method, ui and ui' graphs
have been presented for snow height in the
winter season at Hamedan station. These
graphs show a significant trend in the time
series of snow height in the winter season at
Hamedan station. Also, from 2017
onwards, sudden changes in the trend are
observed, and the slope of the changes
increases. So that in the last ten years, the
reduction of snowfalls and the relative heat
of the air in the winter season in Hamedan
is evident. Based on the predicted data in
the Lars model, from 2020 to 2040, the
minimum temperature will increase by 2
degrees and the maximum temperature by
2.5 degrees Celsius. Also, the examination
of the changes in the amount of snowfall in
Hamedan city shows that in the three
seasons of winter, autumn and spring, the
trend of snowfall in Hamedan city is
decreasing, so the coefficient of the
downward trend of snowfall changes in the
winter season is 38.8 compared to the base
year shows a decrease. The coefficients of
these trends are 2.37 in the fall season and
36.00 in the spring season. These changes
can be seen as the result of the interaction
of the earth's climate changes and changes
in climatic elements. However, the decrease
in  snowfall has had destructive
consequences on the water cycle in
Hamedan, so that the accumulation of snow
has decreased compared to the base year,
and the sources have faced the risk of

drying up.

Conclusion

The results indicate the difference in the
amount of diffraction, the maximum
amount of snowfall and the time of its fall
in recent years. The increase in the
diffraction of the second coefficient
indicates the decrease in snowfall due to
changes in macro-scale systems, and it
cannot be considered unrelated to climate
change, which is considered the main
challenge of the earth's ecosystem in recent
years. The changes in time or phase angle
in recent years also show that the snowfall
in the autumn season has almost stopped,
and the time of its fall has been extended
towards the winter; in other words, the
region's autumn has become warmer. Due
to the range, in recent years, the maximum
snowfall is also less, and the heavy winter
snow in this area has decreased
significantly. The analysis of satellite
images and the NDSI index also showed
that the snow cover in Hamedan has
significantly decreased. In such a way that
from about 20% of the snow cover
compared to the entire area of the city, it
has reached about 7% during the last
decade and has faced a serious problem
with the water reserves.

Funding
There is no funding support.

Authors’ Contribution

All of the authors approved thecontent of
the manuscript and agreed on all aspects of
the work.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific
consultants of this paper.



Ofod (sl 3ai 30 T (St 93 39 o 3 39 paldl gk 31

Talidlgd gy T ol Vs e (Y 23l po 0505

maryanaji@sjau.ac.ir :aebll, .ol pl oblawl (eblawl il Jlao dw oKl ¢ ladl pole g cilod] 0uSiiily didl i 09,5 =)
meysam.toulabi@gmail.com :asbb, .ol pl ()l yd ¢ oj)le> olRiils ( oUdlyin pole 0uSiiily ¢ pwlidlgmgd 09,5 ¢ Jgtums o2imsgs =Y
zb.dolatshahi@gmail.com :aebll, .\l pl ¢l o05)lg> oKl ¢ oLl pole oaSuily ¢ lilgmg] 09,5 —¥

LXVES

o3ld 3l oolawl b ylten dalaie )0 Gy lpuss Mgy (o yiu g (wyp Bia b Gaiod oy
oy Pl 4 g Bjluen Llod g g2 (egee (83,5 ol ¢ puwdge o)lgale glai o
9 dlo)I}mLo )g.sLaS 9 O]A.o.m oK By u»)b sodly 51 oalawl b Ll ral.?dl S
WJudos Gy b s g, VAYY VY b b o,s NDSI el
P s g motn e Cul sl ute el Jlo Yo g siledae
oyl b elitel oY 36 CMIPS g HIAGEM2-ES i claodls
AP HE joba len plpd ) ldy By gaw &5 3 (L glojlgale slas
4 b e JS Colue & Cond (B ides doyd Ve 5l &S gyebdy (il 0dgy ialS
3 ewypdyge ylel 0,93 Jgb 53 il Jlie uimed Cuwl oduwy pil a3 )3 doyd ¥
i jl dilaie By byl ol et )l &S el 2oy YO dgas gl len
2 1y gl a5 a8 wib e o jd Ve pgd jlaed 3ly e -l Sitigiow
oxd i &S odwy dopd VY & Jlide cpl pil gla Sl o a8 WS o plo By )L
Slaglime) (b ey 5 (couldl Clps ( Setginn (olieS) Slapiacs w1l
s lo ;5 &S Cal ol VEIY Jol sl ;3 Gy )b jlade Slas ol lton
238 S ok e Gigy oles b B asly sl il ialS tensle VWY 4 3]

ol 033 loj s liwe Jolgl Ceows 4 b Lawlsl 3l p3 0 sla Jlo

Al wleYb!

Wl go
g3 Al

by & ,U
AEZATARVANY
WL LU
AEZAVEA VAR
oy &0
AEZAVEA JANY

1SS 55l

S oy Sy
NDSI
o

s o g5l Jho

dlxo e Glioed > ol nghe 9 Gy (bl p el e J1LFY) oy (alidlys 5 pie Olp Y5 foynj ¢ 26l e 13U
MYIAYR (V) D0 o ass (cldlis sl jings

http://doi.org/10.22059/JPHGR.2023.358026.1007765

‘_'Jl)@('v' oKy C)l)l&;‘ﬂ Ao :,.wb
DOI:_10.22059/JPHGR.2023.358026.1007765

Q€°M93 ©


http://doi.org/10.22059/JPHGR.2023.358026.1007765
10.22059/JPHGR.2023.358026.1007765

