
CHESS Course: An Introduction to FAIR Data 
Management for Geoscientists

Day 1 - Session 2

The basics: data and metadata



Session Topics

● What are data? What are metadata?
● Discovery, site, and use metadata.
● Which metadata do you need to record?
● What is a metadata standard/profile/mapping?
● What is provenance?
● How to record various types of metadata.
● Metadata templates (Arven etter Nansen, EBAS)
● Gap handling for metadata (missing elements).



Learning Objectives

● Discriminate between different types of metadata
● Identify the values of metadata 
● Recognize the value of using standards
● Identify what metadata are relevant for a dataset 
● How to write your own metadata record



Data and Metadata
The concept of data and metadata can be at  times unclear 

● Data is a collection of information, such as observations, measurements, 
computations of models etc…

○ It can be used to analyze trends and patterns, to extract and visualize actual values of 
variables  

● Metadata, on the other hands, is data about the data, i.e. they extensively 
provide description about the data they are attached to

○ It gives the necessary context to the user to be able to access, understand and use the data 
correctly

○ Several types of metadata can and should be used to describe the data
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Metadata help us address these issues

• Metadata
• Data about data
• Info for someone unfamiliar with your data and possibly your research
• The help to FIND, EVALUATE, UNDERSTAND and REUSE data

• Delivering metadata using standards: 
● consistent
● digital
● written for people
● such that computers are happy

Lynn Yarmey, NSIDC, 2013 ESIP Material



What is in a metadata standard?
● A metadata standard is made up of defined elements, including the type of 

information the user should enter (e.g. text, numbers, date).

● Examples of elements include Title, Abstract, Keyword, Online Link

● Multiple standard exists and they are linked to the type of metadata they 
address and the communities they target

● Terminology for the same concepts may vary across standards (values of 
mapping)



Types of metadata



Discovery metadata
For proper search of data

• A data set description that provides information to 
determine if a particular data set meets the users’ needs.

• Provides essential information to enable a user to find
● if a particular dataset exists
● the data’s location
● ownership
● how to obtain further information.

• Includes the science discipline of the data, data location, 
spatial coverage, data provider, data resolution, data 
quality, etc. 

Lola Olsen, Tyler Stevens, 2013 ESIP Material

MD_Metadata: 
Something somewhere 
that can be accessed 
under certain conditions 
and for which someone is 
responsible.



Documentations

https://earthdata.nasa.gov/esdis/eso/standards-and-references/directory-interchange-format-dif-standard
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Example DIF-10

In the schema for a standard you 
can find the specifications of the 
elements and their occurance

You can validate your metadata against this schemas



Filling in Metadata Standards
I need to fill in a metadata element about:

Dataset Production Status: Describes the production status of the data set regarding its completeness.

What should I put in there?

Metadata file:
 
<Title>The title of the dataset</Title>
<Abstract> This dataset collects…</Abstract>
<Dataset_Production_Status>XXX</Dataset_Production_Status>
<Start_Date>2020-01-20</Start_Date>

They will all pass and we are left with unmanageable information 
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Data provider A can use: 
“Not ready yet” 
“Done” 
“Still acquiring data”
“Continuously updating” 
“???”

Data provider B can use:
“Not finished”
“Finished and stored”
“unknown”
“Not started yet” 
“See www.mydataset.com” 



Controlled vocabulary
controlled vocabularies are a source of authoritative terms to be entered for values 
of certain elements
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Label Description

Planned Refers to data sets to be collected in the future and are thus unavailable at the
present time. 

In Work Refers to data sets currently undergoing production or data that is continuously 
being collected or updated.

Complete Refers to data sets in which no updates or further data collection will be made.

Obsolete A new version of the dataset has been generated. The new version should be 
used, this is kept for back tracing.



Controlled vocabulary
controlled vocabularies are a source of authoritative terms to be entered for values 
of certain elements

18

Label Description

Planned Refers to data sets to be collected in the future and are thus unavailable at the
present time. 

In Work Refers to data sets currently undergoing production or data that is continuously 
being collected or updated.

Complete Refers to data sets in which no updates or further data collection will be made.

Obsolete A new version of the dataset has been generated. The new version should be 
used, this is kept for back tracing.

