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Introduction

    This paper is presented to this GSDI7 Conference with the purpose to make a characterization of data concerning Spatial Data Infrastructures (SDIs) as conceived in the National Statistics, Geography and Informatics Institute of Mexico (INEGI). This view tries to extend to data produced by other national organizations in the government, academic and private sectors. So, the objective is to present an approach to characterize data, inclusive of geospatial data, and groups of data, aimed to clearly visualize their importance according to stratification levels, both in the interest of producers, as well as for users of geospatial information. The notion of Fundamental Data is placed in the context of spatial data infrastructures trying to set boundaries regarding standards to generate those data. In the general context, we elaborate on fundamental data, basic data and value added data as defined in a later time in this paper.
A Geospatial Data Definition

    To begin with, it seems necessary to have a clear understanding about geospatial data, realizing that though the notion is quite intuitive, the concept must be somewhat extended to have a thorough perception  of what the term really means in our geographic information world.

    A first general definition, from the Webster Dictionary says that data are things known or assumed; facts or figures from which conclusions can be inferred.
    One definition states that geospatial data are objects or entities abstracted from the real geographic space, corresponding to elements of nature and to elements as produced by human beings, or are numerical abstractions derived from the treatment of numbers related to those objects or entities. Their sine qua non characteristic is their spatial reference in two or three dimensions.
   It can be said that data are minimal or basic pieces of information, defined by a spatial location in a geographic reference frame and having at least an attribute for each piece. If we go a little further we may add that every piece of data has a topological relationship with respect to other nearby data.
   Another definition is that data is a series of facts or statements which could have been compiled, stored, processed, and/or manipulated, but which have not been organized or put into a predetermined context. When data are organized, they become information, which can be processed and used to draw generalized conclusions or knowledge. 

    One first remark about the above definitions is that we are dealing with abstractions and not with real objects or physical entities; these are as such located on or near a physical surface, the Earth for example. 

    Geospatial Data can be most varied and universal, from geographic objects or entities, to economic, demographic, scientific, statistical, or of any sort as long as they have a geographic location and can be described by their attributes. These data constitute the common property of a determined community; i.e., an organization, a city or populated area, a county or state, a region within a country or a whole country.
Geospatial Data and SDI

   With these remarks it is possible now to go a step ahead by linking geospatial data to SDIs. The definition for the Mexican NSDI  (IDEMEX by its acronym  in Spanish) is not much different from others; i.e., NSDIs are defined as the set of policies, technologies, standards and human resources needed for the effective compilation, organization, integration, retrieval, management and use of geospatial data and information in a determined environment.

    In the national level, common geospatial data should be defined through communitary agreements. In certain media they are known as data contributing to the constitution of the national information main frame, which can be much varied and extensive, cover several fields and be in different levels of detail and spatial coverage. Fundamental, Basic and Added Value Data as defined later are subsets of this general frame.

    The definition adopted for the Permanent Committee of the Spatial Data Infrastructure for the Americas (PCIDEA), states that the regional SDI is the set of fundamental geospatial data, the standards allowing for their integration, the mechanisms facilitating their access and use, the policies, and the principles ensuring their compatibility among the members of the Permanent Committee.
    In the case of the GSDI the definition is that the GSDI encompasses the policies, organizational remits, data, technologies, delivery mechanisms and financial and human resources  necessary to ensure  that those working  at the global and regional scale are not impeded in meeting their objectives.

    These definitions, from the conceptual point of view do not differ substantially from each other and show as a common denominator the notion of data, from which it is possible to affirm that the core subject of SDIs are data. 

    As connected with SDIs, fundamental data (or framework data) is the type of data generally spoken of in a context of data availability, access and dissemination. This is one of the main schemes about SDIs regarding their operative realm in terms of the relationship between fundamental data, standardized metadata for these fundamental data, and clearinghouses as centers for metadata discovery and distribution.

    Several organizations have launched and managed the concept of Data Catalogues and Fundamental Data as one of the main components of SDIs and have elaborated much about that, but perhaps without a thorough conceptualization and definition of data and their characteristics as shown in previous paragraphs in the context of proper SDIs, perhaps taking it for granted. We think much is left to imagination. After all, what is really Fundamental Data? What is the concept behind the notion?

