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Overview Global OO* Systems 
*OO means Operational Oceanography 

Eric Dombrowsky Ð Mercator OcŽan 

GODAE OceanView co-chair 
With contributions of several GODAE actors 
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GODAE ÒoperationalÓ definition 

¥! Following the GODAE Stategic Plan (2001), 
"operational" means : 
Ð!whenever the processing is done  

¥! in a routine  and regular  way,  
¥! with a pre-determined systematic  approach  
¥! and constant monitoring  of performance.  

¥! With this terminology, 
Ð!regular re-analyses may be considered as operational 

systems, 
Ð!as may be organized analyses and assessment of 

climate data  
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Operational Oceanography : the 3 pillars 

Space  
observations 

In situ  
observations 

Analysis Merging 
techniques 

Forecasts OGC Models 
DA techniques 
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Lecture outline 
1- overview of GODAE OO systems 
2- the key ingredients of an OO system 
3- system engineering: functional approach 
4- methodological aspects  

   IÕll concentrate on the physical ocean, real-time 
systems (missing biogeochemistry, coupled 
systems, reanalysis*, É) 

IÕll illustrate mostly my lecture with Mercator OcŽan 

*IÕll present one slide near the end, if time permits 
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1- overview of the systems 

The GODAE systems in operation 
Global/regional,  

Eddy resolving/permitting 
Their main characteristics 
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GODAE systems description 

¥! See GODAE systems in operation paper  
In Oceanography, Vol.22 - N0.3 - Sept 2009 

È!Eric Dombrowsky (F, Mercator OcŽan), 

È!Laurent Bertino (No, TOPAZ), 
È!Gary Brassington (Au, BLUElink>), 

È!Eric Chassignet (US, HYCOM/NCODA, RTOFS), 

È!Fraser Davidson (Ca, C-NOOFS), 

È!Harley Hurlburt (US, NLOM/NCOM), 

È!Masa Kamashi (JP, MOVE/MRI.COM), 
È!Tony Lee (US, ECCO-GODAE), 

È!Matt Martin (UK, FOAM), 

È!Shan Mei (CN, NMEFC) and 

È!Marina Tonani (IT, MFS) 
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The GODAE systems 

Model Domains Horiz. Res Vert. Grid Assimilation 

BLUELINK MOM4 Global 1¡G - 1/10¡R 47 z-levels Ens. Opt. Interp 

C-NOOFS NEMO Canada Atl. 1/4¡ 50 z-levels None 

ECCO MIT Global 1¡x0.3¡ 46 z-levels Kalman Filt/Sm. 

FOAM NEMO Global+Reg 1/4¡G - 1/12¡R 50 z-levels An. Correc. Scheme 

HYCOM/Ncoda HYCOM Global 1/12¡ 32 hybrid NCODA 

MERCATOR NEMO Global+Reg 1/4¡G - 1/12¡G+R 50 z-levels SEEK filter 

MFS NEMO Mediterranean 1/16¡ 71 z-levels 3D-VAR 

MOVE/MRI MRI.COM Global+Reg 1¡G -1/2- 1/10¡ R 50 z-levels 3D-VAR 

NCOM POM Global 1/8¡ 42 hybrid MODAS + NCODA 

NLOM NLOM Global 1/32¡ 6+1 layers OI (MODAS) 

NMEFC LAP/CAS Tro. Pacific 2¡x1¡ 14 z-levels 3D-VAR 

RTOFS HYCOM North Atlantic 4-18km 26 hybrid 3D-VAR 

TOPAZ HYCOM Atl+Arctic 11-16km 22 hybrid En KF (100 mbs) 
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2- the key ingredients of an 
OO system 

Observations, model and assimilation 
Operational team and procedure 

Link to research, users involvement 
High performance computing facility 
Dissemination and archiving system 
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The major ingredients of an OO system 
1- quality input data in near real-time 

¥! Ocean and sea ice observations delivered in near 
real-time 
Ð!Remote sensing: surface elevation, surface temperature, 

ocean color, ice concentration and driftÉ 

Ð!In situ: ARGO profilers, XBTs, CTDs, drifting buoys, 
moored stations, É 

¥! Atmospheric forcing for the near past, present and 
near future 
Ð!From Numerical Weather Prediction (NWP) services 
Ð!Remote sensing: surface wind, surface temperature, É 

