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Abstract 
Natural and cultural resource management has been widely promoted in recent years as an approach for pursuing biological conservation, cultural development and socioeconomic objectives. Parks are natural providers of such resources, due to the activities of periodical observations of species in their territory and of inventories of cultural heritage within its boundaries. However, the management and the exploitation of natural and cultural resources is often critical, due to the difficulty of collecting data in a standard and interoperable form and integrating it with other available information. This paper presents an approach to address the issue of natural and cultural data management to solve the problems of data heterogeneity, standard consistency and lack of a common data repository. In this paper, we firstly define a model to represent natural and cultural data according to specific international standards, and then we show how the resources of the Alpi Marittime Natural Park can be mapped onto it through the model. Finally, we report how we implemented and used the model in a real application in order to demonstrate the potential of our approach.
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1.1 Introduction 
The INSPIRE Directive (2007) recommends that all territorial data have to be stored, made available and archived at an appropriate level. At the same time it tackles the issue of meta documented evidence: EU Member States must provide metadata that are defined as the «information describing spatial data sets and spatial data services» (European Parliament 2007) and making it possible to discover, collect and use such data and services. The data collected must be networked to provide research, consulting and conversion services, and services for data download. These should respectively allow researchers to create, view, download and convert datasets to achieve interoperability.
Data diffusion theme is currently widely discussed both in literature and in practical terms: in Italy, the earliest COD (Digital Administration Code 2005), addresses the issue of the availability of public data without referring directly to the concept of Open Data. Later this concept was treated in a dedicated Handbook (FormezPA 2011) as «data that can be freely used, reused and redistributed, with the only limitation being the owner authorization that is required for redistribution without substantial changes» (Open Knowledge Foundation 2012).

This theme is in fact strictly interconnected with the White House document (Obama 2009). This refers to Open Government concepts that redefine the relationship between public bodies and citizens. It shifts the focus of the relationship-oriented approach to the provision of services. Citizens become a recipient of the services provided by the administration, and the service is based on a real collaborative process, in which citizens participate in government decisions. The three fundamental elements then become «Availability and Access», «Reuse and Redistribution», «Universal Participation». These principles are applicable to different types of data, related to «transport, environment, weather, statistics, finance, science, culture» (Open Knowledge Foundation 2012).
On a European scale the communication of 2010 (European Commission 2010) intends to work towards the realization of a digital single market. The objectives of the Digital Agenda range from interoperability to the promotion of the web, from literacy towards digital themes and data transparency. From the above, the following question needs to be considered: what operational decisions are necessary for the data management of local authorities and territorial bodies that manage information?
In the national and international scene there are many examples of spatial data management. However, the most common and "classic" applications (Stefanini 2006) are those related to environment and land use, designed for descriptive monitoring and control of information. Examples also exist for emergency services, with applications to civil protection and natural disasters; transport, roads and traffic services which are provided on a regional basis by local bodies. At the same time scientific literature (Castagnoli et al. 2012; Goodchild 2010; Wright 2012) is working hard toward webgis and open themes as previously stated. 

This paper looks to respond to the issues of data management and dissemination from an operational point of view, by analyzing the situation of a cross-border area (Parco Naturale delle Alpi Marittime and Parc National du Mercantour) and proposing a model both for the data organization and the information dissemination.
The paper is organized as follows: the first two paragraphs introduce the fields of the article and in particular underline territorial and thematic context that deal with existing cultural and natural data, about their structure and typology in a cross-border area. 
The analysis of these data are primarily on the documentary research and the direct use of information for management activities currently in use in the area.
The most important aspect of this work is related to the possibility of public bodies, in this case of a natural park, to interface with different types of data that can be public, with free consultation, or with a restricted use for researchers. The main objective of this work is expressed in the possibility of identifying the methodologies which allow, on the one hand an analysis of existing databases and, on the other hand, the creation of models for reading and organizing information.
The third part deals with operative solutions for management and proposes a model for data organization and relationships. The motivation for this work, and this paper, is to align data that are different, not only for the theme they refer to, but also for technical organization and representation.
In the fourth part the model previously suggested is used to develop a pilot case in terms of cultural resources organization and representation in the area of Marittime Alps. This suggestion, if accessible to the public, could be very useful.  It could organize different types of data in the same location and this data could be exploited by both researchers and public users.
Finally this article introduces the expected output of this work: the implementation of a web source, able to collate and store natural and cultural information. 

