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Horizontal advection : linear schemes



Horizontal advection : linear schemes



Horizontal advection : linear schemes

• spurious over/under shoots appear where
the advected signal varies sharply

• explicit diffusion is needed with even-
order schemes

• tend to promote odd-order schemes UP3 
and UP5

C2

C4

C6



[HADV_WENO5]

Non-linear weighted average of 3 estimate of the value at interface

1. Convexity
2. ENO (essentially non-oscillatory) property
3. 5th order when q(x) smooth

Do not strictly preserve monotonicity! 

But favored choice with biogeochemistry…

BIO_HADV_WENO5

Horizontal advection : WENO schemes



Advection of momentum

Horizontal advection

Because of the variable staggering, we need to interpolate both
the fluxes and the advected quantity :



Fluxes are obtained by solving the tridiagonal problem

Vertical advection : SPLINE reconstruction



configuration resolution old dt new dt

BENGUELA (Penven et al) 25 km 6300s 7140s

OMAN (Vic et al) 2 km 160s 470s

• No control on errors
• Need a linear scheme for the explicit part

Vertical advection : Adaptive implicit SPLINE reconstruction

integrated with an explicit scheme (whose CFL is )

integrated with an upwind Euler implicit scheme (unconditionnaly stable) 



Vertical advection : AKIMA

With AKIMA scheme , algebraic average of elementary differences is replaced
by harmonic average

=> better control of over/under- shoots



Numerical schemes: Advection

⚫ Available schemes in CROCO

Advices for choosing:
⚫ Not choosing => take default
⚫ Look at sources of errors
⚫ Consider the physics (scales, 

need of positivity…)
⚫ Consider computation time



Reynolds averaged equations

with

represented by (hyper-)diffusion 
operators



satisfy :  - momentum conservation
- angular momentum conservation
- strictly dissipative term

Viscous operators

same logics applied twice



[UV_VIS_SMAGO, UV_VIS2]

[TS_DIF_SMAGO, UV_VIS2]

Viscous/Diffusion operators : Smagorinsky closures



TS_DIF2

TS_DIF4

Rotated (hyper-)diffusion

[TS_MIX_ISO, TS_MIX_GEO]

Under small slope approximation



Rotated (hyper-)diffusion

[TS_MIX_ISO, TS_MIX_GEO]



For more details

CROCO – Training Barcelonnette 2023

https://croco-ocean.gitlabpages.inria.fr/croco_doc/index.html


