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1. Observatory Description

The observatory description detailed here is derived from numerous community workshops and reports compiled over the last decade in support of the Ocean Observatories Initiative (OOI). A list of reference documents is provided at the end of this document.

1.0 
Mission

The goal of the OOI is to deliver an interactive, globally distributed and integrated observatory network to enable next-generation studies of the complex, interlinked physical, chemical, biological, and geological processes operating throughout the global ocean [OOI Science Plan, page i]. 
1.1 
OOI Overview

In order to make the next significant step forward in understanding the oceans and the seafloor below, phenomena must be observed at spatial and temporal scales appropriate to the processes and systems being studied [RECONN].  

The Ocean Observatories Initiative (OOI) has three major physical observatory elements that span coastal, regional, and global spatial scales. These elements are linked by a fourth element, cyberinfrastructure, which bridges the three spatial scales to enable an interactive, globally distributed and integrated observatory network, functioning across temporal scales ranging from seconds to decades.
The infrastructure provided to research scientists through the OOI will include the cables, buoys, deployment platforms, moorings and junction boxes required for power and two-way data communication to a wide variety of sensors at the sea surface, in the water column, and at or beneath the seafloor, as well as the computing resources required to provide near-real-time access to instruments and data.  A fully operational research observatory system would be expected to meet the following goals:

· Continuous observations at time scales of seconds to decades

· Spatial measurements across scales from millimeters to thousands of kilometers

· Sustained operations during storms and other extreme conditions

· Access to real-time or near-real-time data as appropriate

· Two-way transmission of data, diagnostics, and remote instrument control
· Event detection mechanisms which trigger alerts to scientists and enable adaptive sampling 
· Power delivery to sensors distributed between the sea surface and the seafloor

· Standard sensor interface protocols

· Access to deployment and maintenance vehicles that satisfy the needs of specific observatories
· Facilities for instrument maintenance and calibration

· A secure data management system that makes data publicly available
1.2 
Scope

The OOI is a National Science Foundation Major Research Equipment and Facilities Construction (MREFC) project, meaning funds are to be used for the project management, technical development, construction, and implementation of long-lived infrastructure elements and core instrumentation (to be defined by the Project Office).  Responsibility for mobile platforms, non-core instrumentation, operations and maintenance, education and public awareness activities, and science funding belongs to the ORION Program Office (Figure 1).  Such topics are discussed only with the detail necessary to define relevant interfaces with the OOI and/or to specify requirements levied by such relationships.
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Figure 1. Illustration of the roles of ORION and OOI.
This document defines high level science user requirements for the Ocean Observatories Initiative infrastructure, consisting of Regional Cabled Observatory (RCO), Coastal Scale Observatory (CSO), Global Scale Observatory (GSO), and Cyberinfrastructure (CI) elements. The intent is to clearly specify user needs without specifying or restricting engineering implementation strategies or design approaches.  Narrative is provided in Section 2 to supply context for the functional requirements and goals, and to convey the role of each requirements set in achieving the overall OOI mission.

Science Requirements refinement is an iterative process.  Some desired science requirements may prove too costly or risky to implement, resulting in a stakeholder decision to modify or eliminate requirements in order to achieve a more optimal system within budget constraints.

Science requirements directly drive subsequent engineering designs, which are to be developed in order to deliver these user-specified functionalities in accordance with requirements from the program office.  Detailed Design Requirements Documents and the appropriate Interface Control Documents will be prepared for each observatory element by the Implementing Organizations (IOs) selected through a competitive Request for Proposal (RFP) process in collaboration with the System of Systems Engineer, and are beyond the scope of this document.  
Section 3 contains a detailed accounting of science user, management, and contractual goals and requirements synthesized from existing documentation.  Where possible, requirements are traced directly to their originating goal.  Where appropriate, requirements are cross-referenced between OOI elements.  A hierarchical “flowdown” of requirements, based on science traceability matrices herein will be developed as part of overall OOI requirements refinement.  Contractual and management requirements not subsumed under OOI system requirements will be flowed up to JOI and maintained in separate documentation.

1.3 
Design Principles

The Ocean Observatories Initiative is envisioned as an interactive system of systems with four major observatory elements covering coastal, regional, and global spatial scales linked together via cyberinfrastructure.   The observatories will also be linked to the extent practical by common instrument interfaces and infrastructure components.  Ongoing cooperation and collaboration among the four IOs is essential to achieving the OOI mission of establishing an integrated and interactive network of observatories. 

High-level design principles of relevance to all four OOI elements include:
· Sustainable operational lifetime of at least 25 years

· Minimized life cycle cost

· Reconfigurability to allow dynamically-directed resources

· Scalability to allow for future expansion

· Upgradeability to accommodate future technology improvement and top-level science thrusts, as science needs, problems, and priorities evolve 
· Robustness to faults

· Reliability of data delivery system
· Robust data archival and search mechanisms
· Future-looking, progressive functionality and performance beyond what is currently required to support current use scenarios

· Common interfaces for hardware and software between observatory elements
· Open designs and standards for hardware designs and specifications

The above principles should be considered to the greatest extent possible when design requirements are derived from the science user requirements documented here.
1.4 
System Engineering Process

The Ocean Observatories Initiative is envisioned as an interactive system of systems rather than a set of discrete elements.  This necessitates a structured systems engineering approach to coordinate the roles of and interfaces within and between OOI infrastructure elements and the future IOs.  

At its most general level, OOI systems engineering can be described using the MIL STD 499B nomenclature and organization.  Using this construct, the OOI systems engineering effort involves three main stages:

1. Requirements Analysis – identifying, defining, and bounding system functions to meet user requirements within budget constraints
2. Functional Analysis and Allocation – flowing functional and performance requirements into a set of lower-level design requirements, and iterating as needed to ensure science user requirements are met
3. Synthesis/Integration – translation of requirements into a physical design

Throughout the entire design process, systems engineering is needed to direct and conduct trade studies to compare the feasibility, performance, and cost of alternative technical approaches.  At all stages, the systems engineering function is responsible for ensuring the required functionality is provided in order to meet the accepted science user requirements. 

It is envisioned that systems engineers from each IO, led by the System of Systems Engineer, will meet regularly to coordinate trade studies, share lessons learned, and negotiate appropriate interface specifications and documentation between observatory elements.  In order to ensure effective implementation of an integrated and interactive observatory network, close collaboration and cooperation between systems engineers in the four IOs and the System of Systems Engineer is essential.  Deliberations, trade studies, and decisions are to be captured, documented, and archived as appropriate by each IO and the System of Systems Engineer.
As the physical infrastructure is developed, the systems engineers will be responsible for verification and validation to ensure science requirements are indeed met through out implementation.
1.5
Requirements Verification and Validation

Verification confirms that work products properly reflect the requirements specified for them. Verification determines whether the system satisfies the requirements with each requirement traceable to the verification event. Common verification methods include:

· Test - evaluation or execution of a system or subsystem performed under a controlled set of conditions
· Demonstration - observation of the functional operation item in a controlled environment to yield qualitative results (essentially a test with no quantitative results)

· Analysis - technical or mathematical evaluation based on calculation, interpolation, or other analytical methods

· Inspection - examination of the verification item and comparison to the applicable requirement 

Validation confirms that the product, as provided, or as it will be provided, will fulfill its intended use.  Validation is concerned with certifying that the system will meet objectives and emphasizes end-to-end testing under operational conditions. Typically, the validation approach uses higher-level testing driven by operational-like scenarios and has a numerical performance standard to meet.

1.6
Requirements Organization

Each element of the OOI is part of an interactive multi-scale observatory, and thus any requirements set is heavily cross-linked between observatory elements.  For example, some RCO, GSO, and CSO requirements flow directly from science user requirements, while others are levied as cross-cutting requirements flowing directly from the ORION Program or Cyberinfrastructure observatory element.  
None of the elements’ science user requirements can or should be interpreted in a vacuum, but rather should be taken in the context of the overall OOI, which requires an integrated and interactive system of observatory elements.  
2. Narrative Context for Requirements 
The narrative requirements in this section are intended to provide context for the functional requirements provided in Section 3.  

2.0 Narrative Context for Program Requirements

2.0.1
Overview

Certain OOI requirements flow directly from the program level, and are not strictly science-driven.  However, these requirements are essential in order to ensure creation of an integrated and interactive observatory network to support the widest possible range of scientific investigations.  Program requirements apply to all four observatory elements, and define the design principles to which engineering designs should be responsive.
2.0.2 
System of Systems Approach

As part of the OOI, each IO and system element is subject to the Program Requirements.  Further, each IO is expected to participate in OOI System of Systems engineering, including integration and test activities, as led by the System of Systems Engineer.  Each IO Systems Engineering team will collaborate and cooperate with systems engineers from the other IOs (RCO, CSO, GSO, and Cyberinfrastructure), as led by the System of Systems Engineer.

2.0.3
Interoperability
Designs should maximize interoperability and compatibility within the OOI and with other observatories, national and international, to the greatest practical extent.

2.0.3.1 OOI Interoperability
To the extent possible, common hardware and software interfaces between observatory elements are desired.  A standard instrument interface is also highly desirable, so individual instruments can be easily designed/adapted for accommodation on any appropriate OOI observatory platform.  Early design efforts should work to push this philosophy to the maximum extent possible, with the understanding that technology advancement may drive a transition later in the multi-decadal OOI lifecycle.
Interfaces will be specified in Interface Control Documents negotiated between the systems engineers of the RCO, Cyberinfrastructure, GSO, and CSO, and led by the System of Systems Engineer.  The extent to which a single interface can be supported across platforms will be determined through an integrated OOI-scale cost-benefit analysis. 
A comprehensive set of Instrument Interface Requirements will also be developed by the System of Systems Engineer in close collaboration with the RCO, CSO, GSO, and Cyberinfrastructure systems engineers.  These requirements will specify standard instrument interface(s), and levy appropriate requirements on instrument designs to ensure non-interference with the infrastructure as well as other instruments (e.g., resource allocations, standard data formats, acoustic spectrum limitations, etc.).  An instrument testing facility or simulator will be provided to verify all interface requirements are met prior to instrument deployment. 
2.0.3.1 Interoperability with Other Observatories

OOI builds on the experiences of many existing ocean observatories. Interoperability and compatibility with other existing and planned ocean observatories is highly desirable to maximize the science return of the OOI. The extent to which the OOI interacts with such observatories will be determined through detailed trade studies and cost-benefit analyses to be performed during the design process.  Compatibility considerations might include physical interfaces and/or data standards.
It is further envisioned that research-focused observatories enabled by the OOI will ultimately contribute and form an important part of the operations-focused Integrated and Sustained Ocean Observing System (IOOS), which is currently under development.  Thus, compatibility with IOOS is also highly desirable to the extent practical.
2.0.4 Expandability

As funding becomes available in the future, expansion of the OOI and its capabilities is highly desirable. Thus, designs which allow for future expandability of the observatory are preferred. Expansion may include addition of advanced instrument support capabilities, increase in spatial coverage of the observatory, or installation and integration of new observatories at different locations.

2.0.5 Lifetime

In order to provide valuable time-series data and study processes which occur over large time scales, the OOI is to have a sustainable operational lifetime of at least 25 years.

2.0.6 Upgradeability

As the OOI is envisioned to have a minimum 25 year sustainable operational lifetime, designs which allow for upgrades as technology advances are appropriate. Designed functionality and performance capabilities should be sufficiently beyond what is required by current science use case scenarios, in anticipation of future science and instrument accommodation needs.
2.0.7 Cost-effectiveness

The cost of all phases (design, implementation, operation, and maintenance) should be considered when optimizing an element’s design, with preference for minimized life cycle cost.  Access to individual components for maintenance via ship, AUV, or other means as well as the frequency of required maintenance should be considered as part of a good design process. 

To the extent practical, reuse of components between observatory elements is highly encouraged. Overall OOI cost should be considered when assessing cost-benefit trades for common interfaces and modular components across observatories.
2.0.8 Open Designs

Open designs and standards are to be used for hardware designs and specifications whenever possible.  Observatory designs and specifications are to be freely and openly available, as well as documentation describing related trade studies and the decision making process.
2.0.9
Support Services

The four system elements (RCO, CSO, GSO, and CI) must provide support to scientists and instrument designers throughout instrument development, test, deployment, operations, and maintenance phases.  There is a strong preference for integrated support services, with a centralized knowledge base to facilitate efficient troubleshooting.  The particular roles and responsibilities of each IO are to be negotiated at the system of systems level. 
2.1 
Narrative Context for Cyberinfrastructure Requirements 
2.1.1
Mission
The OOI Cyberinfrastructure element will encompass the federated system that binds OOI instrument control and operations together with OOI archives, processing, data discovery, and visualization tools into a seamless and interactive whole, providing a secure environment for public access to all data generated by the OOI and enabling adaptive sampling in response to event detection (modified from ORION Workshop 2004).
Cyberinfrastructure (CI) encompasses the coordinated aggregate of software, hardware, and other technologies, as well as human expertise, required to support current and future discoveries in science and engineering via sustained, long-term and adaptive measurements.

2.1.2 Data Ingest, Storage, and Access
The CI element will be responsible for collecting, storing, distributing, and archiving all data collected by ORION/OOI.  CI is also responsible for defining OOI-level data and metadata standards. All government and sponsor requirements for standards definition are to be considered and incorporated as appropriate.

Standards Definition
The CI IO will be responsible for negotiating, defining, and maintaining a strong metadata standard and data model, which meet or exceed national standards. All observatories (RCO, GSO, and CSO) and instruments will be subject to these standards, which will be published in freely-accessible and configuration-controlled Interface Control Document(s).  The CI IO is expected to participate in national/international standards definition where appropriate to advocate on behalf of the ORION user community.
Metadata standard development is likely to involve a significant effort in defining an OOI-wide ontology and data dictionary.  Stakeholders are anticipated to play a strong role in this process, guided by the CI IO.  Existing standards will be used in preference to the development of new standards, whenever suitable standards exist.
The data model and metadata standards must be sufficiently flexible and well-defined to handle the range of use cases envisioned for the OOI.  For example, standards specification must accommodate multiple instruments sharing the same science connection on a node and collections of physical samples, as well as digital data products.  Quality assurance and quality control standards should also be developed, and associated quality descriptions should be incorporated into the metadata standard.
Streaming Data
The Cyberinfrastructure’s data management element will need to be capable of incorporating streaming data into its repository.  The particular functionality and mechanism for this incorporation will be determined by the Cyberinfrastructure IO.

As an integrated observatory, the OOI will involve long-term persistent measurements with 24/7 time series data collection from an increasing number and diversity of sensors.  A highly capable Cyberinfrastructure element is required to handle these multiple, complex data streams in order to satisfy the many user types and applications envisioned for the OOI.  Detailed help files and user guides are necessary to educate users as to how to use CI features, and should be freely available on appropriate internet websites.
The OOI Cyberinfrastructure is envisioned as a service oriented architecture.  The vision of the Cyberinfrastructure, from the perspective of its science users, involves provision of a system enabling simple and direct use of ORION resources to accomplish their scientific objectives.  This includes both direct access to instrument data, control, and operational activities, and the opportunity to seamlessly collaborate with other scientists, institutions, projects, and disciplines.

The OOI user community will include researchers across the entire international science and engineering community, and OOI data are expected to make significant contributions to multiple fields of scientific study. 
Data Policy 

The data policy of the OOI is that all information is open by default. During commissioning, checkout, and calibration a proprietary period might be invoked to restrict access to the data to the instrument owner.  This proprietary period is relinquished according to JOI/NSF policies and procedures to be developed and documented by the CI IO in collaboration with NSF, and should not exceed one year in duration.

Certain data products might fall under the jurisdiction of national security organizations. The CI IO will be expected to implement measures as necessary to comply with all national security requirements.

Data Discovery
The data collected by instruments attached to the OOI will reach across many oceanographic research domains.  Effective mechanisms for data discovery must be developed to enable groups of researchers with different domain expertise and vocabularies to search and find particular data sets and data products of interest.  

Internet search capability is strongly desired, and will likely require a concerted effort by the CI IO to develop a clear, consistent oceanographic ontology and strong metadata content standard.  Search results should include near real-time as well as archived data sets, together with detailed metadata describing the source.  Log files should be kept which maintain a detailed listing of past performed searches, including date/time information, search types, method of access, and metrics defining search results.
Once a data set of interest is found, the CI would provide a mechanism by which the user can elect to subscribe to the data set. Subscribed users would be notified if the data set’s metadata is changed (e.g., upon recalibration, temporary unavailability, or quality change).  
Visualization aids to assist in data discovery via map-based queries are also desirable.  Compatibility with current GIS platforms and visualization software is expected.  Additional graphic presentation options, such as “quick look” x-y and x-y-z, plots are expected.  Further, software analysis tools and/or site licenses for proprietary software will be required as necessary to interpret and/or manipulate data.  The CI IO will be expected to complete a cost-benefit analysis of developing vs. purchasing site licenses for such software.
Facilitating Collaboration

The CI, as envisioned, will serve as a unifying element of the OOI.  Applications are desired to allow collaborators to readily share data, models, and tools across institutions and disciplines and to enhance collaboration across extended stakeholders, both national and international.  Stakeholders include but are not limited to instrument developers, data providers, system operators, data users, modelers, teachers, students, researchers, international collaborators, the general public, JOI, and NSF.
CI collaboration applications or websites should allow for customization by individual authorized users.  Scientists envision a portal through which direct links to data, documents, and models of interest can be added and shared with selected collaborators in a “virtual laboratory” or shared workspace.  Collaborators would have the option to subscribe to the workspace, ensuring they will be notified if content is added, deleted, or changed.
In order to enhance collaboration, and include the widest range of users, the CI should accommodate multiple platforms (Windows, Mac, Linux, Sun..), internet browsers (Internet Explorer, Netscape, Firefox, Safari,…), and connection speeds (low & high bandwidth) to the extent practical.  
Education & Public Awareness
The Cyberinfrastructure IO, as the keeper of all OOI-data, will play an important role in Education and Public Awareness.  The IO will work closely with the ORION program office to establish a user-friendly internet presence for the OOI, including content appropriate for several target audiences (e.g., K-12, college students, seniors, and the general public).  
The CI, in coordination with the ORION program office, will maintain a publicly accessible library of OOI-related published papers and presentations.

2.1.3 Instrument Command
The CI is responsible for providing remote instrument command, status, and control functionality.

Instrument Control

The CI will need to provide instrument operators with the ability to control their instruments, while protecting against unauthorized access.  A web-interface instrument control is desired by instrument owners.
Observatory-Scale Experiments
Further, the ability to control multiple groups of instruments and observing systems is important for enabling large-scale experiments and campaigns which leverage the multi-scale nature of the OOI.

Campaigns
In order to design and implement effective multi-instrument and multi-observatory campaigns, the CI element should incorporate workflow and resource management tools, with appropriate visualization capability, to automate experimental design and execution.  
Event Detection & Adaptive Sampling
As noted in the 2004 ORION Workshop Report, “the desire to detect and respond to episodic ocean processes is a fundamental oceanographic need.”  Upon the detection of an event (i.e., in response to data collected), it may be desirable to change the sampling rates of various instruments and/or issue command sequences to begin sample collection by mobile platforms and instruments. In order to support such event detection and adaptive sampling scenarios, the CI must evaluate data received by instruments and take appropriate actions (i.e., execute scripts) when a particular event occurs.  This might involve, for example, increasing the sampling rate of imagers and deploying benthic crawlers in the vicinity of a hydrothermal vent in response to a seismic event detected near a plate boundary.  A procedure by which adaptive sampling scripts can be tested and approved should be defined by the CI IO and tested by each involved observatory unit. Automatic script execution is highly desirable to minimize latency between event and response.  The ability to assimilate near-real-time data sources from outside OOI (e.g., from space-based platforms) which can be used to trigger adaptive sampling campaigns is also highly desirable.
2.1.4
Resource Management

Science community input is essential to the establishment of effective and appropriate resource management policies.  The CI IO should work closely with the user community to ensure all use case scenarios are understood, and to uncover any issues such utilizations might invoke.

Monitoring 
The CI element will provide automated tracking and coordination of the state of observatory resources and utilization levels.  This includes detection of damage to infrastructure elements, triggering appropriate corrective action.
Management 
The CI element will be responsible for allocation of CI resources.  The CI will also coordinate with each of the other OOI elements to facilitate allocation of OOI resources, establishing interface agreements and interface control documents as necessary.
System Scheduling

The CI element will provide the authority and ability to resolve scheduling conflicts and limited resource conflicts.  Forward-looking resource use planning will be critical to effective ‘load leveling’ required by the OOI infrastructure.  System scheduling functionality should include a robust replanning capability, to modify system scheduling in response to triggered adaptive sampling scenarios.
User Requests

A mechanism for receiving and acting upon individual user requests for additional resource allocations should be defined and policies developed.  Requests might include but are not limited to temporary or permanent increased disk storage allocation, bandwidth, or other computing resources.  The response time to such requests should be minimized to the extent practical.
2.1.5
Operations

The Cyberinfrastructure IO is expected to maintain a well-trained technical staff to take responsibility for observatory operations.

Account Management

The CI IO will develop, document, and make freely available policies and procedures required to create and maintain user accounts as necessary to provide authorized access to applications, instruments, and management functions.  
The CI IO will classify registered users into appropriate categories (e.g., general user, instrument owner, network operator, and others) and are to be grant privileges accordingly.  A description of user types and access levels is to be developed and made publicly available by the CI IO, with input from the science user community. Upon user registration, users will be invited to specify their subscription preferences for receiving information about OOI news, service interruptions, and other categories of information as appropriate.
Performance & Fault Monitoring

CI operators are responsible for maintaining performance metrics on the CI system, and monitoring for faults. 
Technical Support

The CI IO will be responsible for maintaining an appropriate-sized technical support staff in order to assist observatory operators, general users, and instrument owners with CI-related issues as they arise.  Technical support is envisioned as a 24/7/365 integrated support service, with contributions from all four OOI observatory elements and IOs.  
2.1.6 Security

The Cyberinfrastructure IO takes ultimate responsibility for maintaining the integrity of all OOI-generated data.  This includes but is not limited to implementation of security features, such as firewalls and user authentication.  A secure, policy-based decision support system should be established as part of the CI design effort.
Certain data products and processes might fall under the jurisdiction of national security organizations. The CI IO will be expected to implement measures as necessary to comply with all national security requirements.

2.1.7
Reliability

The CI architecture, as a critical component of the OOI, must be highly reliable, as it is expected to operate on a 24/7/365 basis.  The CI design should be fault tolerant, and redundant to the extent practical. Faults are to be detected and localized within the CI to prevent error propagation. Mechanisms for handling data stream loss from individual instruments, platforms, and observatories should be specified.  Processes associated with interrupted data flows should be flagged and relevant users notified as appropriate.  
Downtime for system maintenance should be kept to an absolute minimum, and where possible, scheduled to occur during the annual maintenance period of the RCO, CSO, and GSO.  All downtime, whether planned or unplanned, must be logged, and all OOI stakeholders should be notified (according to their subscription alert preferences, as identified during the user registration process).
2.1.8 Lifetime/Upgradeability/Cost-effectiveness

The CI, as part of the OOI, is to be designed for a sustainable operational lifetime of at least 25 years. The long lifetime expectation will likely have a great impact on hardware component selection, as chosen components should, to the extent practical, have a product-line lifetime expectation on the order of decades to ensure sufficient availability of spares.  To the maximum extent possible, open standards, software, and hardware design should be used.
As technology improves, hardware and software upgrades will be necessary, and the phasing of such upgrades should be considered during the design process to ensure minimum system unavailability.  Routine hardware upgrades, such as the addition of disk storage space, should require minimal operator intervention.  Further, the CI is expected to provide a backward-compatible, version-controlled software environment to maintain functionality of existing services as new services are added.
The CI design, as part of the OOI, will be designed to minimize lifecycle costs to the extent practical. Existing information technology and architecture solutions are strongly preferred to the development of new technologies and architectures, whenever such suitable solutions exist.
2.1.9
Expandability

It is highly desirable to be able to incorporate new data sources into the OOI Cyberinfrastructure as future science needs develop.  The particular mechanism for data federation is to be specified by the CI IO.
It is highly desirable to be able to incorporate new services into the OOI Cyberinfrastructure as future science needs develop.  The particular mechanism for the incorporation of new services is to be specified by the CI IO.

2.1.10    Interoperability

The OOI is envisioned as a separate endeavor from, though an important contributor to, IOOS.  Thus, it is expected that OOI metadata standards be compliant with the IOOS DMAC standards currently under development.
Other pioneering efforts in ocean Cyberinfrastructure include LOOKING and NEPTUNE Canada.  To the extent practical, the OOI CI will be designed to maximize the services usable by complementary efforts outside OOI.  Other external observatory efforts in the concept level or implementation stage which are candidates for coordination include (but are not limited to) NEON (http://www.neoninc.org), LEAD (http://lead.ou.edu), and CLEANER (http://cleaner.ncsa.uiuc.edu).  As with IOOS, the primary focus of the Cyberinfrastructure components of these efforts is focused on data archiving and dissemination.  The extent of OOI coordination with these efforts remains to be determined; however the Cyberinfrastructure IO is expected to take full advantage of the lessons learned from these endeavors.  
2.2 
Narrative Context for Regional Cabled Observatory (RCO) Requirements

2.2.1
Mission
The mission of the RCO is to provide a new Internet-linked platform for integrated earth and ocean sciences at the scale of an entire tectonic plate using a network of submarine fiber-optic/power cables to support multiple in situ sensor arrays and robotic laboratories for real-time remote interaction with dynamic processes on, above, and below the seafloor [Neptune Feasibility Study p. iii].

