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Abstract
During the GODAE periodsomecoastal and regional systems for sharige ocean forecasts in the
Asia-Oceania have been developed. Tgaperfirst provides an overview of these operational
forecast systems and some-pperational systems developed by Australia, China, Denrratia,
Japan and Koreia the terms of model domain, resolutions, models, data inputs and data
assimilation scheme3$hese systems cover some key ocean areas irRO%siania. Then services,
products, users and feedbacks provided by these systems arebsteflynSome operational ocean
analyses and forecasts support both data products and online graphical public services. Some
systems such as théuBlink ocean forecasting system of Australia have praléiful in forecasting,
coastally trapped waves, «tal upwelling, offshore ocean state and currentseofttAu st r al i ad s
boundary currentdAs evidence of the utility of these regional systems, some highlighted examples
as also givenk-or examplesome Japanese systems successfully predicted the Koruggeo la
meander in 2004an operational system provideervice for the 2008 Olympic sailing everas
Japan Sea/East Sea forecasting system has been used for successful reproduction and prediction of
large numbers of giant jellyfishes in Japan/Sea Sk#hese systems are strongly connectith
the GODAE productsThe Argo and GHRSST datasets are essential inputs for initialization of these
forecast systemd.he Indian Ocean is relatively less covered by these regional systems. However,
GOOSCL I V AR 6 $n edtablishing indian Ocean Observing system will improve the situation
andsome ofits progressesarehighlighted.Some future plans are also briefly outlined.
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1.Introduction

Coastal ocean nowcast/faaest systems are an increased interest in a wide range of society. For instance,
improved forecasts of future states in target areas are required for marine management and rescues, pollution
control, and mitigation of the damage of coastal flooding anehfualgal blooms, in addition to the

traditional requirement of shipping navigation and fishery managements. The 2002 GODAE Development
and I mplementation Plan states: ACl i mate and seas:
fisheries, the ofhore industry and management of shelf/coastal areas are among the expected beneficiaries
of GODAE. 6 The usefulness of GODAE systems to coa:
of the measures of the success of the project. During the GQeAGd, various coastal and regional

systems for shontange ocean forecasts in the ASlaeania have been develop€gperational forecast

systems and some poperational systems developed by Australia, China, Denmark, India, Japan and Korea.
These systms cover some key ocean areas in A3@ania.

Bluelink is an Australian partnership between the Commonwealth Soeearid Industrial Research
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Organisation, théwustralianBureau of MeteorologyABoM) andthe Royal Australian Navy. The primary
objectiveof Bluelink is the development of a forecast system for the mesoscale ocean circulation in the
Australianregionand adjacent basins that influence this regidre Bluelink forecast system (Brassington et
al. 2007) became operational at tBoM in Augug 2007providing seven day forecasts twice per week

In Japanseveral systems have bad#velopedJapan Meteorological Agency (JMA) started operational use
of new ocean analysis / forecasting system for western North Pacific in 2008 March. This sgstdasp

the information of the ocean state in the Sea around Japan. Monitoring and forecasting of major currents
around Japan such as the Kuroshio, the Oyashio, and the Tsushima current are particularly paid attention
because variations of these curremtsrgyly affect the ocean state around Japan. Outputs of this system are
made use of for various purposes. The current field in this system is uggddmtion of the position of

drifting targets (e.g., oil spill) Also, the ocean state in this systesnused for identifying causes of coastal

sea level variation associated with unusual sea I@aphn Agency for MarinEarth Science and

Technology JAMSTEC) has started an operational ocean forecast experiment for Northwestern Pacific
(Japan Coastal Oaa Predictability Experiment; JCOPE) since December 2001. Fisherier Reseach Agency
(FRA) has operated first version of JCOPE ocean forecast system (JCOPEL) since April 2007 for
management of fishery resources off Japan through development of couplirmgeégitstem models (FRA
JCOPE). JAMSTEC has further developed second version of the system (JCOPE2) with enhanced model and
data assimilation schemes. Output of JCOPE2 is used for ship routing of oil tankers, fishery and drilling
ships.Most recentlyKyoto University has constructed a highesolution 4dimensional variational (4D

