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1. Introduction 

Efficient and effective management of complex urban and regional settings calls for 

development of a common framework to interconnect the participating organizations with 

information technology. Increasing awareness of distributed computing technology enables the 

challenging but necessary task of building an information system that can share distributed and 

heterogeneous data sources from different organizations. The main challenge facing geospatial 

experts is to build geographic information systems (GIS) that overcomes the various barriers 

resulting from the use of heterogeneous information with different structures and meanings 

between multiple jurisdictions. 

A number of excellent studies have published in the past for evaluating the role of 

standards in an economy. The study by the Department of Trade and Industry (DTI) of the United 

Kingdom titled, Empirical Economics of Standards (DTI, 2005) is the foremost authority in the 

subject. The report found that �the elasticity of l abor productivity with respect to the number of 

standards is about 0.05. In other words, a 1% increase in the standards catalogue is associated 

with a 0.05% increase in labor productivity� (DTI, 2005). In terms of the contribution of 

standards to technological change and the contribution of the latter to total economic growth in 

the UK between 1948 and 2002, �the economy as a who le (GDP) grew by 2.5% per year. The 

accumulation of conventional inputs � labor and cap ital � together accounted for 1.5 percentage 

points, and technological change from all sources 1.0 percentage points. Standards were 

associated with over one quarter of this latter figure� (DTI, 2005). 

As to the use of open standard, Booz, Allen and Hamilton (2005) reported that projects 

that adopted and implemented geospatial interoperability standards have a risk-adjusted return on 

investment (ROI) of 119.0% over the 5 year project life cycle and have a risk-adjusted ROI of 

163.0% over a 10 year period. This equates that if the project were based on open standards 
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would save 26.2% compared to the project that relied upon a proprietary standard.  

Since 1994, a number of international standards has been published by the European 

Committee for Standardization for Geographic Information (CEN 287), International 

Organization for Standardization�s Committee for Geographic Information/Geomatics (ISO/TC 

211) and Open Geospatial Consortium (OGC). The US Federal Geographic Data Committee 

(FGDC) has published a number of US Federal GIS Standards. This paper, part one of the the 

two series, explores approaches that major standard development organizations (SDOs) have 

taken for standardization of geographic information with particular attention given to the work 

by the ISO/TC 211. In a separate paper, we will explore how the international GIS standards can 

contribute to the current GIS curricula as part two of the series. 

 

2. ISO 19100 Series of International Standards by ISO/TC 211 

2.1 Scope and objectives 

International Organization for Standardization (ISO)�s Technical Committee for Geographic 

Information/Geomatics, otherwise known to be ISO/TC 211, has been established in 1994. The 

work by the TC 211 aims to establish a structured set of standards for information concerning 

objects or phenomena that are directly or indirectly associated with a location relative to the 

Earth. Toward this goal, the objectives of the ISO/TC 211 are to develop a family of international 

standards that will 

� support the understanding and usage of geographic information, 

� increase the availability, access, integration, and sharing of geographic information, 

enable inter-operability of geospatially enabled computer systems, 

� contribute to a unified approach to addressing global ecological and humanitarian 

problems, 

� ease the establishment of geospatial infrastructures on local, regional and global level, 
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and 

� contribute to sustainable development 

These standards by the ISO/TC 211 specify methods, tools and services for data 

management including definition and description, acquiring, processing, analyzing, accessing, 

presenting and transferring such data in digital/electronic form between different users, systems 

and locations. The work by the TC 211 links to appropriate standards for information technology 

and data where possible, and provide a framework for the development of sector-specific 

applications using geographic data. 

Currently, ISO/TC 211 is consisted with 62 member countries, among which 28 countries 

are voting members, 30 are observing members and 4 are corresponding members. 

2.2. How are ISO standards developed? 

ISO standards including those of geographic information are based on the following three 

principles: consensus, industry-wide and voluntary. 

Consensus: The views of all interests are taken into account including those of 

manufacturers, vendors and users, consumer groups, testing laboratories, governments, 

engineering professions and research organizations.  

Industry-wide: Global solutions to satisfy industries and customers worldwide.  

Voluntary: International standardization is market-driven and therefore based on voluntary 

involvement of all interests in the market-place.  

International Standards are developed by ISO technical committees (TC) and 

subcommittees (SC) by a six step process:  

Stage 1: Proposal stage: to confirm that a particular International Standard is needed. 

Stage 2: Preparatory stage: to prepare for a working draft. 

Stage 3: Committee stage: to develop a Committee Draft (CD) for voting. Once reached 
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consensus, it is registered as Draft International standard (DIS) 

Stage 4: Enquiry stage: DIS is circulated to all ISO member bodies by the ISO Central 

Secretariat for voting and comment within a period of five months. It is approved for submission 

as a final draft International Standard (FDIS) if a two-thirds majority of the P-members of the 

TC/SC are in favor and not more than one-quarter of the total number of votes cast are negative 

Stage 5: Approval stage: FDIS is circulated to all ISO member bodies by the ISO Central 

Secretariat for a final Yes/No vote within a period of two months. 

Stage 6: Publication stage: Once an FDIS has been approved, only minor editorial changes, 

if and where necessary, are introduced into the final text. The final text is sent to the ISO Central 

Secretariat which publishes the International Standard (IS).  

2.3. US Participation to ISO/TC 211 

The American National Standards Institute (ANSI) is the U.S. member body of the International 

Organization for Standardization (ISO).  ANSI accredits standards developers, certification 

bodies and technical advisory groups (TAGs) to both ISO and the International Electrotechnical 

Commission (IEC).  

The Inter-National Committee for Information Technology Standards (INCITS) is 

accredited by the American National Standards Institute (ANSI) to develop standards for 

Information and Communications Technologies (ICT).   INCITS is comprised of many technical 

committees that develop standards in specific topic areas of ICT. The INCITS Technical 

Committee for Geographic Information Systems is called as Committee L1. L1 is charged with 

developing standards used in creating, defining, describing, and processing digital geographic 

data.  INCITS L1 serves as the U.S. technical advisory group (TAG) to ISO Technical 

Committee 211 (ISO/TC 211), Geographic information/Geomatics. 
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2.4. Category of the ISO/TC 211 Standards 

The ISO/TC 211 standards can be grouped into four categories: 1) procedural standards, 2) 

process and service standards, 3) content and data standards, and 4) educational standards (See 

Figures 2 and 3). 