There are several institutions at the federal level of government working with geospatial data in Mexico, but except for INEGI, all of them deal with data and information development regarding specific projects and programs related to their mission and objectives. In this context, every organization has its own interests and vision and for them fundamental data could be something different from those proposed.

    This has something to do with the concept of “fundamentalness”, which is somewhat elusive due to its subjective character. What are the levels of this “fundamentalness” anyway? Our proposal is to let everybody define their fundamental data, adding whatever data they consider necessary for their purposes, but agreeing on the minimal set, that which is required by the most of users. It seems necessary to know what data is available in the several national oganizations.
    The only way to know about data holdings  is to perform a general survey where every one declares what are the data they mostly uses for their purposes and with this information define the set we are looking after. We think the outcome will not be much different from that proposed in this paper, but certainly will set a justification to avail it among users. Actually, some general survey has been done among some producers in the government where the preliminary results point to a conformation as proposed, but still need to be more extensive to include besides the federal government institutions, those of the states and municipal governments, and the academic and private sectors. 

    Looking at the above questioning the INEGI has developed the idea to characterize data in terms of Fundamental, Basic and Added Value Data as related to our previous and current production schema, taking into account that we are in a national context of SDI development which has to deal with several national organizations, where INEGI has as a part to its mission to develop and integrate the National Geographic Information System (NGIS), as well as to provide for the best Public Geographic Information Service to all interested users in all sectors and levels. 

    The categorization in Fundamental, Basic and Added Value Data points to put some conceptual order in the wide field of data, where Basic and Added Value Data are integrated and structured Fundamental Data plus other data, in a scheme which tries to order and facilitate data integration, complementarity, the incorporation of data from diverse sources, allowing for updating and the fulfillment of requirements and capacities from the several data contributors. This includes the integration of distributed data bases and the necessary interoperability.

    For each one of the above data we try to adopt and issue a definition in terms of their characteristics. We would like to discuss on their organization and production, as well as the relationships among those three types of data. Actually, what we are after is an organization of data.
    Since SDIs deals with data, one has to know which kind of data this idea refers to. It seems that on consideration of data volume and possible complications regarding management they should be only those necessary for the most of applications of the majority of users, which leads to the idea of fundamental data.
Fundamental Data Sets 
    According to the definition given by PCIDEA, Fundamental Data is that data for which there is a basic necessity, having different degrees of coverage (local, national, regional, global); they are sets of geospatial data which constitute the foundation for the production of added value information, applications development and  the acquisition of other data; they are those data required by the great majority of users, having a widespread usability, constitute  the building blocks of any SDI, should be widely accessible and should be created and distributed under accepted standards. All of these remarks seem to be a rational approach to fundamental data characterization.

    The notion about fundamental data is intuitive; fundamental data are considered as a reality in a geospatial information environment, which result absolutely necessary and essential for geographic projects development, studies and geographic information systems, independently of the presence of other data. Consequently, Fundamental Data are those data without which it is impossible to construct logical, consistent, accurate, rational and interchangeable geographic information buildings. They should allow analysis and be capable of accepting the superimposition of groups of data of any sort, provided they comply with accepted standards and norms for Fundamental Data.

    The fundamental data set should include all geospatial data required for the conformation of the respective SDI, useful to a wide variety of users in several contexts, from the local up to the national, regional and global levels. In this context it must be realized that while applications of geospatial data are very ample, most users have a recurring need of just a few types of data. However in several instances these needs are not quite satisfied mostly because data is not known, nor their characteristics and access facilities and distribution. The result of these and other shortcomings is duplication and sometimes multiplication of efforts, dispersion of the information, lack or much uncontrolled standardization and high expenditure on the production of geospatial data. 

    To be of good usability, the set of fundamental data must be comprehensive, complete and quite dependable and trustworthy, To fulfill this goal a high proportion of cencertation and compromise must be arrived at among those interested, trying to came to proper terms and agreements as to the components and characterization of the set.

    Data “fundamentalness” should be previously defined, necessarily with the concourse of producers and users, giving due regard to the decision taking process in the end. In this context, the question for a determined community would be: What are the fundamental data of interest?  The answer is not a simple one; requires conceptualization regarding the problems to solve, their priorities, the considerations of communitary interests, and of the proper characteristics of the geospatial information as developed and to be developed.

