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1) ABSTRACT (new projects only)
MBARI presently has three ongoing time-series projects: 

・ The Monterey Bay Time-Series (901112) is focused on the upper water column,

・ The Midwater Time-Series (901221) collects data from mesopelagic depths,

・ The Pelagic-Benthic Coupling project (901113) collects data from the water column/benthos interface.

A feasibility study conducted during 2013-2014 (project 901304) concluded that integrating the time series into a single coordinated and exportable program would considerably increase their scientific and technological impacts, while also increasing efficiency and reducing costs. The required technological evolution from ship-based to autonomous measurements is being conducted within each individual project and will result in comparable and simultaneous measurements covering the entire oceanic habitat from the surface to the benthos. Other separate development projects will contribute to the integrated efforts (i2Map and mooring endurance extension). Here we propose to integrate data from the three time series, both scientifically and technically. Scientifically, the time series will be analyzed to identify links between surface, midwater and benthic environments such as concurrent climate-driven changes across trophic levels, and carbon fluxes from primary production to higher trophic levels and export to the seafloor. Technically, the data will be aggregated within a common data repository such as STOQS, and shared publicly along with visualization/exploration tools such as http://services.mbari.org/intts/web/app/. As part of this proposal we will also continue monthly meetings in order to maintain communication between the three individual time series projects, align priorities and increase scientific coordination.

2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
A time series is defined as a sequence of data points, measured at regular intervals, over successive increments of time. Current oceanic time-series studies are essential to understand the oceanic ecosystem under changing climatic conditions. To adequately address such change requires sufficient temporal resolution to distinguish monthly, seasonal, inter-annual and decadal variability related to increasing temperature and acidity. Such studies are also critical to address unforeseen threats from volcanic eruptions, tsunamis and unnatural phenomena such as oil spills and other discharges. However, the national public funding for such endeavors is generally shortsighted and lacks the necessary commitment of long term support (see integrated time series white paper). 
MBARI currently supports three time-series projects. These time series span the water column, studying surface, mesopelagic and benthic community processes in one of the most productive and economically important areas of the world ocean. A common thread connecting these projects is the cycling of food, organic carbon, from its production by phytoplankton in surface waters to its ultimate use or sequestration on the sea floor. MBARI is thus uniquely positioned geographically and technically to make major contributions to the study of climate change and its impact on oceanic ecosystems and the carbon budget, and has a tremendous opportunity to: 1) demonstrate the value of time series by integrating MBARI time series data to support socially relevant problems; and 2) develop and export the technology needed to make time series affordable and sustainable, and allow replication across broader geographic coverage.
When combined, the three MBARI studies will provide an unprecedented data-set with tremendous value to MBARI, decision makers and resource managers, as well as “basic science” (e.g. fundamental understanding of ecosystems functioning). Here are a few examples of progress that could be enabled by integrating the time series: 
· Organic carbon production and utilization could be tracked throughout the oceanic water column to the sea floor allowing us to interpret the impact of global warming on the oceanic carbon cycle and the biological pump. 
· Because ecosystems surveyed by the time series ultimately sustain fisheries and harvest in the California current, defining metrics for ecosystems health and carefully monitoring their state can also bring crucial information related to conservation, biodiversity and fisheries sustainability. 
· Scientific exploration of relationships between the time series and the environment is likely to identify lagged relationships and biological processes that could ultimately enable prediction of future states of the system, notably under climate change.

No other time-series program worldwide now provides the requisite measurements with high temporal resolution and long temporal sampling coverage to conduct such studies throughout the water column and on the seafloor. The MBARI time-series studies also provide an unprecedented historical context of data collected over the last 25 years to resolve natural patterns of variability up to the decadal scale and put continuing studies in critical temporal perspective, which is of major importance in evaluating the impact of changing climate on ocean ecosystems.
How does it relate/contribute to MBARI’s mission and strategic plan?
An integrated, long-term time-series firmly supports MBARI’s mission of achieving and maintaining a position as a world center for advanced research and education.  By taking the three unique time-series programs and integrating them, MBARI will hold one of the most unique time-series data sets that takes a comprehensive view of the entire water column.  This will place MBARI in a global leadership position with regard to time-series data and will provide a uniquely valuable asset to modelers, decision makers and resource managers.  To effectively continue this valuable time-series, MBARI will have to draw upon the working relationship of scientists and engineers to update our sampling strategies to keep up with a more constrained resource pool.  This combined time-series will also directly support three foci of the MBARI Strategic Plan: Ocean Visualization, Ecosystem Dynamics, and Ocean Biogeo-chemistry.  The data collected and integrated through the Integrated Time-Series Project is a valuable resource for understanding and visualizing all aspects of the ocean ecosystem and the biological, geological and chemical processes within.
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
The Packard Foundation’s long-term goal as described in their U.S. West Coast Strategic Plan is to enhance the ability of the U.S. West Coast marine ecosystems to sustain biodiversity and productivity. More precisely, the Foundation supports work that will lead to a future in which:
· Effective governance and management systems exist that can access the necessary information for sound management and adapt to changing conditions, particularly in the face of the growing impacts of climate change and ocean acidification.