OrganizationContent (data)
Access, 

technology
Education

StandardsStandards

ISO/TR 19122ISO/TR 19122
-- Qualifications andQualifications and

certification of personnelcertification of personnel

ISO 19103 ISO 19103 -- Conceptual schema language Conceptual schema language 
ISO 19107 ISO 19107 -- Spatial schemaSpatial schema
ISO 19108 ISO 19108 -- Temporal schemaTemporal schema
ISO 19109 ISO 19109 -- Rules for application schemaRules for application schema
ISO 19110 ISO 19110 -- Feature cataloguing methodologyFeature cataloguing methodology
ISO 19111 ISO 19111 -- Spatial referencing by coordinatesSpatial referencing by coordinates
ISO 19112 ISO 19112 -- Spatial referencing by geographic identifiersSpatial referencing by geographic identifiers
ISO 19113 ISO 19113 -- Quality principlesQuality principles
ISO 19114 ISO 19114 -- Quality evaluation proceduresQuality evaluation procedures
ISO 19115 ISO 19115 -- MetadataMetadata
ISO/TR 19121 ISO/TR 19121 -- Imagery and gridded data Imagery and gridded data 
ISO 19123 ISO 19123 -- Schema for coverage geometry and functions Schema for coverage geometry and functions 
ISO 19124 ISO 19124 -- Imagery and gridded data componentsImagery and gridded data components
ISO 19127 ISO 19127 -- Geodetic codes and parametersGeodetic codes and parameters
ISO 19129 ISO 19129 -- Imagery, gridded and coverage data frameworkImagery, gridded and coverage data framework
ISO 19130 ISO 19130 -- Sensor and data model for imagery and gridded dataSensor and data model for imagery and gridded data
ISO 19131 ISO 19131 -- Data product specificationData product specification
ISO 19137 ISO 19137 -- Generally used profiles of the spatial schema and ofGenerally used profiles of the spatial schema and of

similar important other schemassimilar important other schemas
ISO 19138 ISO 19138 -- Data quality measuresData quality measures
ISO 19139 ISO 19139 -- Metadata Metadata –– Implementation SpecificationImplementation Specification
ISO 19141ISO 19141-- Schema for moving featuresSchema for moving features

StandardsStandards

 

Figure 2. Four categories of the ISO/TC211 standards � content, organization, and education 
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ISO 19116 ISO 19116 -- Positioning servicesPositioning services
ISO 19117 ISO 19117 -- PortrayalPortrayal
ISO 19118 ISO 19118 -- EncodingEncoding
ISO 19119 ISO 19119 -- ServicesServices
ISO 19125ISO 19125--1 1 -- Simple feature access Simple feature access –– Common architectureCommon architecture
ISO 19125ISO 19125--2 2 -- SFA SFA –– SQL optionSQL option
ISO 19128 ISO 19128 -- Web Map Server InterfaceWeb Map Server Interface
ISO 19132 ISO 19132 -- Location based services possible standardsLocation based services possible standards
ISO 19133 ISO 19133 -- Location based services tracking and navigationLocation based services tracking and navigation
ISO 19134 ISO 19134 -- Multimodal location based services for routing and navigationMultimodal location based services for routing and navigation
ISO 19136 ISO 19136 -- Geography Markup Language (GML)Geography Markup Language (GML)
ISO 19142 ISO 19142 -- Web Feature ServiceWeb Feature Service
ISO 19143 ISO 19143 -- Filter encodingFilter encoding

OrganizationContent (data)Access, 
technology

StandardsStandards

EducationStandardsStandards

ISO 19101 ISO 19101 –– Reference modelReference model
ISO 19104 ISO 19104 –– TerminologyTerminology
ISO 19105 ISO 19105 –– Conformance and testingConformance and testing
ISO 19106 ISO 19106 –– ProfilesProfiles
ISO/TR 19120 ISO/TR 19120 –– Functional standardsFunctional standards
ISO 19135 ISO 19135 –– Procedures for registration of geographic information itemsProcedures for registration of geographic information items  

Figure 3. Four categories of the ISO/TC211 standards � access and organization 

2.4.1 Procedural Standards 

These are infrastructure standards for the series developed by the ISO/TC 211 defining reference, 

terminology, conformance testing, profiling and other procedures. There are 5 already adopted 

international standards (IS) or being currently developed as shown in Table 13: 

2.4.2. Access and Service Standards 

These standards specify managing, acquiring, processing, analyzing, accessing, presenting and 

transferring data in digital/electronic form between different users, systems and locations for 

providing services related to geographic information. There are 13 adopted international 

standards (IS) or being currently developed as shown in Table 1. 

 

                                                 
3 The summarized description of each standard mostly comes from the ISO/TC 211 fact sheets (source: 

http://www.isotc211.org/Outreach/Overview/Overview.htm) 
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2.4.3 Content and Data Standards 

These standards specify schemas for managing, acquiring, processing, analyzing, accessing, 

presenting and transferring data in digital/electronic form between different users, systems and 

locations for a development of applications that are related to geographic information. There are 

21 adopted international standards (IS) or being currently developed as shown in Table 1. 

2.4.4. Educational Standard 

ISO/TR19122- Qualification and Certification of Personnel: This Technical Report describes a 

system for the qualification and certification, by a central independent body, of personnel in the 

field of Geographic Information Science/Geomatics.  

