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HOW TO CREATE METADATA FOR ECOLOGICAL DATA:  A guide explaining the use of Ecological Metadata Language (EML) to maximize the long-term utility of your ecological data.

-----------------------------------------------------------------------------------------------------

Assumptions

This is being written assuming an ecologist knows nothing about XML or XSLTS and initially at least, is not interested in learning about them.  After reading the body of the document the reader should be convinced that they are ready and need to use EML to create metadata for their data and have an excellent understanding of the type of metadata that can be created with EML to accurately document a dataset.  The body of the document should be 15 pages or less with much more comprehensive and detailed appendices.

-----------------------------------------------------------------------------------------------------

Intended Audience

This document should be useful to anyone collecting, managing or analyzing ecological data.  The body of the document provides an introduction to metadata, stresses the importance for ecologists to document their datasets, and uses case studies to demonstrate how to create metadata with EML.  More advanced topics and technical details are provided in the appendices.  This guidebook could be used in undergraduate or graduate school classes, as a personal reference for professional ecologists (both public and private and as individuals or within organizations) and ecological information managers.

Ecological Data 

Whether you are a graduate student, a professor, a consultant with a private firm, an employee with an NGO or government agency, if you are an ecologist you will all have one thing in common: at some point in your career you will collect and utilize ecological data.  Ecological data is crucial to address research questions, validate and inform ecological theories and models and provide a foundation upon which to make ecologically related business, political and legal decisions. The effort required to collect the data may range from volunteer coordinated field surveys to multi-million dollar research projects.  Unfortunately, after these data are used for their primary objective they are often discarded, become lost or remain undocumented for so long that the knowledgeable people responsible for them have themselves forgotten or are unreachable as they move on in their careers.  This results in a complete loss of the effort and resources required to collect the data as well as the extremely valuable information contained in the data.  

This loss of information is becoming increasingly important as ecologists seek to understand large-scale environmental systems and processes that require the integration of data from many sources and investigators.  Figure 1 imaginatively illustrates the current state of ecological data.  Despite this situation, the ecological archives are increasing their volumes slowly and some of the most cutting-edge and insightful advances in the comprehension of ecological processes have occurred via the integration of multiple, independently collected datasets.  Highlight some examples and list ecological problems they are addressing…These have demonstrated that the utility of datasets extends far beyond the primary data collection motivations.
For ecologists to continue to ask new questions over larger and larger temporal and geographic space, useable ecological data will be required that is beyond the scope of any single data collection effort.  These multiple dataset analyses require that the data need not only be thoroughly documented but they must be accessible.  After all, without the knowledge that data exist new research partnerships and collaborations cannot be formed and undertaken.  This document highlights the ability of Ecological Metadata Language (EML) to thoroughly describe a dataset and explains why creating metadata with EML will maximize the long-term utility of your data to yourself and others, facilitate data discovery and encourage new research collaborations.

Metadata

Ecologists that currently document their data do so in a variety of ways: they may have “mental notes”, or write their notes in the margins of field notebooks, in the data themselves, or in separate electronic files.  The specific information the ecologist documents is as variable as the discipline.  These notes or documentation about the data is called metadata.  Metadata is the information that describes who, what where, when, why and how an ecological dataset was collected.  Metadata literally means (meta ~ about) “about data” and is critical to comprehend data that was collected by someone else or by the data collector.  Most of us recognize the difficulty in using our own data after a few months have passed.  Just imagine the difficulty after a few years.  Without adequately documenting the units of measurement, creating definitions for the acronym used in the column headers, describing the motivation for initially collecting the data or explaining the experimental design of a research project the data become increasingly difficult to use over time (Cox ppt).  

