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Fig 6. Monthly mean of SCDs in the Northwestern region (April)
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Fig 9. Monthly mean of SCDs in the Northwestern region (July)
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Fig 10. Monthly mean of SCDs in the Northwestern region (August)
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Fig 7. Monthly mean of SCDs in the Northwestern region (May)
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Fig 8. Monthly mean of SCDs in the Northwestern region (June)
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Fig 11. Monthly mean of SCDs in the Northwestern region (September)
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Fig 13. Monthly mean of SCDs in the Northwestern region (November)
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Fig 14. Monthly mean of SCDs in the Northwestern region (December)
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Fig 12. Monthly mean of SCDs in the Northwestern region (October)
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Fig 21. Relationship between SCAs and SCDs (June)
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Abstract

Background and Objective: One of the most important
and reliable sources of water in the world is the snow
reserves of mountain basins. Knowing the volume and
amount of snow deposits in watersheds is essential for
flood control and water supply. The spatial and
temporal monitoring of snow cover is very important. A
large part of the precipitation in the northwestern region
of Iran is in the form of snow, and the resulting water
plays an essential role in the occurrence of surface
runoff and the feeding of underground water tables.
Snow cover represents the amount of water stored in
mountain basins, so it is necessary to determine the
level of snow cover in the northwestern region of Iran
and analyze its changes concerning other environmental
components. The remote sensing technique and the
resulting images are considered an efficient tool in
determining the snow cover level.
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In addition to the spatio-temporal variations of snow-
cover, the relationship between two snow-cover
phenological components (snow-cover levels (SCAs)
and the number of snow-cover days (SCDs)) and the
relationship between the number of snow-cover days
and the altitude component in the north-western part of
Iran is one of the other goals of this research.

Methodology: In this research to analyze the spatio-
temporal variations of snow-covered days in the
northwestern region of Iran, the data of the sixth version
of Modis Terra and Modis Aqua sensors were used from
2003 to 2020. To analyze the spatio-temporal changes
of snow cover on the studied territory, tile H21v05 of
both Modis Terra and Aqua sensors, which cover the
northwest of Iran, was used. Considering the mentioned
periods and the simultaneous use of both Modis Terra
and Modis Aqua sensor products and mixing them in a
common time frame and to reduce the problem of
cloudiness which causes the snow cover to be hidden
from the satellite view, both products were used. In this
way, the period of 2003-2020 (6544 days) was
considered to analyze the spatio-temporal variations of
snow-covered in the northwestern region of Iran. Before
using the daily snow cover data, to reduce the effect of
cloudiness, necessary pre-processing was done on them.
For this purpose, three algorithms of data integration
and combination, spatial neighborhood filtering and
temporal filtering were applied on the primary raw data.
The data was processed separately for each month and
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the process of estimating the average frequency of
snow-covered days was done monthly and in the entire
period. To harmonize the spatial separation of snow
cover data, according to the nature and type of data, the
resample method (changing the size of the nearest
neighbor raster data cells) for snow cover data and the
bilinear interpolation method for the digital height
model data were used. For the digital height model, the
Digital Surface Model (DSM) of the Japan Space
Exploration Agency was used. Next, the relationship
between two snow-cover phenological components
(SCAs and SCDs) and the relationship between the
number of snow-cover days and the height component
was analyzed.

Results and discussion: The surveys show a decrease
in the number of snow-covered days in the winter
months, of course, this decrease in maximum SCDs in
March compared to February is milder than in February
compared to January. The decrease in the number of
snow-covered days in the winter months can affect the
distribution of runoff in the study area and, by creating
anomalies, bring unfavorable consequences in terms of
the water balance in the region. The analysis showed
that September, August, July, and October have the
lowest monthly rates of SCDs in northwest Iran. In the
north-west of Iran, after September, August, July, and
October, which have been associated with the decrease
of SCDs, the amount of SCDs in November and
December take an increase trend, and this increasing
trend is especially in all relatively high mountain massif
and this increasing trend, especially in all relatively high
and very high mountain massif, has an obvious
continuity until January. In time period, the maximum
SCDs in very high mountain units such as Sahand and
Sabalan, Qandil Mountains, Takht Soleiman, and
Chehel Cheshme range from 15-25 days, which shows a
significant increase of this snow phenological
component following the height factor in the study area.
In general, examining the relationship between SCDs

and the topographic component of height shows a
positive and strong link between these two
environmental variables; but the number of snow-
covered days varies with the height increase in different
months of the year. In the long term, the maximum
levels of SCAs in SCDs are distributed between 20 and
40 days in this region, which covers an area of about
4000 to 10000 square kilometers. In the long term, in all
altitude classes, SCDs increase with increasing altitude,
and there is a direct and increasing relationship between
them.

Conclusion: The findings show an increase in SCDs in
the months of November, December, and January.
Maximum SCDs are observed in January in Sabalan
Mountain and then Sahand. The northwest region sees a
decrease in the SCDs from January to March. The
reduction of SCDs in the spring and summer months is
also affected by the two factors of latitude and altitude.
The absolute maximum of SCDs in this region is
observed at 160 days/ year in the mountain of Sabalan.
Examining the changes in SCDs in March and April
shows a decrease in SCDs in high-altitude classes. At
the same time, it shows the increasing pattern of SCDs
in November and December at many altitude levels.
Analysis of the relation between SCAs and SCDs in
different months illustrated that SCAs have decreased in
regions with more SCDs (heights) due to the reduction
of topographic areas. The relation of SCDs and altitude
also showed that the minimum of SCDs occurred in all
altitude levels (even altitudes above 3500 m with 4
days) in August and the maximum occurred in
December with 22 days at the altitude of 3500 m. SCDs
decrease with increasing altitude in mountainous areas
of 3500 to 4000 m, due to the increase of land slope and
instability of SC in steep areas.

Keywords: Altitude, Snow-covered areas (SCAs),
Snow-covered days (SCDs), MODIS sensor, Northwest
of Iran.
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