VAR) ocean data assimilation systavith an aim to develop the integrated monitoring of synoptic to meso
scale features observed in the mixed water refgiothe northwestern Nith Pacificwhereis one of the

most energetic regions in the world ocearsey have demonstrated that the downscasdirgpowerful
approachoward the better nowcast and forecast of coastal circuldatighe regions such asfshore of
Shimokita Penisulawherevigorous interactions with the marginal seasur.

National Marine Environment Foreca3entre(NMEFC) of Chinastarted its operational numerical ocean
forecasting since 1990%here are several operational forecast systems covering difterergiins: from
largescalewestern North Pacific teelatively small coastal regions such as Bohai Séweir productsare
deliveredto users acrospublic, governmenandcommerceln 2006,Chinese Academy of Sciences (CAS)
started developing a preoperaiid ocean nowcast/forecast system around the Chinesdezxh$ty Institute
of Atmospheric Physics (IAPBince 2008, this system development has been enhanced further by multi
institution collaboration and establishing a long term in situ observatiaoriebf four offshore buoythat
will be operated and maintained by Institute of Oceanography and Institute of South China Sea
OceanographyTheaims of the system ate provide aest bedo explore the coast and shelf sea
predictabilityandtransitto gperational agencies.

Beside above national efforisfernationalcollaborationalso plays an important rol&ellow Sea is a semi
enclosed sea swunded by Chinand Korea. Extensive research and cooperation have been carried out in
this region both imational and international level I§hina and KoreaHowever, the existing works yet to

be integrated into a forecasting system. Major botdeks in developing the Yellow Sea monitoring

forecasting system are the lack of high quality, near real timeherefatrecasts, as well as coupled 3D

oceanice models and operational infrastructure. With support from EU FP6 project YEOS (Yellow Sea
Observation, forecasting and information System, 28009, http://ocean.dmi.dyeos) and Dani sh S
Union, European weather and océem forecasting system has been applied to the Yellow Sea and a pre
operational weathesceanice forecasting system has been demonstrated in a period covering Beijing

Olympic Game 2008. Wideange of users has enjoyed the high resolution ocean and weather services
provided by the YEOS information system. YEOS also improved data exchange between China, Korean and
EU partners.

2.0verview of systems

The geographicoverageof eachsystens shownin the figure 1. Most of these systems use nesting schemes
with different domain/resolution. The single domain for each system in Fig. 1 mainly represents one of its
mainfocusesf each systenMost systems concentrated in the western North Pagifit centres inthe


http://ocean.dmi.dk/yeos

GODAE Final Symposium

Japan Islands, Kordeninsulaand Chineseoast The Bluelink systemsurroundinghe Australia, cover
part of the Souther@cean andhe western Indian Ocean.

2.1Bluelink

The key elements of the Bluelink
system are the Bluelink Ocean
Data Assimilation System
(BODAS; Oke et al. 2005) and
the Ocean Forecasting Australia
Model (OFAM), a global ocean
general circulation model. OFAM ¥
is based on version 4.0d of the
Modular Ocean Model (Griffies et
al. 2004), using the hybrid mixed
layer modeldescribed by Chen et
al. (1994). OFAM is intended to
be used for reanalyses and short
range prediction. The horizontal
grid has 1191 and 968 points in
the zonal and meridional
directions respectively; with 1/£0
horizontal resolution around
Australia (90180E, south of 17N). : :
Outside of this domain, the | Bluelink
horizontal resolution decreases to ;
0.9 across the Pacific and Indian
basins (to 10E, 60Wand 40N) and
to 2 in the Atlantic Ocean.

