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Abstract

Statement of the Problem: Snow depth is a key measure of
snowfall which is an important parameter in the management of
water resource and the study of climate change. The conventional
snow depth measurement is made by manually sampling at a rather
limited number of locations or using dedicated devices fixed at
selected positions. To improve the spatial and temporal resolution
of snow depth measurement, GNSS reflectometry (GNSS-R) can
be exploited. The purpose of this study is to describe the
fundamentals of estimating snow depth based on GNSS-R and
evaluate the performance of the different GNSS-R schemes.

Methodology & Theoretical Orientation: The SNR, carrier
phase and pseudorange measurements generated by typical GNSS
receivers are employed. Time series of the characteristics of
reflected signals are obtained and their main frequencies are
estimated, which are related to snow depth. SNR method and
carrier phase and pseudorange combination method can be applied
to single-frequency receivers, while carrier phase combination
methods use data collected by dual-frequency or triple-frequency
receivers. SNR method needs to remove the SNR component of
direct signals, while dual-frequency phase combination method
and signal-frequency phase and pseudorange combination method
need to exclude the ionospheric effect.

Findings: Results demonstrate that the SNR method, the carrier
phase combination method and the carrier phase and pseudorange
combination method achieve different accuracies in snow depth
estimation, depending on the quality of the data and satellite signal
structure (Figure 1). A higher antenna height is beneficial to the
carrier phase and pseudorange combination method.

Conclusion & Significance: The use of GNSS-R for snow depth
estimation is feasible as demonstrated by theoretical studies and
experimental results. The different snow depth estimation methods
may be combined to obtain an accuracy gain. The spatial and
temporal resolutions of snow depth measurement can be
significantly improved by exploiting GNSS-R.
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Figure 1: Effects of satellite signals of different constellations on
snow depth estimation accuracy with dual-frequency carrier phase
and pseudorange combination.
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