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(a) Domains of CWBWRF OP4.0 (b) Domains of WEPS
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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
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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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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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Table 1. Installation sites of 54 strong-motion seismometers and 70 earthquake alarms of the optimized
TRA earthquake rapid reporting system. The symbol “©” indicates the functions for earthquake

response at site.
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Fig. 2. Distribution map for instrument installation sites of the optimized TRA system, including 44 rail

stations and 26 substations.
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Fig. 3. System diagram of the optimized TRA earthquake rapid reporting system. The equipment
configuration mainly includes strong-motion seismometers and earthquake alarms installed at

rail stations and substations, and a data processing and reporting system at Taipei headquarters.
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Fig. 5. According to the stages of earthquake early warning, onsite alert, and rapid reporting, five

operational processes are developed in the optimized TRA earthquake rapid reporting system

respectively.
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Fig. 6. Epicentral distribution map of 856 felt earthquakes collected and analyzed for the study.
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Fig. 7. Operational performances of the optimized system on receiving various CWB earthquake reports

from January 2021 to June 2022, including the statistics of receive proportion (above) and

receive time (below).
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Fig. 8. Operational performances of the optimized system on earthquake trigger notification, including
the statistics of numbers of the different seismic intensity level (above) and the statistics of
calculation time (below).
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Fig. 9. Operational performances of the optimized system on seismic intensity estimation from CWB
gridded seismic intensity data, including the accuracy of estimated seismic intensities (above)

and the statistics of issuance time (below).
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Fig. 10. Relationship on triggering time of the earthquake alarms in stations with hypocentral distances.
The data are collected from the April 18, 2021 M6.2 Shoufeng earthquake, the March 23, 2022
M®6.7 off eastern Taiwan earthquake, and the June 20, 2022 M6.0 Guangfu earthquake.
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Fig. 11. Operational performances of the optimized system on earthquake early warning, including the

accuracy of predicted response levels (above) and the time efficiency (below).
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Table 2. Operational performances of the optimized system on earthquake early warning, onsite alert,

and rapid reporting during the September 17, 2022 M6.4 Guanshan earthquake.
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Table 3. Operational performances of the optimized system on earthquake early warning, onsite alert,
and rapid reporting during the September 18, 2022 M6.8 Chishang earthquake.
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Fig. 12. Triggering conditions of the strong-motion seismometers along the railway on May 2022. The

left map shows the number of triggers, and the right one is the proportion reaching the

earthquake response level.
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Abstract

The Taiwan Railways Administration (TRA) and the Central Weather Bureau (CWB) have
cooperated to optimize the TRA earthquake rapid reporting system since 2019. Totally 54
strong-motion seismometers and 70 earthquake alarms are installed at 44 rail stations and 26
substations respectively. Furthermore, in Taipei headquarters, a new data processing and reporting
system is developed and operated. While a felt earthquake occurs, by receiving the real-time seismic
data along Taiwan railway and related seismic reports from CWB, operations for generating
earthquake early warning, onsite alert, trigger notification, seismic intensity, and earthquake report
successively. Timely information of earthquake impacts are provided to the TRA for the purpose of
earthquake response. The optimized system has been in operation since 2021. In order to understand
the system performance, 18 monthly operational data are collected and analyzed in this study. The
result shows that the distributions of observed seismic intensities along the railway could be
obtained 2.5 minutes after earthquake happening averagely. In addition, while a significant
earthquake occurs, earthquake alarms in stations are activated and give alert successively at a speed
of 5.7 km/sec according to the hypocentral distances. Hence, timely message for emergency
response is provided before the largest shaking wave arrives. The new function for earthquake early
warning (EEW) is implemented, which could be activated within 1 second after receiving the CWB
EEW message. Currently, the warnings with predicted seismic intensity 4 or above are effective for
reference on emergent applications. In addition, by means of the CWB gridded seismic intensity
data, it is possible to provide estimated intensities for sites without seismometer implementation.
Thus the measures for earthquake response accordingly are capable of conducting at these stations
as well. During the Chishang earthquake of September 18, 2022, both Yuli substation and Guanshan
substation reached the threshold for automatic power-off. After the actual damages on railways
caused by the earthquake, it is revealed that an automatic power-off function is crucial for the
railway system.

