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This study aimed to analyze the temporal and spatial patterns of snow cover in
the Alborz Mountains Range during the cold months, from December to April,
over the period 2001-2024. Satellite data from the MODIS sensor and the
FLDAS model were utilized within the Google Earth Engine platform, and the
Normalized Difference Snow Index (NDSI) was applied to monitor snow cover.
In addition, snow depth, snow water equivalent, and instantaneous snowfall rate
were estimated and analyzed. The results showed that maximum snow cover was
generally observed in January and February, with 2008 exhibiting the largest
snow-covered area across all temporal scales (daily, monthly, and annual). In
contrast, 2012 recorded the highest values for snow depth (21.70 cm), snow water
equivalent (4.96 cm), and instantaneous snowfall rate (0.058 mm/h), indicating
that intense snowfall events were concentrated in more localized areas that year.
Temporal patterns were analyzed using a linear regression model, with
coefficients of determination (R2) of 0.037, 0.038, and 0.007 reported for snow
depth, snow water equivalent, and instantaneous snowfall rate, respectively.
These generally low values suggest that seasonal variability and atmospheric
conditions play a more significant role than temporal trends in driving
fluctuations in snow storage. Spatial assessments further indicated that the
western, central, and northern highlands of the Alborz Mountains exhibited the
highest snow accumulation, whereas the southern slopes, due to lower elevations
and higher temperatures, displayed more scattered snow cover. This study
highlights the importance of simultaneously monitoring multiple snow related
variables to improve understanding of winter water resources and underscores the
implications of climate change in Iran’s mountainous regions.
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EXTENDED ABSTRACT

Introduction

Snow is one of the primary sources of streamflow in many regions, and an accurate understanding of its
temporal and spatial patterns is essential for the optimal management of limited water resources (Soleimani
et al., 2018). Variations in snow cover especially in areas with high spatial heterogeneity have significant
impacts on ecosystem structure, soil characteristics, and vegetation diversity (Faraji et al., 2024). Given
that snow is a key source of freshwater in many parts of the world, its continuous and precise monitoring
holds particular importance in water resource studies (Ahmadi & Seyedmirzaei, 2022). This study seeks to
identify snow cover trends across different time intervals through the analysis of satellite data and related
modeling approaches.

Material and Methods

The aim of this study was to examine the temporal and spatial variations in snow cover and its associated
parameters including snow depth, snow water equivalent (SWE), and instantaneous snowfall rate across
the Iranian sector of the Alborz Mountain Range during the cold months (December, January, February,
March, and April) from 2001 to 2024. To this end, daily remote sensing data (MODIS product) were used
for NDSI, and modeled data from the FLDAS dataset were utilized for snow-related variables. Data
processing was carried out using JavaScript within the Google Earth Engine environment, and statistical
analyses were performed in Python.

Results and Discussion

The findings of this study regarding snow-covered area at three temporal scales daily, monthly average,
and annual (with temporal uniqueness) indicate significant variability. At the daily scale, the largest snow
covered areas occurred on a few specific days within the study period. These days and their corresponding
snow covered extents are as follows: the highest snow covered area was observed on February 6, 2008,
with 197,478 kmz; followed by January 17, 2006, with 152,741 kmz2; and January 30, 2001, with 139,546
kmz2, At the monthly average scale, the greatest snow-covered area was recorded in January, reaching
244,161.867 km2. At the annual scale (based on temporal uniqueness), the year 2008 had the maximum
snow-covered area of 343,435.132 km2, while the minimum was observed in 2010, with an area of
138,759.11 km2. However, the analysis of the three parameters mean snow depth, average snow water
equivalent, and average snowfall intensity rate indicates that their highest values were recorded on specific
winter days. The maximum average snow depth was observed on February 1, 2012, with a value of 21.70
cm; the highest average snow water equivalent was also recorded on the same day, at 4.96 cm; and the peak
average instantaneous snowfall rate reached 0.058 mm per hour on February 1, 2012. The coefficients of
determination (R?) for temporal trends were low (ranging from 0.007 to 0.038), suggesting a weak role of
time in explaining snow variability and emphasizing the importance of atmospheric, seasonal, and spatial
factors.