 

3. Other GIS Standard Development Organizations 

3.1. The European Committee for Standardization (CEN):  

CEN, the European Committee for Standardization, was founded in 1961 by the national 

standards bodies in the European Economic Community and EFTA countries. CEN has been 

contributing to the objectives of the European Union and European Economic Area with 

voluntary technical standards which promote free trade, the safety of workers and consumers, 

interoperability of networks, environmental protection, exploitation of research and development 

programs, and public procurement. CEN/TC 287 is the Technical Committee of CEN concerned 

with geographic information. The secretariat is held by NEN, the Dutch standardization institute. 
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Table 1. Four categories of the ISO/TC211 standards 

Title Description 
Procedural Standards  
ISO 19101 – Reference model This standard provides a framework for the ISO 19100 series of international standards. 
ISO 19104 – Terminology This document gives definitions for terms used within the 19100 series of international standards. 
ISO 19105 – Conformance and testing This standard provides the framework, concepts and methodology for testing and criteria to be achieved to claim 

conformance to the ISO 19100 series of standards. 
ISO 19106 – Profiles This document provides the guidelines for preparation of a profile. 
ISO/TR 19120 – Functional standards This technical report seeks to identify areas where the developing ISO 19100 base standards should be influenced or 

guided by the experience of the functional standards communities. 
ISO 19135 – Procedures for registration 
of geographic information items 

This standard specifies procedures to be followed in preparing, maintaining, and publishing a register or registers of 
unique unambiguous and permanent identifiers, and meanings that are assigned to geographic information items. 

Access and Service Standards  
ISO 19116 - Positioning services This document defines a standard interface data structure for use between positioning devices and geographic 

information application systems. 
ISO 19117 – Portrayal This document concerns portraying geographic information as an image understandable by humans, including the 

methodology for describing symbols. 
ISO 19118 – Encoding This standard specifies the encoding rules that shall be used for data interchange purposes. 
ISO 19119 – Services This standard provides a framework for developers to create software that enables users to access and process 

geographic data from a variety of sources within an open information technology environment. 
ISO 19125-1 - Simple feature access – 
Part 1: Common architecture 

This part of ISO 19125 describes the common architecture for simple feature geometry. 

ISO 19125-2 – Simple feature access – 
Part 2: SQL option 

This part of ISO 19125 is to define a standard Structured Query Language (SQL) schema that supports storage, 
retrieval, query and update of feature collections via the SQL Call-Level Interface (SQL/CLI) (ISO/IEC 9075-3:1999). 

ISO 19128 - Web Map Server Interface This standard describes a Web Map Server. 
ISO 19132 - Location based services 
reference model 

This standard describes framework for the integration of LBS and GIS systems and services. 

ISO 19133 - Location based services 
tracking and navigation 

This standard addresses the modeling and definition of types and interfaces needed to support the specification of 
web services and applications in the field of tracking and navigation within a linear network. 

ISO 19134 - Multimodal location based 
services for routing and navigation 

This standard specifies the data types and their associated operations for the implementation of multimodal location 
based services for routing and navigation. 

ISO 19136 - Geography Markup 
Language (GML) 

This specification defines the XML Schema syntax, mechanisms, and conventions. 

ISO 19142 - Web Feature Service This standard specifies the Web Feature Service (WFS) Interface. 
ISO 19143 - Filter encoding This standard specifies a filter expression used to constrain property values of an object type for the purpose of 

identifying a subset of object instances. 
Content and Data Standards  
ISO/TS 19103 - Conceptual schema 
language 

This standard specifies the adoption and use of a conceptual schema language (CSL) for developing computer-
interpretable models, or schemas, of geographic information. 

ISO 19107 - Spatial schema This document provides a conceptual schema for describing aspects of the spatial characteristics or attributes of 
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geographic features or other similar entities. 
ISO 19108 - Temporal schema This standard defines standard concepts needed to describe the temporal characteristics of geographic information. 
ISO 19109 - Rules for application schema This standard shows how to develop schemas for particular application domains. 
ISO 19110 - Feature cataloguing 
methodology 

This standard provides a standard framework for organizing and reporting the classification of real world phenomena 
in a set of geographic data. 

ISO 19111 - Spatial referencing by 
coordinates 

This standard establishes a common requirement for describing coordinate reference systems (CRSs) including the 
datum giving the relation to the Earth and the coordinate system used. 

ISO 19112 - Spatial referencing by 
geographic identifiers 

This standard defines a consistent manner for spatial referencing by geographic identifiers. 

ISO 19113 - Quality principles This standard provides guidelines to data producers for describing the quality of their data. 
ISO 19114 - Quality evaluation 
procedures 

This standard establishes a framework of quality evaluation procedures for a dataset of geo-spatial data. 

ISO 19115 – Metadata This standard specifies procedure for the description of digital geographic datasets so that users will be able to 
determine whether the data in a holding will be of use to them and how to access the data. 

ISO/TR 19121 - Imagery and gridded data This technical report describes how imagery and gridded data are to be handled in the context of the field of 
Geographic information/Geomatics 

ISO 19123 - Schema for coverage 
geometry and functions 

This standard provides a conceptual schema for the spatial characteristics of coverages. 

19124 - Imagery and gridded data 
components 

This standard specifies concepts for the description and representation of imagery and gridded data in the context of 
the ISO 19100 suite of standards. 

ISO 19127/TS - Geodetic codes and 
parameters 

This technical specification specifies geodetic codes and parameters that defines rules for the population of tables of 
geodetic codes and parameters and identifies the data elements required of the tables in compliance with ISO 19111. 

ISO 19129 - Imagery, gridded and 
coverage data framework 

This standard provides concepts for the description and representation of imagery, gridded and coverage data in the 
context of the ISO 19100 suite of standards. 

ISO 19131 - Data product specification This standard provides requirements for the specification of geographic data products. 
ISO 19137 – Core profile of the spatial 
schema 

This standard provides a minimal set of geometric elements necessary for an efficient creation of application 
schemata. 

ISO 19138 - Data quality measures This technical specification defines a set of measures for the data quality sub-elements identified in ISO 19113 
Geographic information - Quality principles. 

