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Introduction

The Coordinated Enhanced Observing Period (CEOP) is an elemdrd W drld Climate
Research programme initiated by the Global Energy and \Watde Experiment designed
to establish a prototype of the future observing system faatthesphere and surface. It has
3 major data components; satellite data, in-situ data (mainly thenGEWEX Continental
Scale Experiments) and numerical weather prediction (NWP)dath have been collected
for specific defined periods. The first major enhanced observingdo@EOP3) ran from
October 2002 to September 2003. NWP data was requested in two foangisided
product and a set of time series of model variables (MOLT8)ealocations of the in-situ
data sites. The Bureau of Meteorology is one of the operatiohd® Nentres which have
contributed MOLTS data to CEOP. The data for the entire yeaO&3Envere generated by
running short forecasts based on the archived six hourly operationasiarfdés to obtain
the intermediate hourly output which was not saved at the timeeAssvthis ‘analysis' time
series, forecasts out to 36 hours were run once each model day and a ‘forexsaebtsened
by concatenating the 12 to 36 hour forecasts together. TheingsMOLTS are hourly
values of the requested fields at the model grid columns to eabk dfitdesignated CEOP
reference sites. The model version which was operational during E82Bfhan et al., 1995)
was a spectral T239L29 model which corresponds to a horizontal gcichgmé about 80km
with 29 vertical levels.
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Figure 1. The Murray Darling Basin with the locat® of the i-situ data stations and the adjac
model grid point centres marked. The model's MOhdi8t is the heavy cross just south of Kyeamba.

This summary will concentrate on the results for the MurrayimaBasin region (MDB)
surface dataset which comprises of data from 10 stations é&ilewa et al., 2003). Figure 1
shows the locations of the stations from the CEOP in-situ sudaize set along with the
adjacent model grid points. Note that the stations span about 32 mabtlebgris but the
MOLTS data is only written out for the heavily emphasised grid pmntred just south of
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Kyeamba. Comparison of model and in-situ data has therefore conatnattee Kyeamba
data as well as the simple mean of the entire set of stations.

Diurnal behaviour

One of the primary foci of the next phase of CEOP is the sbtdidjiurnal cycles. The
simplest way to analyse the diurnal part of a time sésiés sort the series into daily time
bins representing the diurnal cycle. This assumes that the non-diuhaadidag is random
and that the diurnal behaviour itself is invariant over the total mihéhe series, an
assumption that is certainly not correct for annual seriesrablas where seasons play an
important role. The binning technique is also sensitive to the presénoedel spin-up,
since the forecasts are explicitly 'tied' to the analgsises every 6 hours and thus a saw
tooth pattern can be induced which can add harmonics that confuse the interpretation.
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Figure 2: The diurnal variation (relative to eachean) of screen level temperature (left) and sy
humidity (centre) and 10m wind speed (right). Thigeent MDB sites are plotted in grey w
Kyeamba in black. The mean MDB ults are in red and the model is green (the analgsicle) an
blue (the 12-36 hour forecast cycle).

Figure 2 shows the mean diurnal variation of screen level tempe@aid specific humidity
and 10m wind speed. The model results show distinct discontinuitigs dusombination of

assimilation 'shocks' (where the model is corrected atritleoé each 6 hour cycle by the
analysis in the assimilation cycle), the effects of modeh-api in the concatenation of
separate forecast segments and the effect of a 3 hour radiation tinenstégditer introduces
a lag in the radiation which is responsible for the phase ertbeitemperature. The model
largely misses the diurnal structure of the screen levelfgpbamidity but (apart from the
obvious discontinuities and phase lag consistent with that for terapErajives a fair

representation of the variation in wind speed. Figure 3 shows theséres of the same
three variables over EOP3 with the diurnal variation removedh®whole the model series
are very similar to the Kyeamba and mean MDB data with ther ataéions generally
providing an envelope of variability. There is a distinct change inhadle model series
around day 80. The model temperature which was biased high becomes arublére

humidity which was relatively dry becomes much moister. Thisssociated with a
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Figure 3. The nordiurnal screen level temperature (upper) and hutyi¢tentre) and 10 m wind spe¢
(bottom) derived from the hourly data by removihg diurnal variation shown in Figure 2 a
applying a loess smoother. The colours of the lareshe same as for Figure 2.

discontinuous change in soil wetness which is not consistent witinadel's precipitation
(see Figure 4). The model used a simple bucket scheme to remedane moisture and
prior to day 79 was clearly very dry which was reflected inktlases in screen temperature
and humidity. The soil moisture field was reset to climatology on7®awhich resulted in
soil wetness which was too large causing the reversal of the biases. A morécaiptisiay
to investigate the variation of the diurnal cycle of a timeeseis to perform a wavelet
analysis and filter out the non-diurnal time scales.
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Figure 4. Plot of model (analysis cycle) surfacdéngss (blue) and precipitation (green) for EOP3 thoe
MDB MOLTS point. Note the correspondence betweenptiecipitation and the recharging of soil
wetness except for the change at day 79.
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Figure 5. Time series of the power in the diu frequencies for screen level temperature (top)
specific humidity (centre) and 10m wind speedt@m}. The thick horizontal black line is
maximum of the 95% significance levels of all tsedes. All other lines are as for Figure 2.
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Figure 6. The wavelet power spectra of screen teatpes (left) and specific huidity (centre) and
10m wind speed (right) in the diurnal spectral @gi The solid black line is the maximum of the 95%
significance levels of all time series. All othiereks are as for Figure 2.

