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Success Builds on the Integration of
Domain Experts and Information
Technology
Domain Scientists and
Engineers
• Research and Analysis
• Data Set Development

Information Technology
Scientists
• Information Science Research
• Knowledge Management
• Data Exploitation

Collaborations
• Accelerate research process
• Maximize knowledge discovery
• Minimize data handling
• Contribute to both fields

Data Science - An Emerging Field
National Science Board
Governing Board of the U.S. National Science
Foundation
And Policy Advisors to the U.S. President and
Congress
2005 National Science Board report, “Long-Lived Digital Data Collections:
Enabling Research and Education in the 21st Century” introduced “Data
Science” as an emerging field of science
– Scale, scope and complexity of science and engineering data collections expanded
by the ease data is gathered, processed, analyzed, and disseminated
– Many types of data; text, image, maps, etc.
– New methods needed to exploit value of data and unlock new discoveries
– Data can be used in disciplines not originally intended
– Workforce development is needed; university curricula introduced

The Data Scientist brings together expertise from multiple disciplines, such as
Data Mining, Engineering, Math and Statistics, Information Technology, Visual
Analytics, Library Science, and Domain Science, to use data in new ways for
developing new knowledge and understanding
To transform data into knowledge and accelerate scientific innovation

The Fourth Paradigm: Data Intensive Scientific Discovery
Jim Gray’s vision of a “Fourth Paradigm” of science, where
computing is transforming science, is documented in a collection of
essays entitled, “The Fourth Paradigm: Data Intensive Scientific
Discovery.”
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Evolving trends in conducting science as volumes of data grow

The speed of advances will depend on how well researchers
collaborate with one another, and with technologists, in
areas of eScience such as databases, workflow
management, visualization, and cloud-computing
technologies [Hey]
T. Hey, S. Tansley, K. Tolle (Eds.), The Fourth Paradigm: Data-Intensive Scientific
Discovery, Microsoft Corporation, Redmond, Washington, USA, 2009.

Trends in Scientific Research
 Exponential growth in volume of data collected (Big
Data)
 Rapid expansion in the capability of computational
hardware (multicore architectures)
 Advanced networking technologies
 Visual Analytics
 Sophisticated mathematical and statistical tools
 New methods for knowledge representation, discovery,
and manipulation
 Data assimilation - ability to blend models and data
 Tools for electronic publication, digital libraries, and
virtual collaboration
 Digital libraries

Considerations and Challenges of
Incorporating Aspects of Data Science into
Climate Science
• Many factors become intertwined in various ways in the discussion
about and performance of climate science on a national and
international scale.

• The scientific drivers to better understand climate change implications
may be somewhat different around the globe depending on the impacts
a region has experienced from various phenomena over the years
• The components needed to provide an appropriate infrastructure for
climate science, such as networks, computational and storage
capabilities, and massive amounts of data, are similar but the actual
realization of these components can be quite diverse around the world.

• The data accessibility and usability issues can present major obstacles
to both the efficiency and performance of climate science.

Considerations and Challenges of
Incorporating Aspects of Data Science into
Climate Science (2)
• The long term management of data centers which provide
data for climate science requires sustainable data
infrastructures.

• The development and enhancements of many technologies
for accessing, using, analyzing and visualizing various types
of data.
• Involvement and collaboration with the international
communities of data science and climate science are crucial.

• People and international policy aspects often more
challenging than the technical aspects.

Improving Data Usability
Advanced Applications
o Collaborative Environments
o Data organization and management
for archival and analysis
o Data Mining in real-time and for post
run analysis
o Interchange Technologies for
improved data exploitation
Focusing on finding information in data
o Semantics to transform data exploitation via intelligent automated
processing

Cyberinfrastructure
o Cloud technologies for seamless access to multiple computational and data
resources in a virtual computing environment
o High Performance Computing for high speed parallel computation, for
multiple agent computations, and other demanding applications
o Advanced Networking for networked applications development and high
performance connectivity

Data Mining: Algorithm Development and Mining (ADaM) Toolkit
• UAHuntsville has
been at the forefront
of mining sensor data
for over 20 years
• ADaM – UAHuntsville
developed toolkit with
100+ algorithms, used
worldwide
• Automated discovery
of patterns,
signatures, anomalies
• Derived knowledge
for decision making
and response
• Allows learning and
training for adaptation
• Most cited article in
Elsevier Computers
and Geosciences,
2005-2010

GLIDER: Globally Leveraged Integrated
Data Explorer for Research
Capabilities:

• Visualize and analyze satellite data in a
native sensor view
• Apply image processing algorithms on the
data
• Apply pattern recognition/data mining
algorithms on the data
• 3D Globe Visualization of satellite data,
analysis/mining results, and additional
layers
• Provides multiple views to manage,
visualize, and analyze data

Integrates existing tools:

• ADaM: UAHuntsville’s Algorithm
Development and Mining Toolkit
• IVICS: UAHuntsville’s Interactive
Visualizer and Image Classifier for
Satellites
• WorldWind NASA’s 3-D globe
visualization system
• GoogleEarth