The RCO is envisioned as a plate scale high-power, high-bandwidth backbone network capable of supporting a multitude of long-term observations and experiments. 
2.2.2
Location & Environment

Through past community workshops (including the Regional Cabled Observatory Network (of Networks) Workshop, RECONN, held Oct 7-10, 2003), the US scientific community endorsed a Juan de Fuca plate location for the first RCO.   As funding allows, additional regional cabled observatories might be constructed in other locations. 
A prioritized list of node locations, as well as their individual science relevance, is provided in the RCO Conceptual Network Design document.  The particular cable route implemented will be determined through a detailed design process, which includes surveying the chosen node locations to determine the most suitable installation points, and a detailed cost-benefit analysis optimizing high value science yield per invested dollar.
The environmental conditions experienced at the various node locations will vary significantly, and will be dependent on their ultimate installation points.  Design concerns might include: survival of cables on the rough seafloor, near areas subject to undersea landslides, faults, or hydrothermal vents, human interference, and others.
2.2.3
Instrument Accommodation
All RCO platforms are generally expected to provide high-quality (low noise, minimal interruptions) power and two-way communication capability (for data transfer, command and control, and accurate timing delivery) to sensors. RCO power and communication subsystems are to be designed to support current known high-power and high-bandwidth science instruments, with allowances for growth as science and instrument accommodation needs change.  
A sample listing of instrument accommodation parameters culled from previous OOI workshops and RFA responses is provided in the appendix for reference. As the ultimate instrumentation of the network will depend in part on a competitive selection process, designs which maximize instrument accommodation capability are preferred.
RCO seafloor nodes will be designed to interface with moored systems and dynamic observing platforms, such as autonomous underwater vehicles or floats designed to sample the water column. Various other measurement platforms are envisioned, including bottom-fixed sensor packages, bottom tripods with surface-piercing towers, profilers, surface/subsurface moorings, and borehole deployments [SCOTS 2002]. 

2.2.4 
Timing & Latency
In order to support synchronous and time-sensitive measurements, a timing accuracy of [1 microsecond] is desired for the RCO, driven by seismographic measurement requirements.  The extent to which this is achievable is to be determined through a detailed cost-benefit analysis to be performed by the RCO IO.
As part of an interactive ocean observing network, latency should be kept to a minimum as a design principle, enabling near-real-time investigations and interactive instrument control.  As similar requirements exist for the CSO and GSO, a common solution is desirable.
2.2.5 
Lifetime

As part of the OOI, the RCO is to be designed for a sustainable operational lifetime of at least 25 years. Long lifetime is needed to ensure sufficient time-series data and statistically meaningful samples for episodic events.
Consistent with Program Requirement 2.0.6, the RCO should be designed to minimize lifecycle costs.

2.2.6 
Expandability

The RCO infrastructure must be expandable to accommodate installation of additional science nodes at or near areas of interest to be identified in the future.  Performance specifications and constraints for such expansion nodes should be developed as part of the design process.

Flexibility to modify the geographic coverage of the RCO through extension of the main cable or addition of small cables is desirable (SCOTS 2002).  
Designs and specifications from the PNW RCO should be openly available to assist in the construction of future cabled observatories.

2.2.7 
Reliability
Power and communication system reliability standards are to be determined through an overall architecture trade study by the IO in collaboration with the science advisory committee and System of Systems Engineer, after consideration of the cost and risk associated with various implementation strategies.  In order to achieve the most complete time-series data sets, and to avoid downtime during crucial yet unpredictable episodic events, downtime should be kept to the lowest practical duration (as determined through cost-benefit analysis).  To the extent possible, downtime due to maintenance should be scheduled in advance, with appropriate notice given to all observatory users.  
2.2.8 OOI Interoperability

As part of the OOI, the RCO and RCO IO are subject to the Program Requirements identified in Section 2.0.

To the extent possible, common hardware and software interfaces between observatory elements (RCO, GSO, CSO, Cyberinfrastructure) is desired.

The interface between instruments and the RCO infrastructure will be specified in an Interface Control Document negotiated between the systems engineers of the RCO, Cyberinfrastructure, GSO, and CSO, as led by the System of Systems Engineer.  It is highly desirable to have a standard physical interface between instruments and the various observatory platforms to enable deployment of instruments at all appropriate locations with minimal if any adaptation required. The extent to which a single interface can be supported across platforms will be determined through an integrated OOI cost-benefit analysis. 

2.2.9
Interoperability with Other Observatories

Coordination with other existing and planned ocean observatories is highly desirable, and interoperability with NEPTUNE Canada is a scientific priority. Detailed designs should consider the practicality of a direct mechanical connection between the RCO and NEPTUNE Canada, and determine whether such a connection results in sufficient benefit to outweigh its cost.  
The MARS Cabled Observatory is intended to be a testbed for the OOI RCO.  Prototype power and data communication subsystems have been designed and are in the process of being tested.  Design requirements for the MARS power and communications subsystems are published on-line for reference: www.mbari.org/rd/sensors/documents/ 2300003_Design%20Requirements-RevA_.pdf  
2.3
Narrative Context for Coastal Scale Observatory (CSO) Requirements 
2.3.1 Mission 

The Coastal Scale Observatory (CSO) consists of long-term arrays spanning continental shelves, augmented with relocatable instrument arrays, to provide critical measurements to understand along- and cross-shelf transport and transformation processes, to quantify the importance of episodic events in structuring shelf ecosystems, to improve the accuracy of regional shelf forecast models, and to assess the impact of anthropogenic inputs to and through the coastal zone [ORION Workshop 2004].

Coastal observatories will gather data using moored buoys and seafloor cables.  These observations will be supplemented by land, aircraft, and satellite-based remote sensing (e.g., high frequency radar and hyperspectral sensors) and measurements from mobile platforms such as ships, gliders, and autonomous underwater vehicles [CORA 2003].
2.3.2
Location & Environment 
In order to accommodate the varied demands on CSO infrastructure, three main configurations are envisioned: (1) relocatable Pioneer arrays, (2) fixed, backbone Endurance arrays, and (3) dedicated Sentry buoys.  

Pioneer arrays are envisioned as a relocatable, flexible, adaptable matrix providing instrumentation support which could be modified to suit each deployment location and research focus (CORA 2003). They might consist of 30-40 sensor moorings spanning a range of spatial scales, supplemented by mobile and remote sensors. Pioneer arrays are desirable for many installation locations, including, but not limited to, the East coast, Gulf of Mexico coast, Great Lakes, West coast, and Gulf of Alaska coast.  Installation location(s) will be determined through a competitive proposal process, and will be based on the scientific merit of the proposed investigations.  

Endurance arrays form the backbone of the CSO.  These arrays are comprised of a set of observing locations arranged as cross-shelf lines together with individual moorings installed throughout the major coastal regions of the United States.   These arrays will be placed in continental margin regions (cross shelf/cross margin) and may be cabled or uncabled.
Individual Sentry buoys will be placed at specific, locally important locations such as exchange arrays at dominant mouths of rivers and estuaries.  The Sentry buoys will typically be associated with Endurance Arrays, but may also be placed in locations such as the Great Lakes and Hawaii. 

Due to the variety of installation locations anticipated, CSO infrastructure designs should accommodate the largest practical range of environmental conditions.  The conditions to be considered include, but are not limited to, varying salinity, local currents, probable storm exposure, wind speeds, biofouling, and depths.  In order to improve our understanding of heat, mass, and momentum fluxes at high wind speeds (u >20 m/s), for example, CSO infrastructure must be designed to remain operational in hurricane-speed winds.
2.3.3
Instrument Accommodation 

Measurements at a variety of spatial and temporal scales will be required, and will be uniquely determined for each location according to the particular coastal settings and processes of interest.  The level of power & communications support for instruments will vary according to the particular CSO platform type.

Both Endurance and Pioneer arrays will provide near-real-time two-way communications between all installed instruments and the shore-based operations center.  Instrument installation locations include the surface, subsurface, water column, and seafloor. CSO platforms will be designed to interface with dynamic observing platforms, such as gliders.  
Endurance arrays will provide sustained interdisciplinary sensor observations at a high observational frequency.  Endurance array power and communication subsystems are to be designed to support current known high-power and high-bandwidth science instruments, with allowances for growth as science and instrument accommodation needs change.  

Pioneer arrays will resolve questions concerning the spatial variability of coastal processes and provide spatial context to interpret Endurance array observations. The level of power support provided for non-core instruments will depend on the particular power configuration selected. Pioneer power subsystem options are to be designed to support current known coastal science use case scenarios.
2.3.4 
Timing & Latency
In order to support synchronous and time-sensitive measurements, a timing accuracy of [1 microsecond] is desired for the CSO, driven by seismographic measurement requirements.  The extent to which this is achievable is to be determined through a detailed cost-benefit analysis to be performed by the CSO IO.
As part of an interactive ocean observing network, latency should be kept to a minimum as a design principle, enabling near-real-time investigations and interactive instrument control. As similar requirements exist for the RCO and GSO, a common solution is desirable.
2.3.5 
Lifetime & Cost-effectiveness

Long lifetime is needed to ensure sufficient time-series data and statistically meaningful samples for episodic events.  As part of the OOI, the CSO is expected to be designed for a 25 year minimum sustainable operational lifetime. Recognizing that individual component lifetimes are significantly shorter than this target, the CSO must optimize its design to minimize life cycle costs, including installation, servicing, refurbishment, and redeployment (consistent with Program Requirement 2.0.6).  An appropriate servicing and replacement schedule is to be generated by the CSO IO.

Where appropriate, the CSO should use common infrastructure elements designed for use by the RCO, GSO, and CI to minimize costs.  For example, high-bandwidth cabled moorings might use the RCO junction box design to minimize non-recurring engineering expenses.

2.3.6 
Expandability

The CSO configuration options should be designed to minimize the non-recurring engineering associated with adding additional platforms as funding allows.  

Pioneer arrays, in particular, are desirable for installation in numerous locations and should be designed to minimize non-recurring engineering associated with producing additional arrays as funding permits. 

2.3.7 
Relocatability

Pioneer arrays are intended to be deployed for fixed experiment lengths, ranging from several months to several years.  Upon completion of the experiment, the Pioneer is intended to be refurbished, reinstrumented, and redeployed in a new location.
2.3.8 
Reliability

Power and communication system reliability standards are to be determined through an overall architecture trade study by the IO in collaboration with the science advisory committee and System of Systems Engineer, after consideration of the cost and risk associated with various implementation strategies.  
In order to achieve the most complete time-series data sets, and to avoid downtime during crucial yet unpredictable episodic events, downtime should be kept to the lowest practical duration.  To the extent possible, downtime due to maintenance should be scheduled in advance, with appropriate notice given to all observatory users.  

2.3.9
OOI Interoperability
As part of the OOI, the CSO and CSO IO are subject to the Program Requirements identified in Section 2.0.

To the extent possible, common hardware and software interfaces between observatory elements (RCO, GSO, CSO, Cyberinfrastructure) is desired.

The interface between instruments and the CSO infrastructure will be specified in an Interface Control Document negotiated between the systems engineers of the RCO, Cyberinfrastructure, GSO, and CSO, as led by the System of Systems Engineer.  
2.3.10
Interoperability with Other Observatories

It is envisioned that the CSO network will build upon existing operational observatory networks and research observatories. Examples include, but are not limited to, the NDBC buoy system, CMAN network, and NWLON Program (Report on CoOP Observatory Science Workshop, 2002).  

Other external observatory efforts in the concept level or implementation stage which are candidates for coordination include (but are not limited to) Long-term Ecosystem Observatory (LEO, http://marine.rutgers.edu/cool/LEO/LEO15.html), Martha’s Vineyard Coastal Observatory (MVCO, http://mvcodata.whoi.edu/cgi-bin/mvco/mvco.cgi), Duck, NC (http://www.frf.usace.army.mil), Gulf of Maine Ocean Observing System (GoMOOS, http://www.gomoos.org), Southeastern US Atlantic Coastal Ocean Observing System (SEA-COOS, http://seacoos.org), Monterey Bay Ocean Observing System (MOOS, http://www.mbari.org/muse), Santa Barbara Channel – Santa Maria Basin Circulation Study (http://www.ccs.ucsd.edu/research/sbcsmb/sbc_home.html), Gulf of Alaska: SALMON (http://www.SALMONproject.org), and San Diego Coastal Ocean Observing System (SDCOOS, http://www.sdcoos.ucsd.edu).  The extent of OOI coordination with these efforts remains to be determined; however the CSO IO is expected to take full advantage of the lessons learned from these endeavors.  

Near-real-time data coordination with space-based platforms is also highly desirable in order to allow for event-based adaptive sampling triggered by coastal remote sensing observations.  As noted in the Co-OP report (2002), such system architecture “would also enable robust satellite calibration and validation in dynamic, optically complex coastal waters, and provide a responsive, four-dimensional data stream for researchers, managers and policy makers.”
2.4 Narrative Context for Global Scale Observatory (GSO) Requirements

2.4.1
Mission
The mission of the GSO is to provide a global array of oceanic moored time series sites supporting sensors which collect data at the surface, subsurface, and seafloor in support of multidisciplinary scientific research. The GSO will extend current deep-ocean mooring observation capabilities to support the research of an expanded group of investigators from diverse disciplines by providing real-time sampling over a long time series in order to increase our understanding of whole Earth processes. [adapted from DEOS 2000 & ORION workshop paper, Weller & Orcutt, 2004]
The GSO is envisioned as a collection of deep sea moorings with varied capabilities to support a multitude of long- and short-term observations and experiments. 
2.4.2
Location & Environment
GSO locations should be selected to maximize science return for the OOI.  There is preference for the GSO to occupy sites with multi-disciplinary interest, and the largest possible diversity of locations.  Through community workshops and the OOI RFA process, the US scientific community has endorsed four locations for the first phase of GSO platforms representing a diverse spectrum of the world’s oceans, as described in the GSO Conceptual Network Design.  Following the successful completion of these four sites, additional locations have been prioritized based upon their scientific relevance, provided in the GSO Conceptual Network Design document.  A high priority is placed on the development of powered, high-latitude moorings.
The particulars of GSO platform design and implementation will be determined through a detailed design process that includes trade studies for both acoustically-linked and cable-linked moored-buoy systems operating at high-bandwidth and low-bandwidth operations, as well as an understanding of each location’s latitude, water depth, and other environmental concerns [Deep Sea Moorings p. 13].

All GSO platforms should be designed to survive and operate in the environmental conditions appropriate to their installation locations.  Factors to consider during platform design include but are not limited to the presence of high winds, strong waves and currents, biofouling, freezing spray, floating ice, human activity/interference.  
2.4.3
Instrument Accommodation
GSO moorings will be configured to suit the environmental conditions and science goals associated with each installation site.  GSO configuration options will include, but are not limited to, surface and subsurface moorings with high/low bandwidth and high/low power capability.  The ultimate mix of capabilities and configuration options will be determined through detailed trade studies by the GSO IO, which take into consideration entire lifecycle cost, reliability, logistics, science value, and cost.

Regardless of configuration, all GSO platforms will supply power and two-way communications to a set of core sensors to be determined in consultation with the science community, and approved by JOI.  The extent to which additional instruments can be supported will depend on the particular configuration of each platform, and the most important science questions germane to a particular location.  
Configuration options will include a variety of instrument support levels and connection options.  Instruments may be connected directly to the platform, acoustically linked, or connected by cables, and may be located on surface expressions, throughout the water column, on the sea floor, or independent of the GSO platform.  
The GSO provides all supported instruments with two-way communications to shore.  This is necessary to allow for remote instrument command and control, resource scheduling, and triggering of adaptive sampling (if applicable).  For uncabled moorings, the GSO must provide a means for data buffering and/or storage between data transfer opportunities by satellite or ship.
The GSO provides power to all core sensors at a specified voltage and current allocation.  The extent to which power is provided to additional instrumentation will vary depending on platform configuration.  

GSO power and communication subsystems should be designed to support current known science instruments desirable for each site, with allowances for growth as science and instrument accommodation needs change. A sample listing of instrument accommodation parameters culled from previous OOI workshops and RFA responses is provided in the appendix for reference. As the ultimate instrumentation of the network will depend in part on a competitive selection process, designs which maximize instrument accommodation capability are preferred.

2.4.4 
Timing & Latency
In order to support synchronous and time-sensitive measurements, a timing accuracy of [1 microsecond] is desired for the GSO, driven by seismographic measurement requirements.  The extent to which this is achievable is to be determined through a detailed cost-benefit analysis to be performed by the GSO IO.
As part of an interactive ocean observing network, latency should be kept to a minimum as a design principle, enabling near-real-time investigations and interactive instrument control.  As similar requirements exist for the CSO and GSO, a common solution is desirable.
2.4.5
Lifetime & Cost-effectiveness
Long lifetime is needed to ensure sufficient time-series data and statistically meaningful samples for episodic events.  As part of the OOI, the GSO is expected to be designed for a 25 year minimum sustainable operational lifetime. Recognizing that present-day surface and subsurface mooring lifetimes are significantly shorter than this target, the GSO must optimize its design to minimize life cycle costs, including installation, servicing, refurbishment, and redeployment (consistent with Program Requirement 2.0.6).  An appropriate servicing and replacement schedule is to be generated by the GSO IO.

Where appropriate, the GSO should use common infrastructure elements designed for use by the RCO, CSO, and CI to minimize costs.  For example, high-bandwidth cabled moorings might use the RCO junction box design to minimize non-recurring engineering expenses.

Where possible, the GSO should leverage existing technologies and take advantage of lessons learned from related efforts.  Such efforts include, but are not limited to the NSF and ONR-sponsored ROADNet (http://roadnet.ucsd.edu) high bandwidth communications system and the NSF-sponsored Monterey Bay Ocean Observing System (MOOS).
2.4.6 Expandability

The GSO configuration options should be designed to minimize the non-recurring engineering associated with adding additional platforms as funding allows.
2.4.7
Reliability
Power and communication system reliability standards are to be determined through an overall architecture trade study by the IO in collaboration with the science advisory committee and System of Systems Engineer, after consideration of the cost and risk associated with various implementation strategies.  
In order to achieve the most complete time-series data sets, and to avoid downtime during crucial yet unpredictable episodic events, downtime should be kept to the lowest practical duration.  To the extent possible, downtime due to maintenance should be scheduled in advance, with appropriate notice given to all observatory users.  

2.4.8
OOI Interoperability
As part of the OOI, the GSO and GSO IO are subject to the Program Requirements identified in Section 2.0.

To the extent possible, common hardware and software interfaces between observatory elements (RCO, GSO, CSO, Cyberinfrastructure) is desired.

The interface between instruments and the GSO infrastructure will be specified in an Interface Control Document negotiated between the systems engineers of the RCO, Cyberinfrastructure, GSO, and CSO, as led by the System of Systems Engineer.  Where possible, the standard OOI instrument interface will be used, however it is recognized that some custom interfaces may be required due to the range of configuration options anticipated and resulting variation in capabilities.
2.4.9
Interoperability with Other Observatories
The GSO will build on and extend existing deep-ocean mooring capabilities.  As part of the OOI, the GSO will make global mooring information more widely available to the scientific community,
The GSO should complement other global-scale observatories and platforms that are planned or are currently in operation.  Related endeavors include, but are not limited to, the NOAA Tropical Atmosphere-Ocean (TAO) array in the equatorial Pacific (http://www.pmel.noaa.gov/tao), Ocean Reference Stations surface moorings (http://uop.whoi.edu/ntas), Climate Variability (CLIVAR) program (http://www.clivar.org), ANIMATE (http://www.soc.soton.ac.uk), ASOF (http://asof.npolar.no), JPAC (http://jpac.whoi.edu), National Data Buoy Center (http://www.ndbc.noaa.gov), and Argo floats (http://www.argo.ucsd.edu), Bermuda Atlantic Time-Series (BATS) study (http://www.bbsr.edu/cintoo/bats/bats.html). Many of the aforementioned efforts participate in the OceanSITES effort (http://oceansites.org).

3. Science User Requirements
This section contains detailed accounting of science user, management, and contractual goals and requirements synthesized from existing documentation.  Where possible, requirements are traced directly to their originating goal.  Where appropriate, requirements are cross-referenced between OOI elements.  A hierarchical “flowdown” of requirements based on science traceability matrices herein will be developed as part of overall OOI requirements refinement.  Contractual and management requirements not subsumed under OOI system requirements will be flowed up to JOI and maintained in separate documentation.

A list of acronyms used in the requirements is provided below.
	Acronym
	Definition

	CI
	Cyberinfrastructure

	CSO
	Coastal Scale Observatory

	DMAC
	Data Management and Communications Standards

	GSO
	Global Scale Observatory

	IO
	Implementing Organization

	IOOS
	Integrated Ocean Observing System

	OOI
	Ocean Observatories Initiative

	ORION
	Ocean Research Interactive Observatory Networks

	RCO
	Regional Cabled Observatory


3.0
Program Requirements
	OOI Program Requirements
	
	

	
	
	
	
	

	
	Science
	
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G1
	Provide an interactive, globally distributed and integrated observatory network to enable next-generation studies of the complex, interlinked physical, chemical, biological, and geological processes operating throughout the global ocean.
	 
	 
	 

	P-G2
	To observe phenomena at the spatial and temporal scales appropriate to the processes and systems being studied.
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R1
	The OOI shall consist of observatories operating at regional, coastal, and global length scales
	P-G2
	 
	Spatial scales from millimeters to thousands of kilometers

	P-R2
	Correlation of observations between observatories shall be facilitated by a common cyberinfrastructure.
	P-G1
	 
	To study processes at multiple length scales, need to be able to correlate observations between observatories, via real-time and archival sets

	 
	 
	 
	 
	 



	
	System of Systems Approach
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G3
	Maximize collaboration and cooperation between all Implementing Organizations and the System of Systems Engineer
	 
	 
	Necessary to provide and integrated OOI, however will also need one decision authority for the OOI

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R3
	The RCO, GSO, CSO, and Cyberinfrastructure Implementing Organizations shall be subject to all OOI Program Requirements.
	P-G3
	 
	Management requirement (hierarchy issue)

	P-R4
	The RCO, GSO, CSO, and Cyberinfrastructure Implementing Organizations systems engineers shall be led by the System of Systems Engineer
	P-G3
	 
	Reporting structure TBD

	 


	
	
	
	

	
	Interoperability
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G4
	Maximize the use of common instrument electrical (data and power) interfaces across the coastal, regional, and global systems.
	 
	 
	Use common interfaces to minimize cost by reducing the non-recurring engineering associated with adapting instruments to each observatory.

	P-G5
	Maximize the use of common software interfaces across the coastal, regional, and global systems
	 
	 
	Use common interfaces to minimize cost by reducing the non-recurring engineering associated with the system.

	P-G6
	Maximize compatibility with IOOS
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R5
	The coastal, regional, and global systems shall use common physical interfaces for the instrument power/data interfaces
	P-G4
	 
	This means use the same plug, but certain capabilities (e.g. 400 V) may not be available on certain systems (I.e. global system)

	P-R6
	The Cyberinfrastructure Implementing Organization shall develop a standardized software interface applicable across the coastal, regional, and global systems
	P-G5
	 
	 

	P-R7
	The RCO, CSO, and GSO shall utilize the standard software interface developed by the CI
	P-G5
	 
	 

	P-R8
	Data shall be provided in a TBD standard format
	P-G5
	 
	Should not be hardware dependent

	P-R9
	The OOI shall comply with IOOS Data Management (DMAC) standards
	P-G6
	 
	Pending completion of IOOS DMAC process, and analysis of whether it is sufficient and appropriate

	P-R10
	An instrument shall be placed in service by simply plugging it in.
	P-G4, P-G5
	 
	Instrument to be calibrated before installation

	 
	 


	 
	 
	 

	
	Expandability
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G7
	Allow for future expansion of the observatory to include new locations
	 
	 
	 

	P-G8
	Allow for future expansion of the observatory to accommodate instruments with greater resource requirements
	 
	 
	 

	P-G9
	Allow for future expansion of the observatory to include greater spatial coverage
	 
	 
	 

	
	Lifetime
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G10
	Continuous observations at time scales of seconds to decades
	 
	 
	 

	P-G11
	Remain operational during storms and extreme events
	 
	 
	To be delineated in lower level requirements

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R11
	All OOI infrastructure shall be sustainably operable for a minimum of [25] years
	 
	 
	 

	P-R12
	OOI infrastructure shall be designed to remain operational during environmental conditions to be defined for each installation location:
	 
	 
	These are to be defined in more detail in Design Requirements Documents pending installation location selection for each OOI element.

	P-R12.1
	OOI surface instruments shall remain operational through Category [3] storms.
	 
	 
	 

	P-R12.2
	OOI seafloor instruments shall remain operational through Category [4] storms.
	 
	 
	 

	P-R12.3
	OOI water column instruments shall remain operational through Category [3] storms.
	 
	 
	 

	P-R12.4
	OOI water column instruments shall remain operational in sustained currents of [x] knots.
	 
	 
	 

	P-R12.5
	OOI water column instruments shall remain operational in transient currents of [x] knots.
	 
	 
	 

	P-R12.6
	OOI infrastructure shall be designed to  North American Earthquake Zone [4] standards.
	 
	 
	Includes shore stations, cables, moorings, seafloor instruments, computing infrastructure

	P-R13
	All OOI observatories shall include engineering sensors as required to collect data concerning observatory state-of-health
	 
	 
	 

	P-R14
	All OOI observatories shall deliver state-of-health data to a shore-based operations center in near-real time
	 
	 
	 

	P-R15
	All OOI observatory state-of-health data shall be publicly available in near-real time
	 
	 
	 

	
	
	
	 
	 



	
	Cost-effectiveness
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G12
	Minimize life-cycle cost during design.
	 
	 
	 

	P-G13
	Maximize reuse of electrical subsystem design tested by the existing MARS ocean observation networks.
	
	 
	Minimize cost and risk by maximizing compatibility with previous demonstration network.

	P-G14
	Maximize use of common components between observatory elements
	 
	 
	Modular design desirable for sparing, reduction of non-recurring engineering expense

	P-G15
	Design, installation, implementation, operating, and maintenance costs are to be considered for the purpose of minimizing life-cycle cost.
	 
