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Development of a Coastal Profiling Float
1) ABSTRACT
A warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen concentrations and a variety of other processes are expected to impact coastal waters.  An observing system that can be distributed on a global scale is needed to provide defensible assessments of the effects of these processes on fundamental biogeochemical processes, such a net community production and carbon export.  There are no such coastal observing systems that are now available.  

The Argo array, based on a network of 3000+ profiling floats distributed throughout the open ocean, has been, arguably, the only successful model for global scale sensor arrays in the ocean.  The main focus of Argo is to provide a statistically defensible measurement of the changing heat content of the global ocean.  Argo has not focused on the coastal zone simply because shallow coastal waters hold little heat.  However, in contrast to heat, much of the global ocean carbon cycling occurs in shallow coastal waters where nutrients are upwelled to the surface.   Thus, defensible assessments of the changing elemental cycles in the open ocean will require sensor arrays that can be deployed in large numbers throughout the coastal regions of the world.

We propose an effort to begin development of a profiling float optimized for operation in coastal waters.  Our unique contribution would be twofold.  First, development of a platform optimized for coastal operation (water depths less than about 500 meters).  Second, it will be optimized to ease integration of sensor suites specifically targeting coastal issues (e.g., pH, nitrate, oxygen and biooptical sensors).  
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
A warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen concentrations and a variety of other processes are expected to impact coastal waters.  An observing system that can be distributed on a global scale is needed to provide defensible assessments of the effects of these processes on fundamental biogeochemical processes, such a net community production and carbon export.  There are no such coastal observing systems that are now available.  Coastal moorings are typically expensive, require a skilled labor force for continual maintenance, and are quite susceptible to damage from vessel traffic and fishing.  Gliders are also expensive, require a highly trained group to service them between missions, and they carry few sensors.  

The Argo array, based on a network of 3000+ profiling floats distributed throughout the open ocean, has been, arguably, the only successful model for global scale sensor arrays in the ocean.  The main focus of Argo is to provide a statistically defensible measurement of the changing heat content of the global ocean.  The profiling floats used by Argo are optimized for deployment in waters deeper than the 2000 m depth to which floats profile.  Argo has not focused on the coastal zone simply because shallow coastal waters hold little heat.  We are now successfully equipping profiling floats with biogeochemical sensors with a goal to provide similar, defensible assessments of the time variations in open ocean cycles of carbon, nitrogen and oxygen.  However, in contrast to heat, much of the global ocean carbon cycling occurs in shallow coastal waters where nutrients are upwelled to the surface.   Thus, defensible assessments of the changing elemental cycles in the open ocean will require sensor arrays that can be economically deployed in large numbers for decades throughout the coastal regions of the world. We believe that profiling floats are best suited for this type of global observing system because they are relatively low cost and do not require continual service, as do gliders and moorings.  Thus, the operational costs are significantly less than other platforms.
We propose an effort to begin development of a profiling float optimized for operation in coastal waters.  Our unique contribution would be twofold.  First, development of a platform optimized for coastal operation (water depths less than about 500 meters).  Second, it will be optimized to ease sensor integration (e.g., pH, nitrate, oxygen and biooptical sensors).  Specifically we propose to add a bottom parking mode that will substantially increase the float residence time inside the coastal region. The Chemical Sensor lab has an ongoing relationship with Steve Riser’s Lab at UW, the leading developer of new enhancements for the standard APEX ARGO float.  We have discussed the project with Steve and we are pleased he has agreed to collaborate with us on this development.  

Figure 1 is an example of the kind of data product currently possible from the global ARGO array and provides approximately 9 years of O2and temperature data for an area near Hawaii.    We believe the proposed project could generate similar plots in 4 dimensions economically sustainable over decades for not only O2 and temperature but also a range of other parameters like pH and nitrate that are critical to understanding and managing coastal zones.
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Figure 1

How does it relate/contribute to MBARI’s mission and strategic plan?
This proposed project relates and contributes to MBARI’s mission and strategic plan at several levels.  At the highest level relative to MBARI’s mission statement, this project is a symbiotic collaboration between MBARI Engineering and MBARI’s Chemical Sensor lab to develop a unique instrumentation system capable of providing economical, defensible measurements of fundamental properties required to understand natural phenomena in the critical coastal zone and how human activities are affecting these phenomena.  More specifically, the proposed project directly addresses all 3 of the overarching goals in the 2011 Strategic Plan.  1) We are “adapt(ing) innovative technologies that allow researchers to identify and resolve important questions and advance our understanding of the ocean”.  As an example, the proposed system will be able to address important questions that can’t currently be answered with existing systems such as KEN FILL IN HERE. 2) We will utilize this system to “explore and understand how natural ocean systems operate” with a targeted field program in the third and fourth years of this project aimed at understanding KEN FILL IN HERE. 3) Because the technology is an extension of the existing ARGO technology, the ability to “Transfer the knowledge gained, solutions devised, and the technology developed to communities outside MBARI” to the existing ARGO community will be relatively straight forward.  It is not unreasonable to expect that once the technology is made available, the ARGO community will broaden outside ARGO’s current global scale researchers to include coastal zone scientists.
In addition, the proposed project directly addresses the Ocean biogeochemistry 2011-2020 research theme identified in the Strategic Plan.  In this section of the strategic plan measurements of ocean acidity, oxygen, temperature, density, nutrient density and trace metals are identified as major influences on ecosystem structure and function.  The Chemical Sensor Lab had demonstrated the ability to measure all of these parameters on other platforms.  This effort will move at least the first 5 of these measurements onto a platform that can be deployed in arrays across the coastal regions of the world.  These measurements will also be of fundamental usefulness in project addressing the Ecosystem Dynamics 2011-2020 Research theme.