· Oceans research and discovery provides the scientific knowledge and information needed for the sound management of the oceans and contributes to expanded human horizons and understanding

We feel that an integrated MBARI time-series as unique and long-standing as the one being proposed here, is key to providing the information necessary to help the Foundation achieve its vision.  The data made available in this project will provide a unique picture of the Monterey Bay ecosystem in its entirety from the surface to the benthos, resolving natural cycles at time scales ranging from seasonal to decadal, thus providing invaluable information regarding biodiversity, productivity and health of marine ecosystems in the California Current. The integrated time series will also directly support the two goals listed above by providing the information to increase scientific knowledge to govern and manage our oceans in a sustainable way, potentially contributing to the two initiatives constituting the Foundation’s grantmaking strategy: advancing fisheries management and conserving marine habitats.

Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
MBARI’s Technology Roadmap (TR) is designed to help focus our efforts to achieve the vision articulated in the Strategic Plan.  In the TR, advancing a persistent presence is listed as one of the key areas of technology development.  More specifically, one of the development efforts spelled out under this focus is the development of tools for preserving, exploring and mining multi-disciplinary data sets.  The analysis and development proposed under the Integrated Time-Series project is directly addressing this particular development area. This project also directly addresses a couple of Problem Statements in the Technology Roadmap: #3 “Advance a detailed quantitative view of the biological pump” by collating carbon flux data from surface to the sea floor, allowing for detailed analysis, and #6 “Relate water-column conditions and variability to the abundance, distribution, and activity and organisms” by looking at climate-driven impacts on marine food webs throughout the water column.
MT Feedback

Throughout this proposal, we marked sections of the text with tags such as (MT Feedback #XX) which is meant to highlight the following requests made during the abstract phase of the project:

1. What assets and staff will be needed for end goal and what is the impact on DMO?

2. What is the impact on data collection volumes and analysis?

3. Provide comprehensive understanding of requirements from sensor to dissemination before actually building hardware on sub-projects.
4. Should have pilot scale experiments geared at informing long-term plan.
5. Provide overall systems summary of efforts to show how all fit together with project (table or diagram).
6. Work with Data TAG and provide analysis of projected storage/processing/querying needs.

7. Address how system will include capability to improve prediction and allow for hypothesis testing.

8. Define the near term science objectives.

9. Benefits of ITS beyond science: disseminate information for applications to conservation, management, etc.
10. Address how you will provide a machine-learning interface (particularly with genomic data). Consider PNNL and Francine Berman as resources.
Approach to the problem
1. The integrated time series vision

The ultimate goal of integrating the time series is to achieve an affordable and sustainable system allowing key ecosystem processes to be monitored, organic carbon production and utilization to be tracked throughout the water column, and the impact of climate variability and change to be assessed (Figure 1). Ultimately, comprehensive understanding of ecosystems functioning combined with monitoring of key parameters will also improve predictions of future states of the system, particularly under climate change, and provide tools to monitor the state of the Monterey Bay and offshore ecosystems (biodiversity, productivity, health).
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Figure 1 – The integrated time series vision.
These ambitious objectives will be achieved by (1) automatically and concurrently measuring all necessary physical, chemical, and biological parameters throughout the water column, which will require state-of-the-art autonomous instrumentation largely developed at MBARI (Figure 2), and (2) merging the data into a common database for scientific exploration. Such a system, both the technology and the data, should then be exportable to the public and other research institutes. 
A number of core technologies can be identified from Figure 2, which will be key to the future exportable and sustainable integrated time series. Long endurance AUVs (LRAUV or similar) will be required to travel to potentially remote sites (Sta. M in particular), sample the water column, and bring data and samples back. Specific requirements include surface water samples acquisition and preservation, video (and eventually acoustic) imaging of the midwater and benthos, and deep ocean data collection. The capabilities of the wave glider are also very attractive as it can sample surface and near surface parameters as well as serve as a communications hot-spot and/or data mule back to shore. The satellite in Figure 2 not only represents a possible means of data collection for remote sites, but also is meant to show that the time series data can be integrated with remote sensing data. Also, while not conveyed in the figure, the endurance (deployment durations) for the assets in Figure 2 will need to be extended to make this time series vision affordable.
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Figure 2 – Exportable future technologies as envisioned in 2014.
2. Where we are: results from the feasibility study

