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ECCO Version 4  
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1992-2015 mean surface current speed (cm/s)

• Multi-decadal (1992-2015), global ocean state 
estimate; 

• Constrained by satellite altimetry, GRACE, 
Aquarius, AVHRR, ARGO, CTD, XBT...;  

• Adjusting atmospheric forcing, mixing 
parameters, and initial conditions (controls);

• Model: non-linear free surface boundary and real 
fresh water boundary conditions; 

• A physically consistent solution.
Global mean ssh (m)



ECCO v4r3  
Grid: Lat-Lon-Cap90 (LLC90)
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Horizontal resolution 22km to 111km
Vertical resolution 10m to 457m from surface to bottom @ 6145m
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Forget et al. (2015)



An iterative process
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Why to reproduce ECCO v4r3?

• Generate different model outputs 
• Sampling frequency from monthly to weekly
• Other model fields

• Forward sensitivity experiments using different forcing, mixing, etc. 
• Climatological forcing 
• Increased/reduced mixing parameters



• Code
• Input files
• Compilation
• Submit forward run
• Results



Executable 
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Instructions

/work/projects/aci/ECCO/community/ECCO/ECCOv4/Release3/input.ec
co_v4r3/reproducing_ECCOv4r3_TACC.pdf
Also available at https://www.eccosummerschool.org/resources



Instructions: A more general version 
ftp://ecco.jpl.nasa.gov/Version4/Release3/doc/ECCOv4r3_reproduction.pdf



Log on to stampede2.tacc.utexas.edu





File systems

$HOME: e.g. /home/12345/jsmith;
$WORK: e.g. /work/12345/jsmith/stampede2 top level directory for your 
code & analysis;
$SCRATCH: e.g. /scratch/12345/jsmith where your run directory would be.

Community directory for the summer school and others
>export communitydir=/work/projects/aci/ECCO/community/

>export binarydir=$communitydir/ECCO/ECCOv4/Release3/input.ecco_v4r3/

>export WORKINGDIR =$WORK/directory_for_your_code

>export basedir=$WORKINGDIR/MITgcm/verification/release3 



Download MITgcm code 

From github

From CVS using bash

1. >cd $WORKINGDIR
2.Download the code using git or bash 



Directory structure 

model MITgcm

pkg

ecco

cost

gmredi

kpp

diagnostics

autodiff

profiles  

shelfice

seaice

doc

tools

optim

>cd $WORKINGDIR/MITgcm/ 

verification



V4r3 specific code

Why do we need this? CPP options and SIZE.h

$WORKINGDIR/MITgcm/verification/release3/code





Input files (runtime parameters and model inputs)

directory contents

input_init Grid, initial conditions, bathymetry, etc.

input_forcing Adjusted forcing (ERA + atm. control 
adjustments)

input_ecco Observations

profiles, profiles_30x30, profiles_15x30, 
profiles_45x45

in situ data for various tile configurations 

xx* Control adjustments

reproducing_ECCOv4r3_TACC.pdf Instructions to reproduce ECCOv4r3 on TACC

$communitydir/ECCO/ECCOv4/Release3/input.ecco_v4r3



Copy runtime parameters

>cp -r $binarydir/input_init/NAMELIST $basedir/my_namelists
>chmod -R u+w $basedir/my_namelists
>cp $communitydir/atnguyen_example/extra_namelists_tiles/data* \
$basedir/my_namelists
>cd $basedir/my_namelists/
>cp data_exch2_30x30x96 data.exch2 (if SIZE.h_30x30x96 was chosen)

Location: $basedir/my_namelists
Why? Modify your own copy as needed



Modules

An Intel compiler

Parallel computing 

TACC core module  
Needed it for handling netCDF files  

>cat $communitydir/computing/env/bashrc_stampede2  >> ~/.bashrc
>source ~/.bashrc



Domain decomposition for parallel computing

• Global horizontal grid dimensions: 1170x90

• Users can choose the following tile configuration:
• 30x30 tiles using 96 CPUs (default)
• 45x45 tiles using 48 CPUs
• 15x15 tiles using 187 CPUs



Compilation
change to $basedir ($WORKINGDIR/MITgcm/verification/release3/) 

where to “build” the executable

genmake2: a bash script to generate Makefile
optile: an option file specifying complier flags and options 

To generate an executable called mitgcmuv

Link header files  



Conduct the run

Run script

STDOUT.XXXX, 
STDERR.XXXX, 

diags/*.{data, meta} 
etc.

Normal 
End?

Submit

Clean up

Check STDOUT.XXXX, 
STDERR.XXXX for more info. 