ISO 19139 - Metadata – XML schema 
implementation 

This standards provides a spatial metadata XML (spatial metadata eXtensible Mark-up Language, smXML) encoding, 
an XML schema implementation derived from ISO 19115, Geographic information – Metadata. 

ISO 19141- Schema for moving features This standard specifies a conceptual schema that addresses moving features, i.e., features whose locations change 
over time. 

Educational Standards  
ISO/TR19122- Qualification and 
Certification of Personnel 

This technical report describes a system for the qualification and certification, by a central independent body, of 
personnel in the field of Geographic Information Science / Geomatics. 
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The Technical Committee for Geographic Information (TC 287), Geographic Information 

was established by16 countries of the European Union. Unlike American National Standard 

Institute (ANSI) or ISO standards that are voluntary, CEN standards are mandatory. CEN/TC 

287 was operational from February, 1992 until September, 1999. It became dormant when 

ISO/TC 211 absorbed the European Program of standard work. CEN/TC 287 will decide how to 

adopt and apply these ISO standards to Europe in close co-operation with ISO/TC 211 in order to 

avoid duplication of work. 

CEN/TC 287 has published the following geographic information standards 

(http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=204514):  

� EN ISO 19101 Geographic information - Reference model (ISO 19101:2002), 

Publication date: January 2005 

� EN ISO 19105 Geographic information - Conformance and testing (ISO 19105:2000),  

Publication date: January 2005 

� EN ISO 19107 Geographic information - Spatial schema, Publication date: January 

2005 

� EN ISO 19108 Geographic information - Temporal schema (ISO 19108:2002), 

Publication date: January 2005 

� EN ISO 19111 Geographic information - Spatial referencing by coordinates (ISO 

19111:2003), Publication date: January 2005 

� EN ISO 19112 Geographic information - Spatial referencing by geographic identifiers 

(ISO 19112:2003), Publication date: January 2005 

� EN ISO 19113 Geographic information - Quality principles (ISO 19113:2002),  

Publication date: January 2005 

� EN ISO 19114 Geographic information - Quality evaluation procedures (ISO 

19114:2003), Publication date: January 2005 

� EN ISO 19115 Geographic information - Metadata (ISO 19115:2003), Publication date: 

January 2005 

� EN ISO 19116 Geographic information � Positioning s ervices, Publication date: March 

2006 

� EN ISO 19125-1 Geographic information � Simple feat ure access � Part 1: Common 

architecture, Publication date: March 2006 



 11 

� EN ISO 19125-2 Geographic information � Simple feat ure access � Part 2: SQL option, 

Publication date: March 2006 

3.2. Federal Geographic Data Committee (FGDC) 

The Office of Management and Budget (OMB) established the FGDC in 1990 and rechartered 

the committee in its August 2002 revision of Circular A-16, �Coordination of Geographic 

Information and Related Spatial Data Activities.� T he FGDC is a 19 member interagency 

committee composed of representatives from the Executive Office of the President, and Cabinet 

level and independent Federal agencies. The Secretary of the Department of the Interior chairs 

the FGDC, with the Deputy Director for Management, Office of Management and Budget 

(OMB) as Vice-Chair. Numerous stakeholder organizations participate in FGDC activities 

representing the interests of state and local government, industry, and professional organizations. 

Executive Order 12906 (1994) designated the FGDC as the lead entity to coordinate the 

National Spatial Data Infrastructure (NSDI), which is defined as the technology, policies, 

standards, and human resources necessary to acquire, process, store, distribute, and improve 

utilization of geospatial data. 

The FGDC plays a role in international spatial data Infrastructure development. The Office 

of Management and Budget (OBM) policy Circular A-16 encourages the FGDC to participate in 

building the Global Spatial Data Infrastructure (GSDI) along with principal role on building the 

National Spatial Data Infrastructure (NSDI).  The FGDC and individual member agencies 

interact with ISO and ANSI standards activities through their membership in INCITS L1.  

FGDC�s approach for standard development is a matrix based operation consists with 

working groups and subcommittees. Tables 1 shows the list of subcommittee and Table 2 shows 

the list of working groups. 

 



 12 

Table 1. Standards of FGDC Subcommittees 

Subcommittee Standards 

Base Cartographic  

- Geospatial Positioning Accuracy Standard, Part 3: National 

Standard for Spatial Data Accuracy*  

- Content Standard for Framework Land Elevation Data  

- Content Standard for Digital Orthoimagery*  

- Spatial Data Transfer Standard (SDTS) Part 5: Raster Profile and 

Extensions* 

Cadastral 

- Cadastral Data Content Standard* 

- Cultural and Demographic Subcommittee  

- Address Content Standard  

- Governmental Unit Boundary Data Content Standard 

Federal Geodetic Control 

- Geospatial Positioning Accuracy Standards, Part 1: Reporting 

Methodology*  

- Geospatial Positioning Accuracy Standards, Part 2: Standards for 

Geodetic Networks*  

- Spatial Data Transfer Standard (SDTS) Part 6: Point Profile* 

Geologic Data 

- Geologic Data Model  

- Digital Cartographic Standard for Geological Map 

Symbolization 

Ground Transportation - NSDI Framework Transportation Identification Standard 

International Boundaries  

Marine and Coastal 

Spatial Data 

- Geospatial Positioning Accuracy Standard, Part 5: Standard for 

Navigation Charts and Hydrographic Surveys  

- Metadata Profile for Shoreline Data*  

- Hydrographic Data Content Standard for Coastal and Inland 

Waterways 

Soil Data 

- Soil Geographic Data Standard* 

- Spatial Water Data  

- Federal Standards for Delineation of Hydrologic Unit 

Boundaries   

- National Hydrography Framework Geospatial Data Content 

Standard 

Vegetation 
- Vegetation Classification Standard*  

- National Standards for the Floristic Levels of Vegetation 
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Classification in the United States: Associations and Alliances 

Wetlands 

- Classification of Wetlands and Deepwater Habitats of the United 

States*  

- Riparian Mapping Standard 

*FGDC endorsed standards(Source: FGDC http://www.fgdc.gov) 

