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The main aim of the current study was to detect changes in snow cover within the Western
watersheds of Lake Urmia, situated in the Silvaneh mountain range, using the processing
of multi-sensor and multi-spectral satellite images for high-precision identification of
snow-covered areas. Sentinel-2 and Landsat (8 and 9) satellite images were acquired and
underwent preprocessing operations, such as atmospheric and radiometric corrections,
using ENVI software version 1/10. Projects for the May months of the years 2016 to 2023
were then established. Initially, normalized difference snow indices were employed to
independently generate snow cover maps for Landsat and Sentinel images for the entire
watersheds of Nazluchay, Ruzechay, Shahrchay, and Barandozchay. In the next stage, an
optimized color-sensitive object-based approach, based on object-oriented functions, was
applied to the main bands of the Sentinel-2 sensor. To enhance the accuracy of the final
results, Landsat images were fused with Sentinel images through a coordinated fusion
method, producing various products, especially high-resolution optimized color images
and classified scene maps. Ultimately, high-precision snow cover maps for temporal series
were extracted for each of the mentioned watersheds through processing the fused images.
Examination of the snow cover maps revealed that despite its smaller area compared to the
Nazluchay and Barandozchay watersheds, the Shahrchay watershed has a higher snow
accumulation coefficient, allowing for greater snow cover storage. Additionally, the
comparison of the snow cover density map (years 2016 to 2023) with the elevation model
of Alouspalsar at a resolution of 5/12 meters indicates a significant distribution of snow
cover in higher elevations above 2300 meters in the study area. Therefore, accurate
identification of snow cover, even on a daily and weekly scale, can provide essential and
precise information for proactive water resource management, resulting from snowmelt,
with multiple objectives in the watersheds surrounding Lake Urmia.
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Introduction

The main aim of the current study was to detect changes in snow cover within the Western watersheds of Lake
Urmia, situated in the Silvaneh mountain range, using the processing of multi-sensor and multi-spectral satellite
images for high-precision identification of snow-covered areas. Sentinel-2 and Landsat (8 and 9) satellite images
were acquired and underwent preprocessing operations, such as atmospheric and radiometric corrections, using
ENVI software version 1/10. Projects for the May months of the years 2016 to 2023 were then established.
Initially, normalized difference snow indices were employed to independently generate snow cover maps for
Landsat and Sentinel images for the entire watersheds of Nazluchay, Ruzechay, Shahrchay, and Barandozchay.
In the next stage, an optimized color-sensitive object-based approach, based on object-oriented functions, was
applied to the main bands of the Sentinel-2 sensor. To enhance the accuracy of the final results, Landsat images
were fused with Sentinel images through a coordinated fusion method, producing various products, especially
high-resolution optimized color images and classified scene maps. Ultimately, high-precision snow cover maps
for temporal series were extracted for each of the mentioned watersheds through processing the fused images.
Examination of the snow cover maps revealed that despite its smaller area compared to the Nazluchay and
Barandozchay watersheds, the Shahrchay watershed has a higher snow accumulation coefficient, allowing for
greater snow cover storage. Additionally, the comparison of the snow cover density map (years 2016 to 2023)
with the elevation model of Alouspalsar at a resolution of 5/12 meters indicates a significant distribution of snow
cover in higher elevations above 2300 meters in the study area. Therefore, accurate identification of snow cover,
even on a daily and weekly scale, can provide essential and precise information for proactive water resource
management, resulting from snowmelt, with multiple objectives in the watersheds surrounding Lake Urmia.

Material and Methods

According to the main objectives of the current research, in the first stage, after receiving Sentinel and Landsat
satellite images from the mentioned sites, all images were pre-processed, processed and post-processed in the
ERDAS, Icognition and ArcGIS software environments, respectively (Rasouli and Mamdav4, 2020). The main
objective was to investigate the temporal and spatial changes in snow cover in the western catchment area of
Lake Urmia for the months of “May” available for the years 2016 to 2023. In the first stage, in order to produce
snow cover maps by processing Sentinel-2 images, an optimized and enhanced color image (HONC) was
produced for each specific image taken on a specific day. The main objective of implementing this method was
to produce very clear images of the scene of each satellite image by combining a specific spectral range of bands
2, 3 and 4 of the Sentinel-2 sensor (Hagol et al.5, 2017). For this purpose, in the equation writer environment of
the iCognition software (Trimble iCognition 6, 2019), by implementing Equation 1, it was possible to calculate
the cube root values of the lower limit of the visible bands of Sentinel images (especially the L2A series) in the
color-optimized mode.

