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The Bluelink Ocean data assimilation system (BOD#&San ensemble-based system that underpins Ala&ralperationa
short-range ocean forecast system. The primanpbgastfor the Bluelink system is the series of BhleReANalysis (BRAN)
experiments. Over the life of Bluelink, BRAN expagnts have been used to assess the performartoe fdtem, and to te
new developments prior to integration into the faist system and operational trials. BRAN experisméiatve helped identif]
problems with the model, assimilation system, geateessing, and model initialisation. In this paplee recent improvemen
of the Bluelink system are highlighted, along wéibme preliminary results from the application of [B&5 to a relocatabl
coastal ocean model, also developed under Bluelink.
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Bluelink is a partnership between the Commonweattientific and Industrial Research OrganisationlR&y, the Bureau of
Meteorology (BoM) and Royal Australian Navy (RANJhe primary objective of Bluelink is to develop aimdprove
Australia’s capabilities in short-range ocean fasting and reanalysis. The Bluelink forecast syqt@rassington et al. 2007)
first became operational at the BoM in August 208@d has since produced two 7-day forecasts eaelk.vilthe main
components of the Bluelink system are the Ocearedasting Australia Model (OFAM) and the Bluelink €aa Datg
Assimilation System (BODAS). The primary test-bed the Bluelink system is the series of BluelinkARklysis (BRAN)
experiments — multi-year data assimilating modekru

The purpose of this paper is to describe the Biledystem, particularly BODAS and its recent enleaments, and to reviey
some of the lessons learnt from a series of BRApkaments. This paper is organized as follows: @tstiescription of thg
Bluelink model is presented, followed by a desanipof BODAS. A summary of a series of BRAN expegints are describegl,
followed by results from a recent BRAN experimesmid a demonstration of the application of BODASatooastal oceah
forecast system.

The global model used here is based on the Modtaan Model (Griffies et al., 2004) and is called Ocean Forecasting
Australia Model (OFAM). The first version of OFAMQFAML1, used version 4p0d. OFAM2, which is still ihgideveloped
uses version 4pl. The horizontal resolution of OFdvies from 2 in the North Atlantic to 1/10in the 96-sector centred o
Australia and south of 8. OFAM1(2) has 47(51) levels in the vertical, wifi(24) levels in the top 200 m, and 35 level$ in
the top 1000 m, with a minimum of 10(5) m resolntitear the surface. The horizontal grid has 1121198 (1191 and 997
points in the zonal and meridional directions, extipely. The bottom topography for OFAM1 was a posite of a range d
different sources, including dbdb2 (provided by theited States Naval Research Laboratory) and theetal Bathymetri
Charts of the Ocean (GEBCO) and AGS02002. The OFAdpdgraphy is based on the Smith and Sandwell71991.1
bathymetry. The model uses the third-order quicdereme for tracer advection (Leonard, 1979). Hotaoviscosity ig
resolution and state-dependent based on the Smaggischeme (Griffies and Hallberg, 2000). The wleghce closure mod¢
used by OFAM is the hybrid mixed-layer scheme dbedrby Chen et al. (1994).
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For long model runs, such as free spin-up runsBRAN experiments, OFAM is forced by 6-hourly atmbepc fluxes from
ECMWF, using fields from ERA-40 (Kallberg et al.0@®), for the period prior to August 2002, and @xhoperationa
forecasts thereafter. The operational Bluelink das¢ system uses 6-hourly forcing from the BoM @loAtmospherid
Prediction System (GASP, e.g., Schulz et al. 26@06n to be replaced with a version of the Unifiedd&l, Rawlins et al
2007).

