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“the three-dimensional turbulent interleaving and 
blending of oceanic waters with different properties.”
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Relevance: The variable is effective in addressing the overall 
GOOS Themes – Climate, Real-Time Services, and Ocean Health.

Feasibility: Observing or deriving the variable on a global scale 
is technically feasible using proven, scientifically understood 
methods.

Cost effectiveness: Generating and archiving data on the 
variable is affordable, mainly relying on coordinated observing 
systems using proven technology, taking advantage where 
possible of historical
datasets.
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What is ocean mixing? 
Ocean mixing refers to turbulent processes occurring at small 
spatial (1 m) and temporal (seconds to few minutes) scales that 
lead to the diabatic transformation of water masses.

Mathematically, we describe this with turbulent fluxes - the rate 
at which a tracer moves across a boundary.

Tracers: 
T, S, 

Nutrients,
Sediments, 
Pollutants,...
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What is ocean mixing? 

Diffusivity describes 
how readily 
temperature, 
salinity, dissolved 
nutrients, etc can 
move across 
isopycnals in the 
ocean. 

Mixing rates 
describe how 
quickly energy is 
dissipated.

Ocean mixing refers to turbulent processes occurring at small 
spatial (1 m) and temporal (seconds to few minutes) scales that 
lead to the diabatic transformation of water masses.

Mathematically, we describe this with turbulent fluxes - the rate 
at which a tracer moves across a boundary.
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Scientific Relevance  
● The upwelling branch of the thermohaline circulation relies on turbulent mixing. 



Scientific Relevance 

Moum 2013

● Many climate models fail to accurately simulate the seasonal cycle 
of the sea surface temperature in the equatorial cold tongue.

χpods on 
moorings at 
the TAO 
array

● Moum et al used a multi-year timeseries of 
heat flux computed from χpods to show 
that SST is related to mixing in the 
thermocline. 



Scientific Relevance χpods on 
moorings at 
the TAO 
array

Moum 2013

surface heat flux

heat flux in the 
thermocline

● Jan-Jun: surface heat flux > flux across thermocline
● Jul-Dec:  flux across thermocline > surface heat flux



Scientific Relevance 

surface heat flux

heat flux in the 
thermocline

sea surface 
temperature

● Equatorial SST warms when atmospheric heating exceeds cooling 
from mixing below, and cools when mixing exceeds atmospheric 
heating.

χpods on 
moorings at 
the TAO 
array

Moum 2013



Scientific Relevance : 
● Turbulent mixing has a significant impact on air-sea fluxes

Ellison, E. (2022). Hypersensitivity of Southern Ocean air-sea carbon fluxes and biological productivity to turbulent 
diapycnal fluxes (No. EGU22-3665). Copernicus Meetings.



Scientific Relevance 
● Turbulent mixing has a significant impact on air-sea fluxes
● Altering the mixing in an eddy-permitting ocean model alters the distribution of inorganic 

carbon, alkalinity, temperature, and salinity
● These changes alter the biological productivity, which affects the total carbon flux

Ellison, E. (2022). Hypersensitivity of Southern Ocean air-sea carbon fluxes and biological productivity to turbulent 
diapycnal fluxes (No. EGU22-3665). Copernicus Meetings.



Feasibility / Technological maturity

Naveira-Garabato and Meredith 2022

● Turbulence sensors have 
become less expensive and 
more user-friendly

● Increasing in-situ and remote 
observations, combined with 
increasing computation power 
has led to better models and 
parameterizations

● Now, the community is 
focusing on moving toward 
sustained global observations



Courtesy of Aurélie Moulin

Coordinated efforts

GO-SHIP program: 
χ profiles can be 
measured with 
χpods attached to CTD 
rosette.



Coordinated efforts

ARGO network: 
can make global 
estimates of 
dissipation from 
density profiles 
and strain 
parameterizations.

Whalen 2018



Coordinated efforts

ARGO network: 
can make global 
estimates of 
dissipation from 
density profiles 
and strain 
parameterizations.

ARGO-MIX: can 
directly measure 
dissipation rates 
with new 
on-board 
processing 
capabilities



Based on Readiness Levels, Ocean Mixing should be considered an emerging EOV
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