At this point this contribution shows the importance of research to develop not only theoretical models, but also data organization for various users.
1.2
The “Projets Intégrés Transfrontaliers Marittime Mercantour” 

The “Projets Intégrés Transfrontaliers” (PIT), are based on the line guides of the European Cross border co-operation program Latin Alps-ALCOTRA 2007-2013. These plans consist of a set of individual cooperation projects involving different sectors and themes, having a shared goal of economic and social development of a specific cross - border territory (European Union, 2010). The project tackled with this contribution is just related with this program and in particular with the “PIT Marittime Mercantour” that involves many partners and two parks as lead partners, Parco Naturale Alpi Marittime (PNAM) and Parc National du Mercantour (PNM), in a cross-border area between Italy and France (see Figure 1).
This preamble is due to introduce the main theme of the project “Knowledge of the natural heritage and biodiversity: the Comprehensive Biological Inventory” that deals with the collection information on habitat. 

[Figure 1 here]
This action has as specific objectives: cataloguing species living in the territory; defining protocols and research methodologies for future monitoring; creating a network of collaboration and exchange of information among researchers; creating a website; publications, conferences, meetings, educational and media events to awaken public opinion to the richness of biodiversity and the role of research.
This paper is connected with the first goal and in particular about the collection, the analysis, the storage and the organization of an environmental database for the lead partners.

1.3
Resources of the Parco Naturale delle Alpi Marittime (PNAM)
The data of interest for a Natural Park are mainly of two types, i.e., cultural and natural data. The cultural data contain information about the historical and cultural heritage aimed at plan a correct management and conservation, while natural data contain information on observed species to monitor the biodiversity in its area. In the following part are described, the main resources containing cultural and natural data available for the PNAM. 
1.3.1
Cultural resources

The study about cultural heritage available for the PNAM begins with an analysis of cultural database and on-line cartography. There are limited public resources available on the Park’s area (just several reports about churches of the main settlements and some buildings of particular artistic value), so the study has been integrated and completed with more specific information, and the resources owned by the Park are analyzed. 
About public cultural resources unfortunately, the amount of free data is heterogeneous and too small; however, it demonstrates the number of buildings in the PIT territory. 
The three main free databases analyzed are:

· Environmental and Cultural Heritage SITA- Architectural heritage and urban and archaeological heritage; this database belongs to SITAD (Geographical and Environmental Information System of the public institution) which identifies and catalogs the environmental assets and the architectural and archaeological heritage of Piedmont from a study conducted by Giampiero Vigliano, teacher of the Politecnico of Turin;

· Government department responsible for architectural heritage and landscape, protection measures database; this database collects information about cultural heritage of historic and artistic interest or buildings subject to indirect measures of protection in the Piedmont district;

· Province of Cuneo, Historical Centres and Cultural Heritage; this database collects data and information relating to the classification and structure of the Province of Cuneo Historical Settlement. 
In these catalogues are collected buildings data of particular historic and artistic interest or with indirect measures of protection. The information used is heterogeneous, incomplete and different by type, authority and control. The goal of this first step is to realize a database that provides an integrated simple model to represent the information collected from different sources. This new database contains the following field categories:
· building identification: serial code, building’s code, etc.;
· building’s collocation: country, district, municipality, settlement, address;
· cultural heritage’s type: category, specific category and type, name;
· chronological period;

· alternative naming: name reads from IGM cartography, CTR cartography, territorial landscape plan, book “Atlante Castellano” and from other sources;
· compilation information: author, date, sources;

· images.