Conclusion

The analysis of snow cover in the Alborz Mountain Range over the period 2001 to 2024, using daily,
monthly, and annual data, revealed that snow variations do not follow a uniform pattern and have
experienced significant fluctuations over time. At the annual scale, 2008 and 2010 were identified as notable
years, with the highest and lowest snow-covered areas, respectively. Meanwhile, at daily and monthly
scales, the greatest snow cover predominantly occurred in January and February, reflecting the
concentration of snowfall during the winter season. Furthermore, the analysis of three key snow-related
variables snow depth, snow water equivalent, and instantaneous snowfall rate revealed that their highest
values were recorded in 2012. This indicates that the intensity and physical characteristics of snowfall in
that year were notably significant, even though the snow-covered area was smaller compared to 2008. This
discrepancy highlights the importance of a comprehensive, multifaceted examination of both qualitative
and quantitative snow parameters. Although the snow-covered area peaked in 2008, the snow depth, snow
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water equivalent, and instantaneous snowfall intensity were notably higher in 2012. This discrepancy is
likely attributable to variations in the spatial distribution and intensity of snowfall. Statistical analyses and
descriptive charts also indicate that the data distribution is right-skewed, with outliers observed primarily
in the cold months, especially January and February. Positive correlations exist between snow depth and
both snow water equivalent and snowfall rate, while these variables show a negative correlation with the
progression of the months throughout the year, reflecting a gradual decline in snow characteristics during
the warmer seasons.
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Fig. 1. Map of Study Area
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1- Google Earth Engine
2- Pandas

3- Numpy

4- Matplotlib
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1- Application Programming Interface

2- Normalized Difference Snow Index

3- NDSI_Snow_Cover

4- Shortwave Infrared

5- NDSI_Snow_Cover > 40

6- Snow Depth_inst

7- SWE_inst

8- Snowf_tavg

9- Famine Early Warning Systems Network Land Data Assimilation System
10- Land Surface Model
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2- Scatterplot
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Daily Snow Cover with Trend Analysis (2001-2024)
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Time Series of Monthly Snow Cover Area (2001-2024)

Snow Cover Area (km?)

ooooo

>
S

A

S

o

S

S

>
A5 2

ey > -~ 5 © ’y o o s > o >
s $ s s S S S5 5 oS ~ < 5O
A A 5 S 5 ~F A A5 S S S S

o 3 > s > < >
5 5 3 5 5 50 <
7S S AT ST ST S

Voo =VeVF oj00 b jo 5l osS asy 10wl g dilale wljy, By i Coluw polin slajlogas —F S
Fig .2. Graphs of Daily, Monthly, and Annual Snow Cover Area Values in the Alborz Mountain Range during
the 2001-2024 Period
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Fig. 3. Changes in Snow Cover Area of the Alborz Mountain Range during 2017-2024
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Snow Depth Time Series (2001-2024)
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Fig. 4. Time Series Graphs of Snow Depth, Snow Water Equivalent, and Instantaneous Snowfall Rate in the
Alborz Mountain Range during the 2001-2024 Period
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Table 2 — Descriptive Statistics of Snow Depth, Snow Water Equivalent, and Instantaneous Snowfall Rate
Variables in the Alborz Mountain Range during the 2001-2024 Period
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Fig. 5. Statistical Graphs of Snow Depth, Snow Water Equivalent, and Instantaneous Snowfall Rate Variables in

the Alborz Mountain Range during the 2001-2024 Period

Sloslatel LY YF B Yee) 0,90 b yo iyl 0g5 aid, j0 Gy by Corluw 05915 g adllas 4 yol> iagh ,o

