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Introduction: 

ECMWF coupled system 
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Mogensen et al. 2017 

Neoguri affecting Okinawa  

on July 8, 2014 

Coupling on tropical cyclone forecast:  
reduction of intensity error and realistic ocean response 
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Modeling infrastructure 

for this study 

ORCA025_Z75 

TCo1279/TCo639 

14km/28km 

9km/18km 
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Implementation: 

CY46R1 

in 2019. 
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ECWAM with adapted 

Ardhuin et al. 2010 physics 
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Sea state dependency 

in momentum exchange 
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Charnock relation 

Sin : source term for the input of wind into waves 

ais sea state dependent 

Wave induced stress: 

Momentum flux generating waves 

a

a~minimum Charnock 



Sea state dependency on momentum and heat fluxes 
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Exchange coefficients 

dependency on wind speed 

Left: for momentum (Cd) 

Right: for heat (Ch) 

 

Forecast from 20170905 

t=6 to 240 by 6 

All open  ocean grid points. 

 

Cd is sea state dependent 
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Impact of Coupling: revisit parameterisations 
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Exchange coefficients 

dependency on wind speed 

Right: for heat (Ch) 

 

Brut et al. 2005 

The current model 

is underestimating a bit 

the heat transfer from the 

surface . 

Cook and Renfrew 2014 

1 

2 

x 10-3 

3 

40 10 



Effect of waves on heat flux : Janssen 1997  
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Janssen, P.A.E.M., 1997: Effect of surface gravity waves on the heat flux. ECMWF Technical Memorandum 

239. http://www.ecmwf.int/en/elibrary/technical-memoranda 

ZT 

a

a~ minimum Charnock 

Sea State dependent Charnock 
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Heat exchange coefficients 

dependency on wind speed 

 

 

Similarly for moisture flux 

Cd 
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Impact of Coupling: revisit parameterisations  
 

Brut et al. 2005 Cook and Renfrew 2014 



Impact of Coupling on tropical cyclone forecast 
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900 

950 

Black: estimated from observations 

Green: operational HRES configuration (uncoupled) (16km) 

Red: 16km coupled to NEMO (ORCA025_Z75) 

Blue: 16km coupled to NEMO + new sea state dependant heat and moisture fluxes 

Mean Sea Level 

Pressure (hPa), 

 

Neoguri 

. 



Sensitivity study: wave dependent heat and moisture fluxes  

better 

Forecast only experiments 

(8 months) 

 

Normalised difference in 

RMSE for geopotential 

height (Z) 

against operational analysis. 

new ï default 

11 SEA-STATE DEPENDENCY OF AIR-SEA FLUXES  



Sensitivity study: wave dependent heat and moisture fluxes  

Mean forecast difference in T 

Normalised difference in RMSE for 2mT 

Normalised difference in RMSE for 2mT 
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