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Description of work & results

1 Introduction

The choice has been made a Mééo-France to keep using the MOTHY drift forecast system,
insarting into the computation of the ocean current a large-scale component provided by Operational
Oceanography (OO) systems like Mercator-Ocean, FOAM or MFS. The difficulty isto extract part
of the total current of the OO system and add it to the MOTHY drift system, which is built to
compute the wind driven response as best as possible.

The first 18 month period was dedicated to anadyse the question from a scientific point of view, and
make trids on different cases in order to evauate various techniques for introducing the oceanic
forcing into the MOTHY system.

Dr Sergey Varlamov (MERSEA post-doc recruitment) has keen the main player on this work,
seconded by the permanent staff working in the marine forecasting departmen.
Different OO systems have been used, one of the god being to improve the MOTHY system which
has to work in dl the areas of French interest (Europe and oversess territories) or where France
plays a role in supporting other countries in case of maritime emergency (bilatera agreements
between France and neighbour countries, or WMO/IOC JCOMM MPERSS). Within Mersea, the
following OO systems have been used:

Mercator-Ocean

FOAM

TOPAZ

MFS

HYCOM

2 MOTHY drift system improvement

2.1 The code of the drift modding sysem MOTHY was updated 0 that it permits to smulate
tida current components in any parts of World Ocean using the LEGOS 2000 global tiddl
sealeve condituents at open boundaries of the drift ocean model. However the objective of
adding a globa tide capability was not part of the present Mersea task, it appeared as a
useful step. Evauations can therefore be run with red cases taking tides into account.

2.2 Pre-operationd program interface for the utilizetion of OO sea currents provided as
NetCDF files or through the OPeNDAP interface was developed and tested. The France
Mercator-Ocean, UK NCOF (FOAM), Norway TOPAZ and USA HYCOM data could
be downloaded from the OPeNDAP servers in quas-red time and re-interpolated into the
drift modd domain. Downloading the hindcast data from mentioned centers for area of
exercise takes a few minutes (5-15 minutes). MFS data dso could be utilized in the same
way except that as for November 2005 totdl data sets for the whole Mediterranean sea are
regularly downloaded from the loca file server usng FTP software and aggregated using
local solution.



3 Operational oceanography products delivery technology
assessment

3.1 Overview of tested data delivery methods

As for November 2005, operationa oceanography products could be delivered to the end-
users and / or added-vaue product developers usng number of different technologica
solutions. We have assessed these gpproaches from the point of view of added-vdue
product developers for the quasi-operationa exercise with smulation of the wave buoy drift
in the Atlantic Ocean July 3 —September 11 2005 and devel oping the integrated operationa
oceanography data analyss and visudization application for the Mé&éo- France operational
marine previson sarvice Raw digitd data are offered using following methods.
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Traditiond FTP access to the designated data sets.

Positive features : downloading is eadly automated, method is rdatively stable,
after downloading of data sets they are easlly reached from locd data server and do
not depend from the network traffic conditions.

Negative features : huge amount of data that have to be downloaded and stored
on loca sarvers, so duplicaiing the storage of data by generating centers,
nomenclature, vertical and spatial domains are decided by generated centers. This
delivery method is nowadays adopted by MFS group and considered as an
dternative sdection by HY COM consortium group.

OPeNDAP technology (Open Project for Network Data Access Protocol, former
DODS),that offer good server-sde data aggregation and sgnificantly decrease the
users headache related with possibly complicated file system of downloaded data.
Positive features : downloading is eadly automated; download could be only for
requested parameters and for requested time range, verticad range and horizontd
domain that sgnificantly decresse the network traffic and makes it possble to
download data not regularly, but only when requested. Usualy OPeNDAP servers
offer possibility of interactive data downloading, that could be useful for the non
operational research purposes.

Negative features: it could be mentioned relaive ingtability of OPENDAP sarvices
due to the reaivey complex server-dde system configuration; efficency of
operaiond online data downloading (required time) could depend from the current
Internet network loading; utilization of OPeNDAP technology on client Sde requires
ingalation of some of OPenDAP dlient programs and additiona training of people
involved in data processing. Nowadays OPeENDAP servers are operated by amost
al operationd oceanography centers involved into the MERSEA activity, except the
MFES group, where the deployment of OPeNDAP is aso planned.

LAS (live access server), Map-sarver or other interactive Internet data visudization
and downloading technological solutions. Some kind of such gpplication is operated
by every MERSEA OO center. For example, HYCOM consortium and TOPAZ
group use LAS Ul software, UK NCOF (MetOffice) use own specialy devel oped
GDAS sarver Godiva as well as thelr own map servers are used by Mercator-
Ocean and by MFS teams.