How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? 
The Packard Foundation Strategic Framework for Oceans Grantmaking “concentrates on three interlinked objectives … Restoration of ecologically important fisheries, Improved coastal management; and, Enhanced scientific understanding of the functioning of marine ecosystems”.  Clearly, the long term products of this project; economically sustainable, 4D records of important coastal ocean parameters are critical input to the kind of policy making the Packard Foundation is explicitly supporting.  More specifically, the Packard Foundation Science subprogram describes a “growing body of knowledge that can help determine the most effective strategies to strengthen the role of science in decision making”.  Their document Science Strategy: Linking Knowledge with Action describes the kind of knowledge required by policy decision makers as 1) Legitimate 2) Salient and 3) Credible.  We believe the global data currently generated by the ARGO program meets the Legitimate and Credible attributes.  Transitioning the proposed profiling floats into the ARGO community will leverage these attributes.  Furthermore, we believe expanding this ARGO capability to provide salient knowledge of coastal properties to Policy and Decision makers is the third attribute the Packard Foundation is looking for from data generated by science programs they fund. 
   
Approach to the problem
The Management Team has identified several issues including permitting and impact on Marine Protected Areas that must be addressed for this project to be successful and we have re-scoped our project to address these issues immediately (to simplify discussion, we’ll refer to all these non-technical issues as permitting).  We have already started discussions with Andrew DeVogelaere at the MBNS and expect to meet with MBNS Resource Protection staff also in 2011.  It is our intent to specifically address the battery issues during our discussion with Andrew and we have the option of using Li-ion secondary batteries which present a significantly lower risk than Li metal primary batteries and standard Alakaline batteries are also a very reasonable alternative for all MBNS deployments.  In addition, we expect our mission profiles or MBNS deployements to provide position updates at least once a day which should allow for a reasonable expectation that we can recover any float moving into a MPA or other keep out zone.  It is safe to assume we will also have to discuss this project with other permitting agencies and stake holders e.g., the California Coastal Commission and the Department of Fish and Game and we hope to get guidance about how to proceed with these agencies as we continue discussions with the MBNS.  Meg Caldwell and others at the Center for Ocean Solutions may also be valuable resources for this effort.  Clearly, the permitting process poses a significant risk and no major expenditures will be made (specifically no purchase of floats or major investment of engineering design time) until we understand and accept these risks.

Happily, the development part of this project is more straightforward than permitting.  We expect to follow the usual process of defining requirements, developing a preliminary design with prototyping as necessary to mitigate risk, hold a design review, finalize the design and review, build, test and deploy.  As mentioned above, the permitting process is a significant predecessor to any substantial engineering effort.  We suggest that a reasonable balance between optimism that we can successfully negotiate the permitting process and prudent expenditure of resources is to make completion of the permitting process (or at least a reasonably high probability we can acquire the required permits in a timely fashion) the predecessor to the PDR on the project GANTT chart/schedule.

We are planning for a 3 year project.  As mentioned, we’ve already started the process of understanding the permitting environment and we are making the assumption that we can successfully negotiate this process by the end of the second quarter of the first year.  The majority of the engineering development will start Q3 year 1 through Q4 year 2.  The third year will be science driven deployments, data analysis and publication(s).  It is also our intent to pursue external funding during year 3 to support an experiment with a larger array of profiling floats in an appropriate coastal region (not necessarily Monterey Bay).  Transferring this technology to the larger ocean observing community will start in year 3 and carry on as part of the external project. KEN DOES THIS EXTERNAL PROPOSAL BOLOGNA MAKE SENSE?  

Publications (from other projects over the last 5 years)

KEN FILL IN HERE
a) New and Continuing Projects: Plans for 2012
Research Activities
KEN FILL IN HERE

I MET WITH SERGEY TO TALK ABOUT WHAT HE MIGHT DO AND HE IS GOING TO PROVIDE A PARAGRAPH IF HE HAS TIME NEXT WEEK.  IF HE DOESN’T, WE CAN WRITE SOMETHING.

Engineering/technology development

Field programs (detail ship requirements/deployments/diver requirements)
As we’ve described the approach is to modify the existing ARGO APEX float to meet our requirements.  In parallel with the development process, we need to build up an operational capability using these floats.  Our plan is to deploy the 2 floats unmodified soon after delivery and all the required permits are in place in the Monterey Bay for several months.  With 2 floats we can expect to continue deployments in some combination of engineering test deployments and more science driven operational deployments.  2 floats also allows for very direct comparison of the performance of varying “parking” mode techniques.

Our plan is to use MLML small boats to deploy and recover the floats.  We have budgeted for 8 deployments and recoveries (16 half day operations) including 2 recoveries using the larger, faster Boston Whaler in case we need to recover a float aiming at a MPA or other keep out area.  KEN DOES THIS SOUND ABOUT RIGHT? 

Specific deliverables
At the end of this 3 year project we expect to have 2 profiling floats optimized for deployment in coastal zones and for biogeochemical measurements with C, T, D, O2, Nitrate and pH as the priorities.  The data from appropriate deployments will be available on the LoboViz web site.  The goal is to have proven the capability of these profiling floats and will have started discussions with existing commercial ARGO float vendors about incorporating these new capabilities in their product line.  Although not specifically a deliverable, we also expect to pursue an externally funded experiment deploying a larger array of profiling floats in an appropriate coastal region.
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