End

Yes

No



Sample run script
$communitydir/atnguyen_example/script_r3_stampede2.bash

#!/bin/bash
#SBATCH -J eccov4r3
#SBATCH -o eccov4r3.%j.out
#SBATCH -e eccov4r3.%j.err
##==========================
##### stampede2
####option to use the devel queue for something quick, limit 2 hours
#SBATCH -p skx-dev
#SBATCH -t 2:00:00 
####option for using 4 nodes and 96cpus:
##SBATCH -N  4
##SBATCH -n 96

#SBATCH --mail-user=atnguyen@oden.utexas.edu
#SBATCH --mail-type=begin
#SBATCH --mail-type=end

From TACC user portal

Job name, log files

Queue name and 
run wall-clock time

Email notification; 
change it.

4 (N) nodes and 96 
(n) CPUs



Sample run script (continued) 
module purge
module load intel/18.0.2
…
nprocs=96
snx=30
sny=30 
…
builddir=$basedir/build${forwadj}
…
ln -s ${binarydir}/input_forcing/eccov4r3* .
…
remora ibrun -n $nprocs ./mitgcmuv${forwadj}

Load the same modules when generating executable 

Number of CPUs and dimensions of each tile

Set directories, e.g. build, input

Link forcing and other input files

Run command



Submit job to Skylake nodes (48-CPUs per node, 
4GB/CPU)

>cp $communitydir/atnguyen_example/script_r3_stampede2.bash $basedir

make necessary changes

>sbatch script_r3_stampede2.bash 

command
>squeue -u yourusername check the status of your job
>scancel yourjobid kill your job

Other useful commands for batch jobs. 

See more on the TACC user guide page at 
https://portal.tacc.utexas.edu/user-guides/stampede2#slurm-job-scheduler



Results
$SCRATCH/run_r3_stampede2_it0059_np96

files
STDOUT.XXXX model configuration, monitored statistics 

of model state variables 

STDERR.XXXX any warnings

diags/*.{data,meta} outputs of the model state in binary 
format

profiles/* model equivalents of profile 

m_*.{data,meta} outputs from pkg/ecco for cost 
calculation

xx* control adjustments

Expected files

Successful if the last line of STDOUT.0000 is:
PROGRAM MAIN: Execution ended Normally



Clean-up script

$communitydir/atnguyen_example/script_cleanup_rundir

name
run_cleanup reorganize files into separate directories,  

list binary and forcing inputs for book-
keeping

run_cleanup_tar tar the large input and output binaries
run_cleanup_rm CAUTION! remove files that have already 

be tarred and zipped. 

>chmod u+x run_cleanup
>chmod u+x run_cleanup_tar
>./run_cleanup
>./run_cleanup_tar

CAUTION! Make sure the files have been tarred 
successfully prior to executing the following

(chmod u+x run_cleanup_rm)
(./run_cleanup_rm) 



Sample directory structure after clean-up

$commuitydir/atnguyen_example/MITgcm/verification/release3/run_r3_stampede2_it0059_np96/

diags/



Namelist (runtime parameters)

filename
data Core runtime parameters
data.cal Specify model start time
data.pkg Individual package switch
data.diagnostic Diagnostics variables and output frequencies
data.exf Forcing files and formats
data.profiles In situ files
data.ecco Cost terms 
data.gmredi GM-Redi parameters
data.seaice Sea-ice parameters
data.ctrl Control variables, weights
data.exch2 Tile exchange and blank tile parameters



Namelist (runtime parameters)
• data

# Time stepping parameters
&PARM03
nIter0=1,   #start time-step number

#24y:
nTimeSteps=210359, #number of time-steps

# Time stepping parameters
&PARM03
nIter0=1,

#3day:
nTimeSteps=59,

• data.diagnostics

#---
frequency(2) = 2635200.0,
fields(1,2) = 'ETAN',
filename(2) = 'diags/ETAN_mon_mean',
#---

#---
frequency(2) = 86400.0,
fields(1,2) = 'ETAN',
filename(2) = 'diags/ETAN_day_mean',
#---

Monthly mean Daily mean 

24-year 3-day



Things to know to run it on another computer

• Have necessary modules installed

• Fortran compiler

• MPI

• netCDF

• Compilation option file 

• linux_amd64_ifort+mpi_stampede2_skx may not work

• Start from one from the list in MITgcm/tools/build_options/. Pick up one 

having the same operating system, machine name and compiler in the 

filename as yours. 

• Run out memory? 

• Request more CPUs than the number of tiles  



To run v4r3 for 3-day

• $communitydir/Hands_on/reproducingv4r3
• README
• steps_rerun_eccov4r3_commandline.txt
• script_r3_stampede2.3day.bash
• reorganize_diags.py



To be presented: Adjoint and optimization 
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Thank you!

Questions:
ecco-support@mit.edu
(please subscribe via 
http://mailman.mit.edu/mailman/listinfo/ecco-support)


