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In ocean sciences, numerous techniques are available for the spatial interpolation of in situ 
data. These techniques mainly differ in the mathematical formulation and the numerical efficiency. 
Among them, DIVA, which is based on the minimization of a cost function using a finite-element 
technique (Fig. 1). The cost function penalizes the departure from observations, the smoothness 
or regularity of the gridded field and can also include physical constraints. The technique is 
particularly adapted for the creation of climatologies, which required a large  to several regional 
seas or part of the ocean to generate hydrographic climatologies.

Sea-level anomalies (SLA) can be deduced from satellite-borne altimeters. The measurements 
are characterized by a high spatial resolution along the satellite tracks, but often a large distance 
between neighbour tracks. This implies the use of simultaneous altimetry missions for the 
construction of gridded maps. An along-track long wave-length error (correlated noise, e.g. due 
to orbit, residual tidal correction or inverse barometer errors) also affects the measurement and 
has to be taken into account in the interpolation.

In this work we present the application and adaptation of Diva to the analysis of SLA in the 
Mediterranean Sea and the production of weekly maps of SLA in this region.

Determination of the parameters
The two main parameters that determines an analysis with DIVA are the correlation length 

(L) and the signal-to-noise ratio (SNR). Because of the particular spatial distribution of the 
measurements, the tools implemented in Diva for the analysis parameter determination tend to 
underestimate L and overestimate SNR, leading to noisy analysis (the observation constraint 
dominates the regularity constraint). Some adaptations of the tools are necessary to solve this 
issue.

Numerical cost
Because of the large number of observations to be processed (in comparison with in situ 

measurements on a similar period), the interpolation method employed is expected to be 
numerically efficient. Improvements in the implementation of Diva further improved the numerical 

In a native XML database (as for example: eXist, BaseX, Berkeley DB XML), the entire XML 
file can be stored in a single place. In this way, if the XML file or a part of it needs to be retrieved, 
only one searching index and only one reading index is required to recover the information, 
whereas a RDBMS database needs several indexes for searching and reading to recover the data. 
The main difference is that their inner model is based on XML and not something else.

The major advantage using a native XML database is that a database schema is not required to 
store textual or binary data and documents (as for the relational databases). XML databases allow 
to manages complex data relationships that are not easily managed in relational rows and columns. 
The database structure come from the XML schema, and can be easily adapted if necessary.

For these reasons, a native XML database fits perfectly with data-intensive uses such as 
archiving metadata.

In the future, we would prefer to use a native XML database to store the XML metadata file 
(Fig. 1), but even if it seems the more logical choice, several problems could arise, as for example 
how to join data and XML metadata (relational database and native XML database).

Conclusion
By using a database, relational as Oracle (currently) or Native XML database (possible future 

development), a RESTful Web Service and a software that manages HTTP URLs (as Mikado), we 
have the advantage that every single element is independent from the others. The independence 
between elements guarantees us more versatility. This has the benefit that changes in the database 
don’t affect the operation of the system; at the same time, there is no obligation to use the Mikado 
software for managing the XML data and there is complete autonomy from the Web Service used 
including the implementing technology.

Fig. 1 - Work-flow (Dashed lines represent the future developments 
while continuous lines describe the present situation).
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performance of the method, especially thanks to the use of a parallel solver for the matrix inversion. 
The performance of finite-element mesh generator was also enhanced, so that interpolation of a 
data set of more than 1 million data points on a 100-by-100 grid can be performed in a few 
minutes on a personal laptop.

Analysis and error field
The analysis and error fields obtained over the Mediterranean Sea are compared with the 

available gridded products from AVISO. Different ways to compute the error field are compared. 
The impact of the use of multiple missions to prepare the gridded fields is also examined. 

Fig. 1 - Area of interest, finite-element mesh and sea-level anomalies measurements (Envisat) 
for the period 6-13 May, 2009. [Data from AVISO].
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By definition, metadata, is information associated with data, answering questions as where, 
how, when and by whom the data was acquired. Taking part in European projects such as the 
EU-SeaDataNet (the Pan-European infrastructure for ocean and marine data management) made 
it necessary to use XML (Extensible Markup Language) as a standard file format for sharing 
metadata.

At present, the Italian National Oceanographic Data Centre (OGS/NODC) has all its data and 
metadata contained in an Oracle relational database, and some metadata are managed using XML 
documents following standard schemata (from SeaDataNet Project).

This paper shows the system OGS/NODC is currently using to manage oceanographic XML 
metadata, stored as is, into a relational database and a possible future development.

The participation to EU-SeaDataNetProject has grown the need to create and share metadata 
in XML format. Tools for managing it (as Mikado Software) are available, therefore the next step 
was linking metadata XML files to data loaded into relational database and building a web service 
to allow the connection between the managing tool (Mikado) and the database.

We evaluated and decided that the best solution was to load into the Oracle database the 
whole XML metadata files, using a specific data type. Using XML and XQuery functions it is 
possible to store, extract and manage different kinds of information that might be exchanged at 
the European level. Furthermore, with a RESTful (REpresentational State Transfer) Web Service 
we have a simple and standard interface for quickly and easily creating, modifying and deleting 
records containing XML documents inside the database. Finally, through the use of that RESTful 
Web Service it is possible to decouple the applications from the database, so that through the 
use of software that manages HTTP URLs, such as the Mikado (SeaDataNet project), the XML 
documents can be inserted, updated and deleted inside the database without the need for a direct 
connection to it.

Future development
Another way to manage XML files could to be to use a native XML database (Fig. 1): the 

documents are stored in a database designed especially for storing XML, supporting XPath and 
XQuery, to retrieve it. A native XML database doesn’t use a relational model, used in common 
RDBMS databases.
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