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Big Data and Earth Science :
Opportunities for Science and Industry
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What’s the problem(s) we are trying to solve? Some
Big Data Challenges

Origins and progress of the Big Data Partnership
research activity at NOAA

Some lessons learned about the Challenges from the
recent Big Data activities

Questions and Discussion
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Challenges : Preservation

* Collection and preservation of data?

— Rapidly increasing volume is not the problem...

— Supporting the labor necessary to steward and curate
collections of data is a problem.

— Recent advances in standards, formats, descriptions
are very helpful.

— Data security in Earth Sciences to be a future
problem?

 Access to the data?
o Utilization of the data?

30 March 2016 CESAS - NAS
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Challenges : Access

» Collection and preservation of data?

* Discovery of and access to the data?

— Access for “designated communities” is probably
sufficient for their research

— Network bandwidth is a problem -- if we're going to
keep moving the data when we need to use them.

— Discovery and access outside of a desginated
community is a problem. Catalogs? Free text search?

o Utilization of the data?

30 March 2016 CESAS - NAS
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 Ultilization of the data?
— The true Big Data problem is about ease of use.
— Applications require expert interpretation.

— Big Data applications across fields or industries
require diverse expertise — how is this expertise
provided?

— Open Data versus Proprietary Data issues: do the
data or services hold the most value?

» Pay for data? Or pay for access & services?
— Value of curated collections, e.g. Music Services

— Growth of platforms to use data to answer questions
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National Centers for Environmental Information’s

User Profile : Most want “The Answer”

Fraction Typical Data or Info Preferred Access Access
(%) User Need Format Volume | Frequency
General P0|Cn|;c(;ind—
70 business, Qualitative N Low High «
: . graphics,
media, public
assessments
Researchers, Dicital
15 business Quantitative 5 High Low
downloads
consultants
Value-added Digital
Providers downloads
15 titati . L High
(database Quantitative machine to ow '®
scrapers) machine
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Accelerating User Demand for NOAA data

NOAA’s National Centers for
Environmental Information
(NCEI) alone is now serving
>8 PB of data annually

Servicing over 20,000
personal contacts across
many sectors

2.6 billion web hits in FY14
with 19 million users

Significant load on NOAA
infrastructure (SSS)

30 March 2016

Petabytes

Types of Data Delivered:

— I sateliite
- Radar
Model

B Ground Based and Ocean Based
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Intro to NOAA Big Data Partnership
(BDP)

1. NOAA has a lot of data, which is expensive to store and disseminate.

2. Due to a variety of accessibility issues, much of NOAA’s environmental data are
also under-utilized — especially beyond the expert community.

3. There is untapped economic value in all that data.

4. That value can be leveraged to improve accessibility and pay for staging of that
data on the public cloud, where people and organizations of all kinds can
innovate as part of a market ecosystem.
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Unusual, no-net-cost proposition
» Could the value inherent in
NOAA's datasets support the
cost of their distribution?

Apr

21

. . . 2015
Enthusiastic, cross-industry

response Lo

* Interest from 200 companies
« 70+ responses to NOAA's
“request for information”

NOAA is using Cooperative
Research and Development
Agreements (CRADAS), not
typical acquisitions

Selection/announcement made on
21 Apr 2015

30 March 2016

COMMERCE.GOV

Home

U.S. Secretary of Commerce Penny Pritzker Announces New
Collaboration to Unleash the Power of NOAA's Data

NOAA joins Amazon Web Services, Google Cloud Platform, 1BM, Micrasoft Corp., and the Open Cloud Consortium for big data
project

Environment ~ Data ~ American Meteorological Society ~ America's DataAgency ~ Open Cloud Consortium

Posted at 10:23 AM

FOR IMMEDIATE RELEASE
Tussday, April 21,2015

Office of Public Affairs
202-482-4883

publicaffairs@doc.gov

U.5. Secretary of Commerce Penny Pritzker today announced a big data project with Amazon Web Services, Google Cloud Platform, IBM, Microsoft
Corp., and the Open Cloud Consortium to explore ways of bringing the Department closer to its goal of unleashing its vast resources of
environmental data and delivering on one of the Department’s key priorities - transforming Department data capabilities and supporting a data-
driven economy. Secretary Pritzker made the announcement during a keynote address at the American Meteorological Saciety’s Washington

Forum.
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laaS companies to serve
as project anchors

These CRADA
“Collaborators” are
nuclei for data alliances
and markets

Members of industry,
research, and academia
may join these alliances

NOAA receives data
requests from the
Collaborators...