The Bluelink Ocean Data Assimilation System (BODAXke et al. 2008) was initially developed for datsimilation into 4
global ocean forecast system. The requirementsalf a system are to facilitate the assimilatiodifiErent observation typeg
in all possible dynamical regimes, including thadethe open ocean, shelf zones and marginal sdes.a$similation o
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multiple observation types makes a multivariatenaidastion preferable, whereby observations of oppet (e.g., sea-level)
influence the increments to model fields of all dgp(e.g., sea-level, temperature, salinity, vejdpciThe requirement t
assimilate in a variety of different regions anahayical regimes encourages the adoption of inhomexges and anisotrop|c
background error covariance estimates, since baokgr errors in different regions are expected tocharacterised b
different length-scales, and with different origittas. Multivariate, inhomogeneous, and anisotrayueariance estimates gre
readily obtained using ensemble data assimilatiethous. It is for this reason that the Bluelinknteapted to develop
ensemble-based data assimilation system. The salpects of BODAS are as follows:

BODAS employs an ensemble optimal interpolation@Bnscheme that uses a stationary ensemble ofsgdsmnal modgl
anomalies, or modes, to approximate the systerolggbaund error covariance. Because we expect tblegbaund field error
of a short-range forecast system to be dominateglbly-scale features, the ensemble is comprisetisgmble members that
contain eddy-scale variability. In practice, thisachieved by computing each ensemble member thygdagsing a long model
run. At present, Bluelink applications use (up1@p-ensemble members, computed from the last 1&-yéa 15-year free ru
of OFAM. Each ensemble member is a 3-day mean nthrei8-month mean centered at the same time. Tinentwperation
system uses a 72-member ensemble.

An important feature of BODAS is covariance localisn. Using ensemble data assimilation, the imfbgeof an observati
on the model state is determined by the ensemtdeebaovariance between the observed state elemdnalbother stat
elements. Because the ensemble is small compatéd ttimension of the model subspace, the ensesbdak-deficient an
suffers from sampling error (Houtekamer and MittBO01; Mitchell et al. 2002; Oke et al. 2006). THaek-deficiency means
that the ensemble does not have enough degreesedioin to adequately fit the model-data misfitskigeound innovations
during an assimilation step. The sampling error maghat the ensemble-based covariances are ngaytieularly for long-|
distance covariances that are really expected el For example, sea-level errors in the TasG&mare not expected to pe
correlated with sea-level errors in the Gulf of Nbex However, for a small ensemble, the ensembéed@ovariance may ke
non-zero. These artificial long-distance covarianaee eliminated in practice by multiplying the emble-based covariance py
a localising correlation function (Houtekamer anddklell, 2001). Here, the localising function isyamogeneous, isotropif,
quasi-Gaussian function with an e-folding lengthlscof about 2-3 degrees. As a result, the inflaeaot an individual
observation on the model state depends on bothrteemble-based covariances and the distance betiaeeehserved location
and the location of each model state element. k@rcovariances over short distances (less thaw &dedred metres), tHe
details of the ensemble-based covariance - induthie length-scales, inhomogeneity, and the amipgts are retained whgn
localisation is used (Oke et al. 2005). But thegldiistance covariances are eliminated.