OFAM has 47 vertical levels, with 10 m resolution down to 200 m depthtoplography for OFAM is a
composite of topographyom a wide range agources including dbdb2 (www7320.nrlssc.navy.mil/DBDB2
WWWY/) and GEBCO (www.ngdc.noaa.gov/mgg/gebco/). Horizontal diffusion is zero. An ensemble optimal
interpolation (EnOI) scheme ised for assimilating sea level anomaly from satellite altimetry, Argo profiles
and satellite SST. For detailed description of the assimilation scheme see Oke et al.,TR8@f)erational
system, OceanMAPSv1.0b (Brassington et al., 2007) produces ahtnhdanalysis and 7 day forecast twice

per week using the surface fluxes from the Bureau of Meteorology global weather forecasts and near real
time altimetry is obtained from Jasdrand Envisat and redime SST is obtained from AMSR. In situ
observatbns are sourced from the GTS and the GDAC's for Argo and sorted fro duplicates and automatically
quality controlled. An operational graphical web serviup(//www.bom.gov.au/oceanography/forecgsts

and a data product service is supported at the ABoM.

> ooy

Figure 1. The geographamveragef eachsystemin the Aisa and Oceania.

2.2 MOVE/MRI.COMWNP

MOVE/MRI.COM-WNP (Multivariate OcearVariational Estimation system / Meteorological Research
Institute Community Ocean Modelwestern North Pacific versionsesMRI.COM as ocean modeThe
vertical coordinatés the-z one with whichthe layer thicknessear the surface follows the surface
topography(Hasumi 2006)For the nonlinear momentum advection, the generalized enstpphgrving
schemgArakawal972) al2nd the scheme that contains the concept of diagonally upward/downwssd ma
momentum fluxes along the sloping bottom are applied. A biharmonic operator is used for horizontal
turbulent mixing. A biharmonic friction with a Smagorinslie viscosity(Griffies and Hallber@000 is

used for momentum. The vertical viscosity anfiudivity are determined by the turbulent closure scheme of
Mellor and Blumberg (2004)'he model domain spans from 117E to 160W zonally and from 15N to 65N
meridionally. The horizontal resolution is variable: it is £ftdm 117E to 160E and 176rom 160E to

160W, and 1/18from 15N to 50N and 1/6from 50N to 65N. There are 54 levels in the vertical direction
with thickness increasing 1 m at the surfac6@ m near the bottom. Oceanic states at the side boundaries
are replaced by those from a NoRhcific mode(MOVE-NP) with a horizontal resolution of 1fZoneway
nesting). A sea ice model with the thermodynamics of Mellor and Kantha (1989) and thevedastis
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plastic rheology of Hunke and Ducowicz (1997) is also apphtate detailedaboutthe model se@&sujino

et al.(2006) The analysis scheme adopted in MOVE is a multivariate tiraensional variational

(3DVAR) analysis scheme with vertical coupled Tempera&atknity (T-S) Empirical Orthogonal Function
(EOF) modal decompositioffrujii and KamachR2003. In this system, the moddbmainis divided into B
subregions and verticat$ EOF modes are calculated from the observ&lprofiles for each subregion.

The 3DVAR results are inserted into the model temperature and salinity fisbde 4500 m by the

incremental analysis updat@loom et al.1996. For more details, sdgsui et al. (2006) lin situ

temperature and salinity profiles, satellite sea surface height (SSH) anomaly and sea surface temperature
(SST) are assimilated. Thamperature and salinity data including ARGO data are obtained@lotral
TemperatureSalinity Profile Program (GTSPRttp://www.nodc.noaa.gov/IGTSBR/The SSHA data is the
nearreal time alongrack data of Jaseh and ENVISAT obtained from Archiving, Widation and

Interpretation of Satellite Oceanographic data (AViI&p://www.jason.oceanobs.comfhe SST data is

the MGDSST produced by JMA. The assimilation run is implemented every five days, and the forecasting
period of prediction is one month. Thedel is driven by wind stress and heat flux from the JMA's Climate
Data Assimilation System (JCDAS) in assimilation run and forced by the result of the climate forecasting
model in forecasting run.