2010 winner NASA ESDSWG
Software Reuse Award and
installed at MSIC

SpyGlass: Ontological Text Mining
Multiple Visualization Approaches

Ontology

Document Browse View

– Show distribution of documents across categories
– Show relationships between documents / categories

Size View

• Captures semantic information and
contextual knowledge of analysts
• Ontology describes entities, concepts
and relationships in a domain
• Constructs document index for each
term, listing all documents where term
occurs
• Fast indexing and retrieval, with high
precision and recall
• Scores documents by number of
relevant terms
• More powerful than simple keyword
queries
• Possible to reason over ontological
structures
• Multiple language capability

Molecule View of
Concept Associations
Document Fingerprint View

Curated Data Albums
• Data Albums are compiled collections of information
related to a specific science topic or event, with links
to relevant data files from different instruments.
Additional information includes:
– Tools and services for visualization and analysis

– News reports, images or videos to supplement research
analysis

• Curation provides the author of a Data Album the
means to select the aggregated information

Motivation for Data Albums
• Case study analysis and climatology studies commonly used in
Atmospheric Science research are instances where researchers study
a significant event:
– Required data should be organized around the event rather than
observing instruments
– May need to discover new datasets that they would not have
considered before
• Gathering relevant data and information for case studies and
climatology analysis is tedious and time consuming.
• Design of current Earth Science data systems assumes researchers
access data primarily by instrument or geophysical parameter.
• Need exists for tools to filter through large volumes of online content
and gather relevant information based on user’s science needs.

Curated Data Albums
Compiled collections of information related to a
specific topic or event with links to relevant
• Supports search, aggregation and
data files. Additional information includes:
access of data and online resources
Tools and services for visualization and
around events
analysis
News reports, images or videos to
• Automates the gathering of online
resources with information filtering
supplement analysis
Curation provides the author of a Data Album
• New ways of displaying search
the means to select the aggregated information
results

– Infographics – graphic visual
representation of information,
data or knowledge intended to
present complex information
quickly and clearly
– Results enriched with additional
information
• Analytics dashboard on the
gathered information for events
• Use of semantic technology for
relevancy ranking
15

Other Aggregated Information in Data Albums

Data Preparedness Plans & Services
ED3 (event-driven data delivery) is a cyber framework to facilitate
decision support systems and users to pre-define data access and
product generation for response to future events, and then automatically
execute these plans when an event of interest occurs.

Events

Preparedness Plan:
• For this event type
• Meeting this
criteria,
• Do this processing

ED3 Plan
Database

Service Layer
Decision
Systems and
Users

Data
Workflows

Disaster Response and Analysis Through
Event-Driven Data Delivery (ED3) Technology
The ED3 Framework supports…
• generation and management of
Preparedness Plans
• monitoring for events that match existing
plans
• processing of event-driven workflows and
• rapid delivery of results to users and
systems

Event Handling

ED3 Capabilities
• Event-Driven Data Delivery based on user
inputs
• Automated access to external data
• adaptive processing
• Integration with other tools for mining,
analysis, and visualization
Results

Event
Notice

Plans

Event
Listener

Service Layer

Workflow
Workflow
Managers
Workflow
Managers
Managers
Data Access

Workflows
Plans

CAP

Sensor
Tasking
Product
Generation

Event
Generators

Process and
Package

Decision Support Systems
& Users

NASA’s Earth Science Data Centers
Socioeconomic Data and Applications Center
Alaska Satellite Facility
Goddard Space Flight Center Earth Sciences Data
and Information Services Center
Crustal Dynamics Data Information System
MODIS Level 1 Atmospheres Archive and
Distribution System (MODAPS)
Ocean Biology Processing Group (OBPG)

Land Processes Distributed Active Archive Center
National Snow and Ice Data Center

Physical Oceanography DAAC

The GHRC is one of twelve NASA
Earth Science Data Centers
http://ghrc.nsstc.nasa.gov/

Global Hydrology Resource Center
Oak Ridge National Laboratory DAAC
Atmospheric Sciences Data Center

Global Hydrology Resource Center
•

•

Partnership between NASA and UAHuntsville to apply
advanced information technologies to a variety of
science data projects, thereby enabling research and
scientific discovery
One of twelve full service NASA data centers providing
data ingest, routine and custom processing, archive,
distribution, user support, and science data services
• Passive Microwave Data
•

•

Lightning Imaging Sensor Science Computing
Facility
•

•

National lightning data center for the TRMM Lightning Imaging
Sensor and validation networks, satellite lightning
observations back to 1973

AMSR-E Science Investigator-led Processing System
•
•

•

Fifteen-year inventory of satellite and aircraft based data

Generates swath, daily, and monthly products of precipitation,
sea ice, water vapor, cloud water, sea surface temps, etc.
Near-real-time processing and distribution capability

