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Roadmap

* Environmental Science Challenges

« Data Management Challenges

e 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
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Environmental Science Challenges
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Environmental Science Challenges
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"Building
the
Knowledge
Pyramid”

Decreasing Spatial Coverage
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Increasing Process Knowledge

Adapted from CENR-OSTP

Intensive science sites and

Extensive science sites

Volunteer &
education networks

Remote
sensing




Data Management Challenges*

Data Entropy
Data Discovery

Data Heterogeneity
Data Interpretation
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Data Management Challenges

1. Data Entropy

/Time of publication

_— Specific details

General details

Retirement or

_ / career change

Accident \

Information Content

\ _— Death

Time (Michener et al. 1997)




Data Management Challenges

2. Data Discovery

10s — 100s 1,000s
Repositories Institutions

10,000s 100,000s

Scientists Citizen
Scientists
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Data Management Challenges

3. Data Heterogeneity
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4. Data Interpretation
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DataONE: Part of the Solutiq -

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

The US

Long Term Ecological Research
Network

* engaging the scientist in
the data curation process

* supporting the full
data life cycle

* encouraging data e | [ reme e

- sustainablenetwork - - | - - - - - -
metadata catalog 3 — : : 5 =

stewardship and sharing ey

1. Build on existing
cyberinfrastructure

Avian
Knowledge
Network

provude network wide .

« promoting best practices (u,rv,w =y j

* engaging citizens el e ==l 2. Create new

» developing domain mEeT S cyberinfrastructure
-agnostic solutions el =

3. Support new
communities of practice
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DataONE; Part of the Solution

Coordinating Nodes Flexible, scalable,

 Retain complete metadata
catalog

« subset of all data

« Perform basic indexing

sustainable network

\
» Provide network-wide services |nveSt|Qat9r 1..N
« Ensure data availability Toolkit
(preservation) - “9
* Provide replication services “
-—7 Kepler
MetaE

A Pilot Catalog For
Data&N\E Earth Observations

DataOMNE Metadata Clearinghouse |

Simple Search Advanced Search

Search All Records For

| SEARCH

Hint: boolean cperagtors, wildcards ard phrases are alliowed Results/Page
ext precipitaion or (rain*and "moisture content’) I 10 -I

Query being built:

Mo Edidable

CLEAR QUERY







1. Engage the community

* Assessments
« Usability studies
* DataONE Users Group
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DataONE; Part of the Solution

2. Build on existing CI (e.g., Investigator Toolkit)

* Many existing open source efforts exist

« Data management: maTT, ubig, Specify o€
* Analysis and modeling: r octave

Workflow systems: Kepler, Taverna, Triana, Pegasus @

* Grid systems: condor, Globus, BOINC

«  Data and workflow portals: vegsank, 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

experiment
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DataONE; Part of the Solution

3. Educate

Career Long Learning:

best practice guides

exemplary data management plans
podcasts, web-casts

workshops and seminars

downloadable curricula

Best Practice Guide

Best Practice Guide




DataONE; Part of the Solution

Learn why —
phenology Participate!
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Does
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change
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DataONE; Part of the Solution

5. Enable new science and demonstrate success

>70,000 Data Products

@NE A Pilot Catalog For NBII Metadata Clearinghouse
Dam Earth Observations Long Term Ecological Research (LTER) Network

DataOME Metadata Clearinghouse |
ORNL Distributed Active Archive Center for Biogeochemical Data

Simple Search Advanced Search

Large Scale Biosphere-Atmosphere Experiment in Amazonia (LBA)

Search All Records For
Organization of Biological Field Stations

| SEARCH
Hint: bootean operators, witdcards and phrases are aitowed. ResultsiPage Inter-American Institute for Global Change Research (IAl)
ex: precipitafion or (rain®and "moisture content") I 10 'l
Query being built: MODIS and ASTER Products (LPDAAC)
ot drzante National Phenology Network (USANPN)
CLEAR QUERY
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DataONE; Part of the Solution

« Exploration, Visualization and
Analysis (EVA) Working Group
« Guide creation of scientific workflows

and DataONE data exploration,
visualization and analysis functionality.

