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Summary

At present, EPA has no overarching strategy or comprehensive set of business and technical rules that can support the level of integration and data sharing that the EPA target applications architecture recommends (1). This will be addressed, in part, by an enterprise data management strategy being developed by a Data Integration Workgroup Community of Interest hosted by the Enterprise Architecture Team this fall (1). A key premise articulated by participants in the recent Enterprise Data Integration and Data Warehousing Meeting was to “Design to Share” for new data systems and to “Enable to Share” existing data systems from the Federal Enterprise Architecture’s Data Reference Model 2.0 (2). An EPA Data Architecture for DRM 2.0 was developed and applied last year (3) based on the premise of reusing the data and information rather than changing the data systems themselves. The concepts and standards of the Semantic Web (also called the Data Web or Web 3.0) are being applied to the reuse of data and information in an EPA Data Architecture for DRM 3.0 and Web 3.0 (4) using EPA and interagency data and information sources. This is a fundamentally different approach than conventional data integration and data warehousing that requires changes in data systems (5) and is being applied to net-centric operations (6) by the Federal Semantic Interoperability Community of Practice (SICoP) (7).
This enterprise data management strategy illustrates (a) “how the DRM’s abstract nature enables agencies to use multiple implementation approaches, methodologies, and technologies while remaining consistent with the foundational principles of the DRM”, and (b) “that associating elements of concrete architectures with the DRM abstract model promotes interoperability between cross-agency architectures / implementations.” (8)  The example used in this enterprise data management strategy illustrates how (a) bringing the data and the metadata back together, (b) bringing the structured data and unstructured information back together, and (c) bringing the data  description and context back together promotes sharing and reuse and makes further sharing and reuse easier.
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1. Introduction

It is always essential to start with definitions and specific examples that illustrate those definitions (9).
Data Architecture: Describes how data is processed, stored, and utilized in a given system. It provides criteria for data processing operations that make it possible to design data flows and also control the flow of data in the system.
A term commonly used in one of two senses: physical (e.g., servers) and logical or enterprise-wide (e.g. Zachman framework)

Data Modeling: A model that describes in an abstract way how data are represented in a business organization, an information system, or a database management system.

An Ontology is a data model that represents a domain and is used to reason about the objects in that domain and the relations between them. See more detailed explanation of ontologies below.
Data Networks: Communication of data between computers.

For example, a semantic service oriented architecture.

For even more fundamental definitions, it is recommended that the most trusted reference knowledge source be used (10) because common words have multiple meanings. Incidentally, the use of WordNet to more precisely define data elements and improve data quality is part of the DRM 3.0 and Web 3.0 (5).
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Similarly for

Information: information, info (a message received and understood) 

information (knowledge acquired through study or experience or instruction) 

information (formal accusation of a crime) 

data, information (a collection of facts from which conclusions may be drawn) "statistical data" 

information, selective information, entropy ((communication theory) a numerical measure of the uncertainty of an outcome) "the signal contained thousands of bits of information"

Management: management, direction (the act of managing something) "he was given overall management of the program"; "is the direction of the economy a function of government?" 

management (those in charge of running a business)
Strategy: scheme, strategy (an elaborate and systematic plan of action) 

strategy (the branch of military science dealing with military command and the planning and conduct of a war)
Obviously, the first critical step for the new Data Integration Workgroup Community of Interest is to decide what it means by Enterprise Data Integration, Enterprise Data Management Strategy, etc. A Google search identified a number of non-government “data management strategy” documents, the FEA DRM 2.0 Data Management Strategy (February 2004 Draft that has never been published by OMB) (11) and one specific example of an Environmental Data Management Strategy (12).
EPA’s Chief Architect, John Sullivan, has recently provided (13) a schematic (see next page) entitled “EPA’s 1st Generation Target Architecture Defined a Suite of Enterprise Tools” for which is critical to define what is meant by “data” in each component. This suggests starting with a Data Architecture for the Enterprise Architecture! In order to do this, data architects need to be able to use a markup language (XML, RDF, and OWL) tools to capture the relationships between data, metadata, models, and metamodels to implement DRM 2.0 and DRM 3.0 and Web 3.0 (see schematic on next page).

