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* with special emphasis on regional oceanography BLUE I in k

Ocean Forecasting Australia

» Background
» Ocean Analysis System:
 CSIRO Atlas of Regional Seas (CARS)
e High-Res. SST, SSH, wind products
e Cal/val of satellite data / QC of in-situ data
» Ocean Modelling System
* Ocean Forecasting Australia Model (OFAM)
e Bluelink Data Assimilation System (BODAS)
* Nested Relocatable Ocean-Atmosphere Model
» Operational Forecasting System
e Input Data/Observations
e Output Data/Products/Access

* Reanalysis, GODAE metrics
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Ocean Prediction — A Revolution in Ocean Science

Satellites (SST, altimetry,
surface winds, ocean
colour) and in-situ
observations

Supercomputing and

high-resolution ocean
circulation models
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Regional Climatology

A regional (10°N-60°S; 90°E-180°E) high-resolution ocean climatology of mean
and monthly fields of temperature and salinity (0.5°x0.5° to 1/8° resolution at
coastal boundaries)
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All stations > 2000-m (Bottle, CDT
and XBT casts)
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Ridgway & Condie, 2004
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Near Real-Time Regional Analysis [V 1]s]¢

Ocean Forecasting Australia

» Regional sea level analysis:

e 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
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Rock Lobster T

inshore stages —I-—|—-t— Open ocean stages ———— =

puerulus

adult
EN996 Encyclopaedia Britannica, Ine. early phyllosoma late phyllosorma
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OFAM Grid Structure

MOMA4.0 (Jan 2004)
GFDL code with
enhancements

| G0

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

e  Hybrid mixed-layer model 5
[Chen et al., 1994] ¢
e Isopycnal mixing and GM parameter.

e SGS viscosity is function of grid-scale
(Smagorinski)
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BLUEIlink Ocean Data Assimilation System
(BODAS)

A data assimilation system that combines a model forecast with
available in situ and satellite derived observations to provide

improved initial conditions for short-range model predictions.

Assimilation Method
o Miultivariate Optimum Interpolation (long-term! goal: EnKiI)

... described by Evensen (2003) as IEnsemble Optimal Interpolation (EnOl):
Hrror co-variances are assumed proportional to modeled co-variances
in a multi-year simulation
 Direct assimilation of observations into OGCM
e  Observation types
- Along-track sea-level anomalies altimetry
- T-S profiles from ARGO
- Coastal sea-level
- XBT profiles
- SST

Peter Oke & Oscar Alves



Ensemble Kalman Filter

Ensemble of initial

Ensemble of
forecasts

Ensemble mean = reference

Forecast error estimate

\

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

Ensemble-based Optimal Interpolation

variable

A

/

+Model run

_—
S

ﬂ

Seasonal cycle

V4

f\ \/A

A 4

time

Seasonal cycle =reference

Forecast error estimate assumed
proportional to seasonal anomaly

\

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



Smart sensors on fish simultaneously

monitor fish behavior and T, (S)

n = 16 archival tags, N = 4544 positions derived using geolocation and S3T m below sealevel
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Work Engine

BLUELINK oupu
| FORECAST

1. Wind, heat, E-P Input

SYSTEM
¥

Ocean Forecasting
Australia Model: grid etc.

OFAM

[ FORCING

NOW-CAST/
2.SL,T,S,UV, S
FORECAST

1‘ 3. SL,T,S now-cast &

grid information
5.SL,T,S,UV

increments

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

ANALYSIS: increments

Convective adjustment
4. OmF, OmA, 2,

analysis errors etc.

/ 3.SL,T,S,U,V anomalies
DIAGNOSTICS OF 3. SLA,T(2),S(2)

ASSIMILATION

BLUEIink Ocean Data
Assimilation System: BODAS
BODAS

[ OBSERVATIONS ] Ensemble Statistics




Identical Twin Experiment

Satellite Altimetry
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A ¥
Sulawesi .

/Lombok ™
e

Australia 6'E

124°E 12
Gordon (2001)

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)



The Indonesian Throughflow:
An Intersection of Oceanic Wave Guides

9]
[e]
w

Latitude

|‘L | Coarse-resolution
o model (Mk3) N

100CE 120CE 14001 :'
Longitude 108 - —* .
Modelled Hj_Ir71ylg

120E 180

3003

Wijffels & Meyers, 2004



I'TF 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 I'TF
— 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



Sulu Sea inflow

M :1I\';' Ii I“ i imi 1

Karimata Strait

S. Mindanao inflow

Ocean Model for the Earth Simulator (OFES), Masumoto et al.(2004)
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Makassar Strait
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Z.oom: Nested

Relocatable Model
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execution state

v b @ @ e » z|q
region name run date start time status priarity % complete  [time to completi..] forecast period r run settings

Ferth 2004-7-8 1518 in-progress critical 0 4 -6 hours 3 days

Ferth 2004-7-7 13:28 critical 100 3 days 5

Ferth 200476 1328 critical 100 3 davs SEOETE Lole

Perth 2004-7-5 1328 critical 100 3 days FUrl.rrame.

Perth 2004-7-4 1328 aborted critical 3 days run group:

Ferth 2004-7-3 13:28 critical 100 3 days

Ferth 2004-7-1 13:28 critical 100 3 days scheduling

Ferth 2004-6-30 13:28 critical 100 3 days scheduled start:

Ferth 2004-6-249 13:28 aborted critical 3 days run priarity:

MEW South Co. |2004-7-8 15:29 in-progress medium 1] B -7 hours T days

NSW South Co.. [2004-7-7 1528 medium 100 7 days auto repeat.

MEW South Co... [2004-7-6 15:29 medium 100 T days

MEW South Co... |2004-7-5 15:29 rmediurm 100 T days forecasting

MEW South Co... |2004-7-4 15:249 medium 100 7 days forecast period:

MW South Co.|2004-7-2 15:249 medium 100 T days

Bass 5t 2004-7-8 15149 in-progress lowy 0 G- 7 hours 3 days .

Bass ot 2004-7-7 1518 0wy 100 3 days grid :

Bass ot 200476 15189 low 100 3 davs atmospheric model

Bass St 2004-7-5 1518 Iy 100 3 days arigin:

Bass 5t 2004-7-4 15149 lowy 100 3 days dimensions

Bass 5t 2004-7-3 1514 oy 100 3 days resalution:

ocean model

origin:
dimensions
resolution:
rotation

2004-7-3
Ferth

13:16
critical
false

3 days
atrmospheric and ocean

112.92576, -34 276
Fex 1
0.05,0.05

11447734, -34.0268
42x 81

0.05,0.05

19.58358

Recent messages

run data acquired from data-source




What’s happening right now?

® Testing of the forecast system (model, obs, data assimilation)

® Reanalysis over the last decade (first results in second quarter of
2005) with metrics adopted from MERSEA/MERCATOR




Future R&D ?

® Improved global analysis and prediction system (e.g.
Ensemble Kalman Filter)

BLUElINK

Ocean Forecasting Australia

¢’ Dewnscaling: Eully:coupled relocatable nested regional
edady-reselving model withr data assimilation?

* nclude biolegy and chemisti/, €.0. Biemass prediction:

Chl-a
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