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Forcings: Generalities



3

Forcings: Generalities
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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



15

Atmospheric forcings: Heat fluxes

= Black body radiation #T4
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Atmospheric forcings: Heat fluxes



17

Atmospheric forcings: Heat fluxes
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Atmospheric forcings: Heat fluxes



19

Atmospheric forcings: Heat fluxes

 At the surface :  At the surface and sub-
surface :



20

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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Forcings: Bonduary Conditions



TUTORIAL 04:

CREATE MY CROCO CLIM CONFIG



OBJECTIVES

➢ Prepare the CROCO input files

➢ Compile the code

➢ Run the model

➢ Visualize the outputs



STEP 1: Logging onto the cluster

➢ From a terminal/konsole:

➢ Reserve an interactive processor for pre-processing:

➢ Go in your CROCO directory (lustre/croco):

➢ Go into your Run Clim:

ssh -X login@scp.chpc.ac.za

[login@login2 ~]$ qsubi1

[login@cnode022 ~]$ cd lustre/CROCO/croco-v2.0.1

[login@cnode0220 ]$ cd Run_Clim



STEP 2: Creating input files for Run_Clim

➢ Launch Matlab :

➢ Create your croco grid

➢ Create your surface forcing files

➢ Create your CROCO initial and boundary conditions

[login@cnode0220 Run_Clim]$ matlab -nodesktop

>> start; make_grid;

>> make_forcing; make_bulk; …

>> make_clim; OR make_bry; make_ini;



STEP 3: Compiling CROCO model 

➢ Copy the script to compile the code in your Run_Clim directory :

➢ Edit and fix the parameter file param.h

➢ Edit and set the cppdefs.h

➢ Compile CROCO using the jobcomp_lengau script

cp /mnt/lustre/users/sillig/CROCO_TRAINING_Basic/3_Some_files/jobcomp_lengau .

[login@cnode0220 Run_Clim]$ nedit param.h &

[login@cnode0220 Run_Clim]$ nedit cppdefs.h &

[login@cnode0220 Run_Clim]$ ./jobcomp_lengau



STEP 4: Running CROCO 

➢ Copy the job file to run the code in your Run_Clim directory :

➢ Edit and fix the parameter file croco_inter.in

➢ Edit and fix the script run_croco.pbs

➢ Launch your simulation

cp /mnt/lustre/users/sillig/CROCO_TRAINING_Basic/3_Some_files/run_croco.pbs .

[login@cnode0220 Run_Clim]$ nedit croco_inter.in &

[login@cnode0220 Run_Clim]$ nedit run_croco.pbs &

[login@cnode0220 Run_Clim]$ qsub run_croco.pbs



CROCO

croco_grd.nc

croco_ini.nc

croco_XXX.nc, ...

croco_avg.nc

croco_his.nc

croco_rst.nc

croco_inter.in croco_Y-M-.out

run_croco.pbs:

 Copy executable, input files, and croco_inter.in.template
 Loop over time : adjust croco_inter.in and run CROCO:

run_croco.pbs.oxxxx

run_croco.pbs.exxxx

STEP 4: Running CROCO 
Run_Clim

SCRATCH



Variables and forcings

Prognostic variables:
u
v
temp
salt
zeta

Forcing variables:
sustr
svstr
srfl
stfl
precip



THE BUG SHEET

➢ Problem associated with :

▪ Diagnostic 1

 Solution:

▪ Diagnostic 2

 Solution:



STEP 5: Visualising model outputs 

➢ Launch Matlab and edit the following file:

➢ Make your first plots:

➢ Visualise the outputs with croco_gui

➢ Enjoy!!!

>> edit croco_diags.m

>> croco_diags

>> plot_diags 

>> croco_gui



STEP 6: Exiting

➢ Exit Matlab:

➢ Give back the compute node:

➢ Logoff the Lengau cluster:

exit

exit

exit