A feasibility study conducted during 2013-2014 (project 901304) laid the foundations for the integrated time series by defining the integrated time series vision (see above) and the path towards its realization, during productive discussions involving the three labs. Monthly meetings enabled regular interaction between scientists and engineers that provided a consistent framework where decisions were made regarding crucial parameters to be sampled, corresponding sampling technologies, science and technical planning. During those two years the focus was on defining the minimum set of measurements and the technologies required to track how the flow of energy and matter (carbon) from the sunlit surface ocean through the food web to midwater and the benthos are changing in response to natural processes and human perturbations. A key technical requirement identified under the feasibility study was the need for an AUV with long (week to month) autonomy that could monitor the ocean from the surface to the seafloor to measure required properties and collect samples for laboratory analysis (see above). A white paper summarizing the goals of time series integration, the need for technology development and the uniqueness of the MBARI time series summarized these efforts. The feasibility study also enabled prototyping efforts such as the ones described below: data cataloging and extraction, scientific analysis, data visualization. Results are encouraging and show promise of tremendous added value (in terms of science, technology and resources) to integrating the time series. 
3. Project definition and goals

This project will continue the successful partnership between the three labs with the following objectives: 1) Define the scientific requirements for MBARI ocean time series from the surface ocean to the benthos; 2) Define and promote the technologies needed to make the time series sustainable and exportable. The integrated time series project thus will act as an umbrella project under which science/engineering meetings take place and common decisions are being made, while required technological developments will be carried out under the three ongoing time-series projects: The Monterey Bay Time-Series (901112), The Midwater Time-Series (901221), The Pelagic-Benthic Coupling project (901113) as well as several other ongoing MBARI projects (see section 5). 
In addition to providing a framework where crucial decisions can be made and the path forward conjointly defined, this project proposes to integrate the data from the three time series, both scientifically and technically. Scientifically, we seek to answer questions like: Can variations in sunlight-driven primary production be traced through higher trophic levels, to midwater communities and the benthos? Are aspects of the biological pump changing over time? Are there predictable synchronous changes occurring in the environment and across ecosystems? How can we use the time series to inform and predict the state of the ecosystems, working towards ocean conservation and sustainability? Technically, the data will be aggregated within a common data repository such as STOQS, and shared publicly along with visualization/exploration tools such as http://services.mbari.org/intts/web/app/. 

The main problems being addressed by this project are:
· Define the scientific requirements for the time series, as well as the technologies needed to make the time series sustainable and exportable (MT Feedback #3)
· Develop analysis techniques, algorithms and products that elucidate patterns and relationships in this combined dataset, in order to advance our scientific understanding of the biological pump and Monterey Bay ecosystems. 
· Determine which data from each of the time series are key to providing a comprehensive data set that can be analyzed to provide a complete picture of the ecosystem dynamics of the Monterey Bay area. 
· Develop a data storage technique combined with data access mechanisms and visualization applications to allow for further exploration and access to the integrated data set.

· Develop techniques and technologies that can be utilized by others who are also interested in economical time-series efforts.
4. Proposed work

In order to effectively address these focused problems, we are proposing the following work:

(1) Monthly science and engineering meetings: Continue the regular meetings that were key to the success of the feasibility study where the group will discuss the sampling techniques, data and analysis to direct the synthesis and infrastructure development as well as formulate possible future technology developments that continually improve the integrated time series.  These discussions are the genesis of the techniques being proposed in other projects with the focus of making the collection of the time series data more affordable, sustainable and exportable.