 

Table 2. Standards of FGDC Working Groups 

Working Group Standards 

Biological Data 

- Content Standard for Digital Geospatial Metadata, Part 1: 

Biological Data Profile* 

- Biological Nomenclature and Taxonomy Data Standard 

Clearinghouse - Encoding Standards for Geospatial Metadata 

Earth Cover - Earth Cover Classification Standard 

Facilities 

- Facility ID Data Standard  

- Geospatial Positioning Accuracy Standard, Part 4: Architecture, 

Engineering, Construction, and Facilities Management  

- Spatial Data Transfer Standard (SDTS) Part 7: Computer-Aided 

Design and Drafting (CADD) Profile* 

- Utilities Data Content Standard* 

Metadata Ad Hoc 

- Content Standard for Digital Geospatial Metadata (version 2.0)* 

- FGDC Profile(s) of ISO 19115, Geographic information � 

Metadata 

Standards 

- Content Standard for Digital Geospatial Metadata: Extensions 

for Remote Sensing Metadata  

- Content Standard for Remote Sensing Swath Data*  

- Spatial Data Transfer Standard (SDTS)*  

- U.S. National Grid 

*FGDC endorsed standards(Source: FGDC http://www.fgdc.gov) 

 

The followings are FGDC endorsed standards: 

• Content Standard for Digital Geospatial Metadata  
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o Base Content Standard for Digital Geospatial Metadata (version 2.0), FGDC-

STD-001-1998  

o Part 1, Biological Data Profile, FGDC-STD-001.1-1999  

o Part 2, Metadata Profile for Shoreline Data, FGDC-STD-001.2-2001 

• Spatial Data Transfer Standard (SDTS)  

o Parts 1-4, FGDC-STD-002.1  

o Part 5: Raster Profile with Basic Image Interchange Format (BIIF) Extension, 

FGDC-STD-002.5 

o Part 6: Point Profile, FGDC-STD-002.6 

o Part 7: Computer-Aided Design and Drafting (CADD) Profile, FGDC-STD-

002.7-2000  

• Cadastral Data Content Standard, FGDC-STD-003  

• Classification of Wetlands and Deepwater Habitats in the United States, FGDC-STD-004 

• National Vegetation Classification Standard, FGDC-STD-005  

• Soil Geographic Data Standard, FGDC-STD-006 

• Geospatial Positioning Accuracy Standards  

o Part 1: Reporting Methodology, FGDC-STD-007.1-1998  

o Part 2: Standards for Geodetic Networks, FGDC-STD-007.2-1998  

o Part 3: National Standard for Spatial Data Accuracy, FGDC-STD-007.3-1998  

o Part 4: Architecture, Engineering, Construction, and Facilities Management, 

FGDC-STD-007.4-2002 

o Part 5: Standards for Nautical Charting Hydrographic Surveys, FGDC-STD-

007.5-2005 

• Content Standard for Digital Orthoimagery, FGDC-STD-008-1999  

• Content Standard for Remote Sensing Swath Data, FGDC-STD-009-1999 

• Utilities Data Content Standard, FGDC-STD-010-2000  

• Standard for a U.S. National Grid, FGDC-STD-011-2001 

• Content Standard for Digital Geospatial Metadata: Extensions for Remote Sensing 

Metadata, FGDC-STD-012-2002 
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3.3 Open Geospatial Consortium 

3.3.1. Scope and objectives 

The Open Geospatial Consortium promotes the global development, harmonization of open 

standards and architectures that enable the integration of geospatial data and services into user 

applications. It is a private consortium consists with a large representation of information 

technology companies, database system vendors, GIS vendors, emphasizing the interoperability 

of geospatial systems and information. Through a member-driven consensus process, OGC 

works with government, private industry, and academia to create open and extensible interface 

and encoding standards for geographic information systems (GIS) and other mainstream 

technologies. While the focus of the OGC activities is on geospatial themes, the many of the 

currently adopted OGC interface specifications are deeply rooted in the world of geographic 

information systems. More recently the organization and its members have moved along with the 

changes in the IT world, focusing on the integration of geospatial requirements in mainstream IT 

solutions. 

The OGC introduced an interoperable framework, mostly in close cooperation with the GIS 

industry and universities. The OGC has identified the need for open geospatial data sharing and 

the exchange of open GIS services. �Openness� requi res not only open interfaces and techniques 

to exchange data between different GIS. The concept of openness has definitively to include 

semantic interoperability, which is more than pure data transfer. The OGC thrives to achieve the 

goal of interoperability through OGC specifications, which means the OGC specification 

provides standard interfaces to geospatial data and geoprocessing services. These interfaces 

support, in stand-alone systems and across networks: geospatial data access, distributed client-

server geoprocessing operations, and distributed peer-to-peer geoprocessing operations (Buehler 
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and McKee, 1998). 

3.3.2. The OGC specifications 

The OGC specifications consist of two types of the OGC standards: the Abstract Specification 

and the Implementation Specifications. The Abstract Specifications provide the conceptual 

foundation for most OGC specification development activities (See Table 3). Open interfaces and 

protocols are built and referenced against the Abstract Specification, thus enabling 

interoperability between different brands and different kinds of spatial processing systems. The 

Abstract Specification provides a reference model for the development of OpenGIS 

Implementation Specifications. 

OGC Implementation Specifications target a technical audience and detail the structure 

of the interfaces between the distributed software components (See Table 4). The implementation 

of these specifications is determined to be at the proper level of detail if plug-and-play 

interoperability occurs between two software components that were engineered without 

knowledge of each other. 

