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when a cell was reported to have snow cover (based on the elapsed days since the start of Mehr)
was determined for every water year. This process was conducted separately for each water year,
ultimately yielding a matrix of dimensions 20 x 7541502, where each row represented the first day
that the MODIS detected snow on a given cell, and each column represented a spatial cell.
Similarly, the same procedure was employed to calculate the end and length of snow season. The
findings indicate that, in general, the beginning of snow season is shifting towards the winter
season in the western parts of the country. Conversely, in the northwestern regions, including the
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End of snow season, northwest, as well as on the Alborz mountain range, the end of the snow season is progressively

MODIS,

| occurring towards late winter and spring.
ran.
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1. Introduction
The accumulation of snow cover during the cold seasons in the mountainous areas and its gradual melting

during the spring and summer supply a permanent flow of water and life of many communities and settlements
depends on the snow cover in the highlands, so any changes in the snow cover or its timing can create a chain
of changes. During the past two decades, with the growth and development of remote sensing technologies and
the launch of meteorological satellites, it has been possible to monitor environmental changes both temporally
and spatially, and satellite data have been utilized extensively in climate studies by providing continuous
temporal and spatial data. Many studies have also been conducted with the help of remote sensing data in order
to investigate the changes in the number of snow-covered days, the changes in the area of snow cover, as well
as the changes in the beginning and end of the snow cover season in different parts of the world.
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2. Methods and Material

In order to investigate the changes of the beginning and end of the snow cover in the country, the data of the
Version 6 of the MODIS Terra (MOD10A1) and MODIS Aqua (MYD10A1) were downloaded for each day
from 20/03/2000 to 19/03/2020 via the NASA website (https://search.earthdata.nasa.gov). The significant cloud
cover over the snow-covered region is a serious problem that severely restricts the use of the MODIS show
cover product to monitor the snow cover. Various cloud removal methods were used to eliminate the cloud-
contaminated pixels and filled the gaps under the cloud contaminated pixels including merging Terra and Aqua,
applying spatial windows and temporal filtering which uses the value of the day-1 and day+1 for the cloud-
cover pixels. Using the cloud-free snow cover dataset, the snow cover onset date (SCOD), and snow cover end
date (SCED) were computed for each year and the regression equation was fitted on the data to reveal the
spatial trend over the country.

3. Results and Discussion

The results suggest that generally in the western and northeastern parts of the country, a positive trend of
SCOD can be seen, in other words, SCOD in these areas is moving towards winter and it starts with a greater
delay. In some regions of northwestern Iran, the northern slopes of the Alborz mountain range, the western
heights of Isfahan province, and some of the heights of Kerman, the SCOD is advancing towards the early
autumn. The findings also showed that from the altitude belt of 1700 to 2400 meters in Iran, the positive trend
of the beginning of the snow season can be seen. In clearer words, it means that in this altitude range, the
SCOD in the country is progressing towards winter, while from the altitude of 2400 meters and above, the
SCOD is retreating towards the beginning of the autumn. But the analysis of the changes for SCED shows that
the highest rate of decrease can be seen in the northwestern parts of Iran. The results suggest that many parts of
the country have a positive trend for SCED, which means that the SCED is advancing towards the end of the
water year. The positive trend can be seen on many heights of the Zagros and Alborz mountain ranges and the
heights of Kerman province. However, the negative trend for SCED can be seen sporadically on the Zagros
highlands, parts of the northwest and the northeast highlands of Iran.

4. Conclusion

The purpose of this research is to investigate the changes in the beginning, end and length of the snow season
in Iran. For this purpose, the snow cover data for the period of 20/03/2000 to 19/03/2020 was obtained on a
daily scale and at a spatial resolution of 500 meters via the NASA website. Various cloud removal methods
were applied on the data to reduce cloud contamination. The results suggest that SCOD shows a combination of
increasing and decreasing trends throughout the country. In the western and northeastern parts of the country,
the positive trend of the SCOD can be seen, in other words, the SCOD in these regions are progressing towards
winter and the rate of the trend in some of these areas even reaches 2 days a year. In parts of northwestern Iran,
the northern slopes of the Alborz mountain range, the western highlands of Isfahan province, and some
highlands of Kerman, the SCOD is retreating towards the early autumn. The findings also revealed that the
SCED have a positive trend which means that the melting of snow cover is delayed and is progressing towards
the end of the water year.

Keywords: MODIS Terra, MODIS Aqua, Snow cover onset date (SCOD), and snow cover end date (SCED),
Trend.
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