One could say that any analysis that utilizes independently collected data would not be possible without some level of metadata.  To illustrate the importance of metadata consider an extreme simplification where a data table has no column headers (Fig 2). A data table like this with no metadata is useless as the numbers in the columns are meaningless and there is no metadata that would allow you to find the data owner and begin a discussion to comprehend what the values in the columns mean, where they were collected, how the were collected, etc.  Figure 3 is the same data table but with a little metadata.  In this situation the columns such as Site make sense but we have no idea what the code “CH” means. We can only guess what the columns with headers S, R, Bm, P, N signify.  The lack of documentation again relegates this dataset as useless.

Figure 4 illustrates a dataset where much more effort has been given to documenting the dataset.  The data owner has identified himself/herself, data column headers are defined and some general information regarding how and where the data was collected is provided.  This information makes this a useable dataset.  However, if you collected this dataset there is probably more information that would better describe this dataset and make it more useable for you in the future.  For example, geographic coordinates or other information that more explicitly describe the spatial aspects of your data, information regarding when your data was collected or details such as the code or numbers that were used as missing numbers in your data columns would make the dataset much more useable.

This example illustrates another important concept regarding metadata.  The information displayed in this example is what the data collector/owner decided to document.  In other words, they wrote down some of the things they thought were important to understand the data.  However, if the data collector documented another dataset what information would they decide is important, would they be more or less thorough, would they select the same format to present the metadata?  Furthermore, if an analysis requires multiple datasets it is very unlikely the data collectors would provide metadata documents in similar formats or contain equivalent levels of metadata detail.  The potentially infinite formats and types of information in which to document data suggest the need for metadata to be standardized.  Figure 5 displays a much more detailed metadata document that was made using EML where each metadata concept (from the dataset title to geographic description) has been formalized and standardized.

-------------------------

Should be about 7-8 pages with images and metadata documents

Creating Metadata with EML

NOTE: This for non-RDBMS style datasets.  This is a more advanced topic and is addressed in Appendix X.

Ecological Metadata Language (EML) is a metadata content specification for ecological

data, resulting from an open source, community-based effort involving ecological researchers, information managers, and software developers from around the United States, in particular at Long Term Ecological Research sites, LTER, and the National Center for Ecological Analysis and Synthesis, NCEAS.  The need for EML has long been recognized within the ecological community as critical to the preservation and long-term intelligibility of the growing archives of ecological data (FLED Report 1995, Michener et al, 1997).  EML attempts to be non-ambiguous and comprehensive, and is intended for use by any ecologist or ecological information manager who wishes to document their data in a way that facilitates its reusability and sharing. 

EML describes a number of critical aspects of the data, such as variables’ names and definitions, their units of measurement, time and place of data collection, who collected the data, etc.  This is done by formalizing these metadata concepts into a standardized set of terms and definitions intended specifically for ecological data.  The metadata in Figure 5 is an example of a well-documented dataset using EML.  The question of “How much metadata is enough?” will always be relevant.  We feel an ecologist should have a solid understanding of a moderately complicated dataset after reviewing the metadata for 20 minutes.  If in doubt always operate under the “more is better” mantra as the lack of detail may require hours of analysis to work around and in the worst case may render the data unusable.  In general the more metadata you create the longer your dataset will be useable.

A walk through each of the formalized EML metadata concepts shown in Figure 5 will clarify some of the key metadata concepts available in EML.  After a quick glance you will notice the document is arranged in six metadata categories that contain more specific metadata.  These categories are somewhat arbitrary but represent a way to display categories of EML metadata terms in a way that makes intuitive sense for ecologists.  These categories are the General Dataset, Geographic, Temporal, Taxonomic, Methods and Data Table Metadata sections in the document.

The General Dataset Metadata category contains EML metadata concepts that describe the purpose for collecting data, the questions the data were being collected to address and who collected the data.  Some information such as the title and abstract are self-explanatory but some may not be.  The intellectual rights field is a place to store information regarding who can use the dataset.  Other general dataset metadata information includes contact information for people who had a significant role in collecting or managing the data.  At least one primary contact is recommended and should be the person to whom further questions regarding the data and metadata should be addressed.  

