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Presentation of the subject:
Tropospheric delay estimates from ground-based GNSS receivers are nowadays used in routine in numerical weather prediction systems because they provide a useful constraint on the total water vapor content (TCWV) in the atmosphere and therefore improve weather forecasts of moist and precipitating events [1]. Water vapor plays also a key role in climate [2, 3]. The use of GNSS series to monitor climate change has gained increasing interest in recent years but is still limited by a number of technical issues which prevent the use of its full potential [1, 4, 5]. Biases and inhomogeneities are the two main issues.

Biases in GNSS Zenith Tropospheric Delay (ZTD) estimates have been shown to result from several error sources. Mapping function and antenna phase center variation modelling errors as well as multipath errors and sky obstructions are some examples which have in common that their magnitude depends on the observation elevation-angle. This dependency makes the ZTD estimates not only sensitive to the used models and the acting errors but also to more general processing options such as the elevation cutoff angle and the elevation-dependent weighting function. Other errors such as un-modelled or mis-modelled sub-daily station height variations (e.g. due to ground deformations) and ambiguity resolution errors may also map into ZTD biases. Unfortunately, the magnitudes of all these biases are also strongly time and station-dependent. Changes in the station’s equipment, in the antenna’s environment, and in the weather conditions are strong influential factors which cause spatial and temporal inhomogeneities in the ZTD series, especially when considering long time series and global GNSS networks such as required for climate monitoring [1].

Various segmentation and correction techniques have been developed in recent years to homogenize climate data, including the GNSS ZTD and TCWV series [6, 7, 8]. Although such techniques can detect the largest changes in the mean, their ability to detect small jumps and/or slow drifts is limited, especially when the time series show adverse stochastic properties such as heteroscedasticity and autocorrelation [9]. 

The overarching goal of this research project is to improve the homogeneity of the GNSS ZTD series at the processing level as an alternative to or in combination with the classical homogenization approach which is usually only applied as a post-processing step. The specific scientific objectives are: 1) to characterize and better understand the causes of the above-listed biases and inhomogeneities by intercomparing several recent reprocessed GNSS data sets and performing data processing sensitivity studies; 2) to develop a methodology to improve the homogeneity of the GNSS ZTD series at the processing level and apply it in combination with the classical (post-processing) homogenization approach to produce a highly accurate and homogeneous GNSS ZTD and TCWV data set; 3) demonstrate the homogeneity of the new GNSS data set, namely by comparing the GNSS trends and variability estimates to estimates from independent data sources such as radiosonde and satellite observations, atmospheric reanalyses, and climate models.
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Collaborative framework:

-
ENSTA-Bretagne, Brest, France, on GNSS data processing

-
IPSL and CNRM/Météo-France, on the validation climate model simulations

-
ECMWF, on the validation of atmospheric reanalyses

-
GRUAN Lead Centre, Lindenberg, Germany, on bias assessment with radiosonde data

-
RSS, Santa Rosa, California, USA, on bias assessment with satellite data

This work contributes also to:

-
IAG Inter-Commission Committee on Geodesy for Climate Research, https://iccc.iag-aig.org/

-
IGS For Weather and Climate Resiliency, https://igs.org/wcr/

-
IGS Tropospheric Working Group, https://igs.org/wg/troposphere/
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