See Ravichandran, Le Traon and Josey lectures, ProctorÕs tutorial 
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The major ingredients of an OO system  
2- good model configurations 

¥! Primitive equations models 
Ð! Several state-of-the-art model codes are used: NEMO, HYCOM, 

POM, MOM, etcÉ 
¥! Advanced parameterizations 

Ð! Mixing scheme, boundary layer, turbulence closure, (tidal) free 
surface, advection schemes, É 

¥! Good bathymetry and geometry: the grid 
Ð! Eddy resolving/eddy permitting/low resolution 

¥! Horiz resolution > 1/10¡ !  eddy resolving (admitted for global) 
Ð! Vertical grid: O(50 layers), resolution enhanced near the surface 
Ð! Global or basin scale: open boundary schemes 

¥! Computational efficiency 
Ð! Parallel code: MPI/OpenMP, domain decomposition 
Ð! Elapsed time have to be short to deliver timely services 

See Barnier, Chassignet, Hurlburt lectures, Langlais tutorial 
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Numerical models of the ocean 

(t) (t+1) 

(An approximation of)  
Geophysical fluid dynamic equations  

z 

x 

y 
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Example of a global grid: 
ORCA tripolar grid used in NEMO 

Madec and 
Imbard, 1996 
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The major ingredients of an OO system  
3- a good assimilation scheme 

¥! What: 
Ð! force the model trajectory to remain close to the observations  

¥! Target: fit within the observation error bars 

¥! GOAL:  
Ð! Get the model trajectory that best fits the observations 
Ð! Get the best possible initial conditions for the forecast 

¥! Most analysis scheme are based on an error theory:  
the Best Linear Unbiased Estimate (BLUE)  
Ð! Sequential foreward: forecast "  analysis/correction sawtooth cycle 

¥! Optimal Interpolation type schemes (OI) 
¥! Kalman Filters type schemes (KF, EKF, EnKF, SEEK É) 
¥! Variational algorithms (2D-VAR + 1D covariances/modes, 3D-VAR, É) 

Ð! Variant: the sequential smoother: take into account future 
observations 

Ð! 4D var schemes: continuous model trajectory fitting the observations 
with physical balance: no statistical increment added during model 
integration (optimize initial conditions, atm. forcing, É) 
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Data assimilation 

Analysis after assimilation 

Observation 
t 

Present 

t 

Take into account innovation due to 
observations. 

Model forecast 
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The major ingredients of an OO system  
3- a good assimilation scheme 

¥! Common problematic: estimate background (forecast) and observation 
errors (their covariances) to get the best from both the model and the 
observations 

¥! Estimate the best set of !  to get: 

¥! Theory of assimilation written since the 60th (KalmanÕs seminal paper 
published in 1960) 

¥! Plenty of variants of these schemes exist and are implemented in OO 
system: 
Ð! Incremental analysis update, adaptive filtering, bias correction schemes,É 

¥! Key word: efficiency 
Ð! Parallel computing, MPI, É 
Ð! Tradeoff between performance and cost: competition with the model 

            see Zaron, Brasseur and Moore lectures, Drevillon tutorial 
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The major ingredients of an OO system  
4- operational resources: staff + infra 

¥! System have to be operated on a routine base with 
constant and systematic monitoring of performances 

¥! Cannot be done with R&D type staff only 
Ð!Daily operations 
Ð!Service continuity 
Ð! Incompatible with the Òbest effortÓ approach on the long 

run 
¥! A good R&D system may not be suitable for OO 

Ð!Example: a system that most of the time give very good 
results, but that sometimes does not converge 

¥! Define performance target 
Ð!Measure performance relative to the target 
Ð!Measure progress toward the target at system upgrades 
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Routinely monitoring technical performances 
Example: Mercator OcŽan last week runs 
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The major ingredients of an OO system  
5- a strong link to research 

¥! The gap between what we can achieve (technology 
and science push) and the userÕs need (user pull) is 
still large 
Ð!Some past experiences have demonstrated this 
Ð!Keywords: accuracy, performance, É 

¥! OO systems have to be based on ingredients that 
are at the leading edge of the research 
Ð!State-of-the-art model, assimilation techniques, ... 