\i’Y)LQ—jc\ B,Lo.&‘oo ;b)sbcﬁdod@,)»dudnhsfdbm V¢

Aoddo
ol £ o] el cuslie (gi)asly g Ol e Gl el By slagin) e g Glos St
2 oo g el i 53 005 adyl (slacdy Cgd 5l plea > ipgliS Sy Slinyge Gl s
ol lsmal IS il g Caslo oS dilato  JocSits o ol Jl )3 b ol (el 50 By gyglaS
g ddlaio (B (GF5) > (2P BB Il By by WS (o0 by (g Coenl Bl SiSdes § SiS adbate
e Gllae Gaojl)s Cusl (Sen B @5 g Olie (loj )3 Slys B8 9 )1 (il 9 s (825
SlwnsS 3ble > (o)l 465 pipre By (Tryhorn & Degaetao, 2013: 2729) ail awsly ool 4
B Cos 1y )R85 o g (5503l s phumadl slaosty o5 saedlad o] ialS g il 4 Cul g
(o 5 pUsS) Cunl liasls g 5lae > SliB3gy ol 485l et e By aSST (e > o )8
C2ge 9 0392 (o) 4 Sdyet (3909 Sl k) e Sl cage B (VL el ol (N YA
ol )Bsle Glojsse g By gyl (Tekeli et al, 2005: 217) 395 oo Hloe p> odd p)5 Al (b (o0,
D w515 PluansS (g ) ohign (elainb (olal 5 Jaelin) Glaptans Gl ) @S 8
By ol 33 @bl g o Slej g Gl sy b o Cundly ol paie Sy B i cnlple
Sl sz g ol ol Sl w18 sl & 25l 0 wolid (Sodgran 5 oeldl Ll | aiads)) LML
ok OB By b 5l ol Gl &S s ST5 SlnsS (55 )3 efigas yel nl sl (gy900 bl Sl olyen
I8 g o gl oo digej )3 eull 5 (6y9m0 Sllas 1y o]l 45 A8 o b 598 2 0 lac g o
Elyanis b5 oS 55 sloisbay 31 odlitl b 3 Lnws yils 35 gyelj] 0,8 5 33 o)1y > LSl
Oliwej > (Jlod 0)S0 Z¥+ I G led sl 1) g2 (83,5 St b Slo (0515 aate 13 B iy
sloygiS yubey > ol oS el Sy wlio Sl (S g ibgy g By bl Byl eddyy b ©jg0
Sl g0 Ol oSy gue o oo T 5 (B (g ABlie gl (ShunsS sladilato ofiga 5 o>
5 o 0Ses Jlosb (sloailaio iy )3 A o el 05 o) b 3 1y o)l 5 (g55liS (slacyled
Slllo (lpoad pre ion S ob g 0dg ldid aldy Gl cud Jsue o Sy Gl )l el
w8l Ll 3l o) ol 439 1 (3L W o YL (o S olyen 4 By (VL (sl il e
Se B hdg Gl Sl 03 S WS e e ) Srtel] g (ol oy &7 Sloliilen o oLl
A5 5 B Ghlg dlwgn Ghl Gl by ) GBr pds YU DB 4 g bl el s
2 lgmol Sl (OVF YAV (o San o S, (sl p i)l Sy Byl essde paw slaadis
53wl 039 Zakao Hlul drwgi yol jd (0SS sladdie §I (S laisd o)lsen Siddas ¢ S w8l L bl
@ By ol Cans olol ool el JIy8 0 dags (LS Coeal S )L Ul 5 (Sl 4 d2g5 Ll
wlad le 5 (Sidsst ol b bl ool slapadls (npe 1 Gp i)l g ) Bxle @wVle ()L
L s 9 o3 3 Ol ooy bl ooy ol ) e 5550 nlilhy g o guoe ol (2D
Dl (el g (sloial (orlail Gilise ogzg I (Sntn hByt 9 2ad Ol Ghoies |y adlate LA
(00 AYAF w5 z,3)

Sl & Suiddas 3blo sz Jlo 3 yio e Yoo ()l bawgio (e b &S Conl (ibolio dlox I laen (il



VYo e Ol it 9 Syt 093kt Bl a5 ST e 9 (2l o

2 0l S5t 3 (0 B Ol Cadgams sl canliol jloas o] 53 (SH)k GlSe g Jloj @i 9 29500
Sayg0 Sl el ooy SV gazme 15 050 g 55 g (BB S0 5 a0 comnliol (55 ceilai oo
kol Claogas I SluasS adlate cpl )3 jbps 5l By polie (3)b Cunl able JSie 598" 5 adlate () 31,
ol Ll 5 oSS slaais Gyl 4Bl alS oy 3] sl Lo 2 8 33,50 oguine ol
Sy i)k balpd o > sl 03 (iliee 4293390 o)lgen Cilize (slagby) b dbml g 093 ()N
Cosl 039 d2g53)90 g wind (YL 2 9 (pe) ghaw ) Lod (9es Jdgp i oulidlen Joloe juin
[(Zeinivand & Smedit et al, 2010: 452)

oLl 515 Olllas &y g5 e 45 ol oadplnl By iyl sl s 65y 2 ol 3 8 WS ()l Sl
9o

odudgy zolaw STy 9 (63959 5yl M 32 ST L SCS Juo g (Jod e ¥oleo S8 4y (VOO Y+ - V) o]
) —lod Lol,S 4 drgi L (Y8 Y+ oV )en 5 TSl5 king0s glid] Gy 93 wesS el |y e iy
yokate (WEY ¥ oV o ) s iy o Lod Lawgiio jl 5 yige |y Gy ogd o el VY b L alyg, ySlis slos i
a ) ol yuie Oy and buge I ShuasS claases > ol Jels Olly, 5 Gy wod (¢ jlwdud
MODIS s (slolsnlo ysglas axllasl (- ¥+ 1Y) o)) San 5 ¥ ol san] 03505 o3zl o)k ¢ 31,5 5k
alsgas g 03)9l Cuwd 1) G g By gy e (ST 598 ) @ly &gl Wby, gladses 5 4 by
ol s 5,8 s |y Sl 5 By bl Jeols T ecglo gl polat 5l ol zuls o conldl glaodls
Copde 5 Jow gl ) Slgee o5 2)5 pasuie |) adllaesjge dilaie slaaildg) (Sofglg)ien (L8, Buis
o MODIS ssizias (loylnle pglas ;1 oslizusl b o VEY Y+ 15) olSan 5 " el il dzsls 5,8 T golia
Sllgy (e oddcasls y aati VY 5l odlatnl b g 03,8 zlscinl |y Liluol g 5> gbly Ilgs s 068" By i
2 (YY) hlKen g MLyl k05l v 4 adlllasdyge ddhaio Iy SRM Jue aluwgas |y Gy wod 5 56
S By g Sy dumlia @ 53 pladl il Jlad > (53550 5yl SlingS aate (sl 8 oo
okl b 5l e piiiar B3 b1y By o el Jlsto i yasls dnwgi b g sslag Yo JIV-+Y (gla Lo
S5 53 &y ol SliadsS ailaie Gy prlaws s 4 S Lt Bais gl 53,8 3,50 5 MODIS glo snls
&l 0u5z Mo HGS o 31 (¥ ¥ 18 ) Kad 5 i g8 ol sl 1y gy yzmlS o Jlo V¥) SotoolisS o0
Holy S 6lag) ol 4 )3 by g (e by g B 0sd p 2lsma] Sl ogill b L))
aihaio  Sliwe) slaailing, o o olis bl 5uios ol .a5dged ool VYoo B Y-V 0y95 gl (WL S
6dlg> il salgs (18l Koy VO 9 WY Ar dgus By i C9d g pp,S (gl liue) JWd 4wy pdyse
Ol Al Glagyliw cod 5wty (L 5 Sy (5)k) edldl gilode & (W0 VY e 5 I3