Not surprisingly the Geographic Metadata category is a place to put geographic and spatial metadata.  The geographic description field contains information regarding where the research project took place and any spatial or geographic references that may help you or someone else gain a better understanding of where the data were collected.  Latitude and longitude may also be entered to provide further geographic accuracy.  

The Temporal Metadata category contains information regarding when the research started and stopped and when the first and last data were collected.  If the dataset collects information regarding species there are Taxonomic Metadata fields that describe them.  Fields such as  need to go overEML taxonomic names.
The Methods Metadata category contains information on the methods used in the data collection and is an area to describe the experimental design of a project.  In this example there are three main areas that need documentation: Field Sampling, Biomass and Soil Data Measurements.  Each of the major steps accurately describe how the data were collected, what machines or devices were needed and any other information that would help someone understand how the data were sampled or recorded.  This information is also necessary to reproduce the experiment.  

The Data Table contains information regarding the data table itself.  There is physical data information like the file name, whether or not the letters in the data table are case sensitive, the number of records and how the data table is structured (i.e. variable names in columns or rows, if it is a symmetrical matrix (is this possible ).  There is also very important metadata regarding the columns of data themselves.  The “label” is a word or phrase in English as column headers are often acronyms or ambiguous abbreviations.  The “definition” field contains more descriptive information for what the numbers in that column or row represent.  The “unit” and “type” fields contain the units and data type of the column.  “Missing” represents a number where no data was collected.  A common example is the use of 9999.  Precision pertains to the accuracy of the measurement.  For example, if the numbers in a column are the output from a machine there most likely has been some type of precision or error that has been previously calculated.  Similarly, an ecologist might have estimated the precision in which they are recording some value.  The variable domain column provides information for codes that are used in a column (e.g. VO = Vally Oak, CS = Coasal Scrub) and the range of values in a column (e.g. biomass values range from 3.13g to 96.29g). How much more detail do want here?

The metadata contained in this example represent the level of detail required for someone who has little or no knowledge about the data, or the data collector after a long period of time, to quickly familiarize themselves with the data.  This includes a “core” set of EML metadata that irrespective of the dataset is recommended  (see Appendix X – Core EML).  Some research projects are more complex than others and require more types of metadata to describe them.  EML was designed with the intention of being able to describe any ecological dataset.  To highlight the flexibility of EML to capture metadata from more complex data collection situations we will expand on our simple ecological dataset example.  

Complex dataset

Imagine this same dataset was part of a much larger research project where the investigators and data from northern California University represent only a portion of the overall data collection effort. To be completed

· Project

· People

· Funding

· Coverage( geographic description, temporal

· Abstract

· Change keywords…

· Highlight ability of EML to differentiate between protocol and methods.

· Slight variation in experimental design and differences in data…both should be so important that without them someone would use the data incorrectly.

· Citations in various places

· Supporting the protocol

· Describing project

· More sites at NCU university = more complex Geog coverage section

The length of this section is variable and need to consider if we need to re-illustrate the entire metadata document or if it will make sense by only showing new sections?

Creating Your Own Ecological Metadata

We have now seen what we consider to be a sufficiently documented dataset and the flexibility of EML to provide a standardized and structured metadata document.  Hopefully you are now convinced of the importance of creating standardized metadata, are now ready to create metadata for your own data and contribute your data collection efforts to the growing ecological data archives.  Before beginning to create metadata you may want to consider a few things.  If you are involved in on-going research projects you may want to begin the metadata creation document with these and then begin working on “legacy” data.  Prioritize legacy datasets with those that you foresee to have the most benefit to you and the broader ecological community.  Following the format of the example metadata documents will allow you to mentally arrange the metadata in a logical format.  In other words begin by thinking about the bigger picture and scope in which your data were collected and end on the details of the data table.  The metadata for your data table warrants some more discussion.  

