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Improving the afternoon thunderstorm prediction with assimilation of
the ground-based observations in Taiwan: a case study on 22 July 2019
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Abstract

A network with dense ground-based observation stations has been established in Taiwan, including 118 stations
of the GNSS receivers and 435 surface weather stations. The ground-based GNSS receiver measures the delay in the
path in receiving a signal from a GNSS satellite, and zenith total delay (ZTD) expresses this delay as the excess path
length along the zenith direction. The ZTD data are available at a high temporal frequency and can provide the
fast-changing moisture information at near real time. The surface station data directly observe the surface wind and
can provide information about the near surface convergence fields. This study investigates the impact of assimilating
the GNSS-ZTD data and surface station data on short-term heavy rainfall prediction associated with an afternoon
thunderstorm over northern Taiwan on 22 July 2019. This event is characterized by very intense rainfall rate (92.9 mm
h-1) at Gongguan and an accumulated rainfall of 117 mm in 2hr.

Data assimilation experiments are conducted with the WRF-LETKF system, which assimilates the ZTD data
every 30 minutes and surface wind data every hour. Results suggest that assimilating the ZTD data provides effective
moisture and temperature adjustment from offshore to coastal area of Taiwan and enhances the low-level inflow into
the Taipei basin. With the great amount of moisture convergence flux over northern Taiwan, the model generates
strong convections, and the heavy precipitation takes place in a short time. Coupling with the surface wind data, the



location of the strongest convection is better predicted. In particular, results suggest the choice of horizontal
localization scale is important for deriving the effective correction. The large-scale moisture correction from ZTD data
provides the critical precondition of convection development while the small-scale wind correction from both the
ZTD and station data is decisive for the heavy rainfall location over northern Taiwan. Without enough moisture and
wind correction, the thermodynamics instability cannot be established and thus mechanism for heavy rainfall cannot
be triggered in the forecast.



