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Satellite-based remote-sensing observations of the free atmosphere constitute an important
backbone for atmospheric and climate science as well as for providing climate benchmark
data. Measurement data from Global Navigation Satellite System (GNSS) radio occultation
(RO) qualify to produce benchmark data records, as they provide highly accurate, global, and
long-term stable datasets for essential climate variables (ECVs). However, this requires a
rigorous processing from the raw occultation measurements to ECVs, with narrow
uncertainties. In order to fully exploit this potential, Wegener Center’s Reference Occultation
Processing System (rOPS) includes uncertainty estimation in both precise orbit determination
and excess phase processing.

Here we specifically introduce the L1a excess phase processing system, as a first step in the
overall RO profiles retrieval, which extracts the atmospheric excess phase from raw Sl-tied
measurements. The excess phase processing includes integrated quality control and
uncertainty estimation. This requires a complex framework of various subsystems, which we
first introduce in this presentation, before discussing the implementation of core algorithms.
The quality control, supported by forward-modeled excess phase profiles, removes or
alternatively flags excess phase profiles of insufficient or degraded quality. Additionally, we
discuss the components of the estimated random and systematic uncertainty profiles,
computed per RO event, which serve as starting point for the subsequent uncertainty
propagation through L1b and L2a/L.2b processors.

To evaluate the resulting excess phase profiles, we investigated Metop-A/B/C RO data for
three-monthly periods for a robust statistical analysis. In a sensitivity analysis of the excess
phases, we focused on three different atmospheric layers (from troposphere to upper
stratosphere), investigating differences between various datasets, the influence of different
orbit and clock inputs, as well as cross-platform consistency of the different Metop satellites.
Independent validation and inter-comparison with excess phase data from EUMETSAT and
UCAR revealed subtle discrepancies but overall good agreement. We also discuss first results
from excess phase processing of FY-3C/D RO data in comparison to excess phase profiles
from NSSC. The goal of all efforts is to establish reliable long-term data records including
uncertainty estimation for the benefit of climate applications.



