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Motivation: sea level to reference frame @

L0025

* GNSS-IR can directly link the sea level measurements to the global reference
frame, so-called absolute sea level monitoring.

* Some studies choose to apply one of the troposphere “bending” or delay error,
some studies choose to apply both, and some choose not to apply troposphere
error correction. GNSS-IR uses low elevation angle data.

* Absolute sea level monitoring is not possible without correcting the
troposphere error, and more.

===) |NITE: New Interferometric Tropospheric Error model
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Refracted signal path with a spherical Earth




Refracted signal path with a spherical Earth

Apparent elevation angle:
eq = er + Ae




Refracted signal path with a spherical Earth

Apparent elevation angle:
eq = er + Ae

Two Earth curvature effects:
HE, Hv > HT
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Refracted signal path with a spherical Earth
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Interferometric path delay

Apply definition of mapping
function at the reflection point.

Dgir = ZTD - mpfi(er)

ZTD,

+(ZTD + ZTDy) - (mpfi(er) — Ampf;)
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The NITE model for ground-based GNSS-IR

Bending correction :
T; = 2H, siney

Vacuum flat geometry :
T;=2H, siner

Mapping function (MPF) delay:
7; =2H, siner + 2+ 10"°H,.N;mpf;(er)

The NITE model:
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Raytracing validation

: Satellite ‘ / Satellite

2D raytracing iteration
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Subcomponents of the tropospheric error

Geometric Error
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Timeseries of the path delay (LDVT)
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Total tropospheric error (14 sites)

2.0° —%— Bending —©— MPF  —%— NITE 5.0° —%— Bending —©— MPF  —%— NITE

1 o error (mm)
o

1 o error (mm)

_10_
~20
0
20 20
2.0° —%— Bending —©— MPF  —%- NITE 5.0° —%— Bending —©— MPF  —%- NITE o n
104 MPFragio pe rfeCt
mapping function
—20 T T T T T
0 20 40 60 80 100
20 20 o )
2.0° —7—- Bending —©— MPF  —» NITE 5.0° —7- Bending —©6— MPF -~ NITE . And perfeCt
10 A MPFradio + N.' 10 A MPFradr'o + NI

layer refractivity

1 o error (mm)
o

0
~10 1 -10 1
_20 T T T T T _20

0 10 20 30 40 50 0

Hr (m)

14



Experiment Validation: implementation

GNSS Rinex
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Experiment Validation
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Elevation angle range test : NYA2 (48 m)
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Elevation angle range test : summary

Stations with different
reflector heights
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Comparison with tide gauge:
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Residuals ADEV (GNSS-IR vs tide gauge

Allan Deviation

Allan Deviation in the
residual timeseries
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Conclusion and outlook

* The NITE (New Interferometric Tropospheric Error) model for GNSS-IR,
with earth curvature and atmospheric refraction included.

e Ray-tracing validation shows model formal error significantly improved.
Experiments shows the NITE model gives improved sea level in certain case.

* To estimate “ZTD below the antenna ” (ocean surface refractivity).
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