@b))| L).»ol.‘> d,d}.?u e OAA—‘ Cowd Gsl.u u.uL...J‘/,J W IQL.\B‘ asYlo 9 lalo c:b‘)j) ‘_;l.me..u 99 90 )‘ W (_gl.mol\.\.
s oley Job 50 5 a8 oed Cond S 5 OLeSe o8 5l B Sliis jw oS 09 Gl Sole B b ol
RS LYY JlogVerA Jlo 0 By gy Sl Jade o ios Vlo ol [0 .Cwl ool (6,05 i Slilusgs
5 4iljs, Gl wlde jo Huzee Sad plulis asls sl glgea Slibss dalaie 0 By jide Coluw ol
;).o.s RSN QLAM-’ S el M}u &355 L 4\4)93 9 4.:9.5|) deOLA o u.]LC )9.‘0 LY g_B).' w}; Colws u.v)...m.u Wlale
Jold B b b e g0lS el (65T5 conl progdle - aBl oo anlllan 3550 sla o )0 (s Jad )0 (Bn sla i)l
gmte g ez p MalS 55500 Jlo jo (B Lol (Sojed sloaasiivo § Dok a5 wll o nl il gs0 ol i



Ol yhe
w9 by gy (0 —Floj Julxi g il

Yo

Wz (o p Seal (Bl poe cplaBbige b Voo A Jlo a4 Cod Jlo plos 0 B idg Colas a2 ST wslosy,
O3l ga BT ) By (oS g S (sl i Ll

o oo ol 4y dlgz bools e a5 wilios O S0k ot slaylogad 5 )bl ladelo 5 5
loole (59,00 b Lo yiin (nl (ghin (Shwan Geizp 5 o)k £ 5 S Jolae o loyiio b By Bae (e Soo
Sllugs a8 ol ol oaipolis baidly iz oo ol Jp 5 Jaad o By Sluogas oo ,0 (melS suus asive «Jle
ool Sblogs ol (s il 5 (ISl e otz Jolse il Cow Bud 4 ol 4 iy Sloosas 5 Gy by
sbag, yiole Ghle e pols Gados s Sludl glaeldls 4 ol b s> g pkael la il (g9 Dl s
8y (St g oo sla byl 5o (a9 ab i sla e jlesliinl Dygps p By ids Sy g olad Julos
12 Bt oy Sl | 5338 Sy 4 olise S Ay GBI L 4 o Lz o ls ST JinsS sblis o By
S35 e e dlods @i ye (25 53 B gy 35505 45 3 (atiie (9l GlagSll (o) 39T e @y ol i Ll
ol 505 Byt SIS 55T 45 bl b Lol S 5 ellyicr e ) 57 el 5 ool s Sl o8 5
231> i A1 Ol (Gl Bblis  aeldl jss S st 5 o lie S e sl siymelin 5o W55 o0 @l
S & S (e WS B (oS Sl aFLh 5 ol Sy laatlh oS 5 a8 sl Glid el iz ee ol
ooluly By il ae) ;o aLidS Slidss jo ool plnl slhadllas 4 4z g b 0iS o o2l,8 ddlie o 0T ob,>
anlllas 5,50 dilaio ;3 (1 b laipo (gljeiin § By gy Dl Jelod 5 Gty 4 4ol gl 5o wilisie sl i,
(Azizi, Rahimi, o|,Ke2 g gpje aile ol Kiagh plo mli b ol Gaass ool Jol> gleaidl, ol sl
(Norooz Valashedi & Bahrami Pichaghchi,  dlxs ol s 9 s95Yg 39,95 tMohammadi & Khoshakhlagh, 2017)
(Yousefizadeh, Sehatkashani, Gholamnia, .l )Sas g 0ol; sawgy (Yarahmadi et al., 2020) ), Sen 5 s3>l 2023)
5 o« 2bs,l 0,90 (Jems, Yarahmadi, Nasiri & Mirhashemi, 2023) ,So» 5 o> ¢ Maleki & Einali, 2022)
2 S S8 g B Gide Sl (S W) A )0 ohug ar udey Slalllas b 0l agh mls 28,5 18 anslie
gl (b ol b el dilate (o 0uls sanlice cond8l slaaiy, om0 aol caups Hlis aS (sl gaad s Jguad
s po sloaile (S b By iy Cooln 35152 5 o5 Ygamo o 428 Sl SN 1090 o0 028lin 5 (ot
D295 opl j0 edel ews 4 mlis aS Jb o slosly idigy |y 5l egS a5l (gogaome yiow LILE g wilalils 55,05 3y
Sl 4 polo aalllae ;o 5l oSl digy JolS by alea jlcudls (¢ pSetr bl sl iy Slalllae @y S
Ohdigy 350y 4y Jadd a5 LS Sl My el 005 0ol B 1, (g el Jelow (Sl ()T 51 e iy 52 gaore 55 e
55 ol el 5 5 B Jolee Dl s e e By ity b La e (sl eiie aslllas (il 5 wlos,S pladl
FLDAS s;luJas g MODIS o lgals slacsls 5l losan colainl pol> iogh Koo 5,5, wlad 3 18 Sb5)l o e
02l 1y T L s e slaadlie 5 By ide 5l s 5ael> 5 3380 Judod ISl a5 sl GEE Gy i dilolus yiws 5o
&l by ooadBl Sl s sl 5l 65605 g 5580 gult a5 ol ool o adlge o o Comsls (ol IS o
Sgds i)l dalate o