1.3.2
Private cultural resources 
All the private resources of the Park are constituted by a paper collection containing the information about buildings existing in the Park in the year 2004. This collection consist of six books that contain information about rural buildings (isolated houses or settlements), shelters and bivouacs within the municipalities of Valdieri, Entracque and, in part, Aisone that are some of the municipalities of the Park. Each paper has a map (CTR, regional technical map) and identifies the buildings; they are organized into different parts:

· data concerning the author of the paper collection (author and date of the compilation); 
· building’s collocation (municipality, address, etc.);

· cadastral data (particle number and sheet, area, etc.);

· description;

· state of preservation and materials;

· characteristic elements of the building;

· owner and restrictions;

· infrastructure resources.
The heterogeneity of the data make difficult their organization and their management in a common and shared data model. So, according with the final aim of data collection and management of the project, the information in this paper collection was digitalized by building a database containing all the information reported in each record card.
1.3.3
Natural resources

The most important natural resources of the Park are the ones created and managed from the ordinary activities of naturalistic observations of the Park itself. Also a set of public resources containing information about the territory under the PNAM  management are available, we focus our analysis only on the private data, since the first interest of the Park is to exploit and organize its own data.
Natural data coming from the Park activities are collected either in tables (Microsoft Excel files) or in relational databases (Microsoft Access files). The high heterogeneity in both the structure and the meaning of these data make very difficult their organization. Furthermore, the geographical reference system is not always coherent from a resource to another, thus raising the problem of spatial integration. 

An example of the high heterogeneity of resources is shown in Table 2. The first column reports the fields stored for the chamois observations, the second the fields of the marmot observations and the third the fields of the blackbird observations. Since the three species are very different, they have a lot of specific fields due to the different information that is needed to be stored for the three species. The most critical thing is that even the information that has the same meaning is stored differently, such as the date, the observer and the geographical localization of the observation. To allow profitable exploitation and integration of such information, these resources need to be reorganized in a common model for consistency.
[Table 1 here]
1.4
Integrated model for storing natural and cultural observations
In order to solve the problems of data heterogeneity, standard consistency and lack of a common data repository, we first define a model to represent natural and cultural data according to the standards, and then we map each PNAM resource to make it consistent with this model. The standards that were considered for the development of our model are the followings.
1.4.1
Standard towards the model

INSPIRE Directive. With the European Directive 2007/2/EC (May 2007), the INSPIRE (Infrastructure for Spatial Information in Europe) Directive comes into force establishing an infrastructure of geographic data to support environmental activities that have impacts on the environment of the Member States. In particular, the directive wants to ensure compatibility and usability of geographic information in different territorial contexts through the use of metadata, specific of data, sharing and monitoring of data. Specifically, it is explicit that the datum for the reference coordinates systems must be the European Terrestrial Reference System 1989 (ETRS89) or the International coordinate system (ITRS) or other geodetic coordinate system conforms to the ITRS.

Dublin Core. The Dublin Core Metadata, developed from the Metadata Workshop in March 1995 (sponsored by Online Computer Library Center (OCLC) and the National Center for Supercomputing Applications (NCSA)) is a standard description of electronic resources and it consists, originally, of 15 descriptive elements: title, creator, subject and keywords, description, publisher, other contributor, date, resource type, size, resource identifier, source, language, relation, coverage and rights management. It allows you to realize directly, in a standardized way, the description of the resources available on-line without any mediation. 

ICCD. The Central Institute for Cataloguing and Documentation (ICCD) defines the standards and the instruments for cataloguing cultural heritage, specifically for the archaeological, architectural, environmental, historical, artistic and ethno-anthropological area. In particular, cataloging standards. The cataloging standards provide a set of control tools (dictionaries, lists of values) and a set of rules that allow to catalog the data according to standard criteria and shared at the national level. This is an important aspect that allows the exchange of information between different people.

Darwin core and ABCD. Among the standard for the exchange of biodiversity data, there are two of main importance, cited by the Taxonomic Databases Working Group (TDWG): Darwin Core and ABCD (Access to Biological Collections Data). The Darwin Core is an international standard for representing and exchanging information on biological collections and their geographical position. Each element of the collection is characterized by temporal, taxonomic, biological, and geographical descriptors. Fields of ABCD are similar to those of Darwin Core, and a mapping among them is possible 

1.4.2
Model definition
By considering the international standards, we identified the subset of fields applicable in the context of the PNAM natural and cultural observations. These fields were grouped based on their meaning and were arranged in an Entity-Relationship (ER) model, that is shown in Figure 2. The upper part of the diagram includes the classes that are used for representing the common information, such as the geographical localization and the observers, while the lower part contains the entity for representing the specific information of the natural or cultural data. 
The entities that represent the shared concepts are the following: 
Observation, i.e., an action of observing performed by an observer at a specific time in a specific location and at specific coordinates (if available), reported by a filler;