2. EPA Data Architecture for DRM 3.0 and Web 3.0

Last year, EPA staff and contractors were interviewed to document and critique what they had done on EPA Data Architecture Version 1 and the results were posted to a Wiki page (4) which in turn was linked to Wiki pages that document support for a number of collaborative interagency metadata-data management-data sharing activities (state of the environment, indicators, GIS-LandView, semantic interoperability, etc.) projects. The same is being done this year (see page 6) (5). More specifically see “EPA Data Architecture for the Data Reference Model: Build to Exchange, Share, and Reuse” (14) and “Building DRM 3.0 and Web 3.0 Knowledgebases: Where Do the Semantics Come From?” (15).
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Specifically the purpose is to build on the EPA Data Architecture for DRM 2.0 work and evolve to Building DRM 3.0 and Web 3.0 Knowledgebases to create an An Information Sharing Environment for the US EPA: The Semantics and Line of Sight of the Organization. An Information Sharing Environment includes:
Locate (e.g., Google),
Collaborate (e.g., Wiki), and
Integrate (e.g., Semantic Wiki).
Others might call this an Information Technology Infrastructure Library (16).
The pilot of an integrated EPA Information Sharing Environment (see schematic below) using a Semantic Wiki includes:

EPA Strategic Plan: Charting Our Course (2006-2011) Knowledgebase (17)
U.S. EPA Enterprise Architecture 2007 Knowledgebase (18)
EPA's FY2006 Performance and Accountability Report Knowledgebase (19)
EPA's 2007 Report on the Environment (ROE) Knowledgebase (20)
[image: image4.png]Information Sharing Environment for the US EPA
Integration EA  Service Management BPM Stakeholders

Innovation &
Collaboratioj

2007 Report
on the
Environment;

Office of the Chief Information Officer | Office of Research & Development

apture the Semantics of the Organization and the Line of Sight. 36




Knowledgebases for Service Systems are defined as: A semantic model = ontology(s) + the database of instances built as a social contract between those the know how to build them and those that need them (business partners). An ontology is a formal description of the meaning of the information used by software systems. Just like relational databases use SQL as a query language, ontologies developed using Semantic Web standards are queried with a query language called SPARQL. SPARQL is a simple yet powerful language. A single SPARQL query can combine the selection criteria based on the data values as well as their meaning. Unlike relational databases and SQL which are tightly bound to a specific data model, ontologies are highly flexible making it possible to (1) easily accommodate changes in the data model, and (2) create generic queries that work in multiple situations and don't need changing when the data model must change.
The paradigm shift for Enterprise Data Integration and Data Warehousing is explained below.
EPA Data Architecture for DRM 3.0 and Web 3.0 Paradigm Shift

	Passive
	Proactive
	Examples

	Data Standards
	Ontologies
	New ISO Geographic Information Ontology Project: See SOCoP (21)

	Data Management/

Data Integration
	Data Reuse
	LandView 6 & 7 (22)

Recent W3C Workshop (6)

	Community of Interest
	Community of Practice
	SICoP Special Briefing for DoD CoI (7)

	Target Architecture
	Service Systems
	Keynote at Gartner EA Summit (23) and EPA Data Architecture for DRM 3.0 and Web 3.0 (14)
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3. Example
The minutes from the July 17-18th Enterprise Data Integration and Data Warehousing Meeting (1) suggest the “need for an integrated, agency-wide metadata management tool” and many other things. However, the Semantic Web/Semantic Technology approach to data integration is not the data warehousing approach but the data reuse approach – putting the business and technical rules, logic, etc. into the data itself using markup languages (5) to benefit EPA and its data sharing partners. Most, if not all, of EPA’s databases lack this added value that provides data independence – mobility from their storage systems. A simple example is the fact that probably EPA’s most important databases and metadata are in four Adobe PDF files (or Word files), namely the four documents used in the pilot of an integrated EPA Information Sharing Environment in Section 2.