Assaf

. Zhang YiChi
Jain

. Ahmad Tahir
Astor
Antonio

. Sirara Nevada
. Dariane

. Cochand

Nl N e N N S



VLY )LQ,I ) 3)1.0.“' 00 ;b)sbc‘;f.g.‘odlg,)ié’ ‘_gl.buﬂ.hsfdbm "1

O 5 Ghl GRS 5 Led p> SR atey U @l Wagel G dgp00l) 53 1) B g 51 S Uy,
|y ool (gl ST 5 903l ptonias «(sloJde (o )0 i (MY IV Y+) g, il (o 0 ], B
356wy 4 (FVO) ¥ Y+ ) gis0Sle 5 TLangl 0l 5143 odlild yge 9 o Jlosl Lhad By uess slp oS
2 sk Byl (5l ol Gl el mls sl gl )3 e Sy ik geolg) 2 Iomel s
GRS 53 (VoY) ohlSn 5 Pl 3 i 1, 50550 5 (ol 5550 5 linss Golie) o Jlad i
Bl plis gyl gobs ol JLE awypdy9e odsxiecs WL Gy 3 1y Gy oy 5l o6 dalS alpl g ol
a (FYA V7)) oen g © pedwge .ol anlgd gals Gy wgd 5l 36 Ol caoyd YO Jolee Yoo Jlo
Bgy LolKia) 1 ZYF 48 oy (i bl gl o alpy Jlod ol pel Gy 13 Gy gd rasily @l yuss aslllas
Wl Gl By gd (il
sskateas NDSI asls s MODIS (glolsale (sla gt jl odlisul b (BYD NYAY) o, Kon 5 Sl 5l 5
Gl y B phg Alge ol 2L ey jude b ol gls widge ph8l By s el 4
9 (o YO+) yipo (buwoy Cdd Cle & wdge slojloale slaygnd il o slojloale slapaai b o0 i
b el aile NOAA wile [0 slaoiomin slajugal jl Jowlie polate cpl sl puier ol Jlod
Sloolauol wlasly o lpl Oy Jlod o K By ()b Slleg Julod § awyp & Laiss (VWA :IYAQ)
|y 0 By G5yl 8Ly Jg35 239y 29y e Yoo Jlel (g (slmolSiunl 550 1> IS e (gl gl
4 VAV AYAY) jouo g Ggwgere 3> GLiS 1) 553 9 Jud)l 3 Xg) 3529 pas g deegl g oy sl s
GVt gladlo glp olpl 058 Jlod dilaio )3 (udge odiomiw gl jlodlitul b By (idg Sl ik
o9y Olged sddb s 5 sadscly glaganail NDSI jasls | adeio cpl )0 cadby o0V Voo
adllandyge 0593 Jobo ;0 aS ol L Joygl sle jd By Lide lpss @ bgrye bads awyy b odliwl
LYoV Jloa baje colue uyidn g @yapionks VoFe LYeoA Jlo @ bgje By gy jlade (g pieS
a claalio] Jlel L NDSI jasls gk 5l (W0 IYAY) 4, Ken 5 (c09,db] bl o qipeyiogh Vo ¥V
MIDIS  osiomis pglas dawlyay plaan plisl ) jle ool ades Gy jl oddyy ol SSE 5 ploli
s el busgio yobay NDSI asls cllas Cluasl b 3aiss oyl 55 Gy ) ooy prbaws (gloadis aizsls
4 MODIS (slojlonle yolas jl oolatwl b (glasdllas ;3 () :VYAD) jademme g jgudesme Wdg duoyd Ve 3l eS|
obai ;> NDSI asls o3, )8 a4 b byl sy polai jo calisee clasil bl 3 GWB! e wyy
aS o i ls 60,8 glysenl |y By idgy pdew ArcMap o Erdas sla)liéle 5 > (sandils 4 slojloal
By by add glygal 1 lub llaly ¥ g Y b g9y p i (6)HS Slil boen (B by asls
oyp 4 (NDSI) ous Jboy paw Gy idg yadls jl ooliwl b () :\YAA) oKen ¢ ooblaes] )
il s dagi b By Jlad aiely (glacS pw o8 5l olis lt] gl A1,y 0653l 2l dibate by <l
iy 1 1S wogd 3l (86 Uy g (Sdjlge sl 5SS Cilie (sladnl b 5l a8 iyl g S L)

1. Girotto

2. Ohba

3. Sugimoto
4. Siirila

5. Musselman



Ny e O ey 9 Bt 095 2 el et ST/ S0 g (26 50

9 tee Cusl 53098y il o 4 a8 b S g patdie (oS e jl g Wload (s Ghgstied Jilde
MODIS ouizxis ailjsy claosls jl ool b 1y Lo)S15 055 aidy ;3 by idey oluis (YOO YAA) ) Kon
L9y 386 203 A0 dx 9 203 W (g5bline a3 4> (S sbody jp0 B g B by 45 WL 9 03)S gy
b & oS5 By Gy 5> (s dai Voot Jlo & amdpe oLt ologp By (g syl gy
sy Gl (bl By yidgy Olyoss oled ole jody Waole (olod (gl YoV Jlo b dm &0 Jlo opl 5 9 295 0
olo 4 dmd o L5 Yo e A=Y e o) laJlo ) Comd Yo 04T 18 ol (b Gy by daw Slie ol puis
ol @S g TVIYINEY el)] ey o (gduo)d IVOD e 4 By idgy (oS (pyiio b gl
5lal & Cons MODIS Gy iy pobas €85 b5yl ol 0391 d3lg0 Sitngines (sloolKiws] (sl —¥OIAD
19 93 b Lawgi (038l p Lides gdaw 3w MAPE s RMSE « R%ylyss yslis o amd o lis 35 ASTER
Gyl jl By idgr aaw 3590 a0 (YV ¥ e o) L .ol 0392 2o )d YV/DY g o0 t0ghS ¥A/Y /3% o5y &
e ol 53 a3y M lwsss sl TIRS 5 OLI (laorioeins gl 1 osliwl b 1,55 o (slacSuiss
gy By paw polal (Al (ng (Be) 9 (e T0) YU Se SSE )5 b glaosls jl ekl Js &
(LST) e grbaws glod (NDVI) LS sy ool o0 Jloy el (NDSI) by gl o Jloys yasli
Sl gS 6dgae (sly miyeyioshS YVEY/EY (e 4 cloyd AV IS cds L (Brightness) sligy coyps g
35 odlisol iy cloolSing (3l plsied (e ol @l 5148 5 gl sl M

(OV-Y Y NA) Sy sl (FAPA YY) o fSamg " 05,0 ) YY) S 55 o 51 S s
5 wwap & (VPR VOA) ohKen o7 chen g (OY V1) LKen 8 (YVAY ¥e¥Y) o Ken o TS
Slasly y By ol g5l Jio

SladsS sbojed 5l (S glyear ghea plopd 3 SBp (b Giledde 5 Sl & G ol
duglio g 4185 Jlo Yo )3 Ghen o8 )3 B ()b w2y Jebod 5 sndipmsS solate iy (Gl oadaisly
s ol 5 it 9 o2bpll 498 sla s g Gl (slajluen Jl odlisl L adlaie (yl o ol e
sl 025pl5] (CMIP5) o0 s Jao o (HRAGEM2-ES) g5 oges (53,5 Jdo cgloosls Lawss

oAR95 (R
ol ol Lg)lai 693 Gl sdB00w] o50g,8 ylhed (S giunw oK By o)l sodly 5l axllas ol g
Dl s )68 slagpw 308 L el a0 Gy o)L dlale 1 Ske 1 eolaiwl b jelaie cpiy i eolawl
Jed 5l owadlo by Jloo jglaioas b aily o] Sloj Sl 5 gls sloylidy g By S5k (slajluoen
s 55 ) (5 g Sy ol s 51 85 e adlle gl > 38 il Laosls o] (s et )
62l ;8 geil ol o3gy Jolias 5300 lisebol e 53 457 Aol s 4y Slaypo JBli> g, g () (05

. Liu

. Lertzman
. Bai

. lkeda

. Lee

. Hamidi

AN AW



VLY )LQ,I ) 3)1.0.“' 00 ;b)sbc‘;f.g.‘odlg,)ié’ ‘_gl.buﬂ.hsfdbm A

G e g oy pizen 9 By il Ll g > Jle] Ngy B e asuls jslited SISl
38 By ol Gy 3 Ng) £9pd dhall b Cusdge oS (DaeclisS) (S slakig) b 03y )5 9290 sla)
Sneyers, 1990: ) Gldllas ol 15358 o )13 sy pdyg0 U(L) g U(L) polie Sloj sl gy (sl lages dluwgas

