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What is a Reference Model?
• A framework for understanding significant 

relationships between the entities of a 
system and to the external environment

• A lingua franca for discussion, 
development, implementation, 
management, and use of that system

A reference model is NOT an implementation!!
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Why the OAIS Matters to NOAA

• Provides a framework for consideration of 
roles and responsibilities of NNCDs and 
CLASS to ensure fundamental archive 
responsibilities are accomplished

• Facilitates strategic planning of archive 
evolution

• Assists with the education of our customers 
and stakeholders on essential information 
preservation activities
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Why the OAIS Matters to NODC

• It gives a common language for us to use 
as we discuss both our internal archive 
process and our cross-NOAA archive 
activities

• It serves as a useful tool for “gap analysis”, 
by providing a comprehensive suite of 
functions we should perform and 
responsibilities we must meet to be called a 
“capital A” Archive
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The OAIS Reference Model
• The Open Archival Information System 

Reference Model (OAIS RM) is the CCSDS and 
ISO Standard (14721) for Digital Archives

• It applies to all organizations that need to 
preserve digital information for the long-term

• It does NOT specify any particular 
implementation

• An organization conforms to the OAIS RM by 
discharging a minimal set of responsibilities and 
supporting basic information concepts



6

OAIS Responsibilities
• Negotiates and accepts information from 

Producers
• Obtains sufficient control to ensure long-term 

preservation
• Ensures the information to be preserved is 

independently understandable to identified 
Designated Communities

• Follows documented policies and procedures
to insure information is preserved

• Provides information to the Designated 
Communities in understandable forms
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The OAIS Environment
• Producer provides information to be preserved
• Management sets overall policy
• Consumer seeks and acquires preserved 

information

OAIS
(Archive)

Management

Producer Consumer

The OAIS Environment from 30,000 ft
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SIP  = Submission Information Package
AIP =  Archival Information Package
DIP =  Dissemination Information Package
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OAIS Functional Entities

The OAIS Environment 
from Sea Level
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So... How has NODC evolved 
to meet the tenets of the 

OAIS RM?

A little context to set the stage…



11

NOAA is a Big Data Agency
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NOAANOAA

NOAA and its National Data Centers

NOAA has three National Data Centers: NODC, NGDC, and NCDC
… but many parts of NOAA serve data!
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NOAA Archive Data Volumes

Current and Projected Volumes in NOAA Archives
[Source: NOAA CLASS Program Office]

FY 2030: 120 PB
FY 2013: 5 PB  

(3.9 PB/year, current total of 75 million files)
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NOAA Archive User Accesses

Using our shared storage and access system 
known as CLASS, the NOAA National Data 
Centers serve, each month…
– Over 7.7 million files
– Over 550 Terabytes of data

But each maintains its own local systems as 
well…
– Now look more closely at NODC’s Big Data numbers…

Averages based on Apr-Jun 2013
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NODC Archive Variety

Underway CTD/Niskin Buoys

Experimental Models SatelliteXBT

Argo ProfilersNet Tows

AUVs

Instrumented AnimalsAerial Surveys Wave Gliders
~100 Terabytes, in 27,000+ collections from 1500+ 

institutions, in hundreds of formats
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NODC Archive Variety and Velocity

Each month, NODC alone archives more than…
– 106 different data types, 300,000 files, in over 50 

different data formats
from…
– 22 distinct institutions on average, 37 automated data 

streams, dozens of individual submissions
And provides more than 16 million files and 21 
Terabytes of data to over 261,000 unique hosts

Averages based on Apr-Jun 2013
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So... We have the “classic” Big Data 
challenges of 

Volume, Velocity, and Variety… 

What have we done to manage it
and meet the tenets of the OAIS-RM?
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NODC’s Big Data Archive Paradigm

Human and machine 
interfaces to 

Discover, Access, Use, and 
Understand

NODC’s Archive Holdings

The NODC Ocean Archive

AIP AIP AIP AIP AIP

The Open Archival 
Information System 
(OAIS) Reference 
Model, the ISO 
standard for digital 
archives, specifies key 
functional entities of a 
“Capital A” Archive

In OAIS terminology, an 
archive preserves 
Archival Information 
Packages (AIP). 
NODC refers to these 
AIPs as “Accessions”.
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Understandability

Understanding

The NODC Ocean Archive

AIP AIP AIP AIP AIP

Understanding and 
Preservation are enabled 
through a focus on 
standardized descriptions of 
“contents”, their “containers”, 
and where they have been.