Localization, i.e., a high level indication of the geographical point in which the observations are taken;

Coordinates, i.e., the detailed coordinates in which the observations are taken; for each coordinates also the datum and the precision should be provided;
Personnel, i.e., the personal data regarding the people who work for the Park or can do the observations.
The Observation entity has two child classes, the Cultural Observation and the Naturalistic Observation, because each one is used to represent the information specific from its area. The entity needed to the cultural observation is the Estate that collects data about the cultural heritage analyzed; under it, a child entity of Immovable estate that stores all the specific information of cultural collections and arts inside the cultural heritage. The entities needed to represent the natural observation are the Detection and the Species. The Detection entity stores the information that are needed from each naturalistic observation, independently from the species. Then, for each species, a child entity of the Detection has to be created, to store the information specific from the species (that is not covered by the other entities). In the diagram, the fields needed for the blackbird observations are reported. 
This approach clearly highlights a flexible and extensible model. In fact, if observations of new species or different cultural estates have to be recorded, it is possible to create new entities as subclasses of the Detection or the Estate entity which automatically inherits all the attributes of the parent entity and all the relations with the existing entities. In this way the extensibility of the model is allowed without lack of standardization. 
 [Figure 2 here]
1.4.3
Model implementation and data storage
Once the model had been defined, it was implemented in a DBMS (DataBase Management Systems) to collect the PNAM resources. The choice of DBMS fell on PosgreSQL, which is one of the most widely used DBMS in the open source community, and can be installed on all major operating systems, including Windows, Linux and Mac OS X. The main strengths of PostgreSQL compared to other DBMS are: support for foreign keys (which are implemented with the bonds of dependence between fields in different tables), the ability to define views, and triggers, the transaction management and the availability of physical structures (indexes) to sort the data and speed up the search. The choice of PostgreSQL was mainly influenced by the possibility of using one of its extension called PostGIS, that allows the direct management of geographic data and the usage of spatial query and spatial indexing. It is also possible to access the layers stored in PostGIS through the main GIS software (e.g., QGIS). Finally, the availability of a graphical user interface (PgAdmin) for the management of the database makes it easy administration also to unskilled personnel. 
The implementation of the model was realized by executing SQL commands to create the schemas of the tables and the relations among them. As an example, we reported in Figure 3 the SQL code used to create the tables needed to store the naturalistic observations of the marmots in the Park area. Then, the data about observation collected by PNAM were imported in the specific tables.  Some screenshots of the resulting database are reported in Figure 4. More details on the model implementation and data storage can be found at the following website: http://dbdmg.polito.it/wordpress/people/giulia-bruno/material/.
[Figure 3 here]

[Figure 4 here]
For cultural resources, since they were on paper format, the insertion of data was done directly in the PosgreSQL database without importing them from other electronic sources. Moreover, according to create a common database with natural and cultural data, common informative categories have been provided. The data structure to collect all data coming from the paper collection contains a main table linked to other 39 values tables, as reported in Figure 5.
[Figure 5 here]

1.5
Exploitation of stored data 
In this section we show two exploitations of the developed database, one in the natural domain and the other in the cultural domain. 
1.5.1
Exploitation of natural data
For the natural domain, the main interest of the park is to visualize the observations of species in its area. By using the stored data, it is possible for example to answer to the following question: “How many marmots were observed in each zone of the park?”. To answer this question, two data sources are needed, one derived by the observation of marmots reported in Section 1.4.3 (“marmotte.localizzazione”) and one representing the zones in which the park is divided. This division (named “zonecam”) is in the form of a shapefile, that can be imported in the database thought the specific PostgreSQL interface. Once loaded in the database, it is treated as a public table, containing the geometry of each zone and accessible by each schema. 

To answer the query, there is the need of a function to compute the intersection between the geometry of each zone and each observation, to discover in which zone happened each observation. To this aim, the PostGIG ST_intersects function can be used. It takes in input two geometry attributes and returns a true value if they intersect and a false value if they do not intersect. Thus, it is possible to write the following query to answer the question:
SELECT  Z.Id, Z.Geometry, count (*) AS N_observations
FROM marmotte.localizzazione M, zonecam Z

WHERE ST_intersects(M.Geometry,  Z.Geometry)
GROUP BY Z.id,Z.Geometry
where “zonecam” is the table containing the Id and the Geometry of each zone, and “marmotte.localizzazione” is the table containing the Geometry of each marmot observation. The result of this query is a table containing for each zone the number of marmot observations done in this zone. Supposing to have 15 marmot observations done in 6 different zones, the result of this query can be displayed by using the Quantum Gis software, as reported in Figure 6.