At present, BODAS routinely assimilates along-traela-level anomaly (atSLA) data from all availaddgellite altimeters an
coastal tide gauges from around Australia, plus Seéace Temperature (SST) observations from tliefiRder database arf
AMSR-E passive microwave radiometer. Recent devetoys permit the assimilation of GHRSST L2P data.(
NAVOCEANO L2P AVHRR). In-situ temperature and séjrobservations from Argo floats, the Tropical Aisphere—Oce
(TAO) array, CTD and XBT (temperature only) survdég@m a variety of different field surveys, inclodi WOCE, India
Ocean Thermal Archive (IOTA) and others, are atadtinely assimilated. Explicit observation errotimates are assigned o
each observation according to their expected imstni error, their “age” relative to the analysiadi and an estimate of their
representation error — see Oke et al. (2008) ftailde Representation error estimates are obtaisety the method describg¢d
by Oke and Sakov (2008). This method yields erstin@tes that depend on the model grid. For exagmyhere the modd|
grid spacing is 1/10the representation error is small — because théelmand observations can “represent” variability] of
comparable scales. However, where the model issepaay 2in the North Atlantic, the representation errolaigie — becau
the model cannot represent all of the features\emmihbility represented by the observations. Alfloilsomewhat countef-
intuitive, this difference in representativenessssribed as an error to the observation, so kieatriodel doesn't over-fit t
data by “trying” to reproduce scales that are esblvable on the model grid. That is, so the aimbtep doesn't try to fit what
the model regards as noise.
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Despite the fact that the ocean is under-sampledlntimber of discrete satellite observations islénge to be efficientl
assimilated directly by BODAS. This is addresseassimilating super-observations for SLA and S$if, lay selecting only
sub-set of in situ temperature and salinity prsfite assimilate. The calculation of super-obseowatisimply refers to th
spatial averaging of SLA and SST data prior toragation. Super-observations are ascribed a smeiter, depending on tHe
distribution and number of observations that arerayed. The amount of averaging and sub-sampling ¢y BODAS i
flexible, and can readily be modified for differestenarios. Because of the spatially varying remwiuf OFAM, a typical
application of BODAS involves super-obing the SLAJaSST data to a nominal resolution of #6010 around Australi
(i.e., every & or 6" model grid point) and coarser elsewhere. Similaitlys typical to select one temperature and #li
profile every degree around Australia, and coagtsswhere. For short experiments that are focuseal marticular region,
event, the resolution of the super-obing and sulptiag can easily be modified to retain more obaBons in regions
particular interest.
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BODAS calculates a global analysis of the modeksity performing many (approximately 500) analysesub-domains df
the model grid. For each sub-domain, observatioois fa halo around that sub-domain are used todandfle the analysis.
Provided the extent of the halo is chosen to m#tehdistance over which the localizing function gé@ zero, adjacent sup-
domains produce analyses that are seamless aptieirof intersection (i.e., spatially continuouahd the analysis of the fyll
model state is equivalent to a global inversiorgFeé 1). This approach differs from many ensembleeld systems (e.q.,
Houtekamer and Mitchel 2001; Brasseur et al. 2@8@8tino et al. 2008), who compute analyses, o guint at a time, usinp
observations only in the vicinity of each grid poin
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An example of the increments for sea-level (thet@aninterval is 5 cm) in the Tasman Sea produgeB®DAS. Different
colours represent increments computed independdrityy meridional extent of each sub-domain is mtenined, but the
zonal extent of each sub-domain is adaptive, apérmis on the density of the observations. Notedhnénuity of the
increments in adjacent sub-domains.

Since it's development, BODAS has been used foryndifierent applications, including global reanags(Schiller et al
2008), operational global ocean forecasting (Bragen et al 2007), seasonal predictjo
(http://poama.bom.gov.au/research/assim/ indey,hbserving system evaluation (Oke and Schilléd720observing systen
design (e.g., Oke et al. 2009), and more recerglyional (Sandery and Brassington 2008) and codatal assimilation (sqe
below). Some examples of these applications arerithes! below.

BRAN experiments are typically multi-year data-askiting model runs. The purposes of BRAN experiteeare twofold
Firstly, BRAN experiments are intended to faciktaesting and development of new versions of theeli3ik System prior t

operational trials. Secondly, BRAN experimentsiatended to provide a service to the research camtgntor understandinx
ocean variability and dynamics. In this sectiomedew of BRAN activities is presented, along wsitime scientific results gn
ocean variability around Australia.

