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Abstract—The NOAA-led U.S. Integrated Ocean Observing 
System (IOOS) and the National Science Foundation’s Ocean 
Observatories Initiative (OOI) have been collaborating since 2007 
on advanced tools and technologies that ensure open access to 
ocean observations and models.  Initial collaboration focused on 
serving ocean data via cloud computing – a key component of the 
OOI cyberinfrastructure (CI) architecture. As the OOI 
transitioned from planning to execution in the Fall of 2009, an 
OOI/IOOS team developed a customer-based “use case” to align 
more closely with the emerging objectives of OOI-CI team’s first 
software release scheduled for Summer 2011 and provide a 
quantitative capacity for stress-testing these tools and protocols. 
A requirements process was initiated with coastal modelers, 
focusing on improved workflows to deliver ocean observation 
data. Accomplishments to date include the documentation and 
assessment of scientific workflows for two “early adopter” 
modeling teams from IOOS Regional partners (Rutgers – the 
State University of New Jersey and University of Hawaii’s School 
of Ocean and Earth Science and Technology) to enable full 
understanding of data sources and needs; generation of all-
inclusive lists of the data sets required and those obtainable 
through IOOS; a more complete understanding of areas where 
IOOS can expand data access capabilities to better serve the 
needs of the modeling community; and development of "data set 
agents" (software) to facilitate data acquisition from numerous 
data providers and conversions of the data format to the OOI-CI 
canonical form. 
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I. INTRODUCTION 
 

A. Ocean Observatory Initiative 
The National Science Foundation’s Ocean Observatory 
Initiative (OOI) [1] is working to advance the ocean sciences 
by developing the infrastructure for sustained ocean 
observations at key coastal and open ocean locations by 

providing a new research and education infrastructure to 
accelerate understanding of the ocean and seafloor and their 
roles in the earth system. Two coastal arrays, four global 
arrays in the deep ocean, a cabled observatory over the Juan de 
Fuca tectonic plate, and a sophisticated cyberinfrastructure 
comprise the effort. 
 
The OOI is in the second year of a planned five-year design 
and build process that will end in 2015 with the initial 
deployment of all elements and 25 years of operations will 
follow. Innovative ocean observing technologies will be 
deployed at key locations across the world’s oceans. A 
Regional Scale Nodes deployment will include a cabled 
seafloor and water column component on the Juan de Fuca 
Plate off the northwest coast of the United States, providing 
high power to seafloor and water column instrumentation and 
high bandwidth for all the associated data. A Coastal and 
Global Scale Nodes deployment will include two coastal 
arrays and four open ocean global arrays. The four global 
arrays will be located in the Gulf of Alaska, the Irminger Sea 
off southern Chile and in the Argentine Basin. The two coastal 
deployments will include the Endurance Array off the coast of 
Oregon and Washington of the United States and the Pioneer 
Array which will initially be deployed in the mid-Atlantic 
bight off the east coast of the United States but will be 
relocated approximately every five years as directed by the 
ocean science community [1]. 
 
Each location will support a broad range of sensors to measure 
ocean and seafloor processes and properties. Data will be 
transported via an innovative and sophisticated 
cyberinfrastructure (CI) to provide two-way connectivity to 
the observatories and freely serve the data in near-real time. 
The OOI’s open data policy will enable access to data and 



associated products to scientists, policy maker
the general public. 
 
B. U.S. Integrated Ocean Observing System 
The United States Integrated Ocean Observin
IOOS) [2,3,4] represents a national 
governmental and nongovernmental stakehold
interest in marine environmental phenomena 
open ocean, U.S. coastal waters, and the G
core mission of U.S. IOOS is the systematic pr
access to this marine environmental data an
and model data products in an interoperable,
and user-specified manner to end users/custo
serve seven critical and expanding societal nee

● Improve predictions of climate chan
and their effects on coastal comm
nation; 

● Improve the safety and efficienc
operations; 

● More effectively mitigate the eff
hazards; 
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U.S. IOOS is implemented by a dynamic
federal agencies, strategically located region
and private sector partners working togethe
deliver and use ocean data and models [5].  
subsystems: three functional (observing, data 
communications, modeling and analysis) a
cutting (governance and management, 
development, training and education) [5]. 
 
In this paper we report findings on the c
collaboration between the OOI-CI and U.S
teams that are exploring common functional
seamlessly enable access to and use of oce
data. Section II provides background on th
origins and intersections of the OOI and U.S. 
Section III briefly provides a technical intr
OOI’s CI and IOOS DMAC and descr
collaboration. Section IV describes the statu
collaboration with a detailed description of 
capabilities of work completed to date. Fin
presents the anticipated next steps. 
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Figure 1.  Dinstinctions and synergie
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Figure 2.  Critical distinctions between IOO
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sensors and knowledge gained through OOI-e
migrate from research to societal or civil appli

III. FIRST STEPS – FOCUSING ON DATA

The functional intersections between the Da
and Communications (DMAC) subsystem of
the emerging cyberinfrastructure component 
a dynamic opportunity to exercise and estab
of data management and networking interope
U.S. IOOS and OOI. 
 
