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Background

• In an ESA study run by ECMWF and the MetOffice on the NWP impact of Spire data (Lonitz et al., 2021), ECMWF 
obtained a slightly better impact when using Spire data processed by EUMETSAT compared to the original 
Spire data.

• But the MetOffice found the opposite.

• Two observations:
• Spire (EUM) data exhibited a negative, Spire (Spire) a positive bias in the lower tropical troposphere;

• Can we get rid of the bias?
• Spire (EUM) data, at some altitudes, exhibited larger standard deviations against ECMWF than Spire (Spire). We 

attributed that to stronger smoothing in the Spire processing
• Could it be that the lower resolution/more smoothed version of Spire (Spire) was better suited for the MetOffice 

model, given that it has only ~half the number of levels as ECMWF?

• We also saw some strange results in lower tropospheric bias for different GNSS constellations, especially 
Galileo and Beidou, in the Spire (EUM), but not the Spire (Spire) data.

Lonitzet al.:, https://www.ecmwf.int/en/elibrary/20240-final-technical-note-impact-assessment-commercial-gnss-ro-data
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Lower tropospheric biases in RO

Sokolovskiy et al.: On the uncertainty of radio 
occultation inversions in the lower 
troposphere, JGR 2010.

Cutting off signal …
• too high: negative bias due to lack of 

measurements from the large bending 
angles/deep occultations

• too low: positive bias due to too much noise, 
which is asymmetrically distributed

I demonstrated how this applies to GRAS data, 
especially rising occultations, at IROWG 2017.
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Signal cutoff in the EUMETSAT processing
• Cutoff signal if:            smoothed SNR  >  factor x Noise SNR

Factor What to take What it is for Spire data

3 Longest run with all data above threshold Very embarrassing
3 Longest run with some data above threshold Embarrassing

1.33 Longest run with some data above threshold Ok
No SNR cutoff at all Hmm.

Example: Spire Beidou 
20/08/2021 18:30 UTC  
FM115/C43
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Results I

• Works as Sergey said it would:
• Cutoff too high: negative bias, 

insufficient penetration
• Cutoff too low: 

positive bias, little impact on 
penetration

• Sebastiano Padovan suggested trying 
out ML approaches; this is basically a 
hyperparameter tuning exercise. 
Maybe we’ll do that, although I’d still 
prefer a more physically inspired 
cutoff.
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Does this imply SNR determines penetration?

I am not convinced.

• Our signal cutoff is carried out using (open-loop) noise SNR in the lower troposphere, not 
high-altitude (closed-loop) vacuum SNR. Are we sure there is a close correlation 
between them?

• For different receivers, SNR might mean different things.

• GNSS signals are embedded in noise anyway; it’s not the simultaneous amplification of 
both noise and signal through high gain antennas and frontends that determines the 
quality of extracted carrier phase data from the noise. It’s the implementation of the 
open-loop signal processing and extraction, and they probably differ a lot between 
receivers.
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Smoothing in the EUMETSAT processing

Three smoothing steps in EUMETSAT’s Fast Phase Transform (aka CT2 or FIO of the second kind):
• 200 m radio-holographic filter after actual FPT
• Altitude-dependent smoothing to obtain a “high resolution” (25 m) bending angle profile
• Another altitude-dependent smoothing to reduce to a lower resolution “thinned” bending angle profile with 

247 levels
• Technically: smooth on 50 m grid and then interpolate the smooth to the non-equidistant 247 levels

Algorithm: 
• Local Polynomial Regression (e.g., Loader, 1999) using a Gaussian kernel with variable bandwidths
• Very well studied in the 1990s and 2000s with a huge body of statistical theory
• In contrast to smoothing splines often used in GAMs, they are easier to interpret and more flexible (e.g., 

varying bandwidths), with fast evaluation methods (binning)
• I won’t go into the details in this presentation to save time but get in touch if you want to know the details.
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Results I

• Modifying lower and upper asymptotic 
bandwidths of the last smoothing step 
only consider them as tuning parameters

• The larger the numbers, the more 
smoothing

• Reduced standard deviations with 
increased smoothing

• Spire (Spire) statistics covered by the 
parameters tested

• Additional positive bias around 4 km 
impact height as soon as bandwidth 
exceeds a certain value
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Results II

• O-B vertical correlation length 
(FWHM of correlation peak)

• Proxy for the impact of the smoothing

• Very consistent with standard 
deviation profiles in the sense that 
similar correlation lengths are 
inversely related to standard 
deviations

 NWP impact: See Neill Bowler’s 
poster
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Results III

• Small biases also develop 
around the tropical tropopause 
when smoothing too much

• Hints in the Spire (Spire) 
statistics that they have a similar 
feature in biases around there
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Summary and discussion

• Signal cutoffs at the bottom of occultations have an impact on tropospheric bias (as 
described in Sokolovskiy et al., 2010: cutting off too high yields to negative biases, and 
cutting off too low results in positive biases).

• Signal cutoffs may also reduce bending angle penetration into the lowest 
troposphere in case they are applied too high.

• Increasing vertical smoothing reduces standard deviations. 
• Example: we can reproduce the statistical characteristics (against ECMWF) of the 

original Spire bending angle products.
• Smoothing as applied in the original Spire bending angle processing may cause 

positive tropospheric biases in the lower troposphere.
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Thank you!
Questions are welcome.


	Foliennummer 1
	Agenda
	Background
	Lower tropospheric biases in RO
	Signal cutoff in the EUMETSAT processing
	Results I
	Does this imply SNR determines penetration?
	Smoothing in the EUMETSAT processing
	Results I
	Results II
	Results III
	Summary and discussion
	Foliennummer 13

