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WP9 Objectives: 

- Define a common reference framework (i.e. ontology) for forestry data covering the EU 
across sources 

- Define a useful institutional framework to make data available respecting IPR of the 
data-owners 

- Enhance the GIS capabilities of existing data sources 
- Develop a Clearing house as a common reference point to access the data sources made 

available through geo-enabled web services. 
 
Activities performed for deliverable D9.1: 
 
- Develop an ontology as a common reference framework for the clearinghouse based on 

an exploration of available ontologies for the forestry domain and existing 
clearinghouses (not restricted to forestry domain). Initial explorations were carried out 
by means of workshop and meetings with project partners, while more in-depth 
analysis was done together with identified specialists outside and inside the project 
consortium. 

- Design an architecture for the Trees4Future Clearinghouse supporting the Trees4Future 
requirements and integrating the developed ontology. 
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(virtual) Stefano Nativi, Enrico Boldrine, Yke 
van Randen 

June 26 -27, 
2012 

Workshop to find links between 
the models and the available data, 
and the role of the clearinghouse in 
relating those 

 

Wageningen Louise Sing, Duncan Ray, Geerten 

Hengeveld, Sergey Zudin, Dieter 

Kopecky, Kim Naudts, Koen Kramer, 

Yke van Randen, Rob Lokers, Dario 

Rodriguez, Luc Paques, Elisabeth 

Verhelst, Tommi Suominen, Gert-Jan 

Nabuurs, Mart-Jan Schelhaas. 

July 11, 
2012 

Workshop to discuss possible 
options for usage of GI-Cat 

Ispra, Italy Dario Rodriguez, Daniel Mc-Inerney, 

Yke van Randen 

Summer 
2012 

Intensive email contact to collect 
model attributes from modellers 

(virtual) Dieter Kopecky, Yke van Randen, Rob 
Lokers, Elisabeth Verhelst, Tommi 
Suominen, Koen Kramer, Kim Naudts 

November 
22, 2012 

Annual meeting withWP1, WP8, 
WP9 and WP10 workshops 

Berlin, Germany For WP9: Duncan Ray, Silvia Fluch, 
Margaretha Di-leo, Jose 
Climent,GertJan Nabuurs, Sergey 
Zudin, Yke van Randen, Rob Lokers, 
Peter Verweij 
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1. Introduction 

In the forestry domain many datasets are available. However knowledge of the existence 

and access to these datasets is hampered as the datasets are scattered among different 

organisations and individuals. The objective of WP9 is to increase the availability and use 

of (spatial) research data relevant in the forestry domain for Europa through a clearing 

house – a common web enabled access point. Legal and institutional arrangements linked 

to the data sources will be respected. The clearinghouse will enable the searching for- and 

discovering of datasets by using a common reference framework (i.e. ontology) that 

contains a shared description of all the concepts and (spatial) relationships relevant to the 

datasets of the forestry domain and as such forms the basis on which the clearinghouse will 

operate (see Figure 1). A simplified screen example of what the clearinghouse might look 

like is illustrated in Figure 1. 

 

Figure 1 – Overview of the clearinghouse: what it contains, what it can provide and how it might look like. 
 
The ‘simplified screen example’ is divided into a top part – where the user can type in search criteria – 
and a bottom part – where the results for the search criteria are shown.  

During workshops, meetings and interviews with project members and external experts we 

gathered information, disseminated ideas and received feedback that specified a common 

language and the requirements for the clearinghouse. Several iterations – partially with the 

same group of scientists – were made to converge mutual understanding. The Trees4Future 

kick-off meeting provided a broad overview of the forestry domain and of available formal 

common languages to the knowledge engineers that lead the development of the ontology. 

This deliverable reports on: how the clearinghouse use is envisaged, what the data 

characteristics are (by means of use cases - chapter 2), the definition of the ontology 

based on relevant existing ontologies and the data characteristics (chapter 3) and, the 

setup of the clearinghouse architecture – the basis of the web-enabled software system to 

build (chapter 0). 
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2. Use cases 

2.1 Why use cases? 

The development of each software system starts by performing a requirements analysis in 

which the goals, functions and constraints of hardware and software systems are 

established. The functions that the clearinghouse software system needs to be able to 

support can be found by defining ‘use cases’ together with the foreseen users. The purpose 

of use cases is to define how a system will be used in the form of a common language to 

increase the understanding of designers, developers ánd users on the proposed software 

system. The use cases form a basis for further analysis. 

A use case is the specification of actions performed by one or more actors interacting with 

some part of the clearinghouse functionality. A use case can also contain a specific 

sequence of actions carried out under certain conditions. A use case diagram contains a 

collection of related use cases (Jacobson et.al., 1992, Rational, 1997).  

During a 2 day-workshop use cases were gathered from forest researchers, forestry model 

developers and - executors, software engineers and a knowledge engineer. A number of 

use cases were prepared in advance as an illustration of workshop orientation, the form of 

expected results and to get feedback upon the specified examples. Additional use cases 

were created during the workshop. The use cases have been setup as part of a guiding (but 

non-binding) template containing the following 3 topics: 

 The research subject (topic/issue) 

A short description of the research question from which the use case originates. 

 Data and metadata requirements  

A specification of the data and metadata that are required to tackle the research 

question, including attributes which should be available in the datasets or derivable 

from attributes in the datasets and potential comparability / compatibility issues 

arising between different datasets and /or model attributes 

 Relevant functionality for users 

A specification of functions and/or working steps to be performed to search and 

find, retrieve, view, analyse (etc.) the data and metadata. 