Using statistical significance tests (Torrence and Compo 1998)rtbgeriods when diurnal
power is strong can be isolated and studied in more detail. Thenmeléme series are
shown in Figure 5. All variables show decreased diurnal power lo@greriod of 150 to 330
days. The temperature exhibits most power over the year althbeghumidity shows



significant power only over the summer months. For both screerblewihe model has less
power than any of the stations for a large proportion of the timewkar speed, however,

the model is higher than some of the stations and usually compaitbkhevmean dataset.
This is confirmed by the relative magnitudes of the power mspacpeaks at diurnal

frequencies shown in Figure 6 which also shows that the model is im lbetter agreement
with the Kyeamba data than the mean MDB data for wind speed brgwtbise is true for

screen level specific humidity. The change in soil moisturgagt79 also shows a strong
impact in both screen level variables. Note that there wereeakspat longer periods which
were statistically significant.

Conclusions

The CEOP EOP3 data set has great potential for helping to umdetiseaearth's water and
energy budgets but it requires some work to determine how useflil lie for NWP model
validation purposes. An intercomparison of model and in-situ data idigerisi effective
resolution issues as well as specific model problems such asndatdon anomalies and
model spin up as well as the complication of the representativeh#ss site to the model
grid square and its attendant physical parameterisations. &puaets of the problem can be
alleviated by using time averages for the comparison but speckilis needed for diurnal
cycle investigations because averaging will not remove swgsierarrors inherent in the
assimilation process.

Currently a new model is undergoing development and testing at BMRAl. iaerporate a
more comprehensive land surface scheme with four soil levelgngstic cloud and a more
sophisticated radiative transfer scheme. A new assimilatiblense which allows the
inclusion of substantially more satellite data is also undergoing testintp@edmbination is
expected to go operational at the Bureau later this ydarplidnned to repeat EOP3 with the
new system and to continue the cycle up to the present. The MOUf®It has been
modified to include physical process tendencies as well as egtree variables to aid in
budget calculations. The 4 grid points surrounding each model MOLTS pdirdlsa be
archived as well as gridded data (albeit at a coarser tenrpsadiition). The combination of
hourly MOLTS and gridded data together with the upgraded physics xdral variables
should provide material to resolve some of the problems discussed above.
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A method for blending high-resolution SST over théAustralian region

Helen Beggs, Neville Smith, Graham Warren and Aihong Zhong
Bureau of Meteorology, Australia.
email:H.Beggs@bom.gov.au

Introduction

The aim of this research letter is to give a brief ovenaéw new high-resolution regional
sea surface temperature (SST) analysis, currently underga@ngpprational testing at the
Australian Bureau of Meteorology. As part of the BLUE#n®cean Forecasting Australia
project Qttp://www.marine.csiro.au/bluelink/ the Bureau has modified its existing
operational SST analysis system to produce °1f&2olution, daily SST analyses over the
Australian region (20°N - 70°S, 60°E - 170°W). The existing Bureau systewdes a 1°
resolution weekly global analysis of SST at approximately 1 pthdésST1m) and a 174
resolution daily regional SST1m analysis based on a univariatestistd (optimal)
interpolation system (Smith et al., 1999). The new high-resolutionsasalystem combines
SST data from infrared and microwave sensors on polar-orbitirglitegt with in situ
measurements to produce daily “foundation” SST (SSTfnd) estimd&gsdefinition, the
foundation SST product provides an SST that is free of any diurnaltivas (daytime
warming or nocturnal cooling) and approximates the night-time surtangperature
minimum or pre-dawn SST at depths of around 1-5http{/www.ghrsst-pp.oryy/ The
“foundation” ocean temperature is the SST that most closely sspisethe top layer (10 m)
of ocean models.

Method

The Bureau’s existing regional 2/4ST analysis system uses measurements from the
Advanced Very High Resolution Radiometer (AVHRR) on board the Nati©nahnic and
Atmospheric Administration (NOAA) series of polar orbiting datd. The AVHRR, being
an infrared sensor, measures temperatures of the ocean “skitfDatm depth. These
measurements are converted to a “bulk” SST at approximatelgdpth using an empirical
method derived by regression against buoy SST measurements aftertlgach satellite’s
launch (Walton et al., 1998). Both global (9 km resolution) and locafiggsised High
Resolution Picture Transmission (HRPT) (~1.1 km resolution) SST1lasumnaments are
used in the system, derived using non-linear SST (NLSST) algorigmdscoefficients
derived by NOAA/NESDIS using buoy match-ups (Walton et al., 199Bgse satellite SST
data (measured during one complete day) are blendedmitu bulk SST measurements
obtained from the Global Telecommunications System (GTS). Theatyéata coverage for
the existing daily analysis system is shown in Figure 1(@he AVHRR is unable to
accurately measure ocean temperature in cloudy regions, leadsmange coverage over
some areas.

