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RO Overview
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& Radio Occultation Principle (Sentinel-6 Focus)

Observe GNSSsignals (e.g. GPS,GLONASS):

through atmosphere limbinrising, setting
zenith direction for Precise LEO Orbit/Clock
about500-600 occultations/day/GNSS
neutral atmospheric occultations:
« groundtoabout 60km, <1lkmvertical resolution
«  weatherindependent, verystable (time based)
Typical Products:
* bendingangleatlevellb
« refractivity atlevel 2
« temperature, watervapour atlevel 2
« griddeddataatlevel3
Typicalapplications:
«  weatherforecasting

Sé6Services:

www.eumetsat.int
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Radio Occultation Principle: Observation of e.g. GPS or GLONASS satellite
signalsthrough the atmosphere; changing refractivity leads to bending of
rays.The GNSS-RO instrumenton SéAis built by JPL/NASA and observes
both, GPS and GLONASS.

« NearRealTime (NASA/JPL),levellb, 2 within 3h, operational since August 2021
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& Motivation
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 Validation of RO vs.radio sondes generally done by processing RO
datatotemperature and water vapour, involving several
processing steps and use of a prioriinformation (or, use refractivity
which smoothes the data)

* Generating bending angles fromradio sonde data would notinvolve
aprioridata, and allowsto validate directly onthe RO FCDR, with the

original high resolution

* |nparticularinterestinginthe lowertroposphere, were separating
temperature and water vapour information requires a priori, and
where RO has biases due to superrefraction, low SNR, etc
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& | RO Main Equations

2.2 Atmospheric Bending and Refractive Index
Profile Retrieval: Theory

2.2.1 Atmospheric refraction and spherical
symmetry. In the geometric optics approximation to the
propagation of electromagnetic radiation the path of a ray
passing through a region of varying refractive index is deter-
mined globally by Fermat’s principle of least time and locally
by Snell's law. In the most general case, it is not possible to
retrieve the three-dimensional variation of index of refraction
n from measurements of & as a function of a during an occulta-
tion. However, the variation of n along a limb path in the
Earth’s atmosphere is dominated by the vertical density gradi-
ent so that, to the first order, the gradient of n is directed radi-
ally and the local refractive index field is spherically symmet-
rical such that the total refractive bending angle is

afa) = Zjudu = Iaj l din(n) dr
E ll

o - g8 dr (1)

where r is distance from the center of curvature and the integral
is over the portion of the atmosphere above ry. Equation (1),
the forward calculation of ofa) given n(r), can be inverted by
using an Abelian transformation to express n(r) in terms of o
and a [Fjeldbo et al., 1971].

2.3.1. The dependence of refractive index on
atmospheric properties. In order to derive atmospheric
properties from retrieved profiles of the real component of at-
mospheric refractive index n, it is necessary to know how
these properties influence n. At microwave wavelengths in the
Earth's atmosphere, n contains contributions from four main
sources. These are, in order of importance, the dry neutral at-
mosphere, water vapor, free electrons in the ionosphere, and
particulates (primarily liquid water). Their effects are given to
first order by

N = (n-1)x 10° =

F'Il' (4
776F + 373x10°2% 4 403x10'™ + 14w (D
T = 7

where N is refractivity, P is atmospheric pressure in mbar, T is
atmospheric temperature in Kelvin, Py, is water vapor partial
pressure in mbar, n, is electron number density per cubic me-
ter, f is transmitter frequency in Hertz, and W is liquid water
content in grams per cubic meter. Throughout this paper, the
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 102, NO. D19, PAGES 23,429-23,465, OCTOBER 20, 1997

= Observing Earth’s atmosphere with radio occultation
n(r) = Exp l o da measurements using the Global Positioning System
T 2 2 o
a a -a; {2) E. R. Kursinski
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where a; = nr is the impact parameter for the ray whose tangent K. R. Hardy
radius is r. Given a(a), (2) can be evaluated numerically. AS&T, Palo Alto, California
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Bending Angles from
RO/Sondes
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& Processing Setup
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« Usingeither AWI Polarstern' (from 2000 onwards) or GRUAN? (v2) radio
sondes

 Using Metop-A, -Breprocessed data (v2.0, few years old)
* Using ERA5 collocatedtoradio sonde
* Collocations within 3hand 300km

* Using asimplified bending angle forward operator:
« comparedtoreference ROPP one, and has only minor differences
« asROPP,integrates upwards with an exponentialrefractivity

Note: Radio sondes are unassigned, can be represented as setting or rising occultations
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&  [nitial Tests with AWI/Lindenberg

Justusefirst2000 sondetime/location/vertical coverage withinERAS, and assess theimpact of the missingatmosphere above sonde.
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Comparing AWI &
Lindenberg & GRUAN to
GRAS
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& | Comparingto GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against AWI Polarstern
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AWI ECMWF Std Dev (762 Occs)
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right). Legend provides coverage, average sondes/day, RO/match failures, outliers /

weight.
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& | Comparingto GRAS Metop-A

Collocate Metop-A/GRAS 300km/3hagainst GRUAN/Lindenberg
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& | Comparingto GRAS Metop-B

Collocate Metop-B/GRAS 300km/3h against GRUAN/Lindenberg
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Bias and standard deviation of Lindenberg match against Metop-B (left), ECMWF at Lindenberg against Metop-B (right). Legend
provides coverage, average sondes/day, RO/matchfailures, outliers /weight.
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& Comparingto LIN Red. Accuracyto GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against GRUAN/Lindenberg, reduce accuracyto F0.1, RH1% highup
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Bias and standard deviation of Lindenberg match against Metop-A (left), Lindenberg with reduced “AWI" like accuracy against Metop-A (right).
Legend provides coverage, average sondes/day, RO/matchfailures, outliers /weight.
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& | Comparingto GRUAN v2to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h againstmost GRUAN v2sondes
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Bias and standard deviation of most GRUAN v2 matched against Metop-A (left), and against ECMWF ERAS (right). Legend provides
coverage, average sondes/day,RO/matchfailures, outliers /weight.
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& Comparingto GRUAN v2 by Station to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against most GRUAN v2 sondes by station

GRUAN v2 by Station

Impact Height [km]
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GRUAN v2 by Station
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& Conclusion/Future Work
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Conclusion:

* Forwardpropagationradio sonde datato bending angles, for validation against each other, is
possible with small bias (almost bias free below 25km)

e Couldbe usefulforvalidation of bending anglesin lower troposphere, as needforaprioriuse
In RO processingis removed

* Current AWI|Polarsternsonde dataaccuracyis insufficientto assess against radio
occultation

 GRUANvV2shows promisingresults

Future Work:

« Understand negative offset between sonde and GRAS (would correspondto about +30m
height offsetin GRUAN)

» Correctforcollocationerror
* Improveextrapolation of sonde profiles, using more robust upper refractivity gradient
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Thankyoul

Questions are welcome.
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