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Average : 5 typhoons/year 
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Typhoon Hazards vs. Water Resources
Cumulative Rainfall 
5-10 August, 2009
(Typhoon Morakot)

Mean & Median= 5



2022 Typhoon Season
No typhoon made landfall
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Reservoirs in Taiwan (18 April 2023）
Low water levels in most of the reservoirs
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How long do we have to wait for the next typhoon coming 
after the end of Mei-Yu season ?

Tsai and Elsberry (2013)

1st TC Gap after the end of the Mei-Yu season
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～100 days



• CWB has been monitoring the tropical cyclone (TC) forecasts 
beyond 7 days since 2008  

– 21-member NCEP GEFS real-time forecasts

CWB TC Tracker
Tsai et al. (2011)

6



CWB TC Tracker 2.0
https://tctracker.cwb.gov.tw/

Starting from 2020...
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CWB TC Tracker 2.0
https://tctracker.cwb.gov.tw/
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• Forecast lead-time: 4 weeks
• Multiple models:

– NCEP GEFSv12
– ECMWF 46-day ensemble 

(password protected)
– NCEP CFSv2
– CWB1T1 (CWB 1-tier climate 

forecast model)
• Users can download the TC tracking 

results (ascii files) and create their 
own products.

•Forecasters at CWB and PAGASA are 
jointly using the CWB TC Tracker 2.0.



9

Fuzzymap (Pointwise TC Detection)

Heatmap (TC Strike Probabilities)

Track Clusters (Spatio-Temporal Track Clustering)



Collaboration between CWB and PAGASA
TC Threat Potential
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PAGASA



•Weeks 1-4 TC forecast skill in the western North Pacific
– Realtime forecasts
– Long-term reforecasts
– Research to operations (R2O)

Forecast Verifications

6/15 6/18

6/246/216/26-6/28

Typhoon Sepat (2019) 
~11 days in advance

Credit: Kovia Lo (CWB)
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TC Forecast Skill Verifications
GEFSv12 Weeks 1-4 Reforecasts

• Reforecasts during 2000-2019
• 11 ensemble members
• TC strike probabilities in the western North Pacific

• ROC curve, reliability diagram, performance diagram,
PR Curve, etc.
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Week-1
AUC=0.90

Week-2
AUC=0.83



TC Forecast Skill Verifications
GEFSv12 Weeks 1-4 Reforecasts
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Performance Diagram
(based on the Youden’s Index)



TC Forecast Skills 
under Different Large-Scale Environments

1. ENSO
2. WNPMI (Western North Pacific Monsoon Index)
3. MJO (Madden–Julian Oscillation)
• Eastward propagation along the equator

4. BSISO (Boreal Summer Intraseasonal Oscillation)
• Northward/northwestward propagation
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WNPMI
(Western North Pacific Monsoon Index; Wang et. al 2001)
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WNPMI is divided into 5 categories based on 
the cumulative probabilities

WNPMI



JTWC Best Tracks
Best tracks are divided into 5 groups 

based on the WNPMI categories



GEFSv12
TC Tracks
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Best Tracks



Precision-Recall Curve＆ F1-Score
GEFSv12 Reforecasts: Week-1

Larger WNPMIà Better TC forecast skill
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Precision-Recall Curve＆ F1-Score
GEFSv12 Reforecasts: Week-2

Larger WNPMIà Better TC forecast skill
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GEFSv12 Reforecasts: Performance Diagram
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WNPMI 60-100%

All Samples

All Samples

WNPMI 60-100%

Similiar results can also be found in the ECMWF ensemble forecasts.

Week-1 Week-2
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WNPMI + Track Clusters
New TC Forecast Product at CWB

WNPMI is used to indicate the confidence 
level of the current forecast
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Typhoon Doksuri
(20-29 July 2023)

Week-3

Week-2
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ECMWF Forecast Skill – MJO

Week-1 Week-2

Week-1 Week-2

PR Curve

Performance 
Diagram



Summary
• CWB TC Tracker 2.0
• https://tctracker.cwb.gov.tw/

• Week-1 to week-4 TC forecast skills
• Large-scale environments
• WNPMI, MJO, BSISO, ENSO

• New TC forecast product
• Track clusters & confidence level
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Thank You!

Questions or Comments?
Hsiao-Chung Tsai (hctsai@mail.tku.edu.tw)

Kovia Lo(kovia@cwb.gov.tw)