Ecological data goes through a life cycle of collection, transcription, analysis, and storage (look for citation, maybe create a figure).  Collection is the process of directly recording field/lab observations. Transcription is the process of transcribing these usually rough field notes into a more stable electronic media (more recently the distinction between these are becoming blurred as data are being collected using electronic devices).  Analysis usually involves transforming the data in some fashion to function with specific analytical software or answer specific questions.  Lastly, the data should be transformed into a storage format.  This last phase is often never done or simply is assumed to be the format in the transcription or analysis phase.  Ask yourself this question: “ Is there some way I can change the format of the data table so that I can more easily describe it?”  Appendix X provides some examples of common situations where simple changes in the data table format will facilitate the metadata creation process, make the data table much easier to comprehend and ultimately increase the long-term utility of your data.

There are currently 3 primary ways in which you can create metadata for your dataset using EML: EMC, Morpho, and group registries.  A fourth option exists which entails creating metadata directly using XML and is covered in Appendix X.  

The Eco Metadata Creator (EMC) is a web based ecological metadata creator.  The EMC walks an ecologist through a series of questions and forms in a Turbo-Tax style interface to create ecological metadata for most any ecological dataset.  The EMC creates metadata using a limited subset of EML to facilitate the metadata creation process.  Upon completion the EMC returns an electronic document that clearly displays standardized, EML compliant metadata that can be saved and viewed on a local desktop computer.  .  The ecologist will also have an option to contribute their metadata and/or data to public ecological data archives.  For more information see some www address….

Morpho is a cross-computer platform data and metadata management tool.  It allows an ecologist to create and edit metadata and data tables, manage metadata and data on a computer locally and allows the user to search and query ecological data both locally and on public ecological data archives.  All EML terms (currently around 2000!) that document data are available via Morhpo.  Metadata documents created from the EMC can be imported into Morpho to edit and add metadata.  For more information see http://knb.ecoinformatics.org/software/morpho .

Lastly, if you are part of a larger data collection effort you may want to consider creating group web registries.  This is essentially a customized web form that allows users who are part of the research project to quickly create EML metadata.  To create a group registry the people involved in the research project should do the following: budget money for a web server, a web developer and assign someone to learn the EML syntax and hierarchy.  There should be a “how to” manual outlining the process to get this done if this is really to be an option.
Ecological Research and the Future
By methodically documenting your data in a standardized format you are contributing to the advancement of the ecological discipline.  As the ecological data archives continue to grow more and more information will be available to address increasingly complex scientific questions.  The formal structure for EML not only provides a common structure for ecologists to document and interpret ecological data, but also one that better enables efficient development of software applications that process the metadata.  EML is implemented in XML (Extensible Markup Language), which is a growing standard for marking up documents on the Web.  This means that metadata created in EML will be highly available for searching and exchange over the Web.  The kinds of technology applications anticipated range from basic tools that allow users to perform specific targeted searches for datasets to advanced applications that can perform automatic integration of datasets.   ..more…stress the ability to answer questions without conducting primary research….results in saving $…
Figures

I. Current state of Ecological Data (Data Sieve)

II. No Metadata

III. Data with column headers

IV. Data with good non-standardized metadata

V. EML metadata

VI. EML complex metadata

Figure I

Sieve with a little material in it, lots material falling into it, and lots of material falling out of it.  Analogy to current ecological data situation.  People collect lots of data but without adequate documentation and storage most all the data are lost very quickly.  Would also be cool to show the large amount of data that exists but is not part of publicly available data.  Dirk?
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Figure III

