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The Simulation of a Squall Line with Doppler Radar Data Assimilation
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Abstract An ensemble forecast and a deterministic forecast of a squall line that occurred in southern China on 23 April
2007 have been conducted using the Weather Research and Forecasting (WRF) model with microphysical schemes that
include complex ice and snow processes. It is found that the deterministic forecast can capture the main characteristics of
the squall line, but the simulated squall line is inaccurate, especially in the back stratus cloud region. The ensemble
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forecast technique can reduce the uncertainty in the model simulation and the majority of the members in the ensemble

show a better performance than the deterministic forecast. The analysis members, which are obtained from radar data

assimilation using the EnSRF (Ensemble Square Root Filter) method with outputs of the 40 members in the ensemble

experiment as backgrounds, are used to provide initial conditions for the ensemble forecast. Differences in results among

the ensemble members with and without radar data assimilation reflect the impact of EnSRF radar data assimilation on the

simulation of the squall line. The analysis members with radar data assimilation provide more mesoscale and microscale

information of the convective cells in the squall line system. Most members can capture the thermal-dynamical structure

of the squall line system and successfully simulate the suqall line in the back stratus cloud region. Analysis of the

simulations in the ensemble forecast with radar data assimilation indicates that most members perform better than that

without radar data assimilation. The ETS (Equitable Threat Score) of the ensemble forecast with radar data assimilation is

higher than that without radar data assimilation, and the ETS of the deterministic forecast is lower than that of the

ensemble forecast.

Keywords EnSRF method, Data assimilation, Deterministic forecast, Ensemble forecast, Squall line
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Fig. 1 T he model domain and radar locations. Black rectangle: area of simulation; circles: the coverage of 230 km radar observations; inverted triangles:

locations of the 9 radar stations at Xiamen (XMRD), Fuzhou (FZRD), Jianyang (JYRD), Guangzhou (GZRD), Shenzhen (SZRD), Shantou (STRD), Yangjiang

(YJRD), Shaoguan (SGRD), and Guilin (GLRD)
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Fig. 2 Environmental variables at 850 hPa extracted from the NCEP reanalysis data, including the column-integrated precipitable water (shaded, units:
kg m™?), geopotential height (black solid lines, units: dagpm), potential temperature (red dashed lines, units: K), and wind vectors (blue vectors, units: m s ') at

(a) 1200 UTC and (b) 1800 UTC, 23 April 2007
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Fig. 3 Observed composite radar reflectivity (units: dBZ) in the squall line at (a) 2200 UTC 23, (b) 2300 UTC 23, (c) 0000 UTC 24, (d) 0100 UTC 24, and (e)
0200 UTC 24 April 2007
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