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Polarimetric Radio Occultation (PRO)
GNSS signals are Right Hand Circularly 
Polarized.  A typical receiver antenna is 
designed to receive such signals and deliver 
phase and amplitude (SNR) values.

The PAZ satellite (and now 3 Spire satellites) 
instead collect GPS data from two separate 
antennas:  One designed to capture 
horizontal polarization (H) and another to 
capture vertical polarization (V) as shown in 
the arrows in the figure to the right: Dave3457, Public domain, via Wikimedia Commons

 

Source:  Cardellach:  Tutorial on GNSS Polarimetric Radio Occultations 
(GNSS PRO)



Single Polarization Processing
It is possible to do normal RO processing not only with data from an RHCP 
antenna (the usual case), but with either linear polarization (H or V) as well.

 



PRO (∆𝜙) Processing
 

Thanks to Estel Cardellac, Ramon Padulles and the ICE group for 
documenting their ∆𝜙 process thoroughly (see references).  The UCAR 
processing of Spire and Paz data benefitted greatly from their methods!



∆𝜙 Processing (cont.)

1) Original 
H and V 
excess 
phases

2) Raw H – V.  
Note cycle 
slips and 
noise at the 
end 

3) Cycle 
slip 
correction, 
removal of 
offset and 
linear trend

4) Noise 
truncation, 
low-pass 
filtering

0 – 8000m -1.5 – 2m

-40 – 40 mm 0 – 20 mm



Differences Between Spire and PAZ PRO 
Processing

• PAZ is GPS-only. Spire tracks GPS, GLONASS, Galileo, and Beidou.
• Only GPS, GLONASS, and Galileo results are shown here.

• PAZ only tracks setting occultations.  Spire tracks rising and setting.
• PAZ tracks closed loop, then open loop data.  Spire tracks all open loop 

data.
• PAZ data requires ½ cycle slip fixing before and after H/V 

combination, Spire does not.
• PAZ uses separate receiver channels with separate time stamps for H 

and V tracking.  Spire tracks H and V with a shared time stamp.
• No interpolation of time stamps is needed for Spire.  No phase 

alignment is required between H and V channels for Spire.



Occultation geometry
 

Then orient this 2D path in 3-space using 
the azimuth angle (Azim in the atmPrf file)
at chosen points along the ray path.

Convert these to lat/lon/alt triples and write 
to a new file type rayPth which is modelled 
on the iceCol file from the ICE group.



Occultation geometry (cont.)

The ray path of the bottom level of an occultation, plotted on top of the 
IMERG rainfall dataset (1).  In this case the ray path ground track (2) 
intersects an area of heavy rainfall.  The average rain rate over all 
occultation ground tracks (the solid red lines in plot 3.) is used for 
comparison.
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1. Bottom-most ray
2. Projection of bottom ray to 

surface (height <= 6km)
3. Surface plot of selected rays 

from bottom to top, all below 
6km



Statistics by IMERG rain rate, Spire



Statistics by IMERG rain rate, Paz



All Spire polarimetric 
occultations from two 
weeks in June/July 
2023 which have a 
maximum delta phi > 
4 mm which occur 
under 12 km MSL 
altitude and which 
have the sum of delta 
phi (< 12 km) greater 
then 700mm.

Spire FMs 166, 167, 
170.  All in sun 
synchronous polar 
orbits.

Note similarities with a 
total IMERG rainfall 
map for the same 
dates.

https://gpm1.gesdisc.eosdis.nasa.gov/data/GPM_L3/GPM_3IMERGHHL.06



Conclusion
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