In order to increase the spatial resolution of the regional &®ilysis system, it was
necessary to improve the daily spatial data coverage, particuh regions affected by
cloud. The Advanced Microwave Scanning Radiometer — Earth Obs&ysigm (AMSR-
E) on the Aqua polar-orbiting satellite is relatively insensittee atmospheric effects
compared with AVHRR and is largely unaffected by cloud but isithemso precipitation.
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Unlike infrared radiometers, the AMSR-E sensor measures tieslan” temperature at ~1
mm depth. Although the coverage is greatly improved the spat@uties is coarser than
the AVHRR, being ~25 km. An additional global data set trialled thasEuropean Space
Agency’s 1/6 resolution Meteo Product (ATS_MET_2P), a skin SST at w0 depth
derived from infrared observations using the Advanced Along Trackn8wa Radiometer
(AATSR) on the EnviSat polar-orbiting satellite. The AATSR lasmaller footprint
(narrower swath) than the AVHRR or AMSR-E, but more acclyrateasures SST in cloud-
free regions. The current estimate of AATSR skin SST accuracy is ihakitter than 0°€
standard deviation (Corlett, 2005), compared with *@.tbr global AVHRR SST1m from
NOAA-17 and NOAA-18 and ~0°€ for AMSR-E SSTsubskin (Doug May,
NAVOCEANO, personal communication.) derived from match-ups Wwitby SSTs. In
order to improve the accuracy and spatial resolution of the Buresgitnal SST analyses
the Bureau has trialled blending SST data from these threeediffsatellite sensors. The
corresponding coverage of the new test 1fb2ndation SST analysis system for one day’s
analysis is shown in Figure 1(b).
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Figure 1. Locations of the data input into the Baw'’s (a) existing operational 174esolution SST1m, and (b)
test 1/1Zresolution SSTfnd analysis for 14 August 2006.

The test analysis system blends the Bureau’s 1.1 km resoluti®T FFST1m data stream
from AVHRR (NOAA-17 and 18), averaged over 7 x 7 pixels, with ti@AK Office of
Satellite Data Processing and Distribution’s global 9 knolwi®n AVHRR SST1m data
(NOAA-15, 17 and 18), European Space Agency’s DAATSR skin SST Meteo Product
(EnviSat), Remote Sensing System'’s 25 km resolution AMSR-E L2RBISnlSSTs (Aqua)
and in situ bulk SSTs from the GTS (Figure 2). In order to produce a foundatidn SS
estimate, the AATSR skin SST data stream is converted to foanda8T using the Donlon
et al. (2002) skin to foundation temperature conversion algorithms. THmpgically-
derived algorithms apply a small correction for the cool-skin effiepending on surface
wind speed, and filter out SST values suspected to be affected maldwarming by
excluding cases which have experienced recent surface wind syidselsw 6 ms during
the day and less than 2 ™suring the night. Wind data used are the 0°37&rizontal
resolution, hourly, instantaneous 10 m winds derived from the Bureau'setimiitea
Prediction System (LAPS) NWP forecasts (Puri et al., 1998). r@im@ining satellite anih
situ sub-skin and bulk SST data streams are similarly filtere@rmwve suspected diurnal
warming events using calculated times for sunrise and suntet ateasurement location,
LAPS forecast winds and the same wind speed thresholds as applied to the AATSR data
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Figure 2. The current blending method for producthg test daily, regional, 1/122esolution, foundation SST
analyses.

Before data is ingested into the Bureau’s univariatessitatl (optimal) interpolation analysis
system (SIANAL), all input observations must be adjusted for Hiaghe cases of AATSR
Meteo skin SSTs and L2P AMSR-E sub-skin SSTs, measured biabesespect tan situ
bulk SSTs are applied (AATSR: Gary Corlett, Uni of Leicesfmrs. com.; AMSR-E:
reported in L2P files). A bias correction is not currently appleethe AVHRR SSTfnd
estimates. A Bureau study of satellite to satellite 8&nparisons has shown that average
monthly biases between AVHRR foundation SST estimates from NOAAnd NOAA-18
(both global and local HRPT) are small (< @) compared with debiased AATSR and
AMSR-E foundation SSTs.

The aim of the BLUEIlink> regional high resolution SST analysis system is to resolffe SS
features at ~10 km over the LAPS model domain. As the major tdegansfor the system is
global 9 km resolution AVHRR data, with many gaps due to cloud fife23km resolution
AMSR-E data, an analysis grid of 1/12° (~9 km) has initiallgrbehosen, and will be fully
evaluated in future studies. The initial test Ol system udescleground correlation length
scale of 15 km, an observation correlation length scale of 8 knolzs®&tvation correlation
time scale of 0.5 days for all input observations. The background tmmelangth scale
effectively gives the radius of influence of an observation to @dsimgthe background field
(the previous day’'s analysis). Any feature smaller than thergdison correlation length
scale in extent will be treated by the Ol analysis asenand observations separated by less
than the correlation length scale will not have independent errors.

