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analyses and interpolation methods.
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• Structural uncertainty associated with water mass 
analyses and interpolation methods.

• Water mass census and budgets estimated from 
Argo profiles via interpolation-free methods.



Not All State Estimates Are 
Created EqualGaël Forget 2017/11/07

model-data misfits for temperature at 
300m depth and various ECCO estimates 
Forget, Ferreira, Liang 2015 (OS)



FIG. 6. (a) Domain-averaged heat budget in the Southern Ocean (40°–60°S), and heat budget averaged in the (b) Pacific, (c) Atlantic,
and (d) Indian sectors of the Southern Ocean. The gray curve is the sum of the contributions of surface heating (red), oceanic advection
(blue), diffusion (cyan), and vertical entrainment (green) to the temperature tendency (black). The vertical lines in (a) correspond to
two standard errors for each term. One standard error is equivalent to one standard deviation divided by the square root of the number
of independent observations.

4432 J O U R N A L O F C L I M A T E VOLUME 20

Mixed Layer Heat Budgets 
(relatively robust)Gaël Forget 2017/11/07
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(blue), diffusion (cyan), and vertical entrainment (green) to the temperature tendency (black). The vertical lines in (a) correspond to
two standard errors for each term. One standard error is equivalent to one standard deviation divided by the square root of the number
of independent observations.
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Dong, Gille, Sprintall 2007 (DOI: 10.1175/JCLI4259.1)

Forget 2010 (DOI: 10.1175/2009jpo4043.1)



Vθ(t) 
(relatively robust)

Evans, Toole, Forget, Zika, Naveira Garabato, Nurser, 
Yu, 2017 (https://doi.org/10.1175/JPO-D-16-0089.1)
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North Atlantic between 27N and 48N

https://doi.org/10.1175/JPO-D-16-0089.1
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ECCO V4 R1 State Estimate 
(incl. air-sea heat fluxes 
and temperature advection)
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• Structural uncertainty associated with water mass 
analyses and interpolation methods. 

• Water mass census and budgets estimated from 
Argo profiles via interpolation-free methods.



Argo Volumetric Census 
(Worthington Framework)

Speer and Forget 2013 (Global Distribution and 
Formation of Mode Waters; https://doi.org/10.1016/
B978-0-12-391851-2.00009-X)
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https://doi.org/10.1016/B978-0-12-391851-2.00009-X


Monitoring North Atlantic 
Eighteen Degree Water

Forget, Maze, Buckley, Marshall, 2011 
(https://doi.org/10.1175/2010JPO4257.1)
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https://doi.org/10.1175/2010JPO4257.1


Monitoring North Atlantic 
Eighteen Degree Water

Forget, Maze, Buckley, Marshall, 2011 
(https://doi.org/10.1175/2010JPO4257.1)
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https://doi.org/10.1175/2010JPO4257.1


Gaël Forget 2017/11/07Water Mass Budgets 
(Walin framework)

Adapted from Walin, 1982 (doi:10.1111/j.
2153-3490.1982.tb01806.x)



Water Mass Budgets 
(Unified framework)

Forget, Maze, Marshall, Hill (in prep)
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Gaël Forget 2017/11/07Local Transformation Rates 
(θ0=5˚C, Argo θ, ECCO Qnet)

Forget, Maze, Marshall, Hill (in prep)



Water Mass Budgets 
(θ0=5˚C, ACC, 0-700m) Gaël Forget 2017/11/07

Forget, Maze, Marshall, Hill (in prep)

With Interpolation (ECCO v4 r2)

No Interpolation (95% bootstrap range)
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• Structural uncertainty associated with state 
estimation / interpolation methods should not be 
overlooked (see Forget et al. 2015, GMD, doi:
10.5194/gmd-8-3071-2015 for more on this).
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• Structural uncertainty associated with state 
estimation / interpolation methods should not be 
overlooked (see Forget et al. 2015, GMD, doi:
10.5194/gmd-8-3071-2015 for more on this).

• Argo allows for interpolation-free water mass 
census and budget estimation. This approach readily 
yields uncertainty estimates associated with limited 
data coverage. It integrates Worthington & Walin.