    One of the main aspects associated to the fundamental data from the point of view of integration and optimal use is that they should be clearly seen and understood by all users without indeterminacies or conceptual ambiguities. This requires unique definitions regarding all and every piece of data. It is here where agreements among producer and users about terminology and use of metadata acquire special importance.
About categories of Fundamental Data

    Categories of Fundamental Data are rather limited and include only a few items. For example for the Global Map, there are only 8 categories of layers which can be considered as groups of fundamental data; i.e.,  




Transportation, 




Boundaries, 




Hydrography, 




Population Centers, 




Elevation, 




Vegetation, 




Land Cover,  




Land Use.
    In the case of the NSDI of the United States of America the framework includes 7 groups of data; 




Geodetic Control, 




Digital Orthoimagery, 




Elevation Data, 




Transportation, 




Hydrography, 




Governmental Units, 




Cadastral Data. 

   As reported in a non published short paper from Colombia, the majority of world initiatives consider 7 fundamental data layers: 




Geodetic Control, 




Cadastral, 




Administrative, 




Natural Environment, 




Transportation, 




Cultural Environment, 




Socioeconomic Data.

    In the case of Mexico we prefer to talk about groups of data, so our categories of Fundamental Data comprise: 




Group on geodetic references, 




Group on aerial photography and satellite imagery, 

Group on data about relief, including DEMs, 




Group on Hydrographic nets, 
Group on international, state and municipal, including, coastal boundaries, 




Group on Cadastral data, 




Group on Geographic Names data. 
   As it can be seen, there seems to be some differences in these categorizations, though not radical ones, which show that they actually respond to interests in each particular  instance, whether it is global, regional, national or local. Perhaps it is possible to state that data categorization is more general in the case of worldwide coverage and that it starts to become more particular as the scale increases up to the local level of coverage, or where the interest is more specific. 
    Being aware of the benefits coming from the great investment to generate data in several organizations, it becomes necessary to put some order in the organization of the different holdings to reduce duplications, enhance maintenance, facilitate interchange and upgrade the value of existing data as well as the value of new data to be produced. To achieve this there should be a compromise between the needs of the geospatial data community to properly priorize and order them.

The Mexican Fundamental Data Group
    Let us briefly describe each one of these categories as used in INEGI.

Geodetic data. Is really the main frame for all geographic information by providing in a systematic and orderly fashion reference positioning to all geospatial data. Geodetic data as presently used in INEGI is represented by the reference frame, the ITRF92, Epoch 1988.0 linked to the GRS80, which replaced the NAD27. The system encompasses the continuous operation of 15 GPS permanent stations distributed along the country conforming the so named Active Geodetic Net, so any survey mark in Mexico can be referred to at least two of these stations. In addition, more than 60,000 permanent new marks, conforming the Passive Geodetic Net have been established so far. There is also a Vertical net in process of redefinition, and a gravity net. This is a fundamental system of geodetic data and so it has been officially defined.

Images. Geodesy and images have been so far the prime and basic input for the development of Geographic information and cartography. The most important imagery have been aerial photography taken at the main scale of 1:75,000 for the 1:50,000 scale topographic mapping of the country in a series covering the whole country with about 2400 sheets. This mapping has provided data to build smaller topographic scales as the ones on 1:250,000 and 1:1,000,000. 
    The use then has been on the photogrammetric side, though intensive use has been also in the natural resources mapping by using photointerpretation techniques for geology, land use and vegetation, soils mapping, land use capability and hydrology. INEGI has been going since 1993 through a revision programme of all its mapping converting it from analog to digital format, where new aerial digital photography is used to develop orthophotoimagery at the scale of 1:20,000 with a resolution of 1.5 and 2.0 meters, which is used for updating purposes and to support cadastral surveys, one of the main tasks of INEGI in the rural areas. On the other hand, digitized aerial photography is being used to develop 50 meters resolution DEMs, products of a very high demand among users. 