335 o 03zl (1) sl 51 JlaiS= (e 9031 plol g (192

Var.(t,) =[i(i—-1) (21 +5)]/72 (V) akl,

33,5 oo dslxo (V) dlaly dluwsgas U(t) o,le] Hlade puiscan
u(ti) = [ti - E(ti )]/\/ ;ar'(ti)

(V) sty

5 e 5y Gilien (sla uilS 5 3 cwvsines ol 5] odlitel | sl o8 S5 b 4y ool csla s,
A2 e e lad 4 LI 5 sde lalil 5l Sluan slaJae bl cpl 3 Wb e mobn 9 2sln o
Sy > Slgie ggedsk o nlpls sl Sloj (g S > ik 4 g) K9, 9 Vb 4 g) gy Se SbsS jlon
o> (L (A BY Lasly)) &jgoas Sloj (gm0 S S8 & Jolod ol 95 g0 03b (LS Sluan S b (095 Sl
:(Taraweeh & Kadilll ,, 2003: 126) >4 .0

- 27 . .27,
X=X+ {ai cos =L it +b, sm—”lt}
T T (¥) s,

cslelgio ((omlize dlid o) 4,08 aled Az oS 20 (5ol sl (6905 AiasS )58 555U G, (Y) el
4 s B g 0dg 3 sime gyle] Ll &y 48 ool jluan I (g390x0 S b o) e Jo ol o5l By
Ol 6l bjluod 5l oS 3o W s > 4zl (6 )los Cuonl s ylb,) LIS Gl s )3 9 a0 o Cawd
(YOY DAY guly) A8 o colsS  alil paie )3,

S gy 5l ool b ojio din emw )5y S5 ASlen g Mg oo 6000l jlued culps Di g @i (¥) alaly )

Taraweeh & KadiFgl"" ) xgs lo (0 5 ¥) Lulgy & ooty 15l5 o colpd ol Al o cand a4y s Sl yo

(2003: 127
N-1
a, =£th cos(z—ﬂitj,i =1,2,....ﬂ
N < 12 2 () e
N-1
b= >3 x, sin[z—”it}i ~12,. 8
N t=0 12 2 (a) 4]0)")

D9 dldb g Llgi o (F) dlaly G ygody o dleld ] Slaalie Hlos N g dilale i)l lawgio Xt a5

— a.2+b.2
AT)aeh (%) alasl

D¢ dalgd (V) dasly & ygods et ol 518 4y4l5

¢ = arctar{ﬂ}
) (¥) et

1. Robeson



N4 e Ol it 9 Syt 093kt Bl a5 ST e 9 (2l o

g dolgs (A) darly &gty jlues jo 53 )1 @Sl 585 (loj b (1) )l

t = (%jcff ; (A) sy

el (1) dlaly © g0ty jlaen jo )3 uil)ly ke

2 () 4o,
Sl gl (S ooy ] sabodlitul bjluer Jdou cas By dilale o)l ke sloodly | dslllas ol )
Sled pogw g AVle o i SO 4 GRS 0aimd LS jlues pegd clialin I 5y AVl 4 S
olej [(aaraweeh & Kamn oll aa 2003: 129) &S o Chogs 1) By sk w05y aVlo &lyuss 5l g i Ol i
cilizes glajluan (uib)ly waer Sl Jlod b amd e L5 |y (loj e Jsb 5> it (laglSe s (1)
Ol e 3 By i) Slyess 9 S )b Sl 989 (loj o g (e bl 3 (Al Shae jlade) aiels
235 Juloo 5 odlitwl (gl jluen £ dlale slaodhy (5 Jloy jabdy 23,5 o (asuin asllaedyge 5)90 )0 lied
adbio o 1y polie 0oy A0 3l i (owd yobay ped U gl Ll sladsys adllas ) 5o Ll 5)ls 345 ooy
oo ke (e sl oddodlinul po3 g Sl jluen 93 J1 By B3y Sty peds glp W oodh Jidg
5 owsle sdiziw By ide dlale (saosly MODI0CM Jaasw ;1 adllesdyge digs jd By o5y Ol

0,5 oolatw] Jlo 3y glale jods > /40 SS& 8 LYYV Y o

" NDSI _as L

D950 5 @ sl 5l clacgeme olper 4 by Slogsl gl suinl Lasls G lgiea oad Jloy iy adls
Sl o B0gle o omlb SWBL g S 4l > Vb (Sulbijl (b By o chds ol Gle p pa3ld
)ya> L;:L»Lwo ‘Dlidb (Y'Y\ ‘&U 9 uJy) qun o3l d)) A8l8 &bl.m 9 )J‘ )‘ d)_a u@?{w S qulaun
3y 399 Cudlad oo Job )0 yhumes! p3 LA yiogSie V/E g /55 slazge Jobo Jolis (gloylanle (sla )il by
S Oilg 90 Saie Yl JogSus /PP geedsb 3 9 )l U3l yiegSee VE 3 By oS by
VE zoedsb el il jlasy bl iber 5l ol ples 4 39 0 sl opl g sl gy oyl ojluila
Rlos Gl Gl tsygo s ay Wl 5l 5o ps (> (med 4 5 WS (oo Q1) Al ysd )98 By Wby ey S
(Hall & Riggs, 2011: 25) &S o pal,d 1y By (e g oyl o yge

b 9> uibyly .l (SWIR) 0,890k zlsel g () (Spe oo UL OWB) s jlade (6503151 NDSI
Sl ol S0 S5y (b Sy glaciand 13 (65505 5 o800l obgSEse b S35 e gole 0 ()
3 AL ol 0T OU3L Hln (cmbliseg xSl Cads Sy slaciond (0 Lidds By .Cuwl Mo By (o)l padiis
Olex 3 lzmen il QUL i a5 Jbo > b 0 Cls Hluw o b 0bgSzae 50,8490l caond L NIR
(Hall & Riggs, 2019: 26) 35 s By g byl 51 (o)l j1 05340 b dad o o)) .Vl cads (sla iz
odlaiwl (VY g Ve ) alasly 51 old 1S6 5 iS50 Ludge (slojlarle paal S 0 Wb 93 Cous duwle gly

1. Normalized-difference snow index (NDSI)



VET e ¢) Bylowd 00 By9d ¢ (aub (Sl i (o pidgs dlome AR

90 50
NDSI = (Band 2 — Band 5) / (Band 2 + Band 5)Y U ¥ cewad (glp duslxe (V+) alal,
NDSI = (Band 3 — Band 6) / (Band 3 + Band 6) b A cesad (gl duslxe (V) alal,

Yoo Y = < AV wodalin LB Y 5 ¥ Ll

axllaod 90 23900

R ddlaio O,,“\ P ,\39” um; S99 Lol O‘J.o.m O[‘.;.;‘ Sleo Jp é§|9 O‘A.o.:a UL.M)M d\ama.o.))}o dilaio
3o LS |y () 23)90 dilate CumBye (V) S5l By ()L 3 1) (slodes

