
Funded by ASAP 

Radial asymmetry bias correction assessment by 
end-to-end simulations and analysis of RO data

V. Proschek1, M. Schwärz1,2, J. Innerkofler1, S. Syndergaard3 and G. Kirchengast1,2

 (1) Wegener Center for Climate and Global Change (WEGC), University of Graz, Graz, Austria
(2) Inst. for Geophysics, Astrophysics, and Meteorology/Inst. of Physics, Univ. of Graz, Austria

(3) ROM SAF & Danish Meteorological Institute, Copenhagen, Denmark

veronika.proschek@uni-graz.at



2022-09-12 OPAC - IROWG 2022, Leibnitz, Austria Page 2

Overview

• Motivation for the Radial Asymmetry Bias Correction 
• End-to-end Simulation Study Setup and Results
• Validation using Real Data (rOPS Data vs Radiosondes)
• Summary and Conclusions
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Radio Occultation (RO) retrieval assumes:

1.  radial spherical symmetry → Abel-Integral (e.g.: ERA5 T511 field with over-exaggerated ray paths)

2.  no obliqueness → Hydrostatic-Integral (e.g.: Metop-A tangent point obliqueness trajectories)

Why Radial Asymmetry Bias Correction?
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Refractive Index Mapping Operator
Linear forward-modeling operator for 
estimating the RO-observed 1D 
refractivity profile for RO events in a 
radially asymmetric atmosphere with 
oblique quasi-2D occultation plane

(from Syndergaard et al. 2005)

Correction term pulls the Nretr profile 
towards a vertical profile (hydrostatic 
condition fulfilled) consistent with the 
assumption of a radially symmetric 
atmosphere (Abel assumption fulfilled).
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End-to-End Simulation Study Setup
Simulation ray-traced bending angle settings:

● Month 2008-07 of occultation events with:
● Circular orbits (as ‘ideal-geometry’ baseline case)
● Metop-A & GPS orbits (rOPS orbit inputs for ray-tracer)

● Used atmosphere ERA5 reanalysis T511 field:
● 1D radially symmetric atmosphere (sym.) taken from 

mean tangent point location
● 3D radially asymmetric atmosphere (asym.)

● Full-3D ray-tracer (Hoeg et al. 1995, Syndergaard 1999)

● 50 Hz sampling rate (such as most real data)
● No ionospheric influences (“pure atmosphere”)
● No observation system modeling (“perfect data”)

Retrieval settings:

● Wegener Center rOPS-L2a retrieval:
● No upper-air initialization necessary (simulations 

deliver smooth ray-traced bending angle)
● Refractivity retrieval (Abel integral - baseband mode)
● Switch to activate refractive index mapping 

operator (Syndergaard et al. 2005) within the rOPS-L2a 
retrieval chain for individual occultation profiles

● Dry-air retrieval (Hydrostatic integral - baseband 
mode)
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Simulation Configuration Options

(from Syndergaard et al. 2005)

● Level scheme of altitude grid (e.g.: iL232 altitude grid)

● Number of shells to be integrated over (e.g.: m=44)

● Number of weighting points within a shell (e.g.: n=4)

● Switch for straight-line or bended-ray integration
● Initialize atmosphere for bias correction estimation 

(e.g.: ERA5 analysis - T511 resolution)
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Simulation Results

 

Metop-A orbit; 
simulated  
global median 
differences to 
the ‘true’ profile 
(ref.)
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Simulation Results

Simulation Results
SHSM
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Simulation Results

Metop-A orbit; simulated SHSM 
daily median differences

● Zonal band with strongest 
gradients along the ray-paths 
(i.e., in the occultation plane)

● No. of Metop-A events with 
azimuth 0°–10°: ~20% events 
within this band in latitudinal 
direction  
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Simulation Results

Circular orbit; daily median 
differences → solely occ. events 
with occ. plane in latitudinal 
direction (“extreme case”)

● SHSM is the zonal band with 
strongest gradients along the 
ray-paths

● Correction not fully satisfactory 
in the SHSM region → potential 
reason: bending of correction 
path in the operator does not 
sufficiently capture the full bias 
correction term for accurate 
correction (below ~15-20 km)
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Validation using Real Data – a Global Look
Analysis of southern (2008-07) 
and northern (2014-01) 
hemisphere winter months
● Validation of rOPS Metop-A data 

with radiosondes (RS) possible 
within ~12 km to ~30 km range 
(dry temperature vs. temperature)

● Validation for Global (and NHSM) 
with RS has reasonable ensemble 
size; due to a sufficient number of 
intercomparison pairs

● L1b bending angles still have 
some issues → results not yet 
fully trustworthy though tendency 
in line with simulation results 
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Validation using Real Data – focus NHSM

Southern (2008-07) and 
northern (2014-01) hemisphere 
winter month comparison:
● Validation of rOPS Metop-A 

data with RS possible within 
~12 km to ~30 km range (dry 
temperature vs. temperature)

● Validation ensemble size 
reasonable in NHSM, due to 
sufficiently high amounts of 
intercomparison pairs

● L1b bending angles still have 
some issues → results not yet 
fully trustworthy but tendency 
in line with simulation results  

NHSM:Global:
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Summary and Conclusions 
● End-to-end simulation study of real radially asymmetric and oblique RO event 

conditions, for assessing the residual bias correction utility of the Refractive 
Index Mapping Operator (Syndergaard et al. 2005)

● Mapping operator shows very good correction potential, except for ‘extreme 
event cases’ (circular orbit mid-lats and sub-tropic winter hemisphere events)

● Bias is clearly reduced over stratosphere, tropospheric altitudes (below about 
15 km) are weakly corrected

● Real Metop-A data analysis and validation of northern and southern winter 
hemisphere test months with radiosondes (RS)

● Effectively only the northern hemisphere mid-lats (NHSM) RS-validated with 
some robustness, over about 12 km to 30 km altitude (dry temp vs temp valid)

● The bias correction utility was also seen indicated when using the real data; 
clearing remaining L1b bending angle issues may further improve results 
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Thank you for your attention!
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