(2) Scientific data integration: Based on the input of the group meetings, iteratively develop data synthesis and analysis to effectively elucidate understanding of the combined data-set as well as prototype analysis and visualization techniques to be developed in the data management effort. More specifically, scientific analyses that can be tackled during the 5-year project are:

· Synthesize the information contained in the three time series, in order to identify key variables and reduce the number of parameters being compared to each other to a manageable number

· Identify synchronous and lagged patterns of variability in the environment and across trophic levels, at the seasonal and interannual scales
· Develop predictive capabilities by identifying lags (e.g. animals responding to climate variability with some time delay) and processes (e.g. features observed in situations likely to become more common with climate change, such as strong upwelling or low oxygen) (MT Feedback #7)
· Develop proxies related to the state of the ecosystem, and in particular to biodiversity, productivity and ecosystem health. Study how those crucial parameters have been evolving with time and how they might be influenced by the environment or anthropogenic stressors.  (MT Feedback #9)
· Compare the MBARI time series to external datasets, either in Monterey Bay (related to parameters not currently measured such as zooplankton or top predators) or in the California Current (e.g. CalCOFI)

· Work toward a carbon budget by quantifying carbon fluxes from the surface to the ocean floor and to harvested species (where possible), looking at pathways such as grazing, respiration and carbon export.
(3) Technical data integration: Based on the requirements defined during the group meetings, the synthesis/analysis work, and the research into predictive analysis and machine learning, we will develop a central data store for the parameters of interest that will be extracted from each of the three time series.  After data store development, extraction routines will be written to automate the loading of the parameters from the individual time series into the common data store.  Another set of access, exploration and visualization requirements will be developed during this work, which will then be used to design access interfaces to the central data store.  A key aspect of this work will be exportability of both the technology and the data itself.  The access interfaces (both programmatic and human) will be developed and deployed.  In addition, there may be other products from the analysis of the integrated data that will be made available to the community as well that will help with the dissemination of knowledge gathered during this process.  For example, we may develop indicators of ecosystem health or discover measurement proxies during this process that will help others and we will work to make this available to the community as well. It is important to note that the process of the defining technology and analysis requirements will be ongoing during 2015 (and beyond) and will likely necessitate an iterative process of development for the access mechanisms.  For this reason, we foresee development continuing in follow-on years to support these evolving requirements. 
5. Project relationships and dependencies

In describing the approach proposed in this body of work, we also can take a broader view of how this work relates to other proposals and continuing projects. The core of the integrated time series consists of this project in conjunction with the three individual time series projects (Figure 3). The integrated time series project (901512) will be mainly focused on data integration (both technological and scientific), and will also act as an umbrella project via science/engineering meetings. Required technological developments will be carried out within each individual time series project (901112, 901221, 901113) and affiliated development projects. A time line view of the core projects and related efforts is shown below in Figure 4. 
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Figure 3 – Integrating the time series: transition phase when new sampling technologies are being compared with existing technologies and Station MB is being instrumented for benthic monitoring. This figure represents activities that will be taking place within the integrated time series project and the three individual time series projects in the next couple years. (MT Feedback #4)
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Figure 4 – Constellation of projects that when combined depict the overall integrated time series development effort. (MT Feedback #4) (MT Feedback #5)
The goal of Figure 4 is to demonstrate how various development projects are related to the Integrated Time Series project in the upcoming few years. Here we list how these projects will ultimately contribute to the integrated time series vision (see also Figure 2):
· LRAUV: One goal of the LRAUV for the Integrated Time Series is to ultimately replace the ship-based CTD casts (pCTD) to decrease the costs of upper water column measurements.

· Wave glider: Similar to the LRAUV, the goal for the wave glider is to ultimately replace the ship-based underwater system (uCTD) including pCO2 measurements, and to serve as a communication center for transmitting data and control via satellite to and from autonomous instruments.
· CANON water sampler: The goal of the water sampler onboard the LRAUV is to acquire and preserve water samples in a cost effective manner without having to collect them from a ship.

· Moorings: will provide high-frequency time series measurements of the water column.

· i2MAP: The i2MAP vehicle will ultimately replace ROV-based midwater transects with AUV transects which will drop data collections costs.

· Midwater ecology: this work will provide crucial species-specific parameters such as respiration rates and carbon biomass

· Computer vision and classification: this capability will be required to make counting of animals in the water column cost effective and tractable.  The long-term vision includes the possibility of doing this analysis while the vehicle is deployed at sea.  The CANON HIPP project is looking at high performance compute packages that can be deployed on vehicles for just this type of application.