Ly mdaw 51 5YL e VAV 6la)) lawgie 5 Cawy mupoyioghS YOYY L lied liwpd ol oyl o
CuiSye 4 phen il liwyed 51 (S Gl (ol 298 o0 Cgume Glien il (hmer il (s
5l akols g baogs sl ¢S (glis)) ¢ oldlyn (oye wl cou IS ysba liul loago] ol laen b
o 1y bl 457 olon (claodgs yl> et Lid ddlaie ya (glongil £ s 0 lga claodg olrals b
eS8 o 155 I slosye 5 Jlo 3y slaole ;3 lomedss ol s Ml (sloodgs ;I Wl yle simd o 8 b
b By gty g Sk g bod il cu g a3 518 b o 1) il (dlga S

o 1y sl S o &8 o dilaie g 08 s cladye o p)F cliolo 3 lgnodss )t g cloodss
Dgdige (Sl alad b il g lod Gali8l carge g am3 )5 53T

29485 2)ly it Jlod 5 o gz aoyt 5 (1,3 b L) Jlo 4 gy (slaele )3 laedgs (pl 1) slaodys
(Ve oian ol olislon S o,01) 555 o liasl gans 53 (S, g Lod oomd Ltal3l vgo g ok

4&]”4&.})99 dilaio .Y ‘}SM


https://fa.wikipedia.org/wiki/%D9%87%D9%85%D8%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%87%D9%85%D8%AF%D8%A7%D9%86

" e Ol it 9 Syt 093kt Bl a5 ST e 9 (2l o

sl
ohe maw d lad clacdy gals ol e8] Olus Ol Copie 3 By e SYob (ISS 4 4 b
Gy el laen ol ;3 (V) JSb @ a9 b aS g pobas )l O wlio (g )bansé 098l (slatoly a5 5
oaals g ey Juad (glod o Linli8l WD g ol atil EalS el A ke Al ¥r 090 S pd jobay
5339y o) 99 oloe 5 oty ool plan i 3 Sl saleS 5 ol s SIS SIS By
o] jd lime Juad ;> By elasyl (gly Ui g UT (gl jldg05 ¢ ybg) (pl 4 dan g5 b 30,5 o LS| IS o b,
Oliwoj Juad > By glar)] Sloj (gm0 jd jblize K9y 259 } ko bylges (pl (& V) S ol ondsadl)] laan
g Ol pedd G g dgus o odliie Mgy 50 SST Oyt x4 WAV L bows Al o lded oS! )
St e b > (fiuen) b 53 I sm oS 5 By 3y IS 31 Jlo 03 5 oS syt 3350
Jlo b Y+v- (W) Jlo 5| (HADGEM) _awgildl onds can Jdo b odd s i (sboodly ulwl p .0l o
ol ole Ay 0 RCP8.5 o5 il as o Y/A gSlas U RCP2.6 5 a5y VY Sl 5l V-F+ (VFIQ)
Gy o) sl cel & cuwl maly adlaie sanl (claodly ;5 lod  iljdl g, (wlol p (] Y) ol sals

W JNEYFES

il > ey Juad y3 By eyl (z) Sl (JBlbs el Uit g Ui sla doxio g B9, liae () o] Jbo Yo (el Los il s () Y JSd
(WWV-=\Y41) olien

Ol yawtle A By el crd o i lied oSl 3 glaodly @lyuss (V) IS awoyp ol ool
P By Gy pels o] Jlo oy 53 (lod Ol 38l o i & as gl b &S g psbay .l Hlaline gy oyl a8 atily
a8l anled adbl (YoFe Juo b Y-Ye J jl) linej Juad



VLY )LQ,I ) 3)1.0.“' 00 ;b)sbc‘;f.g.‘odlg,)ié’ ‘_gl.buﬂ.hsfdbm \YY

L ML ul“’ dlo)lymln sosls )‘I sl b |) L‘,L\o.ao UL“"’)'QK“’ C.‘au) P By 535 &Yl ul).“.:.? (Y') Jiw
olyan (b il L (laen Gl jped digg 3 (@ye e ) p)55hS) adaw d3ly > S i) (JSS ol 4 22y
Al o iS50 YV Cops L (VAAY) b Jlo 4 s oS (g yabay el oas

(e 2 > oy Egeome pSola) (VoY +1AAY) (laos (i o digg 53 By (B30) 4VLo ggecme i I S50

2 PSS e p pdlie ul 3o (L 1) lhen bl pd digg 3 B by plie Sl (¥) JSB
gy lee 5 3wl o jlinn) Juad dw ;3 dad o ol (F) S5 &S 465 lon ol 0038 udle sdizviuw I @ peyie

Olue; Juad > By hiy Ol JoP K9y cape &gy b Jo5 plher luod By n)
onsly o8l yolic )3 4 g e 0,5 (2lomg] Olpis £48 SNl am v e |y Sl ol il oo

Gy cadlsl &S gyt sl azily lien lwped ol &2 3 e Cllse By hiy el Sl jae
Sl daslge yad SKid o b el yw 5 00 208 0 4l e 4 Cans

(had 2 y3 B (o) E9omme (1Sle) (VY =VRAY) o (bt o dig > B oy Jhad Sl £ SIS0



Yy O i 9 Dy 4L 2 @alBl ks 1/ oS0 g (6L po

NDSI ad i (wlw! 5 By yidgs O puds
o)lgale yglas jlodlatul b ilises 0)93 ¥ j3 (B gy alale Oluss (oLaS STy (8) JWl 5 (V) Jgoe
Jolis § JKsl a8 4565 lon amd o lis sloed 3 1) lien s o aigy > NDSI 23l olwl 5 wodle
g, Sl olocs3 13 olaed s st oy Y+1¥ 485 xSile oty gl 0193 3 i ol sy
WIV 4 (B Gidyy 5| 51ade pg3 0)93 13 395 00 slad 4y jlade (p yidi 505 (slooygd 4 Cod (Jg Canl 035 (B
Ay b (Sl pyles 0y90 50 Lol ol azisly Jlos as 1y Jo35 X9 a5 Cawl oduuwy duo jd FIY &4 pow 090 10 g duoyd
Pow 0)9d dy Coud (gduoyd +[A Lol pl Lol funl oipwy lded s o diny JS 51 do )d V/D & g 039y 0l yor
A2 o bl Eals Mo )d AT pgd 0)9d 4y Cund 5 o D VYA ol 090 4 Cowd Jlado oyl &> ol 009y b
2 0l e gosd anlge Hlig By adaw Lad el L 3l and 93 ;3 lhen liw s &5 CiS g e JS

ol 0 dnlge i il b by oy

2552 S dg Syl By by 286

KM2) colus  Lide doy  (KM2) colus  Lhde 186 as)s
(Voo =Veed) Jsloys  AFFIA Yo/ Yre /o va/s
(Vo 5 = Yo1Y) pgd 00 DYV WY YSAVIA AVIY
(Y=Y = Y- 1Y) pgus 050 YVS/a $Iv YASAIE av/y
(T VA= YoYY) ol 0590 YY/¥ vio YATE/ av/
0y3 JS Sikso AV VWA Y500/ ANIY

O s IS coline &0 yoghS FIFO/Y

NDSI asls bl g hed lws o ) sloed By ibgs dlale (Sike 0 S
VoYY B YAR) YW LYY (Z) YNV B Y-8 (0) Yord bYoee ()



