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Background
Ocean Analysis System:

• CSIRO Atlas of Regional Seas (CARS)
• High-Res. SST, SSH, wind products
• Cal/val of satellite data / QC of in-situ data

Ocean Modelling System
• Ocean Forecasting Australia Model (OFAM)
• Bluelink Data Assimilation System (BODAS)
• Nested Relocatable Ocean-Atmosphere Model

Operational Forecasting System
• Input Data/Observations
• Output Data/Products/Access
• Reanalysis, GODAE metrics



Australia’s EEZ

70% of Australia is ocean!

Fisheries

Oil & Gas

Tourism



© 2002 The Living Earth, Inc.

Indonesian Throughflow

Antarctic Circumpolar  Current

East 
Australian
Current

Leeuwin
Current



Black’s Atlas of the World 
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Satellites (SST, altimetry, Satellites (SST, altimetry, 
surface winds, ocean surface winds, ocean 
colourcolour) and in) and in--situ situ 
observationsobservations

Supercomputing and Supercomputing and 
highhigh--resolution ocean resolution ocean 
circulation models

Ocean Prediction Ocean Prediction –– AA Revolution in Ocean ScienceRevolution in Ocean Science

circulation models







Regional ClimatologyRegional Climatology
A regional (10ºN-60ºS; 90ºE-180ºE) high-resolution ocean climatology of mean 
and monthly fields of temperature and salinity (0.5ºx0.5º to 1/8º resolution at 
coastal boundaries)

CARS WOA98



All stations > 2000-m (Bottle, CDT 
and XBT casts)



CARS
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Ridgway & Condie, 2004



Altimetry + CARS: Mean Surface Height 
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Near Real-Time Regional Analysis

Regional sea level analysis:

• Gridded fields of sea level (0.2°x0.2° at 4-day intervals) from October 1992 to August   
2002 using delayed-mode quality altimetric sea level data from the ERS-1, ERS-2, 
Topex/Poseidon and Jason-1 altimeters, and most Australian tide gauges.  

High-resolution regional SST analysis:
Archive of all Australian AVHRR data: ~4km resolution, 1-, 3-, 6-, 10- and 15-day
composite images for October 1993 – June 2003, 80E-190E, 10N-65S.

Daily-updated images of ocean surface temperature, sea level  and 
currents – available through the CSIRO CMR website at  

http://www.marine.csiro.au/remotesensing/oceancurrents/

David Griffin

http://www.marine.csiro.au/remotesensing/oceancurrents/


Ocean Nowcasting
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Rock Lobster                       
& Oceanography 





OFAM Grid StructureOFAM Grid Structure

•• 1191 x 968 grid points, 47 vertical 1191 x 968 grid points, 47 vertical 
levels (35 in top 1000m)levels (35 in top 1000m)

•• Hybrid mixedHybrid mixed--layer model layer model 
[Chen et al., 1994][Chen et al., 1994]

•• IsopycnalIsopycnal mixing and GM parameter.mixing and GM parameter.
•• SGS viscosity SGS viscosity is functionis function of gridof grid--scale scale 

((SmagorinskiSmagorinski))

MOM4.0 (Jan 2004)MOM4.0 (Jan 2004)
GFDL code withGFDL code with
enhancementsenhancements
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BLUElinkBLUElink Ocean Data Assimilation System Ocean Data Assimilation System 
(BODAS)(BODAS)

A data assimilation system that combines a model forecast withA data assimilation system that combines a model forecast with
available in situ and satellite derived observations to provideavailable in situ and satellite derived observations to provide
improved initial conditions for shortimproved initial conditions for short--range model predictions.range model predictions.