· Mooring endurance extension: the goal of this work is to ultimately reduce the frequency of mooring servicing to every 3-5 years, significantly decreasing the cost of maintaining the deployed assets.
6. Near Term, Mid Term, and Long Term impacts on the Institute 
From Figure 4 above, we can make a rough projection of the impact of this and all the related work on the Institute.  Tables 1, 2 and 3 are designed to present a very rough estimate of what the proposal team feels are the impacts of the work under the Integrated Time Series proposal (this one) as well from the individual time series projects and any related development projects.  Tables 1, 2 and 3 are broken out to estimate impacts in the near, mid, and long term, respectively. (MT Feedback #1) (MT Feedback #2)

Table 1 – Best Guess Estimates of Near Term (2015) Impacts of ITS and Related Projects

	Activity
	Staff Impact
	Infrastructure Impact
	Operations Impact

	Integrated Time Series (901512)

	Data Integration, Storage, Query
	1. SE – 290 hours
	1. Storage: The data that are integrated under this projects forms a very small subsection of the overall volume of data from each time series, so we project very low volume of data stored in a TBD mechanism

2. Compute: Single virtual machine server to extract, store and present combined data.
	None

	Analysis
	1. Research Specialist – 360 hours
	1. Storage: Low volumes of data and products stored on atlas network file system.

1. Compute: Analysis license running on research specialist’s computer
	None

	Meetings
	1. Project team
	1. None
	None

	Monterey Bay Time Series (901112)

	Shipboard Sampling
	1.  BOG Lab.
	1. Storage: Data flows to BOG database with normal disk allocation as in past

2. Compute: Normal compute resources
	1. Normal ship time request

	LRAUV Development (901400)
	1. LRAUV Team
	1. Storage: LRAUV data are stored on atlas network file system.

2. Compute: No additional resources
	1. Research Technician trained to operate

	CANON LRAUV Sampler (901009)
	1. CANON project scopes this development
	1. Storage: Data will flow to BOG database, may need more disk space, but not substantial

2. Compute: Compute resources will come from Monterey Bay Time Series lab.
	1. LRAUV deployments for testing of sampler during development will be operated by LRAUV team with Research Technician

	LRAUV 3G ESP Sampler (901205)
	1. 3G ESP project scopes this development
	1. Storage: Data will flow to BOG database as this is archive only stage and will need further analysis

2. Compute: None other than current resources
	1. LRAUV deployments for testing 3G ESP sampler will be operated by LRAUV and SURF lab with limited operations technician support

	Glider Operations
	1. BOG Lab

2. Glider Data Analyst
	1. Storage: Glider data stored offsite and relevant data will be extracted to BOG database
2. Compute: None other than current resources
	1. Technician trained to operate

	Waveglider Operations
	1. BOG Lab
	1. Storage: Waveglider data stored at Liquid Robotics and relevant data will be extracted to BOG database
2. Compute: Compute resources will come from Monterey Bay Time Series lab.
	1. Technician trained to operate

	Midwater Time Series (901221)

	ROV Transects
	1. Midwater Lab

2. Video Lab
	1. Storage: Normal video transect data storage (tapes) with annotations stored in VARS

2. Compute: VARS System, nothing additional
	1. Normal ship operations for ROV transects

	i2Map Development (901209)
	1. i2Map project scopes this development

2. Midwater Lab

3. Video Lab
	1. Storage: Video will be stored in files, some increase in VARS database, but should be small during development

2. Compute: Additional video lab resources will be needed to look at some of the video during vehicle development
	1. Ship time requests under the i2Map development project.

	Pelagic Benthic Coupling (901113)

	Station M Deployment
	1. Video Lab
	1. Storage: Normal requirements, nothing additional

2. Compute: Normal Pelagic/Benthic Lab compute resources
	1. Normal ship request for pelagic-benthic coupling.

	Station MB Deployment
	
	
	1. Sediment trap deployment at Smooth Ridge in 2015

	Extending Endurance Feasibility Study (901501)
	1. Feasibility Study will scope this level of effort

2. Pelagic/Benthic Lab
	1. Storage: Somewhat TBD based on results of feasibility, but the project increases endurance and provides data delivery so data volumes would only increase based on the amount of time the Station deployments are extended by.  We don’t see this as a significant increase in storage.