For this deliverable, the use cases have been abstracted to specifically focus on the parts 

that concern the interaction between actors and the Clearinghouse. 

2.2 Use case 1: Using the Clearinghouse to apply the ToSIA tool 

for a forest wood chain analysis 

ToSIA is a software tool that analyses sustainability impacts in the forest-based sector1. 

The forest-based sector is described as Forest-Wood-Chains (FWCs) of value-adding 

production processes by which forest resources are converted into products and services. 

                                            

1http://tosia.efi.int/ 

http://tosia.efi.int/
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The chains may extend from forest resource management to the end-of-life of a wood 

product. ToSIA addresses three sustainability dimensions: environmental, economic and 

social. The sustainability impacts are described with indicators that are linked to 

production processes (Lindner et.al., 2010).  

Previously the ToSIA tool has been applied in several projects (e.g. EFORWOOD2 and 

Northern ToSIA3) in which required input was provided by a modelling framework of 

FORGEM, EFISCEN (Nabuurs et.al.,2001) , ORCHIDEE and Wood Quality Model. 

 

The projects EFORWOOD and Northern ToSIA used a modelling framework to create input 
data for the ToSIA tool. The following models are contained within the modelling 
framework:  

 FORGEM- calculates alternatives or adjustments for  attributes. The datasets for 
FORGEMneed to contain :Spatial data (location) and scale, Species information 
(genotypes), Scenarios, Management, Ecology 

 EFISCEN – Datasets contain: Climate (Observations or projections), Spatial scale, Species 
information (genotypes), Wood production attributes(results model based of observations) 

 ORCHIDEE – Dataset contain: Spatial scale , Species information (genotypes), Climate 
(Observations or projections), Soil 

 Wood Quality Model – Dataset contain: Spatial scale , Species information (genotypes), 
Wood production attributes(results model based of observations) 

 

 

Flow diagram showing data preparation for ToSIA using a modelling framework 

                                            

2http://www.eforwood.com/ 
3http://www.northerntosia.org/ 

http://www.eforwood.com/
http://www.northerntosia.org/
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Take care that all data that is exchanged between the models have matching temporal and 
spatial scales. Examples of data and attributes are: 

 Management: At different scales different detail is needed. Descriptions (qualitative 

classifications) are most suitable at large scales, while quantifications are more suitable at 
small scales; 

 Genotypes: provenance data and phenology; 

 Soil: texture classifications, measured or derived water retention (quality), geographical 

extent, -resolution and –coverage. Both qualitative as quantitative soil types; 

 Climate: Observations and/or projections of temperature and precipitation; annual mean, 

long term average and extreme events. 

 

The clearinghouse could provide (references to the) input data for ToSIA in two ways: 

1. Direct input data to ToSIA, or 

2. Data for the modelling framework which can be used to run each separate model to 

create ToSIA input datasets.  

In either case a description of ToSIA and its required inputs and produced outputs must be 

present in the system. In order for the user to be able to find targeted datasets, the 

system must also contain descriptions of datasets. Those dataset descriptions might have 

been entered by a model (e.g. ToSIA) user or a system administrator (see Figure 2). 

 

Figure 2 – Use case diagram for finding required data by using the Clearinghouse in order to run ToSIA 
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Internally the system needs a reasoning mechanism to formally link the requested 

descriptions to the specifications of the available datasets.  

Such a reasoning mechanism might also be used to suggest and locate models (e.g. 

EFISCEN) that might be able to generate the requested data if some of the required input 

data is not available (yet) in the clearinghouse. Subsequently the clearinghouse can be 

used to find input datasets for that model (e.g. input dataset descriptions for EFISCEN). 

Figure 3 shows the sequence of logical activities the reasoning mechanism will undergo to 

execute that the tasks described above. 

 

Figure 3 – Activity diagram for searching for input metadata and/or data of model input 

 

2.3 Use case 2: Update the Clearinghouse dataset descriptions 

The dataset descriptions in the Clearinghouse can be inserted and/or updated manually, or 

semi-automatically. Insertions and modifications at external websites can be copied into 

the clearinghouse automatically. This process is called ‘harvesting’ and is initiated by the 

clearinghouse: the process is configured by an administrator and runs automatically at a 

preconfigured frequency reading from pre-configured sources. There are several standard 
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technical protocols and formats available, and the most commonly used is the OGC 

Catalogue Service4 (CSW). 

The data description (metadata) standards only partially cover the descriptions required 

for the forestry domain. This means that additional descriptions might need to be added 

manually by data experts (see Figure 4). 

 

 

Figure 4 – Use case diagram on the automatic updates of dataset descriptions in the clearinghouse 

 

2.4  Use case 3: Find genotypes that perform well under the 

future climatic conditions of my region 

The genetic makeup of a tree (=genotype) make that the composite of a trees’ observable 

characteristics or traits  (=the phenotype) differ per environmental circumstances. As 

such, the genotype influences traits like height, straightness, amount of branching 

influenced by soil and climatic conditions.  

If we know that the climate is going to change, then we would like to have genotypes that 

perform well under the projected future climatic conditions. We would like to determine 

what genotypes to use, and might research this by searching for other regions that have 

the same climatic conditions now as we will have in the future and start introducing 

adapted genotypes in our region. 

