
William Michener 
Professor and Director of e-Science Initiatives 
University of New Mexico, University Libraries System  



• Environmental Science Challenges 

• Data Management Challenges  

• DataONE: Part of the Solution 

• Environmental Science 2020 – 3 case studies 



• Climate Change 

• Biodiversity Loss 

• Invasive Species 

• Water Depletion 

• Disease Spread 

• Green Energy 

• Habitat Loss 

• --- 

 



Smith, Knapp, Collins. In press. 
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1. Data Entropy 

2. Data Discovery 

3. Data Heterogeneity 

4. Data Interpretation    
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1. Data Entropy 
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2.  Data Discovery 



• Syntax 
• (format) 

• Schema 
• (model) 

• Semantics 
• (meaning) 

Jones et al. 2007 
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3. Data Heterogeneity 



4.  Data Interpretation  
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• engaging the scientist in 
the data curation process 

• supporting the full  
data life cycle 

• encouraging data 
stewardship and sharing 

• promoting best practices 

• engaging citizens 

• developing domain 
-agnostic solutions 

 

   Providing universal access to data about life on earth and the environment that sustains it 
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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 
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• Assessments 

• Usability studies 

• DataONE Users Group 
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1. Engage the community 



• Many existing open source efforts exist 
• Data management: MATT, UDig, Specify  

• Analysis and modeling: R, Octave  

• Workflow systems: Kepler, Taverna, Triana, Pegasus  

• Grid systems: Condor, Globus, BOINC  

• Data and workflow portals: VegBank, myExperiment  

• Commercial tools are extremely important too 
• Excel, MATLAB, SAS, ArcGIS 

• DataONE: help communities build their own tools 
• Integrate, interoperate, stabilize 

• Create libraries to DataONE Service Interface 
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2. Build on existing CI (e.g., Investigator Toolkit) 



Career Long Learning:  

• best practice guides 

• exemplary data management plans 

• podcasts, web-casts 

• workshops and seminars 

• downloadable curricula  

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 

3. Educate 



www.CitizenScience.org 

4. Engage Citizens in Science 



NBII Metadata Clearinghouse   

 

Long Term Ecological Research (LTER) Network   

 

ORNL Distributed Active Archive Center for Biogeochemical Data  

 

Large Scale Biosphere-Atmosphere Experiment in Amazonia (LBA)   

 

Organization of Biological Field Stations  

 

Inter-American Institute for Global Change Research (IAI)   

 

MODIS and ASTER Products (LPDAAC)  

  

National Phenology Network (USANPN)  

>70,000 Data Products 
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5. Enable new science and demonstrate success 
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• Exploration, Visualization and 
Analysis (EVA) Working Group 
• Guide creation of scientific workflows 

and DataONE data exploration, 
visualization and analysis functionality. 

EVA Tools  



1st EVA Example:  Vegetation and Bird Phenology at 130,000 sites in North America 
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(White et al. 2009) 
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Understand how bird  
migration patterns change  

through time 
 

 



Occurrence of Indigo Bunting (2008) 

Neotropical migrant that winters  

in central and south America 

The Process: 

 
•  Iterative data-intensive workflow – VisTrails 

•  Data synthesis/integration 

•  Spatio-Temporal Exploratory Model (STEM) 

•  Ornithologists/macroecologists 

 
 



1. Conserving the World‟s Biodiversity 

2. Acoustic Monitoring for Conservation 

3. Assessing and Mitigating Environmental Risk 
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• Data are fundamental 
• Technology now greatly aids in digitization and  

character recognition 

• But, every specimen must still be “handled” 

• Names are fundamental 
• Need for consistency both in organism taxonomic  

classifications and in mapping between classifications 

• Need extends to consistency in taxonomic representation of  
scientific names that are used in genes inserted in GM organisms 

• Huge implications for conservation, policy, and enforcement  

• Possible solutions 
• Citizen science and crowd-sourcing 

• Emerging social web and linked-data technologies 



  2.  Acoustic Monitoring for Conservation 

                                                                  

Forest Elephants live in the dense rainforests  

of Central Africa – hard to see – easier to hear 

• The Elephant Listening Project uses autonomous acoustic recorders to 

capture the infrasonic calls of elephants 24/7 
• one unit „listens‟ to > 3 km2 of rainforest 

• no human interference, relatively low cost 

•  Unique findings from 2 years of acoustic monitoring: 

• discovered the most active hotspot for forest elephants in Gabon 

• documented behavior shifts in response to oil exploration 

– not detectable by standard methods 

• quantify actual hunting pressure by recording gunshots of hunters 

• determine elephant abundance, age/sex ratio based on different call 

signatures, quantify reproductive behavior 

•  The Potential for Conservation 

• richness of acoustic data: all species using acoustic communication, human 

disturbance indicators (vehicles, gunshots) 

• seasonal, daily, geographical, and historical activity patterns 

• abundance, presence/absence, comparative evaluations in space even 

without absolute estimate of density 

• continuous, autonomous acquisition 



Complex Dense Data Matrix 

} garbage 

= Elephant rumbles 
roar 

Detail view of 
frequency Range 0-
1kHz 

} frogs 

} bird 

} unknown 

} elephants 

 2.  Acoustic Monitoring for Conservation
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• Storing & Manipulating 
• Ongoing project currently has 100,000  

hrs of Congo Basin forest sounds 

• Current set of recorders gathering  
216,000 hrs per year 

• Using optimal sampling rate = 
>31,000 GB of sound data/yr 

• Analysis Limits 
• For elephants, current analysis  

requires visual examination of files 

• 0.54 hrs of analyst effort required  
per day of recording for minimum  
subsample of elephant calls 

• 2.15 hrs to completely analyze  
24 hours of sound, just for elephants 

 

• Possible Solutions:  Automated 

Detection & Manipulation 

Needed 
– Need detectors that can process arbitrary 

length files for sounds of interest 

– Detector algorithms need user-set parameters 

for different sound targets 

– Methods to automatically cut out segments of 

files based on detector results to serve to 

analysts, maintaining time information 

– Methods to view context of clipped segments 

in original sound 

 

 

 2.  Acoustic Monitoring for Conservation

27 



eBird and  

Gulf Coast  

Oil Spill 



eBird and  

Gulf Coast  

Oil Spill 



eBird and  

Gulf Coast  

Oil Spill 
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Current Position 



24 Hour NOAA Forecast 



48 Hour NOAA Forecast 



72 Hour NOAA Forecast 



1. Forestall Data Entropy 

• Secure and replicated archives – e.g., DataONE 

• Comprehensive metadata 

2. Enable Data Discovery 

• Expose data/metadata to registries, etc. 

• Provide discovery-level metadata  

3. Mediate Data Heterogeneity 

• Adopt community standards 

• Support ontology development and semantic mediation tools (e.g., observation ontologies) 

• Invest in value-added (i.e., integrated) databases 

4. Facilitate Data Interpretation  

• Comprehensive metadata  

• Expose workflows and data provenance 

• Advance the state of visualization tools   
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