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Motivation

* Abel inversion assumes 1-to-1 relation
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N-bias reduction

* [Xie et al., 2006] derived analytical refractivity - - B
solution family using Abel-inversed RO refractivity — ,,| \ SRR T T S ne. ]
retrieval. However, an extra constraint is needed e
to identify the unbiased profile. B .
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frequencies (Hz)

Grazing reflection

- The grazing reflection signals can be observed in the existing RO spectrum

Grazing reflections signal from COSMIC-2

atmPrf C2E3.2020.142.04.57.G13_0001.0001_nc _» Ducting layer

Direct Path

Standard RO signal after g ______________________________ . \
model subtraction ———— \
Earth
g Reflected Path

« Grazing reflection signals also contain
atmospheric information which can be used

Grazi . . .
Rartd as a constraint to select the unbiased profile.
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Grazing reflection

- The bending of grazing reflection is sensitive to the refractivity within PBL,
even when ducting occurs [Aparicio et al., 2018].
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Grazing RO retrieval
bending angle calculation
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Height-ht (km)

Grazing RO retrieval
Ducting N-bias correction results [Wang et al., 2020]
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COSMIC-2 grazing statistics

- Grazing signal detection grazing index (SNRy 25~35)/SNRy
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COSMIC-2 grazing statistics

- Grazing signal strength using COSMIC-2
 Signal strength => Ocean: SST/atmospheric stability
Land: Reflectivity/surface roughness
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Grazing reflection open-loop (OL) tracking

*  Current grazing RO retrieval
difficulties:

- SNR s low (<100 V/V)
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Grazing reflection open-loop (OL) tracking
Grazing OL model

 Doppler/Range model based on the known profile
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Grazing reflection open-loop (OL) tracking
Grazing OL model
» Validation
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Conclusion
GNSS-RO grazing reflection

* In this research the grazing reflection is explored to constrain
GNSS-RO observations within PBL under ducting condition

* The results show that the grazing reflection observations contain the
atmospheric information needed for PBL characterization when SNR is
sufficient.

 OL tracking for grazing reflection observations is developed for better
quality signals, and hopefully will be tested in the near future
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Backup

Statistics (seasons)
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Backup

CSDA — near-surface refractivity retrieved from Spire data
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trequencies (Hz)

Backup
Multipath

« Multipath from different reflection
altitudes

- Signal are received at the
same time

* Violates the RH assumption:
each impact parameter
shows only once during RO
period.

20 40 60 80 100
time (s)

jpl.nasa.gov



Backup

COSMIC-2 single case reconstruction
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Backup
How does it connect to the atmosphere?

 Abel transform (Forward)
* Direct signal (RO)

(@) = —2 f ® 1 dn(x) dx
O q N(x) dx +[x2_—g2
- Reflected signal (Grazing reflection) o 1 201 Near
g g [Aparicio et al, 2018] surface
refractivity
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Backup
GNSS-RO grazing reflections

- Why do we care about grazing reflections?
- Scientifically — Sensitive to the surface properties, near surface atm., and PBL
» Technically — No HW change is needed from RO!

Elevation < 2°(RHCP) 5°~20° (RHCP) > 40° (LHCP)
Obs. Coherent phase Coherent phase DDM
Sen. - rough Low Medium High
Sen. - Atmos. High Medium Low
Applications PBL/low Tropos. Ice altimetry Wind, Soil moisture

Mission COSMIC etc. Spire CYGNSS, HydroGNSS
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Backup

Ducting condition breaks the 1-to-1 relationship and causes multiple refractivity
solutions corresponding to the same measured bending angle profile
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