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Global change research:
Multiple data sources

T T T T T T T T T T 10 F? raa 380 —0.6
6000 - Global '
Stabili o

7 %0 S e

5000 | o
7 > | &
2 3 02 ¢

F 4000 3403 '§,

= i | B
£ 3000 Ny
F 320 9 £
n°.. Temperature r:q 1 02. w

E 2000 ‘ Population s | 3 0.2
- N Y, . el Gy 3 ?

o —- v ........... e 300 §

1000 F \_/ CC-)}“_.. = itrogen 1.0, 4.‘?
............ e ‘ Energy =

; : 1 P A i A A A [ e ) h 280 | 06
1860 1880 1900 1920 1940 1960 1980
Year Smith, Knapp, Collins. In press.
Fe QAK

2  Managed by UT-Battelle -~ /"—?J—D =

for the U.S. Department of Energy " Watiansl Labarstary



ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER
WOOD AND FIBER
FUEL

Regulating
CLIMATE REGULATION
FLOOD REGULATION
DISEASE REGULATION
WATER PURIFICATION

Supporting
NUTRIENT CYCLING

SOIL FORMATION
PRIMARY PRODUCTION

Cultural

AESTHETIC I
SPIRITUAL |
EDUCATIONAL
RECREATIONAL

LIFE ON EARTH - BIODIVERSITY

ARROW’S COLOR ARROW’S WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socioeconomic factors services and human well-being

Low ——= Weak
P Medium
I High

— Medium

[ strong

With coupled human and
natural systems

CONSTITUENTS OF WELL-BEING

Security 1
PERSONAL SAFETY
SECURE RESOURCE ACCESS
SECURITY FROM DISASTERS

Basic material

for good life I Freedom
ADEQUATE LIVELIHOODS of choice
SUFFICIENT NUTRITIOUS FOOD and action
SHELTER
ACCESS TO GOODS OPPORTUNITY TO BE
ABLE TO ACHIEVE
WHAT AN INDIVIDUAL
VALUES DOING
Health AND BEING
STRENGTH
FEELING WELL 1
ACCESS TO CLEAN AIR
AND WATER

Good social relations
SOCIAL COHESION 11
MUTUAL RESPECT
ABILITY TO HELP OTHERS

Source: Millennium Ecosystem Assessment




DataONE 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




Heterogeneous data integration for
scales small to large
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Intensive science sites and
experlments
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Scattered data sources
“finding the needle in the haystack?”

Data are massively dispersed
* Ecological field stations and research centers (100s)
« Natural history museums and biocollection facilities (100s)
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Data production exceeds storage
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Poor data practice
“data entropy”

/Time of publication

/ Specific details

General details

Retirement or
career change

Accident

Information Content

/ Death

Time (Michener et al. 1997)




Data deluge
“the flood of increasingly heterogeneous data”

Data are heterogeneous

* Syntax

— (format)
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Study A: White Mountains
Area col. units: 3q. meter

PIRU = Ficea rubens
BEPA = Betwa papyifera

i SChema date site species areacount

10/1/1993 : 2 g
o

10/1/1993 ' : study date site species density

° Semantics 10/1/1990 [N654|Picea Rubens | 13.0

O399 NG54 |Picea Rubens 14.5
— (meanmg) Study B 10171993 |N654|Betuta papyiters| 3.0

10/31/1993] 1 |Picea Rubsens 13.5
Study B: Green Mountains - 0 —— ST y =
Area sampled: | 2q. meter 10/31/1893] 1 Batula pepyiars 1.6
picrub Picaa rubens 11/14/1984] 1 |Picea Rubens 8.4
betpap Betula papyifera 11/14/1994

METADATA
{from EML)

(from EML)

METADATA

Betula papyiferd 1.8
date gite picrub betpap T
31 Oct1 1993 1 13.5 1.6

14 Nov 1994 1 84 18 ‘promoted’ format from stucy B density
to become normalized 12 now data cakulated
data using {picrub/ostpap using
metadata  colmn haadings) metadata

metadata species metadala

Jones et al. 2007



Distributed framework

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

Investigator 1..N
Toolkit
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Examples of data holdings
Metadata interoperability across data holdings

Data Archive Types of Data Managed

Biodiversity, taxonomic, ecological

Metadata
Standard(s)

BDP, DwC, DC, OGIS

nbl' Mational Biological Information Infrastructure
. Biogeochemical dynamics, terrestrial ecological Earth
for I)ogeog/:f/n - : E 7 observation imagery

The US

Long Term Ecological Research
Network

Avian
Knowledge
Network

,A TAIWAN swmﬁlww
V| RESCARCH NETWORK

biogeochemical, climate, and hydrologic

DIF, BDP, ECHO
Ecological, biodiversity, biophysical, social, genomics, EML
and taxonomic
Avian populations and molecular biology DwC
Biological and taxonomic DC subset
Biophysical, biodiversity, disturbance, and Earth EML
observation imagery
Biodiversity, biotic structure, function/process, EML

BDP = Biological Data Profile DIF = Directory Interchange Format
DC subset = Dublin Core subset ECHO = EOS ClearingHouse
DwC = Darwin Core EML = Ecological Metadata Language

DC = Dublin Core OGIS = OpenGISz




Supporting the data lifecycle

Replicate Data Upload Data/Metadata

Get Data NBII - SAEON
Write Data,—————
e & Cal Digital Living ( TERN ) Morpho
Library Australia
Publish NESC
Workflow Check for Data ORC ent
eScience ut e Node
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Authentlcate _____ . '
Repllcate Data HEies .
Search
Get Data ( ) Upload M®
Data/Metadata

R Deposition/acquisition/ingest

Curation and metadata management
Protection, including privacy

Discovery, access, use, and dissemination
Interoperability, standards, and integration

Evaluation, analysis, and visualization LA

The data
lifecycle >
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Integrated data analysis

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 Second, analysis workflows are Exploratory analysis techniques that identify the factors
clearinghouse to discover and access data on used to first explore and then that best predict species occurrence and drive hypotheses
the distribution of the dove species. They find that predict patterns of species generation and predictive analysis.
a continent-wide network of citizen scientists has occurrence.
gathered information on the occurrence of Exp,méry Confirmatory
Eurasian Collared Dove since it was introduced. Sources Sensors Observations Synthesis Analysis Analysis
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) ) Sources_ of species Obs_ervatlons are Data are organized via a
Range expansion of Eurasian observations are linked to available through the :
: o core semantic model for
Collared Dove landscape, climate, distributed network of : :
. : observational data making
geographical and human DataONE data providers. data synthesis
. straightforward.

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
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Engaging citizens in science
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DataNE ... engaging diverse partners.

Libraries and digital libraries
Academic institutions
Research networks

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

Governmental organizations
International organizations
Data and metadata archives
Professional societies
NGOs

Commercial sector

science for a changing world

A % ‘ruut Eb I
SO\ Keystone
NESCent CENTER O

TeraGrid”

o RSN =USGS

THE UNIVERSITY of

L'® NEW MEXICO

| EcoEoNer

OAK -
RIDGE s
QEELISATIONS

National Laboratory

UIC UNIVERSITY
INVERSITYCE ILLIOE. | TR3D) A DY




Contact

John W. Cobb, Ph.D

Computer Science and Mathematics
(865) 576-5439

cobbjw@ornl.gov



