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Global change

Smith, Knapp, Collins. In press.
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Critical areas in the Earth’s system
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experiments
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Volunteer & 
education networks

Building the knowledge pyramid
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Data loss



 

Natural disaster 


 

Facilities infrastructure failure 


 

Storage failure 


 

Server hardware/software failure


 

Application software failure


 

External dependencies (e.g. PKI 
failure)



 

Format obsolescence


 

Legal encumbrance 


 

Human error


 

Malicious attack by human or 
automated agents



 

Loss of staffing competencies


 

Loss of institutional commitment 


 

Loss of financial stability 


 

Changes in user expectations and 
requirements



Source: John Gantz, IDC Corporation: The Expanding Digital Universe

Data Loss 
(including orphaned data)
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Poor data practice 
“data entropy”
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(Michener et al. 1997)



Data longevity

Study Resource Type Resource 
Half-life

Rumsey (2002) Legal Citations 1.4 years

Harter and Kim (1996) Scholarly Article 
Citations 

1.5 years

Koehler (1999 and 2002) Random Web Pages 2.0 years

Spinellis (2003) Computer Science 
Citations

4.0 years

Markwell and Brooks 
(2002)

Biological Science 
Education Resources

4.6 years

Nelson and Allen (2002) Digital Library Object 24.5 years

Koehler, W. (2004) Information Research 9(2): 174.
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Existing biological data archives

ESA’s 
Ecological 

Archive

Long Term Ecological 
Research Network 

Fire Research & Management 
Exchange System 

National Biological Information 
Infrastructure 

Distributed Active  
Archive Center

Knowledge Network 
for Biocomplexity
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Examples of data holdings

Data Archive Types of Data Managed Metadata 
Standard(s)

Biodiversity, taxonomic, ecological BDP, DwC, DC, 
OGIS

Biogeochemical dynamics, terrestrial 
ecological Earth observation imagery 

DIF, BDP, ECHO

Ecological, biodiversity, biophysical, 
social, genomics, and taxonomic 

EML

Avian populations and molecular biology DwC

Biological and taxonomic DC subset

Biophysical, biodiversity, disturbance, and 
Earth observation imagery

EML

Biodiversity, biotic structure, 
function/process, biogeochemical, climate, 

and hydrologic

EML

Metadata Interoperability Across Data Holdings

EML=Ecological Metadata Language 

BDP=Biological Data Profile DwC=Darwin Core

DC=Dublin Core ECHO=EOS ClearingHOuse

OGIS=OpenGIS

DC subset=Dublin Core subset

DIF=Directory Interchange Format 
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Existing CI: Enabling tools



Existing CI: Metacat data distribution



Existing CI: Kepler - Kilo Nalu workflow

Streaming Data
from observatory
DataTurbine Server

Graphs and derived 
data can be
archived and displayed

now <- Sys.time()
Epoch <- now - as.numeric(now)
timeval <-Epoch + timestamps
posixtmedian = median(timeval)
mediantime = as.numeric(posixtmedian)
meantemp = mean(data)

Support application scripts
in R, Matlab, etc.

Modular components,
easily saved and shared

Publish to workflow repository with 
accession number
Documents the linkage between 
publication, analysis, and data



DataONE – Building new global CI





 
Biological (genes to biomes) 



 
Environmental 


 
Atmospheric



 
Ecological



 
Hydrological



 
Oceanographic

Data types



Data sources



 
Research networks and environmental observatories



 
Biological specimens



 
Individual scientists 



 
Citizen scientists’ data



 
Natural resources and conservation data 



 
Observational data 



 
Global and continental land cover/land change and 
biogeochemical data



Distributed framework

Member Nodes

• diverse institutions

• serve local community

• provide resources for 
managing their data

Coordinating Nodes
• retain complete 
metadata catalog 
• subset of all data
• perform basic indexing
• provide network-wide 
services
• ensure data availability 
(preservation)  
• provide replication 
services

Flexible, scalable, 
sustainable network



Supporting the data lifecycle

UCSB
Node

UNM
Node

ORC
Node

1. Deposition/acquisition/ingest
2. Curation and metadata management
3. Protection, including privacy
4. Discovery, access, use, and dissemination
5. Interoperability, standards, and integration
6. Evaluation, analysis, and visualization

The data 
lifecycle }



DataONE – Building new global CI
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Providing one-stop shopping for data

NBII Metadata Clearinghouse (39,550) 

Long Term Ecological Research (LTER) Network 
(6,897) 

ORNL Distributed Active Archive Center for 
Biogeochemical Data (810) 

Large Scale Biosphere-Atmosphere Experiment 
in Amazonia (LBA) (783) 

Organization of Biological Field Stations (124) 

Inter-American Institute for Global Change 
Research (IAI) (79) 

MODIS and ASTER Products (LPDAAC) (38)

National Phenology Network (USANPN) (29)

>48,000 Data Set Records
Pilot Catalog:  Simple Search Interface

(searches entire metadata record)



27

Search can be emailed, 
bookmarked, or placed in 
RSS feed

Search can be 
refined using 
multiple filters

Eurasian Collared Dove in North America



Enhancing data interoperability: 
ontologies and semantic mediation



Use Case Scenario: Forecasting the spread of an invasive 
species across North America

The Eurasian Collared Dove (Streptopelia decaocto) was introduced in the Bahamas in 1988. Since then it has spread across 
North America. There is concern that the Eurasian Collared Dove could compete with native dove species (i.e. Mourning Dove, 
Zenaida macrura, or White-winged Dove, Zenaida asiatica) both of which are economically beneficial. A analyst would like to 
predict how the invasive dove will spread over the next 20 years, and how it might impact the ranges of the other dove 
species. 