Field Campaigns:
•

•

Web-based collaboration for science before, during, and after
experiments. Data acquisition, integration, archive and
distribution
CAMEX (1998, 2001), ACES (2002), TCSP (2005), NAMMA
(2006), TC4 (2007), ARCTAS (2008), GRIP (2010), MC3E (2011)

Cyberinfrastructures for Enabling
Sustainability
Enabling scientific discovery through an integrated framework of
diverse hardware, software, networking, data, instruments, expertise

– Transformative, collaborative inter-disciplinary science to
advance understanding and accelerate innovation
– Scalable, extensible data infrastructures
– Reusability of software components
– Increased capabilities for integrating data and algorithms
from large, diverse, and disparate data sets
– Tools for access, management, analytics, storage,
preservation and sharing of data and tools
– Privacy and security
– Increased educational opportunities

Infrastructure Challenges
 Science
• Larger teams, more disciplines, more countries

 Data
• Size, complexity, rates all increasing rapidly
• Need for interoperability (systems and policies)

 Systems
•
•
•
•
•

More cores, more architectures (GPUs), more memory hierarchy
Changing balances (latency vs bandwidth)
Changing limits (power, funds)
System architecture and business models changing (clouds)
Network capacity growing; increase networks -> increased security

 Software
• Multiphysics algorithms, frameworks
• Programing models and abstractions for science, data, and hardware
• V&V, reproducibility, fault tolerance

 People
• Education and training
• Career paths
• Credit and attribution
Challenges noted by Daniel Katz, NSF

Provenance
• Provenance of hardware,
software, and data
• Standards and
Interoperability
• Proposed Open Provenance
Model for technology-neutral
representation

• Provenance, or “chain of custody”, used to verify trustworthiness
and reliability
• Representation, management, presentation; also system
engineering and legal, policy and economic issues
• Provenance and context information, such as pedigree and tracking
information, may include imagery, data fields, flag values and other
information, in addition to a provenance graph and metadata

Provenance Capture at Data Creation
• Archivists are traditionally responsible for curation (i.e., adding
metadata and provenance) but not present at creation of scientific
data. Moment of creation is where the most knowledge about product
is present.
Create

Distribute

Preservation
Action

Preservation
Action

Archive

Long Term
Access

Preservation
Action

• To be effective, provenance tools are required in the earliest stages of
data’s life that help with preservation.
Diagram from Berman et al.
“Sustainable
Economics for a Digital Planet”

Science-Relevant Provenance and
Context Information
• Data lineage (data inputs, software and hardware) plus
additional contextual knowledge about science
algorithms, instrument variations, etc.
• Much information already available, but scattered
across multiple locations
Processing system configuration
Data collection and file level metadata
Processing history information
Quality assurance information
Software documentation (e.g., algorithm theoretical basis
documents, release notes)
– Data documentation (e.g., guide documents, README files)
–
–
–
–
–

Group on Earth Observations (GEO)
Disasters Strategic Target
Enabling the global coordination of observing and information systems to
support all phases of the risk management cycle associated with hazards
(mitigation and preparedness, early warning, response, and recovery)
• more timely dissemination of information from
globally-coordinated systems for monitoring,
predicting, risk assessment, early warning,
mitigating, and responding to hazards at local,
national, regional, and global levels
• development of multi-hazard and/or end-to-end
approaches, as appropriate to meet the needs for
disaster risk reduction, preparedness and response
in relevant hazard environments
Information for
Societal Benefit

• supporting the implementation of the priorities for
action identified in the Hyogo Framework for Action
2005-2015: Building the resilience of nations and
communities to disasters (HFA)

Distinctive Features of
CODATA

ICSU’s Mission

CODATA’s Mission

“Strengthen international science for the benefit
of society byby
promoting
improved
scientific
promoting
improved
and technical
data
management
and
use.”
scientific and technical data
management and use.”

What is special about CODATA?

Data Policy

• International and national aspects of data policy.
• Data policy committee: setting an international agenda for
data policy, expert forum, advice and consultancy.
• Coordinating with national committees.

Data Science

• Long-standing activities: fundamental constants.
• Strategic working groups; community-driven task groups.
• Disciplinary and interdisciplinary data challenges, Big Data

Capacity Building
Data for
International
Science

• Longstanding work on data preservation and access with
developing countries.
• Executive Committee Task Force on Capacity Building: setting
an international agenda for capacity building; Early Career WG

• Support for ICSU Mission.
• Data issues and challenges in international, interdisciplinary
science programmes.
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 New Delhi, 2-5 November 2014, co-organized by CODATA and
ICSU-WDS (World Data System).
 Data Sharing and Integration for Global Sustainability
 Considering data challenges for international science.
 Data to underpin robust science to inform decision-making
around sustainability
 Big Data and data integration
 Address challenges for Future Earth and other international
science programs.
 Website: www.scidatacon2014.org
 Save the date and join the discussions! See you in New Delhi!
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http://www.scidatacon2014.org

THANKS!!

