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Data Management

• Challenges in Informatics 

• Data management and the data lifecycle

• Data management plans

• Best Practices in data management

• Bringing it all together



Challenges in Informatics







Informatics Challenges

• Data are massively dispersed

– Ecological field stations and research 
centers 

–Natural history museums and bio-collection 
facilities 

–Government agency data collections

– Individual scientists

–Maintenance must be local



Data from multiple disciplines

• Wide variety of data used in Ecology and Biology

– Community surveys

– Population distribution surveys

– Animal behavior data

– Aerial photo surveys

– Remote sensing data

– Weather and Climate data

– Hydrology data

– Experimental data

– Economics data

– Human demographics

– Land use data DeHoop Nature Reserve, SA



Informatics Challenges

• Majority of ecological data is undocumented
– Lack information on structure and content of data
– May be impossible to understand data without 

contacting the original researchers, which is problematic 
over the long-term

• Documentation conventions widely vary
– Requires large time investment to understand each data 

set

• Data loss
– Huge investments in research unavailable to future 

researchers and managers



• Scientists are not always well trained in 
the practice of data management

• Fading memory of completed datasets

• Hardware/software issues

• Archiving practices not considered

• Lost data due to lack of data 
management practices

Informatics Challenges, con’t



Memory loss of details over time



Data Management



Why Data Management?

• Data is valuable. And costly to produce. 
• Good stewardship of data allows:

– Data reuse
– Data integration
– Data preservation
– Data understanding
– Data sharing and collaboration

Cost vs Value of data management



“Planet hidden in Hubble archives” 
Science News (Feb. 27, 2009)

• A new image processing technique reveals something not before seen in this Hubble Space Telescope image taken 11 
years ago: A faint planet (arrows), the outermost of three discovered with ground-based telescopes last year around 
the young star HR 8799.D. Lafrenière et al., Astrophysical Journal Letters

“The first thing it tells you is how valuable maintaining long-term archives can be. Here is a major 
discovery that’s been lurking in the data for about 10 years!” comments Matt Mountain, director of the 
Space Telescope Science Institute in Baltimore, which operates Hubble.

“The second thing its tells you is having a well calibrated archive is necessary but not sufficient to make 
breakthroughs — it also takes a very innovative group of people to develop very smart extraction routines 
that can get rid of all the artifacts to reveal the planet hidden under all that telescope and detector 
structure.”



Data Life Cycle

DATA

Enable Science

Discover

Recognize

Protect

Promote 
Data 
Quality

The Data Life Cycle defines stages that data go through from planning and creation of a 
dataset to preservation and archiving 



Components of the Data Life Cycle

• Data deposition/acquisition/ingest

• Data curation and metadata management

• Data protection

• Data discovery, access, use, and dissemination

• Data interoperability, standards, and integration

• Data evaluation, analysis, and visualization

National Science Foundation, 2009



Data Management Plans



“It’s All in the Plan”

• Data Management Plans are a best practice

• Plans are essential to ensuring data longevity

• National Science Foundation has just begun 
requiring data management plans with 
proposals for funding



New NSF Requirements

• the types of data, samples, physical collections, software, curriculum 
materials, and other materials to be produced in the course of the 
project;

• the standards to be used for data and metadata format and content 
(where existing standards are absent or deemed inadequate, this 
should be documented along with any proposed solutions or 
remedies);

• policies for access and sharing including provisions for appropriate 
protection of privacy, confidentiality, security, intellectual property, or 
other rights or requirements;

• policies and provisions for re-use, re-distribution, and the production 
of derivatives; and

• plans for archiving data, samples, and other research products, and for 
preservation of access to them.



Comparison of Data Management Plan Components



Developing a Data Management Plan

General Principals:

• Keep it simple (concise and clear)

• Follow Best Practices

• Make it a team sport (involve colleagues)

• Review frequently (before field season, e.g.)

• Minimize or eliminate restrictions on use

• Tailor the plan to the size of the research 
project



1. Identification Information

• Title of Plan – for example, “Data 
Management Plan for such and such a (sub-) 
project or (sub-)program”

• Author(s)

• Date – date plan was produced

• Revision History – if appropriate (for example, 
table that summarizes changes or revisions to 
plan, date of revision, and author(s) of 
revisions)



2. Basic Project Information

• Project Name – Name of project associated 
with individual, group, or consortium

• Key Project Participants and Affiliation – List 
of project personnel and their organizational 
affiliations

• Funding Agency(ies) – Organization(s) that 
support the project

• Project Objectives and Context – Brief 
summary of project objectives and context



3. Data Management Policies and Procedures

• Guiding Policy(ies) for Project, Institution, and/or Funding 
Best Practices Agency:
– Data sharing policy – policies that define what data will be 

shared, when they will be shared, and any restrictions on use
– Data citation policy – how data should be cited when used by 

other
– Data preservation policy –what data will be retained, how long 

will they be retained, and where they will be deposited
– Other relevant policies

• Data Acquisition, Processing, and Quality 
Assurance/Quality Control
– Procedures and protocols typically employed in acquiring 
and managing data



3. Data Management Policies and Procedures

• Metadata Content Standards and Metadata 
Management – Identify Metadata Content 
Standards adhered to and approaches for creating 
and managing metadata

• Data Preservation – Describe what data will be 
maintained beyond the life of the project, how long 
they will be preserved, and where and when those 
data and metadata will be deposited



Best Practices in Data Management



– Define the contents of your data files

– Use consistent data organization

– Use stable file formats

– Assign descriptive file names

– Preserve information

– Perform basic quality assurance

– Assign descriptive data set titles

– Protect your data

– Acknowledge contributions

– Provide documentation for data

Fundamental Data Practices



Robust Metadata 



Robust Metadata is key for Data 
Integration



Data Integration



Bringing it All Together



Data Integration: An Example

• Cornell Lab of Ornithology eBird data: 
observations collected over decade (over 48 
million since 2002)

• Combined bird sighting data with MODIS satellite 
data on ‘greening’ patterns

• Used Supercomputing time (thru TerraGrid Project 
at ORNL) to predict where species are present or 
absent during the year 

• Developed visualizations depicting migration 
patterns for understanding of critical habitat

http://www.nature.com/news/2010/100810/full/news.2010.395.html



Spatio-Temporal Exploratory 
Models predict the 
probability of occurrence of 
bird species across the United 
States at a 35 km x 35 km 
grid.

Patterns in Bird Species Occurrence Explored through 
Data Intensive Analysis and Visualization

Bird observations and 
environmental data from > 
100,000 locations in US 
integrated and analyzed using 
High Performance Computing 
Resources

Land Cover

Potential Uses-
• Examine patterns of migration 
• Infer impacts of climate 

change
• Measure patterns of habitat 

usage
• Measure population trends

Model results
eBird

Meteorology

MODIS –
Remote 
sensing data

Occurrence of Indigo Bunting (2008)

Jan Sep DecJunApr



For more information…

http://www.dataone.org

www.birds.cornell.edu

http://www.nbii.gov

http://daac.ornl.gov/

http://www.nsf.gov/



Comments/Questions?
Thanks!! 

Sunset in Cadiz, KY


