1D-Var retrieval of temperature and humidity using
GNSS airborne radio occultation data
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Abstract

Atmospheric rivers (ARs) are major contributors to extreme precipitation and hydrological hazards, yet their representation in numerical weather prediction remains limited by sparse observations over oceanic regions. The
Atmospheric River Reconnaissance (AR Recon) program addresses this gap by deploying targeted aircraft and buoy observations ahead of landfalling ARs along the U.S. West Coast. The campaigns enable simultaneous
observations of ARs using dropsondes and complementary profiles from GNSS airborne radio occultation (ARO), both of which can improve the analysis of AR environments. The value of ARO in data assimilation has
recently become the subject of extensive study, driven by the development of advanced forward models for ARO observations. This work builds on ongoing efforts to quantify the impact of ARO data on atmospheric analyses
through the use of a one-dimensional variational (1D-Var) retrieval. By combining ARO observations with background information, the most probable profiles of temperature and humidity are estimated which otherwise
cannot be directly observed with ARO. This approach broadens the applicability of ARO data by providing an independent benchmark for evaluating model background states and conventional observations. Operational
systems can utilize 1D-Var for initial impact assessment and quality control screening prior to assimilation with 3D- or 4D-Var schemes. It is shown that background profiles derived from the ECMWF ERAS reanalysis can be
further improved through the inclusion of ARO data in 1D-Var retrieval. The impact on the temperature analysis is quantified to be on the order of 0.5 K in terms of analysis-minus-background statistics. Additional sensitivity
experiments are conducted to assess the influence of different processing configurations, including observational error models, error covariances and minimization strategies. Particular attention is given to the ability to
capture sharp vertical gradients associated with potential inversion layers identified from retrieved thermodynamic profiles.
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Summary

A 1D-Var retrieval capability for ARO refractivity observations was implemented within the ROPP software. At present, the software is primarily optimized for spaceborne RO observations, which exhibit error characteristics
that differ from those of airborne measurements. Available configuration options were evaluated to assess their suitability and sensitivity for 1D-Var retrievals based on ARO refractivity. First, a dedicated observation error
model for ARO refractivity was developed and shown to satisfy consistency requirements based on Desroziers diagnostics. Second, two background error covariance configurations provided by ROM SAF were tested and
found to produce distinct 1D-Var retrievals, both yielding substantial analysis increments. However, Desroziers diagnostics applied to both configurations indicate that further adjustments to the background-error correlations

are required. These correlations were originally developed for spaceborne RO observations and may not be fully appropriate for airborne measurements that are characterized by a different observation geometry. This study
was conducted with the aim of supporting ongoing data assimilation experiments involving ARO observations in 3D-Var and 4D-Var configurations, which currently employ a more advanced observation operator for bending
angle profiles. The results presented here are expected to be complemented by future 1D-Var experiments based on bending angle observations, which are anticipated to outperform retrievals based on refractivity.
Achieving this objective, however, will require further refinement of the error covariance specifications to obtain an optimal solution.
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