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Abstract 

The main issue with environmental geographic data and their associated metadata is that they are often scattered 
across numerous data providers around the world or just within a country/federation (including the EU), and that 
there’s a large variability in the used formats and presentation/delivery methods, especially at the web service level. 
The EU INSPIRE directive aims at standardizing at least the metadata format and its minimum mandatory contents, 
defining a minimum common degree of information interoperability and interchange in order to maximize the homo-
geneity and usability of metadata. Within the framework of the GS Soil project, a set of essential Free and Open 
Source Software tools to be used by participating partners were evaluated and tested, in order to identify and provide 
a free, standards-compliant set of tools to similar future geospatial environmental projects within the EU. 

1. Introduction 

One of the goals of the GS Soil project is the creation of a central European web portal (the GS Soil por-
tal) which will concentrate existing data and metadata providers in a unified metadata catalogue and view 
services, and/or provide download links to external resources, as well as providing search engine capabili-
ties, where applicable (www.gssoil.eu). The GS Soil portal will work as both a metadata hosting service 
(some metadata will be exclusively stored in its own infrastructure) and a mediator for external metadata 
catalogues, where said metadata will be available preferably in a format compliant with the guidelines of 
the INSPIRE directive (INSPIRE Directive 2007/2/EC, 2008). 
The INSPIRE directive of the EU aims at establishing an infrastructure for European spatial information, 
ranging from common coordinate systems, reference grids (Annex I) etc. to unified metadata themes, in-
cluding soil (Annex III) among many environmental themes, which directly interests the GS Soil project. 
Annex III defines how metadata should be structured, based on existing ISO19115 metadata standards. 
The main difference with those pre-existing standards are differences in the mandatory existence or con-
tent type of certain fields, but also the specification of domain-specific extensions, like e.g. for soil meta-
data (Annex III of INSPIRE directive). The final XML schemas are a competence of GS Soil’s Work 
Package 3 (WP3). 
These goals set however some requirements and prerequisites upon the technical and data partners of the 
project (entities and institutions charged/agreeing to provide technical infrastructure and soil data, respec-
tively), not the least of which is to have metadata available in an INSPIRE-compatible format, and have 
the technical means of publishing them through a catalogue service such as OGC’s CSW (Catalogue Ser-
vice for Web) or ESRI’s ArcCatalog. 
Although the central GS Soil service itself is based on the proprietary InGrid platform, which has already 
been used with success for the German UDK project (Kruze et al., 2009), the use of FOSS was deemed 
necessary in order to provide an attractive alternative for providers wishing to set up their own data and 
metadata publishing services from scratch. 
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Within the GS Soil project, a deliverable of the internal work package 5 (WP5) involved focusing on both 
the status of the available Free and Open Software itself, as well as the situation of the project’s data part-
ners (any entity able and willing to contribute soil data and metadata within the GS Soil project) in order 
to reveal the various methods data is made publicly available, the quality of the latter etc. and to identify 
Free and Open Source Software solutions for addressing the needs of data partners within GS Soil (GS 
Soil project, 2010). 

2. Status of data and metadata publishing infrastructure 

While the process of retrieving metadata and using WebGIS is relatively transparent from the point of 
view of the end users – regardless of the web interface presented to them – data providers wishing to inte-
grate their data and metadata into a large scale indexing and retrieval system have to face a more compli-
cated situation, and deal with technical aspects that end users need not care about, such as acceptable for-
mats and conformity to precise standards. 
An internal screening via questionnaires of data partners in GS Soil project revealed a typical picture in 
the environmental domain: that many of them lacked a web publishing infrastructure or even a metadata 
content management system for the environmental data already at their disposal. On this basis, one of the 
work packages (WP5) of the GS Soil project was tasked with identifying and developing/documenting 
which existing Free and Open Source Software solutions could cater to these needs, without needing to 
resort to commercial solutions or reinventing the wheel with ad-hoc solutions. 
It should be underlined that a similar situation occurs in many other environmental domains like air and 
water, and thus the GS Soil project may also act as a pilot towards the aforementioned environmental 
fields, when it comes to accessing, publishing and searching through available data. Therefore, the needs 
of data providers within the GS Soil project for what regards software may be outlined as: 
Providing web publishing of existing data and metadata, possibly by using them in their original formats. 
Most of the data is only suitable for direct download (raw data, spreadsheets and database format), but a 
significant portion is suitable for display through a web-based map service (ESRI shapefiles, bitmaps, vec-
tor data etc.) 
Creating and managing metadata in an INSPIRE compliant format. As previously outlined, availability of 
primary metadata is uneven, so tools that would help entering primary metadata were also sought after, as 
well as converting existing one. 
Optionally, working in parallel with or even supplanting existing systems. 
 