¥! This can be achieved only if strong link with 
upstream research is encouraged and organized 
Ð!Involvement of research groups in OO development 
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The major ingredients of an OO system  
6- a strong user involvement 

¥! The OO systems are build to deliver services 
to users, their feedback on the service quality 
is very important to feed the virtuous loop of 
service continuous improvement 

¥! The successful OO systems developed within 
GODAE have a strong user base 

¥! Navies, as supporting users, have played a 
major role for the development of OO during 
GODAE in several nations: US, Australia, 
Canada, UK, France, É 
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The major ingredients of an OO system  
7- high performance computing facility 

¥! 1/12¡ Mercator OcŽan model has: 
Ð! 3059 x 4322 x 50 gridpoints: 0.66x109 

¥! A 3D array is 5.3 Gbytes 
¥! Memory size: O(1 Tbyte) model+assimilation 

Ð! Runs weekly (2 week hindcast, 2 analysis, backward IAU, 7 day 
forecast) 

Ð! On 4 nodes of MŽtŽo-France NEC SX-9 machine (about half the 
machine: 64 processors) 

¥! Model: 1 hour/week (480s timestep), assimilation: 0.75 hour/analysis 
¥! Total: ~9 hours/week (2 analysis + 35 model days + some diags) elapsed 

¥! 1/12¡ Global HYCOM/NCODA has 
Ð! 3298 x 4500 x 32 gridpoints: 0.48x109 

Ð! Runs daily (5 days hindcast, 6 analysis + 4 day forecast) 
Ð! On 24 nodes of the NAVO IBM Power 5 (379 processors) 

¥! Model 1.1 hour/day (150s timestep), assimilation: 0.9 hour/analysis 
¥! Total: 15.3 hours/day (six analysis + 9 model days) elapsed 
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The major ingredients of an OO system  
7- high performance computing facility 

¥! The computing resources is a key limiting 
factor yet 
Ð!The users require local high performance 

(resolution, physics, É) worldwide 

Ð!We cannot yet implement a system satisfying this 
¥!Global, high resolution, coupled to the other earth 

component systems, with advanced assimilation 
schemes, É 

¥! The battle between elapsed time to produce 
forecast and timeliness of real-time service is 
not behind us yet "  efficiency + tradeoff  
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The major ingredients of an OO system  
8- a storage/dissemination capacity 

¥! Volume generated by Mercator OcŽan global 1/12¡ 
systems: 0.5 Tbytes/week 

¥! Total volume to be archived in 2010 by Mercator 
OcŽan: 60 Tbytes 

¥! Data storage and an associated dissemination 
system is one crucial element of an OO system 
Ð!Live data storage, with real-time fast access 
Ð!Archiving facility with tools to access the archive 

¥! Archiving is necessary to 
Ð!Deliver services based on past data 
Ð!Assess the systems performances, and the system 

upgrades on the long run 
Ð!Create climatological datasets 
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The major ingredients of an OO system  
8- a storage/dissemination capacity 

¥! It is very important (cost efficiency) to have: 
Ð!A sound archiving policy 

¥! What should be archived on the long term, and what for: all data, 
only best estimates, nothing ? Should the forecast be archived ? 

Ð!An efficient dissemination system accessible by users that 
do not necessarily have strong IT capacity 

¥! Such big datasets cannot be delivered simply to anyone via  
ÒFTP-likeÓ download 

Ð! Need for efficient product tiling, sub setting, aggregating, extracting 
and remapping tools 

Ð! Need for efficient service level, for the product discovery (catalog, 
inventory, documentation), viewing (interactive or static images) 

¥! Technologies like OPeNDAP/THREDDS, and LAS, associated 
with big data sharing systems exist and are efficient 

Ð! Examples: 130 TBytes HYCOM Data Sharing System 



GODAE International Summer School Ð 11-22 January 2010 Ð Perth, Australia  

3- system engineering approach 
and functional breakdown 

Data acquisition and processing 
Create initial conditions for forecast 

Perform the numerical forecast 
Post processing and product CAL/VAL 

Service delivery 
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Real-time OO system engineering:  
functional breakdown (Mercator Ocean, 1998) 

