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Fig. (1): Scope of the study area
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Table (1): Characteristics of Sentinel 2 satellite images
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VYo Ye1a/40Y/01 Sentinel 2
yvo AR BVIS VAR Sentinel 2
VYo YoYY/o)/v Sentinel 2
yvo YOYY/oNvY Sentinel 2
yvo \BAAVERTAR Sentinel 2
oolaiwl 0590 098y polal Olasivw (Y) Jguo
Table (2): Specifications of digital images used
Spatial Frame_Number Orbit Sensor Satelite
resolutin
e VY/0 VY. Ao PALSAR ALOS
e VY/0 Vi Ao PALSAR ALOS
e VY/0 vo. Ao PALSAR ALOS
e VY/0 vy, AAYTA PALSAR ALOS
e VY/0 Vi AATA PALSAR ALOS
Cawad gloylgalo polai wlasi (V) Jgus
Table (3): Characteristics of Landsat satellite images
c’&ul&' hﬁ.lé) )&f OW G)"bl&
(3M0) 5,19 2 2 o
YV1/0Y/.4 Y 114 TIRS Landsat-8
AN 772 % Y¢ Y14 TIRS Landsat-8
YOYA/V/NT \K: V14 TIRS Landsat-8
ARV VA LY Y A% TIRS Landsat-8
YooY o/ e/ v y14 TIRS Landsat-8
YoYY/eV/N 8 v Y14 TIRS Landsat-8
YYY/eV/e ve Y14 TIRS Landsat-8
YO/ v Y14 TIRS Landsat-8
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Fig (2): Flowchart of work steps
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Table 5- The amount of snow cover in terms of km2 during 2016-2023
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Fig 4. Amount of snow cover in km2 during 2016-2023
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Table 6. The amount of snow cover predicted in terms of km2 in 2029
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Table 7. Basic statistical characteristics of snow depth

Skew CVv StD Max Average Min

Y/YAY \AETARRE /YA Y/« AR R YRR Yor
V/€€) Y Y/AQY /YY V/VAY Y EA VORA Yorv
V/¢4y AY/VAY VARRY \VARNS JYYY e YONA
Y/V4A yie/ene JJYYY VA Y Y YO Yerd
Y/ eV TE/YY)Y JEYT Y/YAA /YA /ey Yo¥e
¥/ YYY/EEA VAT y/oYo WARK! A Yovy
V/4¢0 AT/Y ) +/YYo V/AE /YVY YARR! Yovy
y/0£4 4y/631 YAy y/04. YY) VY Yoy




YY—&~UM‘\\°~\” JL..J uL».w.\lJ J..AS g o)séc\ \ c)l.o.:a c‘spa.:.?u P}l& )é GIS 9 )9° )‘ u,u?b..u b).!)lS
Application of remote sensing and GIS in environmental sciences,Vol.4., No.11,Summer 2024, pp. 23-50

MAX_SnowDepth

2/4
2/2

1/8
1/6
1/4
1/2

SD(m)

2014 2016 2018 2020 2022
YEAR

Min_SnowDepth

0/070000
0/060000
0/050000
0/040000
0/030000
0/020000
0/010000

0/000000
-0/0100002014 2016 2018 2020 2022
YEAR

SD(m)

Average_SnowDepth

2014 2016 2018 2020 2022
YEAR

Sy o (Sl 3 o0 35 Lo ppouione 23l B S
Fig 5. Minimum, maximum and average snow depth values
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Table 8. Changes of the maximum values of snow depth with the NRMC method
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Fig 6. Changes of the maximum values of snow depth with the NRMC method

Max NRMC_SnowDepth

50/0 y=4/5112x - 9109/8
R? = 0/2423

30/0

NRMC

-30/0

-50/0
Year

NRMC (59, b b o y2olio (pufiloo Ol puns ¥ S0
Fig 7. Changes in the average values of snow depth with the NRMC method
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Abstract:

The purpose of this paper is to detect snow cover changes using object-oriented analysis methods of satellite
images in the western watersheds of Lake Urmia (Zola-Chay, Nazlu-Chay, Shahr-Chay, and Baranduz-Chay).
In this regard, the extent of snow cover was extracted using Sentinel-2 and Landsat-8 satellite images for the
days with the most snowfall by object-oriented method and then the future snow cover of all 4 basins in 2029
was simulated with high accuracy using the CA-Markov method. Then, the depth of the snow was
investigated using FLDAS_NOAH data using the normalized residual mass curve method in Excel
environment. Changes in snow cover and depth in all four sub-basins during the years 2016 to 2023 have had
ups and downs and have had a decreasing trend. The highest snow cover is related to the years 2018, 2019,
and 2021. The maximum and average snow depth values in 2020 were 2.28 and 0.68, respectively, and in
2016 and 2018, the maximum snow depth reached its lowest values of 1.07 and 1.1, respectively. Also, a
review of the CA-Markov snow cover map for 2029 shows a relative increasing trend of snow. The final
results of the present study indicate that optimization methods and fusion of Landsat and Sentinel sensors can
be highly effective in the process of snow cover extraction and identification with high accuracy Therefore,
despite water scarcity issues in the region, examining the results of this research shows that other factors
contribute to the exacerbation of water scarcity in the area and the reduction of Lake Urmia's water Finding
and investigating these factors is crucial for water management in the region.
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