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1 Introduction

The Geospatial Data Standard Scoping Team (Team) was established in 2004 to:

· Explore and determine the feasibility of establishing data standards (i.e. consistent terms, definitions and formats / structures) for geospatial data (points, lines and polygonal features) that allow machine-to-machine sharing of this data among Exchange Network partners, and

· To determine the approach for developing data standards, if the team determines it is feasible.

The Team determined it was critical to identify the underlying business need that might be served by creating geospatial data standards.  The business need is to enrich Exchange Network data, where possible, with spatial components for better decision making. This is also true for environmental activities extending beyond the Exchange Network to touch related communities of interest.  For example, BioWatch is a program that numerous agencies have an interest in and a need to share information about. BioWatch includes experts in various disciplines from DHS, EPA, CDC, Los Alamos National Laboratories, Lawrence Livermore Laboratories, and the Department of Defense.  Geospatial data activities that work to standardize location information can have a positive impact on cross-agency data sharing.

The Team undertook several research activities to discover the current status of activities surrounding data standards in the geospatial community.  In addition to research, the Team sought out and participated in related Exchange Network meetings, updated the EPA Geographic Information Officer and interacted with standards setting bodies including the Federal Geographic Data Committee (FGDC).  Team members contributed substantial expertise and represented numerous states, EPA, other federal agencies having significant GIS interest, tribal communities and data standards groups.  The breadth of knowledge and experience enriched the knowledge exchange for the large group effort and helped set the course for the content of this document.

Team Members - Team members specifically responsible for the content of this document are denoted with an asterisk (*).

	NAME
	ORGANIZATION
	EMAIL

	Larry Alber
	NYS Department of Environmental Conservation
	lalber@gw.dec.state.ny.us

	Tom Aten
	Wisconsin Department of Natural Resources
	Thomas.aten@dnr.state.wi.us

	Wendy Blake
	EPA, OEI
	Blake-coleman.wendy@epamail.epa.gov

	* David M. Blocher
	Maine Department of Environmental Protection
	david.m.blocher@maine.gov

	* Paul Caris
	NJ Dept of Environmental Protection
	paul.caris@dep.state.nj.us 

	Tim Crawford
	EPA, OEI
	Crawford.tim@epa.gov

	* Sherry Driber
	NJ Dept of Environmental Protection
	Sherry.Driber@dep.state.nj.us 

	Jake Duplessie
	Idaho DEQ
	jdupless@deq.state.id.us 

	Robin Fegeas
	USGS
	rfegeas@usgs.gov

	* Kevin Kirby
	EPA, OEI
	Kirby.kevin@epa.gov

	Marilu Koschak 
	Northwest Indian Fisheries Commission
	mkoschak@nwifc.org

	John Laedlein
	Wisconsin Department of Natural Resources
	john.laedlein@dnr.state.wi.us

	* Matthew G. Leopard
	EPA, Info Services and Support Branch
	Leopard.matthew@epamail.epa.gov

	Ricardo López-Torrijos
	Geo Information Technologies
	rxlopez@dec.state.ny.us

	* Ron McFarlane
	Northwest Indian Fisheries Commission
	rmcfarlane@nwifc.org

	Mark Olsen
	MN Pollution Control Agency
	Mark.olsen@pca.state.mn.us

	Carolyn Offutt
	EPA OSWER
	Offutt.carolyn@epa.gov

	Christopher Pfeiffer
	Pennsylvania Spatial Data Access
	Cxp7@psu.edu

	Michael Smith
	Maine Department of Environmental Protection
	michael.smith@maine.gov

	* Linda Spencer
	EPS, OEI
	Spencer.linda@epa.gov

	Larry Thornton
	NJ Dept of Environmental Protection
	Lawrence.Thornton@dep.state.nj.us

	John Tooley
	Washington Dept. Ecology
	jtoo461@ECY.WA 

	Will Wall
	Idaho DEQ
	wwall@ddeq.idaho.gov 

	Bob White
	Maine, Office of Geo Information
	bob.white@maine.gov

	Lawrence Zaragoza 
	EPA
	zaragoza.larry@epa.gov 

	* Mary Blakeslee
	Environmental Council of States
	maryb@sso.org

	Louis Sweeny
	Ross & Assoc. Environmental Consulting, Ltd.
	Louis.sweeny@ross-assoc.com