Processing monitoring 

Processing engine 

Acquire and 
Process 

Observations 
And forcing 

Assimilation 
And 

forecast 

Product 
generation 

and 
quality control 

Archiving and storage engine 

operator 

Observations 
Service desk 

and 
product 
delivery 

products 

External 
fields 

log 

Archive data 

Atm. fields 
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Functional breakdown of an OO real-time system  
1- The input data acquisition system 

¥! Acquire observations for 
Ð!Assimilation into models 
Ð!Validation of products 
Ð!Production of observation derived products 

¥! Quality Control system 
Ð!Goal: keep MOST observation but reject ALL bad data 

¥! See Cummings Lecture, Monday afternoon 

¥! Prepare the observations (pre-processing) 
Ð!Transform observations into geophysical variables 
Ð!Filter the observation to remove/add some signals 
Ð!Update error covariance estimates 
Ð!Collocation, decimation, super-obbing, É 
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Functional breakdown of an OO real-time system  
1- The input data acquisition system 

¥! Target for improvement 
Ð!Reduce the delay between measurement time and 

availability of obs for R/T assimilation 
¥! Today: from several hours to a few days, depending on the 

observation types 

¥! This is a critical function, but : 
Ð!every system can run without observations with degraded 

performances while keeping some skill 
Ð!Most systems have implemented routine hindcast 

(routinely go back to the past) to gather the observations 
arriving late, to ensure the better use of the obs on the 
long run 

!  Minimize the long term impact of data shortage 
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Functional breakdown of an OO real-time system 
1- The input data acquisition system 

¥! Acquire data to force the ocean model 
Ð! Atmospheric forcing from numerical weather prediction systems 

¥! Fluxes of heat, momentum, fresh water 
¥! Atmospheric variables to compute the fluxes using BULK formulae: 

interactive fluxes 
Ð! Rivers runoff data 

¥! This is a critical function since,  
Ð! the model cannot run properly without forcing fields, 
Ð! The model should be run as soon as possible after NWP (timeliness 

issue) 

¥! Backup scenarios are implemented to handle eventual 
forcing access problems 
Ð! E.g: use longer range atmospheric forecast issued previously to 

replace eventually missing updated forecast 
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Functional breakdown of an OO real-time system 
1- The input data acquisition system 

¥! Most systems use results from National Numerical Weather 
Prediction centers 
Ð! Some OO systems are run by the met agencies and use their own 

NWP products: Metoffice (UK), NOAA/NCEP (USA), MRI/JMA (Jp), 
BoM (Au), EC (Ca)É 

Ð! Some systems rely on external NWP systems: Mercator OcŽan (F), 
MFS (It), TOPAZ (No) using ECMWF products, NMEFC (Cn) using 
NCEP products, É 

¥! Options: 
Ð! Include or not the daily cycle (hourly, 3-hourly, 6-hourly, daily fields) 
Ð! Merge forcing with observations for the hindcast 
Ð! Extend the ocean forecast range beyond the Atmospheric forecast 

range: revert towards climatological forcing, using different 
approaches: e.g. Mercator OcŽan, US-Navy, É 

Ð! Use in house atmospheric model (e.g: NOGAPS for the US-Navy and 
HYCOM/NCODA systems) 

Ð! Run coupled systems (e.g: NCEP RTOFS system for the tropical 
cyclones) 
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Functional breakdown of an OO real-time system  
2- Prepare initial conditions for the forecast 

¥! This is where the assimilation plays 

¥! Advanced assimilation/model resolution tradeoff 
Ð! Applying full EnKF or 4D-VAR !  multiply by 0(100) the cost 
Ð! Doubling the resolution !  multiply by O(10) the cost 

¥! MERCATOR Global 1/12¡!  model CPU cost multiplied by 3 to 4 
¥! HYCOM/NCODA !  factor a bit less that 2 (CPU) 

¥! Most R&D ocean data assimilation efforts in the past 15 
years have been devoted to 
1- develop cost-effective methods through simplification of theory and 

optimization (including  background error covariance matrix handling); 
¥! Example: Incremental 4D-VAR, SEEK, vertical/horizontal separation in  