	 
	 

	P-G16
	Cost-benefit trades for common interfaces and modular components across observatories are to consider overall OOI cost.
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R16
	Design, installation, implementation, operating, and maintenance costs shall be documented for all OOI infrastructure components.
	P-G12, P-G14, P-G15, P-G16
	 
	on-line, archived with tracked changes & version control

	P-R17
	Design, installation, implementation, operating, and maintenance costs shall be documented for all OOI common interfaces.
	P-G12, P-G14, P-G15, P-G16
	 
	on-line, archived with tracked changes & version control

	P-R18
	OOI shall use instrument electrical interfaces that are compatible with the previously developed MARS system.
	P-G13
	 
	Practicality to be assessed in terms of entire OOI

	P-R19
	OOI shall use timing protocols that are compatible with the previously developed MARS system.
	P-G13
	 
	Practicality to be assessed in terms of entire OOI

	 
	 


	 
	 
	 

	
	Open Design
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G17
	Open availability of OOI Observatory design specifications
	 
	 
	on-line, archived with tracked changes & version control

	P-G18
	Open availability of OOI Observatory instrument hardware interface specifications
	 
	 
	 

	P-G19
	Open availability of OOI Observatory data interfaces
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R20
	OOI Observatory element design specifications shall be publicly available to the extent allowed by law.
	P-G17
	 
	 

	P-R21
	OOI Observatory instrument hardware interface specifications shall be publicly available to the extent allowed by law.
	P-G18
	 
	 

	P-R22
	OOI Observatory elements shall use open data standards to the extent allowed by law.
	P-G19
	 
	 

	P-R23
	OOI Observatory data shall be freely available to the public after processing and calibration.
	P-G19
	 
	Does not preclude advanced privileges for authenticated users; logging of data downloaded by authenticated users

	 
	 
	 
	 
	 

	
	Support Services
	
	

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/Rationale

	P-G20
	Maximize integration of support services between Implementing Organizations as perceived by the end-user scientist/instrument owner.
	 
	 
	 

	P-G21
	Provide standard, simulated test interfaces and testbeds for instruments users/designers.
	
	 
	Allows users to independently design and test instruments against the standard interface.

	P-G22
	Provide a facility for instrument calibration
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	P-R24
	[#] simulator(s) and testbed(s) that emulate the instrument interface(s) shall be available to users.
	P-G21
	 
	Downloadable interface emulator also desirable

	P-R25
	Each Implementing Organization shall provide support to scientists and instrument designers throughout the design, test, deployment, operations, and maintenance phases of OOI [at TBD level].
	P-G20
	 
	To be negotiated in an Interface Control Document

	P-R26
	One or more portable simulators that emulate the instrument extension shall be available to users.
	P-G21
	 
	 

	P-R27
	One or more facilities for instrument calibration shall be provided for calibration of instruments to be deployed on the OOI.
	P-G22
	 
	To be negotiated in an Interface Control Document


3.1
Cyberinfrastructure Science User Requirements
	Cyberinfrastructure Requirements
	
	

	
	Cyberinfrastructure Requirements

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G1
	Allow interaction with individual instruments through an access-controlled internet interface.
	 
	 
	 

	CI-G2
	Support real-time data access via a user-friendly internet interface
	 
	 
	 

	CI-G3
	Incorporate performance significantly beyond what is currently required to support known use case scenarios
	 
	 
	will need to quantify to make this a design requirement

	CI-G4
	Maximize interoperability, flexibility, and extensibility
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R1
	The CI shall provide a secure, access-controlled internet interface allowing users to interact with and command individual instruments
	CI-G1
	 
	 

	CI-R2
	The CI shall support real-time, streaming file capture
	CI-G2
	 
	Data resolution requirement TBD.

	CI-R3
	The CI architecture shall be designed to allow for future addition of services
	 
	 
	document process to add services

	CI-R4
	The CI architecture shall be designed to be scalable
	 
	 
	document process to add nodes/extensions

	 
	 
	 
	 
	 

	
	Cyberinfrastructure - Data Ingest, Storage, and Access

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G5
	The CI should incorporate simple and user-friendly graphical user interfaces
	 
	 
	 

	CI-G6
	The CI should facilitate scientific collaboration
	 
	 
	 

	CI-G7
	Store with the data all of the information needed to identify the instrument, time, location, calibration, and other "metadata" required to uniquely identify the data and utilize it for scientific analysis
	 
	 
	 

	CI-G8
	Provide both near real-time and archival data access to authorized science users via the internet.
	 
	 
	 

	CI-G9
	Provide data in a standard format
	 
	 
	see also compatibility

	CI-G10
	Maximize use of open standards and software
	 
	 
	 

	CI-G11
	Meet or exceed all sponsor and national standards for metadata specifications
	 
	 
	includes federal guidelines on internet presence, compliance with section 508, FGDC, etc

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R5
	The CI shall collect and store all data produced by instruments connected to the OOI
	 
	 
	 

	CI-R6
	The CI shall support near real-time data access
	CI-G8
	 
	 

	CI-R7
	The CI shall retain raw data for all core instruments
	 
	 
	raw data is the data as generated by the instrument (no processing/calibration)

	CI-R8
	The CI shall archive all data products produced by instruments connected to the OOI according to archival policy [IDxxxx]
	 
	 
	does not preclude different levels of archiving dependent on data category (irreplaceable, replaceable, virtual, perishable,…)

	CI-R9
	The CI shall provide data set version control
	 
	 
	 

	CI-R10
	The CI shall store metadata with all data
	CI-G7
	 
	 

	CI-R11
	The CI shall flag all metadata state changes
	CI-G7
	 
	 

	CI-R12
	The CI shall develop a standard metadata format
	CI-G7
	 
	 

	CI-R12.1
	CI Metadata shall include the provenance of the data
	CI-G7
	 
	 

	CI-R12.2
	CI Metadata shall include a text description of the quality of the data
	CI-G7
	 
	 

	CI-R12.3
	CI Metadata shall include time of generation to the highest level of precision available
	CI-G7
	 
	 

	CI-R12.4
	CI Metadata shall include information regarding the uncertainty and corrections associated with time measurement
	CI-G7
	 
	 

	CI-R12.5
	CI Metadata shall include positional information to the highest level of precision available
	CI-G7
	 
	georeferencing

	CI-R12.6
	CI Metadata shall include information regarding the uncertainty and corrections associated with positional information
	CI-G7
	 
	georeferencing

	CI-R12.7
	CI Metadata shall include an event detection flag attribute
	CI-G7
	 
	In order to trigger pre-arranged adaptive sampling scripts

	CI-R12.8
	The CI metadata standard shall contain information on calibration state of data
	CI-G7
	 
	raw, automated QC, processed, derivative products

	CI-R13
	CI Metadata format shall support multi-instrument suites connected to a single science connector
	CI-G7
	 
	Instruments may share resources of a single science connector, however will have individual metadata needs

	CI-R14
	The CI IO shall participate in national/international standards definition proceedings as appropriate to advocate on behalf of the ORION user community
	 
	 
	 

	CI-R15
	The CI shall allow third party metadata enrichment that is compliant with the Metadata standard [xxx]
	 
	 
	can define standard by which third party may/may not interact with CI

	CI-R16
	The CI shall support delayed mode QA/QC by instrument owners
	 
	 
	can expand to include their delegates if desirable

	CI-R17
	The CI shall provide a digital catalog containing metadata for physical samples
	CI-G8
	 
	includes but is not limited to biological, chemical, and geological samples

	CI-R18
	The CI shall support recalibration of data sets.
	 
	 
	adjustment of data to take external factors into account to allow comparison with other data (e.g., instrumental signature removal)

	CI-R18.1
	The CI shall flag a data set that has been recalibrated
	 
	 
	 

	CI-R18.2
	The CI shall notify subscribed users when a data set has been recalibrated
	 
	 
	 

	CI-R19
	The CI shall develop a standard data structure ("data model")
	CI-G9
	 
	Data Structure, Data Model, Data Standard used interchangeably in literature

	CI-R19.1
	The CI data model shall be freely-available
	CI-G9
	 
	 

	CI-R19.2
	The CI data model shall be compatible with current GIS platforms and visualization software.
	CI-G9
	 
	need a list to specify which

	CI-R19.3
	The CI data model shall accommodate time scales between [microseconds] and [decades].
	CI-G9
	 
	 

	CI-R19.4
	The CI data model shall allow for future increased temporal resolution
	CI-G9
	 
	 

	CI-R19.5
	The CI data model shall accommodate spatial scales between [mm] and [kms].
	CI-G9
	 
	 

	CI-R19.6
	The CI data model shall allow for future increased spatial resolution
	CI-G9
	 
	 

	CI-R20
	CI digital data shall be accessible via the internet
	CI-G8
	 
	 

	CI-R21
	CI latency in transferring data to end users shall be no greater than [12 hours] after data receipt
	CI-G8
	 
	 

	CI-R22
	The CI archive shall be accessible via the internet
	CI-G8
	 
	 

	CI-R22.1
	The CI data access and archive websites shall accommodate a minimum of [xxx] simultaneous users.
	CI-G8
	 
	 

	CI-R22.2
	The CI data access and archive web interface shall accommodate users with limited bandwidth
	CI-G5
	 
	 

	CI-R22.3
	The CI data access and archive web interface shall accommodate multiple internet browsers.
	CI-G5
	 
	list browsers (Internet Explorer, Firefox, Netscape, Safari,…)

	CI-R23
	The CI shall provide a search capability for data discovery
	CI-G8
	 
	 

	CI-R23.1
	The CI shall provide an internet-based search capability including, but not limited to full text and fielded searches, single and multiple word searches, geospatial and temporal searches, and parameter or theme-based searches.
	CI-G8
	 
	 

	CI-R23.2
	The CI internet-based search capability shall search all federated resources
	CI-G8
	 
	includes searching metadata of federated archives, physical samples, etc. across platforms

	CI-R23.3
	The CI internet-based search capability shall search all metadata catalogs associated with off-line resources
	CI-G8
	 
	e.g., off-line archived content remains discoverable

	CI-R23.4
	The CI internet-based search capability shall allow data to be retrieved through entry of an instrument's unique device ID, as described in ICD [xxx]
	CI-G8
	 
	e.g., off-line archived content remains discoverable

	CI-R23.5
	CI data discovery search results shall be directly linked to associated metadata
	CI-G8
	 
	 

	CI-R23.6
	CI data discovery search results shall be directly linked to associated data sources
	CI-G8
	 
	Access to data by clicking on search results 

	CI-R24
	CI shall provide a mechanism for users to subscribe to a data set
	CI-G8
	 
	 

	CI-R25
	CI shall provide a mechanism for users to subscribe to be notified when an event flag is detected in the metadata associated with subscribed data
	CI-G8
	 
	 

	CI-R26
	The CI shall provide a mechanism for  users to subscribe to be notified when new data sets become available
	CI-G8
	 
	 

	CI-R27
	The CI shall provide a mechanism for users to subscribe to be notified when new data sets matching a query become available
	CI-G8
	 
	 

	CI-R28
	The CI shall store and archive user-generated software in a software library
	 
	 
	 

	CI-R28.1
	The CI shall require software submissions to contain appropriate metadata
	 
	 
	 

	CI-R28.2
	The CI software metadata standard shall include a quality/readiness factor
	 
	 
	e.g., test flag

	CI-R28.3
	The CI software library shall be searchable
	 
	 
	 

	CI-R29
	The CI shall provide internet-based mechanisms for collaboration between users
	CI-G6
	 
	to include shared work space, models, data sets,…

	CI-R29.1
	The CI shall provide an internet-based discussion tool to facilitate collaboration
	CI-G6
	 
	e.g., chat or discussion board functionality

	CI-R30
	The CI shall maintain a repository of OOI-related published reports and presentations.
	 
	 
	 

	CI-R30.1
	The CI shall make the repository of published reports and presentations publicly accessible through the internet
	 
	 
	 

	CI-R31
	Each instrument connected to the OOI shall incorporate dynamic metadata storage.
	CI-G4
	 
	 

	CI-R32
	Instrument metadata shall be maintainable by the instrument owner or operator, and shall be continuously accessible.
	 
	 
	 

	CI-R33
	The CI shall define an interface to allow for direct data access through user-developed Application Program Interfaces
	CI-G6
	 
	 

	CI-R33.1
	The CI shall provide a user guide describing the API interface
	CI-G6
	 
	 

	CI-R33.2
	The CI API interface shall mediate conversion between scientific units as described in ICD [xxx]
	CI-G6
	 
	e.g., km to m for use of multiple data streams

	 
	 
	 
	 
	 

	
	Cyberinfrastructure - Instrument Command

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G12
	Provide near real-time control and telemetry access and storage (data collection) from the entire network of instruments
	 
	 
	Ability to turn instruments on/off individually is implicit here, but one could write a separate requirement for that.

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R34
	The CI shall establish an interface agreement and/or ICD with the RCO/CSO/GSO to specify instrument control protocols
	CI-G12
	 
	 

	CI-R35
	The CI shall facilitate secure, internet-based, two-way instrument command capability to instrument owners
	CI-G12, CI-G1
	 
	 

	CI-R35.1
	The CI shall facilitate user-commanded instrument resets
	CI-G12
	 
	command to power cycle

	CI-R36
	CI latency in transferring data between OOI observatory elements shall be no greater than [15 minutes]
	 
	 
	Driven by need for coordination of inter-observatory adaptive sampling as a result of event detection; elements = RCO, CSO, GSO

	CI-R37
	The CI shall have a maximum [30 minute] latency in transferring control commands to instruments
	 
	 
	 

	CI-R38
	The CI shall support development of adaptive sampling scripts to be executed in response to detected events
	 
	 
	 

	CI-R39
	The CI shall develop a procedure for acceptance of automated adaptive sampling scripts in response to event detection
	 
	 
	 

	CI-R40
	The CI shall issue instrument commands in response to event detection flags according to pre-arranged and approved adaptive sampling scripts
	 
	 
	can include instrument "wake up" command, and commands sent to groups of instruments

	 
	 
	 
	 
	 

	
	Cyberinfrastructure - Resource Management

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G13
	Provide data and control authority necessary to actively manage limited resources (power, data rate, etc.) 
	 
	 
	 

	CI-G14
	Provide data and control capability necessary to monitor, detect, and isolate failures.
	 
	 
	See Reliability for definitions of failures.

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R41
	The CI shall track metrics to describe infrastructure resource utilization
	CI-G13
	 
	Includes, but is not limited to disk space, CPU loads, throughput on communication networks, power, bandwidth

	CI-R42
	The CI shall employ automated resource monitoring services to provide alerts if off-nominal conditions occur
	CI-G14
	 
	 

	CI-R43
	The CI shall employ a trained staff to diagnose, troubleshoot, and remedy resource management conditions
	CI-G14
	 
	 

	CI-R44
	The CI shall establish an interface agreement with RCO, GSO, and CSO observatory schedule planners
	CI-G13
	 
	to include procedures followed if a scheduling command is not received (e.g., continue in current mode)

	CI-R45
	The CI shall issue scheduling commands to the GSO/CSO/RCO
	CI-G13
	 
	 

	CI-R46
	The CI shall issue resource management prioritization commands to the GSO/CSO/RCO
	CI-G13
	 
	 

	CI-R47
	The CI shall store and archive engineering data related to the health of the RCO/CSO/GSO
	 
	 
	 

	 
	 
	 
	 
	 

	
	Cyberinfrastructure - Operations

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G15
	Accommodate extended periods of autonomous operation
	 
	 
	Depending on the downtime requirements, it may be less expensive to pay for an operator than to implement fully autonomous fault detection and isolation [need trade study to find correct balance between well-defined procedures & automated scripts]

	CI-G16
	Provide autonomous fault detection for active elements of the RCO
	 
	 
	See comment above

	CI-G17
	The CI should have an open data policy
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R48
	The CI shall employ a trained staff
	 
	 
	 

	CI-R49
	The CI shall implement a governance infrastructure
	 
	 
	 

	CI-R49.1
	The CI shall fully document its governance infrastructure
	 
	 
	 

	CI-R49.2
	The CI governance infrastructure shall control access to all services and data products
	 
	 
	 

	CI-R50
	The CI shall register authorized users
	 
	 
	mechanism for authorization tbd

	CI-R50.1
	The CI shall authenticate users
	 
	 
	verify & credential

	CI-R50.2
	The CI shall specify the level of access for each user
	 
	 
	e.g. guest, instrument owner, operator

	CI-R51
	The CI shall allow guest users to browse data
	 
	 
	mechanism tbd by IO, can be through same or different site used by authenticated users

	CI-R52
	The CI shall grant levels of access to users with different levels of security
	 
	 
	 

	CI-R52.1
	The CI shall restrict selected features to authorized users, as described in ICD [xxx]
	 
	 
	employ policy-based decision support systems; "designated by document…"

	CI-R53
	The CI shall allow a proprietary period, during which instrument data is accessible only by operators and the instrument owner
	CI-G17
	 
	This is limited to the duration of commissioning, checkout and calibration

	CI-R53.1
	The CI shall limit proprietary periods to one year
	CI-G17
	 
	 

	CI-R53.2
	The CI shall make all data publicly accessible after the expiration of a proprietary period
	CI-G17
	 
	 

	CI-R54
	The CI shall develop metrics to quantify usage of all internet-based features and applications
	 
	 
	 

	CI-R54.1
	The CI shall track individual data set usage statistics
	 
	 
	 

	CI-R55
	The CI shall develop a policy to clarify the archival functions available for models
	 
	 
	are models archived? Configuration controlled? For how long? How many versions?

	CI-R56
	The CI shall be designed to operate with a minimum reliance on proprietary software
	CI-G10
	 
	to make this verifiable, need to state a requirement, such as operate using no proprietary software & require documentation for variances

	 
	 

	 
	 
	 

	
	Cyberinfrastructure - Security

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G19
	Provide an operating environment that permits operation only by authorized operators.
	 
	 
	 

	CI-G19
	Provide an operating environment that prevents unauthorized use of resources.
	 
	 
	 

	CI-G20
	Provide continuous records of all operations and resources usage.
	 
	 
	 

	CI-G21
	Protects the integrity of real time and archived data.
	 
	 
	Includes disaster backup location

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R57
	The CI shall incorporate industry best practices to prevent unauthorized or malicious access and the distribution of viruses.
	CI-G14
	 
	 

	CI-R58
	The CI archive shall incorporate industry best practices to maintain the integrity of data stored within it
	 
	 
	 

	CI-R59
	The CI shall support access-restricted, secure transmission of data
	 
	 
	 

	CI-R60
	The CI shall accommodate the national security concerns of its sponsoring governments
	 
	 
	 

	 
	 

	 
	 
	 

	
	Cyberinfrastructure - Reliability

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R61
	A failure of the Cyberinfrastructure shall not impact the operation of the RCO, GSO, or CSO
	 
	 
	Clarify in Interface Control Document; examine cost impact of implementation

	CI-R62
	The CI shall retain spares for all critical hardware elements
	 
	 
	 

	CI-R63
	The CI shall be [single] fault tolerant
	 
	 
	 

	CI-R64
	The CI shall support communication with observatories in the presence of high/low bandwidth and high/low channel latency
	 
	 
	need to quantify

	CI-R65
	The CI shall support communication with instruments in the presence of high/low bandwidth and high/low channel latency
	 
	 
	need to quantify

	CI-R66
	The CI shall handle loss of multiple data sources without degrading system performance
	 
	 
	Loss of a node or platform should not propagate a system-wide error.

	CI-R67
	The CI shall establish an interface agreement with the RCO/CSO/GSO to describe data storage and buffering (if any) at the instrument interface
	 
	 
	 

	CI-R68
	The CI shall employ industry best practices to verify accuracy of transfers over its network
	 
	 
	can include packet-level analysis

	CI-R69
	The CI shall employ industry best practices to prevent unauthorized access to instrument control functionality
	 
	 
	 

	 
	 
	 
	 
	 

	
	Cyberinfrastructure - Lifetime/Upgradeability/Cost-effectiveness

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R70
	The CI shall be designed for a sustainable operational lifetime minimum of [25] years.
	P-R11
	 
	 

	CI-R71
	The CI shall be designed to minimize lifecycle costs over the design life
	P-G12
	 
	 

	CI-R72
	The CI shall develop a plan for phased hardware upgrades
	 
	 
	includes strategies for storage media migration

	CI-R72.1
	The CI shall employ hardware components projected to be in production for the foreseeable future
	 
	 
	want manufacturer-commitment to the component's functionality

	CI-R72.2
	The CI shall support increases in data storage with minimal operator configuration
	 
	 
	desire method to quickly & easily add additional storage without reprogramming system

	CI-R73
	The CI shall develop a plan for phased software upgrades
	 
	 
	 

	CI-R73.1
	The CI shall maintain backward-compatibility upon software upgrades
	 
	 
	 

	CI-R74
	The CI shall consist of developed and technologies
	 
	 
	leverage existing technologies to the extent practical; want to minimize technology development

	CI-R75
	The CI shall be designed to incorporate additional functionalities as they become available
	 
	 
	adding nodes, services

	CI-R76
	The CI shall define and document the process by which additional services may be incorporated into the CI system
	 
	 
	 

	CI-R76.1
	The CI service incorporation process shall include test procedures to ensure added functions do not degrade existing services
	 
	 
	 

	 
	 

	 
	 
	 

	
	Cyberinfrastructure - Expandability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G22
	The CI should be capable of assimilating data sets from other observatories as science needs arise
	 
	 
	 

	CI-G23
	The CI data storage system should grow as data collected increases with time
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R77
	The CI shall federate designated data sources
	CI-G22
	 
	 

	CI-R77.1
	The CI shall establish a standard middleware interface/application to federate external data sources
	CI-G22
	 
	 

	CI-R77.2
	The CI shall include federated data sources in data discovery searches
	CI-G22
	 
	 

	CI-R78
	The CI data storage and archiving system shall allow for additional capacity to be added as needed
	CI-G23
	 
	 

	CI-R79
	The CI shall define and document the process by which additional services may be incorporated into the CI system
	 
	 
	 

	 
	 

	 
	 
	 

	
	Cyberinfrastructure - Interoperability with Other Observatories

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CI-G24
	CI should be compatible with IOOS
	 
	 
	 

	CI-G25
	CI design should be applicable to other similar architectures
	 
	 
	desire reusability for other science observatories with similar requirements

	 
	Requirements
	 
	Verification Mechanism
	 

	CI-R80
	CI services shall be designed to be used outside the OOI
	CI-G25
	
	

	CI-R81
	CI metadata standards shall comply with IOOS DMAC specifications
	CI-G24
	 
	reference doc version number when available

	 
	 
	 
	 
	 


3.2 Regional Cabled Observatory (RCO) Science User Requirements
	Regional Cabled Observatory (RCO) Requirements
	
	

	
	RCO Science Requirements

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G1
	Cover spatial scale equivalent to a tectonic plate
	 
	 
	 

	RCO-G2
	Deliver power to multiple sensors distributed between the sea surface and the seafloor.
	 
	 
	 

	RCO-G3
	Allow sensors distributed between the sea surface and the seafloor to communicate with shore.
	 
	 
	also with each other?

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R1
	The RCO shall span an entire tectonic plate.
	RCO-G1
	 
	 

	RCO-R2
	The RCO shall provide power to all instruments on the network
	RCO-G2
	 
	Though not all instruments will require continuous power (standby modes, etc)

	RCO-R3
	The RCO shall provide two-way communications to all instruments on the network
	RCO-G3
	 
	Continuous communication needed

	
	 

	 
	 
	

	
	RCO Requirements - Location & Environment

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G4
	Compatible with worst case environmental conditions (man made and natural) associated with the installation location for each node
	P-G11
	
	Instruments need to be installed at certain depths in certain places, need to be compatible with particulars for each location. This is wind speed, temperature, earthquakes, etc.  "Worst case" may not be possible. 

	RCO-G5
	Nodes are to be installed at locations which maximize science return
	 
	 
	Preferred locations detailed in the CNDs

	RCO-G6
	Instrument locations near all major plate boundary types (ridge crests, oceanic transforms, and subduction faults)
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R4
	The RCO shall span the Juan de Fuca tectonic plate
	RCO-G1
	 
	 

	RCO-R4.1
	At least [one] node shall be located near a hydrothermal vent system
	RCO-G5
	 
	 

	RCO-R4.2
	At least [one] node shall be located near a ridge crest
	RCO-G5
	 
	 

	RCO-R4.3
	At least [one] node shall be located near an oceanic transform fault
	RCO-G5
	 
	 

	RCO-R4.4
	At least [one] node shall be located near a subduction zone
	RCO-G5
	 
	 

	RCO-R4.5
	At least [one] node shall be located near gas hydrates
	RCO-G5
	 
	 

	RCO-R4.6
	At least [one] node shall be located near a CORK borehole site
	RCO-G5
	 
	 

	RCO-R5
	The RCO shall be compliant with [relevant environmental regulations]
	 
	 
	 

	RCO-R6
	The operating depth for each node shall be determined for each location upon site selection and surveying
	 
	 
	 

	RCO-R7
	Maximum local currents shall be specified upon site selection and surveying
	RCO-G4
	 
	 

	RCO-R8
	Geo-technical properties of the sediment at each location shall be publicly available.
	 
	 
	 

	RCO-R9
	Seafloor nodes shall be capable of operation in water with heavy sand loading
	RCO-G4
	 
	 

	RCO-R10
	Neither instruments nor the instrument interface shall use seawater as a current return path.
	 
	 
	 

	RCO-R11
	RCO shore stations and equipment shall be designed to meet standards for North American Earthquake Zone 4
	RCO-G4
	 
	 

	 
	 
	 
	 
	 

	
	RCO Requirements - Instrument Accommodation

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G7
	Provide high-quality (low noise, minimal interruptions) power to sensors.
	 
	 
	 

	RCO-G8
	Provide two-way communication capability  between individual sensors, with shore stations, and with operators
	 
	 
	 

	RCO-G9
	Performance significantly beyond what is currently required by known use case scenarios
	P-G8
	 
	 

	RCO-G10
	Capability for dynamic reallocation of resources where science needs and priorities dictate.
	 
	 
	 

	RCO-G11
	Minimize RCO infrastructure noise levels
	 
	 
	Prevent interference with instruments requiring low noise environment (e.g., hydrophones)

	RCO-G12
	Accommodate mobile platforms (AUVs, floats, gliders)
	 
	 
	Charging stations and/or data download capability to be accommodated through standard instrument interface

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R12
	The RCO Implementing Systems Engineer shall participate in Instrument Requirements Development.
	P-G4
	 
	 

	RCO-R13
	An instrument shall be placed into service by simply plugging it in to a science port.
	P-R10
	 
	"Plug n Play" functionality, configuration mechanism to be defined in an Interface Control Document

	RCO-R14
	The RCO shall support a maximum data rate from each instrument of [100 Mb/s], and for at least one instrument or secondary node at [1 Gb/s] using standard Internet protocols.
	