VEOT g ) Bylous 00 93¢ amb gLl pin sl iy Al e

Olded 55 By (1) 255 Ol s

P e e diely Jlou b g (e calise glie Sl By ()l cdlie slajluen (Al me i L
(o)) sSlas jlade gloj yess (1) b 51 agly 298 oo 035 (30055 B ()b S1> g8y (Jloj 5 9 pauie B
(hlen 5 ") and e (L5 paseie slajey sl ) (£) b 58 aly laie (V) Jaz g am3 e kel ]) (425315
(YA

VoA Bamg g) By ()l Sl olis ) o (1) b 56 gl Jlace .Y Jgua

4509 ) 451510 4505 ) ol VO yoolwd ) sl V0 elg Y ol
Vo \ -0 . —+/o - -\/o {t)

Ol.o)' ‘)'lé 43.9|)' ‘l:aujbljé deld O97eR d).;..\lii,o Oy Lﬁlﬁ g.é).g DY) ‘)A.i.:L.o L;b:a)b )‘1 adllas O’-.‘ »
O ygods Mlg o jlued Judoo b edlaiwl jlued ja ily dopd g jleen ja il Glued @Sl slaslis,
Glp (V) Jgdo 5o alilan joboay (A B Y) dasly 55 sadduolee SleMbl bgs didy b JuKw 5l ciglite oS 5 S

2 il U Jgl slajluned sl 1) bajlued 51 SO ja ppaw V) Joio 4 a5 b sl 00b])] dllus o 093 &
WAadd o s Hlaid g0 oS! ) dlw aw 6yed JS

soypdy9e dilaio 3 By (5l lajlues Sl Y Josa
CPVRi PVRI Vi ti ii Ai bi ai NS

Yo/y Yol ARN /A ! \EIY a/A WIVD \
0 v ¥ LY A VA vIy oy £y Y
Ay Yy vIv A% 2NN YIA \ild VY Y
aa/¥ VY YIY -5 VY Y \7A ) ¥
aa/A /¥ VE =Y A \lig /YA -\IY A
Voo Iy /N . . Y . V¥ 5

ly 0595 plod oS Cuwl (diald o3 35 )5) S )i diahd b jlued cpdsl cCowl oaibiosldy L oo S bawgs jluads 4ol

9 Floj ClyS 03 L jlues (109> 95 031> ()Ll (gl b Slg5 cod (S 55 i Do iy
Gl Slold ioli8l Jold Ko leas b zgo 90 Jolds jlnod (yiogd (ol diVlo dowd slaoygd (b jo S
50 sl Al o)ldl lued pegd 4 WLl o (Bped sla i)l Jie Juad b AVl des By 5L plpls
5 b uilyly remd Moy e it (S e g Jgl slo jluen dodly Gl oy glp lien oK
¥ — AVl dow — Vo Olpuss glgl laan oK) jo a8 dad o s dline (ol ] do > A0 oS! oy
ool e 65550 ped 5 gl jlued 90 a8 by dxgi WL Lol L0kl o Pge dllaie pl By o)L y0 g 2L
hddlaio By duo > VO o Sl a5 Cawl duopd VO 350> (PVRI 1) gl slued jd dls w 0y9 S5
Pl ddlaio w8l g 290 0 ST ailinae by i g olpl e jl 2B &S cunl (g0 i
8 sl 5 obsS glgal by wlynte (gbyd gy y3b ohad g (kb (Slon (slaodg aisle) 3,18 e

1. Livada



Vyo e Ol it 9 Syt 093kt Bl a5 ST e 9 (2l o

256 Sl g wibie do pd Yo o] laie sl alasMe b lien ddlaio p3 (PVRI 2) pgd sluwed ioly e
2 3 b 3 g (sloongs (s bl dgmo 5 Lod (inlS glis) il b o ol ailaio Gy sl g2 9] linsS
9 gl & baye dopd Vo UGBy i) cde wad o lis 5 w8l o Gl By 4 o) has g Wgll aiel
i praw &S ol Cpl Sl g (Ao pd YY) 205 o jid Hlde cpl 31 ol jo cwl 815 ae
ol 8Ll By ()l )3 (g ysbds Sty
dgds By o)l yiSTas jlade Jol jlueyd .l alisee (sla jluen > By o)L ST sias lis AL aeb
2 Jgl e 33 Hlade pl ey pdjee sl Jle jd Lol sl pagile VIV 250 pgd jlued 1> 5 sio Sl VE/Y
dabis By jSeds Gl Sl jlues dw jd kb polie b o Lials mesle WY 4 1380 gl e
S (V) Joso Bl olwl p .l olo g3 pgd dnd By iy zgl Glo; ¥ Jgis (sboodly [wlwl p.cuwl laen

A o ol oy 1y By iy Giels g Ly ioliel sless

& )

UL&‘ 539)9 waSu.ua;L\ S Jw:l)uao Lj ui CJL.A W9 LS)9§> » J«:LC L)")"W‘e{‘o adlaio L&: u..owlﬁl W9
ol wgy o by b oS ol dble des | Sidaes ol b flien i s ol (3,b om ol 48 5
Sy b Jlo 2w 0)9d > (SlingS dibaia (pl 3 sl 03 g9y Ol Gl b sl Gladle ) e
Sl el sl Glpon 4 ol age e o Hliaws] oy 0355 5 395 o0 Coguma ol pie (p S lyie;
Dged odlézw! L;jpf )] stl; M u@lf 9 uﬁ)a.o.a

Sl (3ios pl 53wl Gl 5 9 B9y i g By Gl ool Sl (g (GBS ] Baa
lojluon (g, b5 (6)lel (slate 1 g hmpter o] Jlo Com sl 2 (ages (335 Jaa slaodls 5 aubis
(Yo¥0-Y18) oan] Jlo Camn 13 w,Y Joo (29y5 sloodly Lolul sl atsly jboliae ialS K, piewsle
@ dgs bbb L]y o8l glaooly e s Sho i b jluen Glalllas .ud daled WSouis By als ke
00k Koo o] )3 (glojlgale (clmodls 55 g lhen Ky oS! i By slaodld awyp il Joobs ol
A )d g FS0yeS Nl gl Jlsy «lpuss pl does o oSl dalgs yialS o Seddin jebay lien 3 By
dly sl halS (g pS e jba o plie

Py Gy oyl b ials all g clpuss a8 (VoVY) o) Ken g Moo Baiod ol b 3uiios oyl oo
oialS Gy o 5l b O (cao)d YO Joleo Yodr Jlo b xily oLis g w00l JLE w390 sdoxiecs¥L) yé
adllan 1y Jlows (615 y0l Gyt )3 By gD ey Ol s a8 (VoY) o, Kad g Cyolusge Limgh g ccuidly anlys
ol bl wiomed Bl oo Liwly S5 53 )b Slie) By gd ]88, baolKiug | AFF a5 a8l 4 55,8
oy oSy oS audy 1y By gy Lg) & (W) o Kan g (gdeme dlar I B ©liiod plo b o0
aS dad o LS Ve r A=Y e o) o Jlo 4 s Yo=YV o o (b By idg pdaw oS Wizdlyd g 00)S