30 March 2016
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Conceptual Relationship for BDP

OPEN CLOUD COMNSORTIUM
L-()(”]:_..‘:l(_" Cloud Platform ‘\

= Microsoft

3rd Party 3rd Party 3rd Party
Service Service
Provider Provider

Service

Provider

3

Environmental Data Users

)

Data flows Flows of ideas and expertise 11



Multi-Radar
Multi-Sensor

Numerical
Models

NEXRAD

N
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Why was NEXRAD Weather Radar selected first?

Archived NEXRAD data are optimized for preservation, not access

All NEXRAD data are publicly available, but difficult to use
— unwieldy size (270 TB for compressed Level Il alone)
— specialized format (radial volume scans)
— resides on NOAA's NCEI tape archive, relatively slow to access

Highly popular dataset for use in industry

— Many industry users of realtime and archived NEXRAD data
— Multiple derivative uses possible - hail, rain, snow, tornados, etc.

The utilization of entire NEXRAD archive never before realizec

NOAA had recently reprocessed 2001-2012 NEXRAD Level Il | .
— half of the dataset still resided on disk at the Cooperative st
Climate and Satellites in NC (CICS-NC) ’

— easy to jump-start initial delivery




NEXRAD #2 in US National Observation Value

Annex I: 2012 EOA Results

This annex provides results for the 145 high-impact observation systems identified from the 362 observation systems assessed by the 13 584
teams of approximately 300 Federal subject-matter experts. These 145 observation systems are listed in two tiers in the tables below. Impact is
indicated with respect to each of the 13 societal themes (12 SBAs and reference measurements), as described in Section 2.2.

Table 1: Tier 1 High-impact Observation Systems (Ranked Order)

Observation System A NATIONAL PLAN FOR

Winced Qe CIVIL EARTH OBSERVATIONS

1. Global Positioning System (GPS)

satellites DODAISAF

2. Next Generathon Weather Radar

[NEXRAD) SHhet PRODUCT OF THE

3. Londsat satelite DOYUSGS, National Science and Technology Council
s Executive Office of the President

4. Gegstationary Operational
Environmental Satellite System [GOES- DOC/NOAA

NOP)
5. Natlonal Agriculture Imagery Program
(NAIR) USDAJFSA

DOC/NOKA,
6. Alrborne LIDAR DODYUSACE,

DOIUSES, NSF
7. Forest Inventory and Analysis [FIA) USDIRUSFS
July 2014

Contributes  Maderate Iigh Very High Highest
Impact: L

National Plan for Civil Earth Observations (2014)
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AWS Access to NEXRAD Level Il Data

amazon AWS rednvent Announcements  Products  Solufions  Pricing  Software  Support  Customers  Partners  Enterprises  More ~ English
websenvioes

Oct 27, 2015 rollout

https://s3.amazonaws.com/noaa-nexrad-level2

AWS now serving all NEXRAD Level Il from 1991-5 min ago
Single point of access for archived and realtime data on S3

Free data download available to users

User-contributed tools and services are available that utilize the
AWS platform, e.g. THREDDS installed by Unidata
Tutorials available from Unidata, Climate Corporation, CartoDB

Free AWS credits and grants may be available for educators,
researchers, and students

Google, Microsoft, and OCC have not yet announced their
access plans for the NEXRAD Level Il.

Last Name*
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Steering Users to New Services

New services are
being integrated from
within NOAA’s
NEXRAD sites.

