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Accepted:2024/07/31 - snow depth plays a critical role as a key input parameter in various agricultural,
hydrological, and climatological models. Nevertheless, the process of estimating
snow depth through optical remote sensing tools is subject to uncertainties stemming
from constraints within the imaging technique. Consequently, the primary objective
of this study is to employ active microwave remote sensing technology for the
purpose of snow depth estimation in regions characterized by mountainous terrain.
The radar interferometric technique employing active microwave imagery was
utilized for the specific objective of examining the microwave signal’s interaction
with snow accumulation. Utilizing Sentinel 1 satellite images of the Zagros
mountains in lran during the months of February 2017, March 2019, and 2020,
relevant data was acquired. Furthermore, field measurements of snow depth were
conducted to validate the proposed algorithm. In order to enhance the accuracy of
snow depth estimations, the data from both VV and VH channels was integrated by
applying a weighting factor determined based on the local radiation angle. The
comparison between the outcomes of the suggested approach and the field data
revealed a correlation coefficient of 0.86. Furthermore, the calculated values for
RMSE and P-Value were 14.37 cm and 0.009, correspondingly. Based on the
statistical metrics derived from the validation process of the proposed technique, it
demonstrated a satisfactory performance in the estimation of snow depth.
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Extended Abstract
Introduction

now cover plays a critical role as a water source for domestic, agricultural, and industrial
purposes. However, the melting of snow cover significantly impacts global climate change
and affects the water supply of many rivers reliant on melting snow. Therefore, the study
of snow cover is imperative. In mountainous regions, where snow cover is abundant,
conducting field research poses challenges due to limited access, harsh weather
conditions, inadequate infrastructure, and a shortage of skilled personnel. As a result,
remote sensing-based research plays a pivotal role in examining snow cover. Active
microwave remote sensing offers a more precise method for estimating snow depth
compared to optical remote sensing, which is restricted in its ability to capture images
round the clock, and passive microwave remote sensing, which suffers from low spatial
resolution. This research utilized Sentinel-1 satellite images from the VV and VH
channels. The radar interferometric method was utilized to estimate snow depth by
analyzing the phase difference between two images caused by snow cover, enabling an
accurate determination of snow depth.

Methodology

The method employed in this research for estimating snow depth is radar interferometry,
which relies on the interaction between the satellite signal and the snow mass. When the
radar signal travels to an area covered with snow, its path differs from that of an area
without snow cover. This divergence is attributed to the signal's disruption caused by the
constant dielectric contrast between the snow and the ground, which delays the signal's
return time. Considering the phase delay of the transmitted and received signals, along
with the difference in the travel path between areas with snow cover and those without it,
it becomes feasible to determine the depth of the snow. However, the complex topography
alters the interaction between the signal and the snow mass in mountainous regions. In
this research, the accuracy of snow depth estimation was enhanced by incorporating the
local radiation angle. Additionally, by combining the snow depth data acquired from the
two channels, VV and VVH, a more precise estimation of snow depth was achieved using
Sentinel 1 images

Results and discussion

To trust the results obtained through the radar interferometric method, it is crucial to
ensure proper consistency between two images: one with snow cover and one without. A
minimum coherence of 0.3 is required between two corresponding pixels. In this study,
the pairs of images used exhibited a coherence of over 70%, meeting the necessary
conditions for applying the mentioned method. Furthermore, it is important to note that
various corrections were applied to enhance the coherence and accuracy of the images
used. The snow depth obtained from the proposed method was compared to field
measurements of snow depth in this research. The comparison revealed a correlation of
86%, indicating the satisfactory accuracy of the proposed method. However, it should be
noted that significant relative errors were observed in areas where the snow depth
exceeded 90 cm or was less than 10 cm. These errors present an opportunity for
improvement in future research.

Conclusion

The primary objective of this research was to accurately determine the depth of snow by
harnessing the power of active microwave images. To accomplish this, we utilized the
radar interferometric method, a technique known for its effectiveness in such estimations.
Essentially, this method leverages the phase difference observed between two images: one
capturing the ground covered in snow and the other showing the same area without snow.
This phase difference arises due to snow accumulation on the ground's surface. In this
study, we estimated the snow depth by carefully analyzing the phase difference between
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the two images and applying Snell's law, which helped account for the effects of snow
accumulation. Additionally, we considered the intricate influence of mountainous
topography. By incorporating the local incidence angle, we significantly improved the
accuracy of our estimations in areas with varying terrain. By comparing the results
obtained from the proposed algorithm with field measurements, a correlation of 86% was
obtained with an average absolute error of 14.37 cm, which shows the effectiveness of the
proposed method.
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Figure 1- The study area of this research along with the field sampling stations
on the elevation model map of the area
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Figure 5- Correlation between modelled snow depth and observed snow depth in
this research
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Figure 8- Snow depth map in the study area from the data of 2017
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