Jelos g (owyp 4 &S (WA LS el (o0 paiomans ol 03g) anlge By gy (6 S oy b 4915 olo



VLY )LQ,I ) 3)1.0.“' 00 ;b)sbc‘;f.g.‘odlg,)ié’ ‘_gl.buﬂ.hsfdbm At

ol b By by Slyasd gy 4 {WWAY) joso 5 Gmsaree colnl @38 Jlod 3 (i By ()1 Sy
Tl SSE 5 plolid 4 (WAY) phlSen 5 (cog)abl 5 olpl 0)f Jled dilaio )3 (390 st pslas ]
s ol 5l Lt (Sen s MODIS saizis yslas b e gl 3 )l jisul dog> Gl eadyy
bl oo sl S )5 a0 ol gl b &8 ezl Gy by,
& 45 4o

Ol e a3l sladls o ol Gy olej g S i)l Sk Jlade (il ke Cglis Sl (S @l
a ) ol plgises 9 adlige e M (slagtas Sl > 4 By b5y I Sl pgd jluen il
b Sloj Sl sy bl o 258 00 @guone (0] pinsS] (ol (il p3 sl Jlo )3 & (coldl Ol
& ol iy oles g cibsie Ly ol Juad 0 Gy gyl o Casl ol ewimdglis 3] slolo 3 50 5B a;
Jde 3 sladls )3 aaly (e 4 dxgi bl 0ad jp)S addate jub (il 4 odd 00udS (e Ceaw
ool 4Bl yialS glalas Mo LB )5l adate (pl dilimn] (3eSiw By g JieS 35 B ()b Sl

led b )3 by oy paws 48 3l i 35 NDSI Lasls g (sloylonle ol pwyy 3l ool gl
S colun & Cons (Bp Gilg o) Ve 35 5l a5 5psbas Cunl 0392 g gy i L (slabas Mo LB jsboy
ol 03905 dnlge (gan JSute L1y O 183 g odwy pdl and (b dopd V 39 ¢ ylius 45

2 By iy Ny ol g sl lime) Juad aw > (ghylsale glaodls wyy ) ol s 4 g L
4 Cod IV e Juad )3 B (h30) Sl (J955 N9y cupd S ysbd Cunlodgr (Jo5i len Gl e
|y lss ol ABlo /Y5 s uad 3 5 oYY sl b 3 abig) ol ol sl inlS (182Y) s s
P30 Ol Joymay il (aildl jolis )3 i 5 (e0j o) 2lsmac] Sl g8y (SNl nD liee
S 5l Jlo 4 s Gy il a8 psboy sl atly e i ped > Ol B2 )3 (e e Gy
sl plie Lld 4 laen bu s 8 ciS ol o JS ) Slosds anlge s Kid jhas b bndosios yw g o
P Vb g Ol mlio 39008 claacsed a4 angi b oplply b o B¢l @lela)) 3 Gy 5, 4 dtaly woj )
5 Sty 455 » Car G (nl Soabl cihaie (il )3 g5 Sagh) @ b Slalad (Suly (5
|y sy Olaiog g Ollllas adlate )3 By ()l wafy Ol (53l ST AL diedges Wlgi e o lie oo
Al o

P g

ol 43185 Jlo ol lis ) ¢ st odingsi o] 4 Ly

&b
ooy S s oy g e (IYAA) bl (palbles g dub ¢ SLS feore ol Al i ¢ e ‘Lgalﬂ_\»l (\
A=Y (V)0 s/ 90059, 0 (NDSI) Gy isgy oais Jloy o (a3l 5 oalisul b 0985yl

w6 Jlod 53 S By )k Sllogs o 5 gy (WAY) sl e sbmels 5 o eS8t S s (el (Y
AEYAYD (YA) ) o ol (oldd dloxo ) )]



Yy O i 9 Dy 4L 2 @alBl ks 1/ oS0 g (6L po

AFeAYD (0+)10

loypgas 5l odlitul (WWAY) ppuge (lp g cplllerdon (il @2lp a2l lals olie (G, (¥
DYSE=OVD (¥)E) ] s wolio . 3y by (slodis ags jglaieas NDSI asls g MODIS (¢lslsals

5 OLI (ol oot sk 5l oolial b 1,5 o5 eSS b 5l By iday gebaws 3ysly (VF++) (Sidign i (O
SV=NRLEY) 1) o olblis pgle (63,0, lidiog . (Mo liwdrgS 163,90 adllas TIRS

o slagsi bl lojlo )05 )0l b ppgio ] oKl (WAY) azrgio 3l g (5

odcmiw polar j odlazul b Jws,l bl Gy g pdaw ©lpedd (awyp (ITA0) ad) gdeme g Cul Gordeme (VY
(S N82,5 g Cang jlamo i 5jy9litS 13 e (slool] (Mol uilyiiS g (MWAY=M ely5 b ,5) MODIS
o)) Lo Lig il Cang j lools duwfo o os,]

ol 5l odlitul b yw,S15 0g8atid, 1> Gy by lpuss (W) allawl ¢ Jlys5 g oo (o500 ol (gdome (A
IVA-YD0 (Y)FD s g eos S 5 « MODIS i 4l

ddlaio 2D g0 o )ﬁ9L«a$' )‘ oolawl b J)_j u»wy ul)».uu uwl) (\Y"\Yl) M»J 9GO g (> daw (69 go puo (‘\

lal oMl o>

References

1) Ahmad Tahir, A., Chevallier, P., Arnaud, Y., & Ahmad, B. (2011). Modeling snowmelt-
runoff under scenarios in the Hunza river basin, Karakoram Range, northern Pakistan.
Journal of hydrology, 409(2), 104-117.

2) Antonio, JL., Eulogio, PIl., & David, PV. (2016). Estimation of snowpack matching ground-
truth data and MODIS satellite-based observations by using regression Kkriging.
Geophysical research abstracts, 18, 143-168.

3) Assaf, H. (2007). Development of an energy-budget snowmelt updating model for
incorporating feedback from snow course survey measurements. Journal of Engineering,
Computing and Architecture, 1(1), 155-67.

4) Bai, L., Shi, C., Shi, Q., Li, L., Wu, J., Yang, Y. & Meng, J. (2019). Change in the
spatiotemporal pattern of snowfall during the cold season under climate change in a
wwwunmrnated reii nn ff China. International Journal of Climatology, 39(15), 5702-
5719.

5) Cochand, F., Therrien, R., & Lemieux, J. M. (2019). Integrated hydrological modeling of
climate chaeee imaact in a-nnwwiinfluecced catcmnent. Groundwater, 57(1), 3-20.

6) Dariane, A; Khoramian, A; Santi, E. (2017). Investigating spatiotemporal snow cover
variability via coud-free MODIS snow cover product in central Alborz region, Remote
sensing of environment, 1-14.

7) Girotto, M., Musselman, K. N., & Essery, R. L. (2020). Data assimilation improves
estimates of climate-sensitive seasonal snow. Current Climate Change Reports, 6(3), 81-
94.

8) Hall, D.K., & Riggs, G.A. (2011). Normalized-Difference Snow Index (NDSI). In: Singh,
V.P., Singh, P., Haritashya, U.K. (eds) Encyclopedia of Snow, lce and Glaciers.
Encyclopedia of Earth Sciences Series. Springer, Dordrecht. https://doi.org/10.1007/978-
90-481-2642-2_376

9) Hamidi, O., Tapak, L., Abbasi, H., & Maryanaji, Z. (2018). Application of random forest
time series, support vector regression and multivariate adaptive regression splines models
in prediction of snowfall (a case study of Alvand in the middle Zagros, Iran). Theoretical



VEOT g ) Bylous 00 93¢ amb gLl pin sl iy Al YA

and Applied Climatology, 134(3), 769-776.

