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Fig. 1. () The model domain coverage of the CWB WRF deterministic prediction system (WRFD) for its
15- and 3-km resolution domains. (b) The coverage of the two model domains of the CWB WRF
ensemble prediction system (WEPS).
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Fig. 2: The partial cycle data assimilation framework of the CWB WRF deterministic prediction system.

Every regional forecast is initialized from the global model analysis 12 hours prior to its analysis
time, followed by two 6-hourly partial cycles with a total of 3 assimilations of observational data
within the regional domain. After each data assimilation, the blending method is used to merge the
large-scale field in the global model analysis with the small-scale field in the regional model
analysis. Finally, a 126-hour forecast is conducted after the last partial cycle and blending is

completed.
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The workflow of the “ensemble partial cycle” method to initialize the CWB WEPS regional
ensemble prediction system: The global ensemble members are connected with the regional
ensemble members in a one-to-one manner to provide ensemble initial conditions and lateral
boundary conditions, and partial cycle data assimilation is conducted separately for each ensemble
member, which is similar to the idea of EDA. In addition, the short-term ensemble forecasts in the
ensemble partial cycles can potentially be used as the ensemble background error covariance for
the hybrid 3DEnVar data assimilation in WRFD.
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Table 1. Experimental design. Note that the number of WEPS regional ensemble members for all
experiments is 20 (not shown in the table), but the numbers of global ensemble members used
in each experiment are different (either 10 or 20); when only 10 global ensemble members are
used, the global ensemble members are connected with the regional ensemble members in a

one-to-two manner.
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Fig. 4. Ensemble spreads of 850-hPa geopotential height in the initial conditions for WEPS forecasts,
averaged for 10 initial times during the period from 19 to 28 July 2021. (a) Experiment OP; (b)
Experiment CWB20.
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Fig. 5. Root-mean-square errors (RMSEs) of the ensemble mean (solid lines) and ensemble spreads
(dashed lines) in the outer (15-km) domain of WEPS in each experiment, shown separately for
(a)—(c) analyses, (d)—(f) 24-hour forecasts, and (g)—(i) 72-hour forecasts of (a) (d) (g) geopotential
height, (b) (e) (h) temperature, and (c) (f) (i) zonal wind fields. The experiments include OP (black
lines), NCEP10 (orange lines), NCEP20 (red lines), CWB20 (cyan lines), and CWB20_new (blue
lines). The forecast initial times of 10 cases range from 19 to 28 July 2021 (every 00 UTC). The
verifying truth is the ECMWF analysis.
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lines) of the 3-km resolution inner domain verified against Taiwan-area surface station
observations, with respect to forecast time (0 to 72 hours; x-axis). (a) 2-meter temperature; (b) 2-
meter specific humidity; (c) 10-meter wind speed.
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Fig. 7. Ensemble typhoon track forecasts in experiments (a) (d) OP, (b) (¢) NCEP10, and (c) (f) CWB20.
The ensemble mean track forecasts, track forecasts of each ensemble members, and observed

tracks are shown in thick red lines, thin gray lines, and thick black lines, respectively. (a)—(c)
Forecasts initialized at 00 UTC 20 July 2021; (d)—(f) Forecasts initialized at 00 UTC 26 July 2021.
The 6-hourly typhoon center locations in the ensemble mean forecast and in the observation are

shown in red and black dots, respectively.
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Evaluation of a new “ensemble partial cycle” framework for
use in the regional ensemble prediction system at
Central Weather Bureau

Guo-Yuan Lien!, Chih-Hsin Li?, Wen-Hsin Teng!

Research and Development Center, Central Weather Bureau!
Meteorological Information Center, Central Weather Bureau?®

Abstract

Central Weather Bureau (CWB) has developed its global and regional numerical weather prediction
systems, for both the deterministic and ensemble forecasts; however, the development in the global and
regional model systems at CWB and the connection between the two systems have not yet been close
enough. This study investigates the strategy for connecting global and regional ensemble forecast systems.
A new regional ensemble initialization method named “ensemble partial cycle” is proposed and
implemented in CWB’s operational environment. Case study results show that this new method is superior
to the current operational WRF Ensemble Prediction System (WEPS) that is based on an Ensemble
Adjustment Kalman Filter (EAKF) data assimilation system, in terms of a better ensemble spread-error
relationship and improved ensemble forecast performance. With this newly proposed regional ensemble
initialization method and encouraging results, it becomes possible to promote the change for CWB’s
regional ensemble forecast system to connect to its own global ensemble forecast system, which will
facilitate an environment that is more suitable for independent development of numerical weather
prediction systems at CWB.

Key words: regional ensemble forecasting, ensemble initialization, numerical weather prediction
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