2.1 Classification of data partners 

In particular, data providers participating in GS Soil were found to belong in one of the following catego-
ries (Epitropou et al, 2010): 
Those that already possess their own complete IT infrastructure and can thus host and publish their data 
and metadata independently. Further subdivisions of this class of providers can be made: 
Those that already use OGC, ISO or INSPIRE-compliant data and metadata publishing systems (OCG 
CSW, WMS, etc.) with widespread support. These are also the ones which are easier to integrate into GS 
Soil. 
Those that use commercial proprietary systems which hold some degree of “de-facto” standard status, 
such as ESRI’s ArcGIS. A significant proportion of GS Soil’s queried data providers (over 30%) already 
use solutions by ESRI.  
Those that use obscure proprietary or legacy systems with limited or no standards compliance and intero-
perability. This includes unusual systems such as e.g. serving maps inside PDF documents in lieu of inter-
active map viewers or services (like e.g., in Geochemical Atlas of Europe, 2010). 
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Intermediate cases which combine several of the above elements. 
Those who have their data and metadata published by a third party, with no direct control over the pub-
lishing infrastructure. The third party may fall into any of the above categories, with the difference that 
eliciting or inducing changes is more difficult due to indirection. 
Those who have available data and metadata, but are not publishing it for a variety of reasons (confiden-
tiality, intellectual property rights, temporary lack of infrastructure, etc.). 
Furthermore, among those data providers that are already publishing data and metadata, the following 
subdivisions may be applied: 
Those publishing only through ISO/OGC compliant services, with no web interface. 
Those publishing only through a de-facto proprietary standard such as ArcGIS/ArcSDE servers and proto-
cols. 
Those also publishing through a web interface of sorts (e.g. layered map viewers, search engines). 
Those publishing only through a web interface (thus hiding the actual data no matter what their actual 
format and underlying service). 
It should be noted that practical INSPIRE compliancy on pre-existing systems using standard ISO/OGC 
services is only partial, as much as the two standards overlap. Purely INSPIRE-compatible tools built from 
the ground-up and covering all metadata publishing needs are not widely available yet, since the INSPIRE 
Directive is limited to the EU (while most of these tools cater to an international userbase) and it has only 
relatively recently finalized. Also users of de-facto standards such as ESRIs are unlikely to abandon them 
in favour of something else, depending on how much data is managed through them, unless compatibility 
and ease of transition are guaranteed. 
In response to the demand for a free (intended more as free of charge) solution with a permissive licensing 
scheme which could cover at least some of the above needs (especially for data partners starting from 
scratch), a selection of GeoFOSS (Geographical Free and Open Source Software) has been studied and 
evaluated, within the scope of the GS Soil project. 

3. Status of existing soil data and metadata 

The single largest problem encountered during the assessment of the GS Soil’s project, was the –largely 
expected- fragmentation and inhomogeneity in soil data availability. Usually, soil data is highly regional 
in nature and the datasets are owned by several separate institutions covering only a small part of a na-
tion’s total soil coverage, which may be government controlled, private, or have special status such as 
semi-governmental, research institutes, universities etc. 
The variability in data formats is also great: raw soil data could be available in anything ranging from 
plain text files to Microsoft Excel or Access files or other more obscure, proprietary formats. The quality 
of the data itself could vary from very simple facts about soil composition, to overly detailed measure-
ments. 
This situation partially arise from the fact that some of the data may have been acquired through the 
course of several years and predate modern mainstream computerized archival and database systems by 
decades, with some being still available only in undigitized, paper archival form, or obsolete proprietary 
file formats. In any case, the INSPIRE directive aims at homogenizing the format and quality of metadata 
alone, not the actual data it supports. 
The situation isn’t much different with metadata itself, whereas even in the cases where a documentation 
process on the datasets themselves had been carried out (referred to as “primary” metadata), the formats in 
which this information has been saved can also vary widely: plain text, ISO-19115/39 compliant or in-
compliant XML, HTML, Microsoft Excel, Word and Access files as well as proprietary systems like Arc-
Catalog were all quite common among data partners that did have primary metadata in some form. 
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3.1 Possible solutions for data partners 