 

Table 3. The OGC Abstract Specifications 

Number Name 

Topic 0 Overview  

Topic 1 Feature Geometry (same as ISO 19107) 

Topic 2 Spatial Referencing by Coordinates 

Topic 3 Locational Geometry Structures 

Topic 4 Stored Functions and Interpolation 

Topic 5 Features 

Topic 6 The Coverage Type 

Topic 7 Earth Imagery 

Topic 8 Relationships between features 
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Topic 10 Feature Collections 

Topic 11 Metadata (same as ISO 19115) 

Topic 12 The OpenGIS Service Architecture (same as ISO 19119) 

Topic 13 Catalog Services 

Topic 14 Semantics and Information Communities 

Topic 15 Image Exploitation Services 

Topic 16 Image Coordinate Transformation Services 

 

Table 4. The OGC Implementation Specifications 

Document No. Name 

04-021r3 Catalog Service 

01-009 Coordinate Transformation Service 

04-095 Filter Encoding 

03-064r10 Geographic Objects 

02-023r4 Geography Markup Language Encoding Specification 

05-047r3 GML in JPEG 2000 for Geographic Imagery Encoding Specification 

01-004 Grid Coverages Service 

05-016 OpenGIS Location Service (OpenLS): Core Services 

05-126 Simple Feature Access � Part 1: Common Archi tecture 

05-134 Simple Feature Access � Part 2: SQL Option 

99-054 Simple Features for CORBA 

99-050 Simple Features for OLE/COM 

02-070 Styled Layer Descriptor (SLD) 

03-065r6;05-076 Web Coverage Service (WCS) 

04-094;06-027r1 Web Feature Service (WFS) 

05-005 Web Map Context 

06-042 Web Map Service (WMS) 

05-008c1 Web Service Common Implementation Specification 
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4. Inter-institutional Collaborations 

4.1. Collaboration between ISO/TC 211 and OGC 

Since ISO/TC 21 and OGC have common objectives, similar work programs and complementary 

approach as shown in Figure 4, it was desirable to combining resources to give strength and to 

avoid development of inconsistent standards. Co-operative agreement between ISO/TC 211 and 

the Open GIS Consortium, Inc. (now Open Geospatial Consortium) has been established in 1999. 

Based on the agreement, the ISO/TC 211 / OGC co-ordination group (TOCG) has been 

established with a specific charge for monitoring progress on the development of new work item 

proposals. TOGC has been replaced by Joint Advisory Group (JAG) between ISO/TC 211 and 

OGC in 2003 in order to strengthen the coordination efforts by the two. More specifically, JAG is 

charged to 

1. Facilitate the smooth running of the co-operative agreement 

2. Guarantee the flow of information between the two organizations  

3. Identify issues and opportunities in the two work programs 

4. Recommend co-operative work on issues that come under the agreement,  

5. Facilitate the exchange and participation of experts between the two organizations 

JAG will not: 

• Dispose comments arising on the technical work of either party 

• Determine any technical result 

• Overrule management decisions taken by OGC and ISO/TC 211 

4.2. Collaboration between ISO/TC 211 and ISO/TC 204 

International Organization for Standardization�s Technical Committee for Intelligent 

Transportation Systems (ITS) known as ISO/TC 204, has been established in 1992. ITS is a 
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system to support movement of people and goods in various aspects. Central to ITS are 

information and telecommunication technologies. 

 

Spatial Data 
Concepts
Spatial Data 
Concepts

Abstract 
Specification

Hydro 
Application

OGC OGC 
DomainDomain

ISO 19100 
Suite of 
Standards

Utility 
Application

ISO ISO 
DomainDomain

TopTop--downdown

 

Figure 4. OGC vs. ISO/TC 211 approach 

 

ISO/TC 204 is a leading committee of ITS standardization activities for (1) system 

architecture, (2) interface (message set, etc.), (3) framework (data dictionary and message 

template), (4) performance requirements of a system and (5) test methods.  

 

As of February 2005, there are 19 working groups (WG) developing 83 standards. The WGs 

with the convener country in parenthesis are: 

WG1: Architecture (United Kingdom) 
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WG3: ITS Database Technology (Japan) 

WG4 : Automatic Vehicle Identification/Automatic Equipment Identification (Norway) 

WG5: Electronic Fee Collection (The Netherlands) 

WG7: General Fleet Management and Commercial/Freight Operations (Canada) 

WG8: Public Transport and Emergency (United States) 

WG9: Public Transport and Emergency (Australia) 

WG10: Traveler Information Systems (Germany) 

WG11: Route Guidance and Navigation Systems (Vacant) 

WG14: Vehicle/Roadway Warning and Control Systems (Japan) 

WG15: Dedicated Short-Range Communications (Germany) 

WG16: Wide Area Communication (United States) 

 

WG 3 (ITS Database Technology) develops standards that are mostly relevant to all TC 211 

work items. There are several other WGs, however, that some work items of TC 211 may be 

related to and possibly overlap.  

Joint Task Force between ISO/TC 211 and ISO/TC 204 has been established in 2004 to 

cooperate on the development of compatible standards by identifying where the two domains 

overlap and cooperating with possible shared work items, experts and common tools.  

JTF Objective is  

� to communicate openly and regularly, through document sharing, direct contact, and 

joint development if necessary 

� to cooperate on the basis of a thorough understanding of each other’s work. 

� to develop and deliver compatible and non-conflicting standards,  

� to advise the respective Technical Committees regarding the action needed 
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� to implement this agreement 

For the operation of the JTF, each TC appoints a co-chair of the JTF from their respective 

committees. The liaisons between the TCs is a member of the JTF. In addition to the above 

members, each committee shall appoint its representatives to the JTF. Principles of operation 

include that 

� Decisions should be made by consensus,  

� The JTF shall meet as required to manage the implementation of this agreement, 

� The JTF shall provide a communication conduit between both Committees, and 

� The JTF shall operate in as efficient a manner as possible so that standards development 

time is not adversely impacted. 

 

5. Implications to GIS Education 

As shown in the current status of international GIS standards above, the major focus of GIS 

standards is moving toward achieving interoperability among heterogeneous systems. Recent 

GIS standards such as the ISO 19100 series and the OGC standards are not just like a standard 

for data exchange format (e.g. spatial data transfer standard, SDTS) or a metadata standard. 