The estimated observation standard deviation errors (OBSESD) miputhe Ol analysis
system provide the system with the weight to give each obgeTvatthe analysis relative to
other observations and the background field. These observation ee@@mbination of
instrument error (calculated using close matches witkitu SST data over the analysis
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region) and representativeness errors (both spatial and tempditad).representativeness
errors must be estimated over at least the observation tiomdiength and time scale and
are therefore analysis specific. For the test1&alysis system, spatial representativeness
error has been estimated for each satellite data streamalbylating the mean daily
variability of the Bureau’s HRPT 1.1 km NOAA-17 AVHRR SST datairyuDecember
2005 and January 2006 over 8 km, 0.&id 25 km grid squares, corresponding to the spatial
resolution of the AVHRR, AATSR and AMSR-E data. The averagedata deviation was
0.18 %+ 0.03C, 0.29+ 0.04C and 0.34+ 0.04C, respectively. These estimates of spatial
representativeness error have been combined with estimates wiiastrerror (obtained by
match-ups with buoy bulk SSTs) to produce the observation standard atewsitors
initially used in the test analysis system (Table 1). Ihtidemporal representativeness
standard deviation error was assumed as zero for the foundatiom8&i$3ea, but in future
will be estimated using 24-hour match-ups between AATSR SSTfndoandation SSTs
from other input satellite data streams.

Data Stream OBSESD (C) Data Stream OBSESD ¢C)
NOAA-17 HRPT AVHRR 0.45 Ships 1.2
NOAA-18 HRPT AVHRR 0.46 Buoys 0.44
NOAA-15 Global AVHRR 0.68 XBTs, Argo floats, CTDs 1.2
NOAA-17 Global AVHRR 0.45 Background Field 1.0
NOAA-18 Global AVHRR 0.46

10’ AATSR (ATS_MET_2P) 0.39

AMSR-E 0.66

Table 1. Values of estimated observation and background Bédndard deviations (“OBSESD”) used in the
test daily, regional, 1/12resolution, foundation SST analysis system.

Current status

The new analysis system has been in beta test phaselido@me 2006. By 0130 UT each
day, 1/12 resolution, foundation SST analyses are produced based on the previais day’
observationsHhttp://gale.ho.bom.gov.au/nm/oceanography/new_reg. 3t/ example of the
new test analysis is shown in Figure 3(a). A difference pléésif minus operational daily
regional SST analysis for the same day, linearly interpolated to the sk2hgrd as the test
analysis and smoothed using a boxcar filter with width of 21 grid pdkiture 3(b)),
indicates major differences at high southern and north tropidaldes due to less data
coverage over these areas in the operational analysis (Figuréidwever, the SSTfnd
analysis is approximately 0Q cooler than the operational SST1m analysis in the region of
the East Australian Current and South-East Asian Maritime Caontinespite of dense local
AVHRR data coverage, and warrants further investigation. Ingsg¢ssment of the system
through comparisons of mean input observation minus background field SST ferita 1

to 30 August 2006 indicate an improvement in both bias and RMS error cahvpénehe
operational regional 174SST1m analyses (-0.03 cf -0.09C and 0.43C cf 0.53C,
respectively). The analysis system is expected to becommatiopal at the end of 2006 as
part of the Bureau’s NWP suite. The regional foundation SST asal#ieoe output in the
internationally recognized netCDF L4 format as specified by @tebal Ocean Data
Assimilation Experiment High Resolution SST Pilot Projédta//www.ghrsst-pp.org/ and
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will be provided in real-time to GHRSST-PP to be disseminatéd ether high-resolution
SST analysis products.

(a) (b)

Latitude (°N)
Latitude (°N)

Longitude (°E) Longitude (°E)
Figure 3 An example of the Bureau’s daily regional (st t&/12°resolution, SSTfnd analysis, and (b) test
1/12°resolution SSTfnd analysis minus operational°’té$olution SST1m analysis (interpolated to a /12
grid and smoothed using a boxcar filter with widfi21 grid points) for 14 August 2006.
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Abstract

The Bureau of Meteorology will significantly expand its auagraphic services to the
Australian public through the implementation of an operational oceacdasting system.
The system, developed by the BLUEBnRroject, is focused on short-time mesoscale ocean
circulation in Australia’s regional seas. Ocean forecastugires a robust real-time ocean
observing system to provide consistent performance. The surfétee drogram has been a
valuable resource of real-time Lagrangian information of nedaseiocean currents since
the early 1990’s. This survey focuses on the coverage and quality afiabal drifter
program for the Australian region and whether it should be further igae=d in support of
the operational forecast system.