	 
	Data rate flowdown from instrument suite

	RCO-R15
	The RCO shall provide sufficient resources to allow simultaneous operation of up to [75%] of the instruments at full power / data throughput.
	RCO-G9
	 
	 

	RCO-R16
	RCO power shall be dynamically reallocable
	RCO-G10
	 
	 

	RCO-R16.1
	RCO operators shall be capable of allocating and limiting resources allocated to individual science ports
	RCO-G10
	 
	 

	RCO-R16.2
	RCO operators shall be capable of scheduling allocations of resources to individual science ports
	RCO-G10
	 
	 

	RCO-R16.3
	The RCO shall allow pre-authorized automated reallocation of resources to individual science ports in response to detected events.
	RCO-G10
	 
	ROC to log event detected, begin trending the event data, and alert relevant stakeholders of the detected event.

	RCO-R17
	The RCO shall be capable of determining whether a particular science port is being used by an authorized instrument.
	RCO-G10
	 
	 

	RCO-R17.1
	RCO operators shall deny/revoke resources used by unauthorized instruments 
	RCO-G10
	 
	 

	RCO-R18
	RCO infrastructure noise levels (acoustic, electric, and magnetic) shall be fully characterized, documented, and included in publicly accessible design specifications
	RCO-G11
	 
	Can be tested using ITC-8201 hydrophone at sea state 0.5 or similar

	RCO-R18.1
	RCO infrastructure noise shall be < [50] dB between [1-50] Hz, < [40] dB from [50-500 Hz], < [30] dB between [500-5000] Hz, < [20] dB between [5-10] kHz, and < [10] dB above [10] kHz, referenced to 1 uPa/Hz
	RCO-G11
	 
	 

	RCO-R18.2
	RCO infrastructure-generated fluctuating electric fields away from sea grounds shall be < [10] uV/m at [30] m range at frequencies below [1] kHz.
	RCO-G11
	 
	 

	RCO-R18.3
	RCO infrastructure-generated fluctuating electric fields near sea grounds shall be < [100] uV/m at [30] m range at frequencies below [1] kHz.
	RCO-G11
	 
	 

	RCO-R18.4
	RCO infrastructure-generated fluctuating magnetic fields shall be < [1] nT at [30] m range at frequencies below [1] kHz.
	RCO-G11
	 
	 

	RCO-R19
	Each RCO node shall support a minimum of [8] standard science instrument ports and [1] extension interface
	 
	 
	Extension interface can be used for a secondary node or advanced instrument

	RCO-R20
	The standard physical interface to the RCO for science instruments shall be a single wet-mateable connector which is accessible by standard remotely operated vehicles or manned submersibles
	 
	 
	 

	RCO-R21
	The instrument interface at each science node shall minimally provide each science connector with:
	 
	 
	To be further specified in Design Requirements Document & Interface Control Document

	RCO-R21.1
	A [IEEE 802.3 10/100baseT Ethernet] data connection
	RCO-G8
	 
	 

	RCO-R21.2
	A power source capable of delivering the maximum continuous node power at a maximum voltage of [400] VDC
	RCO-G7
	 
	 

	RCO-R21.3
	A power source capable of delivering a reduced level of continuous power at [48] VDC
	RCO-G7
	 
	Note: Venus uses 24V DC and MARS uses 48V DC

	RCO-R21.4
	A high accuracy [1 microsecond] time signal capable of being corrected for latency between the node and the instrument
	RCO-G13
	 
	 

	RCO-R22
	At least one high data rate instrument/secondary node interface (hereafter called extension interface) at each science node shall support:
	 
	 
	To be further specified in Design Requirements Document & Interface Control Document

	RCO-R22.1
	A wet-mateable fiber-optic connector (hereafter called extension connector)
	 
	 
	 

	RCO-R22.2
	An extension of the [IEEE 802.3z 1000baseF] Ethernet standard of at least 100km distance capability
	RCO-G8
	 
	 

	RCO-R22.3
	A power source capable of delivering the maximum continuous node power at maximum voltage of [400] VDC
	RCO-G7
	 
	 

	RCO-R22.4
	A power supply capable of delivering the maximum continuous node power at a voltage of at least [2] kVDC
	RCO-G7
	 
	 

	RCO-R22.4
	A high accuracy [1 microsecond] time signal that can be corrected for latency between the node and the instrument/secondary node
	RCO-G13
	 
	 

	 
	 
	 
	 
	 

	
	RCO Requirements - Timing & Latency

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G13
	Provide highly accurate timing signals to all collocated instruments.
	 
	 
	 

	RCO-G14
	Provide accurate timing signals to non-collocated instruments.
	 
	 
	 

	RCO-G15
	Minimize latency throughout the network
	 
	 
	To enable event-response, etc.

	RCO-G16
	Facilitate intra-node, peer-to-peer communication between user instruments with the minimum possible latency commensurate with inter-instrument propagation delay
	 
	 
	Note: inter-instrument communication can greatly complicate communication network design

	RCO-G17
	Facilitate inter-node, peer-to-peer communication between user instruments with the minimum possible latency commensurate with inter-node propagation delay
	 
	 
	Note: inter-instrument communication can greatly complicate communication network design

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R23
	The RCO shall provide a standardized time stamp including year, day, hour, minute, and second with an accuracy of [10  microseconds] to instruments within [100] m of each science node.
	RCO-G13
	 
	Time stamp does not currently require high accuracy

	RCO-R23.1
	RCO time signals shall be traceable to the [UTC] international standard.
	RCO-G13
	 
	 

	RCO-R24
	The RCO shall provide timing signals with an absolute time accuracy of [1] microsecond to all collocated instruments.
	RCO-G13
	 
	High accuracy timing signal driven by seismic measurement requirements

	RCO-R25
	The RCO shall provide timing signals with an absolute time accuracy of [x] milliseconds to non-collocated instruments.
	RCO-G14
	 
	 

	RCO-R26
	The RCO shall support the Network Time Protocol (NTP) over the data communication system
	P-R16
	 
	This is not sufficient to provide high-accuracy timing, but can be used in conjunction with other technologies to satisfy science requirements

	 
	 

	 
	 
	 

	
	RCO Requirements - Lifetime

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G18
	Maximize sustainable operating lifetime of RCO
	P-G10
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R27
	The RCO shall be designed for a sustainable operational lifetime minimum of [25] years.
	P-R11
	 
	 

	RCO-R28
	The RCO shall be designed to minimize lifecycle costs over the design life
	P-G12
	 
	 

	 
	 

	 
	 
	 

	
	RCO Requirements - Expandability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G19
	Maximize ability to accommodate/interface with bottom tripods, surface piercing towers, surface/subsurface moorings, and borehole deployments.
	 
	 
	 

	RCO-G20
	Maximize ability to expand spatial coverage of RCO through addition of nodes and/or new cable segments
	P-G9
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R29
	Each science or extension connector shall be expandable using one or more secondary interfaces to allow each science node to interface to many of instruments
	 
	 
	Multiple instruments can share a single science port

	RCO-R30
	The RCO shall accommodate installation of additional science nodes
	RCO-G20
	 
	 

	RCO-R31
	The RCO shall accommodate installation of additional cable segments
	RCO-G20
	 
	 

	 
	 
	 
	 
	 

	
	RCO Requirements - Reliability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G21
	Be maintainable using existing research vessels/ assets.
	 
	 
	 

	RCO-G22
	Provide at least single fault tolerance for all elements.
	 
	 
	 

	RCO-G23
	To the extent practical, provide sufficient fault isolation to ensure that  failures can be isolated to individual instruments nodes/ elements/ branches of the network 
	
	
	Perhaps define a philosophy of single fault tolerance, dual failure isolation?

	RCO-G24
	Fully document all interruptions and notify affected parties
	 
	 
	 

	RCO-G25
	Ensure security of system from natural and man-made hazards
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R32
	The operational status of the RCO shall be logged and publicly available
	 
	 
	 

	RCO-R33
	The RCO shall be single fault tolerant.
	RCO-G22
	 
	 

	RCO-R34
	The RCO shall be capable of providing [95%] of the data [99%] of the time in the absence of instrument failures
	 
	 
	 

	RCO-R35
	The RCO shall undergo routine maintenance during a scheduled and publicly announced maintenance period not to exceed [7] days per year.
	 
	 
	 

	RCO-R36
	The RCO shall shut down instruments in a defined manner prior to scheduled maintenance or anticipated interruptions.
	 
	 
	Procedure to be defined & documented in a publicly-accessible document.

	RCO-R37
	The RCO shall provide for measurement of, logging and accessing engineering data defining the system state
	P-R13
	 
	 

	RCO-R38
	The RCO shall not have infrastructure failures causing interruption in power or communications services to individual instruments attached to the RCO exceeding [3] days annually.
	 
	 
	 

	RCO-R39
	The RCO shall isolate failed sections of cable or failed nodes to allow remaining operational nodes and cable segments to function normally.
	RCO-G23
	 
	 

	RCO-R40
	The RCO shall notify affected parties of any interruption in services, whether anticipated or unanticipated, within [2] hours of the interruption.
	RCO-G24
	 
	 

	RCO-R41
	The RCO operator shall flag data collected during periods of off-nominal operation to indicate RCO system state.
	RCO-G24
	 
	 

	RCO-R42
	The RCO shall be installed using industry-standard cable burial practices
	RCO-G25
	 
	 

	RCO-R43
	RCO seafloor systems located in fishing areas shall incorporate trawl-resistant design practices
	RCO-G25
	 
	 

	 
	 
	 
	 
	 

	
	RCO Requirements - OOI Interoperability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G26
	Minimize impact of infrastructure generated interference on instruments 
	 
	 
	 

	RCO-G27
	Minimize interference between instruments
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	RCO-R44
	The RCO Implementing Systems Engineer shall participate in Interface Control specification negotiation and documentation preparation.
	RCO-G27
	 
	Includes responsiveness to System of Systems Engineering office

	RCO-R45
	Noise/interference caused by the RCO itself shall be specified and openly available to instrument designers.
	RCO-G26
	 
	 

	RCO-R46
	The RCO shall comply with OOI data format standards 
	P-R7, P-R8
	 
	 

	RCO-R47
	The RCO shall comply with OOI metadata standards
	P-R7, P-R8
	 
	 

	RCO-R48
	All instruments connected to the RCO shall incorporate dynamic metadata storage
	P-R7, P-R8
	 
	Standards to be defined in Interface Control Document

	RCO-R49
	The RCO Implementing Organization shall provide at least one complete node simulator with wet test capability.
	P-R20
	 
	Allow instrument to be tested in seawater environment prior to deployment; also simulate pressure & temperature conditions

	 
	 
	 
	 
	 

	
	RCO Requirements - Interoperability with Other Observatories

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	RCO-G28
	Maximize interoperability with NEPTUNE-Canada
	 
	 
	 

	RCO-G29
	Maximize interoperability with MARS
	 
	 
	 

	RCO-G30
	Maximize scientific collaboration with EarthScope
	 
	 
	Earthscope is an NSF-funded project with geophysical instruments to be distributed on west coast (terrestrial)

	RCO-G31
	Maximize scientific collaboration with ESONET
	 
	 
	 

	RCO-G32
	Maximize scientific collaboration with ARENA
	 
	 
	 


	 
	 
	 
	 
	 


3.3
Coastal Scale Observatory (CSO) Science User Requirements
	Coastal Scale Observatory (CSO) Requirements
	
	

	
	CSO Science Requirements

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G1
	The CSO should consist of fixed (Endurance) arrays and relocatable (Pioneer) arrays
	 
	 
	 

	 
	 
	 
	 
	 

	
	CSO Requirements - Location & Environment

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G2
	The CSO Pioneer arrays should be customizable for a variety of installation locations
	 
	
	narrow, deep, broad, shallow

	CSO-G3
	CSO arrays are to be installed at locations which maximize science return
	 
	 
	e.g., determine cross-shelf variability

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R1
	CSO Pioneer Array designs shall be developed for narrow, deep, broad, and shallow shelf regions.
	CSO-G2
	 
	 

	CSO-R2
	CSO Pioneer Array designs shall be developed for fresh and salt water locations
	CSO-G2
	 
	 

	CSO-R3
	The CSO shall mitigate biofouling
	CSO-G2
	 
	strategy will differ for warm, cold, and freshwater locations

	CSO-R4
	The CSO shall be deployed in depths between []-[] m.
	CSO-G2
	 
	 

	CSO-R5
	CSO buoy systems shall be deployed in depths from [10] to [400] m
	CSO-G2
	 
	 

	CSO-R6
	CSO Endurance arrays shall be extensible to include the nearshore
	CSO-G2
	 
	 

	 
	 
	 
	 
	 

	
	CSO Requirements - Instrument Accommodation

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G4
	Provide two-way communication capability  between individual sensors, with shore stations, and with operators
	 
	 
	 

	CSO-G5
	Performance significantly beyond what is currently required by known use case scenarios
	P-G8
	 
	 

	CSO-G6
	Capability for dynamic reallocation of resources where science needs and priorities dictate.
	
	 
	 

	CSO-G7
	Minimize CSO infrastructure noise levels
	 
	 
	Prevent interference with instruments requiring low noise environment (e.g., hydrophones)

	CSO-G8
	The CSO should utilize multiple power sources.
	 
	 
	Enhanced reliability

	CSO-G9
	Accommodate mobile platforms (AUVs, floats, gliders)
	 
	 
	Charging stations and/or data download capability to be accommodated through standard instrument interface

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R7
	The CSO shall accommodate a set of core instruments as specified in ICD [xxx]
	 
	 
	 

	CSO-R8
	The CSO Implementing Systems Engineer shall participate in Instrument Requirements Development.
	P-G4
	 
	 

	CSO-R9
	The CSO shall be designed so that  instruments may be placed into service by simply plugging it in to a science port.
	P-R10
	 
	"Plug n Play" functionality, configuration mechanism to be defined in an Interface Control Document

	CSO-R10
	The CSO shall supply at minimum [20] watts of continuous power.
	CSO-G8
	 
	 

	CSO-R11
	The CSO shall be configurable to accommodate external power supply.
	CSO-G8
	 
	 

	CSO-R11.1
	The CSO maximum external power capability shall be greater than [5000] Watts.
	CSO-G8
	 
	For cases where attached to a shore cable

	CSO-R11.2
	The CSO shall include at minimum [1] cabled high power and high bandwidth Endurance array
	CSO-G8
	 
	 

	CSO-R12
	CSO power shall be dynamically reallocable
	CSO-G6
	 
	 

	CSO-R12.1
	The CSO shall reallocate power resources amongst attached modules as commanded
	CSO-G6
	 
	 

	CSO-R12.2
	The CSO shall reallocate power resources amongst attached instruments as commanded
	CSO-G6
	 
	 

	CSO-R12.3
	CSO operators shall be capable of allocating and limiting resources allocated to individual science ports
	CSO-G6
	 
	 

	CSO-R12.4
	CSO operators shall be capable of scheduling allocations of resources to individual science ports
	CSO-G6
	 
	 

	CSO-R12.5
	The CSO shall allow pre-authorized automated reallocation of resources to individual science ports in response to detected events.
	CSO-G6
	 
	 

	CSO-R12.6
	The CSO shall be capable of determining whether a particular science port is being used by an authorized instrument.
	 
	 
	 

	CSO-R12.7
	CSO operators shall deny/revoke resources used by unauthorized instruments 
	 
	 
	 

	CSO-R12.8
	CSO infrastructure noise levels (acoustic, electric, and magnetic) shall be fully characterized, documented, and included in publicly accessible design specifications
	CSO-G7
	 
	 

	CSO-R12.9
	CSO infrastructure noise shall be < [50] dB between [1-50] Hz, < [40] dB from [50-500 Hz], < [30] dB between [500-5000] Hz, < [20] dB between [5-10] kHz, and < [10] dB above [10] kHz, referenced to 1 uPa/Hz
	CSO-G7
	 
	 

	CSO-R12.10
	CSO infrastructure-generated fluctuating electric fields away from sea grounds shall be < [10] uV/m at [30] m range at frequencies below [1] kHz.
	CSO-G7
	 
	 

	CSO-R12.11
	CSO infrastructure-generated fluctuating electric fields near sea grounds shall be < [100] uV/m at [30] m range at frequencies below [1] kHz.
	CSO-G7
	 
	 

	CSO-R12.12
	CSO infrastructure-generated fluctuating magnetic fields shall be < [1] nT at [30] m range at frequencies below [1] kHz.
	CSO-G7
	 
	 

	CSO-R12.13
	The CSO shall be modular
	 
	 
	 

	CSO-R12.14
	The CSO shall be reconfigurable through selection of individual modules
	 
	 
	 

	CSO-R12.15
	CSO configuration options shall include benthic modules
	 
	 
	 

	CSO-R12.15.1
	CSO benthic modules shall provide power, communication bandwidth, and timing to a minimum of [#] benthic instruments
	CSO-G4
	 
	 

	CSO-R12.15.2
	CSO benthic modules shall provide power, communication bandwidth, and timing to instruments located up to [50 m] from the benthic node.
	CSO-G4
	 
	 

	CSO-R12.15.3
	CSO benthic modules shall include a cable interface as described in ICD [xxx]
	 
	 
	To provide significantly higher power and bandwidth via cables run from shore when desirable/affordable

	CSO-R12.16
	CSO configuration options shall include water column modules
	 
	 
	 

	CSO-R12.16.1
	The CSO shall provide power, communication bandwidth, and timing to a minimum of [#] instruments distributed through the water column
	CSO-G4
	 
	 

	CSO-R12.17
	CSO configuration options shall include surface expression modules
	 
	 
	 

	CSO-R12.17.1
	CSO surface expression modules shall provide power, communication bandwidth, and timing to a minimum of [8] instruments top-side.
	CSO-G4
	 
	 

	CSO-R12.17.2
	CSO surface expression modules shall support at least [20] kg total dry weight
	 
	 
	includes all top-side instruments attached to surface expression

	CSO-R12.17.3
	CSO surface expression modules shall maintain a minimum distance of [2 m] between instruments and the design water line
	 
	 
	 

	CSO-R12.17.4
	CSO surface expression modules shall provide power, communication bandwidth, and timing to a minimum of [8] submerged instruments.
	CSO-G4
	 
	 

	CSO-R12.17.5
	CSO surface expression modules shall support at least [20] kg total water weight of all attached instruments.
	 
	 
	includes all submerged instruments attached to surface expression

	CSO-R12.17.6
	CSO surface expression modules shall maintain a minimum distance of [-2 m] between submerged instruments and the design water line
	 
	 
	 

	CSO-R12.18
	CSO configuration options shall include platforms suitable for shallow deployments <[10] m
	 
	 
	includes estuaries & river environments

	CSO-R13
	The CSO shall provide a mechanism for instrument-to-instrument communication
	CSO-G4
	 
	Includes instruments on same platform, separate platforms, 

	CSO-R14
	The CSO shall support multi-instrument suites attached to a single science connector
	 
	 
	instruments will share resources provided by that science connector

	CSO-R15
	The CSO shall support wired communication between modules.
	CSO-G4
	 
	 

	CSO-R16
	The CSO shall support wireless communication between modules
	CSO-G4
	 
	 

	CSO-R17
	The CSO shall buffer at least [12] hours of data at the maximum telemetry rate
	CSO-G4
	 
	In case of missed passes or broken communication with shore

	 
	 
	 
	 
	 

	
	CSO Requirements - Timing & Latency

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G10
	Provide highly accurate timing signals to all collocated instruments.
	 
	 
	 

	CSO-G11
	Provide accurate timing signals to non-collocated instruments.
	 
	 
	 

	CSO-G12
	Minimize latency throughout the network
	 
	 
	To enable event-response, etc.

	CSO-G13
	Facilitate intra-node, peer-to-peer communication between user instruments with the minimum possible latency commensurate with inter-instrument propagation delay
	 
	 
	Note: inter-instrument communication can greatly complicate communication network design

	CSO-G14
	Facilitate inter-node, peer-to-peer communication between user instruments with the minimum possible latency commensurate with inter-node propagation delay
	 
	 
	Note: inter-instrument communication can greatly complicate communication network design

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R18
	The CSO shall provide a standardized time stamp including year, day, hour, minute, and second with an accuracy of [10  milliseconds] to each science port.
	CSO-G10
	 
	"generally sufficient for synchronizing seismic data"

	CSO-R19
	CSO time signals shall be traceable to the [UTC] international standard.
	 
	 
	 

	CSO-R20
	The CSO shall provide timing signals with an absolute time accuracy of [1] microsecond to all collocated instruments.
	 
	 
	High accuracy timing signal driven by seismic measurement requirements

	CSO-R21
	The CSO shall provide timing signals with an absolute time accuracy of [x] milliseconds to non-collocated instruments.
	 
	 
	 

	CSO-R22
	The CSO shall support the Network Time Protocol (NTP) 
	 
	 
	 

	 
	 
	 
	 
	 

	
	CSO Requirements - Lifetime

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G15
	Maximize sustainable operating lifetime of RCO
	P-G10
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R23
	CSO Endurance Arrays shall be designed for a sustainable operational lifetime minimum of [25] years.
	CSO-G15
	 
	 

	CSO-R24
	CSO Pioneer Arrays shall be designed for a sustainable operational lifetime minimum of [x] years.
	CSO-G15
	 
	 

	CSO-R25
	The RCO shall be designed to minimize lifecycle costs over the design life
	P-G12
	 
	 

	 
	 
	 
	 
	 

	
	CSO Requirements - Expandability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G16
	The CSO should be designed to minimize recurring engineering costs associated with production of additional platforms
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R26
	CSO module designs shall become OOI property
	 
	 
	allows reuse of design for subsequent production

	CSO-R27
	CSO designs shall employ modularity
	CSO-G16
	 
	desirable for ease in reconfiguration of platforms with varying levels of complexity

	 
	 
	 
	 
	 

	
	CSO Requirements - Relocatability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G17
	CSO Pioneer arrays should be designed to withstand environmental conditions characterizing all US coastal regions
	 
	 
	 

	 
	 
	 
	 
	 

	
	CSO Requirements - Reliability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G18
	Be maintainable using existing research vessels/ assets.
	 
	 
	 

	CSO-G19
	Provide at least single fault tolerance for all elements.
	 
	 
	 

	CSO-G20
	To the extent practical, provide sufficient fault isolation to ensure that  failures can be isolated to individual science ports/modules
	 
	 
	Perhaps define a philosophy of single fault tolerance, dual failure isolation?

	CSO-G21
	Fully document all interruptions and notify affected parties
	 
	 
	 

	CSO-G22
	Ensure security of system from natural and man-made hazards
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R28
	CSO Pioneer Arrays shall be relocatable.
	 
	 
	 

	CSO-R29
	CSO Pioneer Array relocation shall be accounted for in lifecycle cost estimates
	 
	 
	 

	CSO-R30
	The operational status of the RCO shall be logged and publicly available
	 
	 
	 

	CSO-R31
	The CSO shall be single fault tolerant.
	CSO-G19
	 
	 

	CSO-R32
	The CSO shall be capable of providing [95%] of the data [90%] of the time in the absence of instrument failures
	 
	 
	 

	CSO-R33
	The CSO shall undergo routine maintenance during a scheduled and publicly announced maintenance period not to exceed [7] days per year.
	CSO-G18
	 
	 

	CSO-R34
	The CSO shall shut down all instruments in a defined manner prior to scheduled maintenance or anticipated interruptions.
	CSO-G18
	 
	Procedure to be defined & documented in a publicly-accessible document.

	CSO-R35
	The CSO shall provide for measurement of, logging and accessing engineering data defining the system state
	 
	 
	 

	CSO-R36
	The CSO shall not have infrastructure failures causing interruption in power or communications services to individual instruments attached to the CSO exceeding [3] days annually.
	CSO-G20
	 
	 

	CSO-R37
	The CSO shall isolate failed sections of cable or failed nodes to allow remaining operational nodes and cable segments to function normally.
	CSO-G20
	 
	 

	CSO-R38
	The CSO shall notify affected parties of any interruption in services, whether anticipated or unanticipated, within [2] hours of the interruption.
	CSO-G21
	 
	 

	CSO-R39
	The CSO operator shall flag data collected during periods of off-nominal operation to indicate CSO system state.
	 
	 
	 

	 
	 
	 
	 
	 

	
	CSO Requirements - OOI Interoperability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G23
	Minimize impact of infrastructure generated interference on instruments 
	 
	 
	 

	CSO-G24
	Minimize interference between instruments
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	CSO-R40
	The CSO shall include an interface to receive power from a shore cable, as described in ICD[xxx]
	 
	 
	For  high bandwidth/high power applications

	CSO-R40.1
	The CSO shall use the standard OOI Instrument Interface, described in ICD [xxx]
	 
	 
	48VDC and 400VDC + comm connection at each science connector; does not mean all will be active (400 VDC only when connected to cable)

	CSO-R41
	The CSO Implementing Systems Engineer shall participate in Interface Control specification negotiation and documentation preparation.
	 
	 
	Includes responsiveness to System of Systems Engineering office

	CSO-R42
	Noise/interference caused by the CSO itself shall be specified and openly available to instrument designers.
	 
	 
	 

	CSO-R43
	The CSO shall comply with OOI data format standards 
	P-R7, P-R8
	 
	 

	CSO-R44
	The CSO shall comply with OOI metadata standards
	P-R7, P-R8
	 
	 

	CSO-R45
	All instruments connected to the CSO shall incorporate dynamic metadata storage
	P-R7, P-R8
	 
	Standards to be defined in Interface Control Document

	CSO-R46
	The CSO Implementing Organization shall provide at least one module simulator with wet test capability for each type of module.
	P-R20
	 
	Allow instrument to be tested in seawater environment prior to deployment; also simulate pressure & temperature conditions

	 
	 
	 
	 
	 

	
	CSO Requirements - Interoperability with Other Observatories

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	CSO-G25
	The CSO should be coordinated with high frequency radar observatories
	 
	 
	 

	 
	 
	 
	 
	 


3.4
Global Scale Observatory (GSO) Science User Requirements
	Global Scale Observatory (GSO) Requirements
	
	

	
	GSO Science Requirements

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G1
	Provide a synoptic view of oceanographic and meteorological variables on a global scale
	 
	 
	 

	GSO-G2
	Deliver power to multiple sensors distributed between the sea surface and the seafloor.
	 