2.3JCOPEL1,2

The ocean modéh the JCOPE,2 systens is based orthe Princeton Ocean Modelith a generalized
coordinate of sigma (P@gcs)(Mellor et al., 2002 A high-resolution regional model withspatial grid of
1/12° and47 verticallevels is embedded in a les@solution modetovering the North Pacifiregion (3&-
62N, 100E90W) with a spatial grid ofapproximatelyl/4°and 21 sigma levels. Thiener model domain
covers thavesernNorth RFacific (10.5-62N, 108-180E) and its lateral boundary condita@aredetermined
from thebasinwide modelusinga oneway nesting methoflGuo et al. 2003). The wind stressand heat flux
fields are calculated fromutput of 6hourry NCEP Global Forecast System (NCEPGFS) or NCEP/NCAR
reanalysis (Kalnay et al., 1996%alinity atthe ocearsurface is restored the monthly mean climatology
data(Levitus et al. 1994 with a time scale of 30 days. Thalowing observatiordataare assimilated into
the modelthe sea surface height anomaly (SSleBjained from the TOPEX#3eidonand ERS1 satellites
during September 23 to June 200and from the Jaseh and the Gesat Follow-On during June 2002 to
presentsea surface temperature (S®bjainedfrom the Advanced Very High Resolution Radiometer /
Multi-ChannelSea Surface Temperature (AVHRR/MCSST) Level 2 proglactgvertical profile data of
temperature and salinigbtained from GTSPP.he JCOPEL system (Miyazawa et al., 2008a) uses a
combination of optimum interpolation for horizontal gridding of SSHA, SST, and subsurface temperature
and salinity data and multivareabptimum interpolation for creation of thrdamentional grid data of
temperature and salinity. The temperature and salinity data are introduced into thesimgtbe
Incremental Analysis Update (IAU) (Bloom et al., 1996). The JCOPE2 system (Miyazawa2€08b)
adopts the 3DVARscheme with vertical coupled Temperat@ainity Empirical Orthogonal Function
modal decompositiofFujii and KamachR003.

2.4 Kyoto University System

The numerical model used is the ocean general circulation modébpledet Kyoto University (e.g.,
Toyoda et al ., 200 4) -zvetidtaicoohdinagengpbetensisulatetfree sinface motiah
of the ocean. To further enhance the representation of the upper ocean circulation, this model adopts some
sophigicated parameterizations such as the Takanishi scheme for the momentum equation (Ishizaki and
Motoi, 1999), the turbulence closure scheme for the mixed layer parameterizatioet @&005), the 3rd

order scheme (Hasumi, 2000) based on QUICKES®r{aed, 1979) for vertical advection and UTOPIA
(Leonard et al., 1993) for horizontal advection, and the isopychal mixing scheme (Gent and McWilliams,
1990, Griffies, 1998)The model basin covers the northwestern North Pacific which includes the Sea of
Jaman and other marginal seas (see Fig. 1). The basic model resolution'amd/6/8 " in longitude and

latitude, respectively, and 78 vertical levels spaced from 4 m near the sea surface to 500m at the bottom.
Note that 67 vertical levels are set aboveQifi@epthFor the downscaling experiment focusing on the

coastal circulation off Shimokita Peninsula, we employ the triple nesting approach from the above basic
resolution (nest) to the finest resolution of 1/54gand 1/7fhest3) in longitude and latitde, respectively,

via a medium resolution of 1/18and 1/24" (nest2). The nesting technique employed here is based on Oey
and Chen (1992 he assimilated elements in this study are sateléréved SST and sea surface height
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(SSH) data, and ieitu doservation data of temperature and salinity. In detail, the SST data are from the New