This use case requires the following steps: 

 The user selects a location of interest(e.g. his/her region) and is then presented 

suggested locations with comparable soil and climatic conditions. Soil is assumed to 

stay the same and the spatial scale between the locations’ characteristics must be 

the same. The user can choose to see regions with similar climatic conditions: 

present, or in a projected future 

                                            

4http://www.opengeospatial.org/standards/cat 

http://www.opengeospatial.org/standards/cat
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 Select a suggested location and retrieve the available genetic information for 

forests at that location, together with management history and productivity data (if 

available) 

 Further review relevant meta-data information on the validity range and 

uncertainty of the data source: at attribute level (measured, derived(process and 

source)), scale, form of metadata (can be quantified, statistical, descriptive text, 

research reports) 

Figure 5 shows the diagram of this use case. 

 

Figure 5 – use case diagram on finding productivity data 

 

3. Ontology 

3.1 What are ontologies? 

Introduction  

Formal descriptions of datasets, models and model input and output attributes are used by 

the clearinghouse to compare and match with requirements by using intelligent reasoning 

algorithms. Ontologies provide a formal knowledge base for achieving this comparison and 

matching of descriptions. For example – ontologies are used to find similarity of terms 

when a user searches for ‘precipitation’ and ‘Belgium’ the system might find a dataset on 

‘rain’ and ‘Benelux’ (see Figure 1). 

An Ontology differs from a vocabulary and a taxonomy. For example, vocabularies are ‘a 

stock of words used by or known to a particular people or group of persons’, taxonomies 

concern ‘a classification of terms into ordered categories’, whereas ontologies 
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are ‘representations of the knowledge within a domain of interest’, defined via the 

terminology (concepts) used within the domain and the properties and relationships among 

domain objects (Baader et al., 2003). Consequently, ontologies represent an enabling 

mechanism for providing a more comprehensive data discovery and integration (Jones et 

al., 2006). 

Ontologies can be captured in triplets: subject-predicate-object expressions (Qing-lin and 

Ming, 2009). The subject denotes the resource, and the predicate denotes traits or aspects 

of the resource and expresses a relationship between the subject and the object. For 

example, one way to represent the notion "The sky has the colour blue" is as the triplet: a 

subject denoting "the sky", a predicate denoting "has the colour", and an object denoting 

"blue" (Figure 6). 

 

Figure 6 – Examples of subject-predicate-object triplet expressions to capture ontologies.  
 
An object might either be a concept (e.g. ‘blue’ as in example 1), or a value. A value can be of different 
types, such as numerical, literal, or time stamp (e.g. ‘35’ from example 2 is a numerical).  

 

RDF and OWL 

The Resource Description Framework (RDF5) provides a standard on how to interexchange 

data on the Web. RDF facilitates the definition of triples by extending the linking structure 

of the Web using Universal Resource Identifiers (URIs), which allows mixing, exposing and 

sharing structured and semi-structured data across different applications. RDF can be 

stored in a number of formats of which RDF+XML is the most common. Others are: N36, 

Turtle7 and N-triples8. Different RDF documents referring each other are known as linked 

                                            

5http://www.w3.org/RDF/ 
6http://www.w3.org/DesignIssues/Notation3.html 
7http://www.w3.org/TeamSubmission/turtle/ 
8http://www.w3.org/2001/sw/RDFCore/ntriples/ 

http://www.w3.org/RDF/
http://www.w3.org/DesignIssues/Notation3.html
http://www.w3.org/TeamSubmission/turtle/
http://www.w3.org/2001/sw/RDFCore/ntriples/
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data. Stored RDF can be queried by using a query language. Many Query Languages are 

available, such as the Simple Protocol and RDF Query Language (SPARQL9), or the geo-

enabled  GeoSPARQL10. 

The Ontology Web Language (OWL11) formally describes what the semantics of classes and 

properties used in web documents are in order for machines to perform useful reasoning 

tasks upon them. OWL builds upon RDF. For example, it can indicate that ‘If A is MarriedTo 

B’ then this implies ‘B isMarriedTo A’. Or that if ‘C isAncestorOf D’ and ‘D isAncestorOf E’ 

then ‘C isAncestorOf B’. The latter is an example of creating new facts.  

Wood et.al. (2005) provide an overview of semantic web storage and analysis applications 

using RDF, various OWL dialects and numerous standard query languages. 

 

3.2 Common Reference Framework 

During meetings, interviews and mail exchange we searched for existing ontologies, 

taxonomies, vocabularies and model attributes from the models covered within the project 

consortium (see Annex 1). Based on the inventory, the participants of a dedicated 

workshop identified the main concepts and relations.  

Central concepts identified are ‘data file’, ‘model’ and ‘attribute. A data file quantifies or 

qualifies one or more attributes. Data attributes may have temporal and/or spatial 

dimensions. A model has a number of model attributes. Model attributes can describe 

input-, output- or model controller/behaviour attributes. Attributes have traits/aspects 

like unit, spatial reference and precision. 

                                            

9http://www.w3.org/TR/rdf-sparql-query/ 
10http://www.opengeospatial.org/standards/geosparql 
11http://www.w3.org/TR/owl-features/ 

http://www.w3.org/TR/rdf-sparql-query/
http://www.opengeospatial.org/standards/geosparql
http://www.w3.org/TR/owl-features/
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Figure 7 – Part of the Trees4Future ontology, illustrating some main concepts and their relations.  
 
The blue rectangles represent concepts, the red rectangles predicates and the green rectangles objects. 
An open arrow should be read as a ‘is a’ relationship like ‘Humidity is a Attribute.  

