
Figure 8. Time series of Zenith Total Delay (ZTD, cm) at GNSS stations (one per country) from 20 June to 20 July 2021, indicating

atmospheric moisture variations preceding the 2021 European floods. ZTD values are shown without altitude correction.
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Figure 9. The 6-hourly analysis/forecast cycle used in this study. At each analysis time T the model is re-initialised from the GFS analysis

valid at T −6 h; a 6-hour WRF forecast supplies the first guess at T ; WRFDA 3D-VAR combines it with the observations valid at T ; and the

resulting analysis initialises the 6-hour forecast valid at T +6 h, which is the field verified against the station network. The next cycle begins

again from the GFS analysis valid at T . All experiments therefore share an identical first guess at every analysis time, and differ only through

which observations enter the 3D-VAR step. The No DA control consists of the first-guess forecasts alone, with the 3D-VAR step omitted.
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