3-DVAR schemes, É 
2- maximize the use of the observing system (existing and to come) 

See the long list of publications devoted to ocean data assimilation 
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Functional breakdown of an OO real-time system  
3- Perform numerical forecast 

¥! This is where the model plays alone 

¥! Goal: provide estimates of the ocean state and its 
evolution in the future which are 
Ð! Better than climatology 
Ð! Better than persistency (assume initial state good enough) 

¥! Different timescales are considered depending on the 
usage 
Ð! A few days (< 1 week) 

¥! E.g. navies, search and rescue, pollution combat, É 
¥! Need for frequent updates (daily or more: e.g coastal) 

Ð! Month to season 
¥! E.g. seasonal forecast, operation preparation and planning 

Ð! Seasons to decade 
¥! E.g climate studies, including climate change in the ocean interior 



GODAE International Summer School Ð 11-22 January 2010 Ð Perth, Australia  34 

Functional breakdown of an OO real-time system  
3- Perform numerical forecast 

¥! Synoptic deterministic forecast range mainly limited by 
atmospheric forecast range (availability of synoptic forcing)  

¥! However, forecast skill has been demonstrated for the ocean 
beyond the predictability scales of the atmosphere: e.g. US-
Navy systems, Smedstad et al. 2003 (up to 20-30 days). 
Ð! Some studies show that using non deterministic atmospheric forecast 

can improve predictability in the ocean 
Ð! For long timescales, coupled systems are used 

¥! Alternative to synoptic deterministic forecast (for the future ?) 
Ð! Ensemble (statistical) forecast: not so developed: may be used to 

estimate forecast skill 
Ð! Super-ensemble forecast: merge several forecast produced by 

several systems 
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Functional breakdown of an OO real-time system  
4- Create products 

¥! OGCM (models) raw output are variables on 
model native computation grid 
Ð!Such grid may be stretched, rotated, irregular, 

staggered, varying with timeÉ 
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Raw model output on c-grid 

v 

T,S 
u 
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Functional breakdown of an OO real-time system  
4- Create products 

¥! OGCM raw output are variables on model 
native computation grid 
Ð!Such grid may be stretched, rotated, irregular, 

staggered, varying with timeÉ 

¥! Need to generate products to help the user 
Ð!Remapping on standard grid, tiling, averaging, É 
Ð!Adopt file name and format conventions 
Ð!Transform model variables into user oriented 

products 

¥! We have various specific implementation of 
this function depending on the systems 
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Example of a product dedicated to one user: 
surface front identification and characterization 

¥! AVHRR observations (1-week composite) at the date of the 
forecast 
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Functional breakdown of an OO real-time system  
5- Perform short loop validation 

¥! Need to check model output and product before they are 
disseminated to the users 
Ð! Automated QC: threshold validation, É 
Ð! Software assisted human expertise 

¥! Automated graphic, indicators, metrics generation, interactive viewing, É 

¥! Mercator OcŽan operators have a ÒroadmapÓ document 
(written by the scientists) to perform routine Òon the flyÓ check 
of the products for each systems 
Ð! Based on images automatically generated by the system + templates 

in the document (how to interpret these images) 
Ð! Takes less than 1 hour to validate the products for nominal cases 
Ð! In case of doubt, operators can ÒsurfÓ the 4-D fields with an interactive 

quick look viewing software (allows also to compare with obs, etcÉ) 
Ð! In the case there is something wrong: they call the specialists 
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Functional breakdown of an OO real-time system  
6- Deliver products and services 

¥! Basic services 
Ð! Discover: inform the user about the products 

¥! Meta-data, catalog, inventory 
Ð! View: allow the user to visualize the products 

¥! static images put on the web, animations, Web Mapping Services, Google Earth É 
Ð! Access: allow the user to download numerical data 

¥! From basin Òftp-likeÓ access, to more advanced web services, and human delivery 
(media) of on-demand products 

Ð! Transform: allow the user to subset, extract, reinterpolate the data + other 
functionnalities 

¥! Web-based toolbox accessible to the users 
Ð! THREDDS/OPeNDAP +LAS technology largely adopted by the GODAE 

centers 
¥! Allow these basic services 

¥! A Service Desk: to help the user with the data, to register the requests 
and make sure service is provided 
Ð! A phone number, e-mail adress, person name to call 
Ð! people committed, available, etc. 