	* Nancy Tosta
	Ross & Assoc. Environmental Consulting, Ltd.
	Nancy.tosta@ross-assoc.com

	* Cathy Hunter
	Target Systems
	cmhunter@target-sys.com

	* Andrea Reisser
	Concurrent Technologies Corporation
	reissera@ctc.com


2 Document Purpose

The purpose of this paper is to document the research and discovery phase of the Team’s efforts.  This document also identifies the high-level issues and complexities uncovered during the research phase.  It draws together and summarizes the information collected to validate and refine the purpose of the Team and sets forth recommendations for advancing the usability of geospatial information throughout the Network.  A glossary has been provided as Appendix A to this document to assist in creating a common vocabulary and understanding of terminology used in this paper.  This glossary is not proposed as the authoritative definition of geospatial data terminology for the Exchange Network or other activities beyond the scope of this paper.

3 Issues

The Exchange Network needs to be able to handle the exchange of geospatial data components to enrich the information currently available to users.  To begin to accomplish this, it is necessary to define all the elements that provide a complete description of the data to be exchanged.  It is important here to make the distinction between the need to access primarily geospatial data in shape files, coverages etc. that is in a proprietary format versus the exchange of primarily tabular data that may have a relatively small spatial component.  The focus of this Team is the latter type of exchange.

The Team discovered that there are numerous challenges at various levels related to the transfer of geospatial data.  Through discussion and investigation, the following issues were raised.  It is recognized that not all the issues are within the control of this Team and in some cases, not even within the control of the Exchange Network, but it is important to identify them for future efforts in this area.  Complete, current data standards do not exist across the environmental enterprise at the data element level for those data elements containing geospatial data, specifically points, lines and polygons (area).  As such, geospatial data cannot currently be effectively transferred via the Exchange Network.

The following questions served to focus the team on refining the problem statement related to the transfer of geospatial data:

a) Do existing geospatial data standards exist that meet the needs of the Network or that could be adapted to meet the needs of decision makers?

b) What is currently being done within the geospatial data standards area? Does this Team’s effort conflict with or complement other ongoing efforts?

c) Should the Environmental Data Standards Council (EDSC) more explicitly define the need for geospatial standard format for a specific community for a specific data set?

d) How do we tie meaning to geospatial data?  How should the EDSC deal with metadata issues?

The following conclusions reinforce the Team’s original purpose and help refine the scope for future effort.

a) Data standards are needed to enable geospatial data exchange across the Exchange Network.

b) Data standards are needed to enable geospatial data exchange with non-environmental agencies (i.e. Homeland Security) and networks (i.e. Public Health Information Network (PHIN)).

c) Existing data standards such as the EDSC point standard and the FGDC metadata standard often require modification to meet the various implementation purposes of the environmental community.

d) There is an issue of format vs. content.  Communities of interest must define the content they need to exchange.

Problem Statement:  These questions and issues clarified the problem at the root of the purpose of the Team.  Today, environmental decision makers are unable to adequately automate electronic machine-to-machine exchange, integration, analysis and display of information, due in part to the inability to transfer geospatial data using standardized definitions.  The creation of standards must be for the purpose of improving information available to decision makers in order to potentially attack the problems related to exchange and integration.  Once standards are created, there remains the issue of enforcing the use of the standard.

4 Team Findings

The complexity of this standardization effort should not be minimized.  This work requires a depth of technical and program (media) knowledge to advance to the next level.  Additional subject matter expertise would greatly benefit and is recommended for future work in this area.  A major underlying issue contributing to the complexity appears to be lack of shared terminology, definition and content.  This further supports the need to develop a geospatial data standard.

Future standardization efforts are valuable within the scope of addressing the problem statement and within the context of the following findings.  These findings represent some, but not all of the areas that present challenges.

1. It is critically important to have shared meaning on the content of the exchange (e.g., the definition of a river; the definition of an air shed).