 

The ontology is developed and validated with commonly used models, attributes and data 

files extracted from the use cases, and it will evolve throughout the Trees4Future project, 

as more concrete datasets are identified and new models and datasets are applied. Annex 

2 provides a description of the Common Reference Framework ontology in RDF format. 

An important concept that will be applied is an extension of the Common Reference 

Framework with existing ontologies. The mechanism links a triplets’ subject to a concept 

from an existing ontology by referencing the external concept via its Universal Resource 

Locator (URL). As such, existing ontologies can be easily linked to the created 

Trees4Future ontology, which can then be used as an integral component for the 

Clearinghouse intelligent reasoning functionality. This can be done for forestry domain 

specific ontologies, and also generic ontologies (for instance geo-data ontologies, like 

OpenGIS12).  

3.3 Clearinghouse ontology 

Based on the use cases, the clearinghouse will support the retrieval of information from 

existing datasets in the forestry domain. Search terms may be used to find the dataset. 

Search terms relate to:  

                                            

12
http://www.opengis.net 

 
Attribute 

http://www.opengis.net/
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 datasets(e.g. ’soil’ and ‘Denmark’);  

 contents of datasets(e.g. ‘temperature’ in ‘degrees Celsius’ and ‘wind speed’ in ‘meters 

per second’), or; 

 datasets and their contents (e.g. ‘climate’, ‘temp.’ in ‘degrees Celsius’ for ‘EU27’). 

Moreover, the clearinghouse could help to find models, models that can create requested 

datasets and, input datasets for models (see 2.2). 

Several standard vocabularies for describing (geographic) datasets exist (e.g. Dublin 

Core13, ISO 19115/1911914). Such a description of a dataset is commonly referred to as 

meta-data. Several tools facilitate the use of the standards (e.g. GeoNetwork15,or GI-

cat16). To facilitate the foreseen research infrastructure for Trees4Future, formal 

descriptions of the dataset, as well as the content of datasets is required (e.g. which 

attributes with which units, how these attributes have been calculated/derived etc.). In 

currently used metadata standards, the description of the dataset itself is covered, but 

information on the content of the dataset is insufficiently covered. Such information is 

commonly described through free text fields (e.g. the dataset lineage in ISO 19115/19119). 

However, free text fields cannot be used by intelligent search algorithms. Neither do 

currently used standards offer a language to describe models and their model input/-

output attributes. Ergo, meta-data standards are insufficient to provide the basis for the 

clearinghouse functionality required to support the Trees4Future research infrastructure. 

To tackle the limitations in describing datasets, models and their attributes, the Common 

Reference Framework concepts have been abstracted to broaden the Framework’s 

applicability to the Clearinghouse. This takes into account the requirements derived from 

use cases, and additionally provides the functionality to be able to conceptually link 

datasets and models via a description of the characteristics of both the dataset content 

and the input/output attributes of models.  

Five basic concepts cover the clearinghouse and CRF domain (see Figure 8): 

 Dataset – a collection of data (e.g. ‘Soil’) 

 Model – a computer model producing one, or multiple output attributes that might 

require one, or multiple input attributes in order to be executed (e.g. ‘EFISCEN’) 

 Attribute – a characteristic of the content of a dataset, and/or of the input- and or 

outputs from a model (e.g. ‘pH’, or ‘texture’).  

 Taggable – an abstraction of dataset, model and attribute that can have multiple 

tags of the form key-value. E.g. an attribute can have a tag ‘name=thickness’ and 

another tag ‘unit=mm’ 

 Tag– a key-value pair (e.g. ‘unit’ = ‘mm’) 

At a conceptual level there is a high similarity (almost an equality) between model and 

dataset. In this ontology Models, Datasets and Attributes are considered as a specialisation 

of the taggable concept. Taggables can have any number of tags. Each tag describes one 

aspect (single or complex) of the concept it is assigned to. One tag can be assigned to 

                                            

13http://dublincore.org/ 
14http://www.iso.org/iso/ 
15http://geonetwork-opensource.org/ 
16http://essi-lab.eu/cgi-bin/twiki/view/GIcat 

http://dublincore.org/
http://www.iso.org/iso/
http://geonetwork-opensource.org/
http://essi-lab.eu/cgi-bin/twiki/view/GIcat
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multiple concepts. Tags can contain simple values (numbers, dates, strings) or can contain 

a link to an external ontology or vocabulary.  

Because tags can be used in searches their use enables a powerful mechanism for complex 

searches which is extensible to other types of concepts (e.g. maps, documents, projects). 

The search functionality allows the Clearinghouse to establish and determine relationships 

between datasets and dataset attributes on one side and models and model input and 

outputting variables on the other side.   

 

 

Figure 8 – Clearinghouse ontology. The blue rectangles represent concepts.  
 
The red rectangles represent predicates. An open ended arrow depicts an ‘is a’ relation as in a ‘model is a 
taggable’. 

CRF attribute predicates (e.g. ‘Name’, or ‘Unit’) become key predicates of tag and CRF 

attribute specialisations (such as ‘Thickness’, or ‘centimetre’) become values of tag (see 

Figure 8). As such, the CRF is the basis on which the clearinghouse is built. 

3.4 Linkages between different ontologies 

An inventory of the available ontologies provided many ideas for the setup of the abstract 

CRF, but also gave useful entry-points to link to existing ontologies from specific domains 

(e.g. meteo, forestry, soils). Ontologies can be linked by having the object from our 

subject-predicate-object CRF triplet referring to an external concept. Very likely 

candidates are (see Figure 9): 

 SKOS – for building thesauri (narrower and broader similar terms), classification 

schemes and taxonomies (e.g. ‘temperature = temp = warmth’, or ‘meters is like inch’). 