Generation Sea Surface Temperature (NGSST) produdashaku University with a horizontal resolution
of 1/20 and daily coverage. The SSH data are from the SSalto/@uaced absolute dynamic topography,
which is the sum of the sea level anomaly derived fnauti altimeter data and mean dynamic topography
(Rio and Herandez, 2004) provided by AVISi@ time intervals of 3.5 days. The horizontal resolution is
nearly 1/8 and the SSH data are interpolated onto the model grids for assimilation-Jiheabservation
data are obtained fro@TSPPR A 4D-VAR approach, optimized-dimensional datasets are sought by
minimizing a cost function, in which the initial conditionrabdel variables is chosen as the control \eia
The cost function is composed of the background and the observationadFtermore details, see Awaji et
al. (2003) andshikawa et al. (2007)

2.5 NMEFC Systerior western North Pacific
The NMEFC& gerational forecast system filre western North Pacifi(99-150E; 2-45N) uses POM with a
horizontalresolution of 1/4by 1/4° and 5 vertical levelsThe model is driven by NMEFRGE forecasts of a
mesoscale atmospheric model. The data assimilation sysileras Ol for in situ observations (ship reports
and Argo profiles) and a nudging scheme for MGDSBie systenproducesa daily 3-day forecast of SST
of thewestern North Pacific

2.6 CAS preoperational system
A Chineseshelf/coastalseasmodelbasedon athreedimensional hybriecoordinate ocean model (HYCOM,
Bleck, 2002; Chassignet al. 2003)is used to simulate ocean circulation around Ct¥iao et al, 2007)A
curvilinear horizontal grid is utilized with an averdgarizontalresolution of 1&km. There are 22 layers in

the vertical coordinatdJsingthe real topography, the model domain includes the whole CSCS and part of
the West Pacific OceandeFigurel). The model was forced by ECMWHhaéurly reanalysis dataset

(Uppala and Kallberg, et &005). And the lateralpen boundary conditiorngere provided by an India
Pacificdomain HYCOM sinulation (1/4 degree resolutiafhe data assimilation system has two

Table 1. A summary of ocean forecasting systems in the@sé@ania regions

System Name

Bluelink

MOVE/MRI.
COM-WNP

JCOPEL,2

Kyoto U

NMEFC

CAS

YEOS

ESROM

Ocean
model
OFAM

MRI.CO

Modified
POMgcs

Kyoto U.
OGCM

POM

HYCOM

BSHcomd

MOM3

Nesting

strategy
Global
model

Oneway
nesting

Oneway
nesting

Oneway
nesting

Oneway
nesting
Oneway
nesting

Two-way
nesting

Atmospheric forcing

BoM's operéional
global weather
prediction model
JMA's opeational
atmospheric analysis
Results of climate
forecasting model
6-hourly NCEP
Global Forecast
System or
NCEP/NCAR
reanalysis

NMEFC& mesoscale
weather forecast
ECMWF reanalysis
mesoscale weather
forecast

DMI weather forecast

ECMWEF reanalysis

Ocean data input

In situT, S SSHA
SST

In situ temperature
and salinity Along
track SSHA
Gridded SST
Along trackSSHA,;
In-situ T,S; Along
track SST.

SST(NGSST);
GriddedSSH In-
SituT, S
Gridded SST
Argo profiles
Gridded SSHA,
GriddedSST;In
SituT, S

SST

In situtemperature;
gridded SSHA;

Data assimilation
scheme
EnOl

3DVAR with
vertical coupled
TS-EOF modes
IAU

3DVAR with
vertical coupled
TS-EOF modes
IAU.

4D-VAR
Nudgingfor SST
and Ol for profiles
EnOl

Kalman Filtering

3DVAR

Agency/
Institution
ABoM

JMA

JAMSTEC
FRA

Kyoto U

NMEFC

IAP

DMI

KORDI
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alternativesanEnOI scheme and the ensemble Kalman filter (Wan et al, 2088)obsevations used for
assimilation include GHRSST products, Argo profiieen GTSPPand SSHAfrom AVISO. Xie et al
(2008) compared several GHRSST products irsthdiedarea.

