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Using Four Dimensional Variational Method and
Doppler Radar Data to Improve Short Term Quantitative
precipitation forecast — a case study of a frontal system
observed during 2008 SOWMEX field experiment

Sheng-Lun Tai Yu-Chieng Liou Shao-Fan Chang

Institute of Atmospheric Physics National Central University, Taiwan

(manuscript received 8 October 2010 ; in final form 23 December 2010)

ABSTRACT

The Variational Doppler Radar Analysis System (VDRAS), developed by National Center for
Atmospheric Research (NCAR), had been used to analyze low-level wind and convergence field in order to
forecast thunderstorms at a real-time base. It was also applied to predict the evolution of supercells or squall
line systems by assimilating multiple Doppler radar data. However, those studies were mostly performed over
a wide open plain. In this research, it is for the first time that VDRAS is applied in the Taiwan and vicinity
area. Since the complex terrain and limited observations due to the surrounding oceans pose great challenges,

it is attempted in this research to find an appropriate strategy for using VDRAS under such conditions.

A real case observed during IOP8 (Intensive Observation Period 8) of SOWMEX (Southwest Monsoon
Experiment) on 14, June, 2008 is selected. VDRAS uses the data collected by radiosondes, surface stations,
and re-analysis data to construct a background field, followed by assimilating the radial winds and reflectivity
detected by two Central Weather Bureau S-band Doppler radars (RCCG and RCKT). Through
Four-dimensional variational (4DVAR) adjustment, one obtains an optimal initial field, from which the
VDRAS starts to make forecast. In addition, for a proper treatment of the influences from the complex terrain,

it is also attempted to combine the VDRAS analysis field with WRF, and let the latter continue the forecast.

It is found that VDRAS is able to retrieve reasonable kinematic the thermodynamic fields. The low layer
convergence is consistent with the orientation of the local mountains, which implies that it is possible for

VDRAS to reflect the topographic effects of the terrain. In terms of model forecast, VDRAS can correctly
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capture the movement of the major precipitation system. The Equitable Threshold Scores (ETS) of predicted
2-hour accumulated rainfall are between 0.1 to 0.2. However, if VDRAS is merged with WRF, the resulting

rainfall forecast skill can be significantly improved than that from using WRF or VDRAS alone.

This research provides a possible alternative if VDRAS is to be applied in another region with similar

geographic environment and observational limitations.

Key Words: Four-dimensional Variational Method, Doppler radar data assimilation system
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