 OpenGIS – describing spatial entities and do (basic) spatial reasoning (e.g. ‘find 

datasets covering (part) of France’) 

 AGROVOC – 40000 concepts in 22 languages covering domains like forestry, and 
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environment. 

The CRF ontology links to other ontologies via the key and value predicates of the tag 

concept, such that: [key-value] is as [spatial extent-geoObject] (OpenGIS).This approach 

creates an extensible ontology at a high conceptual level which can be extended without 

any major modifications to it. 

 

Figure 9 – Potential network of ontologies.  
 
Blue circles represent the ontologies created by the Trees4Future project, the green circles are existing 
ontologies and the grey circles are potential external other ontologies. The arrow depicts the reading 
direction, for example: the clearinghouse ontology uses AGROVOC. 
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4. Architecture 

4.1 Making data and metadata available 

Figure 1 shows a ‘simplified screen example’ of possible Clearinghouse functionality: the 

user enters search criteria (e.g. ‘Belgium’, ‘precipitation, temp.’ and ‘2000-2050’), 

activates the ‘Search’ button and is presented with a list of datasets fitting the search 

criteria. The clearinghouse gets this information via a number of potential sources: 

1. Existing dataset descriptions published via a (standardized) catalogue server; 

2. Existing dataset description in vendor specific format (e.g. ESRI ArcGIS metadata) 

3. Existing dataset without descriptive information. 

Depending on the characteristics of the source the descriptive information can be:  

(1) incorporated in a fully automatic way into the clearinghouse, (2) semi-automatically 

transferred or, (3) requiring manual information entry.  

 

Figure 10 shows the manual steps required to incorporate a dataset without any 

descriptive information (=metadata). Since metadata standards do not include attribute 

information, in all cases it will be necessary to enrich the standardized metadata with this 

information through the Clearinghouse. 

 

Figure 10 – Publishing a non-standard raw data file without descriptive information via the clearinghouse.  
 
Each box represents an element within the system architecture. The arrows depict the direction of 
information flow. The red circles indicate optional functionality to enable ‘view’ of the map data and to 
‘download’ the data which is described. 
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As a common and logical practice and following the EU INSPIRE directive17, datasets (and 

their descriptions) should be maintained at its source by the data provider, meaning that 

an organisation that created a dataset is responsible for providing access to it. However, 

since not all organisations within the Trees4Future project have the infrastructure to 

provide such access to data, WP9 will setup a central data storage (file server), a 

catalogue server and a map server to support the project during its lifetime. This 

infrastructure will however have a limited capacity. During the course of the project it 

must be discussed and agreed upon how to maintain this data access after the project 

ends. Nevertheless, the creation and maintenance of metadata will remain the 

responsibility of the data provider. The data provider is the only actor with the knowledge 

to do so and is also best informed on changes at the source that might affect the 

metadata.  

4.2 Elements 

The increasing size and complexity of software forces the use of abstraction, to break the 

system down into separate elements of concern in which each has its own functional 

responsibilities. Such a common abstraction of a system, or architecture, manifests early 

design decisions through which the system to be built can be analysed. As such the  

architecture helps communication with stakeholders, providing a basis for mutual 

understanding, negotiation and consensus by documenting system qualities, like 

modularity, adaptability, extensibility, maintainability and portability. Through its 

architecture a system can be compared with other systems, reusable components can be 

located and cost estimates can be made. An understanding and consensus of the 

architecture is critical since it defines early design decisions which are hard to change in 

later in development phases, and thus most critical to get right (Bass et.al., 2003, Verweij 

et.al., 2010). 

The Clearinghouse system has been divided into elements that overlap as little as possible 

in features and behaviour. To speed up development we searched for stable and reusable 

components and services to form these elements, with a strong preference for open 

standards. By standardizing the interfaces of components and communication between 

them (design by contract) they can be maintained easily and if necessary replaced by 

improved versions in the future. Figure 11 shows the elements that make up the 

Clearinghouse system and their relation to each other: 

 User interface - The user interface allows users to specify a search . The user 

interface also manages descriptive information which cannot be automatically 

gathered  

 Descriptive data maintenance – A logical element ensuring that edits to information 

remain consistent with the ontology 

 Search and discover – Translates human readable texts into a formal query language 

and can pass these to a query executor. Results of the query executor are 

transformed again into human readable text 

                                            

17http://inspire.jrc.ec.europa.eu/ 

http://inspire.jrc.ec.europa.eu/
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 Ontology – The logical engine that keeps track of (the consistency) of interlinked 

ontologies and provides a reasoning engine (JENA18) for those ontologies  

 Triplet store – Trees4Future ontologies are stored in a triplet store. Multiple triplet 

store implementations are readily available (such as OWLIM19 and VIRTUOSO20). 

Based on the extensive experience of the European Environment Agency (EEA) with 

their Semantic Data Service21 the VIRTUOSO implementation is most likely for the 

T4F Clearinghouse 

 Catalogue harvester – Automatically gathers descriptive information from a number 

of meta-data catalogues and converts these into triplets 

 External catalogues – The clearinghouse automatically copies information from 

external catalogues if they support standard interfaces (such as CSW22 and OAI-

PMH23). During the inventory we found a number of catalogues that use: GI-Cat24 

(usage inspired by the EUROGEOSS25 project), GeoNetwork26 and eLab27. The first 

two support standard interfaces. eLab is a querying tool on top of a number of 

databases created within the EU project EVOLTREE28. In its current state, 

information cannot be copied automatically from eLab   

 External ontologies– External ontologies are linked to the Common Reference 

Framework and can be used as an integral part for automatic reasoning. SKOS, 

OpenGIS and AGROVOC are existing external ontologies that are candidates that are 

likely to be linked to the clearinghouse ontology (see paragraph 3.4). 