Introduction

Surface drifters have been used in a variety of configuratioas abserving platform for
several decades, (Pazan and Niiler, 2004). Deployments of sdriiees have seen a rapid
increase since the introduction of a standard drogue design tedilioa slip due to surface
winds (Niiler et al., 1995). The Surface Velocity Program (Saft) the subsequent Global
Drifter Program over the last decade have established a \alaabl sustaineith situ
observing system for global ocean surface currents. An SVPrdsfta device that is
designed to move with the near-surface ocean currents and redrdadynit surface data
(e.g., sea surface temperature (SST) and other variablegyedindicator messages and in
some cases GPS positions via satellite. The SVP drifter t®m$ia spherical hull (~45cm
and incorporating a satellite transmitter) attached viaratdther to an underwater drogue.
The underwater drogue consists of a holey sock centred at 15mindepghwater column
which has a large drag profile designed to drift with the oceaerdsr Drifter locations are
estimated in mid-latitudes from 16 to 20 ARGOS satellite rdeteations over a 24 hour
period. The approximately Lagrangian paths obtained contain informabont ahe
mesoscale variability of the ocean including kinetic energgreats and cyclonicity and are
complementary to altimetry and Argo.

Surface drifters include standard instrumentation to measureb8&€an be fitted with
additional instrumentation to obtain marine meteorological observatbnsarometric
pressure, salinity, surface winds and others. The Bureau has aikiogy of deploying
drifting buoys http://stnm.bom.gov.au/mog/buoys.hjnit is a member of the International
Data Buoy Cooperation Panel (DBCP) and supports a number of aatigpsgsf the DBCP.
Present deployments amount to approximately 15 buoys/year fomden |Ocean and
Southern Ocean. All of these buoys include barometric pressureSanhdnStrumentation.
MetService NZ also maintain a drifting buoy program in thestfalian regional seas
consisting of approximately 7 buoys/year deployed along the shipfrooieFoveaux Strait
to Bass Strait in the southern Tasman Sea (communicationRlelaher). We survey the
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quality controlled surface drifter record for the coverage anditguafl the observations
within the Australian region 90E-180E and 75S-16N which corresponds todthe e
resolving region of the BLUEIlirk ocean forecasting system, (Brassington et al., 2006). The
BLUEIink> analysis system does not include surface drifter data. Aason of these
observations into models has however been successfully demonstrasedgidied model
formulations using both Eulerian and Lagrangian approaches (Ozgokna¢n 2003) and
remains an active area of research. The present survey isdamushe coverage and density
of the observing system and does not further address the potential imtae BLUEIlink>
analyses.

Data coverage

The global surface drifting buoy array is coordinated by the DB@dP its action groups.
Deployments are managed by national agencies through volunteer amdthest@ps. The
global drifter program Http://www.aoml.noaa.gov/phod/dac/gdp_drifter.htroperated by
NOAA maintains the data record as well as a quality controlled datdaes€én and Poulain,
1996). The annual deployments per year are shown in Figure.la with Hi@8/gear since
1994. Recent evaluation of drogued drifter longevity has estimatielifdaf approximately
300 days (Pazos, 2002). There have been approximately 150 drifteyggvethat have
entered the Australian region (90E-180E, 60S-10N) since 1988 as showgune Eb.
Dividing Australia’s regional seas into quadrants, as shown in Figure.1cs shatithe north
east quadrant has more buoys than all other quadrants combined. eduliscan be
attributed to the large number of deployments in the equatoridldR@&sgure 3b). Both the
mid-latitude quadrants have had 200 drifter buoys over the availaiolel r&ith the Tasman
Sea dominated by the MetService NZ program.
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Figure 1: The number of surface drifters in thekdl Surface Drifting Buoy Array (a) Global: rediule and
black shading indicates the number of drifters froew deployments, persisting from previous year last
during the year respectively. The black line représ the time average number of operational dsffer each
year (b) Australian Region (90E-180E, 60S-10N):ttital number of drifters deployed within the regitlue)
and those that were deployed elsewhere, but entheetkgion during the year (red). (¢c) The numbledrifters
that have entered each quadrant of the Australegion from 1979 to 2005.

The density of observations over the period 1979 to 2005 has been binned for.&s
shown in Figure 2. The high density regions include the north Pacific, the tropidal &xad
the north Atlantic. A map of drifter origins (not shown) reveals thet is consistent with
large observing programs in these regions. In the southern hemigipléneian Ocean and
South Atlantic show the highest density of SVP-style drifters. Ggewee and divergence
of drifter observations is attributable to deployment origin and odgaamics. For example
a zone of relatively fewer observations can be seen near therguBacific (Figure 2)
despite high deployment rates in the region. This is due to nktcsudivergence and
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associated upwelling occurring near the equator. The number ofatises is also biased
by regions of weak mean currents where multiple observationbeanade within a given
cell from the same drifting buoy. The Australian region (Fig)rehows modest coverage in
the Coral Sea (from deployments in the tropical Pacifioythern Tasman Sea (from the
MetService NZ deployments) and the Indian Ocean away from dhst.cOnly a small
fraction of drifters in the South Equatorial Current have penetratedgh the islands on the
east boundary of the Coral Sea. A sample of the drifter paths @dafa Sea is shown in
Figure 3a and shows a westward propagation before bifurcatititgarat south. Many of the
drifters in this region are lost on the Great Barrier Reaty @ handful of surface drifters
have observed the East Australia Current either through buoys froGotheSea/Pacific or
the limited deployments in the Tasman Sea, Figure 3b. Onlgdiststent large anticyclone
off the coast of NSW at ~33S shows a modest density. The Leeuwantaystem is also
sparsely observed over the entire west coast of Australia.sdth Australian current
system is the most poorly observed within the Australian regionGFéat Australian Bight
shows a region of no observations that is unique in the availablel rddos suggests it is a
persistent divergent region but also that it is a location theatagled for buoy deployments
because of premature beaching. The same region also has tepeydiswv density of Argo
drifter coveragel{ttp://sio-argo.ucsd.edu/density ww_web.)tml

