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the National Science Foundation-funded EarthChem consor-
tium (http://www.earthchem.org/), with the goal of increasing 
the synergy between the three geochemical database efforts. 
The EarthChem portal (http://geoportal.kgs.ku.edu/earthchem/
jtest/) offers a seamless search across the three databases.

Publications cited in GEOROC are cross-linked 
with the geochemical database GeoReM (Geologi-
cal and Environmental Reference Materials database; 
http://georem.mpch-mainz.gwdg.de/), which provides access 
to reference materials and isotopic standards. The detailed 
information about the analytical conditions that are described 
for the reference materials available in GeoReM enables users 
of GEOROC to estimate the quality of the analyzed rock 
samples. Similarly, it is possible to go directly from GeoReM 
to the respective reports in GEOROC to get the analyses of the 
studied samples.
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The Information System and Data Center (ISDC) is 
managing more than 11 terabytes (TB) of geoscience data and 
information. Currently, these data are coming from 11 mis-
sions, including the German Research Center for Geosciences’ 
Challenging Mini-Satellite Payload (CHAMP), the Gravity 
Recovery and Climate Experiment (GRACE, a joint partner-
ship between the German Aerospace Center (DLR) and the 
National Aeronautics and Space Administration (NASA)), 
Germany’s TerraSAR-X (an X-band synthetic aperture radar 
satellite), the International Association of Geodesy’s Global 
Geodynamic Project (GGP), and others that have yielded 
nearly 300 product types and approximately 16 million 
products, which have been made available to more than 1,700 
users. This paper gives a short overview about the develop-
ment and use of metadata in the ISDC. Each product type that 
results from a geoscience mission or project consists of a set 
of products. A product is composed of a data file (or files) and 
a metadata document. Figure 1 shows the three product types 
resulting from the TerraSAR-X. 

In order to describe and manage the products (data 
file(s) and metadata), we are using an evolution version 9.x 
of NASA’s Directory Interchange Format (DIF) standard. 
The manager of NASA’s Global Change Master Directory 
(GCMD), Lola Olsen, defines metadata���������������������� as follows: “Descrip-
tive information that characterizes a set of quantitative and/or 
qualitative measurements and distinguishes that set from other 

similar measurement sets.” (See http://gcmd.nasa.gov/ 
Aboutus/standards/.) For the management of ISDC product 
types, DIF is an excellent choice. 

The ISDC base schema of the product type DIF XML 
documents is defined in the “base-dif.xsd” file. The ISDC 
Extensible Mark-up Language (XML) schema has been 
defined on the basis of the GCMD XML schema defini-
tion found online at http://gcmd.nasa.gov/Aboutus/xml/dif/
dif_v9.7.1.xsd. In order to describe single products, it was 
necessary to extend the DIF standard and to modify the 
GCMD XML schema. Although the structure of the ISDC 
DIF XML schema is different from the GCMD schema, 
the ISDC product type DIF XML documents are still valid 
in relation to the GCMD schema. Additionally, the ISDC 
is using a product type-data child DIF combination. The 
metadata of product types are described in associated product 
type DIF XML files according to the “base-dif.xsd” schema. 
The product type DIF XML files are validated and stored in 
an Oracle XML database. The product- (data file-) specific 
metadata are documented in data-child DIF XML files. Each 
product type has its own schema for the data-child DIF XML 
files. Data-child DIF documents are used to describe the 
data-file-specific properties. The complex XML type <Data_
Parameters> in the data-child DIF XML document provides 
the specific extension of the product type DIF XML struc-
tures. <Data_Parameters> includes specific metadata of the 
product, such as the data file name, data file size, revision, 
satellite identification, and other information. In order to 
implement this data model, we are using the redefined XML 
technique for the definition of complex XML types for the 
<Data_Parameters>. By redefining the ISDC “base-dif.xsd” 
schema, all data-child DIF XML documents are derived. 
Using the GCMD XML schema, this approach would not be 
possible because of the definition of XML reference struc-
tures.

The extended metadata in the data-child DIF XML docu-
ments are parsed by a Perl (an open-source software) script. If 
the data structure is correct, the extended metadata are stored 
in product-type-related tables in a relational database. The 
connection between the data-child DIF XML files and the 
product type DIF XML document is given by the equality of 
parts of the <Entry_ID> element in both the product type and 
the related product metadata documents. Additionally, the con-
tent of the <Parent_DIF> element in the data-child DIF XML 
document refers to the appropriate product-type DIF docu-
ment. The relation between the schemata, the XML metadata 
files, and the storage structures is shown in figure 2.