3.1.1 Use of existing, compliant infrastructure 

Those data providers that already have some form of infrastructure, either in the form of metadata cata-
logue services or, more commonly, maps and dataset services (ESRI’s GIS systems being the most com-
mon) may choose to either keep their existing infrastructure and integrate their own services into the GS 
Soil portal as a standards-compliant external service, or create metadata that points to their service as an 
external link. Those partners with a too incompatible or incompliant infrastructure however may wish to 
consider the other available publishing options. 

3.1.2 Use of central service 

Every partner of the GS Soil Network may use the central GS Soil Portal to provide their data and metada-
ta free of charge and without any further licensing agreements during the project’s lifetime. This way of 
providing soil data within the GS Soil project is recommended for data providers with only a small 
amount of data and associated metadata, but it may prove to be a short-term solution. 

3.1.3 Local installation of InGrid 

For the lifetime of the GS Soil project every partner may get a local installation of the software InGrid to 
provide their data through InGrid’s OGC CSW (Catalogue Service for Web) compliant service. After the 
end of the project, a license agreement with the German Ministry of environment is needed for continuing 
the use of the installation. However, InGrid does not cover all aspects of data publishing itself e.g. it offers 
no integrated WxS server so a free alternative must still be provided. However, the installation of InGrid 
in the actual GS Soil portal prototype (GS Soil portal prototype 2010) is backed up by UMN MapServer 
as an independent WxS server. 

3.1.4 Publishing through an associated technical partner 

Some data providers may choose to act simply as “data owners”, and delegate the actual publishing re-
sponsibility to a third party through a mutual agreement, if they aren’t doing so already. In this case, there 
may be technical partners that handle the publishing and, if required, any harmonization and data entry 
work required to render the data and metadata publishable, without having actual ownership. Such tech-
nical partners may fall in any of the above cases, as well as in the following case. 

3.1.5 Local installation of Free and Open Source Software 

The GS Soil project supports a selection of Free and Open Source applications. Data providers will get 
support especially from work package 5 to install and maintain these applications. The installation of free 
and open source application should be considered for all data providers who are planning to provide their 
data continuously without the need of additional software agreements. One of the main goals of GS Soil’s 
WP5 was the recommendation (and if necessary, development) of a set of GIS-oriented FOSS applications 
(GeoFOSS) and their documentation and adaptation to the needs of the GS Soil data partner’s needs, and a 
project-specific documentation process. 
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4. The state of GEOFOSS 

Among the plurality and inhomogeneity of commercial and ad-hoc solutions, in recent years there has 
been a slow but steady development and release of Free and Open Source Software (FOSS) centred 
around the most popular OGC compliant GIS services, in particular server-side WxS services, catalogue 
services, and client-based web map viewers, while commercial GIS software tends to offer a greater array 
of end-user, enterprise, embedded and desktop solutions, as well as a greater compliance with de-facto 
proprietary standards (especially ArcGIS, ArcSDE, etc.) 
This trend is important for providers of geodata in general, well beyond the GS Soil project, because the 
bulk of the developmental effort is focused on producing web-based and standards-compliant products, 
thus allowing virtually anyone to host their own array of geoservices, and allowing the easy deployment of 
browser-based map viewers and catalogue services, based on AJAX and server side Java, both widely 
supported web development standards at the moment. 

4.1 Specific GEOFOSS adopted by GS Soil partners 

The best known GEOFOSS products that interest the data and technical partners within the GS Soil 
project are GeoNetwork-opensource, GeoServer, GeoTools (often bundled together under GeoNetwork 
distributions) and map viewers such as MapBender, Intermap, and OpenLayers. Of these, GeoNetwork-
opensource merits a separate mention. 