    With the advent of satellite imagery of different sorts used extensively at the present time in connection with cartography updating and support to GIS development, imagery is with no doubt a fundamental system of data. 
Elevation and Hydrography. There is some internal discussion going on over the relationship between elevation and hydrography if for example the argument that hydrography courses are naturally present and well defined in digital elevation models is accepted, so there is a tendency at INEGI to categorize DEMs as fundamental data items regarding elevation and hydrography. 

   However, in this last instance, some ambiguous definitions on water courses can arise when DEMs have not enough resolution in low, flat lands. Perhaps the best is to refer to a system of heights which could comprise all sorts of information on heights coming from former contours, spot or photogrammetric heights, or GPS elevation points when corrected to be orthometric.
   The next three categories of Fundamental Data are included, first because of their own value as such and also because they are specifically defined in our Statistical and Geographic Information Law in terms of the mandate to develop a registry system for each one; that is, a Geographic Information Registry on Boundaries, Cadastral and Geographic Names data.

Boundaries. They conform the national geographic framework related to administrative units, including the whole country, state and municipal limits, up to the level of geostatistical basic areas (AGEB by their acronym in Spanish), both in the rural and urban context. In the conceptual these data define what may be called the containing spaces of all data; so for example, Mexican data is contained in a delimited space named Mexico. AGEBs conform a subdivision designed to deal with census and socioeconomic data and information purposes. Except for the national context the limits of these areas closely follow the political-administrative boundaries when practicable, as there are problems with their definition, coming in several cases from metes and bounds descriptions from the times of the Colony. As early mentioned the Law establishes the obligation to develop a National Boundaries Register.
    In this category of fundamental data populated centers (urban AGEBs) and specifically defined protected environmental areas are included.
Cadastral.  Cadastral surveys are an important source of data. Independently of other previous efforts, INEGI  is involved in the surveying of about 102 million hectares of land across Mexico (a little over half the country) with the purpose to guarantee property rights regarding what we call the social property. More than 80% has been completed since 1993, generating digital information through direct GPS and total stations, as well as indirect photogrammetric surveys.
    The aforementioned Law on Statistical and Geographic Information states that a National Registry of Cadaster Data should be implanted, including both rural and urban cadaster through the municipalities. Future plans for the cadastral activity include going to the multifinalitary or multy-purpose cadastre.
Geographic Names Data. It is difficult to conceive any map without names, so the notion of “fundamentalness” of this category appears justified enough. Geographic names are essential elements for communications, the processes of sustainable socioeconomical development to which they should be attached, and as a cultural asset in every country. As with the other two groups, Geographic Names are the subject of a National Registry, under the condition that they should be previously normalized.
    There is still some argument going on in connection with transportation data regarding its “fundamentalness” which will be included later on among the next group of Basic Data. There is as well some thought being given to the inclusion or not of  vegetation and planimetric features data, or leave these to be among the Basic Data Group as indicated in the next paragraph.
Basic Data Group
    This group constitutes what may be called the data infrastructure of national extent; complement fundamental data up to the level where they can conform groups of complete integrated data and information as a platform for any specific theme. In this context they are sets of fundamental data with perhaps some other data added. These Basic Data comprise as developed by INEGI the following groups:





Group on geostatiscal data,





Group on Natural Resources Data 




Group on Transportation and Planimetric Features Data 
    Fundamental Data is mainly the responsibility of INEGI for their production and/or compilation, except for satellite imagery, urban cadastre, and boundaries. For example, information about international, state and municipal  boundaries, including the Exclusive Economical Zone must be compiled from other sources. 
   In the case of Basic Data the responsibility can be shared between INEGI and other organizations. This is due to the fact that while INEGI is by the Statistics and Geographic Information Law the leading national organization in charge of coordination and normalization of geographic information, other institutions in the government sector are entitled also by law to generate geographic information regarding their objectives and functions. 