[Figure 6 here]

1.5.2
Exploitation of cultural data
In the cultural domain, the cataloguing of cultural heritage is a fundamental operation to have the full knowledge and awareness of our territory, and identifying the location and the number of buildings is the first step on which set up actions for the conservation and monitoring of this historical testimony. 
By using only free public cultural resources, the available information that can be analyzed is limited. Figure 7 shows data available from the public cultural resources (the ones described in paragraphs 1.3.1) visualized through the arcGIS software, which allows to interrogate alphanumeric data related with the geographic information. Cultural heritage are localized divided according to the type (religious, military and rural).
[Figure 7 here]
As can be seen, the Park's area (in yellow) is not investigated in details. In fact only the main churches of the principle settlements (Sant'Anna di Valdieri and Terme di Valdieri) and some buildings of particular artistic value are reported. Consequently, it is necessary to integrate private resources with the public ones, so to have a complete and detailed situation about the localization of cultural heritage inside the protected area. 
In the private cultural data collected by the park and inserted in the database, 640 cultural heritage were identified, divided into 280 rural buildings (e.g., farms, isolated houses), 123 pastures, 107 religious buildings (e.g., churches, chapels, shrines), 60 votive tombstones, 53 military heritage (e.g., barracks, bunkers, shelters), and 17 camps. These building were identified and drawn on a cartographic basemap such as technical map (CTR), orthophotomaps and current cadastre. Then, with the join command, the geographic information on GIS are associated to the alphanumeric ones to create a Geographic Information System.
As can be seen in Figure 8, now the Park area presents much more details. 
[Figure 8 here]
Thanks to these results, we can make more detailed observations. In fact it appears that in the valley areas are concentrated rural buildings to form small settlements or villages including a church or a chapel, while in high mountainous areas are the majority of military heritage (bunker or lookouts placed in strategic positions for control of the territory) and pastures (now almost entirely abandoned) used by shepherds during the grazing cattle. 
Conclusions 
This research work is eminently practical and should be very useful to Parks authorities for parks management as it can facilitate regular and systematic organization of information. Furthermore, the present work can also be applied to the analysis, monitoring and research of cultural and natural data in the cross-border area Marittime – Mercantour.
These two aspects of management and research were the basis of the study that was developed with two types of consultation processes: a top - down process and a bottom – up process. In the top - down process information owned by the Maritime Alps Natural Park and other local authorities (Piedmont Region, Torino Province, CSI - Piedmont, etc.) is collected and shared; in the bottom – up process, on the basis of information gathered, a model is proposed for storing and processing data developed through the methodologies and technical tools described above. 

In this sense, using an open source tool, an organization of data has been proposed from the economic and temporal point of view, because it can be easily implemented. Furthermore, from the point of view of the contents, the same model could in fact be used both for natural and cultural data. This instrument, which would emerge as a useful tool for the two parks, would fit well in the current scenario of "OpenData" (Digital Agency for Italy, 2012) aimed at promoting transparency and accessibility to data. 

The relevance of this experimental model is due not only to the impact that it could have on the Alpi Marittime area, but also and especially to its flexibility. In this first experiment SiTI and Politecnico di Torino tested the model on the nature and culture domains, but it could also be implemented in other fields or with new data types (for example tourism or environmental management). This experiment is in fact also aligned with OpenData guide lines that incentivize open data access specifically in relation to the ability of diverse systems and organizations to work together (FormezPA, 2011).  The aim of this paper is in fact to underline flexibility of the model which enhance making data accessible to an extended public.
The results presented here are the final outputs of a cross-border Alcotra project, together with more transversal outcomes, principally the possibility for a public body to collect and manage data through the model described in this paper. 

A final outcome of the process could be the development of a shared Marittime - Mercantour web portal in which data are collected and managed; in the same interface users could visualize and interact both with information and with other users.
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