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B. Project Summary (might be shorter)
A key recommendation of the Science Plan For Carbon Cycle Research In North American Coastal Waters1 endorsed by the US Carbon Cycle Science Program is “Further development of event-scale observing capacity (e.g., novel autonomous platforms) in all continental margin systems to better quantify impacts of episodic events on coastal carbon budgets”. Profiling floats have proven exceptionally capable at addressing important ocean science questions at the global and regional scales.  The data from the Argo array of 3500+ profiling floats is now routinely used in climate models to understand ocean climate and climate change and 3800+ papers have been generated based on Argo float data.  The Southern Ocean Carbon and Climate Observations and Modelling (SOCCOM) project is using profiling floats to understand the Southern Ocean’s influence on climate4. Building on this profiling float technology, the Monterey Bay Aquarium Research Institute (MBARI) has developed and fielded the first prototypes of a new autonomous profiling float optimized for biogeochemical science missions in the coastal zones of the world’s oceans, the coastal profiling float (CPF). ).  The science mission for the CPF is as a sensor platform to acquire and provide data to shore in near real time for research experiments in the coastal zones of the world’s oceans with an ecosystem size spatial scale e.g. the salmon fishery along the west coast of North America and a time scale of years.   
This proposal seeks funding to first, add additional functionality to improve the CPF’s ability to address a wider range of science questions. Second, rigorously test all aspects of the CPF to maximize the probability of success of science missions using the CPF, particularly by groups not involved in the development of the CPF. Both of these goals are prerequisites to achieving the third goal of moving the CPF from a development project into an effective, operational platform available to the research community outside of MBARI. 
Intellectual Merit
The work proposed herein advances profiling float technology in several key areas.  First, the CPF has the ability to change its volume by 3500 mL.  The ratio of volume change to overall volume, ∆V/V, for the CPF is 9.2%. A Webb Technologies BGC APEX float and ∆V/V of ~1% and a MRV S2-A Solo-II float ∆V/V is 3.4%. For comparison, the density gradient at the Columbia River outfall in Oregon can be 2.5% in a few XXX meters (need a reference).  The CPF also has good velocity and depth control allowing consistent sampling to be achieved quickly in shallow waters.  Good depth control allows the CPF to park in a thin layer and consistently sample that water mass. The large volume change also give the CPF the ability to anchor on, and more importantly de-anchor off, the bottom in order to minimize horizontal drift between profiles. The CPF supports the complete 6 sensor biogeochemical sensor suite of CTD, Oxygen, pH, Nitrate, Optical Radiation and Fluorometer/Backscatter.  There are currently 3 unused instrument channels which are intended to provide power and communications for 3 additional sensors.
Need a compelling example of the kind of science that can be done with fleets of CPFs in a couple of sentences here.
Broader Impacts
For the beginning, it has been the explicit intention of the MBARI CPF project to transition this technology outside of MBARI.  At this point we believe the CPF has proven its potential to be a highly functional platform that can be used effective by many academic and government research labs to address significant questions in the coastal zone of the world’s oceans.  Upon completion of this work we expect the current MBARI CPF research prototype will be a robust, operational product available for routine use by the greater research community.  There are several strategies for moving the CPF technology to the greater community.  Which strategy makes the most sense will depend on the community’s demand for the CPF.  As part of the proposed work, we will conduct a survey to asses this community needs and demand and develop a strategy informed by the survey results. 
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a. [bookmark: _GoBack]Intellectual Merit
Yui’s stuff 
Leaping the chasm from development to operations is friggin’ time consuming, not particularly risky.
Current status of CPF functionality (Gene)
b. Plan of Work
The general plan of work falls into 3 categories: 1) add additional functionality to improve the CPF’s ability to address a wider range of science questions; 2) rigorously test all aspects of the CPF to maximize the probability of success of science missions using the CPF, particularly by groups not involved in the development of the CPF; 3) move the CPF from a development project into an effective operational platform available to the research community outside of MBARI.
i. Additional Functionality
Reduce the power consumption
Improve the Iridium telemetry (other antennas, stability plate)
Develop the mission definition GUI (and sanity checker).
FloatViz or ???
ii. Maximize the mission Probability of Success
Port C# to C/C++
Increase the number of unit tests, automate the appropriate ones
Formalize testing with the bench top simulator
Cheaper pressure housing
Continual at-sea and test tank testing.
Mechanical and electrical drawings, part, assembly, drawings with inspection dimensions, manufacturing, test procedures.
iii. Moving from development to effective operations
Survey of representative academic and government research groups (is DWF a research group?)
List of possible strategies
c. Broader Impacts
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b. Project Summary 

Each proposal must contain a summary of the proposed project not more than one page in length. The Project Summary consists of an overview, a statement on the intellectual merit of the proposed activity, and a statement on the broader impacts of the proposed activity. 

