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The Taiwan WRF Ensemble Prediction System:

Performance results on 15 km resolution

Chih-Hsin Li*, Judith Berner?, Jing-Shan Hong", Chin-Tzu Fong®, Ying-Hwa Kuo?

lCentral Weather Bureau, Taiwan

2 National Center for Atmospheric Research, Boulder, Colorado

Abstract

A Weather Research and Forecast model (WRF) based ensemble prediction system (WEPS)
covered East Asia area was developed for well handle the forecast uncertainty and provide the reliable
probabilistic forecasts. In this study, a series of numerical prediction experiments were designed to
assess the performance of the WEPS among the suite of the multi-physics, the SKEB
(Stochastic-Kinetic Energy Backscatter), and the SPPT (Stochastic Perturbation of Physics Tendencies)
schemes.

The results show that none of the stochastic schemes deteriorates the RMS error, but adding
stochastic perturbations improve the spread/error ratio and consequently probabilistic forecast skill.
Combining SKEB and SPPT with multiple physics suite leads to the best performance skill for 500
hPa-geopotential and 850 hPa-temperature fields. Moreover, the results also showed that the single
physics with SPPT scheme generates the larger error of ensemble mean forecast. It indicates
multi-physics approaches in mesoscale ensemble prediction system plays important role to reduce the

accuracy of the ensemble forecast.

Key word: ensemble forecast, SKEB, SPP

16



The Taiwan WRF Ensemble Prediction System: Performance results on 15 km resolution
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1. Introduc:
The goal of this study Is the generation of reliable probabilistic forecasts of a WRF based ensemble prediction system (EPS). There are 20 members with perturbations from intial condition, boundary condition and model
perturbations. The model version was WRF V2.7.1 and was configured as two nested domains with hori: lution of 15-3 km (Fig. 1) and 524evels in the vertical. The boundary perturbations were from the NCEP Global

Ensemble Forecast System. Initial conditions were obtained by downscaling the NCEP Global Forecast system (GFS) and adding perturbations from an Ensemble Adjustment Kalman Filter (EAKF; Anderson 2001) to obtain a
20-member ensembie.

To reach our goal, different model-ermor schemes were evaluated, including multiple model physics, the stochastic kinetic energy backscatter scheme (SKEB) and Stochastic Perturbation of Physics Tendencies (SPPT) . In mom mm mm .-
addition, more experiments were done for typhoons by using different strategies of initial condition to get the well-performance probabilistic forecast of typhoon track . FIG 1. The coverage of the model
domains
5 = 200 7 200 200 Y
The results of mod rturbations experiments a) | (b) H (€ /i
1 I
r
Four configurations of model-error schemes for EPS were used in this study. During the experiment period 1 August — 15 September 2015 and 1 December r oy ” I/
2015 — 15 January 2016 was reported here. The first one [MP) used multiple model physics, and the detailed configuration about the physical package was given 0 ,‘ d 300 # 300 ,-";:'
Table 1. The second one [SKEE+MP) used the 5KES with multiple model physics. The third one [SPPT+MP) used 5FFT with multiple mode| physics. The fourth i }" 1 Iy
one (SKEB+SPPT+MP) used all model-error schemes, including SPPT, SKEB, and multiple mode! physics. ;! 7 : : I!!.r 4
£
!y 17 A
The result {Fig. 2) shows the spread of SKEB+SPPT+MP and SKEB+MP are similar, so the SKEB can induce most spread than SPPT. In the Fig. 2(b), the spread of /o :: i/
SPPT+MP is larger than MP, and it means the SPPT is most effective in increasing the spread of temperature near surface, and the SKEB increase the spread in the 00 j( ¥ s L 00 |( f r
free atmosphere. The results is the same with the previous study (Berner et al, 2011, 2015, 2017). In addition to the spread, all of the RMSE are similar. The i ‘\}, 11 /
model-error schemes can not increase the error of ensemble mean, and increase the spread only. 11 W 1
70044 ¢ 0 e 700 i
[} i H
L
Table 1. The combination of the 20-modsl physics suite. B 1w a5 b w) p
5 5,
T B B < 0 N B - - = m = = m = m = m = = IR EEEEEEE: 45 6 00 B8 45 1 10 12 13 14 EOEIE TR IO O]
FIG. 2 and cuer the East Asia domain for (2]
i | v | asa | o | wewsss | o | vess | weesss | oesas The different exmers ) by fine <ol

Contmibinn | o | Temie | | err | emm | oo [ ewsss | o | e | dewsas | e ial heseb (]
eight, (b} fe)
MP (black], SPET#MP [red], SKEB+MP (gre=n), and SKEB+SPPT+MP (blue].

™ oo | v | we | we | we | we | we | ew | e | ee | e 2
Mercorien | Gottws | ottt | ottt | Gottars | ottars | cotiars | cotiars | ot | ot | ot [ v [ v [ v | vewr | e | s | s | sme | s | s 4. The summary and Future
The results of typhoon forecast This research evaluates the performance and uncertainty of a WRF based ensemble prediction system
(EPS). Mutiple model emor schemes were tested, including multiple physics, SKEB and SPPT. In
addition, the strategies of using EAKF data were evaluated. The results shows SKEB+SPPT+MP can

The performance of typhoon forecast by using EAKF data with different strategies is presented in this section. The first one is the control run [CTR) which used
produce the best performance of spread in synoptic weather, and the RMSE of all experiments all the

the EAKF forecast data without typheon bogus to generate EPS initial conditions. The second one (BOGUS) also used the EAKF forecast data, but EAKF assimilated
+typhoon bogus data . The last one [ANA) used EAKF analysis data with typhoon bogus. We reported on the performance of two typhoon here, typhoon NESAT and same. And using the EAKF analysis with assimilating typhoon bogus data can reduce the spread of the
typhoon NORU. steering flow and typhoon initial locations, and get the best performance.

Fig. 3 shows the spread of typhoon track are too larger by using EAKF forecast data to generate EPS initial condition. And the over-dispersed spread would bring However, the parameter of SKEB and SPPT need to be adjust, if use the EAKF analysis data instead
the EAKF forecast data to generate the initial condition. Therefore, more cases which combine multiple

the worse ensemble mean of typhoon track, so the track ermor were of ANA was the best. In sddition, compare the CTR and BOGUS, assimilating the typhoon bogus
data can really decresse the spread. Fig 2a shows The typhoon track of CTR-member are too diverse, and the initial locations of some members are far from the model-emror schemes and new strategy of using EAKF data will be done in the future.

best location. Because EAKF use full cyde run, the error of typhoon locations would accumulate. And assimilating bogus data can constrain the typhoon locations to
avoid the error growing(Fig. 3b).
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