 
<Title>The title of the dataset</Title>
<Abstract> This dataset collects…</Abstract>
<Dataset_Production_Status>Complete</Dataset_Production_Status>
<Start_Date>2020-01-20</Start_Date>



Mapping between standards

Std A Std B



Profiles
Some standards can have different profiles, i.e. a generic standard is adapted to 
specific requirements of a community, leading to a specific profile of that standard. 

A specific element of a standard can be within a profile:

● from optional to mandatory attributes
● from a string to a controlled vocabulary
● from a controlled vocabulary to a subset of it 

20



ACDD Convention
When encoding data as netCDF/CF is good practise to include discovery metadata in the file using the 
Attribute Convention for dataset Discovery (ACDD). Discovery metadata will then be directly connected to 
the data themselves and can be extracted for ingestion in the searchable catalogue.

https://www.nordatanet.no/en/node/75

http://wiki.esipfed.org/index.php/Attribute_Convention_for_Data_Discovery_1-3
http://wiki.esipfed.org/index.php/Attribute_Convention_for_Data_Discovery_1-3


Use metadata

For proper interpretation of data

• Standardised naming of variables
• Units of variables
• Encoding of missing values
• Indication of spatial or temporal features

• e.g. averages over a certain period or 
space

• Relations between variables

Example:

• Climate and forecast convention (CF) 







UDUNITS
The database for the UDUNITS-2 package comprises one XML file containing unit prefixes and 
four XML files containing unit definitions:

• SI unit prefixes
• SI base units
• SI derived units
• Units accepted for use with the SI
• Non-SI units 



Site metadata

For proper interpretation of data

• The details and history of local conditions, 
instruments, operating procedures, data 
processing algorithms and other factors 
pertinent to interpreting data (i.e., metadata) 
should be documented and treated with the 
same care as the data themselves.

OM_Observation: an 
EVENT whose RESULT is an 
estimate of a value of some 
PROPERTY of some THING 
obtained using a specified 

PROCEDURE …



WIGOS Metadata Categories
# Category Description

1 Observed variable Specifies the basic characteristics of the observed variable and the resulting 
datasets.

2 Purpose of observation Specifies the main application area(s) of the observation and the observing 
programme(s) and networks the observation is affiliated to.

3 Station/platform Specifies the environmental monitoring facility, including fixed station, moving 
equipment or remote sensing platform, at which the observation is made.

4 Environment Describes the geographical environment within which the observation is made. 
It also provides an unstructured element for additional meta-information that is 
considered relevant for adequate use of the data and that is not captured 
anywhere else in this standard.

5 Instruments and methods of 
observation

Specifies the method of observation and describes characteristics of the 
instrument(s) used to make the observation. If multiple instruments are used to 
generate the observation, then this category should be repeated.

6 Sampling Specifies how sampling and/or analysis are used to derive the reported 
observation or how a specimen is collected.

7 Data processing and reporting Specifies how raw data are transferred into the observed variable and reported 
to the users.

8 Data quality Specifies the data quality and traceability of the observation.

9 Ownership and data policy Specifies who is responsible for the observation and owns it.

10 Contact Specifies where information about the observation or dataset can be obtained.
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WIGOS Controlled Vocabularies

Code table 1-02 - measurement units
Code table 1-01 - Observed variable - measurand
Code table 2-01 – application areas
Code table 2-02 – Programme/Network affiliation
Code table 3-04 - Station/platform (Observing facility) type 
Code table 3-08 – Data communication method
Code table 3-09 - Station operating status
Code table 4-02 - Surface cover classification scheme
Code table 5-01 – Source of observation
Code table 5-02 - Measurement/observing method
Code table 5-04 – Instrument Operating Status
Code table 5-08-01 - control standard type
Code table 5-08-02 - control location
Code table 5-08-03 - Instrument control result
Code table 5-14 - Status of observation
Code table 5-15 - Exposure of instrument
Code table 6-03 - Sampling strategy
Code table 7-07 – Data format
Code table 8-04 – Quality Flag System
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OSCAR

https://oscar.wmo.int/surface/#/search/station



Definition of data provenance
Data provenance is information about entities, activities, and people involved in 
producing (influencing or delivering) a piece of data.

This information is used for assessments about the data regarding:

• its quality

• its reliability

• Its trustworthiness

32

Barbara Magana: Summer school 2019



Provenance questions
Provenance is the entire information that ran through the whole history of data 
process, including all data sources and all processes generating these data.

•Who played a role when creating the data?

•Who owned the data?