References

Aalinejad, M. H., Jahanbakhsh, S., & Mohammad Khorshiddoust, A. (2021). Simulation of runoff from Qarahsoo
basin snowmelt By Using SRM model. Journal of Geography and Planning, 25(76), 87-97. [In Persian]
https://doi.org/10.22034/gp.2021.13139

Abbasi Jandani, S., & Fathzadeh, A. (2015). Assessing of interpolation methods in order to snow water equivalent
estimation. Journal of Range and Watershed Managment, 68(4), 779-793. [In Persian]
https://doi.org/10.22059/jrwm.2015.56959


https://doi.org/10.22034/gp.2021.13139
https://doi.org/10.22059/jrwm.2015.56959

1 VEoF oyliano « F oyl IF alor o clanme ol blio § Ll yir 4y pid

Abdam, S., Fathzadeh, A., Taghizadeh Mehrjardi, R., & Mahjoubi, J. (2016). Digital Mapping of Snow Water
Equivalent using an Artificial Neural Network and Geomorphometric Parameters (Case study: Sakhvid
watershed, Yazd). Journal of Watershed Manage Research, 7(13), 149-138. [In Persian]
http://dx.doi.org/10.18869/acadpub.jwmr.7.13.149

Ahmadi, M., & Seyedmirzaei, Z. (2022). Snow Cover Variability in the Cold Period of the Year in Iran Based on
MODIS Measurements. [ranian Journal of Remote Sensing and GIS, 14(1), 59-72. [In Persian]
https://doi.org/10.52547/gisj.14.1.59

Atif, I., Mahboob, M., & Igbal, J. (2015). Snow cover area Change assessment in 2003 and 2013 using MODIS
data of the Upper Indus Basin, Pakistan. Journal of Himalayan Earth Sciences, 48, 117-128.
http://ojs.uop.edu.pk/jhes/article/view/1952

Azizi, G., Rahimi, M., Mohammadi, H., & Khoshakhlagh, F. (2017). Spatio-temporal variations of snow cover in
the southern slope of central Alborz. Physical Geography Research, 49(3), 381-393. [In Persian]
https://doi.org/10.22059/jphgr.2017.217393.1006943

Banerjee, S., Sati, V. P., Almazroui, M., & Chakraborty, S. (2024). Spatio-Temporal assessment of areal
fragmentation and volume of snow cover in the central himalaya. Earth Systems and Environment, 8(4),
1639-1656. https://doi.org/10.1007/s41748-024-00469-y

Berezowski, T., Chormanski, J., & Batelaan, O. (2015). Skill of remote sensing snow products for distributed
runoff prediction. Journal of Hydrology, 524, 718- 732 https://doi.org/10.1016/ j.jhydrol.2015 .03.025

Dariane, K., Santi, A., & Amin, E. (2017). Investigating Spatiotemporal snow cover variability via cloud free
MODIS snow cover product in central Alborz region. Remote Sensing of Environment, 202, 152-165.
https://doi.org/10.1016/j.rse.2017.05.042