4.1.1 GeoNetwork-opensource 

Of these GeoFOSS products, GeoNetwork-opensource (http://geonetwork-opensource.org) is easily the 
most integrated and more important from the point of view of the GS Soil project, as it provides the func-
tionality of a WxS server (through GeoServer), a CSW server and even a ready-to-use web portal all in 
one package, and is the single most attractive solution for data providers that wish to build their GIS-
oriented web service infrastructure from scratch or convert their existing one into a FOSS-licensed one. 
GeoNetwork-opensource also provides a map viewing service through Intermap viewers, which also 
enables it to display ESRI ArcIMS data. as well as harvesting metadata from external ArcSDE nodes, 
which make it attractive to data partners using ESRI products (which by the way counted up to almost 
50% of the overall data partners involved). 
GeoNetwork-opensource is on many levels a functional clone of InGrid, as both provide the ability to pub-
lish and manage metadata, manage users, view external WMS services, etc. although their approaches to 
some common problems such as handling of dynamically changing external WMS nodes or metadata en-
tering are different, and each has its relative advantages and disadvantages. 
What made GeoNetwork-opensource the ultimate choice as a FOSS tool for data partners lacking their 
own publishing infrastructure or wishing to migrate from an existing one, is the unique combination of 
metadata catalogue, WxS server (through GeoServer) and map viewer/web portal frontend, thus allowing 
each data partner to have their own, customized portal and even index, harvest and publish the data of oth-
er data partners or sources independently. Also, it is especially easy and convenient to install and main-
tain/configure under Microsoft Windows OSes, thus making it attractive for data partners that have no 
specialized IT infrastructure or experience. 

4.1.2 GeoServer 

Even though GeoServer (http://geoserver.org) is available as a standalone component with its own web 
interface, and a few technical partners already use it, its adoption by “new” data and technical partners is 
done almost exclusively as a companion/built-in component of GeoNetwork-opensource, rather than a 
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standalone component. This is done mainly because in most cases metadata must be published in parallel 
with WxS layers (WMS, WFS, WCS). 
A more practical reason for this approach is that while GeoServer automatically creates some service me-
tadata automatically for each published layer, such metadata is not INSPIRE compliant (it does not follow 
the INSPIRE schema for services), therefore publishing separate, INSPIRE-compliant service metadata 
through GeoNetwork-opensource works around this limitation. 
In addressing the need for publishing already existing data, GeoServer is capable of publishing, among 
others, ESRI Shapefiles, which is one of the most common formats in which formally structured georefe-
renced information can be found. An example of that can be found in ISAG’s publishing of NAGREF-
provided shapefiles about the Greek Voiotia prefecture (GEO-ISAG 2010). 

4.1.3 Other GeoFOSS 

While other GeoFOSS were identified during the course of the project, their isolated use by project part-
ners was not considered. For example, almost no technical or data partner required e.g. just a map viewer 
web-based service (View Service, in INSPIRE terminology), and all of these viewers are already con-
tained in both InGrid (MapBender) and the GeoNetwork-opensource/GeoServer package (Intermap, 
OpenLayers). 
Similarly, GeoTools is used as part of GeoServer which is in turn almost always used as part of GeoNet-
work-opensource, since no technical partners need GeoTools for doing independent software develop-
ment. So in practice, GeoNetwork-opensource represents both a convenient collection of different but re-
lated functionalities in one package, and a –nearly- obligated choice, as no other FOSS package even 
comes close to its completeness. 
A special mention must be made to UMN MapServer (http://mapserver.org/): while it’s actually used in 
the InGrid-based GS Soil portal, it does not come conveniently bundled in a similar manner to the end us-
ers. Also, while considered as a standalone map server, it would still have to be paired with a CSW server 
(GeoNetwork-opensource, in this case). A data partner installing GeoNetwork would have little incentive 
for e.g. scrapping GeoServer and installing another map server in its place (especially if building an infra-
structure from scratch).  