2.7 YEOS

The Yellow Sea 3D oceaine prediction system is based on DMI (Danishiéddeological Institute)

BSHcmod, which is a coupled hydrostatic 3D oce@nmodel based on primitive ocean equations, and a
Hibler-type sea ice model (Dick et al., 2001). The baselineiseiperates on two nested, coupled grids,
making it possible to zao in on an area of interest with high resolution. Mséinsor SST data are

assimilated into the model daily by using a simplified KalrRéter Scheme (Lasen et al. 2007). The model
ocean is driven by atmospheric forcing, river runoff and lateral bourdagitions. Along open boundaries,
sea level is specified as a combination of the tidal variation and wind/pressure driven surge. Temperature and
salinity are obtained from monthly climatology. Outflowing water is stored in a buffer zone, which must be
enptied before water of climatological properties are advected into the model domain. The hourly
meteorological products in 7.5km horizontal resolution are derived from DMI operational NWP model
HIRLAM. The 3-D ocean model domain covers the Yellow Sea amdgbiahe East China sea, ntio of

33%2°N and west of 127°®ith a horizontatesolution ofl/20°(lat.) by 1/15°(on.) and 30 vertical levels

This is then embedded in a coag@, 2-dimensional external surge model of larger extent. The undisturbed
top layer thickness is 6 m in order to avoid tidal drying of the top layer, in which case the model would not
be stable. The layers below are of 2 m thickness, with increasing layer thickness towards the sea bed.

2.8 ESROM

ESROM(East/Japan Sea Regional Qckdel), based on the GFDL MOM3(GFDL Modular Ocean Model
version 3; Pacanowski and Griffies, 1999s been driven by monthly mean westdess from the ECMWF
reanalysis, monthly mean heat flux calculatedbik airsea flux brmulationusing ECMWF

reandysis meteorological variables. The surface salt of the model has been restored to that of the
WOA hydrographic data. For the open boundary conditisadation conditiorwith a nudging

term for inward boundary fluxes is applied for the tracers androgiotcurrens (Marchesiello et

al., 2007). The barotropic velocity through thérea Straiis givenby the volume transport
monitored by the submarine cablésing the 3dimensionalariational assimilatiomoutine

(Weaver and Courtier, 2001jesatellte-borne sea surface temperature, sea surface height (SSH)
anomalyand temperaturprofiles have been assimilaté<im et al. (2008) could verify the
performance of the ESROM using
an independent measurement
dataset by the Pressuequipped
Inverted Echd&ounder in the
Ulleung Basin located in the
western side of the East/Japan Sea
and suggestetthatthe ESROM

ASSIM (25AUG2004)
3N \

130E 1326 134E 136E 138 140 1S0E 1326 1ME 1360 138 140E 1306 1326 MEI}G[ 138€  140E We" reprOdUCd the mesoscale
700 700 100 variability as well as the general
FCST (25AUG2004) . .
= circulation.

3. Highlighted examples
3.1 Successful prediction ofdh
Kuroshio brge meander
Some Japanese systems successfully
B e SUMERREC SR, s predicted the Korushio large meander
50 50 in 2004.Figure 2 shows the
20 30 40 50 60 70 80 90 100 110 120 130 140 150 observations and forecasts of the
Figure 2.The Kuroshio large meander formation in 2004. Top (bottom) Korushio main path in summer of
panelshows the time sequence of the assimilatedd{pred) current fields  2004. The forecasts were made by
at 100 m depth. Vector and shade denote the current vector and its MRI system.

forecast
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3.2 Operational forecast for 28 Olympic Games
An operational demonstration of weattoameanwave forecast has been made during Au@egitember

2008 for Beijing Olympic Game. The weather and ocean forecast were made by DMI and wave forecast
were made by the First Institute of Ocearagdry (FIO) by using FIO wave model WAM and forced by DMI
on-line weather data. The general results are shown on YEOS weBsitmteresting event happened on
the 49er Medal course, at kl.16 in 17 August 2008. There is an abrupt change of the states of

weat her and sea.