Better documentation enables 
better understanding and long 
term preservation.

FGDC ISO

Checksums

Ad hoc documentation

Other standards

Provenance

Metadata Views

Manifests

Value-Added Products
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Discoverability

Discovery
Human to Machine Interfaces

Machine to Machine Interfaces

The NODC Ocean Archive

AIP AIP AIP AIP AIP

Discovery is enabled through 
numerous interfaces designed 
for both humans and their 
machine clients.

Human-to-machine interfaces 
include government-mandated 
generalized portals like 
Data.gov and international 
portals from CEOS, GEOSS, 
WMO, etc.

Discovery services are 
available for ALL of the NODC 
Archive Information Packages 
(AIP), but better metadata 
supports better discovery! 

CWIC

Google Data.gov Geo.Data.gov

CSW

OpenSearch SRU/ISO23950

Geoportal Server Web App

Geoportal Server REST API

WAF
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http://ocean-archive.data.nodc.noaa.gov//
index.xml

Accessibility – Pilot Projects

O

The NODC Ocean Archive

AIP AIP AIP AIP AIP

Hyrax, AVHRR Pathfinder, and 
other applications running in 
Amazon EC2 provide test 
environment for associating 
services and computational 
resources with the data in S3

A subset of the NODC archive, 
our ocean datasets in CLASS, 
and data from NGDC and 
NCDC were uploaded to 
Amazon’s S3 cloud.

S3

EC2OPeNDAP Hyrax, Pathfinder…

Basic HTTP access provided 
by Amazon S3 provides test 
environment for cost analysis 
and technical connectivity
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Accessibility- Here and Now

LAS, GIS, KML

WCS, WMS, SOS

DAP

FTP and HTTP

The NODC Ocean Archive

AIP AIP AIP AIP AIP

Enhanced online access, 
visualization, and analysis 
tools: These capabilities 
require more structured 
metadata and standardized file 
formats, so are available to the 
fewest archive holdings.

Distributed Access Protocol 
(DAP): Requires standard file 
formats so is available to fewer 
archive holdings.

Basic FTP/HTTP access for 
all Archival Information 
Packages (AIP) in the NODC 
Ocean Archive: These 
distribution methods have no 
format or metadata 
requirements so they work for 
all archive holdings, but they 
provide only basic download 
capability.
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Linking collection level discovery to granule level discovery.

Geoportal Server as Service Integrator
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Sidebar: NOAA DOIs for Data



25

NODC Big Ocean Data 

Data as Infrastructure
Data as a Platform
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Remaining slides for reference

Questions?
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OAIS Common Services
• Operating System Services
• Network Services
• Security Services

These pervasive functions link together the 
other 6 OAIS Functional Entities…
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OAIS Functional Entities
• Ingest: This entity provides the services and 

functions to accept Submission Information 
Packages (SIPs) from Producers and prepare 
the contents for storage and management within 
the OAIS

– Receive Submission
– Quality Assurance
– Generate AIP
– Generate Descriptive Information
– Coordinate Updates



29

OAIS Functional Entities
• Archival Storage: This entity provides the 

services and functions for the storage, 
maintenance and retrieval of Archival 
Information Packages (AIPs)

– Receive Data
– Manage Storage Hierarchy
– Replace Media
– Error Checking
– Disaster recovery
– Provide Data
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OAIS Functional Entities
• Data Management: This entity provides the 

services and functions for populating, 
maintaining, and accessing both descriptive 
information that identifies and documents OAIS 
holdings and internal OAIS administrative data

– Administer Database
– Perform Queries
– Generate Report
– Receive Database Updates
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OAIS Functional Entities
• Access: This entity supports Consumers in 

determining the existence, description, location 
and availability of information stored in the OAIS 
and allows Consumers to request and receive 
Dissemination Information Packages (DIPs)

– Coordinate Access Activities
– Generate DIP
– Deliver Response
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OAIS Functional Entities
• Preservation Planning: This entity monitors the 

environment of the OAIS and provides 
recommendations to ensure that the information 
stored in the OAIS remain accessible to the 
Designated Community over the long term

– Monitor Designated Community
– Monitor Technology
– Develop Preservation Strategies and Standards
– Develop Packaging Designs and Migration Plans
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OAIS Functional Entities
• Administration: This entity manages the 

overall operation of the OAIS

– Negotiate Submission Agreement
– Manage System Configuration
– Archival Information Update
– Physical Access Control
– Establish Standards and Policies
– Audit Submission
– Activate Requests
– Customer Service


