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Outline

* SNR- based GNSS multipath reflectometry

* Forward/Inverse modeling
— Snow depth
— Soil moisture
— Sea level

 Conclusions



GNSS-MR:
GPS-MR & GLONASS-MR
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SNR observations
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GPS

GLONASS

Track clustering
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Snow depth (cm)

Signal-specific snow depth

140

120 H

== =SNOTEL
— I 5itu
GPS raw
—GPS avg.
GPS std. dav.
I GPS std. error

Day of water year



60

50

40

30

20

Number of satellite tracks

10

Snow depth (m)

Uncertainty (cm)

Multi-GNSS combined retrieval

GPS-L2-CL GLO-R2-C/A Combined GPS Combined GLO Multi-GNSS

o 100 200 300 O 100 200 300 O 100 200 300 O 100 200 300 O 100 200 300

Azimuth (degrees)

Raw GPS snow depth Combined GPS snow depth Il Combined GPS std. dev. l f f f f

— | 1| | | | | | | |
- Raw GLO snow depth Combined GLO snow depth Il Combined GLO std. dev. ] I I I

N Nl.?cmx ]
N O A\ _

~ —r

- | | | | | | | | | | | [—
- RawGPSsnowdepth - Raw GLO snow depth Multi-GNSS snow depth [l Multi-GNSS std. dev. | I I I I

Combined GPS snow depth
Combined GLO snow depth
Multi-GNSS snow depth

.625 13.75 13.875 4 14.125 14.25 14.37 14.5
Epoch (decimal year)

13.125 13.25 13.375 13.5 1



GNSS soil moisture (%)
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GNSS-MR for soil moisture
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GNSS-MR for soil moisture
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GNSS-MR for sea level monitoring
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GNSS-MR for sea level monitoring
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GNSS retrieval consistency

* GS1C ~ GSIX + GB5Q + RSIC + RSXC
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POLENET sea level
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POLENET sea level
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Conclusions

GLONASS and GPS retrievals agree well
— After GPS legacy filtering/pre-processing
Need to estimate steps due to equipment changes
— Antenna, receiver, and firmware!
GLONASS channel wavelengths with 1 mm
— Does not harm reflector height
— Does not harm phase biases
Snow depth: negligible inter-frequency and inter-code biases

Soil moisture: significant inter-frequency, inter-system, and inter-antenna biases
— Respective model for each signal-antenna combination
Sea level: very high correlation and centimeter-level error

Multi-GNSS combination is more precise

Extend IGS site guidelines: make GNSS sites more useful
for GNSS-MR
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