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Motivation

Major natural disasters in Taiwan
• Typhoons
• Cold Surges
• Extreme rains
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typhoons

Cold surges

Extreme rains



• Build a multi-scales, high-resolution and accurate extend
weather/climate forecast system

• Dynamical downscaling of regional ocean-atmosphere coupled
model online driven by a global coupled model framework

- Ocean and atmosphere
- Extend weather forecast
- Enhance short-term to long-term climate predictability skill
- Benefit agriculture and fishery
- Reduce the risks of natural disaster

Objective
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Typhoon Morakot 2009



Changjiang
diluted water

Paradise of physical oceanography
Complicated circulation patterns in the East Asian seas
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http://140.112.66.144/research/timcom

Taiwan Multi-Scale Community Model (TIMCOM)
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http://efdl.as.ntu.edu.tw/research/timcom


Governing Equations
Continuity eqn.

Momentum eqn.

Conservation eqn. for temperature and salinity Eqn. of State

Hydrostatic Eqn.

Taiwan Multi-Scale Community Model (TIMCOM)
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Taiwan Multi-Scale Community Model (TIMCOM)
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Greenland

•Primitive, hydrostatic 
equation
•Fourth-order combined 
Arakawa A and C-grid
•Free surface
• KPP vertical mixing
• GM parameterization
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Multi-scale Ocean and Atmosphere Coupled Modeling 
System (MUSOCS) 

121E(104E,13N)

(144E,33N)

Regional domain
(customizable)

high quality boundary condition from
the global coupled model
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768x432x55
288x216x55



ESMF coupler
Decomposition and Reorganization

Advantage:
1. Flexible
2. Division

Disadvantage:
1. steep learning/developing curve

NTU&CWA coupler
Collection and Connection

Advantage:
1. Customization
2. Easy to use
3. Efficiency

Disadvantage:
1. Complicated if there are 

many components

Ocean-atmosphere coupled system in CWA
Coupler is critical
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MUlti-Scale Ocean and Atmosphere Coupled modelling system(MUSOACS)



Ocean-atmosphere coupled system in CWA
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Operational parallel run in CWA

elapsed 
time

-1 hr 0 hr 12 hrResource : 1,080 cores (23nodes)

preprocess runtime

11 hr

postprocess

Global TIMCOM
(384 cores)

CWAGFS
(384 cores)

0 hr 2 hr 4 hr 6 hr 8 hr 10 hr 12 hr …….. 840 hr

Air-sea 
interaction

Regional TIMCOM
(96 cores)

CWARSM
(216 cores)

6 hr 12 hr …….. 840 hr

Air-sea 
interaction

Regional coupled model driven by 
global coupled model 

0 hr



Model performance
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Operational setting



Validation
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Corr. improved

Geopotential heights 
and winds improved.

Geopotential heights 
deteriorated

Global coupled V.S. uncoupled
Score card in 16 daysBlue: improved 

Red :deteriorated
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Global coupled vs. uncoupled
Intraseasonal Oscillation- MJO
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obs
coupled
uncoupled

IC: 20231117 IC: 20231118IC: 20231115 IC: 20231116

IC: 20231119 IC: 20231120

uncoupled
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2024/01/01-2024/01/31 (15°S-15°N)

Global coupled vs. uncoupled vs. NCEP GEFS
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Global coupled vs. 
uncoupled vs. NCEP GEFS

2024/07/01-2024/07/31 
(15°S-15°N)

Global coupled 
vs. NCEP GEFS



Global coupled vs. uncoupled
Typhoon Track
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Typhoon Mawar Typhoon Doksuri Typhoon Khanun

Better than 
GEPSv2

Similar to NCEP until 48hr 
but better after 144hr

Better than 
NCEP

Better than GEPSv2, 
better than EC after 144hr



Initial time       ：2024/01/17 00Z

P1

P2

P3

P1 : initial 01/02 to 01/08
P2 : initial 01/09 to 01/15
P3 : initial 01/16 to 01/22

Corr: 1/22-1/31
Lead 9

0.55

P1 : weak signal
P2 : signal arise
P3 : accurately predict
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2024 1/23 cold surge event



2024 cold surge events
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Dynamical model actually performs better forecast skill than AI model.
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VS HYCOM reanalysis (Surface)
Initial time       ：2023/11/01 00Z
Forecast time ：2023/11/06 00Z(+120h)

Surface Current

TIMCOM

HYCOM

Kuroshio main current

Ocean eddy

Kuroshio intrusion

Kuroshio main current

Ocean eddy

Kuroshio intrusion
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• A novel Multi-scale Ocean and Atmosphere Coupled 
Modeling System (MUSOACS) is developed to enhance the 
predictability of extended-range weather/climate forecasts

• MUSOACS: high-performance global ocean+atmos coupled 
models + regional coupled model (2+2)

• MUSOACS surpasses the current operational atmospheric 
forecast system at CWA up to 16 days

• The predictability of MJO is enhanced.
• Typhoon tracks are comparable with EC and NCEP 

products

Summary

Thanks for Your Attention!
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