To date, two long (>12 years) BRAN experiments hasen performed (BRAN1 and BRAN2pl), two intermasli@ngth (1-4
years) experiments have been performed (BRAN1p5BRAN2p2), and several short (3-6 month) experimdrdave beep
performed. These experiments differ in the timeiquks simulated, the data that is assimilated, feegy of assimilation
forcing fields, ensemble size, and the method ifalisation. A summary of the configuration of éacf the main BRAN
experiments is given in Table 1.
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BRAN1 BRAN1p5 BRANZ2p1 BRAN2p2
Time period 10/1992-12/2004 1/2003-6/2006 10/192/2006 4/2006-4/2008
Data assimilated atSLA, T/S atSLA, T/S, SST atSILA, SST atSLA, T/S, SST
Ensemble size 72 72 120 120
Assimilation
interval (d) 3 ! ! !
. ECMWF heat/PmE| ECMWF heat/PmE
Surface forcing ECMWEF fluxes ECMWF fluxes fluxes & 10 m windsl fluxes & 10 m winds
Rivers none none seasonal seasonal
SST (SSS) restoring 30-d (30-d) none (none) nobeal|3 none (30-d)
Updatesto U, V, T, : Nudgingto T, S &n
L o Nudging to T, S &n . - IAUto T, S, U, V,
Initialisation S andn in single with 1-d time-scale WI'[h' max(1-d,T) andn over 12-hours
step time-scale.
Error in surface heat Some insitu T Topographic errors| Topographic errors
Known problems fluxes & bugs in profiles processed| in some shallow in some shallow
BODAS incorrectly Straits Straits
Tablel

Summary of the configuration for BRAN experimerdtSLA is along-track sea-level anomaly; T/S referm situ
temperature and salinity observations, includingie@ profiles and mooring observations; SST &-serface temperature - fo
date the only SST data assimilated by BRAN is fthenPathfinder data base and from the AMSR-E mis&onE is
precipitation minus evaporation; SSS is sea-surgatiaity; n is model sea-level;Jis the local inertial period; IAU is
Incremental Analysis Updating; ECMWF fluxes refex€ERA-40 prior to 10/2002 and ECMWF 6-hour fordsdkereafter).

Results from BRANL1 are described by Oke et al. 820This study demonstrates that BRAN can prodeedistic mesoscalp
variability around Australia. However, this studisa identified some problems with the Bluelink gyst An error wag
identified in the way the surface heat flux waslegbthat resulted in the development of a warns b&ome bugs were found
in BODAS that meant that the salinity updates waoerrect for the first 4 years of the run. Iniiz@tion shocks, resultinfy
from the model being updated in a single time-ssgpnetimes seriously degraded the reanalysis, auk the reanalyzdd
fields quite noisy in both space and time. All bése problems were addressed prior to operatidatd of the first Bluelink
forecast system at the BoM, and prior to the perforce of the following BRAN experiments.

Results from BRAN1p5 are described by Oke et &108&. This study includes a more comprehensivesasgent of BRAN
including comparisons with with-held observatio@aantitatively, it was shown that reanalyzed fieldghe region aroungl
Australia in BRAN1p5 are typically within 6-12 cnfi withheld atSLA observations, within 0.5-8®of observed SST, ar|d
within 4-7 cm of observed coastal sea-level. Compas with Argo profiles and surface drifting busfoow that BRAN1pS
fields are within C of observed sub-surface temperature, within Psibof observed sub-surface salinity, and withihrl/s
of near-surface currents. The fields produced byABRp5 are smooth and look realistic. But it is cl&@m the model-dat
comparisons that most of the observations are tiittkst. Based on this study, initialization wa®mdified as a key area
which the Bluelink system could be improved. Anaysf the time-mean and root-mean squared incresrtensea-level als
identified some biases in sea-level (Oke et al.8200he largest of these biases tend to be aloagoéth of the Antarcti
Circumpolar Current (ACC), indicating that perhdps mean sea-level (MSL) field used for BRAN1p5 weslequate. Th
MSL field used for all completed BRAN experimergghie time-mean of a 15-year non-assimilating fu@AML1. A revised
MSL field has recently been generated by constrgimi multi-year run tightly to climatological tempture and salinity in &
so-called diagnostic run using OFAM2. Researchhadspect of the Bluelink system is ongoing.