Positive features : such Internet gpplications usudly have smple user-friendly
interactive user interface and Step-by-step guided process of data selection,
visudization and downloading. Also mentioned could be possibility to visudize and
andyze data before downloading. Once selected, the user could get the product here
and does not need any additiond operations. Sdection and visudization or
downloading of data Subsets IS possible efc.
Negative features : asence of gandardization in interfaces provided by different
centers. Often limited data subsets are offered for downloading and visudization.
Visudizaion lack some desred fesatures like vector fidds visudization for some
centers (LAS) etc. Data downloading is not obligatory festure(dlowed by GDAS
Godivaand LAS servers). Downloaded data sets could have nonregular names that
require manud re-naming of data sets before utilization. Impossible or difficult
automation of data downloading when it is posshle (example needs Java
programming experience and software for automation of downloading from GDAS
Godiva server, but it have to be mentioned that NCOF offer an OPeENDAP
dternative for such operations with MERSEA data sets).

3.2Integrated oper ational oceanography products analysisand
visualization solution in M étéo-France

Having multiple distributed and local data sources of operational oceanographic products it
was developed and ingaled in the Météo- France an andog of LAS server that integrates dl
available products and provides to operational oceanographers single interface for data
andyds and visudization. It is animproved verson of data visudization software previoudy
developed for the Japan Sea opediond prediction sysem (SVarlamov,
http://jesriam.kyushu-u.ac.jp/). It is an Internet application, whenever in Météo-Franceiit is
ingtalled on local Intranet server as giving access to the redtricted access data. Based on the
DODS, GRIB and NetCDF-enabled GrADS dlient program and linked with the Python
language CGl scripts and C language configurable FTP data retrieval and local data system
management software, it provides sngle interface for accessing online the OPeNDAP
bulletins of Mercator-Ocean (Psy2v2,Psy3v1 and Psylv2 systems), TOPAZ and HY COM;
anaysis of FOAM and POLCOMS models, local FTP-downloaded M editerranean bulletins
of MFS and the Mééo-France globa and regiond wave prediction systems results.
Currently, we download automaticaly MFS forecasts on the Mediterranian Sea (2GB) of
new information every day that includes 10 days forecasts data. The analysis data (200 MB
for each day) are saved. And we gtart to do the same download for the Atlantic or Global
Ocean data from Mercator...

Figure 1 shows an example of Mercator-Ocean Psy2v2 forecast for surface current in
western Atlantic based on online OPeNDAP data. Color scale is for the sea currents
absolute velocity and direction is presented by streamlines. Any available data could be
downloaded by a request in digital form with immediate space interpolation into the drift
modd grid for itsusein ail spill or objects drift prediction.
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Figure 1. Interface of the Météo-France operational oceanography data analysis and
visualization system with an example on Mer cator-Ocean sea surface currents forecast for
December 3, 2005 (10 days prediction).

3.3Summary and recommendations for oceanic data delivery

Operationa oceanographic modeling and prediction systems products become now redly
available for users and vaue-added product developers in frame of European MERSEA
project. Following our experience in using it, one could sate that:

- OPenDAP technology (including aggregation servers etc.) seems practicaly very useful and
religble for the data access. It avoids downloading of huge deta files with information that
could be rardy requested, by leaving this information avalable on remote server.
- FTP access al'so could be used as primary or secondary solution for data delivery as more
sable method. The nomenclature of available data (and size of files) for downloading on
regular bass could be revised, leaving mainly near-surface parameters as example. Such
nomenclature could be discussed in frame of the MERSEA  medtings.
- Edablishment and support of regular schedule of data production and delivery on the
OPeNDAP  and FTP  servers ae  important  for daa  users.
- Structure of data sets, that includes their names, the time range of saved data, ligt of
parameters, domain specifications etc. should not change too often and, if possible, warn the
registered users of such modifications in advance. Standardization of used parameter names
is degirable, but not critical. Utilization of ‘shifted grids when providing data (HY COM and
MFS u and v fields) adds more difficulties when visudizing these deta, eic. ..

It seems clear that further work toward stronger consolidated operationa frameworks hasto
be planed. Indeed, the operationd emergency response capability in case of maritime



accidents has to be based on a zero failure suite. This said, we can consider at the end of the
Mersea task thet the foreseen objectives regarding the set-up of pre-operationd conditions
for the use of operationa oceanography information in order to improve the drift forecasts is
achieved.

4 Test on the use of operational oceanographic products for drift
samulations

The National Forecasting Centre, a Météo-France, runs an operationa service to support the
authorities in both the oil spill response and search and rescue operations. The essentid issue of such
sarviceisthe rapidity of the response and the ability to use the drift syssem in any region of the World
Ocean.

