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Figure 1. Location of the Synoptic Stations
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Table 1. Characteristic of the stations studied
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Table 2. Characteristics of satellite data used

NDSI 45loi g MODIS uizxiuws
okt 15 o)lgale g9y p jime odizviw &y 5l (S0
ol s by Lad 432 Lo yeolws VA cusl MODIS
Sulil 2002 4 ¥ 3 Aqua sjlsale Sl L ide
1> 45 MODIS ‘sz Slasein cawl aly (¢ S
Ll 045 03)5] (V) Joda p> Cowl odds oolatwl idoty oyl
oy Uiy Ll cubll clhass MODIS s
NDSI «Gy oas Jloy Lolis alod ) solinl |
8 & (Normalized Difference Vegetation Index)
b Gl o)y ;I NDSI al (V00F) 300
Epwsyd b 03l o YU Cbijl (el ISl Wl o oS Gy
slr wis S plyier 5 IV) ol SBL
oyt & (Bp Ry (2 Gble s 2l B il Sl
& JuSo Sypod g 30 205 baasbul I (glas gemo
Sboline Canss b9y cnl )3 (V) 29800 dslone JuSo
ol Bl b Sy (absL Hlade  m) &84 d.ul) L
ez Sb Sy (RBIL polie 5 00)d VY I i
2 NDSI>04 Lysa 5 (ko Ve jl jide b sgbuws
u,ul.w‘ Mo Lsdb)"’ » .)9.»@ JLQ—C‘ ) ablss u»l.wl
i gzl gl bypte alias laggei] V da,
s igy 5l ol ssler ales opl 29d o 2] NDSI
Jols (15) 2205 e st Sl 5 s (65 S

ooliiwl )90 (glojlsnle (slaosly Cluogas —Y Jois

SSE e SS& e oo | Cgyls b o ;
9 o + 'u'y * .uy 0313 (gouwl 92 by gl Owe; pole slaodly g5 o Jonls g5
(d) slos (m) Ko (km (g yilo) Jsaze (ESDT)
oo \ A28 1200 % 1200 L3 MOD10A1 y
9
alolen A A28 1200 % 1200 L3 MOD10A2 195’\

2o LIS 1y oy ool (13) s 5 sipene suo
L;Lm:b L g_é).g um.oy é‘a.w O 4]0.’]) Oy LS‘)'.’ ...\Jlob)f
A5 ool 09 2 M w),\o )I @Jﬁ‘

By mlaws 49331 yiomiw gWod1> (315
I syl Sy jeajlutone slaedl
Sl laghy) & Cond By by laedgioe
Ble 28 o ysie Wy 13 0950l Cplplly cwad &l i
cwS Gun Lol dome laosly xS @
fbl.’>u‘ G,LJ@.; U)yoé.: J)J uw)ﬁ’ )‘ L9"’9') Sle M)

Sp oo gladie bjgdjliiode cuS 5 LS e

i 0y90 sailain (oLl Cumdge Il Giagh ul )

25 floylonle okt 5 odlizal b 5] 51 L cdeo S oLl
ooyl s 4 g ENVIE Jélay 5l eolitw] b ol
St s 45 NDSI les 31 oolisal b by (sl s
@)l oy plo g pl il & g By ilola lp (a5>
BYeee) Sloj slaoygs (b (S by el san
)‘ 0dudg colus Oy )l o W 4,)‘,))) aliseo (Y'\A
Sy bl Jo g yp Gl G 035 (o)
0503l 3l a8l slrodly g Byl edde Colue (Sl
oo M 0dlawl pw Cad (S eSS gy g JIS— e


http://dx.doi.org/10.52547/jwmr.13.25.50
https://jwmr.sanru.ac.ir/article-1-1067-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOI: 10.52547/jwmr.13.25.50 |