W0 5 2

Results from BRAN2p1 are described by Schillerle{2008). This study includes a description of #adient features of th
reanalysed circulation in the Australasian regloimcluded comparisons with observed and reanalyzansport estimates f£r

[¢)

the key regions around Australia. The total (tofipdttom) annual mean transport through the Indamestraits, and it
standard deviation, are 9.7 £ 4.4 Sv from the Ratifthe Indian Ocean with a minimum in Januar (Bv) and a maximu
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in April (12.3 Sv). The circulation of the Leeuw@urrent, along the west coast of Australia, is dwted by eddy variabilit
with a mean southward transport of 4.1 + 2.0 S3488. Off southern Australia, the eastward South Aulisin Current advects
4.5+ 2.6 Sv at 13&. At 32S the East Australian Current transports 36.8 5 88. southward. The Coral Sea exhibits a qasi-
permanent gyre between north-eastern AustraliaPapdia-New Guinea that is associated with the Hirréht, which flowg
along the south coast of Papua-New Guinea and &d®2 + 19.1 Sv into the Western Pacific Oceare Tésults froni
BRANZ2p1 are much better than BRAN1, and are vemilar to those in BRAN1p5 — and like BRAN1p5, BRANRfields
tend to under-fit the assimilated observations.

The latest BRAN experiment is BRAN2p2. The mainfaténce between BRAN2p2 and BRAN2pl and 1p5 is|the
initialization. The Incremental Analysis Updatingl() method described by Bloom et al. (1996) waspdd for BRAN2p2
Recall that BRAN2p1 and 1p5 both used nudging @4abl For this experiment, the increments wereiagmver 12 hourg,
with a constant weight. Examples of velocity fieldls145 m depth off south-west Western AustraliaMay 2006, from
BRAN1p5, 2pl, 2p2, and observations are presemtédgure 2. The observed velocity maps presentecach based on p-
days of ship-board Acoustic Doppler Current Prof{l@aDCP) measurements, collected during an RSaUthern Surveyor
cruise in May 2006 (data provided courtesy of Mndjeand follows a similar cruise in 2003 (Feng le2807). The BRAN
fields, presented for comparison, are time-averayes the sampling periods. In these example, a gfatounter-rotating
eddies are evident in the observations. The eddies a radius of only about 8.5 approximately 50 km. This means that they
are only just resolvable by a 1P1@solution model — approximately 10 km resolutiowith only about 5 grid points from thje
eddy center to its outer boundary. Similarly, thiesgures are only just resolvable by the obsersygiem. The standard GOR
altimeter data, for example, comprise one estireary 7 km along-track, and track separations ypiedlly over 100 km
Despite these limitations, there is some eviderfcthese eddies in BRAN1p5 and BRAN2pl. Howeverythee not well
reproduced. By contrast, the reproduction of tremigies in BRAN2p2 is very good, with even somehef asymmetric shapégs
of these eddies reproduced. There remains somesdrrdBRAN2p2 in the reproduction of the positiohthese eddieq,
however BRAN2p2 clearly represents an improvemerthé Bluelink system in this region at this tinsempared to earligr
versions. The main difference between BRAN2p1 aRAB2p2 is the initialization — nudging versus 1AU.

Obs (02/05/06:11/05/06) BRANZ2p2 (02/05/06:11/05/06)  1p5 (02/05/06:11/05/06) 2p1 (02/05/06:11/05/06)
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Figure2
An example of velocities at 145 m depth from oba#dons (left; courtesy of M. Feng) and from diffet@ersions of the
BRAN for two different periods (top and bottom) sffuth-west Western Australia. The observed fialdsmapped from shig
board ADCP measurements collected over a 9-dagghefhe BRAN fields are time-averages over the spenod. The
extent of the observation region is denoted byré¢ldebox over the BRAN fields.
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An example of sea-level fields from the BRAN2p2 twirifter-derived velocities and trajectories oa@atlis presented ip
Figure 3. The BRAN fields are monthly means anduike the MSL. The drifter data are from the entiventh. The drifte
data represents the time-varying ocean circulagioth is a measure of the time-integrated circulafidnis is not necessarily
well represented by the monthly mean sea-levaldief BRAN, but provided the variability of the @itation over each month
is not too large, this comparison provides an iedejent assessment of the reanalyzed circulatiote that data from thp
surface drifting buoys are not assimilated into BRAn general there is good agreement between rifterdrajectories andl
the sea-level contours, indicating that there @gependent agreement between the reanalyzed and/ethsgrculation. The
examples in Figure 3 include situations where thitted trajectories cross the sea-level contoutssTs due on occasions o
the effects of wind, or may be because a mean (#ld-level) is being compared to a Lagrangianrigsim of the circulation
(drifters). It may also be because the mesoscateres reproduced in BRAN are not precisely indbieect positions, or with
the correct structures.
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Monthly mean sea-level from BRAN (version 2p2),imsurface drifter velocities and trajectories oaigkl