	 
	 

	GSO-G3
	Allow sensors distributed between the sea surface and the seafloor to communicate with shore.
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R1
	The GSO shall provide two-way communications to all instruments on the network
	GSO-G3
	 
	 

	 
	 
	 
	 
	 

	
	GSO Requirements - Location & Environment

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G4
	GSO platforms should be installed at locations which maximize science return
	 
	 
	Preferred locations detailed in the CNDs

	GSO-G5
	The GSO should include the largest possible diversity of sites
	 
	 
	location, scientific interest

	GSO-G6
	The GSO should occupy sites with multi-disciplinary interest
	 
	 
	The GSO should support geological, physical, chemical and biological observations.

	GSO-G7
	The GSO should occupy both Atlantic and Pacific locations
	 
	
	 

	GSO-G8
	The GSO should occupy sites with varied latitudes
	 
	 
	 

	GSO-G9
	GSO platforms should be compatible with worst case environmental conditions (man made and natural) associated with the installation location for each platform
	P-G11
	
	Instruments need to be installed at certain depths in certain places, need to be compatible with particulars for each location. This is wind speed, temperature, earthquakes, etc.  "Worst case" may not be possible. 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R2
	The GSO shall occupy at least [one] mid-latitude location
	GSO-G8
	 
	 

	GSO-R3
	The GSO shall occupy at least [one] high-latitude location
	GSO-G8
	 
	 

	GSO-R4
	The GSO shall occupy at least [4] sites
	GSO-G5
	 
	 

	GSO-R5
	The GSO shall occupy at least [one] volcanically active site.
	GSO-G4
	 
	 

	GSO-R6
	The GSO shall occupy at least [one] seismically active site.
	GSO-G4
	 
	 

	GSO-R7
	The GSO shall occupy at least [one] site on a geological plate boundary.
	GSO-G4
	 
	 

	GSO-R8
	The GSO shall occupy at least [one] site across major ocean current systems.
	GSO-G4
	 
	 

	GSO-R9
	The GSO shall occupy at least [one] site in an area of high biological productivity.
	GSO-G4
	 
	 

	GSO-R10
	GSO sites shall be up to [6000] m in depth.
	GSO-G5
	 
	 

	GSO-R11
	The GSO seafloor stations shall be spaced at least [1200] km from continent and island sites.
	GSO-G5
	 
	 

	GSO-R12
	GSO platform operating depth shall be determined for each location upon site selection and surveying
	GSO-G5
	 
	 

	GSO-R13
	GSO platforms shall be designed to endure maximum local currents, to be specified upon site selection and surveying
	GSO-G9
	 
	 

	GSO-R14
	GSO platforms shall prohibit use of seawater as a current return path.
	 
	 
	 

	GSO-R15
	GSO shore stations and equipment shall be designed to meet standards for North American Earthquake Zone 4
	 
	 
	 

	 
	 
	 
	 
	 

	
	GSO Requirements - Instrument Accommodation

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G10
	Provide two-way communication capability  between individual sensors, with shore stations, and with operators
	 
	 
	should include bi-directional communication for remote instrument control and software/firmware upgrades.

	GSO-G11
	Performance significantly beyond what is currently required by known use case scenarios
	P-G8
	 
	 

	GSO-G12
	Capability for dynamic reallocation of resources where science needs and priorities dictate.
	 
	 
	 

	GSO-G13
	Minimize GSO infrastructure noise levels
	 
	 
	Prevent interference with instruments requiring low noise environment (e.g., hydrophones)

	GSO-G14
	Accommodate mobile platforms (AUVs, floats, gliders)
	 
	 
	Charging stations and/or data download capability to be accommodated through standard instrument interface

	GSO-G15
	The GSO operation should include an ability to provide power for long-term instrument operation.
	 
	 
	 

	GSO-G16
	The GSO should include observatories that can be rapidly deployed from ship platforms.
	 
	 
	 

	GSO-G17
	The GSO should be designed to provide multiple configuration options with various levels of capability
	 
	 
	high/low power & bandwidth

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R16
	The GSO Implementing Systems Engineer shall participate in Instrument Requirements Development.
	P-G4
	 
	 

	GSO-R17
	GSO power shall be dynamically reallocable
	GSO-G12
	 
	 

	GSO-R18
	GSO communications bandwidth shall be dynamically reallocable
	GSO-G12
	 
	allow for prioritization of data transfer through the satellite telemetry to accommodate limited bandwidth and telemetry outages.

	GSO-R19
	The GSO shall provide two-way communications between instruments connected to its science connectors and the shore-based operations center
	GSO-G10
	 
	 

	GSO-R20
	The GSO shall provide two-way communications between instruments within [50] m of a GSO platform and the shore-based operations center
	GSO-G10
	 
	can include acoustically linked instruments

	GSO-R21
	The GSO shall include multiple buoy mooring configuration options:
	GSO-G17
	 
	 

	GSO-R22
	The GSO buoy mooring configuration options shall include, but are not limited to single-point moorings, spar buoys, and discus buoys
	GSO-G17
	 
	 

	GSO-R23
	The GSO shall provide multiple configuration options for communication between instruments and GSO platforms
	GSO-G17
	 
	 

	GSO-R23.1
	The GSO shall include an acoustically-linked communications option for instruments located a maximum of [50] m from the platform
	GSO-G10
	 
	 

	GSO-R24
	The GSO shall include multiple sensor installation location options as described in ICD [xxx]:
	GSO-G17
	 
	level of support to be defined in ICD according to configuration options available (power/comm/neither/both)

	GSO-R24.1
	Each GSO platform shall support a minimum of [5] sensors located on or below the seafloor
	GSO-G17
	 
	 

	GSO-R24.2
	Each GSO platform shall support a minimum of [2] sensors located in the water column.
	GSO-G17
	 
	 

	GSO-R24.3
	Each GSO platform shall support a minimum of [8] sensors located at the sea surface (air-sea interface).
	GSO-G17
	 
	 

	GSO-R24.4
	All GSO platforms shall support packages of multiple sensors attached to a single science connector or location
	 
	 
	 

	GSO-R25
	The GSO shall include multiple communications options:
	GSO-G10
	 
	 

	GSO-R25.1
	The GSO shall include a high-bandwidth communications option capable of relaying [500] Mbytes/day from the GSO platform to shore
	GSO-G10
	 
	 

	GSO-R25.2
	The GSO shall include a low-bandwidth data communications option capable of relaying a minimum of [5] Mbytes/day from the GSO platform to shore
	GSO-G10
	 
	less than 5 Mbytes/day

	GSO-R25.3
	The GSO shall include a communications option capable of relaying [50] Mbytes/day between the GSO surface expression and seafloor
	GSO-G10
	 
	e.g., electromechanical cable systems 

	GSO-R25.4
	The GSO shall include a communications option capable of relaying [500] kbytes/day between the GSO surface expression and acoustically linked subsurface instruments
	GSO-G10
	 
	acoustic link

	GSO-R26
	The GSO shall have multiple data storage and retrieval system configuration options:
	GSO-G10
	 
	 

	GSO-R26.1
	GSO data storage shall have a minimum capacity equal to the instrument data collected between scheduled data transfer relays
	GSO-G10
	 
	minimum acceptable storage is ~ buffering

	GSO-R26.2
	GSO data recovery system options shall include but are not limited to satellite telemetry and ship communications
	GSO-G10
	 
	 

	GSO-R27
	The GSO shall provide power to instruments connected to its science connectors as described in ICD [xxx]
	GSO-G10
	 
	level of support to be defined in ICD, as well as cases where no power is supplied

	GSO-R28
	The GSO shall include multiple power system configuration options:
	GSO-G10
	 
	 

	GSO-R28.1
	The GSO shall include a low power capabilities option supporting only engineering and core sensors
	GSO-G17
	 
	0 watts supplied to seafloor for low bandwidth telemetry

	GSO-R28.2
	The GSO shall specify that instruments on low-power platforms must provide sufficient power for their operation as described in ICD [xxx]
	GSO-G17
	 
	Instrument requirement

	GSO-R28.3
	The GSO shall include a solar panel power option
	GSO-G17
	 
	Used if total power is no more than 50-100 W

	GSO-R28.4
	The GSO shall include a battery power option.
	GSO-G17
	 
	Used if total power is no more than 50-100 W

	GSO-R28.5
	The GSO shall include a high power capabilities option
	GSO-G17
	 
	500 watts supplied to seafloor for high bandwidth telemetry

	GSO-R28.6
	The GSO shall include a diesel generated power option
	GSO-G17
	 
	Used if total power exceeds 50-100 W

	GSO-R28.7
	The GSO shall include a high voltage power option to supply voltage at [48] VDC
	GSO-G17
	 
	 

	GSO-R28.8
	The GSO shall include a low voltage power option to supply power at [5] VDC
	GSO-G17
	 
	 

	GSO-R29
	The GSO shall operate in multiple power modes:
	GSO-G17
	 
	 

	GSO-R29.1
	The GSO shall operate in a full power mode for full-capacity operation.
	GSO-G17
	 
	 

	GSO-R29.2
	The GSO shall operate in a low power, restricted capability mode when full power is not available.
	GSO-G17
	 
	 

	GSO-R29.3
	The GSO shall automatically switch between full and low power modes upon detecting a loss of full power
	GSO-G17
	 
	 

	 
	 
	 
	 
	 

	
	GSO Requirements - Timing & Latency

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G18
	The GSO should minimize latency in data transfer from platforms to the shore-based operations center
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R30
	The GSO shall have a data transfer latency not to exceed [30] minutes between instrument data collection and transmission to shore for configurations employing cabled communications
	GSO-G18
	 
	likely to vary depending on data relay mechanism

	GSO-R31
	The GSO shall have a data transfer latency not to exceed [2] hours between instrument data collection and transmission to shore for configurations employing satellite data relay
	GSO-G18
	 
	Actual number TBD from cost-benefit analysis by IO

	GSO-R32
	The GSO shall provide a standardized time stamp including year, day, hour, minute, and second with an accuracy of [10 microseconds] to instruments within [100] m of each GSO platform.
	 
	 
	Time stamp does not currently require high accuracy

	GSO-R33
	GSO time signals shall be traceable to the [UTC] international standard.
	 
	 
	 

	GSO-R34
	The GSO shall provide timing signals with an absolute time accuracy of [10] microseconds to all collocated instruments.
	 
	 
	High accuracy timing signal driven by seismic measurement requirements, desire 1 microsecond

	GSO-R35
	The GSO shall provide timing signals with an absolute time accuracy of [x] milliseconds to non-collocated instruments.
	 
	 
	 

	GSO-R36
	The GSO shall support the Network Time Protocol (NTP) over the data communication system
	P-R16
	 
	This is not sufficient to provide high-accuracy timing, but can be used in conjunction with other technologies to satisfy science requirements

	 
	 

	 
	 
	 

	
	GSO Requirements - Lifetime/Cost-effectiveness

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G19
	The GSO should provide long time series measurements with time scales ranging from seconds to decades
	 
	 
	 

	GSO-G20
	The GSO should leverage existing deep-ocean mooring capabilities.
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R37
	The GSO shall be designed for a sustainable operational lifetime minimum of [25] years.
	OOI Program
	 
	Operational lifetime given proper maintenance TBD by IO

	GSO-R38
	The GSO shall be designed to minimize lifecycle costs over the design life
	P-G12
	
	

	 
	 
	 
	 
	 

	
	GSO Requirements - Expandability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G21
	The GSO should be expandable to include additional locations as funding allows
	 
	 
	 

	GSO-G22
	GSO designs should minimize non-recurring engineering costs to add additional platforms
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R39
	GSO module designs shall become OOI property
	 
	 
	allows reuse of design for subsequent production

	 
	 
	 
	 
	 

	
	GSO Requirements - Reliability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G23
	Be maintainable using existing research vessels/ assets.
	 
	 
	 

	GSO-G24
	Provide at least single fault tolerance for all elements.
	 
	 
	 

	GSO-G25
	To the extent practical, provide sufficient fault isolation to ensure that  failures can be isolated to individual instruments nodes/ elements/ branches of the network 
	 
	 
	 

	GSO-G26
	Fully document all interruptions and notify affected parties
	 
	 
	 

	GSO-G27
	Ensure security of system from natural and man-made hazards
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R40
	The GSO subsurface mooring sites shall be serviced every [1] year(s).
	 
	 
	 

	GSO-R41
	The GSO surface mooring sites shall be serviced every [6] month(s).
	 
	 
	 

	GSO-R42
	The GSO shall specify a policy and procedure for instrument retrieval from GSO sites
	 
	 
	 

	GSO-R43
	The GSO subsurface mooring sites shall be refurbished every [3-4] year(s).
	 
	 
	 

	GSO-R44
	The GSO surface mooring sites shall be refurbished and/or recovered and redeployed every [1] year(s).
	 
	 
	 

	GSO-R45
	The GSO sites shall be designed to operate through a [50-year storm] environmental condition. 
	 
	 
	 

	GSO-R46
	The GSO shall operate in less than [10] degree/s in pitch, roll, and yaw rates.
	 
	 
	 

	GSO-R47
	The GSO should permit retransmission of high priority data in situations when normal telemetry is interrupted.
	 
	 
	 

	GSO-R48
	The GSO shall be single fault tolerant.
	GSO-G24
	 
	 

	GSO-R49
	The GSO shall isolate faults automatically when errors are detected
	GSO-G25
	 
	 

	GSO-R50
	The GSO shall automatically execute shutdown procedures for instruments generating a fault
	GSO-G25
	 
	 

	GSO-R51
	The GSO shall shut down instruments in a defined manner prior to scheduled maintenance or anticipated interruptions.
	GSO-G25
	 
	Procedure to be defined & documented in a publicly-accessible document.

	GSO-R52
	The GSO shall notify affected parties of any interruption in services, whether anticipated or unanticipated, within [2] hours of the interruption.
	 
	 
	 

	GSO-R53
	The GSO operator shall flag data collected during periods of off-nominal operation to indicate RCO system state.
	 
	 
	 

	 
	 
	 
	 
	 

	
	GSO Requirements - OOI Interoperability

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G28
	Minimize impact of infrastructure generated interference on instruments 
	 
	 
	 

	GSO-G29
	Minimize interference between instruments
	 
	 
	 

	 
	Requirements
	 
	Verification Mechanism
	 

	GSO-R54
	The GSO platforms shall utilize the OOI standard instrument interface
	 
	 
	 

	GSO-R55
	The GSO Implementing Systems Engineer shall participate in Interface Control specification negotiation and documentation preparation.
	 
	 
	Includes responsiveness to System of Systems Engineering office

	GSO-R56
	Noise/interference caused by the GSO itself shall be specified and openly available to instrument designers.
	 
	 
	 

	GSO-R57
	The GSO shall comply with OOI data format standards 
	P-R7, P-R8
	 
	 

	GSO-R58
	The GSO shall comply with OOI metadata standards
	P-R7, P-R8
	 
	 

	GSO-R59
	All instruments connected to the GSO shall incorporate dynamic metadata storage
	P-R7, P-R8
	 
	Standards to be defined in Interface Control Document

	GSO-R60
	The GSO Implementing Organization shall provide at least one platform simulator with wet test capability for each type of platform
	P-R20
	 
	For instrument checkout prior to installation

	 
	 
	 
	 
	 

	
	GSO Requirements - Interoperability with Other Observatories

	Numbering
	Goals (Narrative)
	 Flowdown
	 
	Comments/ Rationale

	GSO-G30
	The GSO should contribute to a Pacific acoustic network
	 
	 
	 

	GSO-G31
	The GSO should enhance the BATS program
	 
	 
	 

	GSO-G32
	The GSO should share a common interface with shore-linked cabled systems.
	 
	 
	e.g. NEPTUNE

	GSO-G33
	The GSO should contribute to the OceanSITES project
	 
	 
	 

	 
	 
	 
	 
	 


Appendix

A. Science Traceability Matrices

A.1
Program Level
	Research Themes
	Science Objectives
	Measurement Objectives
	Measurement Requirements
	Spatial Scale(s) 
	Temporal Scale(s) 
	RCO Req.
	GSO Req.
	CSO Req.
	CI Req.
	Science Plan Page 
	Associated Req(s)

	Climate Variability, Ocean Food Webs, and Biogeochemical Cycles
	 
	Detect non-linear interactions within marine biosphere
	Long-term, in situ presence in oceans
	Coastal, Regional, Global
	 
	 
	 
	 
	 
	exec summary
	 

	
	 
	 
	Adaptive sampling in response to episodic events
	 
	Long-term
	Near-real-time telemetry of time-series data
	Near-real-time telemetry of time-series data
	Near-real-time telemetry of time-series data
	Near-real-time telemetry of time-series data
	exec summary
	 

	
	 
	Measure highly variable physical and biogeochemical properties
	Fixed-point time series
	meters to kilometers
	hours to decades
	 
	 
	 
	 
	exec summary
	 

	
	Understand the role of the ocean in storing anthropogenic carbon
	p(CO2) at air-sea interface, SST, wind speed, surface roughness
	 
	 
	 
	 
	 
	 
	 
	23
	 

	
	 
	Sample during episodic blooms
	high sampling rates
	sub-km
	multi-decadal time-series
	sufficient power to support physical and biogeochemical sensing systems
	 
	sufficient power to support physical and biogeochemical sensing systems
	 
	23
	 

	
	Magnitude and cause of recent sea-level rise
	ocean heat storage estimates
	 
	basin, open ocean
	 
	basin-scale acoustic thermometry
	water-column temperature and salinity at open ocean sites, especially at high latitudes
	 
	 
	27
	 

	
	Understand storm intensification to improve hurricane forecasting
	Direct measurement of heat-exchange coefficients and drag coefficients
	momentum, heat, and mass fluxes for high wind speeds (>20 m/s)
	 
	 
	 
	Location with severe storms (e.g. southern ocean), ability to withstand them
	Location with severe storms, ability to withstand them
	Near real time data in case instruments are lost/damaged during event
	29
	 

	
	Detect and measure the impact of large-scale oceanographic variability on climate to understand the magnitude of anthropogenic forcing
	Accurate measurement of basin-scale temperature; global estimation of long-term heat flux within a fraction of a W/m2
	basin-scale acoustic thermometry
	global
	 
	 
	acoustic thermometry measurements
	 
	 
	65
	 

	Coastal Ocean Dynamics and Ecosystems
	 
	Elucidate causes and effects of transient events (e.g. HABs and hypoxia)
	adaptive sampling in near real time
	 
	 
	 
	 
	 
	 
	exec summary
	 

	
	 
	Understand long-term changes in coastal ecosystems
	multiple parameters measured over long time series
	 
	Long-term, in situ presence 
	 
	 
	 
	 
	exec summary
	 

	
	Understand what processes determine the transport of carbon, nutrients, planktonic organisms, and other materials within the coastal ocean ecosystem
	Quantify and elucidate the transport of materials and organisms across the margin
	fine-scale shoreward currents
	km
	 
	 
	 
	Location across continental-margin ecosystems
	 
	31
	 

	
	
	Exchange of nutrients and particulates between seafloor and overlying waters
	 
	 
	 
	 
	 
	
	 
	31
	 

	
	Understand what conditions trigger occurrence of harmful algal blooms and regime changes in species composition of coastal ecosystems
	physiological, behavioral, and morphological characteristics of algae and interaction with oceanographic conditions
	direct sampling of climate and anthropogenic nutrient inputs prior to & during HAB 
	 
	sustained high frequency time series, synchronicity of measurements
	 
	 
	 
	 
	32
	 

	
	
	Improved forecast models of HABs
	Responsive ship, mooring, and AUV sampling programs triggered by real time measurements and models
	 
	synchronicity of measurements
	 
	 
	accommodation of AUVs, responsive sampling capability
	models which assimilate near-real time data
	32, 35
	 

	
	How climate change and human activities alter coastal ecosystems, habitats, and living marine resources
	Coastal productivity linkage to altered upwelling rates and source water
	sea-level rise, changing coastal wind regimes, ocean thermohaline circulation
	local, global
	 
	 
	 
	 
	 
	34
	 

	
	
	Coastal water hypoxia linkage to natural and anthropogenic causes
	nutrient input from coastal runoff, changes in nutrient content of off-shore waters; temperature, salinity, velocity, nutrient, phytoplankton and oxygen content through water column
	local, regional, global
	 
	 
	 
	 
	 
	34
	 

	
	
	Impact of anthropogenic CO2 on surface water acidification and ecosystem health
	micronutrient abundance, chemical speciation, bioavailability
	few meters vertically, hundreds of km across region
	long time series
	 
	 
	 
	 
	34
	 

	
	
	
	simultaneous observations of organism behaviors and response to environmental forcing
	 
	synchronicity of measurements
	 
	 
	 
	 
	34
	 

	Global and Plate-Scale Geodynamics
	 
	Redistribution of stress following large earthquakes
	adaptive measurements in response to event detection
	global, regional
	sustained time series over years
	Plate-scale observatory
	 
	 
	adaptive response to events
	exec summary
	 

	
	 
	How plate boundaries interact and deform
	 
	regional
	 
	Plate-scale observatory
	 
	 
	 
	exec summary
	 

	
	 
	Assess hazards from tectonic events to coastal populations
	 
	global, coastal
	sustained time series
	 
	 
	 
	near real time data
	exec summary
	 

	
	 
	Study episodic events such as earthquakes and volcanic eruptions
	dense networks of continuously recording sensors in geologically active areas on the sea floor
	 
	 
	Geologically active location
	 
	 
	 
	 
	 

	
	Understand core torsional oscillations, changes in core angular momentum, and accelerations of magnetic field
	magnetic field measurements
	 
	global
	decades
	 
	 
	 
	 
	 
	 

	
	Understanding Earth's geomagnetic field
	Global geomagnetic observatory
	 
	Spacing no more than 2,000 km apart
	 
	 
	Spacing no more than 2,000 km apart
	 
	 
	37
	 

	
	Pattern of convection in Earth's mantle and the origin and scale of mantle heterogeneity
	origin of "hot spot" volcanism
	seafloor seismic stations located in regions without islands
	 
	 
	 
	located in regions without islands
	 
	 
	38
	 

	
	Properties of Earth's core, the core-mantle boundary, and lowermost mantle
	origin of Ultra-low velocity zones
	stations is southern oceans and Atlantic ocean
	 
	 
	 
	stations in southern oceans and Atlantic ocean
	 
	 
	38, 40
	 

	
	
	imaging of deep Earth structure
	occupying 6-10 sites in southern ocean and equitorial Atlantic
	 
	 
	 
	locations in southern ocean and equitorial Atlantic
	 
	 
	 
	 

	
	Physics of earthquake nucleation and rupture propagation for different types of plate boundaries (subduction zones, transforms, spreading centers)
	Earthquakes at plate margins
	stations in immediate vicinity of ridge crests, subduction zones, and oceanic transforms
	plate scale
	decade+
	location near major plate boundary types
	 
	 
	 
	39, 41
	 

	
	
	Interactions among seismic activity, crustal deformation, and hydrogeologic processes
	Dense array of coincident seismic, geodetic, and other geophysical measurements on the sea floor
	sensor apertures of a few kilometers
	 
	dense arrays of sensors along plate boundaries
	 
	 
	 
	42
	 

	
	
	Megathrust events
	off-shore strain, tilt, vertical motion; fluid flow and fluid pressures in off-shore sediments, magnetic & electric field measurements, borehole temperature & pressure
	50-75 km, crossing the shelf slope
	long-term geophysical observations
	sensor arrays with ~10 broadband seismometers and strong-motion accelerometers, as well as other sensors across pate boundaries
	 
	 
	 
	39, 43
	 

	
	
	detection and location of small off-shore earthquakes to constrain depths and focal mechanisms of larger events
	seismometers and hydrophone arrays
	 
	 
	 
	seafloor seismic stations located in regions without islands
	 
	 
	39
	 

	
	
	Constrain mechanical processes associated with faulting and lithospheric deformation through understanding oceanic transform faults/ Physics of earthquake nucleation and rupture propagation at oceanic transform faults
	in situ seismic and geodetic recordings at seafloor observatory, combined with experimental rock mechanics data for materials present at oceanic transform
	 
	 
	 
	location near oceanic transform faults
	 
	 
	40
	 

	Turbulent Mixing and Biophysical Interactions
	 
	Variations in ocean mixing and ecosystems associated with interannual and regional or global changes in ocean circulation
	Sustained time-series measurements; multifrequency acoustic and chemical sensors, multiwavelength optical sensors, holographic and video/still photography
	molecular to hundreds of km
	Long-term, seconds to decades, responsive to episodic events
	high bandwidth, high power
	high bandwidth, high power
	high bandwidth, high power
	integration between length scales; interactive instrument control and adaptive sampling capability
	exec summary
	 

	
	 
	Study interactions between ocean-atmosphere during intense storms
	Location near intense storms
	 
	 
	 
	 
	 
	 
	exec summary
	 

	
	Role of vertical mixing in the ocean's interior in determining global distribution of heat and nutrients in the ocean
	Model basin-scale processes such as thermohaline circulation and smaller scale supply of nutrients from deep ocean to euphotic zone
	accurate representation of diapycnal (across density surfaces) eddy fluxes
	coastal, regional, global
	long term
	in situ measurements of turbulent mixing in different turbulence regimes
	in situ measurements of turbulent mixing in different turbulence regimes
	 
	multi-scale models
	44-45
	 

	
	
	
	larger scale flow fields
	global
	long term
	 
	 
	 
	multi-scale models
	44
	 

	
	
	Develop parameterizations of vertical mixing
	turbulent fluxes of momentum and water properties such as heat, salt, nutrients
	regional, global
	 
	 
	 
	 
	 
	45
	 

	
	Factors controlling the development of the mixed surface layer, entrainment of stratified waters into the mixed layer, and exchange of gases between mixed layer & atmosphere
	Processes responsible for wind mixing at base of mixed layer
	breaking waves, Langmuir circulation
	 
	several seasons and years
	 
	Southern Ocean considered critical
	 
	 
	45
	 

	
	
	relative importance of storms in seasonal transfer of heat from mixed layer to atmosphere
	 
	 
	
	 
	Southern Ocean considered critical
	 
	 
	46
	 

	
	
	relative importance of wind-driven turbulence, large eddies, or shear in entrainment of stratified water
	 
	 
	