The

ma st

of Dani sh sail or séo

By borrowing a boat fronCroatian team, the Danes still won the gold medal. The following
figures show the forecast given by a fine resolution model (in admakresolution of 2.5km
resolution) downscaled from YEOS forecast.

Wind speed and direction at station
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Figure 3.High resolution Wind forecast on 17 August 2008. Left: wmds t|me serles (|n angdao local time)
at the race area of 49er Medal course of OL2008 in Qingdao; rigfacewinds distribution at 20688-17-

08GMT in Qingdao waters.

3.3 Prediction ofjiant jellyfishes

Recentlylarge amount ofhe giant jellyfish(Nemopilema nomuratame over from the East China Sea to
the Japan Sea through the Tsushima Strait, anchtfgrated to the Japanese coast along the coastal and

offshore branches of the Tsushima Warm Current. In 2005 season, especially, excessively large number of

2005/9/18

130°
Figure 4. Sightseeing observations of giant jellyfish (left) and trac
forecasts (right).

RIAMOM (forec)//

135°

o
140°

the jellyfish was observed for a long
period (from early July until March),
and serious damagesfisheries
occurred.To reproduce and predict the
distribution of the jellyfish in the Japan
Sea a numerical simulation for the
migration of the Jellyfish in 2005 was
carried out by using a data assimilation
model. The assimilation model was the
Japan SekorecastingSystem
developed by RIAM, Kyushu

University (Hiroseet al.,, 2007)

Passive tracers were released from the
both east and west channels of the
Tsushima Strait at the depth 6f 0
22.5m as artificial jellyfishes. Based on
the sightings report arod the

Tsushima Island, the beginning of the tracer input was set on JuA&&¥3August 16, the calculation was
carried outby using predicted current datéhe reproduction of the northward migration of the jellyfish was
well successful; the northwaftbnt position of the jellyfish was good agreement with sightings data within a

few days.

S
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3.4 Reproducing thmodal
transition of coastal waters
off Shimokita Peninsula
Coastal waters off Shimokita
Peninsulgsee figure Syith
a complicated geographic
feature well reflectthe
major features of sheterm
(a few days) to seasoraing
circulations. A notable
feature in this region is
vigorous interactions with
the marginal seas,
particularly with the Sea of
Japan through the energetic
Tsugaru Warm Curreg
(TWC). In fact, coastal
currents off Shimokita
Peninsula exhibits a
seasonallyarying
circulation characterized by a
“*  transition of the TWC

14z 00 1z 15

s —— : s | between two distinct
0 ]Od o 20 30 patterns: a straight path along
= it the east coast of Honshu
, . Hokkaido : ;
- R Island in a cold season
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Figure5. Time series of temperatudéstributionsat 200m depth(left): model
and (right)observation(from In et al., 2008)

the system successfully reproduced the obsereedition

= T~ [M@himokita Penn
Honshu ™~ .. .
N

circulation in a warm season
(her eaf-medeldi)g.yr e
et al. (2008) conducteal

hindcast experiment for the

year 2003using atriple

nesting approaclAs a result,

from the costal mode to the gyre mode and the

T42E 143E

subsequent opposite one. Figbreisplays the time series of temperature distributions at 200 m depth, in
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Figure6: Sea level anomaly in the Great Australian Bight ¢
South Australia at 21:00, 29th Oct 2007 from the BLUEIin}
OceanMAPSv1.0b operational system.
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which warm water of over° that corresponds

to the TWC water can be seen near Shimokita
Penhsula in both the observation and the model.
Interestingly, the warm water begins to extend
offshore to form a gyréike distribution

