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Atmospheric Forcings
Surface wind stress

• Approaching sea surface, the 
geostrophic balance is broken, 
even for large scales. 

• The major reason is the influences 
of the winds blowing over the sea 
surface, which causes the transfer 
of momentum (and energy) into 
the ocean through turbulent 
processes. 

• The surface momentum flux into 
ocean is called the surface wind 
stress (  ), which is the tangential 
force (in the direction of the wind) 
exerting on the ocean per unit 
area (Unit: Newton per square 
meter) 
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Atmospheric Forcings

• Direct measurement of wind stress is difficult.
• Wind stress is mostly derived from meteorological 

observations near the sea surface using the bulk formula with 
empirical parameters.

   

Wind stress Calculation
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Atmospheric Forcings
Drag Coefficient Cd
•  Cd is dimensionless, ranging from 0.001 to 0.0025 (A 

median value is about 0.0013). Its magnitude mainly 
depends on local wind stress and local stability.

• Cd Dependence on stability (air-sea temperature 
difference). 

More important for light wind situation
 
For mid-latitude, the stability effect is usually small 
but in tropical and subtropical regions, it should be 
included.

• Cd Dependence on wind speed.
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Atmospheric Forcings
Cd dependence on wind speed 

in neutral condition

Large uncertainty 
between estimates
(especially in low 
wind speed).

Lack data in high wind
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Atmospheric forcings

Annual Mean 
surface wind stress
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Atmospheric forcings

December-January-
February mean 

wind stress
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Atmospheric forcings

June-July-August 
mean wind 

stress
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Atmospheric forcings

      Use of a bulk formula : 

        Compute the wind stress 
from the Cd drag coefficient, 
model SST and wind stress 

Directly read Taux, Tauy           
in the forcing files in (N.m-2)

 Two possibilities : 

 matlab: make_forcing
Uses stress data from COADS
Look at the data !

 ROMS: CPP_KEYS=

undef BULK_FLUX

 matlab: make_bulk
 Uses wind data from COADS
 Look at the data !
 ROMS: CPP_KEYS=

define BULK_FLUX

Fairall formula is by default but please note 
that other bulk formulae are possible
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Atmospheric forcings: Heat fluxes
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Atmospheric forcings: Heat fluxes
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Atmospheric forcings: Heat fluxes

= Black body radiation #T4
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Atmospheric forcings: Heat fluxes
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Atmospheric forcings: Heat fluxes
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Atmospheric forcings: Heat fluxes
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Atmospheric forcings: Heat fluxes

 At the surface :  At the surface and sub-
surface :
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Atmospheric forcings: Heat fluxes

 At the surface :

 At the surface and sub-surface:
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Atmospheric forcings: Heat fluxes

      Use of a bulk formula : 

  Compute the sensible, latent, 
long wave heat flux from the 
CE,CH coefficient using model 
SST, 10m wind speed, T2m q2m
       Use Qsolar too.

Directly read of Qnet and Qsolar     
       
in the forcing files in (W.m-2)

 Two possibilities : 

 matlab: make_forcing
Uses stress data from COADS

 ROMS: CPP_KEYS=

undef BULK_FLUX

 matlab: make_bulk
 Uses wind data from COADS

 ROMS: CPP_KEYS=
define BULK_FLUX
define BULK_LW:  

Longwave “in” only, outgoing longwave 
are calculated for the model SST            
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Atmospheric forcings: Fresh water fluxes

      Use of a bulk formula : 

        Compute the evaporation 
from CE coefficient using model 
SST, 10m wind speed, q2m
       Use Precipitation too.

Directly read of EmP            
in the forcing files in (cm.day-1)

 Two possibilities : 

 matlab: make_forcing
Uses stress data from COADS

 ROMS: CPP_KEYS=
undef BULK_FLUX

 matlab: make_bulk
 Uses wind data from COADS

 ROMS: CPP_KEYS=

define BULK_FLUX

Fairall formula is by default but please note 
that other bulk formulae are possible
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Atmospheric forcings: Air-sea interactions
 Heat fluxes & Freshwater fluxes 

 Directly read the forcing files
 Use of a bulk formulae :

- Heat flux : compute total heat flux from latent, 
sensible, solar  and longwave fluxes and model 
SST
- Freshwater flux : compute from evap, prate 
and model SSS

 Wind stress:
 Directly read the forcing files
 Use of a bulk formulae : 
       - Compute the wind stress from the Cd 
drag coefficient, model SST and wind stress 

bulk_flux.F
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Atmospheric forcings: Recap and keys
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Forcings: Bonduary Conditions
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