 

                                            

18http://jena.apache.org/ 
19http://www.ontotext.com/owlim 
20http://virtuoso.openlinksw.com 
21http://www.eea.europa.eu/data-and-maps/daviz/sds 
22http://www.opengeospatial.org/standards/cat 
23http://www.openarchives.org/pmh/ 
24http://essi-lab.eu/cgi-bin/twiki/view/GIcat 
25http://www.eurogeoss.eu/ 
26http://geonetwork-opensource.org/ 
27http://www.evoltree.eu/index.php/elab 
28http://www.evoltree.eu/ 

http://jena.apache.org/
http://www.ontotext.com/owlim
http://virtuoso.openlinksw.com/
http://www.eea.europa.eu/data-and-maps/daviz/sds
http://www.opengeospatial.org/standards/cat
http://www.openarchives.org/pmh/
http://essi-lab.eu/cgi-bin/twiki/view/GIcat
http://www.eurogeoss.eu/
http://geonetwork-opensource.org/
http://www.evoltree.eu/index.php/elab
http://www.evoltree.eu/
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Figure 11 – Clearinghouse system architecture.  
 
Each box represents an element within the system. The arrows between the elements indicate the 
communication direction between the elements. The User Interface resides at the client’s computer, 
while all others are located on servers: the blue rectangles on the clearinghouse server and the green ones 
on external servers. External ontologies use the standardised ‘owl’ scheme facilitating the formation of a 
modular ontology. 

 

5. Next steps 

During the annual meeting (November 20-22, 2012) the current status of the design and 

development of the Clearinghouse were presented and a route for further development 

was established. This has led to the following : 

Short term (2013): 

 Setup the Clearinghouse infrastructure to support the model chain run from WP10 (see 

use case 1, paragraph 2.2); 

o Models will exchange spatial data via NETCDF29 

o intermediate results will be stored (in NETCDF) at the WP9 server(s) 

 Build a first prototype supporting one model from the WP10 model framework. 

o The FORGEM model will be taken as subject  as this model requires both spatial 

and genetic data and will thus reveal functional and technical issues from both 

sides 

o Finalize the inventory of data sources and required metadata. 

Currently identified required datasets and their location of origin are: 

                                            

29http://www.opengeospatial.org/standards/netcdf 

http://www.opengeospatial.org/standards/netcdf
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 Climate data from CCAFS and ENSEMBLES web portal 

 Soil- and tree data from JRC web portal. At this stage it is not clear 

whether the actual data can be found at these website, or that we need 

to contact specific JRC individuals; 

 tree species map from EFI website 

 eLab trait data. This data can be provided by WP1 in tabular format 

 standardized model output datasets (e.g. output sets of FORGEM as 

possible input for ORCHIDEE) 

o Collect or generate required datasets and develop the required metadata if not 

yet available 

o Develop required services to serve data, metadata and maps 

o Integrate data and developed services into the Clearinghouse. Where necessary  

Long term (after 2013): 

 Build on the first prototype to support the full WP10 model chain and possible other 

use cases. 

 Future versions might use ontologies to (automatically) restructure tabular genetic 

data 

 Explore possible links to the FP7 Tatoo project30 which seems to have conceptual and 

maybe even technical overlap with the clearinghouse as presented in this deliverable 

It was (again) stated that the range of short and longer term activities will inevitably 

require input from WP1 (e.g. provision of genetic datasets, standardized metadata and 

services) and WP10 (provision of models, datasets and metadata). 
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7. Annex 1, Inventory of relevant sources 

Name Description 

Darwin Core31 Includes a glossary of terms intended to facilitate the 
sharing of information about biological diversity. 

Forestry terminology32 Reference to many vocabularies, thesauri, glossaries, 
etc. from many sources such as CABI, CBD, FAO, 
BOKU, IUFRO, INBAR, UNEP, UNFCCC, ICRAF. 

Global network for forest science 
cooperation33 

Terms in different languages and subject fields 

Open biological and biomedical 
ontologies34 

Science based ontologies and services to facilitate 
biological ontology development 

A list of trees and shrubs by taxonomic 
family35 

Wikipedia list of ‘specific notable’ trees 

National centre for biotechnology 
information36 

Provides broad access to biomedical and genomic 
information (e.g. databases, tools) 

FORGEM model37 FORGEM is a spatially explicit, individual tree model 
on genetics, ecology and management of forests 
(hundreds of parameters) 38. 

ORCHIDEE model39 ORganizing Carbon and Hydrology in Dynamic 
EcosystEms(400input, 100 output parameters. 
Ontology is under development). 

