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Objectives for today…
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Update on IOOS DMAC and OOI-CI 
implementation

Report current DMAC-CI collaboration

Anticipated next steps

Potential role for ORRAP Observing Sub-
panel
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OOI and IOOS

from July 2007 response to ORRAP
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OOI and IOOS
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Our Challenge – why is DMAC so important?

standards-based approach or common language is essential

example: mathematics as the language of science

“Philosophy is written in this grand book, the 
universe which stands continually open to our gaze. 
But the book cannot be understood unless one first 
learns to comprehend the language and read the 
letters in which it is composed. It is written in the 
language of mathematics, and its characters are 
triangles, circles and other geometric figures without 
which it is humanly impossible to understand a 
single word of it; without these, one wanders 
about in a dark labyrinth.” Galileo 

(on the book of “Nature”)

E = mc2
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This “language” is emerging
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IOOS® Subsystems

1. Observing 
Systems

2. Data Management and 
Communications (DMAC)

3. Modeling 
and Analysis

In-situ & remotely 
sensed ocean 
information

Decision support 
tools to aid 

informed and timely
decision making

Effectively & Efficiently links ocean 
information to user applications
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Ocean Observing Subsystems

1. Observing 
Systems

2. Data Management and 
Communications (DMAC)

3. Modeling 
and Analysis

In-situ & remotely 
sensed ocean 
information

Decision support tools 
to aid informed and 

timely decision 
making

Effectively & Efficiently links ocean 
observations to user applications
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5. Observation Command 
and Control

4. Planning 
and Execution
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IOOS DMAC

History
Composition

Accomplishments
Plans

A brief history of IOOS® DMAC

20022002 Ocean.US forms DMAC 
Steering Committee

20042004 First IOOS Development Plan 
Highlights importance of DMAC

20052005 DMAC Steering Committee
Publishes DMAC “plan” and DMAC 
Steering “Team” is formed to guide 
execution

20032003--20052005 NOAA/Navy IOOS 
Interoperability Demo (with Boeing 
and Northrup Grumman)

20062006 IOOS Conceptual Designs
(Raytheon & Lockheed)

ORRAP Ocean Observing Sub-Panel – Washington, DC – December 7, 2010      10



PCAST BPES Meeting

Data Integration Framework project

1. Temperatur
e

2. Salinity
3. Water Level
4. Currents
5. Winds
6. Waves
7. Ocean Color

• Coastal Inundation

• Harmful Algal 
Bloom Forecast

• Hurricane Intensity 
Forecast

• Integrated 
Ecosystem
Assessment

Month 36

Integration

Months 0-12 Month 18 Month 24

Model Ingest Benchmark Performance 
Assessment 

Completed

Completed
• Lessons

learned

• technical 
assessment

• customer
assessment

• write/publish
final report

• requirements

• data standards

• protocolsCompleted
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Completed

2007 2008 2009 2010

DIF Observation Systems - Partners

Satellite Ocean Color 
(Aqua MODIS, Terra 
MODIS, SeaWiFS)

National Water Level 
Observation Network

PORTS®

NDBC DAC 
(buoys):

C-MAN, VOS, NOS 
NERRS, etc.

IOOS DAC:
Regional 

observations

TAO DAC:
Tropical 

Atmosphere 
Ocean

DART DAC:
Deep-Ocean 

Assessment and 
Reporting of Tsunamis

Sensor Observation Service

High-Frequency 
Radar (HFR) 

surface currents

Web Coverage Service
& OPeNDAP

IOOS Data Standards

Sensor Observation Service
IOOS Data Standards

Web Coverage Service & OPeNDAP

IOOS Data Standards

NDBC Data Assembly Centers (DACs)

Sensor Observation Service and others

Federal, State, Local, 
and Industry data

IOOS Data Standards

PROGRAM DATA IOOS
DATA

Temperature

Waves

Winds

Water 
Level

Currents

Salinity

Ocean Color
(chlorophyll)

1
NDBC

2 CO-OPS

3 CoastWatch

4
IOOS Regions
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Data Integration Framework Report
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Component types needed for IOOS

Data Management

Modeling &
Analysis

Web
Portal

Client
Libraries

Analysis
Tools

System
Monitor

Forecast
Models

Observing
Systems

Moored
Buoys

Fixed
Stations SamplesMoving

Platforms Radar Satellite

Data
Assembly
Centers

Physical
Obs

Biological
Obs ArchivesModel

Outputs

Utility
Services Visualization

Conversion Data
Integration

Catalog

Registry

Data
Access
Services

Subscription AlertPull Individual
Features

Structured
Grids

Unstructured
Grids

Undersea
Imagery

…

…

…

…

…

Service
Gateway

Maps &
Images

Workflows

Notification

Surveys

GIS

Framework

Computational Viewpoint from Reference Model for Open Distributed Processing (RM-ODP)
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DMAC
Data Management and Communications

Visualization

Conversion Service
Gateway

System
Monitor

Forecast
Models

Biological
Obs Archives

Data
Integration

Subscription Alert

Notification

Surveys

Unstructured
Grids
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IOOS Catalog – v1.0
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IOOS® Core Variables

1. Temperature
2. Salinity
3. Water level
4. Currents
5. Surface Waves
6. Surface Winds
7. Ocean color
8. Dissolved oxygen
9. pH
10.pCO2
11.Heat flux
12.Bottom character
13.Pathogens