The development of the european operationa oceanography and the data assmilation systems during
last few years made it possible to use the results of globa and regiond ocean analysis and forecasts
in red time for the improvement of exiding drift prediction services. Operaiona oceanographic
systems use different operationa capacities, data streams and expertise. Remote sensing and in-Stu
data are acquired and assmilated in state-of-the-art ocean generd circulation modes to analyse and
forecast the 3D date of the Globa Ocean, North Atlantic, adjacent European Shelf Seas, and the
Mediterranean Sea. They am to support a wide range of scientific and operationd services and
applications including ail spill monitoring, marine safety as well as offshore oil indudtry. The efforts of
authors are directed on finding solution for optima merging of best features of available prediction
systems. 3D ocean circulation patterns reproduced by eddy resolving globa ocean modds, and high
frequency surface current variations caused by corresponding wind and tiddl variability that could be
reproduced by exigting drift models.

The present work focuses on evaluating the operability and effects of introducing large scae currents
in the Mé#éo- France drift modelling sysem MOTHY . Assessment is done here for the case of free
wave buoy drift in the western Atlantic using the operationaly downloaded from Internet modelled
sea current analysis data of Mercator-Ocean (France), FOAM (MetOffice, UK), HYCOM
Consortium (USA) and TOPAZ (Norway) moddling systems.

Many other cases have been used in different locations, at different periods of the years. They helped
focusng on the main issues. The "Guaddoupe' case & chosen here as a very informative case,
showing the impact but aso the remaining difficulties that operationa oceanography will have to dedl
with - and consequently the users of operational oceanography products like the Météo-France
marine weether forecast group in charge of emergency responsesin case of accidents at sea.

4.1 Atlantic Ocean wave buoy " Guadeloupe" drift smulation

July 3, 2005 a wave buoy "Guadeloupe" anchored East of Guadeloupe idand at 16.4N and 60.9W
after some accident was detached from the anchor and started to drift in Atlantic Ocean. It quickly
moved in the North - North - East direction, not consstent with prevailing Eastern trade-wind. Buoy
congruction with only smdl part of it being over the sea surface and about 100 m of 1 inch diameter
rope left under the water dso impacted resulting drift to be dominated by sea currents. Buoy drift



had been being traced during more than 70 days, until September 11, 2005 using its ARGOS
transmission system (Figure 2).

It was impossible to predict this drift usng traditiond shdlow-water and wind-dominated drift
models like MOTHY. As result, the drift prediction sysem MOTHY was gpplied for these
amulations assuming that ‘object’ drift is regulated by wind impact (about 10%) and ‘external’ sea
current taken from the operational oceanographic products. Mééo-France globad ARPEGE
amospheric modd wind analyss data were used. Totd drift time was divided in seven 10-days
intervals and modelling was performed from observed buoy positions a sart of every interva, from
points marked by stars on the Figure 2. Smulated trgectories for ensemble of nine model objects
are plotted by grey lines sarting from intermediate start points ("sar” points). Figure 2 shows the
drift amulation usng the Mercator-Ocean Psy2vl system sea surface (O m) current data. Asit could
be seen from this figure, the firgt, second and third smulation stages quite well correspond to
observed drift with tota error reaching about 100 - 200 km after 10 days of smulation. It clearly
demongtrates nice quality of Mercator-Ocean sea surface current Smulation results, which well
represents loca eddy structure of ocean circulation. On the second stage (July 13 - July 22) totd
drift distance was overestimated, on the third stage (July 23 - August 1) it was underestimated when
generdly wdl reproducing the complex drift trgectory shape. However, for the following fourth, fifth
and sixth stages there are sgnificant discrepancies between the observed drift and model results. The
reason for that could be clarified by analysng the Mercator-Ocean sea surface currents patterns on
the Figure 3.

B4W g2'W BUW SEW
.
a
20N ‘wﬁ — — = 20N
R e

ANE

3
Vet : g / S

b%ﬂ Antigna A

Atlantic| Ocean

|4

~ Carribean 54 . o Y :
—
T{\fl\—* 1
15N METEO: : 1,1..___‘0 — 16N
lwbmmﬁrﬂﬂpﬁriEKEo E Y
B4'W 5Z'W BO'W 58'W

Figure 2. Observed drift of wave buoy "Guadel oupe” for July 3 - September 11, 2005 (red
line) and its simulation (grey lines)
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Figure 3. Mercator-Ocean surface sea current for August 4, 2005 (left panel)
and August 24, 2005 (right panel)