360

0 5‘0 1(50 150 260
Figure 2: Global density plot of surface driftebbservations over the time period 1979-2005. (Odgrekex 0.5
degree bin size used to construct plot.)
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Figure 3: (a) Tracks of drifters that entered tBeral Sea from the North-East (Interval: 2001-2Q05)p)
Deployments of drifters that entered the AustralRegion (90E-180E, 60S-10N). The size and colbeach
circle indicates the number deployed within eachlf); 0.5 degree bin.



Data quality

A time series of drifter positions can be converted to velocéasarements and binned
(0.5 0.5°) to produce gridded maps of surface currents. Multiple observationsatsdoc
with a single pass through a bin are not independent and are comtimadsingle super-ob.
This reduces the total number of observations by almost an ordexguiitode but provides

an unbiased mean. The resulting velocities generate the global sqoammean kinetic

energy distribution shown in Figure 4 where the square root has bedntaiscale the

representation of weaker currents. Similar analyses have beariousstablish circulation

and kinetic energy distributions in many of the ocean basigs &henoi et al., 1999). In the
Australian region Figure 4 clearly shows all the major equdt@md western boundary
current systems. The under-observed Leeuwin current is the ortericé@sundary current

with a significant kinetic energy relative to other currentssfite the poor coverage in the
Australian region Figure 2, the kinetic energy distribution is ctergisvith the meridional

surface currents Figure 4. However the best estimates aof owsan currents by surface
drifters in the Leeuwin current and the Tasman Sea are undpteshrand have large

uncertainties, Figure 5 (communication with Rick Lumpkin).
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Figure 4 Global square root mean kinetic energy (J#gyponstructed using buoy data for the period 1979-
2005. White bins contain no velocity data.

\ ‘ ‘ ‘ |
0 0.05 0.1 0.15 0.2

Figure 5: Errors in the mean currents in the Au$ite region (m/s) as derived from the Global Suefdrifter
Program (courtesy of Rick Lumpkin, NOAA).



Conclusions

The SVP drifter is a high quality instrument that is used to tjreceasure ocean currents
down to the scale of the instrument and is a valuable part afettidime global ocean
observing system. Alternative global observing instrumentation sudatae8ite altimetry
and Argo do not directly sample currents and rely on geostrophaiioreships to estimate
long period currents such as >20days for the Ocean Surface Currdgsigdireal-time
program [ttp://www.esr.org/sfcurrents/sfc_main.htrmlagerloef et al., 1999 The high
sampling rate and Lagrangian nature of drifter observations theke complementary to
satellite altimetry and Argo. In general, Australia’s oegil seas are under-sampled by
surface drifters with some areas, such as the south Aastralirent systems, being the most
sparsely observed in the world. Estimates of Australia’s meaents from surface drifters
have large uncertainties and the information on the mesoscale Mgriabimited even in
the regions of relatively higher density such as the Coral Sa@e Nf Australia’s current
systems have benefited significantly through the attraction oédriftom outside the region.
This is due to the low density of southern hemisphere releasd¢beahdlf life of a drogued
drifter being limited to ~300 days. The East Australia Cur(EAC) is one of the world’s
major western boundary currents and the strongest current in thalfmstegion. The EAC
has not been consistently observed by surface drifters nor haentthe subject of a
comprehensive experiment. Only the persistent anticyclone off 8 Moast shows a
density of observations above the noise level in the Tasman Sea.f{o@rtie mesoscale
variability of the EAC will require a targeted and well-dgsd observing program. The
Bureau of Meteorology deploys surface drifters in the Indian amath®rn Oceans to
improve the global coverage and provide useful upstream meteorologiwditions. These
deployments were however never designed to observe the currenta Witbktralia’s
regional seas. Applications of surface drifter observations irBtliéElink> project have
been restricted to qualitative validation exercises rathem tha quantitative validation
performed in higher density regions (Le Traon and Hernandez, 1992 )pré&sent coverage
suggests that only the Coral Sea, the southern Tasman Sea amd Quéian are likely to
have an impact on the operational system. In order for BLUElinkestablish a world class
forecasting system it is essential to have a world classnocbserving system. The SVP
drifter is an established real-time instrument that should engtonsideration as part of
Australia’s integrated ocean observing system.
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Abstract

