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ABSTRACT 

Over Taiwan island with complex terrain, during the warm season (May–October) 

under weak synoptic-scale forcing, afternoon thunderstorms are the main weather 

system, and it is still faced the rigorous challenges to accurately forecast the 

thunderstorms on small temporal and spatial scales. In this study, quality control of 

radar reflectivity data is the primary procedure to accomplish since radar is the mainly 

dataset for identifying and characterizing afternoon thunderstorms (TSA). Three years’ 

of radar reflectivity data from four radars from 2005 to 2007 are analyzed and the 

reflectivity climatology is developed. The climatology is applied in the construction 

of climatology–based hybrid scans to minimize the impact of ground clutter and beam 

blockages. 

The spatial and temporal characteristics and distributions of thunderstorms in 

Taiwan during the warm season (May–October) from 2005–2008 and under weak 

synoptic-scale forcing are documented using radar reflectivity, cloud–to–ground 

lightning, satellite, radiosonde, and surface observations. Average hourly rainfall 

amounts peaked in mid-afternoon (1500–1600 local standard time, LST). The 

maximum frequency of rain was located in a narrow strip, along the lower slopes of 

the mountains and parallel to the orientation of the mountains. Significant diurnal 

variations are found in surface wind, temperature, and dewpoint temperature between 

days with and without afternoon thunderstorms (TSA and non-TSA days). Before 



thunderstorms occurred, on TSA days, the surface temperature was warmer (about 

0.3–2.4 °C) and the surface dewpoint temperature was moister (about 1.6–2.8 °C) 

than non-TSA days. Sounding observations from northern Taiwan also showed 

warmer, higher moisture, and smaller wind–speed conditions on TSA days relative to 

non-TSA days. The largest average difference was in the 850–650 hPa layer with 

values of 3.0–4.5 °C drier on non-TSA days. And, wind speeds on non-TSA days 

between near surface and 6 km were 2–3 m s–1 stronger than on TSA days. 

A fuzzy logic algorithm has been proposed to provide the objective guidance for 

the prediction of TSA using these membership functions of preconvective factors. 

Features functions of thunderstorms are derived from surface stations and sounding 

measurements that highlight the preconvective characteristics of days with TSA that 

best differentiate them from synoptically undisturbed days. There are total 28 

membership functions and associated weights in fuzzy logic approach are derived and 

determined based on the optimization of the critical success index (CSI). The results 

quantitatively illustrate that synoptically relatively warmer and moister conditions, sea 

breezes transport moisture into the inland, and weak winds in the inland provide the 

proper conditions in inducing afternoon convective activity. In addition, the relatively 

simple persistence rule is also useful for prediction of afternoon thunderstorms, i.e., 

there is high probability that afternoon thunderstorms occur consecutively for a few 

days when the environmental conditions are right. Evaluation with the validation 

dataset (2009–2010) suggests that the fuzzy logic algorithm has the capability to 

integrate the preconvective factors and provide the probability guidance for the 

predictions of TSA, and the highly predictive potential that could be implemented in 

real-time operations. 