Assimilation MethodAssimilation Method
•• Multivariate Optimum Interpolation (longMultivariate Optimum Interpolation (long--term goal: term goal: EnKFEnKF))

… described by … described by EvensenEvensen (2003) as Ensemble Optimal Interpolation ((2003) as Ensemble Optimal Interpolation (EnOIEnOI))::
ErrorError coco--variances are assumed proportional to modeled covariances are assumed proportional to modeled co--variancesvariances
in a multiin a multi--year simulationyear simulation

•• Direct assimilation of observations into OGCMDirect assimilation of observations into OGCM
•• Observation typesObservation types

-- AlongAlong--track seatrack sea--level anomalies altimetrylevel anomalies altimetry
-- TT--S profiles from ARGOS profiles from ARGO
-- Coastal seaCoastal sea--levellevel
-- XBT profilesXBT profiles
-- SSTSST

Peter Oke & Oscar Alves



Ensemble Kalman Filter

Ensemble of initial 
conditions

Ensemble of 
forecasts

Ensemble mean = reference

Forecast error estimate

Multiple forecast error estimates 
give an estimate of the forecast 
error covariance estimates

Forecast error estimate assumed 
proportional to seasonal anomaly

Ensemble-based Optimal Interpolation

Seasonal cycle = reference
Model run Seasonal cycle
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Multiple forecast error estimates 
give an estimate of the forecast 
error covariance estimates



Smart sensors on fish simultaneously Smart sensors on fish simultaneously 
monitor fish behavior and monitor fish behavior and T,T, (S)(S)



Ocean Forecasting
Australia Model:

OFAM

ANALYSIS:
Convective adjustment

4. SL,T,S,U,V analysis & 
increments

DIAGNOSTICS OF
ASSIMILATION

OBSERVATIONS

4. OmF, OmA, χ2,
analysis errors etc.

5. SL,T,S,U,V
increments

3. SLA,T(z),S(z)

Output

Input

FORCING

BLUElink Ocean Data
Assimilation System: BODAS

BODAS

1. Wind, heat, E-P

BLUELINK
FORECAST

SYSTEM

Work Engine

3.SL,T,S,U,V anomalies

Ensemble Statistics

3. SL,T,S now-cast &
grid information

NOW-CAST/
FORECAST

2. SL,T,S,U,V,
grid etc.



Satellite Altimetry

ARGO profiles
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Identical Twin Experiment



INSTANT 2003-2006 (Indonesia, USA, France, Netherlands, Australia)

Indo-Pacific Throughflow
• important branch of global oceanic thermohaline circulation

(near-surface return flow from Pacific to Atlantic)
• both inter-seasonal and inter-annual variability play role in

transport variability (5-15 Sv)
• interactions with tropical climate phenomena, e.g. ENSO, IOZM/DM

(heat and freshwater transports)

Gordon (2001)Gordon (2001)



The Indonesian Throughflow: 
An Intersection of Oceanic Wave Guides

Coarse-resolution  
model (Mk3)

Modelled

Wijffels & Meyers, 2004



ITF Modelling Issues
Resolution and Bathymetry:
– Latitude of ITF gap in West Pacific and relative    

position to equatorial current system affect core water-
masses and wave guide through ITF

– Sill depths and deep channels influence total transport
– Lower Sunda Straits: need to resolve main gaps (≤ 50km)   

how much transport flows through narrow straits?
if unresolved (too wide) can create artificial 
“stationary eddies”

Tidal Mixing: impact on water-mass structure



Ocean Model for the Earth Simulator (OFES)Ocean Model for the Earth Simulator (OFES), , Masumoto et al.(2004)Masumoto et al.(2004)





Relocatable Ocean Atmosphere Model (ROAM)Relocatable Ocean Atmosphere Model (ROAM)



Zoom: Nested Zoom: Nested 
Relocatable ModelRelocatable Model

OFAMOFAM





WhatWhat’’s happening right now?s happening right now?
• Testing of the forecast system (model, Testing of the forecast system (model, obsobs, data assimilation), data assimilation)
•• Reanalysis over the last decade (first results in second Reanalysis over the last decade (first results in second quarterquarter ofof

2005) with metrics adopted from MERSEA/MERCATOR2005) with metrics adopted from MERSEA/MERCATOR



Future Future R&DR&D ??
• Improved global analysis and prediction system (e.g.Improved global analysis and prediction system (e.g.

•• Downscaling: Fully coupled Downscaling: Fully coupled relocatablerelocatable nested regional nested regional 
eddyeddy--resolving model with data assimilation?  resolving model with data assimilation?  

•• Include biology and chemistry, e.g. biomass prediction:Include biology and chemistry, e.g. biomass prediction:

Ensemble Ensemble KalmanKalman Filter)Filter)

Chl-a



Thank You!
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