This is an operational function 
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3- operational aspects 

Production scenarios 
Specificities of real-time 
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Thursday 

Friday 

Saturday 

Sunday 

Monday 

Tuesday 

Hindcast Forecast Nowcast 

Input data Ti-n 

Wednesday 

A A 

Ti Ti-14 Ti-7 ÉÉÉ. ÉÉÉ. Ti+7 Ti+14 ÉÉÉ. ÉÉÉ. 

Operational processing sketch  
Mercator OcŽan systems example 
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Hindcast Forecast Nowcast 

Ti Ti-14 Ti-7 ÉÉÉ. ÉÉÉ. Ti+7 Ti+14 ÉÉÉ. ÉÉÉ. 

Input data Ti-n 

ProÞls"
in situ"

Why going back in time (hindcast) ? 
Collect most NRT data 
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Hindcast and Nowcast 1-week 
altimeter coverage with 3 satellites 

Hindcast! Nowcast!
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4- methodology 

Engineering process quality 
System development lifecycles 
System upgrade methodology 

Professional service 
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Engineering Process Quality 

The Quality roadmap: 

  ÒSay what will be done 
   Write what has been said 
    Do what has been writtenÓ 

Ð!If this roadmap is followed, Quality  will be the 
result 

Ð!If this process is controlled, Quality Assurance  
will be the result 
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Quality factors 

¥! Some Quality factors (for software 
development):  
Ð!Correctness, Efficiency, Expandability, Integrity, 

Interoperability, Maintainability, Portability, 
Reusability, Reliability, Testability, Usability, É 

¥! Need to define where to put the effort in 
terms of Quality 
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The system development 
lifecycles: the V-cycle 

Requirement 
Analysis 

The needs 

Technical 
Specification 
The ÒwhatÓ 

Verification 

Tests 
(incl. integration) 

Design 
(incl. architecture) 

The ÒhowÓ 

Development 

Validation 

Formal review at the end of each phase: success may lead to decision to continue 
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System upgrade methodology: 
run parallel chains 

Scientific qualification 

Time 

Vi system 

Vi+1 system 

Production and maintenance 

Development 
System spinup "  real-time 
System integration 
System verification 
Operational Service validation 

Start of production 

Operational validation 
Stop of production (or not) 
decommissioning 

 several  month a few weeks a few days 

Technical qualification 
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Professional Service Approach  
¥! ITIL¨ *: set of concepts and practices for Information Technology 

Services Management 
Ð! Service Level Agreement (SLA) signed with the users  

  !  The Service Desk 
Ð! Operational Level Agreement (OLA) signed  between entities responsible for 

the system components 
  !  Production units/functions 

Ð! Procurement Level Agreements (PLA) signed with the providers 
  !  Observation agencies 

¥! These agreements commit the different contributors to the service 
Ð! Agree on a level of service with the users at the end 

¥! SLA and can be traced back to the input data through OLAs and PLAs 
through each of the system components 

¥! Measure the performance: Key Performance Indicators (KPI) 

     *Information Technology Infrastructure Library: adopted in Europe by the OO 
community to deliver Marine Core Services (MyOcean EU-funded GMES project) 
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Reanalysis of ocean data 
¥! Reanalysis are part of OO. They consist of 

Ð! Assimilation of observations into models for multi-year periods  
¥! e.g: BRAN, GLORYS, É 

Ð! Provision of long time series of assimilated fields 
¥! Consistent with the observed ocean state 
¥! Homogeneous (one single processing chain) 

¥! Need reprocessed dataset and forcing fields 
Ð! Better quality: up-to-date processing algorithms 
Ð! Better coverage: include delayed-mode data 

¥! Need a dedicated assimilation system 
Ð! Generally based on the most up-to-date real-time system 

¥! Need access to large computer resources (CPU + storage) 
¥! Reanalysis projects should include all the actors 

Ð! from research scientists to final users 
Ð! To design the reanalysis system, and assess the results 
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My Summary French styledÉ 