The overview includes a description of the activity that would result if the proposal were funded and a statement of objectives and methods to be employed. The statement on intellectual merit should describe the potential of the proposed activity to advance knowledge. The statement on broader impacts should describe the potential of the proposed activity to benefit society and contribute to the achievement of specific, desired societal outcomes. 

The Project Summary should be informative to other persons working in the same or related fields, and, insofar as possible, understandable to a broad audience within the scientific domain. It should not be an abstract of the proposal. 

The Project Summary may ONLY be uploaded as a Supplementary Document if use of special characters is necessary. Such Project Summaries must be formatted with separate headings for Overview, Intellectual Merit and Broader Impacts. Failure to include these headings will result in the proposal being returned without review.
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 “Intellectual Merit”. The Project Description should provide a clear statement of the work to be undertaken and must include the objectives for the period of the proposed work and expected significance; the relationship of this work to the present state of knowledge in the field, as well as to work in progress by the PI under other support.

The Project Description should outline the general plan of work, including the broad design of activities to be undertaken, and, where appropriate, provide a clear description of experimental methods and procedures. Proposers should address what they want to do, why they want to do it, how they plan to do it, how they will know if they succeed, and what benefits could accrue if the project is successful. The project activities may be based on previously established and/or innovative methods and approaches, but in either case must be well justified. These issues apply to both the technical aspects of the proposal and the way in which the project may make broader contributions.

The Project Description also must contain, as a separate section within the narrative, a section labeled “Broader Impacts”. This section should provide a discussion of the broader impacts of the proposed activities. Broader impacts may be accomplished through the research itself, through the activities that are directly related to specific research projects, or through activities that are supported by, but are complementary to the project. NSF values the advancement of scientific knowledge and activities that contribute to the achievement of societally relevant outcomes. Such outcomes include, but are not limited to: full participation of women, persons with disabilities, and underrepresented minorities in science, technology, engineering, and mathematics (STEM); improved STEM education and educator development at any level; increased public scientific literacy and public engagement with science and technology; improved well-being of individuals in society; development of a diverse, globally competitive STEM workforce; increased partnerships between academia, industry, and others; improved national security; increased economic competitiveness of the U.S.; and enhanced infrastructure for research and education.

Plans for data management and sharing of the products of research, including preservation, documentation, and sharing of data, samples, physical collections, curriculum materials and other related research and education products should be described in the Special Information and Supplementary Documentation section of the proposal (see Chapter II.C.2.j for additional instructions for preparation of this section).
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For comparison, existing APEX floats from Webb Technology have 260 mL of buoyancy change and a dV/V = 0.012 and the S2-A Solo-II float from MRV technology has 650 mL with a dV/V = 0.0343

Rigorously testing the CPF involves a balance of on-shore testing where we can control the environment and test over a wide range of conditions and, of course, at-sea testing in the real ocean.  We have the framework in place to rigorously test the CPF at the bench using a pressure simulator that controls air pressure at the CTD pressure sensor inlet.  This allows us to run the CPF through “typical” pressure profiles from the surface to the ocean bottom
In order to meet the science mission described above, The CPF has several key requirements not necessary in deep water floats. Density gradients can be very steep off coastal rivers, e.g. Columbia River outfall in Oregon can have a density gradient of 2.5% in a few XXX meters (need a reference). The CPF can change its buoyancy (∆V) by 3500 mL and has an overall volume (V) of about 38L for a ∆V/V = 9.2%, ~9X that of an Webb Technologies APEX float and ~3X that of a MRV S2-A Solo-II float. The CPF can achieve typical vertical profiling velocities within a few meters of de-anchoring with minimal overshoot.  This allows a consistent sampling schedule over the majority of the profile even in shallow waters. A significant risk to using autonomous profiling floats in the coastal zone is the floats drifting either onshore or offshore.  We have several approaches to mitigating this risk.  First, the CPF’s large volume change capability allows the CPF to anchor on, and more importantly de-anchor off, the bottom to minimize horizontal drift while waiting for the next profile.  Second, we are using the Regional Ocean Modeling System (ROMS) operational models to predict subsurface currents.  If the CPF has an overall easterly drift primarily due to surface wind and currents, there is a high probability there will be a westerly counter current at some depth.  Based on ROMS current predictions, we can park the CPF in the counter current and navigate the CPF back into the desired measurement volume. The CPF supports the complete 6 sensor biogeochemical sensor suite of CTD, Oxygen, pH, Nitrate, Optical Radiation and Fluorometer/Backscatter with 3 expansion instrument channels with power and communications for additional sensors.


