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RESEARCH INTEREST

My research focuses on enhancing mesoscale weather prediction with three main approaches: (1)
improving tropical cyclone (TC) intensity forecasts through initialization methods in global models,
(2) applying advanced data assimilation to improve short-term wind power forecasts in Southern
California, and (3) integrating lightning data assimilation to enhance convective storm forecasts in
Taiwan.For TC initialization, my PhD research used the WRF model to improve TC track and
intensity forecasts in the Western Pacific. Since 2015, I’ve applied this technique in global models,
achieving a 30-40% improvement in central pressure and a 10-20% increase in maximum wind
accuracy. For wind power forecasting, I joined a UC Davis project, using hybrid data assimilation to
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enhance forecast accuracy by 6.7%. Additionally, lightning data assimilation has significantly
improved convective storm forecasts, as seen in a severe 2012 Taiwan storm case.In the future, I aim
to expand these methods to functional data analysis, apply them to observational data, and explore

“Big Data” and “Machine Learning” applications for renewable energy..

RESEARCH HIGHLIGHTS

1. Lidar data assimilation for severe weather/precip system.
On 4 June 2021, short-duration extreme precipitation occurred in Taipei. Within 2 h, over 200
mm of rainfall accumulated in the Xinyi district. In this study, advanced data assimilation
technology (e.g., hybrid data and 3D variations) was incorporated to develop a high-resolution,
small-scale (e.g., northern Taiwan) data assimilation forecast system, namely the weather
research and forecast-grid statistical interpolation (WRF-GSI) model. The 3D wind field data
recorded by the Doppler wind lidar system of Taipei Songshan Airport were assimilated for
effective simulation of the extreme precipitation. The results revealed that the extreme rainfall
was caused by the interaction between the northeast wind incurred by a front to the north of
Taiwan, a humid southerly wind generated by Typhoon Choi-wan, and the regional sea—land
breeze circulation. For the Xinyi district, the WRF-GSI lidar model reported accumulated
rainfall 30 mm higher than that in the non-assimilated experiment (WRF-GSI noDA), indicating
that the WRF-GSI model with lidar observation was improved 15% more than the nonassimilated
run..
Reference: [1]. Chen et al, 2022(1).

2. Portable Computing system for Weather/Energy applications.
Numerical weather prediction (NWP) systems are crucial tools in atmospheric science education
and weather forecasting, and high-performance computing (HPC) is essential for achieving such
science. The goals of NWP systems are to simulate different scales of weather systems for
educational purposes or to provide future weather information for operational purposes.
Supercomputers have traditionally been used for NWP systems; however, supercomputers are
expensive, have high power consumption, and are difficult to maintain and operate. In this study,
the Raspberry Pi platform was used to develop an easily maintained high-performance NWP
system with low cost and power consumption—the Improved Raspberry Pi WRF (IRPW). With
316 cores, the IRPW had a power consumption of 466 W and a performance of 200 Gflops at full
load. IRPW successfully simulated a 48-h forecast with a resolution of 1 km and a domain of
32,000 km? in 1.6 h. Thus, IRPW could be used in atmospheric science education or for local
weather forecasting applications. Moreover, due to its small volume and low power consumption,
it could be mounted to a portable weather observation system..
Reference: [1]. Chen et al. 2022(2).
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