	 
	Southern Ocean considered critical
	 
	 
	46
	 

	
	Roles of vertical and horizontal mixing in determining plankton community structure in upper ocean
	Measure vertical distribution of biota, turbulence, and physical properties (velocity, temperature, salinity, density)
	simultaneous, continuous; biosensors with high-frequency sampling
	cabled
	small scale
	high power and bandwidth
	 
	 
	adaptive sampling 
	46
	 

	
	Effect of near-bottom turbulent events on benthic community
	structure and variability of the turbulent bottom boundary layer and seafloor substrate type
	turbulence, currents, water column geological, geochemical, and biological sensors, optical sensors
	coastal, regional
	continuous, decades
	 
	 
	 
	 
	49
	 

	
	
	Role of episodic events
	continuous, long-term recording with two-way communication and adaptive sampling
	coastal, regional
	continuous, several years
	2 way communication, adaptive sampling
	 
	2 way communication, adaptive sampling
	2 way communication, adaptive sampling, interactive control of instruments
	49
	 

	
	
	Biophysical interactions; De-alias horizontal variability in underlying fields of observations made at a single site
	AUVs, satellite nodes
	volume of ocean around a node
	 
	docking infrastructure for AUVs, support of satellite nodes
	 
	 
	 
	50
	 

	Fluid-Rock Interactions and the Sub-Seafloor Biosphere
	 
	Observe and sample transient events (earthquakes, volcanic eruptions, massive slope failures) to determine their effect on fluid-rock interactions
	 
	 
	 
	 
	 
	 
	 
	exec summary
	 

	
	 
	Understand linkages and feedback mechanisms among geological, chemical, and biological processes within dynamic environments
	long-term, in situ observation with multiple sensors
	 
	 
	 
	 
	 
	 
	exec summary
	 

	
	Extent, abundance, distribution, and diversity of sub-seafloor biosphere
	Microbiological communities near carbonate vent systems
	 
	 
	episodic events
	location near carbonate vent systems
	 
	 
	event detection, adaptive sampling
	52
	 

	
	
	Scale and extent of microbial activity in producing and consuming methane
	measurements near methane gas hydrates or microbial communities, observation of venting episodes
	 
	episodic events
	location near continental margin/methane gas hydrates
	 
	 
	event detection, adaptive sampling
	52
	 

	
	Variation in submarine hydrothermal systems and their associated biological communities
	Origin of bacterial blooms
	in situ measurements of diking/eruptive events from sensors and mobile platforms in area of vent 
	 
	over decades at fast-spreading ridges
	 
	 
	 
	event detection
	53
	 

	
	
	Understanding of how hydrothermal fluids and the microbial macrofauna living in and around vents vary in absence of major magmatic or tectonic events
	long-term, in situ observation near vents with camera systems and chemical sensors (variation in hydrothermal flow rates, temperature, chemical composition, microbial/macrofaunal activity)
	immediate proximity to hydrothermal vents
	seconds to decades
	immediate proximity to hydrothermal vents, support for mobile platforms
	 
	 
	event detection
	53
	 

	
	Formation and destabilization of gas hydrates, and their role in catastrophic slope failure
	Understand the processes controlling the formation and destabilization of gas hydrates
	Track changes in gas hydrate content in sediment, thermal conditions, sediment deformation
	RCO, global buoys
	 
	proximity to gas hydrates
	 
	 
	 
	54
	 

	
	
	Evaluate the potential effect of rising ocean temperature on slope stability in hydrate areas and potential for release of methane into atmosphere
	In situ perturbation experiments (e.g., placing heating elements in a borehole to measure response of hydrate and sediments to disassociation of the hydrate, tracer testing)
	 
	 
	location near boreholes and gas hydrates, support for perturbation experiments, coordination with IODP program
	 
	 
	real-time experimental control and data access
	54, 56
	 

	Modeling and Data Assimilation
	 
	Provide reliable predictions of processes operating in the ocean or on the sea floor
	Development of modeling and simulation capabilities that use real-time data to test and refine those models
	 
	 
	 
	 
	 
	Simulation capabilities using real-time data
	exec summary
	 

	
	Advance ability of IOOS to predict future ocean conditions
	 
	 
	 
	 
	 
	 
	 
	interoperability with IOOS
	58
	 

	
	Evaluate observing scenarios and simulate end-to-end data flow to formulate hypotheses to be tested in focused experiments
	Explore natural scales of variability emerging from an instability to determine spatial and temporal scales need to resolve science objectives
	model development
	 
	 
	 
	 
	 
	multi-scale models
	58
	 

	
	
	Make informed cost-benefit analyses to direct observatory resources
	OSSEs or other prognostic models
	 
	 
	 
	 
	 
	 
	58
	 

	
	Extend observations
	supplement and extend observatory data with models
	data assimilation models (statistical or dynamical)
	 
	 
	 
	 
	 
	 
	58
	 

	
	
	quantitatively convey multi-scale information among observatory components
	Multi-scale models
	global to regional to coastal and back to global
	 
	 
	 
	 
	integrated cyberinfrastructure for all observatory components
	58
	 

	
	Nowcasting capability
	Real-time analysis of the ocean's present state
	four-dimensional models
	 
	 
	 
	 
	 
	organized, integrated view of multiple data sets from all observatory components, real time
	60
	 

	
	Forecasting capability
	Improved forecast models
	data mining, improved models and procedures
	 
	 
	 
	 
	 
	interoperability with IOOS
	61
	 

	Interaction Between Science and Technology in Ocean Observatories
	Understanding the design and implementation of remote, reliable, self-controlling undersea hardware
	 
	 
	 
	 
	Build to support an ever-changing suite of remote sensors, providing power, communications, and accurate time. Chemical sensors require higher power than available with AUV. AUV to modem for communication and data transmission to increase sampling region.  Biology samplers for collection, concentration, chemical analyses, storage, including with camera
	"Cyberinfrastructural glue" to seamlessly bind sensors and actuators, undersea infrastructural systems, data servers and archives, and human or machine end users. Real-time data flow, infrastructure control, ability to deal with diverse data types and distributed data sources; autonomous management of infrastructure; on-going refinement throughout life cycle
	62
	 

	
	Developing cyberinfrastructure necessary to manage sensors, data, and physical infrastructure
	 
	 
	 
	 
	
	
	62
	 

	
	Development of mobile platforms necessary to extend ocean observatories from point to areal coverage
	 
	 
	 
	 
	
	
	62
	 

	
	Driving design of new sensors required to answer evolving science questions
	 
	Long-term sensor stability, in situ calibration
	 
	 
	
	
	62
	 

	
	Direct spatial sampling of ocean volume near observatory
	Extension of sampling through use of mobile platforms
	 
	 
	 
	docking infrastructure for AUVs, connectionless communication system
	adaptive sampling, event detection
	63
	 


A.2
Regional Cabled Observatory

	OOI Research Theme
	RCO Science Objective
	Measurement Objective
	Measurement Req.
	Instruments Req.
	Spatial Scale(s)
	Temporal Scale(s) 
	RCO Node Location Req.
	RCO Power Req.
	RCO Comm Req.
	RCO Interface Req.
	CI Req.
	Ref.
	Associated Req(s)

	Climate Variability, Ocean Food Webs, and Biogeochemical Cycles
	Oceanic Physical and Biogeochemical Processes
	Advance knowledge of ocean turbulence, ocean dynamics and climate studies, and assess impact on embedded marine communities
	long-term measurements of simultaneous physical, chemical, and biological parameters
	acoustic and optical imaging, precision timing, physical sensors, others
	through water column
	time series, long-term
	 
	high
	high bandwidth
	 
	precision timing, adaptive sampling, 2-way communication
	CND, p. 9
	 

	
	Biogeochemical Cycles and the Benthic Community
	Examine coupling of pelagic and benthic processes in the biological pump
	 
	 
	 
	long-term, high temporal resolution, hours-years
	NE Pacific across continental margin
	 
	 
	 
	real-time interactive capability
	CND, p.9-10
	 

	
	Heat and Chemical Fluxes
	Evolution of hydrothermal systems and their contribution to chemical and thermal budgets of the oceans
	volume and heat flux from hydrothermal vents
	 
	 
	 
	 
	 
	 
	 
	 
	CND, p. 11
	 

	
	
	Understand linkages between hydrothermal flow to oceanographic tides and currents, geological-geophysical processes, and biological events
	Monitor hydrothermal plume properties and partitioning between plume and diffuse flow ("integrated acoustic imaging and scintillation experiment")
	volume and heat fluxes, bending, entrainment, particle distribution, turbulence
	individual vent cluster
	hours to years
	Endeavour segment
	 
	 
	 
	 
	CND, p. 11
	 

	
	Regional-scale sustained observations for climate
	Determine the mean and varying budgets of heat, salt, and biogeochemical variables in a 3D volume encompassing the continental shelf and extending to deep waters beyond the continental slope
	 
	temperature and velocity fields over regional domain, possibly via ocean acoustic tomography
	 
	 
	 
	 
	 
	 
	synoptic measurements
	RECONN, p. 43
	 

	
	
	Provide a data set highly resolved in time and space over long enough time scales for constraining and evaluating coupled models
	 
	
	 
	long-term
	 
	 
	 
	 
	
	RECONN, p. 44
	 

	
	High-resolution study of ocean mixing
	Estimate contribution of each type of site to small-scale mixing along oceanic margins
	topography/mixing experiments
	
	 
	 
	ridge crest, transform fault, steep continental slope, in a canyon, over severely rough topography on Gorda plate
	 
	 
	 
	
	RECONN, p. 44
	 

	
	Carbon budget control volume
	Determine in & out-flows of carbon through control volume
	three East-West lines of water-column moorings from shelf to ridge (# moorings/line TBD), and one N-S line of moorings off-shore near base of continental slope
	
	 
	 
	 
	 
	 
	 
	
	RECONN, p. 44-45
	 

	Coastal Ocean Dynamics and Ecosystems (Ecosystem Dynamics)
	How marine ecosystems vary through time and respond to environmental and biological variation
	Degree of variation in benthic community rate processes, particularly carbon uptake and remineralization, in response to variation on spatial/temporal scales
	community oxygen consumption, elemental fluxes in and out of sediment coupled with megafaunal diversity, abundance, and activity and oceanographic parameters
	oxygen sensors, camera systems
	multiple
	multiple
	seafloor
	 
	 
	 
	 
	RECONN, p. 34-35
	 

	
	
	Broaden understanding of abundance, movements, and behavior of major bentho-pelagic fishes
	same measurements at multiple sites
	optical and acoustic imaging and tracking techniques
	 
	cyclic features & episodic events
	multiple sites
	 
	 
	 
	 
	RECONN, p. 34-35
	 

	
	
	Track key physical processes and monitor plankton community succession and biologically-driven changes
	 
	 
	 
	events & multi-year
	continental shelf and slope
	 
	 
	 
	 
	RECONN, p. 35
	 

	
	
	Coupling of seafloor processes to upper water column events
	export flux of organic debris toward seafloor
	 
	 
	 
	 
	 
	 
	 
	event detection, adaptive sampling
	RECONN, p. 35
	 

	
	
	Temporal variation in sediment transport and role of sedimentary fauna in the process
	 
	 
	 
	across seasons
	shelf
	 
	 
	 
	 
	RECONN, p. 36
	 

	
	
	Determine whether bioturbators contribute to HABs
	cysts and pollutant monitoring
	 
	 
	 
	shelf
	 
	 
	 
	 
	RECONN, p. 36
	 

	
	
	Role of episodic events in diversity maintenance in slope regions
	 
	physical sensors (CTD, current meters, fluorometers, turbidity sensors) and biological instruments (cameras, benthic rovers for rate measurements, optical and acoustic arrays)
	 
	 
	slope
	 
	 
	support for benthic rovers
	 
	RECONN, p. 36
	 

	
	
	Role that sediment fauna play in cycling of nutrients, stabilizing of sediments, and mobilizing of pollutants and pathogens
	particle flux to the benthos, sediment nutrient efflux,  bioturbation, and pollutant mobilization rates
	 
	 
	continuous
	slope, with high priority on shelf break and upper slope
	 
	 
	 
	 
	RECONN, p. 36
	 

	
	
	Dynamics of abyssal communities and linkages to various scales of upper-ocean variability
	benthic and bentho-pelagic oceanographic parameters, energy flux, biological parameters
	currents, temperature, pressure, oxygen, suspended sediment, organic carbon input, moored and mobile cameras, sediment community oxygen consumption, carbon remineralization and nutrient fluxes, DNA/PCR processors, sediment sampling and preservation tools
	 
	 
	 
	 
	 
	 
	 
	RECONN, p. 37
	 

	
	
	Nektonic animals inhabiting abyssal bentho-pelagic zones
	 
	acoustic arrays, mounted on vertical profilers capable of excursions of 100s of meters above seabed, acoustic tagging
	 
	 
	 
	 
	 
	 
	 
	RECONN, p. 37
	 

	
	
	Factors influencing the colonization, recruitment, growth, and productivity of major seamount faunas
	coupling between physical and biological processes on seamounts
	camera systems, currents et al, experimental manipulations
	 
	 
	 
	 
	 
	support for manipulators (mobile platforms)
	interactive instrument control for adaptive sampling
	RECONN, p. 38
	 

	
	
	Effects of elevated CO2/reduced pH on benthic and bentho-pelagic populations and communities
	experimental manipulations like Free-Air CO2 Enrichment studies
	 
	 
	 
	 
	 
	 
	 
	 
	RECONN, p. 38
	 

	
	
	Vent ecosystem dynamics
	 
	active hydrothermal vent system
	 
	continuous
	Endeavour segment
	 
	 
	 
	 
	RECONN, p. 38
	 

	
	
	Methane seep communities; chemosynthetic metazoan community patterns and processes
	tectonic compression, fluid expulsion, hydrate formation and degassing, microbial mediation of biogeochemically important fluxes
	 
	 
	 
	Hydrate ridge (tectonic compression)
	 
	 
	 
	 
	RECONN, p. 38
	 

	
	
	Coupling between planktonic community structure and dynamics in the epipelagic
	instrument spacing commensurate with oceanographic scales, monitoring through seasonal shifts; propose nested regional observatory with basic & 'super' sites
	physical sensors, acoustic arrays, cameras, and new sensors under development such as MBARI environmental sample processor
	Rossby radius of deformation (5-30 km)
	hours to years
	across shelf and shelf break, in deep waters of the Central North Pacific gyre, and across WWD
	 
	 
	AUV docking support
	 
	RECONN, p. 38
	 

	Global and Plate-Scale Geodynamics
	Seismic Activity and Stress Propagation
	Understand inter-linked and temporally variable processes across the plate
	radiated energy over full seismic spectrum
	 
	 
	 
	tectonic plate with known boundary conditions
	 
	 
	 
	 
	CND, p. 10
	 

	
	
	Structure and evolution of the lithosphere-asthenosphere system
	image deep and shallow structure accompanying plate formation, evolution, and subduction
	plate-scale seismic array
	plate scale, with even distribution of sites
	 
	 
	 
	 
	 
	 
	CND, p. 10
	 

	
	Crustal Hydrology-Geobiology-Plate Scale Strain
	hydrological connectivity of the oceanic crust and crust strain at plate scale
	access to sub-seafloor via sealed boreholes and cable
	pressure transients
	
	 
	near CORK boreholes
	interface w/ IODP CORK sites
	interface w/ IODP CORK sites
	interface w/ IODP CORK sites
	interface w/ IODP CORK sites
	CND, p. 10
	 

	
	Ridge-transform Interaction: the Blanco Transform Fault
	Separate effects of geological heterogeneity from stress-state
	seismicity, deformation, and fault-zone fluid discharge over multiple earthquake cycles
	 
	 
	continuous
	Blanco transform fault (requires multiple earthquakes over 30 year lifetime)
	 
	 
	 
	 
	CND, p. 11
	 

	
	
	Characterize pre-earthquake process, and interaction between transform faults and hydrothermal vent systems
	fluid flow, aseismic slip prior to earthquake, thermal variations at hydrothermal vents
	 
	 
	continuous
	Blanco transform fault (requires multiple earthquakes over 30 year lifetime) and Cleft Ridge
	 
	 
	 
	 
	CND, p. 11
	 

	
	Subduction Zone Seismic and Studies
	Correlations between forearc basin structure and co-seismic rupture area in other subduction zones
	fault creep and micro-seismicity measurements
	 
	 
	 
	 
	 
	 
	 
	 
	CND, p. 12
	 

	
	
	Determine the updip extent of the seismogenic zone
	monitor strain accumulation and release to resolve extent of the locked zone, rate of strain accumulation, and physical mechanisms controlling locking & release
	off-shore network of seismic and geodetic stations
	 
	 
	Cascadia
	 
	 
	 
	 
	CND, p. 12
	 

	
	Understanding the dynamics of the lithosphere/ asthenosphere system at the plate scale
	Pattern of mantle flow at plate scale
	seismological and geophysical sensor array
	 
	plate scale
	 
	 
	 
	 
	 
	 
	RECONN p. 13
	 

	
	Understanding earthquake faulting and rupture at plate boundaries
	Knowledge of nucleation and rupture processes of earthquakes at faults in the oceans and along their margins
	stations in immediate vicinity of ridge crests, subduction zones and oceanic transforms
	 
	 
	 
	vicinity of ridge crests, subduction zones, and oceanic transforms
	 
	 
	 
	 
	RECONN p. 13, OOI Science plan p. 41
	 

	
	
	Characterize seismicity associated with individual dike extension events along ridge system
	dense concentration of instruments
	 
	30-50 km spacing on either side of spreading center
	 
	ridge location
	 
	 
	 
	 
	RECONN p. 14
	 

	
	
	
	seismicity in summit region surrounding caldera
	12+ seismometers spaced 2-3 km apart [short-period 3-component seismometers and broadband], acoustic geodetic sensors [vert. deformation & tilt], tilt meters, absolute pressure gauges, absolute gravity meters
	 
	 
	Axial Seamount
	 
	 
	 
	 
	RECONN p. 16
	 

	
	
	
	characterize earthquake swarms associated with diking events
	short period seismometers 2-3 km apart on each side of rift zone OR more broadly distributed network; array of acoustic strain meters covering summit and rift zones
	 
	 
	
	 
	 
	 
	 
	RECONN p. 16
	 

	
	
	Characterize recently changed plate boundaries
	site with recent change in plate boundaries
	small seismic network
	 
	 
	Middle Valley
	 
	 
	 
	 
	RECONN p. 17
	 

	
	
	Interactions among seismic activity, crustal deformation, and hydrogeologic processes
	high resolution array
	 
	array apertures ~ few km
	 
	Endeavor segment, Axial Seamount, Cleft Segment, Middle Valley
	 
	 
	 
	 
	RECONN p. 16
	 

	
	
	Quantitatively investigate the interaction between rock type, thermal structure, and hydrothermal alteration
	 
	 
	 
	 
	Oceanic transform fault
	 
	 
	 
	 
	RECONN p. 18
	 

	
	
	Observe a transform fault through an entire large earthquake cycle
	depth range of background seismicity, rupture area, propagation velocity of large earthquakes, region of fault slipping aseismically
	minimum of 8 broadband and strong motion seismometers, geodetic systems, minimum 2 acoustic GPS sites on both sides of fault and direct-path ranging system
	seismometer spacing <10 km on top of and away from the fault
	 
	Blanco Transform Fault
	 
	 
	 
	 
	RECONN p. 18
	 

	
	
	Contrast with ridge-crest experiments
	cross-ridge seismic, magnetotelluric and geodetic array on plate boundary region with no recent evidence of spreading
	 
	 
	 
	cross-ridge at non-spreading location
	 
	 
	 
	 
	RECONN p. 14
	 

	
	
	Observation of megathrust events; constraints on the updip limit of the locked zone on length of rupture zone (tsunami relevance)
	off-shore observations, long-term monitoring of seafloor seismicity and hydrothermal alteration
	~10 broadband seismometers, strong-motion accelerometers, geodetic sensors (vertical uplift & tilt), fluid flow & pore pressure sensors, magnetic & electric field sensors, borehole temperature and pressure, fluid monitoring and sampling
	50-75 km long transect crossing shelf slope
	long-term observation
	off-shore location at plate boundary
	 
	 
	 
	 
	RECONN p. 13, 17
	 

	
	
	
	Complement existing and planned IODP boreholes
	
	
	 
	off southern Vancouver Island & Hydrate Ridge
	 
	 
	 
	 
	RECONN p. 17
	 

	
	
	
	Address differences in accretionary wedge structure along Cascadia margin
	
	
	 
	off Washington state
	 
	 
	 
	 
	RECONN p. 17
	 

	
	
	
	Effect of shaking on fluid processes in the prism (requires frequent strong shaking)
	
	
	few years
	Nootka transform fault
	 
	 
	 
	 
	RECONN p. 17
	 

	
	
	Understanding processes that control spatial and temporal variations in the generation of oceanic lithosphere
	temporal and spatial pattern of seismicity and crustal deformation (seismic & geodetic monitoring)
	 
	plate scale
	long-term
	 
	 
	 
	 
	 
	RECONN p. 13, 15
	 

	
	Understanding mechanisms of intraplate deformation and plate boundary interaction
	Understand balance of forces acting on a plate
	seismicity and deformation measurements across an entire plate
	 
	plate scale
	 
	 
	 
	 
	 
	 
	RECONN, p. 14
	 

	
	
	Understand temporal effects of far field stress changes to determine if stress transfer occurs on large scales
	seismicity, synchronicity of measurements
	 
	plate scale
	long-term record
	 
	 
	 
	 
	 
	RECONN, p. 14
	 

	
	
	Study suite of structures accommodating deformation and interaction and stress transfer between plate boundaries
	region with rapidly varying stress states
	broad seismic and geodetic network
	spacing of ~20 km
	 
	Mendocino Triple Junction Region (SE corner of Gorda plate)
	 
	 
	 
	 
	RECONN, p. 18
	 

	
	Understanding magma-tectonic-hydrothermal-biological interactions at plate boundaries
	Correlation/mechanism between volcanic intrusion-spreading events, earthquakes, and fluid flow carrying microbial blooms
	simultaneous time-series measurements at plate boundaries 
	 
	 
	 
	ridge
	 
	 
	 
	 
	RECONN, p. 14
	 

	
	
	Correlation/mechanism between earthquakes and fluid expulsion producing gas hydrate
	simultaneous time-series measurements at plate boundaries 
	 
	 
	 
	subduction zone
	 
	 
	 
	 
	RECONN, p. 14
	 

	
	
	Characterize future tectonic and volcanic events and how they impact hydrothermal systems and biological communities
	accurate locations & focal mechanisms for small earthquakes
	12+ seismometers spaced 2-3 km apart [short-period 3-component seismometers and broadband], acoustic geodetic sensors, tilt meters, absolute pressure gauges, absolute gravity meters
	10-15 km long segment
	 
	Endeavor Segment
	 
	 
	 
	 
	RECONN p. 16
	 

	
	
	
	fluid and magma movement in sub-seafloor
	magnetotelluric instruments
	
	 
	
	 
	 
	 
	 
	RECONN p. 16
	 

	
	
	
	Continue long-term geodetic experiments from RIDGE program and support hydrothermal observations
	geodetic sensors, seismic network
	 
	 
	Cleft Segment
	 
	 
	 
	 
	RECONN p. 17
	 

	
	
	
	Complement hydrological observations in existing drill holes penetrating hydrothermal system
	small seismic network
	 
	 
	Middle Valley
	 
	 
	 
	 
	RECONN p. 17
	 

	Turbulent Mixing and Biophysical Interactions
	Plankton community structure
	Determine if turbulence is an important determinant of plankton community structure, and whether its effects are the result of differences in average turbulence level or extremes during storms
	simultaneous, time-series measurements at multiple sites of plankton composition and behavior, along with turbulence
	EOM trees for water column measurements with subsurface float measuring @ 100-200m (CTD, oxygen, ADCP, acoustic sensors), profiler (CTD, oxygen, IOP, experimental sensors) mobile traveler for profiles (CTD, ACM, oxygen sensor, compact optical package for particulate load), and bottom mounted package (CTD, optical backscatter sensor, ADCP, inverted echo sounder, horizontal electrometer, acoustic doppler velociometer) on ALL bottom nodes in RCO
	 
	 
	2 or more sites with differing biogeographical provinces [Northern Array, Central Array]
	 
	high bandwidth
	docking stations for AUVs
	 
	RECONN p. 27, 31
	 

	
	
	Determine which spatial and temporal scales of turbulence are of relevance
	 
	
	 
	sufficiently frequent to detect storms, long enough to observe climatic oscillations
	 
	 
	 
	 
	 
	RECONN p. 27
	 

	
	Formation, dissolution, and export of marine snow
	Determination of the formation/dissolution threshold level of turbulence and relevant time scale determining net escape
	turbulence level and marine snow aggregate presence over short & long time scales
	
	 
	episodic events, and diurnal/seasonal variation
	 
	 
	 
	 
	 
	RECONN p. 27
	 

	
	Ecosystem effects of atmospheric variability on ENSO/decadal time scales
	Mechanistic connections between variation of marine ecosystems and ENSO/PDO variability (test hypothesis that missing link is modulation of upper ocean turbulence by changes in atmospheric driving forces)
	quantitative assessment of upper ocean turbulence levels and impact on composition, vertical structure, and dynamics of major ecosystem components
	
	spanning a gyre boundary
	several years to decades
	Northern array Sites 1 & 2, Central Array, Southern Array
	 
	 
	 
	synchronicity of measurements
	RECONN p. 28-29
	 

	
	Benthic community structure
	Observations of the structure and variability of the turbulent bottom boundary layer (temporal variability & reason for changes in net export)
	measurement during episodic turbulent "mega-events"
	
	span shelf/slope transition
	 
	multiple locations spanning shelf/slope transition [Northern Array Sites 3-6, Central Array]
	 
	 
	 
	 
	RECONN p. 28
	 

	
	
	
	net export of organic material from continental shelves
	
	
	 
	
	 
	 
	 
	 
	RECONN p. 28
	 

	
	Tidally Driven Mixing
	Assess modulation of tidal and flow interactions with topography over long time periods
	orientation of site which maximizes tidal flow/topography interactions
	
	 
	 
	Mendocino Escarpment and Blanco Fault
	x
	x
	 
	 
	 
	 

	Fluid-Rock Interactions and the Sub-Seafloor Biosphere
	Crustal Formation and Life
	Measure major tectonic and volcanic events that create ocean crust and modulate fluxes across seafloor and biological communities
	sites with high probability for tectonic or magmatic activity, stress changes in far field, effect on hydrothermal systems
	 
	 
	long-term for episodic events
	site with high probability for tectonic or magmatic events
	 
	 
	 
	 
	CND, p. 11
	 

	
	
	Progressive changes in hydrothermal systems and biological communities between major events
	seafloor observatories
	 
	 
	sustained
	 
	 
	 
	 
	 
	CND, p. 11
	 

	
	
	Understand factors controlling biological succession, community evolution, and activity
	controlled experiments with introduction and monitoring of tracer chemicals
	 
	 
	 
	 
	high
	high bandwidth
	 
	 
	CND, p. 11
	 

	
	Understanding Gas Hydrate Formation
	Understand gas hydrate processes as a function of lithology, stratigraphy, and structure
	define temporal evolution of the system, determine material fluxes from earth into the ocean and understand biogeochemical coupling associated with gas hydrate formation and destruction
	 
	 
	 
	Hydrate Ridge & northern Cascadia margin
	 
	 
	 
	 
	CND, p. 12
	 

	
	Understanding crustal formation and life: spreading centers and intense flow
	Determine the spatial scales at which geological, chemical, and biological processes are linked and how they vary through time through sustained observations at well-characterized sites
	area with high magmatic flux, hydrothermal activity, and elevated ridge topography
	basic seismic array, in situ chemical sensors (H, resistivity, pH, CO2, CH4, Eh, H2S) and fluid-microbiological samplers (TBD), quantitative gas analysis (chromatographs and Raman), high-definition video and still cameras, current and flow sensors, pressure sensors
	 
	 
	Cleft Segment
	 
	high bandwidth
	 
	 
	RECONN p. 20-21
	 

	
	
	
	volcanically and hydrothermally active region with well-developed magma chamber and calderas
	
	 
	 
	Axial Seamount
	 
	 
	 
	 
	RECONN p. 20-21
	 

	
	
	
	Seismically and hydrothermally active site with dense and diverse macrofaunal community
	
	 
	 
	Endeavour Segment
	 
	 
	 
	 
	RECONN p. 20-21
	 

	
	
	
	Sediment-covered spreading center
	
	 
	 
	Middle Valley
	 
	 
	 
	 
	RECONN p. 20-21
	 

	
	Understanding crustal aging and life: the ridge flank and mid-plate
	Understand nature of subseafloor fluid flow systems
	long-term histories of in situ measurements
	T, P, fluid chemistry, microbiology
	plate scale
	 
	 
	 
	 
	 
	 
	RECONN p. 21
	 

	
	
	Resolve first-order questions of crustal hydrogeology and evolution through leveraging existing data sets
	well-characterized site with extensive survey information, drilling cores, and long-term experiments
	 
	 
	 
	JdF plate, near IODP sites
	 
	 
	coordination with IODP
	 
	RECONN p. 23
	 

	
	
	Time-series analysis of biological communities and formation fluids
	system monitoring and manipulation including temperature and pressure control
	interactive temperature and pressure controls
	 
	long-term (years)
	near IODP sites
	compatibility with IODP
	compatibility with IODP
	compatibility with IODP
	compatibility with IODP
	RECONN p. 23
	 

	
	Understanding crustal destruction and life: subduction/accretionary complexes
	Role of fluids in convergent margin processes
	combining data from spatially distributed surveys spanning entire margin with detailed process observations
	flux meters collocated with shallow drive-point well penetrating few meters into seafloor, monitors for pressure and temp, chemical species sensors
	 
	 
	multiple sites on Cascadia convergent margin
	 
	 
	 
	 
	RECONN p. 23
	 

	
	
	How subsurface microbial activities in locations without large hydrate deposits contrast with those in hydrate provinces
	series of closely spaced boreholes, 
	instruments designed to probe how upward fluid flow and subsurface microbial activity  control hydrate concentrations
	 
	 
	multiple, closely spaced boreholes near & far from hydrates
	 
	 
	 
	 
	RECONN p. 23
	?