Di Marco, N., Avesani, D., Righetti, M., Zaramella, M., Majone, B., & Borga, M. (2021). Reducing hydrological
modelling uncertainty by using MODIS snow cover data and a topography-based distribution function
snowmelt model. Journal of Hydrology, 599, 126020. https://doi.org/10.1016/j.jhydrol.2021.126020

Dixit, A., Goswami, A., Jain, S., & Das, P. (2024). Assessing snow cover patterns in the Indus-Ganga-Brahmaputra
River Basins of the Hindu Kush Himalayas using snow persistence and snow line as metrics.
Environmental Challenges, 14, 100834. https://doi.org/10.1016/j.envc.2023.100834

Ebadi, Y., Eftekhary, A., Mohammad Khanlu, H., & Fakhri, M. (2021). Providing a new spectral index to extract
snow cover using optical remote sensing images. Scientific- Research Quarterly of Geographical Data
(SEPEHR), 30(117), 79-94. [In Persian] https://doi.org/10.22131/sepehr.2021.244452

Ebrahimi, R., Hamzeh, S., & Marofi, S. (2016). Modeling the snow cover and snowmelt runoff using a
combination of SRM hydrological model and satellite imagery. Irrigation and Water Engineering, 6(3),
66-77. [In Persian] https://www.waterjournal.ir/article 73957 .html?lang=en

Faraji, A., Kamangar, M., & Ashrafi, S. (2024). Spatial Analysis of Snow Cover in Western Iran Using Satellite
Imagery. Water and Soil, 38(1), 161-173. [In Persian] https://doi.org/10.22067/jsw.2024.83893.1323

Gao, Z., Liu, Z., Han, P., & Zhang, C. (2024). Investigating spatial-temporal trend of snow cover over the three
provinces of Northeast China based on a cloud-free MODIS snow cover product. Journal of Hydrology,
645(Part A), 132044. https://doi.org/10.1016/j.jhydrol.2024.132044

Ghafarian, P., Farid Mojtahedi, N., Moradi, M., Khosh Akhlagh, F., Abed, H., & Negah, S. (2016). Studying of
Regional Scale Forcing on the Spatial Pattern Formation of Heavy Snowfall Hazard in the Gilan Plain
(Case Study Feb 2014). Journal of Oceanography, 7(26), 85-97. [In Persian] http://joc.inio.ac.ir/article-1-
977-fa.html

Haghizadeh, A., Kiani, A., & Kiani, M. (2017). Performance Evaluation of Geo-Statistical Methods to Estimate
the Spatial Distribution of Snow Depth and Density in Mountainous Areas (Case Study: Gush Bala
Watershed, Mashhad). Journal of Hydrogeomorphology, 4(12), 45-66. [In Persian]
https://dor.isc.ac/dor/20.1001.1.23833254.1396.4.12.3.6

Hall, D. K., Riggs, G. A., & Salomonson, V. V. (2002). MODIS snow-cover products. Remote Sensing of
Environment, 83(1-2), 181-194. https://doi.org/10.1016/S0034-4257(02)00095-0

Hussain, ., Ali, M., Muhammad, S., Hassan, W., Ali, S., Hussain, Z., ... & Khan, M. Y. (2023). A decline in snow
cover area of Passu and Ghulkin valleys between 1995 and 2022. Journal of Mountain Science, 20(12),
3542-3551. https://doi.org/10.1007/s11629-023-8037-2

Irannezhad, M., Ronkanen, A. K., & Klgve, B. (2016). Wintertime climate factors controlling snow resource
decline in Finland. International Journal of Climatology, 36(1).


https://doi.org/10.52547/gisj.14.1.59
http://ojs.uop.edu.pk/jhes/article/view/1952
https://doi.org/10.22059/jphgr.2017.217393.1006943
https://doi.org/10.1007/s41748-024-00469-y
https://doi.org/10.1016/%20j.jhydrol.2015%20.03.025
https://doi.org/10.1016/j.jhydrol.2021.126020
https://doi.org/10.1016/j.envc.2023.100834
https://www.waterjournal.ir/article_73957.html?lang=en
https://doi.org/10.22067/jsw.2024.83893.1323
https://doi.org/10.1016/j.jhydrol.2024.132044
http://joc.inio.ac.ir/article-1-977-fa.html
http://joc.inio.ac.ir/article-1-977-fa.html
https://doi.org/10.1016/S0034-4257(02)00095-0
https://doi.org/10.1007/s11629-023-8037-2