2. Partners have to agree about the content in the context of the sharing of points (e.g., the sharing of facility or monitoring station data), lines (e.g., the sharing of data about river or ground water flow) and polygons (e.g., defining what an air shed or watershed, or contamination area is).  
3. Definitions in this area should guide the Network in coordinating various challenge grants and other dataflow or web-publishing projects.  For example, one group could take the lead in developing definitions for others to review -- e.g., the Chesapeake Bay challenge grant group will be designated to define the data elements for sharing watershed boundaries.
4. Collecting location information for environmental data, health data, transportation data, etc. should be routine (just like date-time stamping is in the laboratory) and there should be accompanying elements that describe the precision and accuracy of the locations.  This information enriches the content and provides information to perform better geospatial analysis.
5. GML was investigated to better understand data elements that may be needed for the electronic transfer that may not normally be considered for geospatial data exchange.  Also helping to understand the technology that may be used helped the Team to understand the difference between Exchange Network and normal GIS download data sharing efforts.  Language (i.e. GML) and related transport and protocol issues are outside the scope of this Team but monitoring this activity is of benefit to the Network

6. Research indicates that several other organizations are engaged in development of geospatial data standards.  Continued monitoring of related efforts is useful in general terms to make sure ongoing efforts are synchronized with larger data standards direction. These include:

· Federal Geographic Data Committee (FGDC)

· Cooperating State Councils of the FGDC 

· The National States Geographic Information Council)(NSGIC) 

· The National Association of Counties (NACo)

· The Open Geospatial Consortium (OGC) 

· The University Consortium for Geographic Information Science (UCGIS)

· The National League of Cities (NLC)

· International City/County Management Association (ICMA)

· Emergency Interoperability Consortium (EIC)

· National Geospatial Intelligence Agency (NGA)

· Organization for the Advancement of Structured Information Standards (OASIS)

· U.S. Geological Survey (USGS)

Each of these organizations has conducted exploratory work that might be used as a basis for collaboration, adoption and/or adaptation.  Appendix B contains a crosswalk of various related geospatial data standards activities.

5 Issues Related to Current Latitude/Longitude Standards

The current latitude/longitude (lat/long) standard works well in many circumstances, particularly for standardization of regional and national data sets.  Many of these point locations are coded in a geographic coordinate system using latitude and longitude decimal degrees.  The standard includes important feature level metadata such as the reference datum, source map scale, horizontal and vertical accuracy assessments, and other collection information. 

Issues with the use of the lat/long standard, especially on the Exchange Network, are related to its utilization by agencies that collect and store points in other than lat/long.  States and tribal organizations commonly use spatial reference systems that serve local needs.  Often state law mandates the use of a local reference system. For example, in New Jersey, the requirement is the use of the New Jersey state plane coordinate system (SPCS), North American Datum 1983 (NAD 83). In addition to the use of state plane coordinate systems, regional agencies may use coordinate systems that suit their particular needs for a regional system.  The USGS, for example, commonly used the Universal Transverse Mercator (UTM) system for their geospatial data sets.  EPA uses lat/long for data sets such as FRS (facilities) but not others such as NEI (air emissions), which uses UTM.

Other difficulties associated with use of the lat/long standard include:

· The use of the lat/long standard would require many agencies to store two sets of coordinates; one in the local coordinate system and a second in lat/long.  This adds unnecessary complexity, and often creates confusion.  Examples have been seen where coordinates are coded in XML as representing latitude and longitude point locations where, in fact, the points are entered in a local coordinate system.  

· Coordinates are often transposed in the database because latitude, longitude is actually y-x.  Users of state plane coordinate systems are familiar with x-y coordinates. Errors are introduced during data entry when latitude values are entered as x and longitude values are entered as y.  

· There is often confusion related to the difference between lat/long values in degrees-minutes-seconds, decimal degrees, decimal minutes or decimal seconds. This can also result in data entry errors

These types of coordinate system errors prevent using the data spatially until such errors are identified and corrected.  Any geospatial data standard or technical specification developed for the Exchange Network must adequately deal with these issues, whether the lat/long standard is used or not.