Rather, they provide a pool of standardized methodologies and standardized concepts to specify 

geographic information in a uniform way in order to achieve the full spectrum of interoperability 

during geospatial processing. 

The main objective of GIS standards is to provide a clear procedure for the description of 

digital geo-spatial datasets so that users will be able to determine whether the data in a holding 

will be of use to them and how to access the data. In this regard, standards can provide a 

formalization of spatial data concepts, data structures, and logical and physical formats that 
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facilitates spatial data exchange between dissimilar computer systems (Kim, 1999). As such, the 

standard development is not an easy endeavor since the decision on what should be included, or 

what could be omitted are extremely difficult task. It is the very reason why most international 

standards development organizations adopted consensual procedure which inevitably take a long 

time to develop a standard.   

5.1. GIS standards as cross-cutting theme in GIS education  

UCGIS have made constant efforts to develop the Model GI Science and Technology (GI S&T) 

Curricula. The Task Force on the Model Curricula of UCGIS have identified one of the 14 GI 

S&T Knowledge Areas is spatial data acquisition, source and standards (Kemp, 2003; DiBiase et. 

al., 2006). The Task Force has also recognized the 9 Cross-Cutting themes that are commonly 

important to all the knowledge areas: scale; error and data quality; uncertainty; metadata; 

interoperability; generalization; quality management; history and trends; and standards (Kemp, 

2003).  

As explored above, international GIS standards define not only the essential concepts on various 

subjects of geographic information such as unambiguous definitions on spatial objects, 

continuous phenomena, temporal relationship, and among others but also explicit methods to 

exchange geographic information such as cataloguing, spatial features access, encodings, etc. 

The subject domains of GIS standards can be neatly juxtaposed with the GI S&T Knowledge 

Areas of UCGIS except for the application and analysis, institutional issues, and geo-

computational aspects normally recognized as out of scope from the standardization topic. 

However, most GIS curricula in higher education do not fully reflect the educational aspects of 

GIS standards. Even if there are some exposures to GIS standards, they are likely to introduce 

very limited and technical aspects of GIS standards such as metadata. The Model Curricula of 
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UCGIS in 2006 thoughtfully includes a unit (GD 12 �  Metadata, standards, and infrastructure) to 

deal with the standard issues. However, this would not be enough to keep up the fast changes of 

GI S&T (Kemp et al. 1998). International GIS standards can provide underpinning for the 

rigorous and most up-to-date methods in the GIS field.  

5.2. New transforming forces in GI S&T 

5.2.1. From data exchanges to sharing common understanding 

Successful data sharing requires a common understanding on geographic information that is 

flexible enough to handle the needs of diverse participants. The flow of data from providers to 

users calls for capturing data once, and delivery to users in various forms, time frames, and 

spatial scales. For example, principles for successful sharing of transportation data among 

participants must address a variety of issues including: definition and identification of 

transportation features, cartography and spatial accuracy, generation of application-specific 

network representations, and interoperability (Dueker and Butler, 2000). Thus, the current 

international efforts to develop GIS standards are moving towards integrating heterogeneous 

systems with common semantics from mere data exchanges (Albrecht, 1999).  

The objective of both the ISO 19100 series and the OGC standards which have been 

adopted in the industry, government, and research and development sectors is to provide 

common yet rigorous definitions of geographic information and geographic information services. 

Specifically, the ISO 19100 series adopt a conceptual formalism which provides the rules, 

constraints, inheritance mechanisms, events, functions, processes and other elements. As a result 

of the conceptual modeling process, a rigorous description of a conceptual model for some 

universe of discourse is specified, which is a conceptual schema. To represent the conceptual 

schema in a formal way, the ISO 19100 series uses a conceptual schema language (CSL) which 
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is based on a conceptual formalism. For the ISO series of standards, the applicable conceptual 

formalism is object-oriented modeling as described by OMG in version 1.3 of UML (ISO 19101, 

2002).  

The formalized specification for geographic information using their specified conceptual 

model of the ISO 19100 series can be conceived as ontologies for the geospatial domain. Visser 

et al. (2002) address that recent standardization efforts can be seen as a part of the ontology 

approach if we conceive an ontology as a conceptualization and the corresponding context 

knowledge. The importance of GIS standards for sharing semantics is more salient not just as a 

regulatory requirement, but now as an extension of a consensus ontology for an industry-shared 

purpose (Falke, 2002). 

5.2.2. Pervasiveness of the web-based GI services 

Recent drastic advancement of web service technologies make us to change the way we have 

perceived on GIS applications or products, which was more like a big special and complex 

software package (e.g. ArcGIS). Rather, light yet approachable web-based services have been 

emerging as commercial and open services (e.g. Google Earth). The power of the web-based 

services is that, first of all, the client systems can have any combinations of computing platform 

from Desktop PCs to PDAs or even cell phone devices. Secondly, web services can integrate 

heterogeneous GI systems which might be located in distributed ways. With a simple and 

standardized interface, GIS users can search the geographic information as well as they can 

retrieve the search results from web services using a standardized encoding. In fact, all these 

things came true thanks to the advancement of web service standards such as Hypertext Transfer 

Protocol (HTTP), Extensible Markup Language (XML), Simple Object Access Protocol (SOAP), 

Asynchronous JavaScript and XML (AJAX), just to name a few. In addition, the enhanced 



 25 

mobile computing environment gives us a new opportunity to provide GI services via mobile 

devices in a real-time fashion in our daily lives. In the foreseeable future, we may observe the 

end users of GIS services in various domains need only a web browser to perform simple or 

complex spatial analyses.  

 For those who want to deploy spatial data infrastructure in various levels of organization, 

the contents for tangible and practical GIS education dealing with the web-based GIS need to be 

introduced. International GIS standards are fully aware of the current IT changes toward 

distributed computing environment so that several key standards for the web-based GIS services 

already have been published.  