3 ]y 25000 5 (gAY g joy55 L) ¢ By (ool 4>

a¥ il sl 5 lolgnle yslas I Jols By Sl adidyy ol Sloj (5 5)lel oo

5 oolitl b oo b5l yols (g5, 1 (gt )
o S by o 43S sl GIS s ENVI 3l 5
5 5V slacl g ok Jlac] pos p (slalslan & pgmds dolos
JSb b b By (b Sy plgisa /Y gl
adlansyge sbooygd (b )3 (B (2ly Colus s (V)
adlandyge ailaio 3 0)93 po Clidd i o gl
sl ) (e @lie) Gob) had Sl 4 Cons
oasede (V) JS3 illae (g)lel (sloygd Jobo )5 il
b cilie ols)) Clib )3 By e paw Sl A5
(DEM) _clis| agh, Jdo 5 Gy ey ki j] esliz
Oidsy By GRS aw Sl gy (e A5 359l
b oygesl b onaldl cglayiolyly ¢ cilisen Lelis) clibs Gy
Ored A yp e b g JAS-0e Syl
b ooeldl slajia)ly b B (b v (Sharen
5 ool gy Kirods oy ) 03l

e Slalllas 13,8 youni |y B 093 Jolee Ol lg5 0
Jdb 4l & s Bp Slosgas 3.8 (650jlul Cuonl
o5 2280 By ol Sl 5 (en3 il L oS
Slojlsale pslas 5 )9djliionis (55l ojgyel losls
Sy & By Ghdy gaw adlas gaoye ) (M
L;Lmo);;f @kw L;Lmdﬂfo)’l.ﬁ] c\fd”bdg ol oa)9|
P g okd FE8d 6 pSeda Oygo lj Job ) (S
Oms D35 0 03938] slojlgale slaodls i Job 4
Sobel B cucal oldl bd 4 a8 glol slasg,
odictiw  polay I ool L i cole p» 25 o
P By Gibe gdaw &lyuss NDSI 4l 51 3 MODIS
OB Yeor Glal (b 55 3l Jab 0
ord wbly By Gidy gobw Ol (oyp jshiied

Db golaw OlusS wyp) i poie Sl ol
5 (NDSI Gy 015 Jloy ol yles j) oslizl L o)y

5 sdudids (Bl y g wdid (syiegdl)) Clousual


http://dx.doi.org/10.52547/jwmr.13.25.50
https://jwmr.sanru.ac.ir/article-1-1067-en.html

Sy (Gl 9050 5 £33V g )58 L) (28lmn (ool e Al
VEe) lianl g 5l /Y0 oyled /amd5mw Jlo ju5ul 055 Cape doliiang}

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOI: 10.52547/jwmr.13.25.50 |

51°0'0"E  52°0°0"E  53°0'0"E  54°0'0"E 51°0'0"E 52°0°0"E 53°0'0"E 54°0°0"E
2000 gk 2000 by
37°0°0"N-| L 3700'0"N] e |
S A
36°0°0"N{ __ . I 38°00"N- - !
ey sty
B o ene o w o B o Lme = w
51°0'0"E  52°0'0"E 53°0'0"E 54°0'0"E 51°0'0"E  52°0'0"E 53°0'0"E 54°0'0"E
37°0'0"N-{ 2. L 37°0°0"N| -
36°0'0"N-{ H 36°0'0"N{ L
"d o > = u a3 7w 14U 1©c 22
B> eminos i —— ., » - — e
51°0'0"E  52°0°0"E 53°0°0"E  54°0'0"E 51°00"E  52°0°0"E  53°0'0"E_ 54°0°0"E
37°0'0"N 37°0°0"N -
36°0"0"N- 36°0°0"N |
B b s Sy i o oo L O .
51°0°0"E 52°0°0"E 53°0°0"E 54°0°0"E 5§1°0'0"E  52°0'0"E  53°0'0"E  54°0'0"E
2000 i e 2018 O
37°0°0" N 37°0'0"N- - i
36°0'0"'N- 5381 36°0'0"N
css zore oy O gy
B i Lme e wm B i
51°0'0"E  52°0'0"E  53°0'0"E  54°0'0"E
37°0°0"N 37°0'0"N- r
36°0°0"N el sl L o
e e, 36°0°0"NT . iy gy [
- o P S = T o
51°0°0"E S52°0°0"E 53°0°0"E  54°0°0"E 51°0'0"E  52°0'0"E  53°0'0"E  54°0'0"E
37°0'0"N-| i 37°0'0"N
36°0°0"NT il
S5 G in 36°0'0"N-
- o tew e o
Shin SR SR S
STO0FE  52°CI0FE.  53°00FE  S4I0:0°E 51°0'0"E  52°0'0"E  53°0'0"E_ 54°0'0"E
YLl s L 2()18 . Q0
37°0°0"N{ 37°0°0°NH 2018
s )
36°0'0"N{ _, =7 F 36°0'0"N a8 8
#33 -f).u_)--J;' e 3 P o 90 120
B Gom B <o I ——— |
51°0'0"E  52°0°0"E  53°0°0"E  54°0'0"E 51°0'0"E  52°0'0"E  53°'0"E  54°0'0"E
37°0'0"N-| L 37°0'0"N-{ L
il gt
36°0'0"N = i,y ady H
36°0"0"N1 = iy sy, " r P oM s zo
W abiEey e ——— e n
m 51°0'0"E  52°0°0"E  53°0'0"E  54°0'0"E
51°00"E  52°0°0"E  53°0°0"E  54°0°0"E : : : :
L L i 1 37°0'0"N-
37°0'0"N-
36°0'0"N{
36°0'0"Nq{ -
05 30 60 90 120 T T T T
I el | Y