Key words: Taiwan railway, earthquake rapid reporting system, earthquake early warning,
earthquake onsite alert, earthquake response
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1-20194F 11 H 7 H 0000 UTC #hH KR [E °

5F ¢ RSAREFE S RNz BRNUIRS =22 A 2 ikE4d  (https://aoaws.anws.gov.tw )
Fig. 1. The surface weather chart at 0000 UTC on November 7, 2019.
Note: The surface weather chart is extracted from the aviation weather service network of the Air

Navigation and Navigation Services of the Civil Aviation Administration (https://aoaws.anws.gov.tw)
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12019 4 11 [ 7 H 0000-1600 UTC fALLTESZPEREETH R10 FISREEIEDH R28 49/ NRFogfE (=
20 kt) HHFREAIER -
Table 1. The number and the frequency of strong wind (= 20 kt) per hour at Songshan Airport west runway
R10 and east runway R28 of November 7, 2019 0000-1600 UTC.

20191107 R10 R28
wind speed wind speed
(=20 kt) (=20 kt)
Time(UTC) times times/360 times times/360
0000 1 0.3%
0100 4 1.1% 17 4.7 %
0200 11 31% 34 9.4 %
0300 24 6.7 % 40 11.1%
0400 32 8.9 % 69 19.2 %
0500 50 13.9 % 59 16.4 %
0600 35 9.7 % 54 15.0 %
0700 34 9.4% 47 13.1%
0800 4 1.1% 4 1.1%
0900 8 22%
1000
1100 1 0.3%
1200 1 0.3%
1300 1 0.3% 1 0.3%
1400 2 0.6 %
1500
1600 1 0.3%
TOTL 195 54.2 % 339 94.2 %

FF 1 S E R B SR AL 10 B0 5 1 2R B/ NERETA 360 XX -
Note: The counting times of wind speed and wind direction are based on 10 seconds as one time, and there
are 360 times per hour.
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Fig. 3. Distribution of large pressure fluctuations (LPF) and runway wind shear (RWS) at Songshan
Airport from 0000 to 1600 UTC on November 7, 2019.



22019 4 11 H 7 H 0000-1600 UTC fALLITES, REA K E) (LPF) BifffiEE ) (RWS) ZHG4¢
A Z RERHER -
FE ¢ R LPF AT RWS SFUREL 10 70 % 1 2 - g/ NiFat A 360 XX -
Table 2. The number and frequency of large pressure fluctuations (LPF) and runway wind shear (RWS)
at Songshan Airport from 0000 to 1600 UTC on November 7, 2019.
Note: The counting times of LPF and RWS here are based on 10 seconds as one time, and there are 360
times per hour.

20191107 LPF RWS
Time(UTC) times times/360 times times/360
0000 0.0% 0.0%
0100 0.0% 2 0.6 %
0200 1 0.3% 4 1.1%
0300 5 1.4 % 10 2.8 %
0400 12 3.3% 12 3.3%
0500 13 3.6% 7 1.9%
0600 9 25 % 9 25 %
0700 9 2.5 % 10 2.8 %
0800 5 1.4 % 0.0%
0900 4 1.1% 3 0.8%
1000 2 0.6 % 2 0.6 %
1100 0.0% 1 0.3%
1200 1 0.3% 2 0.6 %
1300 0.0% 1 0.3%
1400 1 0.3% 0.0%
1500 0.0% 0.0%
1600 1 0.3% 0.0%
TOTL 63 175 % 63 175 %
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Fig. 4. Hourly frequency of large pressure fluctuations (LPF) and runway wind shear (RWS) at Songshan
Airport from 0000 to 1600 UTC on November 7, 2019.

Note: The counting times of LPF and RWS here are based on 10 seconds as one time, and there are 360

times per hour.
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Table 3. Contingency table of large pressure fluctuation (LPF) and runway wind shear (RWS) at Songshan
Airport from 0000-1600 UTC on November 7, 2019.