2. Compute: No additional resources
	1. Deployments requested to support the feasibility study deployments are TBD.


Table 2 – Best Guess Estimate of Mid Term (Tool and Method Validation) Impacts of ITS and Related Projects

	Activity
	Staff Impact
	Infrastructure Impact
	Operations Impact

	Integrated Time Series (901512)

	Data Integration, Storage, Query
	1. SE – depends on requirements generated in near term activities
	1. Storage: 

2. Compute:
	None

	Analysis
	1. Research Specialist
	1. Storage

2. Compute: Analysis license
	None

	Meetings (likely to focus on requirements for combined, full depth AUV to use across all time series)
	1. Project team
	1. None
	None

	Monterey Bay Time Series (901112)

	Shipboard Sampling
	1. BOG Lab
	1. Storage: Data flows to BOG database with normal disk allocation

2. Compute: Normal compute resource allocations
	1. Normal ship time requests

	LRAUV Sampling Deployments 
	1. BOG Lab


	1. Storage: Data will flow to BOG database, may need more disk space, but not substantial

2. Compute: Compute resources will come from BOG Lab.
	1. LRAUV deployments will be operated by LRAUV team with Technician

	Comparison of Shipboard to LRAUV Collected Samples
	1. BOG Lab
	1. Storage: Storage requirements for comparison data should be within normal atlas network file storage capabilities with normal allocations

2. Compute: Compute resource will come from BOG Lab.
	None

	Integration of 3G ESP Samples
	1. BOG Lab
	Unknown
	Unknown

	Glider Operations
	1. BOG Lab

2. Glider Data Analyst
	1. Storage: Glider data stored offsite and relevant data will be extracted to BOG database
2. Compute: None other than current resources
	1. Technician trained to operate

	Waveglider Operations
	1. BOG Lab
	1. Storage: Waveglider data stored at Liquid Robotics and relevant data will be extracted to BOG database
2. Compute: Compute resources will come from BOG Lab.
	1. Technician trained to operate

	Midwater Time Series (901221)

	ROV Transects
	1. Midwater Lab

2. Video Lab
	1. Storage: Normal video transect data storage (tapes) with annotations stored in VARS

2. Compute: VARS System, nothing additional
	1. Normal ship operations for ROV transects

	i2Map Deployments
	1. Midwater Lab

2. Video Lab – the demand on the video lab would increase during this side-by-side comparison of ROV to i2Map video transects
	1. Storage: There will be a large demand on storage for archiving these files for analysis.  Current plan includes storage on atlas file store, but will be in consultation with Video TAG and Data TAG to possibly transition storage to any applicable technology developments.

2. Compute: Annotation of i2Map video will be done through VARS and, while requiring more video lab time, the compute resources do not change.
	1. Joint ROV/AUV operations.

	i2Map and ROV Transect Comparison and Validation
	1. Midwater Lab 
	1. Storage: For the comparison, we are not counting the storage of the video itself (see above), but for the actual comparison of the annotation results, there would be a very small need for storage.

2. Compute: Normal lab resources will be required
	None

	Pelagic Benthic Coupling (901113)

	Station M Deployment
	1. Pelagic/Benthic Lab

2. Video Lab
	1. Storage: Normal requirements, nothing additional

2. Compute: Normal Pelagic/Benthic Lab compute resources
	1. Normal ship request for pelagic-benthic coupling (annual cruise each October to support 12-month deployments).

	Station MB Deployment
	1. Pelagic/Benthic Lab

2. Video Lab – The demand on the video lab would double over current workload due to a second benthic station deployment
	1. Storage: The storage required for essentially a second benthic station would be double that of only having one (adds less than 100 GB of storage per year, primarily in image backups).

2. Compute: Normal Pelagic/Benthic Lab compute resources and VARS resources
	1. A request for two days ship time would be added to the annual cruise to accommodate both Sta. M and Sta. MB
2. There would be additional operational resources needed depending on the results of the feasibility study, but could range from AUV deployment to AUV dock deployment with mooring. 


Table 3 – Best Guess Estimates of Long Term (Combined AUV) Impacts of ITS and Related Projects

	Activity
	Staff Impact
	Infrastructure Impact
	Operations Impact

	Integrated Time Series (901512)

	Data Integration, Storage, Query
	1. SE – Hard to project, but the goal is to have the system operational and only need SE time for fixes and/or feature development
	1. Storage: As the time series collects data, the storage needed to store the analysis and extracted parameters is seen as a much smaller need than that of the individual project storage needs.
2. Compute: It is projected that the analysis of this data will not be compute intensive, but will run at regular intervals on compute resources at MBARI.
	None

	Analysis
	1. Research Specialist – Hard to project, but the goal is to have the system operational and only need Research Specialist time for developing new analysis based on results of group meetings
	Same as above
	None

	Meetings
	1. Project team
	None
	None

	Monterey Bay Time Series (901112)

	Combined AUV Sampler Deployments
	1. BOG Lab – The lab would handle the processing of the water and ESP samples delivered by the combined AUV deployment
	Unknown
	1. TBD based on combined vehicle design and development, but goal is the have it deployed and managed by Monterey Bay Time Series lab.

