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Abstract

The study of snow cover changes, as one of the sources of water supply is very important. The purpose of this
study is to investigate the trend of snow cover changes in Tehran province using MODIS sensor images of
Terra satellite and Aqua satellite (since 2003) until the end of 2018 and compare the performance of MODIS
sensor in these two satellites. The trend of snow cover satellite images changes was determined by ETM
analyzer of TerrSET software, their significance was determined by non-parametric methods of Mann-Kendall
significance test. Then, the satellite images were validated by analyzing the data trend of synoptic stations in
Tehran province using regression methods. Also, the trend of snow cover changes obtained from Terra satellite
was compared with the trend of snow cover changes obtained from Aqua satellite by Kappa index. And the
time series of these two satellites were compared by the correlation coefficient of Linear Modeling analysis.
According to the results, changes in total days with monthly, annual and seasonal snow cover (autumn and
winter) have a significant decreasing trend in a scattered manner in most parts of Tehran province. Seasonal
trend analysis (STA) showed a delay in the start of days with snow cover and its shift from late January to late
March. The correlation coefficient of MODIS sensor time series between two satellites in most parts of Tehran
province was 99% and showed high similarity. Validation results showed that the trend of snow cover satellite
images changes is 85% similar to the trend of synoptic stations snow cover data changes in Tehran province.
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Introduction

One of the important forms of precipitation in the hydrological cycle of mountainous regions is snow, which
provides drinking and agricultural water resources in the form of delayed flows in high water seasons and
minimal flows in low water seasons and plays a valuable role in energy production. Since ice and snow have
a great power in reflecting the sunlight shining on their surface, they play an important role in order to prevent
global warming. Global cooling is influential. To measure snow, data from synoptic snow measurement
stations and satellite images are used. However, due to the limited number of meteorological stations and the
point nature of their measurements, they are not a suitable representative for studying a continuous
phenomenon such as snow (Borhani Darian et al., 2004). Also, field measurement and sampling of snow is not
cost-effective due to its high cost and time-consuming nature. Compared to the above methods, remote sensing
technology has a lower cost overall and has made the problem of accessing high places easy. Revealing and
describing the process of changes over time is the first essential step in determining the driving forces and
understanding the mechanism of changes (Niroumand and Bozorgnia, 1992). In this regard, research has been
carried out, for example For example, we can refer to the investigation of changes in snow cover in Iran's
snowy regions using the data of Modis sensor (Ebrahimi et al., 2012), the effect of climate change on the runoff
caused by snow melting in the upstream of the Zayandehroud river using the daily and eight-day snow cover
images of the MODIS sensor (Ahmadi et al., 2015), Analysis of snow cover changes from MODIS satellite
image spectroscopy (Kinay and Masoudian, 2017). The results of the mentioned research showed that about
50% of the runoff in spring and summer is snow melting. With climate change and temperature increase, the
snow level has decreased. The purpose of this article is to evaluate the trend of changes in satellite images of
snow cover during 16 years and compare its results with the trends obtained from the data of synoptic stations.

Methodology

Terra and Aqua satellite images were pre-processed separately, then monthly and annual snow images were
obtained using the Earth Trend Modeler analyzer (Eastman, 2016). Using Mann-Kendall analysis, the trend of
snow cover changes was obtained monthly and annually (Kendall, 1975). In addition, by using the STA
analyzer, the trend of seasonal changes and displacement at the beginning of the days with snow cover was
also determined. Moreover, the MODIS sensor was compared in Terra and Aqua satellites by Kappa index and
correlation coefficientt. In order to compare the trend of changes obtained from the images with the trend
obtained from the data; the data of synoptic stations that had days with snow cover were obtained by regression
analysis of their changes. The trend of changing of land surface temperature annually was taken by the ETM
analyzer and Mann-Kendall test to determine the effect of the temperature trend on the snow cover trend.

Results and Discussion

Based on the results, changes in the total number of days with monthly, annual and seasonal snow cover have
had a significant decreasing trend in most parts of Tehran province. The analysis of seasonal changes showed
a delay in the beginning of days with snow cover and its displacement from the end of January to the end of
March. In order to identify the ecological effects, the trend of snow cover changes was investigated in the
protected areas and national parks of Tehran province. Based on all the maps obtained, more changes were
seen in the protected area of Virgin compared to other protected areas of Tehran province. The results of
comparing the trend of annual changes of land surface temperature with the trend of changes in the total number
of days with the annual snow cover showed the opposite relationship between these two variables, each point
with a significant increase in temperature showed a significant decrease in the snow cover and vice versa.
According to Cohen's theory, if the Kappa index is above 0.7, two variables have an acceptable similarity
(Cohen, 1960). If the images of Terra satellite snow cover changes are used as a reference, the index is 0.72
for increasing areas and 0.70 for decreasing areas. The analysis of the correlation coefficient (R) of the time
series of two satellites in most parts of Tehran province is in the red range with a correlation coefficient of
0.99, which indicates the high similarity of the MODIS sensor of Terra satellite and Aqua satellite with each
other. Firozkoh, Shemiran, Damavand and Abali stations had data on the number of days with snow cover.
Based on the results obtained from the regression analysis of the data of the days with snow cover of the
synoptic stations and comparing it with the satellite images of the changes of the total days with snow cover,
an 85% similarity was seen between the changes of the satellite images and the ground data. It was more
similar to the process of data changes of synoptic stations than Aqua satellite. The results of comparing the
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trend of annual changes of land surface temperature with the trend of changes in the total number of days with
the annual snow cover showed the opposite relationship between these two variables, each point with a
significant increase in temperature showed a significant decrease in the snow cover and vice versa.

Conclusion

Based on the results obtained by comparing the images of the annual temperature changes with the total number
of days with annual snow cover, the areas that have an increasing trend in the temperature images have a
decreasing trend in the snow cover images, which shows the inverse relationship between the land surface
temperature parameter and the snow cover parameter. Undoubtedly, with the increase in temperature, the
precipitation pattern of the region has changed and the winter precipitation regime has changed from snow to
rain. This issue reduces the snow reserve in the catchment area of the study area and shows the vulnerability
of water sources depending on snow melting. Since the discharge of many rivers is dependent on snow cover,
it is necessary to look for solutions to better manage water resources and improve its exploitation methods,
especially in agriculture and industry in Tehran province. A significant decreasing trend for the snow cover
parameter was seen sporadically and mostly in the Virgin protected area of Tehran province, which was in line
with the trend of changes obtained from the synoptic stations and (Azizi and Roushani, 2008) research. It is
suggested to investigate the effect of changes in snow cover in protected areas on the migration and movement
of species and its effect on the process of changes in reproduction, abundance and diversity of species. The
method used in this research can be used as a comprehensive method for future studies regarding the
identification of climate change trends using remote sensing data, especially in cases where the information of
the study area is limited, uncertain and difficult to access physically and in the field be used.
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