In addition to the development and applicationts Bluelink global forecast and reanalysis systéa, Bluelink team ha
developed a relocatable ocean atmosphere model ROPhe ROAM system is controlled by a graphicatumterface th

enables a non-expert user to quickly define theréxaf a model domain, a forecast period (e.g.,dbys), and the key modgl
components (i.e., ocean, atmosphere, waves), aacuex a forecast independently in near-real-tinfee ihtension is fo

ROAM to be applied by an operator for domains oiuad 100 to 500 km in extent. The resolution ofdhean component ¢f
ROAM is typically 1-10 km, and the model is nesteithin either the Bluelink ReANalysis (BRAN) systeor delayed-mod
applications, or the operational Bluelink forecsygstem for near-real-time forecasts. A recent dgraknt under Bluelink i
the incorporation of BODAS into the ROAM controlssgm and the addition of ocean data assimilatigheéaiser’s choice d
specifications. The benefits of the addition ofarceata assimilation to ROAM is demonstrated Hareugh an example to th
Bonney coast, a region of frequent wind-driven ufings, off South Australia.

U)
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The ocean model used in ROAM is the Sparse Hydmamjm Ocean Code (SHOC; Herzfeld 2009). SHOC islevet
primitive equation model that has been developedSIRO over many years. For this application, thezontal resolution o
SHOC is 5 km — twice the resolution of the Bluelmbkdel. The surface wind stress is the same for BRAd SHOC, and i
from ERA40.

U)
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Within ROAM, SHOC is typically integrated for up #o7-day forecast. For the examples presented tiailg, mean fields o
velocity, temperature, salinity, and sea-level frBRAN2pl are used to construct the initial and lag fields for SHOC
Each integration of SHOC includes a 4-day spin-enaal, followed by a 7-day forecast.

The data assimilation in BRAN is sequential, andagformed on a 7-day update cycle. BRAN can tloeechhe considered fo
be a series of 7-day forecasts. For the examplesribed here, the SHOC forecasts are synchronistdtie BRAN updatg
cycle so that BRAN forecasts can be directly coragaio SHOC forecasts, with and without data asatioih - hereaftef
denoted as SHOC and SHOC+DA, respectively. A sarpieh8 forecasts cycles are reported here, inotudi4-day spin-u
and 7-day forecast for each cycle. The period ahésethis comparison is the 2-month period spagifiabruary/March 1995.
This period corresponds to a series of wind-drivpwelling events, and is the focus of a detailedby Griffin et al. (1997)
who sought an explanation for a massive Pilchaeebfli that occurred off southern Australia at tiiise.

1=

The version of BODAS that is applied to SHOC is #ane as that used for both the reanalysis anchtqpeal Bluelink
systems. For the SHOC+DA runs, all of the assimitatalculations are performed on a sub-domairmefglobal model, with
1/10 resolution. For each day of the 4-day spin-upqgugrihe BRAN fields are modified by BODAS. For eatdy, BODAS
treats the daily mean BRAN fields as the backgrofield, and combines these fields with SST obsémat from 3-day
composite AVHRR fields produced by CSIRO. An analyield is generated for each day of the 4-day-s (t<0), and th¢
increments from the last day of the spin-up (t=@) ased to update the “analysis” fields for thee@@ast period (t>0). This
intended to reduce the discontinuities in time thay occur in the transition from the spin-up perio the forecast period. (‘)n
practice, on day 1 of the forecast, 80% of the dagcrement is applied to the BRAN fields. On day6@% of the day

increment is applied, and so on. This aspect o&fisémilation has not yet been tuned properly.