	Glider Operations
	1. BOG Lab

2. Glider Data Analyst
	1. Storage: Glider data stored offsite and relevant data will be extracted to BOG database
2. Compute: None other than current resources
	1. DMO not impacted (Technician will operate)

	Waveglider Operations
	1. BOG Lab
	1. Storage: Waveglider data stored at Liquid Robotics and relevant data will be extracted to BOG database
2. Compute: Compute resources will come from BOG Lab.
	1. Technician trained to operate

	Midwater Time Series (901221)

	Combined AUV Deployments with i2Map system
	1. Midwater Lab

2. Video Lab – The amount of video collected by the combined AUV would be similar to that currently collected by ROV, so video lab resources should be equivalent to today’s needs
	1. Storage: There will be a large demand on storage for archiving these files for analysis.  Current plan includes storage on atlas file store, but will be in consultation with Video TAG and Data TAG to possibly transition storage to any applicable technology developments.

2. Compute: Annotation of i2Map video will be done through VARS and compute resources do not change.
	1. TBD based on combined vehicle design and development, but goal is to have it deployed and managed by Midwater Lab.

	Pelagic Benthic Coupling (901113)


	Station M Deployment
	1. Pelagic/Benthic Lab

2. Video Lab
	1. Storage: Normal requirements, nothing additional

2. Compute: Normal Pelagic/Benthic Lab compute resources
	1. If endurance study is successful, the operational needs for Station M deployments should decrease based on the amount of time that the deployments can be extended.

	Station MB Deployment
	1. Pelagic/Benthic Lab

2. Video Lab – The demand on the video lab would double over current workload due to a second benthic station deployment
	1. Storage: The storage required for essentially a second benthic station would be double that of only having one (adds less than 100 GB of storage per year, primarily in image backups).

2. Compute: Normal Pelagic/Benthic Lab compute resources and VARS resources
	1. A request for two days ship time would be added to the annual cruise to accommodate both Sta. M and Sta. MB 2. There would be additional operational resources needed depending on the results of the feasibility study, but could range from AUV deployment to AUV dock deployment with mooring. 


	Combined AUV deployments for data recovery
	1. Pelagic/Benthic Lab


	1. Storage: None for deployment activity (see above)

2. Compute: None for deployment activity (see above)
	1. There would be additional operations activity requested to deploy the AUV to retrieve data (if  result of feasibility study), but should be able to be deployed by Pelagic/Benthic Lab and by extending Station M and MB deployments, the overall impact on DMO would be less.


Publications (from other projects over the last 5 years)

For the sake of brevity, the pertinent supporting publications can be found in the individual time series proposals: Monterey Bay Time Series (901112), Midwater Time Series (901221) and Pelagic Benthic Coupling (901113).
b) Continuing Projects

N/A
c) New and Continuing Projects: Plans for 2015
Research Activities
Possible scientific analyses that can be tackled under this project were listed above. Those represent long-term goals that will be undertaken over several years. Here specific near-term science objective for 2015 are presented in a table, and detailed below. (MT Feedback #8)
	Scientific analysis
	Long-term goals
	Near-term science objectives (2015)

	Data synthesis
	Identify key parameters and condense the time series information 
	(1) Separately synthesize surface, midwater and benthic time series into a manageable number of representative data sets 

	Synchronous variability
	Identify cause/effect relationships between the time series
	(2) Compare the time series from (1) with each other and with climate indices to identify similar variability at the seasonal and interannual scale

	Prediction
	Predict key parameters in the future, a few years ahead and under climate change
	(3) Identify lagged-relationships based on (2) and identify species for which those are robust enough to enable prediction

	State of the ecosystem
	Define and share proxies related to ecosystem health
	(4) Investigate calculations of biodiversity indices

	Outside datasets
	Enlarge the above studies to the California Current
	- none for 2015 -

	Carbon budget
	Quantify carbon fluxes from surface to bottom and harvest
	(5) Start combining midwater animal counts with biomass and respiration numbers


Objective (1): Monitoring a biodiverse ecosystem results in tracking a large number of species and variables. This is especially striking in the midwater time series, which consist of several hundred species monitored over 50 to 1000 m depth. Statistical techniques to reduce the time series to a manageable number of representative data sets will be investigated, such as clustering or Empirical Orthogonal Functions (EOFs). 