According to the first map, August 4, 2005 drifting wave buoy was in the sea currents divergence
zone between weak cyclonic ocean eddy at the south and anticyclonic eddy at the north. Buoy
location is gpproximately marked by white circle with modd stage number "4". Deterministic
smulation in this case resulted in a northward drift due to the northern anticyclonic eddy circulation,
when actualy the buoy had been drifting southward, that could be explained by its involvement in to
the southern cyclonic eddy circulation. Very smilar Stuations were found for stages 5 and 6 of the
samulation. For example, a the dart of the stage 6 wave buoy aso went into the sea currents
divergence zone (Figure 3, right panel) and in present amulation it was trapped by northward sea
current when, according to the observations the buoy had been actudly transporting south-eastward
by currents of the anticyclonic oceanic eddy, located in the south. These examples demonstrate the
large uncertainty in drift prediction that could have place when the drifting object enters the ocean
current divergence zones. In addition we have to kegp in mind some uncertainties in the operationa
ocean modelling especiadly when predicting mesoscae ocean eddies. Possible solution here is the
esimation of smulaion uncertainties by some kind of ensemble predictions and/or making use of
quaified experts before ddivering the find dift prediction to end-users. As example, combining
production of different operational oceanographic centres could create the ensemble of ocean
forecasts. The MOTHY drift prediction modd aso does the ensemble object drift smulation
assuming some uncertainty in object buoyancy and geometry properties. Additionaly, some
uncertainties in initid object postion could be introduced in order to teke into account the
uncertainties of the oceanic current prediction.

Figure 4 demongtrates results, as for the Hgure 2, but with the Mercator-Ocean Psy2vl current at
different depths: 0, 15, 50 and 100 m. The mixed layer depth in the concerned region was about 30
m. The results for 15 m sea current are close to the case when surface current was used, except that
for the 5" stage of drift it was reproduced that part of test objects turned to the Atlantic Ocean asiit
was observed. All other cases do not reproduced such behaviour.
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Figure 4. Drift ssimulation with the Mercator-Ocean Psy2vl sea current at different depths:
upper left O m, upper right 15 m, lower left 50 mand lower right 100 m.

To edimate the difference in drift Smulation as function of different operational ocean prediction
modds, the same drift amulation was run with the current data of other Mercator-Ocean system
redization (Psylv2) and with data of other operational ocean forecasting centres. Figure 5
demondrates find composte maps of these amulations when the upper layer or mixed layer
(HYCOM) sea currents were used. Comparing al results it could be seen, tha for the given
simulation period and for drift region in Western Atlantic the Mercator- Ocean Psy2vl system failed
to give good drift estimation for sages 4, 5 and 6, when generating rdatively smdl errors in the buoy
drift reproduction on other modeling stages (Figure 4). Older Psy1v2 redization of Mercator-Ocean
system but with more advanced multivariate data assmilation scheme sgnificantly underestimates
drift for dl stages and at the same time does not generate large ‘ overshooting’ as the Psy2vl system
did (Figure 5, upper left pand). For some stages it gives smalest errors (stages 4 and 5) and
reproduce buy drift in observed direction (Sage 5). Good results of smulation are recelved with the
HY COM model data, but again not for al stages of smulation (Figure 5, upper right pandl). Both the
FOAM (Figure 5, lower left pand) and TOPAZ (Figure 5, lower right pand) systems sea current
andysis results lacked some important mesoscale ocean circulation fegtures in this part of Atlantic
Ocean and were not able to help in drift prediction except on stages 2 (TOPAZ) and 3 (FOAM)
when drift was going in generd westward direction congstent with prevailing winds.
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Figure 5. Drift simulation with the Mercator-Ocean Psylv2 surface sea current (upper left
panel), HYCOM mixed layer sea current (upper right panel) , FOAM 5 m sea current( lower
left panel) and TOPAZ 5 m sea current (lower right panel).

S5 Summary

The MOTHY oil soill drift forecast system has been interfaced to the MERSEA red time oceanic
currents by putting in place pre-operational protocols for retrieving the useful needed data Some
recommendations for the data delivery have aso been formulated.

This tool alowed to make interesting tests on a 70 days observed drift of a wave buoy near the
Guadeloupe Idand in the Antilles. It showed first the capability to use the operational oceanographic
production from the European and the international oceanographic centers in near-real time and both
in coastal and remote ocean : operational oceanographic services become aredity at Météo-France
for quas-operaiond drift forecadting, by usng exigting data delivery technologies. This will be used
in search and rescue operations too.

However, we show that the qudity of the products that are delivered by operationa oceanography
systems are criticd for such systems as drift predictions.

Work needs to be continued, both from the theoretica point of view, as well as from the operationa
point of view. Dedicated products muld be needed, in order to permit the introduction of a large



scae oceanic current whatever the location and the period of the year. The disperson of the OO
systems solutions will also make it compulsory to define the practical way to use the OO information
inred operaions. It will so require further investigations.

The results obtained during this first period of work are very encouraging but open the floor to many
tricky questions, for science and real world production.

Next steps will be to define the needed fields to be provided by operationa oceanography systems
on aregular bass, and set up the operationa conditions for a robust delivery. Many numerical tests
will again be carried on, and each new available case a seawill be used.
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