A new point standard that allows for multiple coordinate systems needs to be evaluated. Advances in geospatial technology have provided for the automated, “on-the-fly” translation among standard coordinate systems, if the coordinate system of the incoming data is known. Currently, most partners have a tool that handles this conversion as part of their geospatial software.  By adding elements to capture information about coordinate systems, partners could exchange data in a known system and have the central repository (warehouse) convert the data to a required projection. Such an approach may necessitate a tool, or service, on the Exchange Network that would convert the coordinate system after receiving data.  This approach would allow the Network to accept spatial data in various coordinate systems and project the data to lat/long or another spatial reference system.  Rather than defining a single spatial reference system, a new standard would provide the necessary information so a service on the network could automatically interpret the incoming data and make the appropriate projection.

This issue should be considered as EDSC opens up the point standard for other updates as those recently suggested by EPA.

6 Recommendations and the Path Forward

EDSC acceptance of this paper and endorsement of the following recommendation is needed to focus on next steps and continue forward progress.  It is recommended that the EDSC:

· Utilize the existing subTeam (responsible for preparing this paper) and additional partners as appropriate, to begin the development of a draft data standard for points with updates to this document as progress continues.

There are several related recommendations that have surfaced from the research and discussion.  As time and resources permit, it is recommended that these activities be pursued by the current subTeam or its successor:

1. Analyze implementation options related to standardization; identify how users can actually use the standard on the Exchange Network, i.e. Are tools, incentives, etc. available to help create and discover the standardized data, or create the “right” wrapper for exchange on the Network?

2. Continue to build knowledge regarding marketplace tools and trends in conjunction with understanding the needs of both environmental and nonenvironmental users;

3. Continue to monitor various efforts working on the sharing of geospatial data, i.e. the FGDC;

4. Work with communities of related interest (i.e. Homeland Security, CDC, FEMA etc.) to target geospatial data content needs and definitions for improved decision making;

5. Collect and disseminate basic geospatial information to serve the environmental community as geospatial information becomes more critical to cross-media and cross-agency sharing;

6. Identify methods and the level of outreach required to maintain community of interest awareness of related activities to maximize reuse and consistency;

7. Identify where future investment in this area would reap the most benefit for users.

7 Summary

Accurate and timely environmental information is critical to the effective management of our environmental resources and safeguarding human health.  As a result, significant resources and effort go into environmental data acquisition, management, maintenance, exchange, access, and oversight.  Unfortunately, complete, current data standards do not exist across the environmental enterprise at the data element level for those data elements containing geospatial data, specifically points, lines and polygons.  Increasingly, environmental professionals need to aggregate and use environmental data from multiple sources across and between organizations in order to more accurately analyze effects, predict trends, and to minimize risk.  Data standards are the key tool to making data from such an integration process understandable.

	TERMS
	DEFINITIONS

	Area
	Data exists when a feature is described by a closed string of spatial coordinates. An area feature is commonly referred to as a polygon. Polygonal data is the most common type of data in natural resource applications. Examples of polygonal data include forest stands, soil classification areas, administrative boundaries, and climate zones. Most polygon data is considered to be internally (residential, forest, etc.) homogeneous in nature and thus is consistent throughout.

	Attribute
	Describes characteristics of features e.g. land area, boundary, population, discharge rate etc.

	Decimal degrees
	Degrees of latitude and longitude expressed in decimals instead of degrees, minutes, and seconds. Decimal degrees are computed with the formula: decimal degrees = degrees + minutes/60 + seconds/3,600.  Using this formula, 73 degrees, 59 minutes, 15 seconds is equal to 73.9875 decimal degrees.

	Degree
	A unit of angular measure, represented by the symbol (). The circumference of a circle contains 360 degrees.

	Feature
	Information about real world entities such as counties, municipalities and rivers.  These features may be broken down into smaller features e.g. municipal demography and river gauging stations.  They can be discrete locations or events, lines, or areas.

	Feature Type
	Can be represented using either Raster or Vector models.  Discrete features, such as facility locations and data summarized by area such as postal code areas or lakes, are usually represented using the vector model.  Continuous categories, such as soil type, rainfall or elevation are represented as either vector or raster.

