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Climate change is a significant environmental concern due to the sensitivity
of glacier melting processes and snow density to climate variations.
Currently, a range of satellite sensors, including AVHRR, MODIS, GEOS,
and MERIS, are employed for snow monitoring and are extensively utilized
to analyze fluctuations and changes in global snow cover. The MODIS sensor
is particularly favored for its extensive global spatial coverage, suitable
spatial accuracy, and frequent temporal coverage across various scales.
Consequently, this study utilizes snow products derived from the MODIS
sensor. In this investigation, data on snow-related days from the statistical
period of 1989 to 2018 were collected for three provinces: Kermanshah, Ilam,
and Lorestan. This data was processed using MODIS snow cover information
pertinent to the Middle Zagros region, in conjunction with remote sensing
techniques. The study provides a detailed examination of snow cover changes
within the specified area. The Normalized Difference Snow Index (NDSI)
was employed to detect snow cover within the MODIS sensor products. To
differentiate pixels and identify various phenomena, the acquired images
were processed using Geographic Information Systems (GIS) technology.
Analysis of seasonal snow cover changes using MODIS sensor imagery
indicates a significant decreasing trend in the majority of the studied area,
particularly in the elevated regions. Notably, only the western and
southwestern regions of the study area exhibit no discernible decreasing
trend. Furthermore, the examination of snow-covered days throughout the
study period reveals a decrease in snow cover in the Middle Zagros, with
these changes intensifying in recent years, especially in the snow-covered
areas of the region. Changes in snow cover during the winter months,
particularly in elevated areas, were observed to be more pronounced
compared to other seasons and regions within the study area.
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Introduction
It is imperative to analyze the temporal and spatial variations of snowfall to effectively monitor water

resources and engage in future planning. A significant portion of the water required for global
agricultural activities is derived from the melting of winter snowfall. Beyond its agricultural
significance, snow assumes an even more critical role in supplying drinking water during drought
years in regions characterized by arid and semi-arid climatic conditions. In high mountainous areas,
snow constitutes the predominant form of precipitation, and its fluctuations have consequential
effects on various atmospheric phenomena, agricultural practices, and even tourism. Additionally,
snow serves as a vital contributor to river flows during the spring and summer months. Consequently,
the presence and longevity of snow are integral to numerous environmental and socio-economic
systems, particularly within the mountainous regions of the Zagros. Thus, snow can be regarded as
a climatic element whose spatial and temporal variability, alongside precise data regarding snow
cover, yields valuable insights into climatic and hydrological conditions essential for comprehending
the intricacies of the climate system and the water cycle and their respective alterations.

Material and Methods

In this research, snow cover products from the MODIS sensor were utilized. Initially, the MOD10A1
snow day data, with a spatial resolution of 500 by 500 meters in HDF format, were obtained from
https://search.earthdata.nasa.gov/. This product is updated daily. The present study employed the
hdftools command within MATLAB software to read the MOD10A1 data. The snow day data are
available in a sine coordinate system and are organized into separate tiles. Among all available tiles,
six tiles designated as H21v05, H22v05, H23v05, H21v06, H22v06, and H23v06 collectively cover
the entire region of Iran, with each tile measuring 500 x 500 km. These tiles are combined through a
process known as mosaic tiling, which facilitates the mapping and processing of data. without
combining the tiles. Two tiles, H21v05 and H22v05, were utilized to analyze the study area. These
two tiles encompass the three provinces of Lorestan, Kermanshah, and Ilam. The total number of
500-meter MODIS sensors across these three provinces amounts to 341,470. In the MODIS snow
cover dataset, values ranging from 0 to 100 represent the daily normalized difference snow index
(NDSI) snow cover. A value of 200 is designated for missing data, while unknown data is denoted
by the code 201. Additionally, inland waters of continents are identified with the code 237, oceans
with the code 239, and clouds with the code 250. Values between 0 and 100 were employed for the
analysis of the study area. Cells located outside the study area were excluded from the dataset. Each
tile measures 2400 by 2400 pixels, which can be achieved by combining two matrices of 4800 by
2400 pixels.

Results and Discussion

The percentage of snowy days during the winter months in the study area indicates that the highest
proportion of snowy days in the Middle Zagros occurs in this season. Specifically, half of the
Kermanshah and Lorestan provinces experience snowy days. The peak number of snow cover days
is observed in January, with 76% occurring in the southeastern and northwestern regions of the study
area. The Oshtrankooh heights and other rugged terrains in the eastern half of the study area typically
exhibit 60 to 75% snow cover days. Overall, during this month, the eastern and northern halves of
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the region experience the most snowy days; conversely, the southern and western halves rarely
encounter such conditions due to lower elevations. An analysis of the seasonal trend of snowy days
in spring indicates a general decreasing trend in snow-covered days across most of the study area.
However, approximately 14% of the study area exhibits a significant decrease in snow-covered days.
The analysis of the seasonal trend of snowy days in summer reveals a limited number of snowy days;
consequently, the manifestations of both decreasing and increasing trends are less pronounced,
yielding no significant findings. The examination of the seasonal trend of snowy days in autumn
indicates a slightly different pattern compared to spring and summer. Approximately 40% of the
study area demonstrates a decreasing trend in snowy days, with some regions exhibiting significant
declines that correspond with reductions in snow accumulation in these elevations. The results from
the analysis of the seasonal trend of snowy days in winter indicate that most areas of the study region
experience a significant decreasing trend at the 0.05% level. In the eastern parts of the study area,
decreasing trends are observable at the 0.01% level, suggesting a substantial decline in the trend of
snow-covered days in the rangelands of the study area. To elucidate the changes occurring during
the study period for which satellite data and remote sensing are available (2000-2020), the period
was divided into five-year intervals, and the changes across these intervals were examined. The
results indicate that during the second period (2005-2009), the average percentage of snow-covered
days declined compared to the first period (2000-2004). Notably, changes in subsequent periods
relative to earlier intervals and the first period are also significant. From a maximum of 47% in the
2000-2004 period, the percentage of snow-covered days decreased to 42% by the end of the statistical
period. Thus, it can be concluded that the number of snow-covered days has diminished throughout
the period under review, with these changes intensifying in recent years.

Conclusion

The western strip of Iran is recognized as one of the country's snowy regions, primarily due to its
topographic conditions and geographical location. This study utilized distance measurement
techniques to investigate snow cover changes in the Middle Zagros over a statistical period from
1989 to 2018, analyzing the data on a monthly, quarterly, and periodic basis. The subsequent sections
will discuss the conclusions derived from these analyses. In this research, statistical data regarding
the number of days with snow during the specified period were collected for three provinces:
Kermanshah, llam, and Lorestan. This data was obtained using snow cover information from the
MODIS sensor in the Middle Zagros, processed through remote sensing techniques. The results were
thoroughly analyzed, leading to an in-depth examination of the changes in snow cover within the
study area. An analysis of snow cover changes across different seasons, utilizing MODIS sensor
images, indicates a significant decreasing trend throughout most of the study area, particularly in the
highlands. Conversely, the western and southwestern regions do not exhibit a noteworthy decreasing
trend. Furthermore, the investigation into the number of snow-covered days during the research
period reveals a decline in snow cover in the Middle Zagros, with these changes intensifying in recent
years, especially in the snow-covered areas of the region. Based on the findings from monthly,
seasonal, and annual analyses, it can be concluded that snow cover has diminished during the
reviewed period, with these changes becoming more pronounced in recent years. Additionally,
alterations in snow cover during winter, particularly in elevated regions, were found to be more
severe compared to other seasons and areas within the study region.
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