4 )
Investigator 1..M
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H-— Ll —
T = .
=%-Gp
\ =
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DataONE; Part of the Solution

1t EVA Example: Vegetation and Bird Phenology at 130,000 sites in North America

Phenology
(Start of Season)

May 1

Understand how bird
migration patterns change
through time

Average SOS (DOY)

June 28 May 18

80 90 101 112 123 134 145
(White et al. 2009)
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DataONE: Part of the Solution

The Process:

 Iterative data-intensive workflow — VisTrails
« Data synthesis/integration

« Spatio-Temporal Exploratory Model (STEM)
« Ornithologists/macroecologists

Occurrence of Indigo Bunting (2008)

Neotropical migrant that winters
in central and south America




Environmental Science 2020; 3 Case’'Stuadies

1. Conserving the World's Biodiversity
2. Acoustic Monitoring for Conservation
3. Assessing and Mitigating Environmental Risk

23




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




TheCornellLab [:[ of Ornithology Bioacoustics Research Program

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 km? 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
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2. Acoustic Monitoring forf€onservation,

Complex Dense Data Matrix
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2. Acoustic Monitoring for'Gonservation

. Storlng & Manipulating  Possible Solutions: Automated
Ongoing project currently has 100,000 Detection & Manipulation
hrs of Congo Basin forest sounds
«  Current set of recorders gathering Needed
216,000 hrs per year — Need detectors that can process arbitrary
*  Using optimal sampling rate = length files for sounds of interest
>31,000 GB of sound data/yr — Detector algorithms need user-set parameters
° Analysis Limits for different sound targets
*  For elephants, current analysis — Methods to automatically cut out segments of
requires visual examination of files files based on detector results to serve to
0.54 hrs of analyst effort required analysts, maintaining time information
per day of recording for minimum — Methods to view context of clipped segments
subsample of elephant calls in original sound

« 215 hrs to completely analyze
24 hours of sound, just for elephants

27




3. Assessing and Mitigating Environmenta

eBird and
Gulf Coast
Qil Spill

Che N ew ﬁ ork @mws

Wednesday, June 2, 2010 Last Update

Estimates Suggest Spill Is Biggest in U.S. History




3. Assessing and Mitigating En ronmental Risk

News

eBird and |
eBirders mobilize! Help survey Gulf Coast birds!

Gulf Coast stay 4, 2010

The ongoing oil spill disaster in the
° ° Gulf of Mexico will undoubtedly

OII Spl II impact bird populations in the region
for years to come. How can you help?
eBirders can make a difference by
surveying local beaches and marshes
for birds. By getting out now and
reporting the birds you find to eBird,
wvour observations will provide a
real-time snapshot of the region's
birdlife, helping conservationists and
researchers understand where, when,
and how many of each species are
currently occcurring on local beaches
and wetlands. If the oil does make
landrall, we‘ll hawve recent data from
all around the Gulf to help prioritize
and focus conservation efforts. As
time goes on, continued beach
surveys will help conservationists
assess the impacts of the spill. Act Brown Pelican, Sanibel Is., Florida.
now! Survey birds tonight, tomorrow, Photograph by W.H. Majoros.
and in the coming days on as many
Gulf Coast beaches as possible. Read more to find out what to do.
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eBird and
Gulf Coast
Oil Spill

eBird - Gulf Coast Oil Spill Bird Tracker

eBird Guilf Coast Oil Spill Bird Tracker

Hundreds of bird species could be impacted by the Gulf
Coast oil spill, including species shown here.

Brown Pelican

Recently removed from the
endangered species list, the
rebounding population nests on
coastal islands throughout the
impact zone.

M Explore interactive sightings ma

| T
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3. Assessing and Mitigating En ronmental Risk:

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)
* Investin 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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Metadata: The Grand Data Management ChallenG
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Metadata; The Grand Data Management Challenges

30 Technology Solutions:
* (Semi-) automation
25 * Metadata-capable sensors

20 Sociocultural Solutions:
* Education

15 «®s\/alue * good science
em=Cost * best practices

10

Technology and Socio-cultural:
* User-centered design
* Usability testing

Discovery © Context  Manual Use Automation * Tenure and promotion




Cornell University — Steve Kelling, Peter Wrege
Oak Ridge National Laboratory — Bob Cook
University of Kansas — Dave Vieglais

Funding from:

« NSF DataNet, CISE Pathways Computational Sustainability and INTEROP Programs

« Leon Levy Foundation
« National Aeronautics and Space Administration

TheCornellLab™>

ot Ornithology




