
ECCO Modeling Utilities (EMU)
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“Point-and-Click” tools to analyze the ECCO model 

with no need of modeling expertise.

Tool Description

1 Sampling Extracts time-series of user-specified quantity.

2 Perturbation
Computes model’s response to a change in user-specified 
forcing (forward gradient).

3 Adjoint
Computes sensitivity of a user-specified quantity to 
different forcing (adjoint gradient).

4 Convolution
Computes convolution of user-specified adjoint gradients 
with forcing (adjoint gradient decomposition). 

5 Tracer
Computes evolution of a user-defined passive tracer and 
its adjoint.

6 Budget
Extracts variables and fluxes underlying the budget of a  
user-specified quantity
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1) NAS Pleiades:/nobackup/ifukumor/ECCO_tools/emu

2) http://ecco.smce.nasa.gov/

3) https://github.com/ECCO-GROUP/ECCO-EIS.git

Where are the Tools?
How do you run them? 

pfe25>source emu_adj.csh

************************************

EMU Adjoint Tool

************************************

See /nobackup/ifukumor/ECCO_tools/emu/README_adj

Define objective function (OBJF; J^bar in Eq 5 of Guide) ...

First define OBJF time-period (t_start and t_g in Eq 6 of Guide) ... 

Enter FIRST month of OBJF period (t_start in Eq 6 of Guide) ... (1-312)?

24

Enter LAST month of OBJF period (t_g in Eq 6 of Guide) ... (1-312)?

24

------------------

Choose OBFJ variable (v in Eq 1 of Guide) # 1 ... (1-5)?  

(Enter 0 to end variable selection)

1

OBJF variable  1 is SSH

Choose either VARIABLE at a point (1) or VARIABLE weighted in space (2) ... (1/2)?

2

Enter MASK filename (T in Eq 1 of Guide) ... ?

../mask.beaufort

Enter scaling factor (alpha in Eq 1 of Guide)... ?      

1

------------------

Choose OBFJ variable (v in Eq 1 of Guide) # 2 ... (1-5)? 

(Enter 0 to end variable selection)

0

Running do_adj.csh

Estimated wallclock time: #PBS -l walltime=9:00:00

********************************************

Results will be in emu_adj_24_24_1_mask.beaufort_1/output.  

********************************************
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1) Sampling Tool

pfe25>source ${emu}/emu_samp.csh

2) Perturbation Tool

pfe25>source ${emu}/emu_pert.csh

3) Adjoint Tool

pfe25>source ${emu}/emu_adj.csh
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Define EMU user directory

pfe25>set emu=/nobackup/ifukumor/ECCO_tools/emu
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OBP variation by 
perturbation to wind

Adjoint gradient of Arctic mean 
OBP to along-bathymetry wind

Gradient check of Beaufort Sea mean 
sea level to wind at the shelf break

Command Line Interface (on NAS Pleiades)

Sampling Tool

Perturbation Tool

Adjoint Tool

Perturbation Tool



4) Convolution Tool

pfe25>source ${emu}/emu_conv.csh

5) Tracer Tool

pfe25>source ${emu}/emu_trc.csh

6) Budget Tool

pfe25>source ${emu}/emu_bud.csh

4

Beaufort Sea Sea Level 
Adjoint Gradient 
Decomposition 
(convolution)

sea-ice melt

ECCO

wind

Beaufort Sea heat budget

horizontal 
advection

from sea-ice

from atmosphere

Passive tracer in Nino3 and its adjoint
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Command Line Interface (on NAS Pleiades)

Convolution Tool

Tracer Tool 

Budget Tool 

Define EMU user directory

pfe25>set emu=/nobackup/ifukumor/ECCO_tools/emu



What’s Next?

1) Implementation in the cloud,

2) Budget Tool (ocean & sea-ice),

3) Start models from arbitrary year (perturbation & adjoint),

4) Finite regional and temporal forcing perturbation,

5) Surface tracer boundary condition,

6) Tool to generate masks (T) for EMU, 

7) Tool to read and rewrite (map) EMU output,

8) Sea-ice tracer.
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1) NAS Pleiades:/nobackup/ifukumor/ECCO_tools/emu
2) http://ecco.smce.nasa.gov/
3) https://github.com/ECCO-GROUP/ECCO-EIS.git

EMU is available at … 