Specifically, EPA's 2007 Report on the Environment (ROE) (24) contains thorough documentation and standard metadata templates (see Appendix A) for the 86 indicators selected using six criteria based on EPA’s Information Quality Guidelines (25) and a 

Peer Review Process described in Appendix B of the report (24). This was “reused” to create a knowledgebase (20) that contains a metadata database that could be considered to be “an integrated, agency-wide metadata management tool” (see below) and is similar to interagency data sharing and reuse done for years in EPA's Guide to Selected National Environmental Statistics in the U.S. Government (26) and the Integration of Environmental Information and Indicators (27).
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4. Recommendations
Obviously, the first critical step for the new Data Integration Workgroup Community of Interest is to decide what it means by Enterprise Data Integration, Enterprise Data Management Strategy, etc., and to define what is meant by “data” in each component of the schematic entitled “EPA’s 1st Generation Target Architecture Defined a Suite of Enterprise Tools”.

The next critical step suggested is starting with a Data Architecture for the Enterprise Architecture! In order to do this, data architects need to be able to use markup language (XML, RDF, and OWL) tools to capture the relationships between data, metadata, models, and metamodels to implement DRM 2.0 and DRM 3.0 and Web 3.0. It is suggested that the most important tenets of the reuse are:
1. Bring the data and the metadata back together.

2. Bring the structured and unstructured data and information back together.

3. Bring the data and information description and context back together.

The new Data Integration Workgroup Community of Interest will need to open up to non-EPA participants in a public space like a Wiki so they can interact with the clients of EPA Enterprise Data Integration and Data Warehousing
Based on earlier work in this area, the following recommendations are offered: 

1. Improve the quality (locational accuracy) of the facility data and collaborate to integrate it with other non-EPA sources of facility data.
2. Have an open community of practice of subject matter experts manage the Substance Registry System (OPPTS, NLM, etc.). 

3. Use open CoPs for EPA Data Sharing using DRM 2.0 like we did recently for Environmental Health Data for Bill Sonntag and do for CEQ for indicators. 

4. Integrate the data and the information (e.g. metadata) back together so it can be readily shared with others using DRM 3.0 and Web 3.0.
Based on related work to build interagency SOA Data Service Layers, the following recommendations are offered:

1. See the SOA CoP Fact Sheet (28)

2. SOA CoP/IONA Jump Start Kit (29)
3. Published Paper on The Content Assembly Mechanism (CAM) and SOA Data Service Layers (30)

4. SOA CoP Demo Phase 4 (31)

5. 4th SOA for E-Government Conference, October 1-2, 2007 (32)
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Appendix A. EPA’s 2007 Report on the Environment: Science Report Metadata Template
1. Data Set Source

2. Data Collection Date

3. Data Collection Frequency

4. Data Set Description

5. Technical Questions

(1) Are the physical, chemical, or biological measurements upon which this indicator is based widely accepted as scientifically and technically valid?

(2) Is the sampling design and/or monitoring plan used to collect the data over time and space based on sound scientific principles?

(3) Is the conceptual model used to transform these measurements into an indicator widely accepted as a scientifically sound representation of the phenomenon it indicates?

(4) To what extent is the indicator sampling design and monitoring plan appropriate for answering the relevant question in the ROE?

(5) To what extent does the sampling design represent sensitive populations or ecosystems?

(6) Are there established reference points, thresholds or ranges of values for this indicator that unambiguously reflect the state of the environment?

(7) What documentation clearly and completely describes the underlying sampling and analytical procedures used?

(8) Is the complete data set accessible, including metadata, data-dictionaries and embedded definitions or are there confidentiality issues that may limit accessibility to the complete data set?

(9) Are the descriptions of the study or survey design clear, complete and sufficient to enable the study or survey to be reproduced?

(10) To what extent are the procedures for quality assurance and quality control of the data documented and accessible?

(11) Have appropriate statistical methods been used to generalize or portray data beyond the time or spatial locations where measurements were made (e.g., statistical survey inference, no generalization is possible)?

(12) Are uncertainty measurements or estimates available for the indicator and/or the underlying data set?

(13) Do the uncertainty and variability impact the conclusions that can be inferred from the data and the utility of the indicator?

(14) Are there limitations, or gaps in the data that may mislead a user about fundamental trends in the indicator over space or time period for which data are available?
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