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Realistic Regional Ocean Hindcasts
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How do we know the model is working?

Comparisons were done to an 
extensive suite of in-situ observations

• sea surface height
12 NOAA tide gauges

• salinity and temperature
over 2000 CTD casts from ECOHAB, 
RISE, DOE, PRISM, Hood Canal, IOS, King 
County, and NOAA

• velocity and moored S,T
7 coastal ADCP / CTD moorings from 
the ECOHAB and RISE projects, 2 
moorings from IOS

in addition: satellite and glider data

(Special thanks to R. Thomson, B. Peterson, B. Hickey, R. Kudela, N. 
Pelland, PRISM, ORCA, DOE, King County, Hood Canal citizen 
monitoring project, ORHAB, V. Trainer, and A. Odell for use of their 
data for model validation!!)

(see Sutherland et al. 2011)
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Model Validation – Dissolved Oxygen



Need to work with many different data formats

Formats
• NetCDF
• .mat
• CSV
• XML
• Excel

Software
• MATLAB
• Python
• C#
• Java

Physics: NSF
Harmful Algal Blooms: NSF+NOAA
Improve FW sources in CESM Climate 
Model: DOE
Shellfish Health: EPA
Ocean Acidification: WA State?

Uses of the Data?



• OASIS standard protocol 
for creating and consuming 
data APIs. 

• Builds on core protocols 
like HTTP and common 
methodologies like REST. 

• Result is a uniform way 
to expose full-featured data 
APIs.

OData Protocol?



Data Intensive Science



Thousand years ago – Experimental Science

• Description of natural phenomena

Last few hundred years – Theoretical Science

• Newton’s Laws, Maxwell’s Equations…

Last few decades – Computational Science

• Simulation of complex phenomena

Today – Data-Intensive Science

• Scientists overwhelmed with data sets

from many different sources 

• Data captured by instruments

• Data generated by simulations

• Data generated by sensor networks

eScience and the Fourth Paradigm
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eScience is the set of tools and technologies
to support data federation and collaboration

• For analysis and data mining
• For data visualization and exploration
• For scholarly communication and dissemination

(With thanks to Jim Gray)

http://es.rice.edu/ES/humsoc/Galileo/Images/Astro/Instruments/hevelius_telescope.gif


All Scientific Data Online

• Many disciplines overlap and use data 
from other sciences. 

• Internet can unify all literature and 
data

• Go from literature to computation to 
data back to literature. 

• Information at your fingertips –
For everyone, everywhere

• Increase Scientific Information 
Velocity

• Huge increase in Science Productivity

(From Jim Gray’s last talk)

Literature

Derived and 
recombined data

Raw Data



• The NIH Public Access Policy
ensures that the public has access 
to the published results of NIH 
funded research. 

• Requires scientists to submit final 
peer-reviewed journal manuscripts 
that arise from NIH funds to the 
digital archive PubMed Central upon 
acceptance for publication. 

• Policy requires that these papers 
are accessible to the public on 
PubMed Central no later than 12 
months after publication.

The US National Library of Medicine

Nucleotide 
sequences

Protein 
sequences

Taxon

Phylogeny MMDB

3 -D 
Structure

PubMed 
abstracts

Complete 
Genomes

PubMed Entrez 
Genomes

Publishers Genome 
Centers

Entrez cross-database search 

http://publicaccess.nih.gov/policy.htm
http://www.pubmedcentral.nih.gov/


Open Data and Open Science



Open Access to Research Publications: The Tipping Point 

• US White House Memorandum 26 February 2013

• Global Research Council Action Plan 30 May 2013

• G8 Science Ministers Joint Statement 12 June 2013

• University of California OA Mandate 2 August 2013 
• UC produces 40,000 publications per annum 

corresponding to about 2 – 3 % of all peer-reviewed 
articles in world each year

• “The faculty remains committed to working with 
publishers to transform the publishing landscape in ways 
that are sustainable and beneficial to both the University 
and the public.”