Written Metadata

This experiment was designed to collect productivity, diversity and soil data for Northern California grasslands. The results were published in a paper titled “Soil Nutrients and the Relationship between Diversity and Productivity” (Doe and Smith 2003). Data were collected at two sites, the Coastal Hills Reserve and the Valley Oak Reserve, within the coastal mountains of Northern California. The area is primarily oak (Quercus spp.) savannah and grasslands on limestone soil. In spring of 2002, 10-1 m2 plots were randomly distributed throughout a 100 km2 area of each location. All plots were placed on grasslands. In each plot, presence and absence of all plant species was recorded. All plants were then clipped at root level, dried and weighed to obtain above-ground peak standing biomass. As most of the production is from annual plants, peak standing biomass can be used as an approximate measure of annual productivity. Approximately 0.5 g of soil was collected from the mid point of each plot. This soil was taken back to the laboratory and analyzed for total nitrogen and phosphorous content.  

Five species were observed in all plots. Nonnative plants observed included: Avena fatua and Bromus hordeaceus. Native plants included Eschscholzia californica, Nassella pulchra and Calochortus lutens. 

Codes used in data tables are given below:

Site: Site at which data were collected. CH=Coastal Hills Reserve, VO=Valley Oaks Reserve, Date: Date data were collected mm/dd/yy format, Plot: Randomly assigned number of plot, Sp1-Sp5: Presence absence of each of five species. For each species, a value of 1 indicates presence and a value of 0 indicates absence.

	Species Name
	Code

	Avena fatua
	S1

	Bromus hordeaceus
	S2

	Calochortus lutens
	S3

	Eschscholzia californica
	S4

	Nassella pulchra
	S5


R: Species richness, Bm: Biomass, measured in grams, P: Phosphorous in soil, recorded in ppm (parts per million), N: Nitrogen in soil, recorded as a percentage

Data were collected by PI Jane Doe with assistance from graduate student John Smith in conjunction with the staff of the Coastal Hills Reserve and the Valley Oak Reserve. Collection of the data was funded by NSF grant #12345. Data may be used freely. Please acknowledge persons, grants and reserves in any resulting publications.

Contact information:

Jane Doe

Department of Biology

Northern California University

University Town, CA 95666

(321) 654-0987

doe@uncal.edu

--------------------------------------------------------------------------------------------------------

1) Appendices 

Produce light and full copies with and w/o appendices.  Some of these can be links to the Ecoinformatics.org website or other places.

a) Data Preparation 

i) Distinguish between data in analytical format and storage format.  Want to impress that it’s ok to transform your data from an analytical state if it facilitates creating metadata and future use.  Could list 10 examples or “Best data storage practices”.  LTER may be producing some document like this (conversation with Mark)

ii) Examples

(1) 5 worksheets that represent the same information collected at different sites.  Combing them all together and adding a new column labeled “site” will make the metadata documentation process easier and results in a single file.  

(2) Pick a data type for a column.  Break down into simple terminology like don’t combine integers with strings.  Be sure to describe the difference between a 0 and NO DATA or NULL value.

(3) If you have a matrix that has tons of columns…say over 40.  Might want to think about transforming data into two columns 

Sp_a
Sp_b

Sp_300

O1
1
0

O2
1
0

Change to 

Obs
Sp


O1
a

02
a

The key here is to think about documentation first. Imagine trying to use this dataset.  

b) Creating EML Metadata with a Relational Database

i) Need a systematic guide that will allow data managers to generate EML data from a database.  

ii) Install scripts that will automatically generate some amount of metadata from RDMS.

iii) How creating a Metacat server addresses this issue…

c) Core EML fields  -
i) EML tags, their ecological equivalent names, their definitions and examples of what they are.  The definitions may be useful to update the EML schema.

ii) .  See EMC document for an example list.

iii) Might want to consider a list of all EML fields and have them grouped for display purposes by category.

d) Technical Specs

i) XML Details, Why XML, etc.

ii) Links to other metadata sources/types

(1) FGDC

(2) NBII

iii) More ecological metadata information

(1) Websites (KNB,EMC, Morpho, EML tech docs

(2) Informatics user community and message board

(3) References and sources of additional info – Michner et all, EPA papers
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