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Oceanic Science in University of Maryland under Prof. Eugenia Kalnay. Her research interest
iIs to study dynamical predictability through data assimilation methods and ensemble
forecasting. She investigates methods and strategies for applying Ensemble Kalman filter
(EnKF) to numerical weather prediction and justifies the newly proposed methods with
complex dynamic models and real cases.

To tackle issues related to realistic applications of EnKF, Prof. Yang and her
collaborator, Prof. Kalnay, proposed methods to improve EnKF’s performance under strong
nonlinear dynamics or long spin-up (Yang et al. 2012, Kalnay and Yang, 2010).

Recently, Prof. Yang has been focusing on improving the severe weather prediction in
Taiwan. She coupled the Local Ensemble Kalman Transform Filter with the Weather and
Research Forecasting model and developed the NCU-regional Ensemble-based Data
Assimilation System (NCU-REAS) to study the meso-small scale predictability and severe
weather prediction in Taiwan. She leads the NCU-REAS team and collaborates with
international and local experts to expand the developments and applications of this system.
The research based on NCU-REAS mainly focuses on improving the system performance by
new assimilation methods and investigating the observation impact for severe weather
prediction in Taiwan.

She applied the NCU-REAS system to study the EnKF’s spin-up problem for typhoon
assimilation and improved the typhoon prediction during the early stage of typhoon
development (Yang et al. 2012, 2013a). She also explores observations impact for severe
precipitation forecast. With Profs. Shu-Hua Chen, Ching-Yuan Huang and Cing-Sen Chen,
they investigate the impact of COSMIC RO data on improving the heavy precipitation
prediction during the Mei-Yu front (Yang et al. 2014). Based on NCU-REAS, she also works
with Prof. Yu-Ching Liou and their co-advised Ph.D. student, Dr. Justin Tsai, to establish the
radar assimilation system to improve the quantitative precipitation nowcasting in Taiwan
(TsaiYangLiou, 2013).

Recently, she works with Dr. Hui-Ling Chang to evaluate the performance of the
operational ensemble prediction system in terms of the social impact, linking the forecast skill
with the economic value (Chang et al., 2015).

RELERIT -

The EnKF is optimal only for linear models because it assumes Gaussian distributions.
When the Gaussian assumption is severely violated due to strong nonlinear error growths,
filter divergence occurs and the ability to assimilate observations is hindered, limiting the
performance of the numerical model prediction. Strong nonlinear error growths often occur in
the strong meso-small scale convections like rapidly developing storms, or when the
dynamical flow at the transition periods to change regimes like from EI Nifio to La Nifia.

In the work of Yang et al. (2012), Prof. Yang and Profs. Eugenia Kalnay and Brian Hunt
jointly proposed a new type of outer-loop to improve the ability of EnKF to handle nonlinear
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evolving dynamics, especially for long assimilation windows. They proposed that the

Running-In-Place method could serve as a “general outer-loop” within the LETKF framework.

When there is strong nonlinear error growth, the observation influence can be increased by
re-using observations and thus the ensemble mean and perturbations can be both improved. In
addition, considering the computation cost of RIP due to multiple ensemble forecasts, the
Quasi-Outer-Loop (QOL) algorithm is further proposed as a simplified version of RIP and
aims to improve the ensemble mean so that ensemble perturbations are centered at a more
accurate state. Results with the Lorenz 3-variable model show that both the RIP and QOL
methods allow the LETKEF to better assimilate infrequent observations and provide significant
improvements of the analysis accuracy during periods of high nonlinear growth.

In the work of Yang et al. (2013), Prof. Yang and her collaborators further conducted a
real case study with Typhoon Sinlaku in 2008 and demonstrated that the RIP method can
advances the assimilation efficiency and successfully improve the track prediction during the
typhoon developing stage (also the EnKF’s spin-up). The value of the dropsonde data during
the early stage of typhoon can be further increased with this method, since they are now more
effectively used. Most importantly, this study also demonstrates that the RIP method can serve
as a general outer-loop scheme for EnKF so that the assimilation system can better handle the
conditions like highly uncertain environment for typhoon development (e.g. strong nonlinear
dynamics) as proposed in Yang et al. (2012).

For realist applications, Prof. Yang implements the operators for simulating radio
occultation (RO) data in NCU-REAS and investigates the impact of COSMIC-RO refractivity
and bending angle data on predicting an extreme precipitation event on 16" June, 2008. Yang
et al. (2014) demonstrates that with the advantage of flow-dependent background errors, the
system can detect the differences in assimilation the refractiviy or bending angle data. The
former is related to the amount of moisture and the latter is sensitive to the vertical variations
of the moisture. Results show that assimilation of bending angle can further improve the
moisture distribution in the low atmosphere and enhance the moisture transport from South
China Sea when the south-westerly jet is active. With the moisture adjustment from the RO
data, the location and intensity of rainfall prediction is greatly improved and the system can
successfully predict the heavy precipitation in the coastal area of southwestern Taiwan.

HIERS -

HAF AT REABFERERNET  FEZRREZREFIBHEE - RAFRK
Z REBERRARAAFAHERAVURGIFESE  IHRERALEHFE BN
RERNREAARNZHE - R RMRORE > WS> k& LARAT EHA
WA R SRR Mok T B 20 o B4 - MO ERBROEERAM - HE - R
RE > BEEHE BERTHARTEBFEM - B HHELE S+ W HA Eugenia
Kalnay # 4% -

Academia Sinica

2015 *E P R Fobr iR B S T E IE RS A Y
—HEHNFE—