4.2 Standards compliancy of GeoFOSS 

In general, the level of standards compliance of GeoFOSS with open standards such as those set by the 
Open Geospatial Consortium (OCG, http://www.opengeospatial.org/) is generally very high for GeoFOSS 
projects developed within the OCG consortium itself (this includes GeoNetwork-opensource, MapBender, 
OpenLayers and others), with some of those tools being used as the reference implementations for some of 
these standards, starting with GeoNetwork, which is the reference implementation for the OCG CSW ser-
vice, and GeoServer being the reference implementation of WxS services (Web Map Service, Web Fea-
ture Service, Web Coverage Service). 
However the compliance level tends to decline when the use and exchange of proprietary geodata formats 
is required (for example, only Intermap, of all the FOSS web-based map viewers considered, allows view-
ing ArcIMS map imagery), although steps are being taken into that direction and at least ArcSDE/ArcIMS 
compatibility is possible with the existing GeoTools. 
Compliancy with INSPIRE’s regulations on XML metadata are another matter. Being INSPIRE an inter-
nal directive of the EU and the OCG standard being more international in scope, it was expected that 
INSPIRE compliance by-design in GeoFOSS has a quite low priority. In fact, as of the latest GeoNet-
work-opensource revision (v2.4.3 at the time of writing), there are no built-in INSPIRE-compliant meta-
data schemas for either service or data, therefore workarounds had to be devised. 
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5. Implementing metadata compliancy 

One of the aspects where InGrid has been fine-tuned for the GS Soil project, is the compliance with the 
INSPIRE regulations for metadata: InGrid has a metadata editor called InGrid-Editor, which in the GS 
Soil version includes all the required mandatory fields as per INSPIRE Annex I, and actively enforces 
their fulfilment. On the other hand, GeoNetwork-opensource has no such specific hardcoded customiza-
tion out of the box, but can use externally provided XML and XSD metadata schemas, which, if correctly 
crafted, can ensure compliance or at least come pretty close to it. As of now, a mixture of project-specific 
XML templates (provided by CENIA.cz), manual XML editing and external validation tools (INSPIRE 
Geoportal, 2010) is used. An example of how these techniques have been used to progressively convert 
non-compliant, unharmonized metadata into an XML format that’s close to INSPIRE specifications using 
GeoNetwork-opensource can be seen in ISAG’s GeoNetwork-opensource installation within the GS Soil 
project (GEO-ISAG, 2010). 

6. Conclusions 

A project-wide querying through contacts, interviews, questionnaires etc. of the technical and data part-
ners within the GS Soil project, revealed that many of them lacked a web publishing infrastructure for the 
data already at their disposal and thus providing an appropriate stepping stone for them was one of the 
first priorities. In the frame of the GS Soil project, a thorough investigation of the current state-of-the art 
in open tools and services was conducted, aiming at identifying possible solutions that may serve the 
needs of an INSPIRE compliant metadata and services environmental portal. 
Another aspect that was revealed is that the data held by data partners was often highly local and regional 
in nature, could vary greatly in quality and quantity, and there were often other impediments to their avail-
ability such as intellectual property rights issues, incomplete digitalization or use of nonstandard formats. 
Furthermore, there were still a lot of legacy, custom-built and closed source GIS in use, which hindered 
data interoperability and homogeneity, especially in the field of public web geoservices. While standards 
exist in place for data and metadata, so far adhering to them was at the discretion of each interested part. 
GeoNetwork-opensource was identified as a one-stop solution for basic and advanced metadata publishing 
and also as a way to provide view services of available data, mostly thanks to its support of ESRI Shape-
files, which are a widespread proprietary format, and its ability to accept metadata in almost any XML 
format, given the right schema. 
In the case of a data provider with no software of his own, GeoNetwork-opensource could cover most if 
not all of the data/metadata managing/publishing needs. Even in the case of existing software, it can coex-
ist with GeoNetwork-opensource in most cases or can be entirely replaced by it. It should be noted that 
GeoNetwork-opensource can also import non-ISO metadata using an import filter, through the use of XSL 
Transformation rules. 
This doesn’t change the fact that a lot of non-standard data and especially metadata still have to be ma-
nually transformed and adapted before being published, as there are no tools able to aid with the unregu-
lated variety and lack of consistency. 
The greatest issue with practically all of the considered GeoFOSS was the lack of INSPIRE compliance, 
something which is due to the directive being EU-centric, relatively new, and most GeoFOSS being more 
international in nature, so compliance if often added only as an afterthought and on a per-case basis. 
Results demonstrate that the existing GeoFOSS tools would help going a long way towards implementing 
a functional geoportal as well as free tools for data providers, as soon as certain issues are ironed out. 
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