The Eurasian Collared Dove (Streptopelia decaocto) was introduced in the Bahamas in 1988. Since then it has spread across 
North America. There is concern that the Eurasian Collared Dove could compete with native dove species (i.e. Mourning Dove, 
Zenaida macrura, or White-winged Dove, Zenaida asiatica) both of which are economically beneficial. A analyst would like to 
predict how the invasive dove will spread over the next 20 years, and how it might impact the ranges of the other dove 
species.

First, the analyst searches DataONE 
clearinghouse to discover and access 

data on the distribution of the dove 
species. They find that a continent-wide 

network of citizen scientists has gathered 
information on the occurrence of Eurasian 

Collared Dove since it was introduced.

Second, analysis workflows 
are used to first explore and 

then predict patterns of 
species occurrence.

Range expansion of Eurasian 
Collared Dove

Sources of species 
observations are linked to 

landscape, climate, 
geographical and human 

factors.

Observations are 
available through the 
distributed network of 

DataONE data 
providers.

Data are organized via a 
core semantic model for 

observational data  
making data synthesis 

straightforward.

Exploratory analysis techniques that identify the 
factors that best predict species occurrence and 

drive hypotheses generation and predictive 
analysis.

Third, accurate long-range forecasting models for each species are presented.  Predicted Ranges of 3 Dove species in 2025.

Note: maps are 
examples of possible 
outcomes, and not 

actual representations 
of range.



Workflow sharing portal



Changing science culture and institutions

1. Education and training
2. Engaging citizens in science
3. Building global communities of practice



Career Long Learning: 
• best practice guides

• exemplary data management 
plans

• podcasts, web-casts
• workshops and seminars
• downloadable curricula 

Education and training

Best Practice Guide

How to Cite 
Your Data

6 in a series

Best Practice Guide

Using Metadata for
e-research

5 in a series

Gold Star 
Data Management 

Plan

Here’s How
Best Practice Guide

How to Cite 
Your Data

6 in a series



www.CitizenScience.org

Engaging citizens in science



Building global communities of practice: 
… creating long-lived CI enterprises,



 
Broad, active community engagement


 

Involvement of library and science educators engaging new 
generations of students in best practices



 

Existing outreach and education programs


 
Transparent, participatory governance



 
Adoption/creation of innovative and sustainable business 
and organizational models



… engaging diverse partners.



 

Libraries & digital libraries 


 

Academic institutions 


 

Research networks 


 

NSF- and government-funded 
synthesis & supercomputer 
centers/networks 



 

Governmental organizations  


 

International organizations 


 

Data and metadata archives 


 

Professional societies 


 

NGOs 


 

Commercial sector 

35
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What shapes DataONE?



 
Challenges associated with climate variability 



 
Community needs good data 



 
Good data 


 
builds good science



 
makes possible wise management 



 
enables sound decisions 



 
Good data needs


 
good technical infrastructure



 
sound organization



 
community engagement (you) Data Matter !



Why is this relevant to USGS

 USGS Science Strategy – needs substantial data and information
 USGS & DataONE share similar Cyber infrastructure needs



 

Architecture


 

Portals


 

Distributed approaches


 

Replication


 

Secure, controlled access 


 

Authentication methods  


 

Tools deployed, and supported


 

Data discovery & interoperability methods 


 

Standards developed, deployed
 Life Cycle Data Management tools (i.e Investigator toolkit) 
 Closer collaboration with science & information partners 



 

NSF, LTER, ORNL, DOE, NCEAS, etc.  
 R&D activities in the areas of CS, IS, SS, GIS, Env., etc. 
 Opportunity for broad USGS participation
 Complementary to USGS NBII, Library, Climate Center, Data Archiving, etc. initiatives  



Current Status 



 

Draft Strategic Plan


 

Draft Implementation Plan


 

Several Workshop Reports


 

Draft Charters for Working Groups


 

Draft Fact Sheet


 

Web site in Development


 

Upcoming Events:


 

PM Training (April) 


 

USGS and NASA briefings (May)


 

CI Meetings (June)


 

Formal Announcement by NSF


 

Community Engagement & Outreach – (July)


 

External Advisory Board meeting – (August/September)


 

All hands kick-off meeting (October)
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Thanks!

Management Team:

Suzie Allard – UT
John Cobb – ORNL
Bob Cook – ORNL
Patricia Cruse – CDL
Mike Frame – USGS
Stephanie Hampton – UCSB
Viv Hutchison – USGS
Matt Jones – UCSB
Steve Kelling – Cornell
Kathleen Smith - Duke
Carol Tenopir – UT
Bruce Wilson – Joint ORNL – UT
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