Vision for a New Era of Research Reporting 

Dynamic

Documents

Reputation

& Influence

Reproducible 

Research

Interactive 

Data

Collaboration

(Thanks to Bill Gates SC05)



The Berlin Declaration 2003

• ‘To promote the Internet as a functional 
instrument for a global scientific knowledge 
base and for human reflection’

• Defines open access contributions as including:

‘original scientific research results, raw 
data and metadata, source materials, 
digital representations of pictorial and 
graphical materials and scholarly 
multimedia material’



http://www.independent.co.uk/life-style/gadgets-and-tech/g8-open-data-charter-will-increase-transparency-and-fuel-innovation-8665696.html
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Collaboration and Sharing of Data is 
Expected and Growing

… expects investigators to share with other researchers, at no more than 
incremental cost and within a reasonable time, the data, samples, physical 
collections and other supporting materials created or gathered in the course 
of the work.

NIH reaffirms its support for the concept of data sharing. We believe that 
data sharing is essential for expedited translation of research results into 
knowledge, products, and procedures to improve human health … The NIH 
expects and supports the timely release and sharing of final research data 
from NIH-supported studies for use by other researchers.

A primary goal of Data.gov is to improve access to Federal data and 
expand creative use of those data beyond the walls of government
by encouraging innovative ideas (e.g., web applications). Data.gov 
strives to make government more transparent and is committed to 
creating an unprecedented level of openness in Government. 



NSF Data Sharing Policy 2010

“Investigators are expected to share with other
researchers, at no more than incremental cost and within
a reasonable time, the primary data, samples, physical
collections and other supporting materials created or
gathered in the course of work under NSF grants.
Grantees are expected to encourage and facilitate such
sharing.”

All future grant proposals now require a two-page Data
Management Plan that addresses the above requirement
and the Plan will be subject to peer review.



Key driver from a UK Research Council

EPSRC Policy Framework on research data (May 
2011) 
•“all institutions in receipt of their funding should
develop a clear roadmap for research data
management, which should be implemented by
May 1st 2015”

•“organisations will ensure that EPSRC-funded
research data is securely preserved for a minimum
of 10 years”





Linking Publications to Data:
The State of the Art



Links to e-resources
Links to data

Links to objects

Astrophysics Data System ADS



Strasbourg CDS Datasets 



ourt

Literature Data“Seamless Astronomy”
(Tools)

World Wide Telescope

Blogs, Wikis, etc.

TOPCAT

DataScope

ds9

“Registries”

Disclaimer: This slide shows key excerpts from 
within the astronomy community & excludes more 

general s/w that is used, such as Papers, Zotero,  
Mendeley, EndNote, graphing & statistics packages, 

data handling software, search engines, etc.

Courtesy of Alyssa 
Goodman

http://labs.adsabs.harvard.edu/ui/
http://simbad.u-strasbg.fr/simbad/
http://aladin.u-strasbg.fr/
http://www.flickr.com/photos/66496709@N00/5495030376/


Reinforcing the Link between Research 
Publications and Research Data

The Dataverse project at Harvard has been awarded an 
Alfred Sloan Foundation grant for the next 2 years to 
enhance the link between journals and data

Open Journal System
The Dataverse Network

Seamless integration
between the two 

systems:

Deposit Data to 
Dataverse through 
standard API 

(based on SWORD)



Linking to All Data, Big and Small

Slide courtesy of Christopher Erdmann



AstroCurator: Telescope Bibliographies 

Slide courtesy of Christopher Erdmann



44 % of data 
links from 
2001 broken 

in 2011

Pepe et al. 2012

Sustainability of Data Links?