YOAN g Veor o Jlo ol jo (KM2) Gy iy (lad il =Y IS5
Figure 2. Seasonal snow cover variations (km2) during 2000 and 2018
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Figure 3. Special interpretation of seasonal snow (November to June) with temperature mean (designated) and in
spring, autumn, winter and Annual
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Table 4. Mann-Kendall Z statistics and age gradient estimator for different climatic parameters
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Table 5. Correlation coefficient (Pearson) between seasonal and annual snow cover with climatic parameters
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Figure 4. Comparison of mean changes of seasonal snow cover (November to June) with average temperature (° C) in
different elevation zones for spring, autumn and winter seasons
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Table 6. Results of Man-Kendall Z statistic and age gradient estimator, snow cover range of elevation of study area
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Table 7. Pearson correlation coefficient between snow cover levels at different altitudes with climatic parameters
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Extended Abstract

Introduction and Objective: The snow variable plays an important role in hydrological cycles
and is an essential component of the climate system. Is one of the basic applications in the field
of water resources management, especially in areas where snowfall has a large share of
precipitation? Therefore, the main purpose of this study is to investigate the trend of these
changes in the watershed of the northern slope of the Alborz Mountain range in Mazandaran
province in abnormal climatic conditions in the last decade.

Material and Methods: First, MODIS sensor data was received daily from NASA's National
Snow and Ice Database (NSIDC) with a 500*500 m embedding capacity. The received images
are related to the period 2000-2018. To process the images, pre-processing operations were first
performed on them in the ENVI 5.3 software environment. The NDSI index was used to
estimate the snow cover. Mann-Kendall test and age line slope estimator method were used to
study the trend of snow cover changes. Pearson correlation coefficient was also used to
investigate the correlation between snow cover level and climatic parameters.

Results: Examination of the trend of snow cover level seasonally and annually showed that
snow cover in winter has decreased by about -50.41 square kilometers per year. From the
elevation standpoint, snow cover is regressing, as its trend is decreasing across all elevation
levels, especially at altitudes of 1600 to 2500 meters. The result of this study shows that there is
a negative correlation between snow cover and net radiation and a positive correlation with soil
moisture at a 95% confidence level. A comparison of the correlation between snow cover status
and time and different elevation classes with temperature and precipitation shows that in most
cases negative snow cover anomalies are associated with positive temperature and negative
rainfall anomaly, which is significant at 95% level. While acknowledging the decline of snow
stocks on the northern slope and the increasing increase in freezing temperatures, the
management of downstream basin water resources should be reconsidered.

Conclusion: In general, the results show that the trend of snow cover seasonally and annually
has a decreasing trend. It can also be concluded that the trend of snow cover of different
altitudes in the northern slopes of Central Alborz has decreased and receded. The greatest effect
of temperature increase is observed in spring. This is because the energy required to melt snow
is usually provided by short-wave radiation in early spring, and as the intensity of the net
radiation current increases due to the increase in short-wave input radiation and the whiteness
occurs due to the decrease in height and snow-covered range, the snow melting rate increases.
Therefore, with increasing temperature and changing climatic conditions, winter precipitation,
which will turn into snow accumulation, has decreased and can affect the runoff caused by these
precipitations in spring.
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