The BLUEIlink> ocean reanalysis was conducted as a demonstration of the pederoham
ocean forecasting system. The BLUEknkcean data assimilation system used satellite
altimetry to constrain the mesoscale variability over thepdecean. Altimetric sea level
anomalies were not applied over regions shallower than 200m due touaogegtainties in
the correction algorithms. Coastal tide gauge time seriese wercessed as a sea level
anomaly for use on the shelf zone. Sea level anomalies frortakctde gauges that have
been seasonally filtered show statistical relationships dhatmore consistent with the
covariances used in the assimilation system. In practice howiwermodel sea level
anomalies cannot be filtered for the seasonal cycle and modetiffatences will include
errors in this signal. Errors in the seasonal cycle are shovatdount for up to 20% of
variance of model-data differences. Model-data differences dteatdue to the model’s
inaccurate representation of the seasonal cycle will not beetited” consistently using the
proposed covariances.

Introduction

A characteristic of geostrophic eddies is a pattern of sebhdExation that can be identified
and measured from satellite altimetry. Algorithms have been a@elto remove geoid and
tidal elevation with sufficient precision to produce a signalgeostrophic turbulence from
the small residual (Desai et al., 2003). Altimetric sea lameimalies (SLAS) are typically
not used over shallow water, for example the BLUER#ANalysis (BRAN, Schiller et al.,
2006) did not use SLA within the 200m isobath. In these regions the signalge ratio
decreases due to both the interference of the land mass foostimealgorithm corrections
and the increase in signals from coastal processes. Coastal tide gau@ssWere proposed
as anin situ observation from which a SLA can be derived for the shelf zoneralas
CTGs were processed to obtain time series of SLAs consisitdnaltimetry processing and
applied in BRAN. In this letter, the SLA time series derived @FGs located on the
Australian coastline are evaluated for their compatibility iooaean analysis in the shelf
zone to guide their potential use in real-time as part of thexbpeal ocean forecast system,
(Brassington et al., 2006). The analysis focuses on four CTGs whictemresentative of
distinct regions of the Australian coastline and their steaistelationships with all other
available CTGs.

Data
(a) Coastal tide gauges:

Australia has 65 CTGs located around Australia as shown in Figuratiaour CTGs

shown in red selected to represent distinct coastal regions. ThdifBe series has been
processed by removing the tidal signal using a Hanning filtesabdampled every 6 hours.
An isobaric correction is also applied based on analysed atmasphessure. A sample of



the time series for Darwin is shown in Figure 1b. The times&ontains a large seasonal
signal that for further analysis can be removed by a high-pmessral filter for periods
greater than 3 months as shown in red in Figure 1b.

(@) (b)

Figure 1:(a) Coastal tide gauges locations around Austrai@wn in green and isobaths for (200, 500)m.
Coastal tide gauge locations selected for furthealgsis are shown in red, (b) a time series of Dartide
gauge and a seasonally filtered time series.

(b) Ocean Forecast Australia Model

A “spinup” integration of the Ocean Forecast Australia Model XM} forced by ERA40
was performed for the period 1992-2006. The BLUEcean Data Assimilation System
(BODAS; Oke et al., 2005), used in conjunction with OFAM to perforRAR, uses
background error covariances that are derived from an ensemble of anodealies from
the spinup integration. Model anomalies were derived by taking § awaage of the 14-
16" of each month and removing the modelled seasonal climatology derived tfie
monthly mean over the entire spinup integration. Finally the meantrand are also
removed. These are referred to as the OFAM anomalies.

The correlation of model anomalies of sea-level at a referdacation and sea-level
throughout the model domain provides a sense of the area over which adaadel
difference will contribute to an analysis. An example of theseetation fields for reference
locations at CTG stations off Perth, Sydney, Darwin and Bowen isrsio Figure 2a-d
respectively. High correlations are restricted to the continshif zone and significantly
extend along the coast away from the target CTG position. The brgklations relate to
coastal processes represented by the model, which include wind-dinggilation and
coastally trapped waves, and have not been filtered by the 3 deggang used to process
the anomalies. The correlations are unrelated to tides which are not modelledvh OFA

Analyses

Correlations between CTG time series for Perth, Sydney, Daand Bowen and all other
CTGs are shown as circles in Figure 2a-d respectively whach has been coloured
according to the correlation coefficient. The correlations |ldoathe CTG show some
correspondence with the corresponding correlations from the OFAM #asmatso shown

in Figure 2. The CTG correlation also show significant far-fiettrelations that are
attributable to the seasonal cycle which are absent from thesponding correlation from
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the OFAM anomalies. Both the mid-latitude CTGs (Perth andn&y) show high
correlations on the opposing coastline. The low latitude CTGs (DanwdrBowen) are also
correlated with the opposing coastline CTGs however the relatpis weaker compared
with those of Perth and Sydney. This appears to be true more gefmrather CTGs (not
shown).