Archive data ordering
system
* 60% decrease in
anticipated data
orders from
NOAA/NCEI (Feb
2016, S. Ansari)

Integration into
NOAA'’s free “Weather
and Climate Toolkit”
application

30 March 2016
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Formerly the National Climatic Data Center (NCDC)... more about NCE| »

Home Climate Information Data Access Customer Support Contact About

Home > Data Access > Radar > Radar Data in the NOAA Big Data Project

Quick Links Radar Data in the NOAA Big Data Project

Land-Based Station ~
carelie - The NOAA Big Data Project (BDP) is an innovative approach to publishing NOAA's vast data resources and
positioning them near cost-efficient high performance computing, analytic, and storage services provided by
Radar -~ the private sector. This collaboration combines three powerful resources—NOAA's tremendous volume of
Radar Data in the NOAA high quality environmental data and advanced data products, private industry’s vast infrastructure and
Big Data Project technical capacity, and the American economy’s innovation and energy—to create a sustainable, market-

Display and Convarsion driven ecosystem that lowers the cost barrier to data publication. Please refer to the NOAA Big Data Project
splay and Convers

Tools summary® for more information.
Decoding Utilities and
Examples Through cooperative activities as a part of NOAA's Big Data Project, NEXRAD data are now freely available

o through the following cloud infrastructures.
Interactive Map Too

» )
NEXRAD Amazon Web Services

NEXRAD Radar Products
Terminal Doppler Weather The full historical archive of NEXRAD Level-2 data is available for
direct download from the Amazon 53 storage or direct access

g
0 am azon from within the Amazon computing environment.

webservices

Radar

Terminal Doppler Weather
Radar Products
Amazon Documentationd

Model [
Amazon Blog#

Wi r 10 [

R NCEI News Release

Marine / Ocean ~

Paleoclimatology ~

Severe Weathar ~

Blended & Globa

CESAS - NAS
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The Elements of a Successful

BDP Market Ecosystem

Experts

Internal
Researchers
and 3 Party
Value-Added

Service
Providers

1L
1y

amazon

! webservices

¥

8" Microsoft

Google CESAS - NA

Users

External
mc Researchers and

Wider Consumer
q OPEN CLOUD CONSORTIUM Com mun |ty
30 March 2016
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So What?

NOAA's Big Data Partnership is showing that data access and research may be
facilitated, at reduced cost, through leveraging effective partnerships with industry.

Seamless access available to NOAA's holdings across time - users find both historical

and realtime NEXRAD Level Il data in the same place, in the same way.
— Historical data provides context for new realtime observations — important for decision-making

New business and research opportunities are being created

New applications can be developed FASTER using less bandwidth
— data are co-located with the processing capacity
— Quicken the pace of app development and time-to-market

— Faster pace of innovation and scientific discovery
« NOAA's NEXRAD recent reprocessing (of 11 years’ data) took years
« Same volume of processing today could now take weeks




Other Lessons Learned in BDP, so far...(1/2)

Expertise need to be effectively involved throughout the

Process.

— “Push” and “Pull” at the same time works the best
— Sometimes the Collaborators acquire the expertise internally...

« Almost all of NOAA's open data are available, digitally,
today...if you know who to ask, or where to look.

* True Big Data applications now limited by their business

Cases

— Single valuable datasets or small collections, versus truly diverse and large
datasets

— Without easy access to Big Data, how do you know what it will bring? How
to decide to commit resources within BDP?

19



Other Lessons Learned in BDP, so far...(2/2)

« Easy access to archived data is valuable for dynamic
provision of the historical/statistical context for new data or
realtime data flows.

 Traditional data-centered economic value models are not
necessarily easily adaptable to the Big Data methodology

« There may be more social problems than technical
problems.

 How can NOAA effectively steward data held by others?

20
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Other Opportunities Ahead

« The rise of the Platform

— Platform = data + processors + storage + apps

— Scientists used to go to the data. Then the data came to
them. Now they all can coexist in a shared, virtual,
computing environment.

— Has Platform utilization become “simply” an acquisitions and
governance problem? Or do social problems need to be
addressed first?

« The US Digital Service and its related entities (e.g. the

Commerce Data Service, GSA 18F)
— Focusing on enabling data discovery and use
— E.g. the Commerce Data Usability Project

21



Summary

The full utilization of Earth Science data is a Big Data challenge since it requires
the provision of adequate expertise, involves many datasets, and is challenging
conventional value models.