Data Science Tools



Tools to Support the Entire Data Life Cycle

Data

Acquisition & 
modelling

Collaboration 
and 

visualisation

Analysis & 
data mining

Dissemination 
& sharing

Archiving and 
preserving

fourthparadigm.org

http://fourthparadigm.org/


From Data to Decisions
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From Data to Decisions
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FetchClimate

• Intelligent 
environmental 
information 
service

• Automatically:
• Selects best data 

source to answer 
the query

• Re-grids results
• Calculates 

uncertainty

• Windows Azure 
grants for 
FetchClimate

http://fetchclimate2.cloudapp.net/

http://fetchclimate2.cloudapp.net/




Open UK Weather Forecast Data

Web search:
“open weather 
data azure”





Power Query (discover & access data) 

http://www.microsoft.com/powerbi/

http://www.microsoft.com/powerbi/
http://www.microsoft.com/powerbi/


Power Map for Excel

http://www.microsoft.com/powerBI/solutions/demo/business-demos.aspx

http://www.microsoft.com/powerBI/solutions/demo/business-demos.aspx
http://www.microsoft.com/powerBI/solutions/demo/business-demos.aspx
http://www.microsoft.com/powerBI/solutions/demo/business-demos.aspx
http://www.microsoft.com/powerBI/solutions/demo/business-demos.aspx


Excel PowerBI



Research Data Registry and 
Discovery Service

UK pilot project
Stand up working system
Explore metadata harvesting 
Test metadata harvesting
Collect feedback

UK Data Archive, NERC 
Data Catalogue, nine 
universities
Based on ANDS platform 
and modified

http://www.dcc.ac.uk/projects/research-data-registry-pilot
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http://www.dcc.ac.uk/projects/research-data-registry-pilot
http://www.dcc.ac.uk/projects/research-data-registry-pilot
http://www.dcc.ac.uk/projects/research-data-registry-pilot
http://www.dcc.ac.uk/projects/research-data-registry-pilot


Data Repository Registries

Identify and locate online repositories of research data:

• What repositories are appropriate for a researcher to submit 
his or her data to?

• How do users find appropriate data repositories and discover 
datasets that meet their needs?

• How can librarians help patrons locate and integrate data 
into their research or learning?

The goal of re3data.org is to create a global registry of research 
data repositories. The registry will cover research data 
repositories from different academic disciplines. re3data.org will 
present repositories for the permanent storage and access of 
data sets to researchers, funding bodies, publishers and 
scholarly institutions. In the course of this mission re3data.org 
aims to promote a culture of sharing, increased access and 
better visibility of research data.

Purdue University
603 repositories
http://databib.org

Humboldt-Universität zu Berlin
603 repositories
http://re3data.org

http://databib.org/
http://re3data.org/


The Role of the Cloud?



Industry is building out massive 
Cloud Infrastructure



Public Internet

Speech Reco Service

Bing
(HW load balancer)

Private Cloud
Servers

(Binaries, Data)

Reco Service Load 
Balancer

Bing Speech Recognition Service: 
The Cloud Changes the Game

• Voice activity 
detector

• Real time HTTP 
Streaming

• Low Bit rate Codec 
customized for SR

Reco Result 
~1 sec after 
End of input

• Deep Neural Networks
• Internal Benchmark - 13.5% 

word error 



Data Repository software examples

http://ckan.org http://thedata.orghttp://eprints.org

http://ckan.org/
http://ckan.org/
http://eprints.org/


Hosted data repositories

Windows Azure Marketplace is an online 
market for buying and selling finished Software 

as a Service (SaaS) applications and premium 
datasets. 

http://datamarket.azure.comhttp://figshare.com

http://datamarket.azure.com/
http://datamarket.azure.com/
http://figshare.com/
http://figshare.com/


Windows Azure for Research 
Accelerate the Speed of Scientific Discovery 

Windows Azure provides researchers with the power 

and scalability of cloud computing for collaboration, 

computation, and data-intensive processing. This 

open and flexible global cloud platform supports 

any language, tool, or framework.

The Windows Azure for Research program:

· Free access to Windows Azure cloud computing and storage  

(submit proposals for Windows Azure Research Awards)

· Windows Azure for Research training classes 

· Support and technical resources

Apply the power of cloud computing to your computational and data challenges. 
Experiment at azure4research.com.