EFISCEN model (Nabuurs et.al., 2010) EFISCEN is a forest resource projection model. It is 
used to gain insight into the future development of 
European forests (Uses ‘Open biological and 
biomedical ontologies’) 

INSPIRE40 INSPIRE is based on the infrastructures for spatial 
information established and operated by the 27 

                                            

31http://rs.tdwg.org/dwc/index.htm 

32
http://www.fao.org/forestry/terminology/25213/en/ 

33http://www.iufro.org/science/special/silvavoc/silvaterm/query-silvaterm-database/ 
34http://www.obofoundry.org/ 
35http://en.wikipedia.org/wiki/List_of_trees_and_shrubs_by_taxonomic_family 
36http://www.ncbi.nlm.nih.gov/ 
37http://vle-models.wur.nl/wiki/index.php/ForGEM 
38http://vle-models.wur.nl/wiki/index.php/ForGEM_Parameters 
39http://orchidee.ipsl.jussieu.fr/ 
40http://inspire.jrc.ec.europa.eu/ 
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http://www.fao.org/forestry/terminology/25213/en/
http://www.iufro.org/science/special/silvavoc/silvaterm/query-silvaterm-database/
http://www.obofoundry.org/
http://en.wikipedia.org/wiki/List_of_trees_and_shrubs_by_taxonomic_family
http://www.ncbi.nlm.nih.gov/
http://vle-models.wur.nl/wiki/index.php/ForGEM
http://vle-models.wur.nl/wiki/index.php/ForGEM_Parameters
http://orchidee.ipsl.jussieu.fr/
http://inspire.jrc.ec.europa.eu/
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Member States of the European Union. The Directive 
addresses 34 spatial data themes needed for 
environmental applications. 

Solid earth and Environment GRID41 “transparent access” to data and knowledge about 
the earth, and the available and potential 
technologies offered by the grid that enhance our 
ability to explore for and manage our natural and 
mineral resources 

Forestry Controlled Vocabulary42 A (textual) controlled vocabulary for forestry, aimed 
at indexing and retrieval of forestry related literature 

Taxonomy of Trees Under development atAlterra, MartJan Schelhaas 

Forest Europe glossary43 An (HTML / webpage) forest vocabulary 

Terms and definitions44 FAO, terms and definitions applied in the country 
reporting process for the Global Forest Resources 
Assessment 2010 (FRA 2010)  

Eurostat concepts and definitions45 Eurostat, broad set of glossaries, among others 
Agriculture and Fisheries (incl. forestry) 

Simple Knowledge Organization System 
(SKOS)4647 

provides a model for expressing the basic structure 
and content of concept schemes such as thesauri, 
classification schemes, subject heading lists, 
taxonomies, folksonomies, and other similar types of 
controlled vocabulary 

Agricultural Information Management 
Standards (AGROVOC)48 

The AGROVOC thesaurus contains more than 40 000 
concepts in up to 22 languages covering topics related 
to food, nutrition, agriculture, fisheries, forestry, 
environment and other related domains 

 

                                            

41http://def.seegrid.csiro.au/isotc211/iso19115/2003/extent/ 
42 Kenyon, C.M., Mitchell, W.J., Forestry Controlled Vocabulary: A Vocabulary for Indexing and 
Retrieving Forestry Literature, U.S. Department of Agriculture, Forest Service, Technical 
Information Office, 1976 
43http://www.foresteurope.org/eng/Press/Glossary/Glossary/ 
44http://www.fao.org/docrep/014/am665e/am665e00.pdf 
45http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL_GLOSSA
RY&StrNom=CODED2&StrLanguageCode=EN 
46http://www.w3.org/2004/02/skos/ 
47http://www.w3.org/TR/skos-primer/ 
48http://aims.fao.org/standards/agrovoc/about 

http://def.seegrid.csiro.au/isotc211/iso19115/2003/extent/
http://www.foresteurope.org/eng/Press/Glossary/Glossary/
http://www.fao.org/docrep/014/am665e/am665e00.pdf
http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL_GLOSSARY&StrNom=CODED2&StrLanguageCode=EN
http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL_GLOSSARY&StrNom=CODED2&StrLanguageCode=EN
http://www.w3.org/2004/02/skos/
http://www.w3.org/TR/skos-primer/
http://aims.fao.org/standards/agrovoc/about
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8. Annex 2, Common Reference Framework ontology  

 

The following listing shows the ontology of the Common Reference Framework in the 

Resource Description Format (RDF) : 

 

<?xml version="1.0"?> 

<rdf:RDF 

    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

    xmlns:owl="http://www.w3.org/2002/07/owl#" 

    xmlns:dc="http://purl.org/dc/elements/1.1/" 

    xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 

    xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 

    xmlns="http://cgi-systems.nl/T4F/model#" 

  xml:base="http://cgi-systems.nl/T4F/model"> 

  <owl:Ontology rdf:about=""> 

    <dc:description rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Ontology created to support search in clearinghouse for project 

Trees4Future</dc:description> 

    <dc:creator rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Elisabeth Verhelst Alterra (part of Stichting DLO), Wageningen-

UR</dc:creator> 

    <owl:versionInfo rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Version 0.1 simplified version to verify basic working. 