A. The U.S. IOOS DMAC Subsystem 
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Figure 3.  OOI-CI Network Deployment 
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The OOI-CI integration strategy is based
principles: messaging and service-orientation
capabilities and resources represent themselv
the observatory network, with precisely define
protocols based on message exchange. 
capabilities of the CI are provided by 
integrating proven technologies and tools usin
infrastructure. The CI will virtualize computa
in order to realize flexible deployment of cap
OOI network (Figure 3).  
 
Via a repository of deployable features or un
and computational power can be provisio
(elastic computing). This approach reaches 
with cloud computing, where virtualized com
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components to a target environment (e.g. 
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observatory topology. 
 

IV. SERVING IOOS DATA USING ERDDAP
(2007-2009) 
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Figure 4.  Integrated observatory topology. 
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V. IMPROVING THE WAY THAT 
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Technology.   
 
The motivating factor was that mos
currently use a combination of ho
jobs to gather the wide variety of da
boundary conditions, assimilate an
Satellite data, HF Radar data, g
mammal data, drifter data, profile 
other weather and ocean model dat
are used.   The OOI infrastructure 
make the process more standardized

 

erving ocean data via cloud 
collection of resources, 

age, provided as a service 
the OOI-CI.  

argeted set of technologies 
S, GridFields, Amazon Web 
09. Figure 5 depicts the 
gration, described in more 
. Additional activity on this 
val of OOI execution funds 
ated in the original project 

IOOS COASTAL FORECAST 
(2009 – PRESENT) 

nting requirements 
nd OOI-CI teams agreed to 
n plan as a customer “use 
I-CI’s first software release 
requirements and planning 
IOOS coastal modelers at 
ew Jersey,  and University 
and Earth Science and 

st coastal forecast modelers 
omegrown scripts and cron 
ata needed to force, provide 
nd verify their model runs.   
lider data, tagged marine 
data, time series data, and 
a from numerous providers 
was proposed as a way to 

d and robust.  



 
 

Figure 5.  ERDDAP cloud prototype deployment scenario [12]. 

The project team sought to enable full understanding of 
users data sources and needs, and define improved 
workflows to deliver ocean observations data. Other 
emerging project objectives included: 

● establishing a standardized, reliable and efficient 
system for research and operational modelers to 
access the data they need freeing them to do actual 
research;  

● enhancing existing methods used to manipulate and 
disseminate the data to the scientific community; 

● providing format conversions so research modelers 
can more readily use the data; and 

● allowing sophisticated consumers of ocean 
observation data to test OOI-CI's capabilities, 
providing feedback to developers about the features 
and robustness of the system. 

 
Planning was completed in February 2010 via a series of 
intensive bi-weekly meetings from October 2009 to January 
2010, facilitated by a senior scientist from NOAA’s 
National Weather Service on detail to U.S. IOOS for this 
purpose.  Execution began in May 2010 [11] with arrival of 
a dedicated senior IT specialist on the OOI-CI team, and is 
ongoing. The OOI-CI and IOOS-DMAC teams have 
conducted bi-weekly conference calls and have had several 
face-to-face meetings with project customers at Rutgers and 
UH. Accomplishments include: 

● Assessment of scientific workflows for 2 "early 
adopter" modeling groups (Rutgers, Hawai’i) to 
enable full understanding of their data sources and 
needs; 

● Generation of all-inclusive lists of the datasets 
required for early adopter modeling groups; 

● Determination of modeler-required datasets that 
could currently be obtained via IOOS; 

● More complete understanding of areas where IOOS 
can expand capabilities to better serve the needs of 
the modeling community; 

● Development of software "dataset agents" that 
facilitate acquisition of data from varied data 
providers, and convert the data to the OOI-CI 
canonical form; and 

● Development of IO Service Provider for NetCDF 
Java that facilitates the retrieval of data from OOI-
CI and can be leveraged behind existing scientific 
toolsets such as Matlab. 

This process of improving access to priority observations 
includes resolving data access and communication 
protocols, data and metadata representation and 
vocabularies, and requisite metadata documentation, and 
eventually descriptions of data quality as well. 
 
B. Integrating the use case with OOI-CI’s Data Distribution 
Network 
The coastal modeler use case was conducted in close 
coordination with the planning and development of the CI’s 
Integrated Observatory Network (ION). The close 
coordination ensured that anticipated features 
complemented and informed Release 1 (R1) of the ION, a 
software release which established the foundation for ION’s 
Data Distribution Network (DDN). Although Release 1 is 
not intended for public use, it targets test users from the 
IOOS ‘early adopters’, and the OOI team’s science 
community.  
 
 



Figure 6.  IOOS as external observatory feeding data to 
iva OOI. 
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VI. NEXT STEPS: ANTICIPATED EXPANSION
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