“Big Data” success requires not just access to the data, but the expertise
(algorithms, workflows, interpretive skill) as well.

Government and Industry partners may be able to facilitate research activities by
leveraging the inherent value in Earth Science data.

Through the BDP CRADA, NOAA has moved the NEXRAD Level Il dataset first,
based on market need and data opportunity. AWS experience Oct 2015 appears
to be heading towards success so far...

— New applications created, increased use of AWS infrastructure, reduced load on NOAA systems

NOAA and the Collaborators have not really gotten deep into Big Data territory
yet, so far mainly enabling wider use of unwieldy, hard to access and high
volume datasets.

22
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Thank You - Discussion

Questions?

24
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Impact on the Information Lifecycle

Earth
Environment

—)

Data

Generating

Systems
- Observing
- Models

30 March 2016

NOAA makes foundational investments in environmental information
production and preservation

BDP promotes increased data access and encourages application

development across private and public sectors.

Observations

—)

Environmental

Record
Creation and
Preservation

Records

=

(

Data Access
to
Applications

:
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:
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NEXRAD Data Transfer

» Archived Level Il data from NESDIS’ National Centers for Environmental Information
(NCEI)
— Over 270 TB for compressed Level Il volume scan file (>1 PB uncompressed)
— Move from the NCEI tape archive to disks at CICS-NC
— CICS-NC acting as middleman allowed minimal impact to NOAA's data operations
— Updates from NCEI archive operations as new data are pushed to the archive

» Realtime Level |l data from NOAA’s National Weather Service
— Established through Unidata, part of the Open Commons Consortium (OCC)

« Data moved to 4 of the 5 Big Data Partnership Collaborators
— Amazon Web Services (entire archive plus realtime)
— Microsoft (entire archive)
— Google (entire archive)
— Open Commons Consortium (2015 plus realtime)




Big Data Partnership “Rules”

« Level Playing Field, for all interested companies via
Collaborators
—All NOAA Data, available equally, with no
privileged access
— NOAA-sourced data are “free and open” - only
cost recovery allowed

* 5individual CRADAs with NOAA, 3 year terms + 2
one-year options

« CRADAS can be ended early with appropriate notice

* No funds may move from NOAA to Collaborators

28



Big Data Partnership Methodology

Collaborators & their partners identify datasets of interest

Demonstrate business use case(s), with no restrictions on
open distribution of data

Develop a strategy for data sharing/delivery from NOAA to
BDP Collaborator(s)

Engage NOAA subject matter experts, BDP Collaborators,
and their Associates/Partners for technical interchanges

Collaborators and their Partners create applications

NOAA continues all of its existing data services
— No interruption of services to customers

— BDP activities are an augmentation of existing services
29



Steering Users to New Services

@ NATIONAL CENTERS FOR
V ENVIRONMENTAL INFORMATION

HERIC ADMINISTRATION

NATIONAL OCEANIC AND ATMOS

Home ContactUs About NCEI Help

NCEI > Radar Data = NEXRAD Inventory = Choose Date / Product

NEXRAD Inventory: View Results and Order Data

Data Access
Home
Select By Map
Select By List
Select By County, City, Zip Code
(Climate Data Online)
Historical Reflectivity and
Coverage Maps
Select By Archive File (Bulk
Order)
Documentation
Archive and Access Statistics
Overview, History
NEXRAD Product List
Network Metadata
Radar Operations Center
External Resources
NOAANWS Current Radar
NOAA Training (WDTB)

Other BDP Collaborators’ sites will be added as

KGSP - GREER, SC
Site Metadata

Peried of Recerd:
Level-ll: 07/14/1995 to 03/19/2014

03/17/2014 03/18/2014 03/19/2014

00:00  02:00 0400 06:00  08:00 o 12:00 1400 18:00  20:00  22:00 0000
KGsP o 0371 Zone: GMT

