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Calculating Diffusive and advective Eddy 
Fluxes from ocean observations



Mixing = molecular scales. Stirring enhances mixing.

Mixing in the ocean a Coffee Cup

Stirring Coffee Cup (Order 0.1- 1 m2 s-1)

Flux:


D ∇ Milk
Diffusivity    Gradient of Property



Isotropic Small-Scale Mixing = D∇ T 

Representing mixing in numerical ocean models

Isotropic (~vertical) small-scale Mixing 
  

D ∇ T (≈ D dT/dz)
Small-Scale Mixing (D = Order 10-4 m2 s-1): 
E.g. Breaking Internal Waves, Wind, etc.



Horizontal Mesoscale Mixing = K∇H T 

Isotropic Small-Scale Mixing = D∇ T 

Horizontal Mesoscale Mixing  

K ∇H T 

Representing mixing in numerical ocean models

Mesoscale Eddy: large scale variations of mean flow (K = Order 103 m2 s-1): 



Horizontal Mesoscale Mixing = K∇H T 

Isoneutral Mesoscale Mixing = K∇N T 

Isotropic Small-Scale Mixing = D∇ T 

Isoneutral Mesoscale Mixing  

K ∇N T 

Representing mixing in numerical ocean models

Isoneutral motion - Except for changes in buoyancy: 
-Small-Scale Mixing

-Cabbeling and Thermobaricity
(see also: McDougall, Groeskamp and Griffies (2014, 2017, 2019 - in prep)



Approximate  

Neutral direction

Neutral direction                    Flux = K∇N T
Fictitious  

Mixing

Representing mixing in numerical ocean models

Flux = K∇N T

Flux = K∇wrong T
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Global Mean Ocean Temperature  

Collaboration with D. Ferreira (University of Reading)

Representing mixing in numerical ocean models

- Zonal Means 
- Perturbed run - Control run 
- Ocean only, CORE-2 forcing,  
- C32 cube-sphere grid (~2.8 deg)  
- 15 z-levels,  
- GM coeff is 800 m2s-1,  
- Vertical diffusion 3x10-5 m2s-1.



Why care? 
It Matters for things that matter!

Influences Tracer transport (GM) and diffusion (Redi):

Heat


Carbon

Nutrients

Oxygen


This significantly affects state of ocean and climate. 

K ∇N T 
Gent-McWilliams Parametrization Redi-Diffusion



Outline and Conclusions: 

There is an old method 

Now there is a new method 

The new method is better 

This is very important 

end
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The “Local” Method
Based on: Redi 1982

Tracer Gradient Along Isopycnal
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Isoneutral
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The “Local” Method
Based on: Redi 1982

Can go to zero

Local Method [with Smax = 0.01]

Isoneutral



So far so good: you would think…



Talk about this paper



VENM
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VENM: VErtically Nonlocal Method
Based on: Jacket and McDougall 1997

(S2,ɵ2,P2)

(S1,ɵ1,P1)

Pm = (P1 + P2)/2

Bring Both Sides to Mid-Pressure
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VENM: VErtically Nonlocal Method
Based on: Jacket and McDougall 1997

Bring Both Sides to Mid-Pressure 

∆ν = ν(S1,ɵ1,Pm) - ν(S2,ɵ2,Pm) ≦10-12

(S2,ɵ2,P2)

(S1,ɵ1,P1)

Pm = (P1 + P2)/2

∆y

∆z



Applied to World Ocean Atlas 

Observationally based gridded climatology 
  

(S, T, P)

Calculating Diffusive and advective Eddy Fluxes 
from ocean observations



VENM - Results
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VENM - Results



GM Meridional Overturning Streamfunction 
VENM

VENM - Results



GM Meridional Overturning Streamfunction 
LOCAL method

VENM - Results



GM Meridional Overturning Streamfunction 
Difference: LOCAL - VENM

VENM - Results



Water mass transformation by cabbeling: Weird result.

120 Sv of  
AABW 
formation

Sensitive to gradient

VENM - Results



VENM: 

- Numerically more stable and accurate.


- Self-Regularization (H / ∆x)


- Significantly improves representation of fundamental 
physical processes


- Computationally more expensive, but:

- Andrew Shao et al is implementing VENM-like code 

into MOM6 and NEMO.


- Sigma2 does not improve compared to local 
method


- Impact on Eddy Parameterization (GM90) and 
transport/diffusion of heat, carbon, etc.


- Likely to change climate predictions.


VENM - Results