   As an example of the above remarks, in the case of transportation data, while features con be extracted from imagery and certain characteristics must be collected in the field, other related information must be compiled by INEGI from the Secretariat of Communications and Transportation. 
    This is also true for natural resources information. Data about geology, land use, vegetation and environment is generated both at INEGI as a basic, prime frame, including the free transference of fundamental data, while several other institutions go to a further detail, as the National Council of Mineral Resources and the Secretariat of Environment and Natural Resources (SEMARNAT by its acronym in Spanish) through formal agreements signed with them. These are examples of coordination among institutions and of the generation and use of fundamental and basic data, as well as of the relationship between these two groups of data.
Added Value Data Group
   This group constitutes what may be called the specific data structure, additional to fundamental and basic data. These data are of a very specific interest for a wide spectra of producers and users. They can be in a sectorial, regional, state, municipal or local context. Added value data are integrated by fundamental and basic data plus some other specific data and could meet several purposes in fields as education, tourism, natural disasters, land use capability, and a whole set of applications which can be ascribed to the wide field of GIS. 
    The responsibility for the generation of added value data lies with federal departments, organisms or institutes, state and municipal governments, the academia, the private sector, and other bodies as applicable. The characteristic of the added value group is the wide variety of possible producers and fields covered, while basic data generation covers less themes and can be shared with official organizations, and fundamental data generation and distribution cover just some fields and is concentrated in some few organizations like INEGI.
From Data to Decision Taking 

    The ultimate goal of data as characterized in this paper is proper decision taking regarding problems linked to social needs. It all begins with raw data which must be organized and structured in stratified categories as suggested here to become information from added value data, through basic data, starting with fundamental data; hence the importance of this last group.

    The process continues with the development of well informed knowledge coming from information, thence the proposal of solutions to detected problems and finally decision taking in a chain beginning with raw data.

    This data evolution is of course associated  to a similar chain linked to facts of life, beginning with reality about the world we live in, which is composed of several kinds of data; that is, data about reality as defined in the first page of this paper.
    So, there is a link between reality and data, which go through a phase of abstraction and categorization to become information ready to face problems. Together, information and problem awareness lead to a thorough informed knowledge to be applied to social needs, the corresponding proposal of solutions and the final decision taking.

Bibliography

Australian Spatial Data Infrastructure, 2000. Fundamental Data. Sydney, Aus. PCGIAP.

Australian Spatial Data Infrastructure, 2000. Fundamental Data Sets.  Sydney, Aus. PCGIAP.

Centro Internacional de Agricultura Tropical (CIAT), 2000. Survey on National Spatial Data Infrastructures in the Americas. Bogota, Col. Report in the International Seminary of Spatial Data Infrastructures. 

G. Lopez Chavez and Hansen A. Francisco, 2001: Acerca de Datos Fundamentales. 7th. United Nations Regional Cartographic Conference for the Americas. Doc. E/CONF93/B.P.18; New York, 2001

Hansen A. Francisco, 1998. Infraestructuras de Datos Espaciales. Not Published. DGG-INEGI. Aguascalientes, Mexico.

Hansen A. Francisco and. Olvera R. J,  2003. Fundamental Data. National 2003 Geographic Convention. DGG-INEGI. Mexico, D.F.

Hansen A. Francisco, 2002. Towards the Mexican National Spatial Data Infrastructure. GSDI6 Conference. Budapest, Hungary
Instituto Geografico Agustin Codazzi (IGAC) y CIAT, 1999. Encuesta sobre el Estado de las Infraestructuras Nacionales de Información Geografica. Bogota, Col. Not Published document

IGAC, 2000. Infraestructura Colombiana de Datos Espaciales (ICDE). Bogota, Col. Not published paper.

IGAC, 2000. International Seminary on Spatial Data Infrastructures. Document on the Constitution of the Permanent Committee for Spatial Data Infrastructures of the Americas (PCIDEA). Bogotá, Col. Not published document.

INEGI, 1980. Ley de Información Estadística Y Geográfica. Secretaria de Programación y Presupuesto. Mexico, D.F.

International Steering Committee for Global Mapping, 1998. Global Map Technical Specifications. Sakura. Japan.

Nebert, D. Douglas, 2000. The SDI Cookbook. Draft GSDI. Washington, D.C.

NSDI, 1995. Development of a National Digital Framework. USGS. htpp://fgdc.gov/framework/framedev.html

PCGIAP Working Group 2, 1999. Draft Policy of Sharing Fundamental data as of September 1999. Sydney, Aus. Not published document.

United Nations, 1997. Report on the Sixth United Nations Regional cartographic Conference for the Americas, New York.