2019 Accuracy LPF_yes+ LPF_no+ LPF_yes+ RWS_yes+
1107 RWS_yes RWS _no RWS no LPF no
(false alarm) (miss alarm)
times/hr | times | times/17 | times | times/17 | times | times/17 | times | times/17 | times | times/17
=1 11 64.7% |9 52.9 % 2 118% |3 176% |3 17.6 %
=5 16 941% |5 29.4 % 11 64.7% |1 5.9% 0 0.0%
=10 14 824% |1 5.9% 13 765% |1 5.9% 2 11.8 %
100.0% B Accuracy  B{(false alarm) B {miss alarm)

90.0% 94.1% 82.4%

80.0%

70.0% 64.7%

60.0%

50.0%

40.0%

30.0%

17.6% 17.6%
20.0% 11.8%
0.0% [ | [ |
=1 =5 210
times/hr

52019 4= 11 5 7 [ 0000-1600 UTC FALLITE S RBE AR S (LPF) BRI (RWS) 245 H
FAERE (21K~ =5 ZM =10 ) 25 AhlE - Hfal e s - Srea QR
AR (O UR BRI -

Fig. 5. Large pressure fluctuation (LPF) and runway wind shear (RWS) at Songshan Airport from 0000 to
1600 UTC on November 7, 2019 according to different times per day (=1 time, =5 times and
=10 times), where red represents accuracy, green represents error rate and blue represents error
rate.
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A Case Study of Large Pressure Fluctuations and Runway
Wind Shear at Songshan Airport on November 7, 2019

Chin-Piao Pu!, Chung-Chieh Wang?

The Meteorological Environment Research and Development Center *
National Taiwan Normal University, Department of Earth Sciences?

Abstract

This paper uses the pressure, wind direction and wind speed data at the two runway (R10 and R28)
of Automatic Weather Observation System (AWOS) at Songshan Airport from 0000 to 1600 UTC on
November 7, 2019, to analyze the times and frequency distribution of large pressure fluctuation (LPF)
and runway wind shear (RWS), and then analyze the correlation with the large fluctuation of air pressure
and the runway wind shear. The results of the study show that the periods of large pressure fluctuations
and runway wind shear at Songshan Airport are still concentrated. The runway wind shear is detected by
large fluctuations in air pressure. If the number of occurrences is large, the accuracy rate is very high, and
the error rate and error rate are both low. In the future, we will choose an island airport to carry out the
experimental project of monitoring runway wind shear with large pressure fluctuations. After the
experiment is successful, we can develop a runway wind shear monitoring and alert system with large
pressure fluctuations in airports in Taiwan. It will be of great help to promote aviation efficiency and
enhance aviation safety.

Key words: Automatic Weather Observation System, Pressure Standard Deviation, Large Pressure

Fluctuation, Runway Wind Shear, Accuracy Rate, Error Rate and Miss Rate.
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Table 1. Summary of tropical storms/typhoons occurrence in the Western North Pacific Ocean since

1958.
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Fig. 1. Comparison between the 2017 monthly tropical storms/typhoons numbers & percentages and the

averaged numbers of Western North Pacific Ocean for the period 1958 through 2016.
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Table 2. Summary of the tropical storms/typhoons over the western North Pacific Ocean in 2017.
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Fig. 2. Annual tropical storms/typhoons genesis locations for 2017.
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Fig. 3. Comparison between the 2017 tropical storms/typhoons and for the period 2014 through 2016
tropical storms/typhoons genesis locations & tracks. (a) 2014 (b) 2015 (c) 2016 (d) 2017.
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Table 3. Statistics of tropical storms/typhoons life period in western North Pacific Ocean for 2017.

R (R) &% |H53tE (%)
1-24 (D) 3 111
25-48 (2) 3 11.1
49-72 (3) 6 22.2
73-96 (4) 5 18.5
97-120 (5) 2 7.4
121-144 (6) 3 111
145-168 (7) 1 3.7
169-192 (8) 2 7.4
193-216 (9) 1 3.7
217-240 (10) 0 0.0
241-264 (11) 0 0.0
265-288 (12) 0 0.0
289-312 (13) 0 0.0
313-336  (14) 0 0.0
337-360 (15) 0 0.0
361-384 (16) 0 0.0
385-408 (17) 0 0.0
409-432 (18) 0 0.0
433-456  (19) 1 3.7
=t:18 27 100.0

