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1. fitting dynamics to data (interp., invers.) 
2. theory and practice (least sq., opt. control) 
3. ECCO v4 state estimate (data, model errors) 
4. extended model-data analyses  
!

5. interactive session : self-guided exercises 
6. resources, bibliography

… course 4 : the global MITgcm setup



(1) Fitting Dynamics to Data



(1) Fitting Dynamics to Data

Dynamical constraints: a means to filter ‘noise’



(1) Fitting Dynamics to Data

State Estimate: a dynamical interpretation of the data



(1) Fitting Dynamics to Data

Adjoint model: a means to combine data types



(1) Fitting Dynamics to Data

Adjoint model: a means to invert uncertain parameters



parameters, model    !
that best fit   !

 observations

(2) theory and practice

observational !
uncertainty for!

parameters, model

+

P( parameters, model | observations )
…



forward model

least squares

Lagrange Mult.

adjoint model

(2) theory and practice



Adjoint model: MITgcm adjoint

(2) theory and practice



P(   MOC    |    Argo   )    ????

(2) theory and practice



(3) the ECCO v4 state estimate

period: 
1992-2011 
!

data constraints: O(108) 
argo, altimetry, sst, etc. 
!

model:  
global, 1 degree, ocean+seaice, MITgcm 
!

control parameters: O(108) 
initial conditions, forcing, parametrized physics 

… session #4



(3) the ECCO v4 state estimate

model-data errors:!
 altimetry example



(3) the ECCO v4 state estimate

ECCO as a signal filtering problem: altimetry example



(3) the ECCO v4 state estimate

model data distance:!
 in situ data example

using MITprof data, !
codes from class #1



(3) the ECCO v4 state estimate

ECCO v4: reduced hydrography biases



(3) the ECCO v4 state estimate

ECCO v4: inverse parameter estimates



an altimetric example: budget of interannual variability

(4) extended model-data analyses 



an altimetric example: model-data misfits

(4) extended model-data analyses 



an hydrographic example: water mass transformation

(4) extended model-data analyses 



(4) extended model-data analyses 

summary of recent/ongoing analysis: !
!

Speer and Forget 2013!
Wunsch and Heimbach 2013, 2014, !
Balmaseda et al. 2014,!
Buckley et al. 2014, 2015, !
Forget and Ponte 2015, !
Forget 2015 a,b, !
Forget et al 2015, !
Fukumori et al. 2015, !
Liang et al 2015 a,b, !
Evans et al. 2015,!
Chaudhuri et al. 2015



(5) interactive session : self-guided exercises

The actual listing is at 
http://mitgcm.org/viewvc/*checkout*/MITgcm/

MITgcm_contrib/gael/comm/course-idma2015/computing/
iap-idma-exercises

http://mitgcm.org/viewvc/*checkout*/MITgcm/MITgcm_contrib/gael/comm/course-idma2015/computing/iap-idma-exercises


Thacker and Long, 1988, Fitting dynamics to data 

Forget, 2010, Mapping ocean observations in a dynamical framework: A 2004-06 ocean atlas 

Forget and Ponte, under review, the Partition of Regional Sea Level Variability 

Forget, to be subm., On the observability of turbulent transport rates by Argo: evidence from an 
inversion experiment. 

Forget et al, to be subm., ECCO version 4: an integrated framework for non-linear inverse 
modeling and global ocean state estimation 

Forget et al, 2008, Combining Argo profiles with a general circulation model in the North 
Atlantic. Part 1: Estimation of hydrographic and circulation anomalies from synthetic profiles, 
over a year. 

Evans et al, in prep., Water mass variability in the Atlantic Subtropical Gyre reveals the 
mechanisms of recent Meridional Overturning changes.

(6) resources, bibliography



Speer and Forget, 2013, Global Distribution and Formation of Mode Waters 

Wunsch and Heimbach, 2013, Two decades of the Atlantic meridional overturning circulation: 
Anatomy, variations, extremes, prediction, and overcoming its limitations. 

Wunsch and Heimbach, 2014, Bidecadal Thermal Changes in the Abyssal Ocean. 

Balmaseda et al, 2014, The Ocean Reanalyses Intercomparison Project (ORA-IP). 

Buckley et al, 2014, Low-frequency SST and upper-ocean heat content variability in the North 
Atlantic. 

Buckley et al, under review, Determining the origins of advective heat transport convergence 
variability in the North Atlantic. 

Forget, to be subm., The observed abyssal variability puzzle. 

Fukumori et al, under review, A Near-Uniform Fluctuation of Ocean Bottom Pressure and Sea 
Level across the Deep Ocean Basins of the Arctic Ocean and the Nordic Seas. 

Liang et al, under review, Vertical Redistribution of Oceanic Heat Content. 

Chaudhuri et al, in prep, Impact of uncertainties in atmospheric boundary conditions on ocean 
model solutions.

(6) resources, bibliography