	
	
	Determine whether pore pressure affects updip limit of seismogenic behavior
	transect of boreholes and seafloor instruments from trench to seismogenic zone
	hydrologic monitoring & geophysical monitoring
	 
	 
	Hydrate ridge, barkley canyon, vancouver island margin?
	 
	 
	 
	 
	RECONN p. 23
	?

	
	Understanding major plate discontinuities and life: transform faults
	Effects of lithologic variability on fluid flow and biological populations in seismically active areas
	seismically active location with extensive faulting and exposed deep crustal rocks
	 
	 
	 
	transform faults (Nootka, Blanco,..)
	 
	 
	 
	 
	RECONN p. 24
	 

	
	
	Consequences of faulting, and the transmission and storage properties and nature of fluid transport within fractured aquifer
	site with hydrology confined by sediments; coordinated seismological, dynamic, and hydrological observations
	instrumented boreholes
	20 km fault zone
	 
	Nootka transform fault
	 
	 
	coordination with existing and planned boreholes, other arrays at Endeavour segment and Middle Valley
	event detection for adaptive sampling
	RECONN p. 24
	 

	
	
	Relationships among faulting and serpentinization of mantle rocks, associated fluid flow, and geobiological processes
	site with exposed deep crustal rocks and hydrothermal activity
	CO2, CH4, and H2 sensors, seismometers, microbiological samplers
	 
	 
	Blanco Fracture Zones
	 
	 
	 
	 
	RECONN p. 25
	 

	
	Microbial Analyses
	Extent and magnitude of postulated subseafloor biosphere and its role in Earth's net primary productivity
	in situ remote and autonomous characterization and quantification of microbial communities (TBD)
	TBD sensors
	 
	 
	 
	 
	 
	 
	 
	RECONN p. 25
	 

	
	
	
	Samples from active seafloor environments
	AUVs
	 
	 
	 
	 
	 
	docking stations for AUVs
	 
	RECONN p. 25
	 

	
	
	Constrain and quantify geologic and hydrologic processes
	Coupled geological, physical, chemical, and biological measurements
	currents, conductivity, temperature, water-column chemistry, seismicity, crustal fluid and chemical fluxes, pressure
	 
	 
	 
	 
	 
	synchronicity of measurements
	 
	RECONN p. 25
	 

	
	
	Accommodate fundamental microbial measurements and sensors being developed
	 
	biogeochemical sensors, sensors being developed for community structure and variability, primary and secondary productivity, specific geochemical cycling, gene expression
	 
	 
	 
	 
	 
	synchronicity of measurements
	interactive control of instruments to allow perturbation experiments
	RECONN p. 26
	 


A.3
Coastal Scale Observatory

	OOI Research Theme
	CSO Science Objective
	Measurement Objective
	Measurement Req.
	Instrument Req.
	Spatial Scale(s) 
	Temporal Scale(s) 
	CSO Location Req.
	CSO Power Req.
	CSO Comm Req.
	CSO Interface Req.
	CI Req.
	Ref.
	Associated Req(s)

	Climate Variability, Ocean Food Webs, and Biogeochemical Cycles
	What is the contribution of coastal processes to the global carbon budget and biological productivity?
	Determine nutrient cycling, impact and sink of anthropogenic CO2. Determine the impact of physical processes, including episodic events, on above.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Capabilities AppenC,pg2    D&I Rep, pg7-8
	 

	
	What is the impact on physical processes and ecosystems from large-scale climatic patterns and forcing, including episodic events ,in the coastal zones?'
	Understand differences in mixing between deep and coastal waters.  Impact on coastal waters on intrusions of waters from other regions.  Impacts of storms on sediment transport, blooms, biogeochemistry, benthic mixing, beach erosion.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Capabilities AppenC,pg2   D&I Rep. pg 9-10               CoOP#8, p43-44
	 

	Coastal Ocean Dynamics and Ecosystems
	 What conditions trigger harmful algae blooms and regime changes in species composition of coastal ecosystems?
	Identify the source of nutrients (natural, anthropogenic), the climatological and local impacts in terms of physical forcing that result in HAB, including in terms of physiological, behavioral, and morphological properties of algae.
	Episodic events
	Velocity, including up to shoreline Temperature, salinity, nutrient content, phytoplankton sampler,  fluorometer, dissolved O2, optical properties, Genome, immuno-sensors, wave buoys, flow meters, side-scan sonar, seismicity, bathymetry
	vertical - few meters, horizontally-hundreds km
	Long time series
	Mid Atlantic Bight. 5 years - wide shelf, equatorward current from north, shelf-front slope, river discharge, eddy influence.  West Coast.  
	 
	Observatory, models, ship, other moorings, gliders, AUV for event sampling. Adaptive sampling.  Data transmission
	Interface some moorings and towers with RCO.
	 
	Science Plan, pg 32-35
	 

	
	What processes determine transport of carbon, nutrients, organisms, etc within coastal ecosystem?
	Quantify the transport of materials and organisms across coastal margins.  Identify source of nutrients either from water column, river discharge (natural or anthropogenic), seafloor permeability.  Quantify transport of larvae and life-cycle 
	Seafloor to surface, slope to shelf, differentiate cyanobacteria from dinoflagellates
	Velocity, including up to shoreline Temperature, salinity, nutrient content, biological sampler, fluorometer, optical properties, trace elements, sediments
	vertical - few meters, horizontally-hundreds km
	 
	Mid Atlantic Bight.    West Coast-narrow shelf,upwelling, freshwater discharge, climate forcing on coastal ecosystems
	 
	 
	 
	 
	Science Plan, p 31-32      D&I Rep, pg 2-25      
	 

	
	How will climate change and human activities alter coastal ecosystems, habitats, and living marine resources?
	What is the impact of anthropogenic release of nutrients and contaminants, changes of freshwater discharge, overfishing on coastal geobiochemical properties?  What is relation of global climate change and local influences on coastal ecosystems? What is the impact of anthropogenic CO2 on ecosystems and acidification of surface waters?
	Acidification of coastal waters due to CO2. Add turbulence. Episodic events. Adaptive sampling.
	Velocity, including up to shoreline Temperature, salinity, nutrient content, biological sampler, fluorometer, optical properties. Add CO2, turbulence-related sensors. pH, dissolved gas. Rainfall, plankton/nekton community structures
	vertical - few meters, horizontally-hundreds km
	 
	Mid Atlantic Bight.          West coast array.             So. Atlantic Bight- 
	 
	 
	 
	 
	Science Plan, pg. 34         D&I Rep, pg 18
	 

	
	ADD ocean-air fluxes??
	 
	Met fluxes
	 
	 
	 
	 
	 
	 
	 
	 
	D&I Rep, pg 15-16
	 

	
	ADD Hazards??, 
	Sea level change, salinity, climate, acidification, hurricanes, tsunami, earthquakes, landslides, navigation, dust
	 
	Seismometers, directional wave buoys, bottom pressure, flow meters, biogeochemical sensors, bathymetric surveys
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Global and Plate-Scale Geodynamics
	 
	 
	 
	 
	 
	 
	Include coastal sites
	 
	 
	 
	 
	D&I Report, p 11
	 

	Turbulent Mixing and Biophysical Interactions
	What role does vertical and horizontal mixing play in determining plankton community structure?
	 How does turbulence impact community structure, in terms of nutrients and light availability, biomechanical stress.  Indirect impacts on egg fertilization, larval dispersal. How does turbulence impact O2, nutrient supply.  Food and mate detection.
	Adaptive sampling, imaging
	Met tower, undersea node, offshore tower, flow cytometer, pico/nano phytoplankton abundance, cell size, cell fluorescence, temp,light,nutrients. Pg 48
	 
	 
	inner shelf
	 
	 
	 
	 
	Science Plan, 47-48
	 

	
	What is role of vertical mixing in ocean's interior and how does it impact global distribution of heat and nutrients?
	 
	Diapycnal eddy fluxes and large-scale flows. Turbulent fluxes. Episodic events. Microstructure/tracers. Smooth and rough bottoms, deep and shallow water.
	chemical properties, momentum?, heat, salinity, nutrients
	 
	Long time series
	 
	 
	 
	 
	 
	 
	 

	
	What controls development of mixed surface layer, entrainment of stratified waters into mixed layer, gas exchange
	What are processes that control wind mixing at base of mixed layer?  The relative importance of storms in heat transfer from mixed layer to atmosphere? Relative importance of turbulence, eddies, or shear in entrainment of stratified water into mixed layer.
	 
	Wind stress, evaporation, temperature, CO2 gas exchange, surface waves,
	small to large
	 
	Southern Ocean
	 
	 
	 
	 
	 
	 

	
	How is benthic community structure affected by near-bottom turbulent events?
	 
	Waves, tides in shallow. Episodic events. Sediment flows. Adaptive sampling.
	Turbulence, currents, geochemical, geological, biological
	 
	Long time series, decades
	 
	 
	 
	 
	 
	 
	 

	Fluid-Rock Interactions and the Sub-Seafloor Biosphere
	What is the impact of bottom water dynamics, groundwater exchange and riverine discharge on sedimentary biological and geochemical processes?
	 
	 
	 
	 
	 
	Include coastal site for sedimentation, hydrates, freshwater aquifers
	 
	 
	 
	 
	Capabilities AppenC,pg3  D&I Rep, pg 14
	 

	
	What are the impacts of gas hydrate deposits on benthic environments?
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Capabilities AppenC,pg3
	 

	Modeling and Data Assimilation
	Coastal ocean circulation
	 
	Extend observations
	coastal currents- CODAR, temperature, winds, tides, sea surface height, bottom topography
	 
	 
	 
	 
	 
	 
	 
	pg 59
	 


A.4
Global Scale Observatory
	OOI Research Theme
	GSO Science Objective
	Measurement Objective
	Measurement Req.
	Instruments Req.
	Spatial Scale(s)
	Temporal Scale(s)
	GSO Location Req.
	GSO Power Req.
	GSO  Comm Req.
	GSO Interface Req.
	CI Req.
	Ref.
	Associated Req(s)

	Climate Variability, Ocean Food Webs, and Biogeochemical Cycles
	Improve parameterization of atmospheric forcing through mean surface meteorological measurements and air-sea exchange
	Air-Sea fluxes: vertical exchange of heat, fresh water, momentum and gases derived from measurements of barometric pressure, relative humidity and air temperature, long-wave radiation, sea-surface temperature, short-wave radiation, rainfall, wind speed and wind direction.
	Multiple regions, including region characterized by strong and consistent atmospheric forcing
	mean-met (wind, rain, air and sea temperature, humidity, barometric pressure, incoming short-wave and long-wave radiation) package (x2), DCFS
	 
	 
	ALL GSO locations
	 
	 
	support for existing air-sea flux sites
	 
	GSO CND, p. 9-30; Weller RFA
	 

	
	
	Oceanography: Vertical profiles of water temperature, salinity and velocity.
	
	
	 
	 
	
	 
	 
	 
	 
	DEOS 2000 p. 11
	 

	
	
	Wind speed and direction, air and sea temperature, pressure, downwelling solar and IR radiative fluxes, precipitation
	
	
	 
	 
	
	 
	 
	interface w/ existing HOT buoys
	 
	Weller RFA, Send RFA, Dickey RFA
	 

	
	
	surface wave measurements
	 
	 
	 
	 
	GSO Site 2, Southern Ocean west of Chile, GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B, GSO Site 8, Ocean Station Papa, GSO Site 9, Arabian Sea
	 
	 
	 
	 
	Weller RFA 
	 

	
	
	freshwater/latent heat and CO2 buoyancy, surface solar radiation; atmospheric temperature, humidity, velocity profiles
	 
	automated rawindsonde launcher, ceilometer
	 
	 
	GSO Site 2, Southern Ocean west of Chile
	 
	 
	 
	 
	Weller RFA 
	 

	
	
	atmospheric wind profiles
	 
	wind profiler 
	 
	 
	GSO Site 2, Southern Ocean west of Chile
	 
	 
	 
	 
	Weller RFA 
	 

	
	
	column water vapor and liquid water
	 
	microwave radiometer
	 
	 
	GSO Site 2, Southern Ocean west of Chile
	 
	 
	 
	 
	Weller RFA 
	 

	
	
	cloud base measurements cloud physics and microphysics profile
	 
	X-band cloud radar
	 
	 
	GSO Site 2, Southern Ocean west of Chile
	 
	 
	 
	 
	Weller RFA 
	 

	
	
	gas fluxes (CO2, N2, O2), biological O2 concentration/flux 
	area of high productivity, low iron flux
	spectrometer, oxygen and total gas tension (x2)
	 
	 
	GSO Site 1, Peru Basin, GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B, GSO Site 9, Arabian Sea, GSO Site 11, Bermuda Atlantic Time Series (BATS), GSO Site 13, Southern Ocean, Pacific-Antarctic Ridge, GSO Site B, South Pacific Gyre
	 
	 
	Interface w/ existing BATS system
	 
	Weller RFA, GSO CND, p. 34
	 

	
	
	aerosol sampling
	 
	aerosol sampler
	 
	 
	GSO Site 5, Equatorial Atlantic; GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B, GSO Site 7, Hawaii Ocean Time series (HOT), GSO Site 11, Bermuda Atlantic Time Series (BATS), GSO Site B, South Pacific Gyre
	 
	 
	interface w/ existing HOT buoys & BATS
	 
	Weller RFA, Send RFA, Dickey RFA
	 

	
	
	CO2 measurements
	 
	pCO2 sensor
	 
	 
	
	 
	 
	
	 
	
	 

	
	Quantify mineral deposition to ocean
	Aerosol, mineral dust fluxes, and iron measurements 
	 
	aerosol/dust sensor
	 
	 
	GSO Site 8, Ocean Station Papa, GSO Site 9, Arabian Sea
	 
	 
	 
	 
	GSO CND, p. 28; Weller RFA
	 

	
	Examine impact of climate warming on sub-polar biogeochemical and ecological regimes
	 
	 
	ADCP, CTD (x5), acoustic current meter, dissolved O2 sensor (x2),fluorometer/backscatter/attenuation "puck" (x2), multispectral radiance, multispectral irradiance, nitrate sensor (x2), pCO2 sensor (x2), pH sensor (x2), laser optic plankton counter, dual-frequency zoo-plankton/fish echo-sounder (x2), trace-metal water sampler, inductive modem (x5), glider, upper-ocean winch profiler (included in infrastructure), deep profiler (MMP)
	 
	 
	GSO Site 8, Ocean Station Papa,
	 
	 
	 
	 
	GSO CND, p. 28; Send RFA
	 

	
	Map ocean temperature to determine low-wave number thermal variability
	Acoustic thermometry (measuring travel time between an artificial sound source and a set of receivers)
	 
	Tomographic 100 Hz acoustic source, hydrophone array, acoustic modem, navigation systems, CTD
	basin-scale
	 
	GSO Site 1, Peru Basin, GSO Site 2, Southern Ocean west of Chile
GSO Site 3, Brazil-Argentine Basin
GSO Site 4, East Greenland
GSO Site 5, Equatorial Atlantic
GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B
GSO Site 7, Hawaii Ocean Time series (HOT), GSO Site B, South Pacific Gyre
	 
	 
	interface with navigation systems?
	 
	GSO CND, p. 9,12, 14, 16, 18, 20, 23, 26, 36; Worcester RFA
	 

	
	
	Gyre scale, ocean dynamics
	 
	
	 
	 
	GSO Site 8, Ocean Station Papa
	 
	 
	interface with navigation systems?
	 
	GSO CND p. 28; Worcester RFA
	 

	
	
	ocean heat content and circulation measurements
	 
	
	 
	 
	GSO Site 13, Southern Ocean, Pacific-Antarctic Ridge
	 
	 
	 
	 
	GSO CND, p. 34; Worcester RFA
	 

	Global and Plate-Scale Geodynamics
	Imaging Earth's inner structure
	Imaging of mantle plumes beneath Pacific Superswell
	 
	 
	 
	annual-to-decadal scale
	Pacific Superswell
	 
	 
	 
	 
	GSO CND, p. 9, 12; Detrick RFA
	 

	
	
	electromagnetic imaging of upper mantle
	 
	 
	 
	 
	GSO Site 9, Arabian Sea
	 
	 
	 
	 
	GSO CND, p. 9, 12, 30; Detrick RFA
	 

	
	
	Electromagnetic imaging of Pacific upper mantle
	RIDGE 2000 Integrated Studies Site
	 
	 
	 
	GSO Site B, South Pacific Gyre
	 
	 
	 
	 
	GSO CND, p. 36; Detrick RFA
	 

	
	
	Imaging of lower mantle structure in southern hemisphere
	Seismic instrumentation, GPS/acoustic geodetic instrumentation, broadband acoustic (seafloor and sea channel)
	 
	 
	 
	GSO Site 13, Southern Ocean, Pacific-Antarctic Ridge
	 
	 
	 
	 
	GSO CND, p. 34; Detrick RFA
	 

	
	
	Structure of outer core and core-mantle boundary
	oceanic transform fault
	short-period OBS (x10), broadband OBS (x15), acoustic relay stations (x4), (satellite buoy, mooring, hydrophone) package (x4)
	 
	 
	Site MOMAR, Mid-Atlantic Ridge, North American plate, GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B, GSO Site 8, Ocean Station Papa
	 
	 
	 
	 
	GSO CND, p. 20, 23, 28; Detrick RFA
	 

	
	
	Geomagnetic field measurements in coverage gap
	 
	 
	 
	 
	GSO Site 9, Arabian Sea
	 
	 
	 
	 
	GSO CND, p. 30; Detrick RFA
	 

	
	
	Broadband seismic measurements to determine global earth structure, seafloor geodesy
	 
	 
	 
	 
	GSO Site 9, Arabian Sea
	 
	 
	 
	 
	GSO CND, p. 30; Detrick RFA
	 

	
	
	provide improved constraints on structure of Earth's core and origin of its magnetic field
	 
	Seismic instrumentation, GPS/acoustic geodetic instrumentation, broadband acoustic (seafloor and sea channel)
	 
	 
	GSO Site 13, Southern Ocean, Pacific-Antarctic Ridge
	 
	 
	 
	 
	GSO CND, p. 34; Detrick RFA
	 

	
	Monitoring/detecting changes in earth's seismic structure
	determination of motion/state of tectonic plate
	Nazca plate, South American plate, pacific plate
	 
	 
	 
	GSO Site B, South Pacific Gyre
	 
	 
	 
	 
	GSO CND, p. 9, 12; Detrick RFA
	 

	
	
	monitoring changes in geomagnetic field
	 
	3-component absolute suspended dIdD magnetometer
	 
	 
	GSO Site B, South Pacific Gyre
	 
	 
	 
	 
	GSO CND, p. 9,12,36; Detrick RFA
	 

	
	
	determination of motion/state of Euler pole and state of rigidity of North American plate
	 
	 
	 
	 
	 
	 
	 
	 
	 
	GSO CND, p. 20, 23, 28; Detrick RFA
	 

	
	
	Indian plate motion and rigidity
	 
	 
	 
	 
	 
	 
	 
	 
	 
	GSO CND, p. 30; Detrick RFA
	 

	
	
	provide measurement of Pacific-Antarctic plate motion
	 
	Seismic instrumentation, GPS/acoustic geodetic instrumentation, broadband acoustic (seafloor and sea channel)
	 
	 
	GSO Site 13, Southern Ocean, Pacific-Antarctic Ridge
	 
	 
	 
	 
	GSO CND, p. 34; Detrick RFA
	 

	
	Understand seismic events
	elastic and viscoelastic response of lithosphere to subduction zone fault events
	 
	 
	 
	 
	 
	 
	 
	 
	 
	GSO CND, p. 9, 12; Detrick RFA
	 

	
	
	extend the global seismic network
	broadband seismic measurements on the seafloor (3 mHz - 5 Hz)
	 
	 
	 
	> 1200 km from GSN sites on continents and islands
	 
	 
	coordination with GSN
	 
	Weller & Orcutt 2004
	 

	
	
	Hydrothermal cracking, tectonic earthquakes, seafloor eruption detection
	local array of seafloor seismographs and geodetic sensors
	temperature-resistivity-hydrogen sensors (x6), in-situ electrochemical analyzers (x6), high-definition camera (x6), 1-chip camera (x9)
	 
	 
	Site EPR-Ridge, East Pacific Rise
	 
	 
	 
	event detection
	GSO CND, p. 38, 40
	 

	
	
	Map the locations of earthquakes and volcanic eruptions by measuring the relative arrival times.
	T-phase monitoring
	T-phase monitoring (x3)
	 
	 
	Site MOMAR, Mid-Atlantic Ridge
	 
	 
	 
	 
	GSO CND, p. 40; ORION workshop p.103
	 

	
	
	Understand causal links between magmatic, tectonic, hydrothermal, and biological processes
	diverse, robust hydrothermal activity, recent magmatic activity, abundant biological activity (Lucky Strike segment, Mid-Atlantic ridge, RIDGE 2000 Integrated Studies Site)
	 
	 
	 
	Site EPR-Ridge, East Pacific Rise, Site MOMAR, Mid-Atlantic Ridge
	 
	 
	interface with AUV
	 
	GSO CND, p. 38, 40
	 

	
	
	Monitor temporal and spatial responses of hydrothermal system to transient perturbations
	optical, chemical and biological sensors and analyzers
	ADCP (x5), CTD (x5), video plankton monitor (x5), optical backscatter sensors (x5), sediment/larval traps (x5), McLane water-transfer system (x5), laser-scattering/transmissonmetry (x5), McLane moored profiler (x5), microbial water sampler (x5), seafloor weather station/temperature array (x6), seafloor weather station/current meters (x6)
	1000m x 900m area; spreading-center segment 35km x 10km
	 
	Site EPR-Ridge, East Pacific Rise, Site MOMAR, Mid-Atlantic Ridge
	 
	 
	
	 
	
	 

	
	Understand Stress State modulation by hydrologic system
	Determine up-dip limit of locked zone along Costa Rica margin
	 
	optical-tracer injection system (x8), CATS (x6), ADCP (x2), heat-flow probes (x5), vertical-strain meters (x2), CTD (x5), dual-channel GPS receiver (x3), high-precision acoustic transponders (x4), connectors (x28), OBS with accelerometer
	 
	 
	GSO Site MARGINS, Middle America Margin
	 
	 
	 
	 
	 
	 

	
	
	Determine how overall stress state within subduction zone is modulated by hydrologic system
	 
	borehole seismometer, fiber-optic strain-meter, pore pressure sensor, tilt-meters (x4), themistor string, accelerometer, 
	 
	 
	
	 
	 
	 
	 
	 
	 