Data Science in the Future?





What is a Data Scientist?

Data Engineer People who are expert at 
• Operating at low levels close to the data, write code that manipulates
• They may have some machine learning background. 
• Large companies may have teams of them in-house or they may look to third party 

specialists to do the work.

Data Analyst People who explore data through statistical and analytical methods
• They may know programming;  May be an spreadsheet wizard.
• Either way, they can build models based on low-level data.
• They eat and drink numbers; They know which questions to ask of the data. Every 

company will have lots of these.

Data Steward People who think to managing, curating, and preserving data.
• They are information specialists, archivists, librarians and compliance officers.
• This is an important role: if data has value, you want someone to manage it, make it 

discoverable, look after it and make sure it remains usable.

What is a data scientist? Microsoft UK Enterprise Insights Blog, Kenji Takeda
http://blogs.msdn.com/b/microsoftenterpriseinsight/archive/2013/01/31/what-is-a-data-scientist.aspx



Slide courtesy of Jian Qin



• Microsoft Research
• http://research.microsoft.com

• Microsoft Research Connections
• http://research.microsoft.com/en-us/collaboration/

• Science at Microsoft
• http://www.microsoft.com/science

• Scholarly Communications
• http://www.microsoft.com/scholarlycomm

• Azure Cloud for Research
• http://research.microsoft.com/en-us/projects/azure/default.aspx

• Outercurve Foundation
• http://www.outercurve.org/

• Tony Hey on eScience
• http://tonyhey.net/

Some Resources

http://research.microsoft.com/
http://www.microsoft.com/science
http://www.microsoft.com/science
http://research.microsoft.com/en-us/collaboration/
http://research.microsoft.com/en-us/collaboration/
http://research.microsoft.com/en-us/collaboration/
http://www.microsoft.com/science
http://www.codeplex.com/
http://www.codeplex.com/
http://www.microsoft.com/scholarlycomm
http://research.microsoft.com/en-us/projects/azure/default.aspx
http://research.microsoft.com/en-us/projects/azure/default.aspx
http://research.microsoft.com/en-us/projects/azure/default.aspx
http://www.outercurve.org/




Appendix



The arXiv Sustainability Model

• Operation of arXiv is currently funded by Cornell University 
Library.

• In 2010, Cornell broadened funding support for arXiv by 
asking institutions to make an annual contribution based 
on the amount downloaded by each institution.

• Annual donations vary in size between $2,300 to $4,000, 
based on usage.

• As of February 2010, 27 institutions have pledged support 
on this basis.

• The annual budget for arXiv was $400,000 for 2010.



Problems of Research Reproducibility

• A detailed review of 2,047 retracted articles indexed in PubMed conducted
in May of 2012 by Fang, Streen and Casadevall concluded that barely
21.3% were retracted because of errors, while 67.4% were retracted
because of scientific misconduct, which included fraud or suspected fraud
(43.4%), duplicate publication (14.2%) and plagiarism (9.8%).

• Studies carried out by the pharmaceutical companies Bayer (Germany) and
Amgen (USA) concluded that between 60% and 70% of studies in the field
of biomedicine may include non-reproducible results.



• Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
launched in 2004 specifically to improve clinical trials by 
different centers agreeing to share data
• Data fro the 14 different centers involved in the 

initiative be combined and compared
• Data is typically made publicly available within a 

week of being collected 
• Hundreds of scientists have made tens of thousands of 

downloads from the ADNI website
 Of several dozen papers that have so far been 

published using ADNI data,  a significant number were 
authored by researchers who are not even directly 
funded by the project. 

http://www.adni-info.org/



National Database for Autism Research

Federated sources of data, tools, & specimens 
from major US autism research funders and 
investigators

partners adopting NDAR standards, e.g.:
• Global Unique Identifier (GUID)

• Data dictionary (29,000 elements defined)

• Data definition & validation tools

• Authentication scheme

Data from > 85,000 subjects federated

“Community

Science”
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