Using the product-type DIF XML structures, it is possible 
to conduct a thematic content-based search of the different 
product-type documents as well as provide interoperability 
with other catalog systems. It is now possible to transform the 
XML DIF files into ISO 19115-standard documents (Interna-
tional Organization for Standardization, 2003) in order to use 
Open Geospatial Consortium-compliant Web services such as 
deegree’s (www.deegree.org) Catalogue Service for Web 2.0. 
Furthermore, achieving harmony with other catalog systems 
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Figure 2. Chart showing the 
relation between schemata 
(base and the data-child 
schema) and the metadata 
(product-type metadata 
and child-metadata). The 
storage mechanisms, such 
as relational and XML-based 
databases, also are shown. 
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is possible by using international standards. The structure 
of XML easily allows extending the DIF standard in future. 
Using the parent-child DIF concept, only a small amount of 
mandatory metadata must be included in both the product type 
and data-child DIF XML documents.
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The Concept

The Network of Research Infrastructures for European 
Seismology (NERIES) is a European Commission (EC) 
project whose focus is networking together seismologi-
cal observatories and research institutes into one integrated 
European infrastructure that provides access to data and data 
products for research. One of the goals of NERIES is to design 
and develop a Web portal that acts as the uppermost layer of 
the infrastructure and provides rendering capabilities for the 
underlying sets of data 

Seismological institutes and organizations in European 
and Mediterranean countries maintain large, geographically 
distributed data archives. By using the NERIES portal, the 
broader earth science community and the general public will be 
able to access earthquake data archives from a single interactive 
Web site, which will make use of the proper tools and services. 

This scenario suggested a design approach based on the concept 
of an internet service oriented architecture (SOA) to establish 
a cyberinfrastructure for distributed and heterogeneous data 
streams and services. Recently, this approach has been tested 
and implemented in Europe by the NERIES consortium and in 
the United States by the EarthScope consortium. Here we pres-
ent the current developments within NERIES.

Implementation

Key data formats
The Web services that are currently being designed 

and implemented will deliver data that have been adapted 
to appropriate formats. The parametric information about a 
seismic event is delivered using a seismology-specific Exten-
sible Mark-up Language (XML) format called QuakeML 
(https://quake.ethz.ch/quakeml), which has been formalized and 
implemented largely within the NERIES project and in coordi-
nation with global earthquake-information agencies. Uniform 
Resource Identifiers (URIs) are used to assign identifiers to 
(1) seismic-event parameters described by QuakeML, and (2) 
generic resources such as authorities, location providers, loca-
tion methods, adopted software, and so on, described by use of a 
data model constructed with the resource description framework 
(RDF) and accessible through a dedicated Web service.

In order to facilitate the exchange in Europe of the 
parametric information that is specific to seismic events, the 
European-Mediterranean Seismological Center (EMSC) has 
implemented a unique event identifier (UNID) that will cre-
ate the seismic event URI used by the QuakeML data model. 
The UNIDs and URIs play an important role within the portal 
developments, and will be used to link and integrate the 
information retrieved from the different Web services. Access 
to data such as waveform files (broadband waveform and 
accelerometric data) will be provided through a dedicated set 
of Web services that will act as the Hypertext Transfer Pro-
tocol (http) interface, which would be the layer on top of the 
dedicated middleware used by the seismological observatory 
or institute that is supplying the data.

Software Technologies and Graphical User Interfaces
In order to achieve both the advantages of using a graphi-

cal user interface (GUI) and programmatic access to the data, 
all the Web services are integrated to create different interactive 
applications. Each single application consists of a Java-based 
JSR-168-standard portlet (often provided with interactive maps 
for data discovery) plugged into the centralized NERIES portal 
implemented through the use of open-source products belonging 
to the Apache Software Foundations’s Portals Project (http://
portals.apache.org), such as Jetspeed-2 and WSRP4J.

In specific cases, it will be possible to distribute the 
deployment of the portlets among the data providers, such as 
seismological agencies, because of the adoption within the 
distributed architecture of the NERIES portal of the Organiza-
tion for the Advancement of Structured Information Stan-
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