	Format
	Representation of spatial data using either Vector model or Raster model.

	Geographic coordinate system
	A reference system using latitude and longitude to define the locations of points on the surface of a sphere or spheroid.

	Geographic coordinates
	Locations on the surface of the earth expressed in degrees of latitude and longitude.

	Geographic data
	Information about geographic features, including their locations, shapes, and descriptions.

	Geographic database
	A collection of spatial data and their attributes, organized for efficient storage and retrieval.


	Geographic Information System
	Combines layers of information about a place to provide better understanding of that place.  The layers of information you combine depend on your purpose, such as analyzing environmental damage or detecting health patterns around a facility

Provides functions and tools to store, analyze, and display information about places.  Key components of GIS software are:

· Tools for entering and manipulating geographic information such as addresses or political boundaries

· A database management system (DBMS)

· Tools that create intelligent digital maps you can analyze, query for more information, or print for presentation

· An easy-to-use graphical user interface (GUI)

	Geography Markup Language
	Provides the actual data values in an XML format that any client can easily put into its own data structures.  Delivers the actual data, as opposed to a visualization of the data (SVG).

	Geospatial Data
	Answers the question “Where on earth is it?” whether “it” is a thing, a concept, an idea, a direction or a trend.  Geospatial data includes details about characteristics, relationships to other things or ideas, and the dimension of time as it relates to all of these.  For example, geospatial data can not only show where are the forest stands, electoral districts, census areas, shorelines, ports, and so on; but also reveal how they interrelate, and how that interrelation changes with time.  Geospatial data can be used to plan and predict by extrapolating trends and postulating changes.  Often used synonymously with spatial data and geographic data.

	Image Data
	Includes such diverse elements as satellite images, aerial photographs, and scanned data – data that’s been converted from paper to digital format.

	Latitude
	The angular distance along a meridian north or south of the equator, usually measured in degrees. Lines of latitude are also called parallels.

	Line
	Data exists when a feature's location is described by a string of spatial coordinates. Examples of linear data include rivers, roads, pipelines, etc.  Represents anything having a length.  (e.g., rivers, streams, streets, highways, etc.)

	Longitude
	The angular distance, expressed in degrees, of a point on the earth's surface east or west of a prime meridian (usually the Greenwich meridian).

	Map projection
	A mathematical model that transforms the locations of features on the earth’s curved surface to locations on a two-dimensional surface (for example, a paper map or a computer screen. Every map projection distorts distance, area, shape, direction, or some combination thereof.

	Metadata
	Information about a data set. Metadata for geographical data may include the source of the data; its creation date and format; its projection, scale, resolution, and accuracy; and its reliability with regard to some standard

	North American Datum of 1927 (NAD 1927, NAD 27)
	The primary local geodetic datum used to map the United States during the middle part of the 20th century, referenced to the Clarke spheroid of 1866 and an initial point at Meades Ranch, Kansas. Features on USGS topographic maps, including the corners of 7.5-minute quadrangle maps, are referenced to NAD 27. It is gradually being replaced by the North American Datum of 1983.

	North American Datum of 1983 (NAD 1983, NAD 83)
	A geocentric datum based on the Geodetic Reference System 1980 ellipsoid (GRS80). Its measurements are obtained from both terrestrial and satellite data.

	Point
	Data exists when a feature is associated with a single location in space.  Represents anything that can be described as an x, y location on the face of the earth.  (e.g., industrial or municipal facilities, monitoring stations, discharge pipes, etc.)

	Polygon (Area)
	Describes anything having boundaries, whether natural, political or administrative.  (e.g., boundaries of facilities, lakes, states, counties, cities, etc.)

	Projected coordinates
	Latitude and longitude coordinates projected to x, y coordinates in a planar coordinated system. Compare geographic coordinates.