10) Ikeda, K., Rasmussen, R., Liu, C., Newman, A., Chen, F., Barlage, M., & Musselman, K.
(2021). Snowfall and snowpack in the Western US as captured by convection permitting
climate simulations: current climate and pseudo global warming future climate. Climate
Dynamics, 57(7), 2191-2215.

11) Jain, S.K., Goswami, A. & Saraf, A.K. (2010). Assessment of Snowmelt Runoff Using
Remote Sensing and Effect of Climate Change on Runoff. Water Resour Manage, 24,
1763-1777. https://doi.org/10.1007/s11269-009-9523-1

12) Javadinejad, S., Dara, R., & Jafary, F. (2020). Climate change scenarios and effects on
snow-melt runoff. Civil Engineering Journal, 6(9), 1715-1725.

13) Jennifer Morin, a Paul Block, a, Balaji Rajagopalana,b and Martin Clarkb,. (2008)
Identification of large scale climate patterns affecting snow variability in the eastern United
States, Int. J. Climate, 28, 315-328. DOI: 10.1002/joc.1534

14) Lee, S. H., & Kang, J. E. (2019). Risk assessment of heavy snowfall considering climate
change: focusing on damage to roads and buildings. Journal of the Korean Society of
Hazard Mitigation, 19(2), 57-68.

15) eertzman(Lepofsyy, G. F., Kissel, A. M., Sinervo, B., & Palen, W. J. (2020). Water loss
and temperature interact to compound amphibian vulnerability to climate change. Global
Change Biology, 26(9), 4868-4879.

16) Liang, D.; H. Guo, L. Zhang, Y. Cheng, Q. Zhu, & X. Liu. (2021). Time-series snowmelt
detection over the Antarctic using Sentinel-1 SAR images on Google Earth Engine. Remote
Sensing of Environment, 256, 112318. DOI: 10.1016/j.rse.2021.112318.

17) Liu, Z., Herman, J. D., Huang, G., Kadir, T., & Dahlke, H. E. (2021). Identifying climate
change impacts on surface water supply in the southern Central Valley. California. Science
of the Total Environment, 759, 143429.

18) Livada, 1., Charalambous, G., & Assimakopoulos, M. (2008). Spatial and temporal study of
precipitation characteristics over Greece, Theor. Appl. Climatol, 93, 45-55.

19) Musselman, K. N., Addor, N., Vano, J. A., & Molotch, N. P. (2021). Winter melt trends
portend widespread declines in snow water resources. Nature Climate Change, 11(5), 418-
424,

20) Ohba, M., & Sugimoto, S. (2020). Impacts of climate change on heavy wet snowfall in
Japan. Climate Dynamics, 54(5), 3151-3164.

21) Riggs, G. A. (2019). MODIS Snow Products Collection 6.1 User Guide. Version 1.0, April
2019, 66 pp.

22) Robeson. M. (1997). Statistical consideration, in Russell. D. Thompson and Allen, perry
Applied climatology practice.352p.first published. Routledge. London

23) Siirila-Woodburn, E. R., Rhoades, A. M., Hatchett, B. J., Huning, L. S., Szinai, J., Tague,
C., & Kaatz, L. (2021). A low-to-no snow future and its impacts on water resources in the
western United States. Nature Reviews Earth & Environment, 2(11), 800-819.

24) Sneyers, R. (1990). On the statistical analysis of series of observation. World
Meteorological Organization (WMO). Technical Note. No. 143, Geneva: 192 pp.

25) Tarawneh, Q., & Kadilll ,, .. ())))) An analysis of precipitation climatology in Jordan.
Theor. Appl. Climatol, 74, 123-136. https://doi.org/10.1007/s00704-002-0705-5

26) Tekeli, A. Emre., Akyurek, Z., Sorman, A. Arda., Sensoy, A. & Sorman, U., (2005). Using
MODIS Snow Cover Maps in Modeling Snowmelt
Runoff Process in the Eastern Part of Turkey. Remote Sensing of Environment, 97, 216-
230.

27) Tryhorn, L., & Degaetao, A. (2013). A methodology for statistical sdownscaling seasonal
snow cover characteristics over the North United States. International Journal of
Climatology, 33(12), 2728-21.

28) Valeo. C,. & Ho. C. L. I, (2004), Modelling urban snowmelt runoff, Journal of Hydrology
299, 237-25.

29) Zeinivand, H., & De Smedt, F. (2010). Prediction of snowmelt floods with a distributed



AAR O i 9 Dy 4L 2 @alBl ks 1/ oS0 g (6L po

hydrological model using a physical snow mass and energy balance approach. Nat Hazards
54, 451-468. https://doi.org/10.1007/s11069-009-9478-9

30) Zhang, Y., Li, B., & Bao, A. (2007). Study on snowmelt runoff simulation in the Kaidu
River basin. SCI CHINA SER D 50 (Suppl 1), 26-35.

31) Ahmad Abadi, A, Fathollahzadeh, M, Kiani, T, & Emadeddin, F. (2019). Using NDSI to
Identify the Glacier Cirques of Oshtoranku. Hydrogeomorphology, 5 (19), 1-18.

32) Amininia, Ka, Lashkari, H., & Alijani, B, (2010). Investigating and Analyzing heavy
snowfall fluctuations in northwestern Iran, Journal of Geographical Space, 10 (29), 135-
163.

33) Ildromi, A., Habib Nejad -e -Roushan, M., Safari Shad, M., & Dealer Ugli, A. (2015).
Application of MODIS Sensor and NDSI Index to Produce Snow Cover Map (Case Study
of Bahar Watershed, Iran). Journal of Geographical Space, 15 (50), 125-140.

34) Raigani, B., Soltani Kupaei, S., Khajehuddin, S. J., & Barati, S. (2009). Using MODIS
Images and NDSI Index for preparation snow cover maps. lranian Journal of Natural
Resources, 61(4), 525-536.

35) Seifi H. (2020). Estimation of snow cover through object-oriented techniques using image
sensors OLI and TIRS (Case Study: Sabalan Mountain). Journal of Applied Researches in
Geographical Science, 21 (63):19-37.

36) Farajzadeh, M. (2005). Drought from Concept to Solution. Geographical Organization of
the Armed Forces, Tehran.

37) Mohammadpour, A., & Mohammadpour, Rh. (2016). Investigating changes in Ardebil
province's snow coverage using Modis sensor images (2008-2009). Second International
Conference on Modern Ideas in Agriculture, Environment and Tourism, Ardebil, Institute
of Environmental Sponsors.

38) Mohammadi Ahmadmahmoudi, P., & Khoorani, A. (2019). Snow Cover Changes of
Zagros Range in 2001-2016 Using Daily Data of MODIS. Journal of the Earth and Space
Physics, 45(2), 355-371.

39) Mirmousavi, S. H., & Saboor, L. (2014). Monitoring the Changes of Snow Cover by Using
MODIS Sensing Images at North West of Iran. Geography and Development, 12(35), 181-
200.

40) Nekounam, Z and Mazidi, A, (2010), Snow coverage analysis in Yazd Fakhr Abad Basin,
Fourth International Congress of Islamic World Geographers, Zahedan.