— Clear Alr Mode — Precip Mode — Mainten ocle — Unknawn Mnde‘

Level-1l Base Data

Enter Email Address:\ |

Start Time: | 00:00 GMT * End Time: | 24:00 GMT v

l Crder Data “ Direct Download

View Actual Timestamps / Op. Mode / VCP

they roll out their data services

30 March 2016
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NEXRAD Data - Direct Download

KGSP - GREER, 5C
Site Metadata

Period of Record:
Level-Il: 07/14/1995 to 03/19/2014

03/17/2014 03/18/2014 03/19/2014

Select Provider: | Amazon Web Services v
Hint: Drag any link below onto the Weather and Climate Toolkit

(BETA version) to open the custom NOAA Big Data Project
browser.

KGSP20140318_000029_ V06 gz (6 MB})

KGSP20140318_000619_V06.gz (5 MB)

KGSP20140318_001210_V06.9z (5 MB)
KGSP20140318_001800_V06.gz (5 MB})

KGSP20140318_002351_V06.9z (5 MB)
KGSP20140318_002942_V06.gz (5 MB)

KGSP20140318_003532_V06.9z (5 MB)
KGSP20140318_004123_V06.gz (5 MB)

KGSP20140318_004713_V06.9z (5 MB)
KGSP20140318_005303_V06.gz (5 MB})

KGSP20140318_005854_V06.9z (5 MB}
KGSP20140318_010444_V06 gz (5 MB)

KGSP20140318_011035_V06.9z (5 MB)

KGSP20140318 011625 V0A az (5 KB

Through cocperative activities as a part of
NOAA's Big Data Project, NEXRAD data are
now freely available through the following cloud
infrastructures.

Amazon Web Services

The full histerical archive of NEXRAD Level-2
data is available for direct download from the
Amazon 53 storage or direct access from within
the Amazon computing envirenment

Amazen Documentation

Amazon Blog
NCEI News Release

30
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Role of NOAA in the BDP Market Ecosystem

 NOAA's data are widely available, with
“free and open” access

 NOAA's role will be to provide objective
scientific expertise, ensure long-term
preservation and sound data management
(scientific data stewardship)

« Data + Expertise + Need = Opportunity

31



https://data-alliance.noaa.gov

L |
{ \'J Big Data Project - Home | X

¢« > C fi [E}https://data—alliance.noaa.gov

f"n NATIONAL OCEANIC AND
‘;V} NOAA ATMOSPHERIC ADMINISTRATION
"\M’j UNITED STATES DEPARTMENT OF COMMERCE

» Home » FAQ

NOAA Big Data Project

The Big Data Project is an innovative approach to publishing NOAA's vast data resources and positioning them near cost-efficient high performance computing, analytic, and
storage services provided by the private sector. This collaboration combines three powerful resources - NOAA's tremendous volume of high quality environmental data and
advanced data products, private industry's vast infrastructure and technical capacity, and the American economy's inngvation and energy - to create a sustainable, market-
driven ecosystem that lowers the cost barrier to data publication. This project will create a new economic space for growth and job creation while providing the public far
greater access to the data created with its tax dollars.

How To Participate

For companies, organizations, and individuals interested in joining with NOAA's Big Data Project, a set of Data Alliances are being formed. Each Data Alliance is anchored by a
participating Infrastructure as a Service (1aaS) institution, and represents a market ecosystem consisting of larger companies that represent various economic sectors, such as
the weather or insurance industries, specialized small business, value-added resellers, entrepreneurs, researchers and non-profits, etc. The Data Alliance structure allows
market forces to act on the identification, extraction, and development of NOAA public data resources, and provides a mechanism for interested parties to work together to

develop new business and research opportunities. The organizations comprising the ecosystem built around a particular anchor laa$ provider are free to participate in multiple
Data Alliances.

For more information, visit one of the NOAA Big Data Collaborators:

®
v

B3 Microsoft

@

SFEN CLOUD CONSDRTIUM
Google Cloud Platform

The Big Data Project's press release, issued by the Department of Commerce, can be found at hitp://www.commerce.gov/news/press-releases/2015/04/us-secretary-
Ccommerc...
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