(@ (b)

Perth
Sydney

(c) Darwin (d)

Bowen

Figure 2: Maps of model-based correlation coefirtgebetween sea-level at a CTG location off (a)ttPeib)
Sydney, (c) Darwin and (d) Bowen; and sea-leveuatbAustralia. The correlations of the reference@Xime
series and all other Australian CTG time series ateown with coloured circles. The 200 m isobath is
contoured.

The impact of the seasonal signal on the correlations is exarynagplying a high-pass
filter to each CTG SLA time series as outlined above. The latioes of high-pass filtered
CTG SLA time series for Perth, Sydney, Darwin and Boweh wlitother high-pass filtered
CTGs are shown in Figure 3a-d respectively. The resultslfereiil SLA at Perth, Sydney
and Bowen show improved agreement local to the target CTG witlcdiresponding
correlations from OFAM anomalies. Importantly, the correlations on apgpasastlines
have now been effectively removed and are also consistent with thespmrding
correlations of OFAM anomalies. Therefore seasonally filt&z@® SLA time series are
more consistent with the covariances used in the current ireptaton of BODAS.
Provided the model-data differences between CTG observations &id @& not contain
any seasonal signal they will be analysed consistently Wihcovariances. In BRAN, the
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model sea level anomalies were not filtered for the seasgolal. Model-data differences in
BRAN are therefore based on the SLA time series includingghsonal signal. Model-data
differences will therefore be composed of errors in localosede processes as well as
errors in the representation of the seasonal cycle. Erravsiaiesl with the seasonal cycle
will not be distributed consistently by the covariances used in B®8&s mentioned above.
Instead the seasonal errors will be projected onto the local cadsastructures that are
represented by the OFAM anomalies. Darwin’s high-pass filt€fe@ correlations produce
local correlation that are much shorter that those found in the gondisg OFAM anomaly
correlations. The correlations with the opposing coastline CTGieydarty in the region of
the Great Barrier Reef are removed by a high-pass fllter.discrepancy for this time series
is not clear and requires further investigation. However a number abljgossurces include,
the tidal filtering of the CTG time series, the represergaess of the Darwin CTG for the
coastal processes and the representation of processes by OFAM.

(@) (b)

Perth
Sydney

(©) Darwin (d)

Bowen

Figure 3: Correlation of the seasonally filtered GTwith all other Australian CTGs shown with colodre
circles, (a)Perth (Hillary’s), (b) Sydney, (c) Darwand (d) Bowen. Background correlation fields respond
to the OFAM anomalies relative to each target lomain the model.

The analysis for BRAN explicitly depends on model-data diffesendhese differences
reflect all discrepancies on all time-scales. Model-ddtardnces between OFAM SLA and
each CTG SLA selected for this study (Perth, Sydney, DamdnBawen) is shown in blue
in Figure 4. The corresponding high-pass filtered model-data difiesefoc each CTG is
shown in red in Figure 4. We estimate the error due to tl®absignal by differencing the
high-pass filter and unfiltered model-data differences. The meaesia Perth, Sydney,
Darwin and Bowen are (0.04,0.01,0.05,0.02)m respectively; and the changestianttesrd



deviation of these errors are (0.06,0.07,0.03,0.08)m respectively; which accouafs tb
20% of the error variance. The Darwin and Bowen CTGs are lodatdue tropics and
associated with wide continental shelves, while the Perth and S@ir@eyg are in the mid-
latitudes and associated with a narrow shelf. The magnitude oafbgariance appears to
be independent of these characteristics.

(a) (b)

(c) (d)

Figure 4: The raw and seasonally filtered sea-leegbr (CTG minus BRAN) off (a) Perth (Hillary’s(p)
Sydney, (c) Darwin and (d) Bowen.

Conclusion

The two largest sources of observations used in BODAS arditeatdtimetry and Argo.
Both of these observations do not provide direct observations of thel zmastaln the case
of satellite altimetry, sea level anomalies are not applied @gons shallower than 200m
due to larger uncertainties in the correction algorithms. Ther#igst coastal zone is an
important target for the BLUEIlink ocean forecast system &mRAN so additional
observations are required to improve the quality of analyses fosystem. Coastal tide
gauges accurately measure sea level and were processed bs/alsgwmaly for use on the
shelf zone. Sea level anomalies derived from coastal tidgegahat have been high-pass
filtered show statistical relationships that are in exoellEgreement with the covariances
used in BODAS.

In BRAN however, the model sea level anomalies were notefitéor the seasonal cycle.
Therefore model-data differences will include errors in thaeai Errors in seasonal cycle
are shown to account for up to 20% of variance of model-data difessemdodel-data
differences that are due to the model’'s inaccurate representation ofdbeadegcle will not
be “corrected” consistently using the proposed covariances. g¢sfer developing a more
consistent analysis should be investigated such as the remokeal sgasonal means prior to
forming the model-data differences. Alternatively, the obsarmagrrors for CTG data
should be inflated. The Darwin coastal tide gauge time sem@ssnot consistent with the
model anomalies and further investigation is required to deternhi@esdource of this
discrepancy.
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