Ol yhe
w9 by gy (0 —Floj Julxi g il

Yy

Jems, H., Yarahmadi, D., Nasiri, A., & Mirhashemi, H. (2023). Monitoring the spatial changes of the snow cover
of Central Alborz using the SVM algorithm and landsat images. Researches in Earth Sciences, 14(2), 20-
37. [In Persian] https://doi.org/10.48308/esrj.2023.103194

Jin, X, Ke, C. Q., Xu, Y. Y., & Li, X. C. (2015). Spatial and temporal variations of snow cover in the Loess
Plateau, China. International Journal of Climatology, 35(8).

Kashki, A., & Haji Mohammadi, H. (2017). Synoptic systems analysis took occurrence of heavy snow in the
northern provinces of Iran A case study is January 31 to February 3, 2014. Iran-Water Resources Research,
13(2), 1770-181. [In Persian] https://www.iwrr.ir/article 43177.html?lang=en

Khan, A. A., & Li, X. (2025). Recent global snow cover trends using the MODIS dataset from 2000 to 2021.
Remote Sensing Applications: Society and Environment, 39, 101662.
https://doi.org/10.1016/j.rsase.2025.101662

Maryanji, Z., Toulabi Nejad, M., & Dolatshahi, Z. (2023). The effect of climate change on snowfall and its
prediction in Hamadan county. Physical Geography Research, 55(1), 113-129. [In Persian]
https://doi.org/10.22059/jphgr.2023.358026.1007765

McNally, A., Arsenault, K., Kumar, S., Shukla, S., Peterson, P., Wang, S., ... & Verdin, J. P. (2017). A land data
assimilation system for sub-Saharan Africa food and water security applications. Scientific Data, 4(1), 1-
19. https://doi.org/10.1038/sdata.2017.12

Montazeri, M. (2018). Frequency analysis of snowfall in Iran over the past decades. Iran-Water Resources
Research, 14(2), 279-283. [In Persian] https://www.iwrr.ir/article 56938.html

Motiee, H., & Ahrari, S. (2022). Assessment of the effect of periodic changes on Takhte Soleiman glaciers using
Google Earth Engine (GEE). Journal of Spatial Analysis Environmental Hazards, 9(2), 179-194. [In
Persian] https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.2.11.9

Norooz Valashedi, R., & Bahrami Pichaghchi, H. (2023). Detection of the effect of climate change on the snow
areas of the Northern Alborz Watershed by CPA method. Watershed Engineering and Management, 15(3),
386-403. [In Persian] https://doi.org/10.22092/ijwmse.2022.357000.1937

Ozdogan, M. (2011). Climate change impacts on snow water availability in the Euphrates-Tigris basin. Hydrology
and Earth System Sciences, 15(9), 2789-2803. https://doi.org/10.5194/hess-15-2789-2011

Passang, S., Schmidt, S., & Niisser, M. (2022). Topographical Impact on Snow Cover Distribution in the Trans-
Himalayan Region of Ladakh, India. Geosciences, 12(8), 311.
https://doi.org/10.3390/geosciences 12080311

Roustayi, Sh., Rahimpour, T., & Nokhostin Rouhi, M. (2016). Detection of snow cover extent in the Tabriz
watershed using AVHRR-NOAA satellite images. In Proceedings of the 2nd International Congress on
Earth Sciences and Urban Development (Tabriz, Iran). Kian Tarh Danesh Co., Research Institute of Jihad
Daneshgahi, East Azerbaijan Branch. [In Persian] https://civilica.com/doc/525994/

Seifi, H. (2021). Estimation of snow cover through object-oriented techniques using image sensors OLI and TIRS
(Case Study: Sabalan Mountain). Journal Applied Researches in Geographical Sciences, 21(63), 19-37.
[In Persian] http://dx.doi.org/10.52547/jgs.21.63.19