Results and Discussion

Snow cover is of great importance as one of the most important suppliers of water resources. In the present
study, in order to extract the temporal and spatial changes of snow cover in the western catchment area of Lake
Urmia as accurately as possible, two types of medium-scale satellite images, Landsat (sensors 8 and 9) and
Sentinel-2, were processed in different ways. First, based on the different products of Landsat and Sentinel
sensors, snow cover maps were independently produced by applying normalized differential indices, which,
while having similarities (with a correlation of 89 percent), also have certain differences. In order to improve the
accuracy of the results in snow cover maps, the images received from both sensors were combined by
implementing fusion algorithms and processed in the iCognition software environment. By producing various
output products, such as classified maps, it was possible to separate the classes of vegetation cover, water levels,
cloud cover, cloud shadow, and snow cover for selected years (only for May). In the next steps, by applying
normalized differential index equations, the snow cover limits for each year were extracted in different ways and
the resulting maps were produced in raster format.

It should be noted that, in most geographical areas of our beloved country of Iran, snowfall is a common
climatological and hydrological phenomenon that accumulates mostly in the highlands and throughout the year
in the form of snow cover and plays a significant role in the water resource cycle (as a very important parameter)
(Sari-Saraf et al., 2019). Therefore, snow cover should be considered as one of the key variables of great
importance in the Silvaneh range, because its temporal and spatial changes effectively and undeniably affect
other hydroclimatic resources, especially the water intake process of Lake Urmia, and of course the life of
human communities living in this special geographical area. In order to obtain valuable information about the
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nature and changes of this hydroclimatic variable, satellite images and, of course, accurate digital image
processing methods can play a very effective role in the process of estimating the level of snow cover. However,
the low spatial and spectral resolution of medium-scale satellite images can be criticized in some cases (Mir
Yaghoubzadeh et al., 2010). Similarly, the presence of cloud cover in mountainous areas often makes the whole
or part of the image unsuitable for processing and extracting information related to snow cover due to
widespread cloudiness (Soleimani et al., 2018). Therefore, reducing calculation errors in the snow cover
modeling process requires access to high-precision data, specialized software, and the use of object-oriented
processing methods, especially the supervised classification method of the support vector machine type
(Burgess, 1998).

Conclusion

The main objective of the current study was to investigate the temporal and spatial changes in snow cover in the
western catchment area of Lake Urmia by implementing object-oriented processing methods and standardized
normalized differential snow indices for the years 2016 to 2023. Therefore, by processing available Sentinel-2
images and Landsat 8 and 9 images, an attempt was made to produce high-precision snow cover maps by
implementing fusion methods. Based on different methods, the final results indicate that, despite the slight
difference in snow cover values, optimization and fusion methods of Landsat and Sentinel sensors can be very
effective in the process of extracting and identifying snow cover.

The results show that snow cover has varied significantly in the study area over the past years. It seems that the
rapid melting of snow areas over the past years due to climate change has had catastrophic hydroclimatic and
ecological effects, especially on the water intake capacity of Lake Urmia. Certainly, each of these issues requires
more detailed and comprehensive research. However, based on current knowledge, it is possible to process
Landsat and Sentinel image series and even other sensors by implementing deep knowledge base methods in
specialized software environments. It is worth noting that in order to study the snow cover level more precisely,
it is not enough to apply only relevant indicators and there is a need to apply more detailed algorithms (and
access to field observations) with the aim of separating ice cover from snow, especially in specific topographic
areas and deep sheltered valleys in all watersheds overlooking Lake Urmia. In the case of continuous multi-
purpose and multi-sensor monitoring, prudent management of the very valuable natural resources of the Silvaneh

mountain range will be provided even on short-term time scales.
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