•Who contributed to the data?

•How data was modified from its first revision?

•How other data affected the current data?

•Which tools were used to generate each version of the data? 33

Barbara Magana: Summer school 2019



Provenance vs Metadata
Provenance is a kind of metadata, BUT not all metadata is provenance

● The title or format of a book is metadata, but it is not part of its provenance.
● The date of creation, the author, the publisher or the license of a book are part 

of its provenance.

34

Barbara Magana: Summer school 2019



Provenance and FAIR
R1. Meta(data) are richly described with a plurality of accurate and relevant 
attributes

• R1.2. (Meta)data are associated with detailed provenance

For others to reuse your data, they should know where the data came from, who to cite and/or how 
you wish to be acknowledged. Include a description of the workflow that led to your data: 

Who generated or collected it? How has it been processed? Has it been published before? Does it 
contain data from someone else that you may have transformed or completed? Ideally, this 
workflow is described in a machine-readable format.
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Barbara Magana: Summer school 2019



Uses of Provenance 
● Data reuse
● Estimation of data quality
● Attribution
● Data discovery
● Comparison
● Debugging
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Barbara Magana: Summer school 2019
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(Michener et al. 1997)

Ruth Duerr, NSIDC, 2013 ESIP Material



Metadata: what are they good for? 

Capture information 

Enable discovery

Enable exchange and 
reuse



Concerns about writing metadata

Concern Solution

workload required to capture
accurate robust metadata

incorporate metadata creation
into data development process –
distribute the effort

time and resources to create,
manage, and maintain metadata

include in grant budget and
schedule

readability / usability of metadata use a standardized metadata
format

discipline specific information
and ontologies

Use a standard ‘profile’ that
supports discipline specific
information



Tips for good metadata

● Titles are critical in helping readers find your data
○ While individuals are searching for the most appropriate datasets, they are most likely 

going to use the title as the first criteria to determine if a dataset meets their needs.
○ Treat the title as the opportunity to sell your dataset.

● A complete title includes: What, Where, When, Who, and Scale
○ An informative title includes: topic, timeliness of the data, specific information about 

place and geography

A Clear Choice: Which title is better?
• Rivers Maps
OR
• Greater Yellowstone Rivers from 1:126,700 U.S. Forest Service Visitor Maps (1961-1983)

The goal of a metadata record is to give the user enough information to
know if they can use the data without contacting the dataset owner.



Tips for good metadata

● Use descriptive and clear writing
● Fully document geographic locations
● Select keywords wisely
● Use thesauri for keywords whenever possible
● Be detailed: there’s no such thing as too much metadata!



Tips for good metadata
Tips for the short-term: Get your own house in order

● Use common date formats, codes, smart file names, etc.
● WRITE EVERYTHING DOWN! (Keep good readme files)
● Put in the time early on to start implementing a standard
● Most have minimum compliance levels with options to get more detailed
● Stay flexible

Tips for the long-term:

● Get help!  Librarians, standards groups, data centers, and domain communities have tools and 
expertise to share

● Watch for Best Practices and standards in your field

ESIP Commons. doi:10.7269/P37D2S2J



Metadata templates
● There are tools available to help recording data in a proper way

○ Darwin Core template 
Darwin Core is a standard maintained by the Darwin Core maintenance group. It includes a glossary of terms (in other 
contexts these might be called properties, elements, fields, columns, attributes, or concepts) intended to facilitate the 
sharing of information about biological diversity by providing identifiers, labels, and definitions. 
https://www.nordatanet.no/cgi-bin/darwinsheet/?setup=aen

○ EBAS

https://www.nordatanet.no/cgi-bin/darwinsheet/?setup=aen


Darwin Core Template
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Darwin Core Template



Resources
DataOne: https://old.dataone.org/education-modules

                https://old.dataone.org/all-best-practices

ESIP: https://commons.esipfed.org/node/1422

          Data management training

https://old.dataone.org/education-modules
https://old.dataone.org/all-best-practices
https://commons.esipfed.org/node/1422
https://dmtclearinghouse.esipfed.org/search/dmt?mefibs-form-dmt-search-fulltext-homepage-search_api_views_fulltext=&mefibs-form-dmt-search-fulltext-homepage-search_api_views_fulltext_1=&mefibs-form-dmt-search-fulltext-homepage-mefibs_block_id=dmt_search_fulltext_homepage