Seydi Shahivandi, M., Omidvar, K., Mozafari, G., & Mazidi, A. (2025). Analysis of the consequences of climate
change on the characteristics of middle Zagros snow cover using remote sensing data. Journal Applied
Researches in Geographical Sciences, 25(77), 22-43. [In Persian] http://dx.doi.org/10.61186/jgs.25.77.9

Solaimani, K., Darvishi, S., Shokrian, F., & Rashidpour, M. (2018). Monitoring of temporal-spatial variations of
snow cover using the MODIS image (Case Study: Kurdistan Province). Iranian Journal of Remote Sensing
and GIS, 10(3), 77-104. [In Persian] https://gisj.sbu.ac.ir/article 96603.html?lang=en

Sunita, Gupta, P. K., Petropoulos, G. P., Gusain, H. S., Sood, V., Gupta, D. K., ... & Singh, A. K. (2023). Snow
cover response to climatological factors at the Beas River Basin of W. Himalayas from MODIS and ERA5
Datasets. Sensors, 23(20), 8387. https://doi.org/10.3390/s23208387

Tekeli, Y., & Tekeli, A. E. (2012). A technique for improving MODIS standard snow products for snow cover
monitoring  over  Eastern  Turkey. Arabian  Journal of  Geoscience, 5,  353-363.
https://doi.org/10.1007/s12517-010-0274-3

Tasdighian, M., & Rahimzadegan, M. (2017). Evaluation and improvement of snow cover detection from MODIS
images. Iran-Water Resources Research, 13(2), 163-177. [In Persian]
https://www.iwrr.ir/article 39359.html


https://doi.org/10.48308/esrj.2023.103194
https://doi.org/10.1016/j.rsase.2025.101662
https://doi.org/10.1038/sdata.2017.12
https://dor.isc.ac/dor/20.1001.1.24237892.1401.9.2.11.9
https://doi.org/10.22092/ijwmse.2022.357000.1937
https://doi.org/10.5194/hess-15-2789-2011
https://doi.org/10.3390/geosciences12080311
http://dx.doi.org/10.52547/jgs.21.63.19
http://dx.doi.org/10.61186/jgs.25.77.9
https://doi.org/10.3390/s23208387
https://doi.org/10.1007/s12517-010-0274-3
https://www.iwrr.ir/article_39359.html

YA VEoF oyliano « F oyl IF alor o clanme ol blio § Ll yir 4y pid

Wei, P., Zhang, T., Zhou, X., Yi, G., Li, J., Wang, N., & Wen, B. (2021). Reconstruction of snow depth data at
moderate spatial resolution (1 km) from remotely sensed snow data and multiple optimized environmental
factors: a case study over the Qinghai-Tibetan Plateau. Remote Sensing, 13(4), 657.
https://doi.org/10.3390/rs13040657

Xiao, X., & Liang, S. (2024). Assessment of snow cover mapping algorithms from Landsat surface reflectance
data and application to automated snowline delineation. Remote Sensing of Environment, 307, 114163.
https://doi.org/10.1016/j.rse.2024.114163

Yarahmadi, D., Fathnia, A., & Sherafat, M. (2020). The thermal evaluation of snow line and identification of
potential areas of snow falling in the Alborz Mountains with NOAA-AVHRR images. Journal Applied
Researches in Geographical Sciences, 20(56), 193-204. [In Persian]
https://doi.org/10.29252/1gs.20.56.193

Yousefizadeh, R., Sehatkashani, S., Gholamnia, K., Maleki, A., & Einali, G. (2022). Investigating the trend of
changes and snow prediction in Alborz heights of Mazandaran province in winter, using satellite image
processing. Journal of  Climate Research, 1400(48), 157-175. [In  Persian]
https://clima.irimo.ir/article 147865.html?lang=en


https://doi.org/10.3390/rs13040657
https://doi.org/10.1016/j.rse.2024.114163
https://doi.org/10.29252/jgs.20.56.193
https://clima.irimo.ir/article_147865.html?lang=en