	Raster Model
	Represents features as a matrix of cells in continuous space.  Each layer represents one attribute (although other attributes can be attached to a cell).  A point is one cell, a line is a continuous row of cells, and an area is represented as continuous touching cells.  The cell size you use for a raster layer will affect the results of the analysis and how the map looks.  The cell size should be based on the original map scale and the minimum mapping unit.  Using too large a cell size will cause some information to be lost.  Using a cell size that is too small requires a lot of storage space, and takes longer to process, without adding additional precision to the map.

	Spatial data
	1. Information about the locations and shapes of geographic features and the relationship between them, usually stored as coordinates and topology. 2. Any data that can be mapped.

3. Represented by points, lines and areas – the heart of every GIS.  Spatial data forms the locations and shapes of map features such as buildings, streets, or cities.

	State Plane Coordinate System (SPCS)
	A group of planar coordinate systems that divides the United States into more than 130 zones, so that distortion in each is less than one part in 10,000. Each zone has its own map projection and parameters and uses either the NAD 27 or NAD 83 horizontal datum. The Lambert conformal conic projection is used for states that extend mostly east-west, while transverse Mercator is used for those that extend mostly north-south. The oblique Mercator projection is used for the panhandle of Alaska.

	Tabular Data
	Information describing a map feature.  These include lists, spreadsheets, or databases about information like postal codes, or other information, that can be used in a GIS.  Tabular data can be linked with the spatial data.  For example, a map of facility locations may be linked to epidemiological information.

	Universal Polar Stereographic (UPS)
	A projected coordinate system that covers all regions not included in the UTM coordinate system; that is, regions above 84 degrees north and below 80 degrees south. Its central point is either the North or South Pole. See also universal transverse Mercator.

	Universal Transverse Mercator (UTM)
	A commonly used projected coordinate system that divides the globe into sixty zones, starting at -180 degrees longitude. Each zone extends north-south from 84 degree north to 80 degrees south, spans 6 degrees of longitude, and has its own central meridian. See also universal polar stereographic.

	Vector Model
	Each feature is defined by x, y locations in space (the GIS connects the dots to draw lines and outlines, creating lines and areas).  Vector data represents each feature as a row in a table, and feature shapes are defined by x, y locations in space (the GIS connects the dots to draw lines and outlines.)  Features can be discrete locations or events, lines or areas.

	Web Map Server Interface
	Returns only the rendering of the feature in a graphics format such as Scalable Vector Graphics (SVG)….a visualization of the data.

	Web Coverage Service (WCS)
	Supports the networked interchange of geospatial data as "coverages" containing values or properties of geographic locations. Unlike the Web Map Service, which returns static maps (server-rendered as pictures), the Web Coverage Service provides access to intact (unrendered) geospatial information. (OGC)

	Web Feature Service (WFS)
	OpenGIS Specification that supports INSERT, UPDATE, DELETE, QUERY and DISCOVERY of geographic features. WFS delivers GML representations of simple geospatial features in response to queries from HTTP clients. Clients access geographic feature data through WFS by submitting a request for just those features that are needed for an application. (OGC)

	Web mapping
	Dynamic query, access, processing, combination and portrayal of different types of spatial information over the Web. (OGC)

	Web Mapping Service (WMS)
	OpenGIS Specification that standardizes the way in which Web clients request maps. Clients request maps from a WMS instance in terms of named layers and provide parameters such as the size of the returned map as well as the spatial reference system to be used in drawing the map. (OGC)


Glossary Sources:

1. http://www.schs.state.nc.us/NAACCR-GIS/GISStandards.html
2. http://www.innovativegis.com/basis/primer/nature.html 

3. Kennedy, H. (Editor), 2001. Dictionary of GIS Terminology. The ESRI Press, Environmental Systems Research Institute, Inc., Redlands, California.

4. OGC Glossary. http://www.opengeospatial.org/resources/?page=glossary

The crosswalk shown below (on the next page) identifies the current relationship between existing EPA technical standards and related federal/national standards efforts.  Alignment with the FGDC is mandated for EPA and must be accommodated in any future geospatial data standards efforts related to the Exchange Network since EPA is a key partner.  Other related efforts listed in Section 4 of this paper should be monitored as part of any ongoing data standards work to eliminate duplication of effort and take advantage of any advances in this field resulting from work done by these groups.
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