Objective (2): The reduced number of key species/parameters obtained from Objective (1) can then be compared with each other and with environmental forcing at the seasonal and interannual scales to identify climate-driven variability across trophic levels. Techniques could be as simple as lagged correlations or more complex since relationships are likely to be non-linear. In addition to ocean physical parameters measured as part of the time series, environmental forcing could be assessed from satellite data and climate indices such as the Pacific Decadal Oscillation (PDO).
Objective (3): Studies conducted within Objective (2) are likely to identify lagged relationships between trophic levels, as a change in the environment propagates up the food chain (bottom-up control) or a change in predation may have a delayed impact on lower trophic levels (top-down control). Those relationships, when robust, can be used to predict the abundance of certain species. The method can be tested by comparing predicted vs. real time series in hindcast. (MT Feedback #7)
Objective (4): A number of biodiversity indices have been published; they will be applied to the integrated time series to evaluate changes over time, in relation to environmental parameters. (MT Feedback #9)

Objective (5): As part of the Midwater Ecology project (901220), carbon biomass and respiration rates are being measured for dominant species. While precise temporal assessments are not currently possible due to lack of information regarding animal size, those values can be combined with animal counts (averages or at the seasonal cycle) to start working towards a carbon budget.

Engineering/technology development

The engineering and technology development activities for 2015 are:

1. We will work with people and organizations familiar with machine learning to define access requirements for machine learning frameworks and services. (SE 40 h) (MT Feedback #10)
2. Based on item 1 along with requirements defined during team meetings and analysis results, we will define access interfaces for integrated data to support those requirements. (SE 20 h)

3. We will work with the project team and research specialist (Monique) to define exploration/visualization requirements. (SE 20 h)

4. Based on interface definitions, we will then design and/or select a common data storage mechanism to support access and visualization requirements. (SE 40 h)

5. During this work, we will also consult the Data Technical Advisory Group to understand linkages to possible technologies being explored for data storage. (SE 10h) (MT Feedback #6)
6. Once storage mechanism is known, we will develop automated data extraction from existing time series into the common data store. (SE 20 h)

7. We will then deploy common data storage technology along with automated extraction routines. (20 h)

8. The software engineer will work with the group and research specialist to develop and deploy the access software and interfaces. (20 h)

9. The software engineer will work with the group and research specialist to develop the exploration and visualization software. (40 h)

Field programs (detail ship requirements/deployments/diver requirements)
None.
Specific deliverables
1. Common data storage mechanism

2. Automated extraction routines

3. Access interfaces to common data storage

4. Exploration and visualization interface.

Milestones (see personnel classification list)
	2015 Project Start Date: 
01/01/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	All year
	Q2
	Q3
	Q4
	
	

	Milestone Description
	Meetings
	Common Data Store
	Access Interfaces
	Exploration Visualization
	
	

	EE – Alana Sherman
	80
	
	
	
	
	80

	SE – Kevin Gomes
	80
	170
	20
	20
	
	290

	ME – Brett Hobson
	80
	
	
	
	
	80

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
Matlab statistical toolbox or similar for $1000 (initial purchase) + $188/year (annual support fees).
Project team
· Francisco Chavez – PI

· Bruce Robison – PI

· Ken Smith – PI

· Reiko Michisaki

· Tim Pennington

· Rob Sherlock

· Crissy Huffard

· Monique Messié – Project Manager, Data Synthesis and Analysis
· Brett Hobson

· Alana Sherman

· Kevin Gomes – Technological data integration
Project lab space
None needed.
Data availability outside project team, uniqueness

The integrated time series data will, by default, be made available through the access, exploration and visualization interfaces developed in this project.  See sections on connection to MBARI Strategic Plan, Technology Roadmap, and Packard Foundation Policies for uniqueness description.
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

None for 2015.
Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

No.
Monterey Bay National Marine Sanctuary SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None for this project. Work conducted within SESAs is detailed in each of the individual time series proposals.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	
	X

	Low
	
	X
	X
	


� This date and number should remain the same for the duration of the project. If your project start date for 2015 is not January 1, please indicate the start date in the first cell of the milestone chart.


� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This number should be the same number you entered on the resource requests for this particular resource.
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