21.Colored dissolved organic  matter
22.Fish species
23.Fish abundance
24.Zooplankton species
25.Phytoplankton species
26.Zooplankton abundance

14.Bathymetry
15. Ice distribution
16.Contaminants
17.Stream flow
18.Dissolved nutrients
19.Optical properties
20.Total suspended matter

2010 (7)
2011 definite (15)
2011 maybe (16)
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IOOS Biological Observations Project

Hawaiian ArchipelagoHawaiian Archipelago

Pacific  Remote 
Island Area
Pacific  Remote 
Island Area

Commonwealth of 
Northern Mariana 
Islands

Commonwealth of 
Northern Mariana 
Islands

GuamGuam

American 
Samoa
American 
Samoa

Goal:  standard data representation & standard access

Data:  fishery independent surveys  (pres/abs/abund – reef fish)

Products:  data content standard, web services

Partners:  NOAA Fisheries, NOAA Marine Sanctuaries, 
Univ. of Hawai’i, Census of Marine Life, USGS/OBIS, State 
of Hawai’i

Customer:  fishery stock assessments
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IOOC & DMAC

• IOOS Data Partners Criteria 
Working Group

• IOOC (new) DMAC Steering Team

ORRAP Ocean Observing Sub-Panel – Washington, DC – December 7, 2010      18



PCAST BPES Meeting

OOI

History
Objectives

Composition
Plans

19

Marine Network Configurations
Global Array

Coastal Array

Regional Node

Regional Node + Coastal Array

20
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Role of Cyberinfrastructure

21

Functional Capability

Collaborate with others in virtual 
labs to analyze and model data, 
test ideas and modify the 
observatory

Collaborate with others in virtual 
labs to analyze and model data, 
test ideas and modify the 
observatory

22
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Interact remotely with 
observatory sensors and 
platforms

Interact remotely with 
observatory sensors and 
platforms

Functional Capability

23

Add or reconfigure sensors 
on the network with ease.
Add or reconfigure sensors 
on the network with ease.

Functional Capability

24
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Functional Capability

Freely and openly access near real-time dataFreely and openly access near real-time data
25

Functional Capability

Easily publish and subscribe 
to data from the observatory

26
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Functional Capability

Run models within
the integrated

observatory
network

Run models within
the integrated

observatory
network

27

Federated Observatory Network

28
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Network Deployment

29

Functional Architecture

30
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Composable Functional Unit of Deployment 

31

Distributed Functional Deployment

32
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Cyberinfrastructure Plan

33

Cyberinfrastructure Schedule

34
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OOI – IOOS Collaboration

35

History
Composition

Accomplishments
Plans
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Initial OOI – IOOS Collaboration
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Orcutt/Vernon – 2007 grant proposal to NOAA IOOS Program
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* ERDDAP = NOAA 
Environmental 
Research Division 
Data Access 
Program

Scalable translation/visualization service in the cloud

DAP

SOS

others

ERDDAP*

CSV

GML

KML

NetCDF

Figure from M. Arrott et al.,
Proc. MTS/IEEE Oceans 2009

Input formats & services translator Output formats & services to meet user needs

2008 OOI – IOOS Collaboration
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2009 OOI – IOOS Collaboration
Scalable translation/visualization service in the cloud
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2010 OOI – IOOS Collaboration

NDBC
Wx

NDBC
HFR

CO-OPS
WL

IOOS Data Sources Non-IOOS Sources

SOS TDS SOS

OOI-CI Service
Translation

Format
Conversion Notification Feeds/

Subscriptions

Espresso 
ROMS

other 
models

IOOS
Catalog IOOS

RAs

SOS

IOOS as external observatory feeding model customer via OOI

External Observatory Integration (EOI)

OOI-CI Service
Translation

Format
Conversion Notification Feeds/

Subscriptions

External Observatory Integration (EOI)External Observatory Integration (EOI)

IOOS
Catalog

MARACOOS Integration Design 
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Next Steps
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Y 1 Y 2 Y 3 Y 4 Y 5

4 4 6 2

Release Cycle

R-1

R-2

R-3

R-4

R-5

Project Year

R-1

R-2

R-3

R-4

R-5

Data Distribution Network

Managed Instrument Network

OnDemand Measurement Processing

Integrated Modeling Network

Interactive Ocean Observatory

Kick-Off 9/09

modeling
application

OOI-CI – IOO-DMAC
collaborations for R1-3

interagency
infrastructure
collaboration

expanded/shared
interagency

infrastructure

Observations enterprise
architecture?

DISCUSSION

42ORRAP Ocean Observing Sub-Panel – Washington, DC – December 7, 2010      42

1. Pros/cons for increased IOOS/DMAC 
collaboration/development with OOI-CI?
- sharing code
- IT security
- alternative architecture
- maintaining identities

2. CMSP, Ocean Acidification and other National 
“themes” as customer drivers for DMAC 
delivery and evolution?

3. Potential role(s) for ORRAP Ocean Observing 
Sub-panel? 
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Thank You
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Charles Alexander
charles.alexander@noaa.gov

301/427-2429

Matthew Arrott
marrott@ucsd.edu 

858/822-5281