5.3. What could be included in GIS curricula?  

Taking into account the cross-cutting feature of GIS standards and the transforming forces in GI 

S&T, we need to add more relevant education and training contents to the UCGIS Model 

Curricula of 2006 and the existing curricula in higher education. We are suggesting the four areas 

of GIS education by actively employing the current international GIS standards: 1) formalizing 

methods for the concepts of geographic information, 2) formal concepts of geographic 

information, 3) cataloguing methods, and 4) web-based GIS. The suggested four areas need to be 

complementary for the UCGIS Model Curricula without disrupting its content structures. Each 

area is supported by its relevant ISO 19100 series or OGC standards as follows:  

� Formalizing methods for the concepts of geographic information 

- Reference model (ISO 19101, ISO 19132) 

- Conceptual schema language (ISO/TS 19103), UML 

- Rules of application schema (ISO 19109) 

� Formal concepts of geographic information 
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- Spatial schema (ISO 19107, ISO 19137) 

- Temporal schema (ISO 19108) 

- Metadata (ISO 19115) 

- Imagery and gridded data (ISO/TR 19121) 

- Coverage geometry and functions (ISO 19123) 

- Location based services (ISO 19133, ISO 19134) 

- Moving features (ISO 19141) 

� Cataloguing methods 

- Methodology for feature cataloguing (ISO 19107) 

- OpenGIS Catalogue Service (OGC 04-021r3) 

� Web-based GIS 

- Web Map Service (ISO 19128) 

- Web Feature Service (ISO 19142, OGC 04-094) 

- Filter encoding (ISO 19143, OGC 04-095) 

- Web Coverage Service (OGC 03-065r6) 

- Web Service Common (OGC 05-008c1) 

- Geography Markup Language (ISO 19136, OGC 02-023r4) 

6. Summary and concluding remark 

The growing recognition among the IT fields that organize and manage information by spatial 

location is a unique and fundamental knowledge has resulted in international efforts such as the 

International Organization for Standard�s Technical Committee 211 (ISO/TC211), the European 

Committee for Standardization (CEN) and OpenGeospatial Consortium (OGC), and national 

standard committee such as US Federal Geographic Data Committee (FGDC) . All the work to 

standardize geographic information in the ISO 19100 series of the ISO/TC211 and the OGC 
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specifications are based upon the integration of geographic information concepts with that of 

mainstream IT (Kresse and Fadaie, 2004). 

Two frequently asked questions are why so many standards have been developed and why 

many different institutions develop GIS standards? The later question leads to the issue of inter-

institutional collaboration which is the subject of the sequel to this paper. The former question 

still remains: why so many standards need to be developed.  

According to OMB Circular 119, the term standard, or technical standard includes all of 

the following: 

�  Common and repeated use of rules, conditions, guidelines or characteristics for 

products or related processes and production methods, and related management 

systems practices. 

�  The definition of terms; classification of components; delineation of procedures; 

specification of dimensions, materials, performance, designs, or operations; 

measurement of quality and quantity in describing materials, processes, products, 

systems, services, or practices; test methods and sampling procedures; or descriptions 

of fit and measurements of size or strength. 

Lyman and Varian (2003) estimated that about 5 exabytes4 of new information has been 

produced in 2002, equivalent to 800 MB person per year.5 Thus, the goal of standard is to 

organize and index the vast amount of information so that we can discover the trends and 

patterns from the rapidly producing information. As such, we need to develop different types of 

standards for organizing, indexing, accessing, processing and rapidly producing information for 

                                                 
4 One Exabyte equals 1018 bytes. 
5 It would take about 30 feet of books to store the equivalent of 800 MB of information on paper (Lyman and 

Varian, 2003) 
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discovering the trends and patterns for the user in the information age.  

Among the various standardization activities in the international or national level, this 

study focuses on review of the work by the ISO/TC 211 because other standards development 

organizations are now actively adopting the work of the ISO 19100 series. For example, several 

OGC implementation specifications have been published as International Standard (e.g., ISO 

19125-1 Simple feature access � Part 1: Common arch itecture, ISO 19125-2 Simple feature 

access � Part 2: SQL option) as a result of the dou ble-branding agreement between the two 

organizations. As of September 2006, 30 standardization works have been published as 

International Standard (IS) and 7 works are in the stage of draft international standard (DIS) after 

the long-lasting standardization processes. This implies that there is now an international 

consensus on the most essential concepts of geographic information within the geographic 

information community. In the ISO 19100 series, these consensual concepts are called 

conceptual schemas, defined as �formal description of a model that defines concepts of a 

universe of discourse� (ISO 19101, 2002).  

Through the conceptual modeling process, the ISO 19100 series utilize conceptual schema 

language to avoid ambiguous understanding on the concepts of interest in geographic 

information. By the use of conceptual schema language, the ISO 19100 series can contribute to 

develop application specific schemas, data interchange mechanisms, and service 

implementations. As a result, the ISO 19100 series provide formal documentations including: 1) 

specification of conceptual schema languages, 2) model integration, 3) spatial concepts, 4) 

service interfaces, and 5) encoding standard.  

In summary, international GIS standards define not only the essential concepts on various 

subjects of geographic information such as unambiguous definitions on spatial objects, 

continuous phenomena, temporal relationship, and among others but also explicit methods to 
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exchange geographic information such as cataloguing, spatial features access, encodings, etc. 

Thus, the subject domains of GIS standards can be juxtaposed with the GI S&T Knowledge 

Areas of UCGIS with some exceptions. Based upon our experiences on the international efforts 

for GIS standards, we suggested the four GI S&T Knowledge Areas of which international GIS 

standards can provide underpinnings: 1) formalizing methods for the concepts of geographic 

information, 2) formal concepts of geographic information, 3) cataloguing methods, and 4) web-

based GIS. We also identified relevant the ISO 19100 series and the OGC standards for the four 

areas. Next step would be to develop instructional materials and contents that can be utilized in 

GIS education and training courses.  
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Federal Geographic Data Committee <http://www.fgdc.gov> 

ISO/TC 211 < http://www.isotc211.org> 

Open Geospatial Consortium < http://www.opengeospatial.org> 

CEN 287 <http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=204514> 