[77)

Note that the assimilation performed here is afl@lon a sub-domain of the global model grid — mothe grid of the coast
model. One advantage of this is that the ensembfe the global model can readily be used for coaktta assimilation.
course, this assumes that the statistics of bahgtbbal and coastal models are comparable. Anattieantage is that tHe
coastal model, SHOC, is integrated in almost timeesmanner for both the free run without data asation, and the run wit
data assimilation.

An example of the SST field from independent (usiragated) observations and from 5-day forecasisifBRAN, SHOC ang
SHOC+DA is presented in Figure 4. This figure sh@nstrong signature of wind-driven upwelling in thieservations, with
very cold waters upwelled to the surface and bengradvected offshore. The wind stress prior to pleisod is moderate ar|d
upwelling favourable (Figure 4f). Despite the cearssolution of the ERA40 forcing fields used hge2’), BRAN produces
an upwelling, but it is weaker than the observednevSimilarly, SHOC produces an upwelling, butiiso too weak. Th
SHOC+DA run produces a stronger upwelling thahibétter agreement with the observations.

3%
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An example of SST from (a) 6-d composite AVHRR, db)ly mean BRAN (version 2p1l), (d) daily mean SH@@d (e) daily,
mean SHOC plus data assimilation. The model fiatdsvalid 5 days after initialisation. The arrowpinel (a) shows the dai
mean wind stress along with the magnitude. Theoregf the SHOC domain is shown in panel (c) andithe series of zona
(bold) and meridional (thin) wind stress is plotteghanel (f). The arrows in panels (b, d, andnewsthe daily mean surface
velocities.

The model fields are compared to 1-day compositéHRR SST observations across 8 consecutive 7-dacdsts. Thes
statistics are summarized in Figure 5, showingrtlse-mean-squared difference (RMSD) fields, presetrats a function of th
forecast lead time. The forecast lead time is riegaluring the spin up period and positive during torecast period. Figure
shows that the RMSD is greatest for SHOC withosimai¢dation, and is smallest for SHOC+DA. The diface between theq
runs is greatest during the spin-up period, wheh &8a are assimilated, but remains significantout-day forecasts.
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RMSD with A\IIHRR SST I(n=8 p=579‘9)
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Figure5
Root-mean-squared difference between 1-day congpASHRR SST and daily mean SST from SHOC (no assiion),
SHOC+DA (with assimilation of AMSR-E SST), and BRArsion 2p1).

Because SHOC has higher resolution than BRAN, oightnexpect SHOC, even without data assimilationpait-perform
BRAN. However, this is not the case here. Thisrabpbly because the difference in resolution iy amhall (5 km compare
to 10 km). SHOC also has an additional source wirehrough the open boundaries. The fields ard behaved at th
boundaries (Figure 4) with incoming features retajntheir structure and out-going features leaving domain with ng
obvious artifacts. However, the boundaries cenyai@main a source of error.

Despite the main event considered here, a windedriypwelling, being due to surface forcing, rattian initialization, there
is still a significant benefit of updating the ialt conditions and boundary fields to better matehlity. This is ong
demonstration of the benefit of data assimilatmeoastal models.

BODAS was initially developed under Bluelink foroglal ocean data assimilation. BODAS was initiaiveloped for short
range forecasting of the mesoscale circulatioméndpen ocean. But since its development, BODASalsasbeen incorporatg

into the operational Bluelink forecast system, airthe BoM, and has routinely been used for reaimkgxperiments. Manly

aspects of the Bluelink system have been improwed eesult of the BRAN experiments and the systasidemonstrate
measureable improvements over the lifetime of Bikelln addition to global data assimilation, BODAS&s also been used f
observing system evaluation, observing system desigd coastal data assimilation. Development oDBO is ongoing
Specific challenges ahead include the applicatfdB@DAS to a global 1/10model that is planned for Bluelink. Better usg
observations is also an important ongoing challeargethe problem of model initialisation remainsissue. Research in the
areas continues under Bluelink
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