71—



4~ REJ 106 (57T 2017) FErp oL@ 5 e e VS SR 3 A 3% -
Table 4. Summary of tropical storm/typhoon warnings issued by CWB in 2017.
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Table 4(Continued). Summary of tropical storm/typhoon warnings issued by CWB in 2017.
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Table 5. Mean forecast track errors (km) for western North Pacific tropical storms /typhoons in 2017.

o s j4 /J\E%}?ﬁiﬁi 48 /J\E%}?ﬁiﬁi _
U EZE% [ FIosiaE | ERE | HEoREE
(Cases) (km) (Cases) (km)
1701 |#§7E (MUIFA) 2 118 - -
1702 |4 (MERBOK) 3 86 - -
1703 | EE¥EES (NANMADOL ) 8 89 4 301
1704 | #5507 (TALAS) 5 86 1 224
1705 |3 (NORU) 71 65 67 121
1706 |J&E#r (KULAP) 13 73 9 114
1707 |/&5¢ (ROKE) - - - -
1708 |k (SONCA) 5 133 1 204
1709 |JE3F (NESAT) 13 79 9 165
1710 |34 (HAITANG) 3 203 - -
1711 |Z54% (NALGAE) 12 40 8 83
1712 |#5#t (BANYAN) 19 104 15 283
1713 | Rk (HATO) 12 96 8 219
1714 |i-E (PAKHAR) 8 85 4 196
1715 |55 (SANVU) 21 112 17 240
1716 | 5% (MAWAR) 9 59 5 92
1717 |4 (GUCHOL) - - - -
1718 |ZF] (TALIM) 32 85 28 165
1719 |FE&FHS (DOKSURI) 10 80 6 179
1720 |%% (KHANUN) 11 123 7 210
1721 |fEE (LAN) 26 97 22 151
1722 |&#r (SAOLA) 18 93 14 214
1723 |F15 (DAMREY) 6 40 2 100
1724 |2 (HAIKUI) 7 107 3 151
1725 |9BJE (KIROGI) - - - -
1726 |FrfE (KAI-TAK) 28 83 24 73
1727 | XFE (TEMBIN) 17 82 13 97
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Fig. 4. Mean forecast track errors (km) for Western North Pacific tropical storms /typhoons for the period

1997 through 2017.
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Fig. 5. Tropical storm/typhoon tracks for the period from April to June in 2017.
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Fig. 6. Tropical storm/typhoon tracks for July in 2017.
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Fig. 7. Tropical storm/typhoon tracks for August in 2017
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Fig. 8. Tropical storm/typhoon tracks for September in 2017.
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Fig. 9. Tropical storm/typhoon tracks for October in 2017.
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Fig. 10. Tropical storm/typhoon tracks for the period for November in 2017.
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Fig. 11. Tropical storm/typhoon tracks for the period for December in 2017.
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2017 Western North Pacific Ocean
Tropical Storm/Typhoon Annual Report

Fu-Tien Tsai

Central Weather Bureau

Abstract

There were a total of 27 tropical storms/typhoons over Western North Pacific Ocean in 2017, which
included 16 tropical storms and 11 typhoons. The total number is similar to the 59 years average of 26.3
for 1958-2016. The Central Weather Bureau (CWB) issued sea warnings on tropical storm GUCHOL
(1717) and typhoon TALIM (1718), and land warning on typhoon NESAT (1709), tropical storm
HAITANG (1710) and typhoon HATO (1713 ) . The first tropical storms/typhoons occurred on 26 April,
2017. In terms of the life period of the tropical storms/typhoons, the longest life was the 450 hours of
typhoon NORU (1705), on the other hand tropical storm GUCHOL (1717) and tropical storm KROGI
(1725) both only existed for 18 hours. Typhoon LAN (1721) with maximum sustained wind 53 m/s near
center was the strongest tropical storms/typhoons this year. There were five tropical storms/typhoons
which were issued warnings by CWB, just typhoon NESAT (1709) and tropical storm HAITANG (1710)
which's center landed Taiwan island. The annual average error of official track forecasts was 85 km for
24-hour which performance was better than the average error 92 km of the latest 10 years.

Key words: typhoon, land, track forecast error
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