	
	Seismicity and dehydration process relationship
	Determine relationship between seismicity and dehydration processes within the decollement region
	 
	hardware for multiple experiment modules (x9), titanium stingers (x4), osmo-samplers (x9), absolute pressure sensors (x9), geochemical sensors (x9), flow-meter system, in-situ microbial pumps/samplers (x7), microbial substrate units (x9), broad-band seismometers (x3), short-period seismometers (x6)
	 
	 
	GSO Site MARGINS, Mariana Convergent Plate Margin
	 
	 
	 
	 
	GSO CND, p. 45
	 

	
	Serpentinite Mud Volcanoes study
	Understand how episodicity of serpentinite protrusion events and related fluid seep activity varies through time at active serpentinite mud volcanoes, and how this relates to fluid flux through shallow to intermediate depths within subduction factory
	 
	hardware for multiple experiment modules (x9), titanium stingers (x4), osmo-samplers (x9), absolute pressure sensors (x9), geochemical sensors (x9), flow-meter system, in-situ microbial pumps/samplers (x7), microbial substrate units (x9), broad-band seismometers (x3), short-period seismometers (x6)
	 
	 
	GSO Site MARGINS, Mariana Convergent Plate Margin
	 
	 
	 
	 
	GSO CND, p. 45
	 

	
	Biological and subduction related phenomena
	Understand the interaction between biological processes and subduction-related phenomena
	 
	hardware for multiple experiment modules (x9), titanium stingers (x4), osmo-samplers (x9), absolute pressure sensors (x9), geochemical sensors (x9), flow-meter system, in-situ microbial pumps/samplers (x7), microbial substrate units (x9), broad-band seismometers (x3), short-period seismometers (x6)
	 
	 
	GSO Site MARGINS, Mariana Convergent Plate Margin
	 
	 
	 
	 
	GSO CND, p. 45
	 

	Turbulent Mixing and Biophysical Interactions
	Circulation and water-column biogeochemistry
	CO2, O2, nutrients, trace metals 
	large, homogeneous ocean province
	ADCP, CTD (x5), acoustic current meter, dissolved O2 sensor (x2),fluorometer/backscatter/attenuation "puck" (x2), multispectral radiance, multispectral irradiance, nitrate sensor (x2), pCO2 sensor (x2), pH sensor (x2), laser optic plankton counter, dual-frequency zoo-plankton/fish echo-sounder (x2), trace-metal water sampler, inductive modem (x5), glider, upper-ocean winch profiler (included in infrastructure), deep profiler (MMP)
	 
	 
	GSO Site 1, Peru Basin, GSO Site 4, East Greenland
	 
	 
	support for glider, upper-ocean winch profiler, and deep profiler (MMP)
	 
	GSO CND, p. 9, 23, 28, 30, 24, 32, 36; Send RFA, Dickey RFA
	 

	
	
	
	Edge of sub-tropical gyre
	
	 
	 
	GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B
	 
	 
	
	 
	
	 

	
	
	
	sub-polar regime
	
	 
	 
	GSO Site 8, Ocean Station Papa
	 
	 
	
	 
	
	 

	
	
	
	 
	
	 
	 
	GSO Site 9, Arabian Sea
GSO Site 7, Hawaii Ocean Time series (HOT)
GSO Site B, South Pacific Gyre
	 
	 
	
	 
	
	 

	
	
	
	include optics, export fluxes
	
	 
	 
	GSO Site 11, Bermuda Atlantic Time Series (BATS)
	 
	 
	
	 
	
	 

	
	
	
	large, homogeneous ocean province (Longhurst zone South Antarctic)
	
	 
	 
	GSO Site 12, Southern Ocean, Pacific Antarctic Ridge
	 
	 
	
	 
	
	 

	
	
	Antarctic Intermediate Water (AAIW) formation
	low iron deposition
	
	 
	 
	GSO Site 2, Southern Ocean west of Chile
	 
	 
	support for glider, upper-ocean winch profiler, and deep profiler (MMP)
	 
	GSO CND, p.12; Send RFA
	 

	
	
	anthropogenic CO2 sinks
	 
	
	 
	 
	GSO Site 2, Southern Ocean west of Chile, GSO Site 4, East Greenland
	 
	 
	
	 
	
	 

	
	
	Air-Sea Fluxes
	Region of strong vertical dynamics and large CO2 flux, including PIRATA mooring
	
	 
	 
	GSO Site 2, Southern Ocean west of Chile
GSO Site 3, Brazil-Argentine Basin
GSO Site 5, Equatorial Atlantic
	 
	 
	support for glider, upper-ocean winch profiler, and deep profiler (MMP)
	 
	GSO CND, p. 12,16, 20; Send RFA
	 

	
	
	mode-water formation
	 
	
	 
	 
	GSO Site 4, East Greenland
	 
	 
	
	 
	GSO CND, p. 18; Send RFA
	 

	
	
	ecosystem studies, fisheries,
	 
	
	 
	 
	
	 
	 
	
	 
	
	 

	
	Water-column Measurements - Vertical Mixing
	measurement of temperature, salinity, and current profiles to investigate and quantify vertical mixing
	 
	
	 
	Continuous time series
	GSO Site 8, Ocean Station Papa
GSO Site 9, Arabian Sea
	 
	 
	support for glider, upper-ocean winch profiler, and deep profiler (MMP)
	 
	GSO CND, p. 28, 30; Send RFA
	 

	
	long-range, high-precision Lagrangian motion
	Float tracking
	 
	140-190 Hz acoustic source, observatory interface, receiver array
	 
	 
	GSO Site 4, East Greenland
GSO Site 5, Equatorial Atlantic
GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B
GSO Site 11, Bermuda Atlantic Time Series, GSO Site 13, Southern Ocean, Pacific-Antarctic Ridge
	 
	 
	support for observatory
	 
	GSO CND, p. 18, 20, 32, 34; Duda RFA,Worcester RFA
	 

	
	 
	turbulent fluxes of buoyancy and momentum
	 
	 
	 
	 
	GSO Site 2, Southern Ocean west of Chile; GSO Site 6, Mid-Atlantic Ridge, DSDP Site 396B, GSO Site 9, Arabian Sea
	 
	 
	 
	 
	Weller RFA, 
	 

	
	 
	turbulent fluxes of sensible heat
	 
	shadow-band radiometer/BRSN sensor suite
	 
	 
	 
	 
	 
	 
	 
	Weller RFA, 
	 

	
	Optical Oceanography
	 
	 
	video camera plus lights, attenuation/absorption sensors (x2)
	 
	 
	GSO Site 11, Bermuda Atlantic Time Series
	 
	 
	 
	 
	GSO CND, p. 32; Dickey RFA, Send RFA
	 

	
	Physical Oceanography
	currents, vertical mixing, thermohaline structure and variance
	 
	 
	 
	 
	GSO Site B, South Pacific Gyre
	 
	 
	 
	 
	GSO CND, p. 36
	 

	
	Ecology
	primary production, zooplankton, fish regimes, ecosystem models
	 
	 
	 
	 
	GSO Site B, South Pacific Gyre
	 
	 
	 
	 
	GSO CND, p. 43
	 


B. Sample Instrument Specifications
	Instrument
	Relevant OOI Scale(s)
	Power Req.
	Timing Req.
	Location
	Comm Req.
	Interface Req.
	CI Req.
	Comments
	Reference

	Broadband seismometers (500 sec - 50 Hz)
	RCO
	2.5 W + onboard storage power
	0.1 msec
	 
	 
	 
	 
	core seismic package
	RCO CND, p. 15, 58, 100 (RFA: Toomey)

	Broadband seismometers
	RCO
	2.5 W
	0.5 msec
	seismic/geodetic station
	100 samples/s, 3x24 bits/sample
	 
	 
	 
	RCO CND, p. 39

	Strong motion seismometer
	RCO
	2.5 W
	0.1 msec 
	seismic/geodetic station
	500 samples/sec
	 
	 
	 
	RCO CND, p. 39

	Short period seismic array
	RCO
	5 W
	0.5 msec
	seismic/geodetic station
	100 samples/s/channel x 18 channels
	 
	 
	 
	RCO CND, p. 39

	Broadband/strong-motion OBS with Paroscientific pressure sensor
	RCO
	2.5 W
	0.2 msec
	seismic/geodetic station
	44 MB/day
	 
	 
	want 18 of these in the RFA; text discrepancy claims 0.1 msec accuracy
	RCO CND, p. 82-83 (RFA: McGuire)

	Extensometer
	RCO
	6 W
	0.1 msec
	seismic/geodetic station
	 
	 
	 
	 
	RCO CND, p. 82 (RFA: McGuire)

	General time stamping, mesocale tomography
	RCO
	 
	1 msec
	 
	 
	 
	 
	 
	RCO CND, p. 75 (RFA: Daley)

	Internal wave tomography, geodesy
	RCO
	 
	1 microsecond
	 
	 
	 
	 
	 
	RCO CND, p. 75 (RFA: Daley)

	Strain meter
	RCO
	 
	 
	 
	 
	 
	 
	 
	RCO CND, p. 39

	GPS/acoustic
	 
	 
	 
	 
	 
	 
	 
	 
	RCO CND, p. 39

	Reciprocal (velocity) tomography
	RCO, GBA
	 
	10 microsecond
	 
	 
	 
	 
	 
	RCO CND, p. 15, 75 (RFA: Daley)

	CORK
	RCO, GBA
	15 W peak, 2.5 W intermittent
	 
	subsurface
	5 MB per day
	200m borehole
	 
	under dev
	RCO CND, p. 26

	mini-CORK
	 
	2.5 W intermittent
	 
	subsurface
	5 MB per day
	shallow hole
	 
	under dev
	RCO CND, p. 26

	SCIMPI
	RCO
	 
	 
	hydrate regions, subsurface
	~15 Hz sampling rate
	 
	 
	under dev
	RCO CND, p. 26

	seisSCIMPI
	RCO
	10 W
	 
	subsurface
	200 MB - 8 GB/day
	 
	 
	under dev
	RCO CND, p. 27

	Bottom cameras
	RCO
	<1 W, with 100 W intermittent for strobe lights
	 
	benthic
	1 MB/image, possibly hourly
	 
	 
	 
	RCO CND, p. 27

	Heat flow observatory network probes (HEFLON)
	RCO
	<0.6 W cont., ~2W intermittent
	 
	benthic, seismic/geodetic station
	7 kB/day
	 
	 
	being designed for Neptune Canada
	RCO CND, p. 27, 39

	Bottom pressure recorders
	RCO
	10 W
	 
	benthic, seismic/geodetic station
	12 MB/day
	 
	 
	 
	RCO CND, p. 27, 39

	Seafloor flow monitors
	RCO
	0.1 W
	 
	benthic
	7 MB/day
	 
	 
	 
	RCO CND, p. 27

	Up-looking ADCP (5-150 kHz)
	RCO
	6 W
	 
	benthic
	12 MB/day
	 
	 
	 
	RCO CND, p. 27

	Multifrequency acoustic bubble monitor
	RCO
	30 W?
	 
	benthic
	100 MB/day?
	 
	 
	 
	RCO CND, p. 28

	Seafloor chemical system (CH4, mets, lgr/tethys)
	RCO
	~watts
	 
	benthic
	kB/day
	 
	 
	 
	RCO CND, p. 28

	Multiple enzyme analyzer
	RCO
	32 W max
	 
	benthic
	 
	 
	 
	 
	RCO CND, p. 28

	Sensor Head integrated pump (SHIP)
	RCO
	0.5-3 W
	 
	benthic
	 
	 
	 
	 
	RCO CND, p. 28

	Water column mooring with methane and other sensors
	RCO
	3 W
	 
	water column
	4 MB/day
	 
	 
	 
	RCO CND, p. 28

	Seabird CTD
	RCO
	6 W
	 
	water column
	3 MB/day
	 
	 
	 
	RCO CND, p. 28

	Profiler
	RCO
	64 W
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53

	Winched profiler
	RCO
	70 W @ 48 VDC
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53, 64 (RFA: Barth), 75 (RFA: Daley)

	Hotel (200 m float)
	RCO
	300 W
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53, 75 (RFA: Daley)

	Bubble size sensor (acoustic resonator)
	RCO
	20 W
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53

	Zooplankton imaging (SIPPER)
	RCO
	25 W
	 
	water column mooring
	10 Mb/s
	 
	 
	 
	RCO CND, p. 53-54, 75 (RFA: Daley)

	Multispectral fluorescence
	RCO
	10 W
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53, 75 (RFA: Daley)

	Zooplankton volume backscatter (TAPS-6)
	RCO
	8.4 W
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53, 75 (RFA: Daley)

	Nitrate sensor (ISUS)
	RCO
	6.5 W
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53, 75 (RFA: Daley)

	Acoustic tomography
	RCO
	11 W average, 2% duty cycle, 521 W transmitting
	 
	water column mooring
	 
	 
	 
	 
	RCO CND, p. 53, 75 (RFA: Daley)

	Broadband hydrophones
	RCO
	 
	 
	water column mooring
	1 Mb/s
	 
	 
	 
	RCO CND, p. 53-54

	Hydrophone
	RCO
	250 mW
	 
	seismic
	peak 0.5 Mbps
	 
	 
	core seismic package; requires acoustically quiet environment
	RCO CND, p. 58; MARS user requirements

	Pressure sensor
	RCO
	250 mW
	 
	seismic
	 
	 
	 
	core seismic package
	RCO CND, p. 58, 100 (RFA: Toomey)

	Benthic/Pelagic monitoring system (sedimentation sensors, time-lapse cameras, rover, current meters)
	RCO
	5 W
	 
	 
	6.6 kbps
	mobile platform
	 
	servicing of ROV every 6 months for battery charging & detailed data transfer
	RCO CND, p. 59

	Temperature sensor
	RCO
	250 mW
	 
	 
	 
	 
	 
	 
	RCO CND, p. 83 (RFA: McGuire)

	Acoustic Multi-beam imaging sonar
	RCO
	 
	 
	mooring, mounted 3-5 m above seafloor
	variable 10 Mb/s, 300 kbps bandwidth based on 8hr transmission per day
	 
	 
	sonar head dimensions 32 cm x 22 cm, weight 15 kg in air + rotator weighing 50kg (air)
	RCO CND, p. 86-88 (RFA: Rona)

	Acoustic scintillation sonars
	RCO
	100 ma @ 12 V
	 
	 
	5 Mb/hr
	 
	 
	 
	RCO CND, p. 89 (RFA: Rona)

	Hydrophone arrays (vertical)
	RCO
	400 W
	1 ms to 10 microsec
	 
	80 Mb/s
	 
	 
	 
	RCO CND, p. 96 (RFA: Stephen)

	Hydrophone arrays (horizontal)
	RCO
	50 W
	1 ms to 10 microsec
	 
	24 Mb/s
	 
	 
	 
	RCO CND, p. 96 (RFA: Stephen)

	Air-Sea Interaction/Meteorology Sensor
	GSO
	2 W
	 
	 
	30 kbytes/day, 100% duty cycle
	 
	 
	 
	DEOS 2000 p. 11

	Oceanography Sensor
	GSO
	2 W
	 
	 
	0.6 Mbytes/day, 100% duty cycle
	 
	 
	Collect data via an autonomous profiling system; limited vertical resolution
	DEOS 2000 p. 11

	Acoustic Doppler Current Profilers (ADCP)
	GSO
	0.7 W
	1 minute duration
	 
	10 transmission cycles/day, 20 kbytes/day
	 
	 
	limited range (<1 km)
	 

	WHOI Moored Profiler
	GSO
	1-2 W
	 
	 
	0.6 Mbytes/day, sampling rate of 2 Hz
	 
	 
	goes up and down moor line at 0.3m/s; fitted with Conductivity-Temperature-Depth (CTD) instrument and a 3-D acoustic-travel-time current meter (ACM); resolves temperature and salinity fields at 1-2 m vertical resolution and velocity field at 5 m resolution; allows 200 transects up or down a 5000 m long mooring line
	 

	Hydroacoustics Sensor
	GSO
	5 W
	Sampling frequency 300 Hz (?)
	 
	27 Mbytes/day - 1 Gbytes/day, 2.5-100% duty cycle
	 
	 
	deployment of a 32-element hydrophone array; center frequency 75 Hz
	DEOS 2000 p. 11

	ATOC sound source
	GSO
	50 W
	 
	 
	2.5% duty cycle
	 
	 
	 
	DEOS 2000 p. 11

	Seismology Sensor
	GSO
	2 W
	 
	 
	18 Mbytes/day, 100% duty-cycle
	 
	 
	4 channels (3 ground motion, 1 channel pressure) broadband 
	DEOS 2000 p. 11

	Seafloor Geodesy Sensor
	GSO
	8 W
	 
	Seafloor
	8 Mbytes/day, 7% duty cycle (12 hr/week)
	 
	 
	3-4 seafloor transponders positioned in a circle with radius equal to water depth; surface transponder would need to be roughly centered over array of bottom transponders; use three-point mooring
	DEOS 2000 p. 11

	Seafloor Geodesy Sensor
	GSO
	30 W
	 
	Buoy
	8 Mbytes/day, 7% duty cycle (12 hr/week)
	 
	 
	
	DEOS 2000 p. 11

	Geomagnetism Sensor
	GSO
	2 W
	 
	 
	4 kbytes/day, 100% duty cycle
	 
	 
	Required 30" (D) and 15" (I) accuracy
	DEOS 2000 p. 11

	Still Camera + lights
	GSO
	0.2 W duty cycle load
	30s to charge light
	 
	2 Mbytes/day, 1 photo/hour duty cycle
	 
	 
	 
	DEOS 2000 p. 11

	Video Camera + lights
	GSO
	15 W duty cycle load
	 
	 
	1.5 Gbytes/day, 1 hour/day duty cycle
	 
	 
	 
	DEOS 2000 p. 11

	AUV
	GSO
	150 W
	 
	 
	400 Mbytes/day
	 
	 
	Equivalent to MIT Odyssey AUV; Should be rechargeable
	DEOS 2000 p. 11

	Instrument modems
	GSO
	25 Wh/day
	 
	 
	5 Mbytes/day
	 
	 
	acoustic modem 
	DEOS 2000 p. 24


C. Ocean Observatory Workshops and Related Reports

(Modified Listing from the OOI Science Plan)

Workshops

• Observing the Oceans in the 21st Century: A Strategy for Global Ocean Observations Global Ocean Data Assimilation Experiment (GODAE), 2001

• Surface Ocean Lower Atmosphere Study (SOLAS) NOAA, 2001, http://www.aoml.noaa.gov/ocd/solas/
• Ecological Determinants of Oceanic Carbon Cycling (EDOCC) NSF, 2001, http://picasso.oce.orst.edu/ORSOO/EDOCC/
• Integrated and Sustained Ocean Observing System Workshop Ocean.US, 2002, http://www.ocean.us/documents/docs/FINAL-ImpPlan-NORLC.doc
• An Integrated and Sustained Ocean Observing System (IOOS) For the United States: Design and Implementation Ocean.US, 2002, http://www.ocean.us.net/
• Building Consensus: Toward An Integrated and Sustained Ocean Observing System - OCEAN.US Workshop Proceedings, Virginia, March 2002, Ocean.US, 2002, Workshop

• Coastal Ocean Processes and Observatories: Advancing Coastal Research NSF, 2002, http://www.skio.peachnet.edu/research/coop/future.php
• Office of Naval Research/Marine Technology Society Buoy Workshop ONR, 2002, http://www.whoi.edu/buoyworkshop/2004/index.html
• Global Eulerian Observatories (GEO) International Science Team (HI) 2002

• Scientific Cabled Observatories for Time-Series (SCOTS) NSF, 2003, http://www.geo-prose.com/projects/scots_rpt.html
• Implementation Plan for the DEOS Global Network of Moored-Buoy Observatories CORE, 2003, http://www.coreocean.org/deos/
• Science Planning for the NEPTUNE Regional Cabled Observatory in the Northeast Pacific Ocean (Report of the Pacific Northwest Workshop) NSF/NOPP/UW/OSU/PSU/N.Canada, 2003, http://www.neptune.washington.edu/pub/workshops/PNW_Workshop/ws_reports_documents.html
• Coastal Observatory Research Arrays: A Framework for Implementation Planning (Report on the CoOP CORA Workshop, Nov. ‘03), NSF, 2003

• NEPTUNE Pacific Northwest Workshop 2003

• Biological and Chemical Instrumentation in the Ocean WHOI, 2003, http://www.whoi.edu/institutes/oli/activities/participants/jp3.html
• DEOS Cable Re-Use Committee Report NSF, 2003

• Science Use of Fiber-Optic Submarine Telecommunications Cable Systems IRIS, 2003

• Ocean Observatories & Initiative Facilities Needs from UNOLS, UNOLS, 2003

• International Time Series Science Team: Report for POGO Meeting (Weller) 2003

• Autonomous and Lagrangian Platforms and Sensors (ALPS) NSF, 2003, http://www.geo-prose.com/ALPS/
• Feasibility Study and Implementation Plan for the DEOS Global Network of Moored-Buoy Observatories NSF, 2003

• Links between OOI and IODP Workshop JOI, 2003, http://www.neptune.washington.edu/pub/documents/IODP_OOI_ReportSummary.pdf
• REgional Cabled Observatory Network (of Networks) (RECONN) NSF, 2003, http://www.geo-prose.com/cabled_wksp/pdfs/reconn_rpt.3.2.04.pdf
• Technical Issues Related to Cable Re-use 2003, http://www.neptune.washington.edu/pub/documents/SubOptics2004_C_Abstracts2.pdf
• Coastal Observatory Research Arrays (CORA): A Framework for Implementation Planning NSF, 2003, http://www.skio.peachnet.edu/research/coop/cora.php
• Ocean Research Interactive Observatory Networks (ORION) Workshop NSF, 2004, http://www.geo-prose.com/projects/orion_report.html
• OCEAN.US Education Workshop Ocean.US, 2004, http://www.ocean.us/documents/workshop.jsp
• Neptune CANADA Observing Systems UVic, 2004,  http://www.neptunecanada.ca/PDF/May2004NEPTUNE_Canada_OOS_Wkshp_Report_REVISED.pdf
• NSF Sensors & Instrumentation (MBARI) NSF, 2004,  http://www.mbari.org/rd/sensors/workshop_notes.htm
• Data Management and Communications Plan for Research and Operational Integrated Ocean Observing Systems Ocean.US, 2004, http://dmac.ocean.us/dacsc/imp_plan.jsp
• RIver-dominated Ocean MARgins (RIOMAR) 2004, http://www.tulane.edu/~riomar/
Engineering & Technical

• Real-time, Long-term Ocean and Earth Studies at the Scale of a Tectonic Plate - NEPTUNE US Feasibility Study 2000, http://www.neptune.washington.edu/pub/documents/documents.html
• Feasibility of Canadian Participation in the NEPTUNE Undersea Observatory Network 2000, http://www.neptune.washington.edu/pub/documents/documents.html
• NEPTUNE: Desktop Study Volume1: Text 2002, http://www.neptune.washington.edu/pub/documents/documents.html
• NEPTUNE Data Communications System CoDR Final Report 2003, http://www.neptune.washington.edu/pub/documents/documents.html
• NEPTUNE Science Requirements, http://www.neptune.washington.edu/pub/documents2/Sci_Reqs_rev3.pdf
• MARS Cabled Observatory User Requirements (March 2004)

www.mbari.org/rd/sensors/documents/ 2300002_User%20Requirements.pdf

• MARS Cabled Observatory Design Requirements (2004),

www.mbari.org/rd/sensors/documents/ 2300003_Design%20Requirements-RevA_.pdf

• ORION Regional Cabled Observatory Science Requirements: Draft Report of the ORION Regional Cabled Observatory Refinement Committee (May 2005)

http://www.orionprogram.org/PDFs/Requirements/draftRCO.pdf

• ORION Coastal Scale Observatory Science Requirements: Draft Report of the ORION Coastal Scale Observatory Refinement Committee (May 2005), http://www.orionprogram.org/PDFs/Requirements/draftCOASTALOBSERVATORY.pdf
• ORION Global Buoy Array Science Requirements: Draft version 1.0 (June 2005), http://www.orionprogram.org/PDFs/Requirements/draftGLOBALOBSERVATORY.pdf
• MIL-STD-499B "Engineering Management" (Draft 1993). http://www.product-lifecycle-management.com/download/MIL-STD-499B_Draft1993.pdf
D. Acronyms
ACM

Acoustic Current Meter
ADCP

Acoustic Doppler Current Profiler

ALPS

Autonomous and Lagrangian Platforms and Sensors

API

Application Programming Interfaces

AUV

Autonomous Underwater Vehicle

CI

Cyberinfrastructure

CND

Conceptual Network Design

CORE

Consortium for Oceanographic Research and Education

CORK

Circulation Obviation Retrofit Kit (Hydrogeological Observatories)

CSO

Coastal Scale Observatory

CTD

Sensor for Conductivity, Temperature, and Dissolved Oxygen
DEOS

Dynamics of Earth and Ocean Systems
DMAC
Data Management and Communications Standards

ENSO

El Niño - Southern Oscillation
GoMOOS
Gulf of Maine Ocean Observing System

GSO

Global Scale Observatory

HAB

Harmful Algal Blooms
IO

Implementing Organization

IODP

Integrated Ocean Drilling Program

IOOS

Integrated and Sustained Ocean Observing System

LEO

Long-term Ecosystem Observatory

MARS

Monterey Accelerated Research System
MBARI
Monterey Bay Aquarium Research Institute
MOOS

Monterey Bay Ocean Observing System

MREFC
Major Research Equipment and Facilities Construction

MVCO
Martha’s Vineyard Coastal Observatory

NSF

National Science Foundation

NEPTUNE
North-east Pacific Time-series Undersea Network Experiments
OOI  

Ocean Observatories Initiative

ORION
Ocean Research Interactive Observatory Networks
PCR

Polymerase Chain Reaction
PDO

Pacific Decadal Oscillation
RECONN
Regional Cabled Observatory Network of Networks

RCO

Regional Cabled Observatory

RFA

Request for Assistance

RFP

Request for Proposal

ROV

Remotely Operated Vehicle

SCOTS
Scientific Cabled Observatories for Time-Series

SDCOOS
San Diego Coastal Ocean Observing System
SEA-COOS
Southeastern US Atlantic Coastal Ocean Observing System
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