3.5Nontidal coastal sea level for flood
warnings and port management in Australia
Accurate and timely warnings of amalous
coastal sea level is critical for the coordination
of emergency response and port management.
Extremes in coastal sea level frequently occur
along the Australian coastline through the
combined effects of high tides, storm surge and
many other locahdnd non local coastal
processes across a range of time and space
scales. During the Austral wintspring period,
cold fronts from the Southern Ocean propagate
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over the Great Australian Bight (GAB) and
other southern regions of Australia producing
large oastal surges which can be of O(1)m.
The resulting surge can propagate along the
southern coastline as a free or forced coastally
trapped wave. An example in October 2007 is
shown in Fig6 where the surge formed in GAB
has propagated eastward to record/aOnon
tidal sea level in the Gulf of St Vincent. The
coastal trapped wave represented in BLUEIink
in this example has a wavelength of
approximately 500km and a period of
approximately two days.
The nontidal sea level in coastal and shelf
regions are fquented by a wide range of
processes that are modelled in the BLUEIlink
Figure7. The root mean square error of Baveraged non  System including storrsurge, coastally trapped
tital sea level from BLUEIlink OceanMAPSv1.0b compared Waves, boundary currents and eddies.
Australian coastal tide gauges for a 6 day forecast period. BLUEIlink does not currently resolve tides,
wind-waves or swell or river discharge.
Evaluations fronboth the the BLUEIlink reanalysis (Oke et al.,2008; Schiller et al., 2008) and the
operational BLUElink OceanMAPSvV1.0b (Brassington et al., 2007) indicate the non tidal sea level of these
systems has low RMS errors and good correlations with coastabtide gCTG) time series around the
Australian coastline. Fig.shows the RMSE scores for the forecast system over the 6 day forecast period
compared with Australian tide gauges. During the period where the atmospheric forecasts have skill O(48)
hrs the nortidal sea level forecasts have a RMSE range from 4 to 9 cm. At longer lead times the RMSE
grows indicating that the error has not reached saturation. Longer periods of skill can be obtained from the
coastal ocean processes. For example, coastally traped generated in the GAB continue to propagate
along the east coast of Australia reaching northern Queensland approximately 5 days after the initial
disturbance. Coastal boundary currents and coastal eddies also contribute to anomalous coastaivesa level
longer periods, particularly where the continental shelf is narrow. BLUElink has demonstrated useful
forecast skill at combining the leading processes influencing non tidal coastal sea level.

4. Summary and outlook

During the GODAE period, severadgional operational and preoperational systems have been developed in
the Asia-Oceania. These systems have demonstrated their usefulness via pnouatimgservice for public,
governmenandcommere orby successfuforecasting/hindcasting higimpact(socially, economically and
scientifically) events

All these regional systems have strong connections with the GODAE products. The Argo and GHRSST
datasets are essential inputs for initialization of these forecast systems. The large scale GODAEapeoducts
also used to provide side boundary conditions (M@YE-NP). A 15 year ocean reanalysiom BLUEIlink

has proved useful for engineering design for example the modelling of internal waves through downscaling
and assisted the planning of the successtatch for HMAS Sydney which was sunk during World War 1.

The BLUEIink operational forecasts have also demonstrated skill at forecasting a wide range of phenomena
including: extreem coastal sea level, anomalous currents impacting offshore oil andrgtisrape

anomalous heat content over the North West Shelf influencing continental rainfall and many other processes.
Most of these systems have been developed in GODAE related projects. For exaileptean

forecasting system DMI BSHcmod has been iomausly developed in projects MERSEA and ECOOP. The
MERSEA Baltic Sea forecasting system is based on the same model.

It is still achallengingtask to further develop the existing systems from science perspective (De Mey et al.,
2007). Establishing morebservation networks, increasing model resolution, adding sea ice,sitgj

more advanced data assimilatienmd coupling with atmospheric modele among the near future activities.
For example, in the near future, JMA will introduce an assimilatioarsehof sea ice concentration to