</owl:versionInfo> 

  </owl:Ontology> 

  <owl:Class rdf:ID="InitialSnowAlbedo"> 

    <rdfs:subClassOf> 

      <owl:Class rdf:ID="Albedo"/> 

    </rdfs:subClassOf> 

  </owl:Class> 

  <owl:Class rdf:ID="Model"> 

    <rdfs:subClassOf rdf:resource="http://www.w3.org/2002/07/owl#Thing"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Parameter"/> 

  <owl:Class rdf:ID="NearInfraredAlbedo"> 

    <rdfs:subClassOf> 

      <owl:Class rdf:about="#Albedo"/> 

    </rdfs:subClassOf> 

  </owl:Class> 

  <owl:Class rdf:about="#Albedo"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Concentration"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Pressure"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 
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  </owl:Class> 

  <owl:Class rdf:ID="Humidity"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Irradiance"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Height"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="VisibleLeafAlbedo"> 

    <rdfs:subClassOf rdf:resource="#Albedo"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Thickness"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="Rate"> 

    <rdfs:subClassOf rdf:resource="#Parameter"/> 

  </owl:Class> 

  <owl:Class rdf:ID="DataFile"/> 

  <owl:ObjectProperty rdf:ID="hasParameter"> 

    <rdfs:range rdf:resource="#Parameter"/> 

    <rdfs:domain rdf:resource="#Model"/> 

  </owl:ObjectProperty> 

  <owl:ObjectProperty rdf:ID="hasUnit"> 

    <rdfs:range rdf:resource="http://www.wurvoc.org/vocabularies/om-

1.8/Unit_of_measure"/> 

    <rdfs:domain rdf:resource="#Parameter"/> 

  </owl:ObjectProperty> 

  <rdf:Property rdf:about="http://purl.org/dc/elements/1.1/creator"> 

    <rdfs:isDefinedBy rdf:resource="http://www.w3.org/2000/01/rdf-

schema#"/> 

    <rdfs:label>comment</rdfs:label> 

    <rdfs:comment>A description of the subject resource.</rdfs:comment> 

    <rdfs:domain rdf:resource="http://www.w3.org/2000/01/rdf-

schema#Resource"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2000/01/rdf-

schema#Literal"/> 

    <rdf:type 

rdf:resource="http://www.w3.org/2002/07/owl#AnnotationProperty"/> 

  </rdf:Property> 

  <rdf:Property rdf:about="http://purl.org/dc/elements/1.1/description"> 

    <rdfs:isDefinedBy rdf:resource="http://www.w3.org/2000/01/rdf-

schema#"/> 

    <rdfs:label>comment</rdfs:label> 

    <rdfs:comment>A description of the subject resource.</rdfs:comment> 

    <rdfs:domain rdf:resource="http://www.w3.org/2000/01/rdf-

schema#Resource"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2000/01/rdf-

schema#Literal"/> 

    <rdf:type 

rdf:resource="http://www.w3.org/2002/07/owl#AnnotationProperty"/> 
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  </rdf:Property> 

  <owl:DatatypeProperty rdf:ID="hasRange_min"> 

    <rdfs:domain rdf:resource="#Parameter"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/> 

    <rdfs:label rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >range min</rdfs:label> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasPrecision"> 

    <rdfs:domain rdf:resource="#Parameter"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#int"/> 

    <rdfs:label rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >precision</rdfs:label> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasMetadataID"> 

    <rdfs:domain rdf:resource="#DataFile"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasRange_max"> 

    <rdfs:domain rdf:resource="#Parameter"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/> 

    <rdfs:label rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >range max</rdfs:label> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasReference_point"> 

    <rdfs:domain rdf:resource="#Parameter"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#float"/> 

    <rdfs:label rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >reference point</rdfs:label> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasSpecification"> 

    <rdfs:domain rdf:resource="#Parameter"/> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/> 

    <rdfs:label rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >specification</rdfs:label> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="outputParameter"> 

    <rdfs:comment rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Value false = input parameter ; value true = output 

parameter</rdfs:comment> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#boolean"/> 

    <rdfs:domain rdf:resource="#Parameter"/> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasValue"> 

    <rdfs:domain rdf:resource="#Parameter"/> 

  </owl:DatatypeProperty> 

  <owl:DatatypeProperty rdf:ID="hasName"> 

    <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/> 

    <rdfs:domain> 

      <owl:Class> 

        <owl:unionOf rdf:parseType="Collection"> 

          <owl:Class rdf:about="#Model"/> 

          <owl:Class rdf:about="#Parameter"/> 
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          <owl:Class rdf:about="#DataFile"/> 

        </owl:unionOf> 

      </owl:Class> 

    </rdfs:domain> 

  </owl:DatatypeProperty> 

  <DataFile rdf:ID="Bodemkaart"> 

    <hasMetadataID rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >123456789ABC</hasMetadataID> 

    <hasName rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Bodemkaart</hasName> 

  </DataFile> 

  <Parameter rdf:ID="Parameter_1"/> 

  <Model rdf:ID="FORGEM"/> 

  <Model rdf:ID="EFISCEN"/> 

  <Model rdf:ID="Orchidee"/> 

  <Rate rdf:ID="Rate_1"> 

    <hasSpecification 

rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Maximum rate of Rubp regeneration  </hasSpecification> 

  </Rate> 

  <Model rdf:ID="DGEM"> 

    <hasParameter> 

      <Concentration rdf:ID="Concentration_1"> 

        <hasSpecification 

rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

        >CO2 internal leaf</hasSpecification> 

        <hasSpecification 

rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

        >atmospheric</hasSpecification> 

      </Concentration> 

    </hasParameter> 

    <hasParameter> 

      <Humidity rdf:ID="Humidity_1"> 

        <outputParameter 

rdf:datatype="http://www.w3.org/2001/XMLSchema#boolean" 

        >false</outputParameter> 

        <hasSpecification 

rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

        >air</hasSpecification> 

      </Humidity> 

    </hasParameter> 

    <hasName rdf:datatype="http://www.w3.org/2001/XMLSchema#string" 

    >Daily Gas Exchange Model</hasName> 

  </Model> 

</rdf:RDF> 

 

<!-- --> 
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