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IV. Project overview in brief (1 – 2 paragraphs):

The world’s oceans are changing in a way that will have significant impact at the global scale.  MBARI is exceptionally well placed to expand our current technology development programs to acquire fundamental data required to support science based policy making to address these issues.  As a specific example, Oxygen (O2) is a fundamental element in the marine biogechemical cycle.  Understanding the trend in global marine O2 levels is critical in understanding the health of our planet.  A recent paper (ref xxx) identifies the points in the ocean where enough O2 data is available to make even the most basic inference on the historical trend in marine O2 levels (figure 1).  The lack of global coverage is startling.  The same situation is true for other important elements and points at the inability of current ocean observing technologies to acquire the kind of global data required for informed policy making with one exception.  The international ARGO program may be the only current oceanographic program successfully making truly global measurements of any kind.  The focus of the ARGO program has been limited to understanding the total heat content of the ocean and over 3000 profiling floats have been making measurements across the world’s oceans since 20xx (figure 2).  MBARI has been involved for several years in expanding the reach of current ARGO float technology to include biogeochemical measurements critical to understanding global changes and this Concept Brief will describe a technology roadmap for moving this MBARI technology to a global scale.

The goal of the current MBARI research effort is to develop a profiling float capable of making relevant biogeochemical measurements.  The core of this technology roadmap is to extend this work to ensure the floats can be deployed in large enough numbers and maintained for a long enough period, that trends and correlations can be identified that will inform policy decision making at the highest levels.  The most significant issues we need to address in order to develop a useful global observing technology can be lumped into 2 categories: sensor metrology and economics.  Metrology as we use it here means understanding the theoretical and practical aspects of the sensors we use and/or develop in order to quantify their measurement accuracy as they are actually used in practice.  We believe it is fair to say that with only a very few exceptions (salinity, temperature and maybe depth), the level of metrology in the oceanographic instrumentation market is significantly lower than comparable instruments in fields such as electronic instrumentation, analytical chemistry, ???.  More to the point, we need to be able to ensure the accuracy of our measurements is more than adequate to serve as the basis for policy making at the highest levels.  In fact, this is one area where no real commercial or government funding motivation exists for current researchers to channel their efforts and an Institution like the Packard Foundation is uniquely situated to make a major impact.  
The economic issue boils down to ensuring the overall lifecycle cost of a global array of the kind of floats we’re developing is in line with a reasonable expectation of possible funding.  One very simple model that provides some insight into where the costs are starts with the fact the current ARGO project replaces each year about 700 of the existing array of 3000+ floats.

1) Cost of yearly float replacements:



     700 * $28K = $20M


2) Upgrade repl. floats with geochem. sensors: 

     700 * $48K = $33.6M
3) Deployment of repl. floats (doesn’t include cost for deployment 

by “free” ships of opportunity):

           

300 days * $8K/day
= $2.4M
4) Total









= $56M


The 2 most obvious cost reduction measures that can be achieved are 1) lowering the number of floats that need to be replaced each year and 2) lowering the capital costs of the geochemical sensor suite.  Both of these areas are wide open to cost reduction.  The current replacement rate is nearly 25%, not unusual for oceanographic instrumentation but quite high in any kind of market that demands high reliability.  For example, electro-optical repeaters used in submarine telecommunication systems are probably the most highly engineered for reliability systems ever deployed in the ocean and have a failure rate on the order of 10 FITs (failures in1 billion hours).  The current failure rate for the ARGO system is 2500 FITS including both real failures and expected losses due to end of battery life.  While it is probably unreasonable to expect we can ever achieve a FIT rate or 10 for profiling floats which are significantly more complex than submarine repeaters, improvements by a factor of 2-5 may be achievable with a reasonable return on the investment in a rigorous design for reliability program.  Achieving a similar reduction in the capital cost of a biogeochemical instrument suite is also reasonable.  Currently every vendor of ARGO profiling floats can be considered a traditional, relatively small, low volume, oceanographic specialty manufacturing firms.  At 700 units/year of a $48K instrument suite, non-traditional, high(er) volume, higher reliability manufacturing companies will be interested.  Even if we reduce both our failure rate and our capital cost by half, there is enough margin to interest companies of this type.
V. Relevance to Strategic Plan (1 paragraph):

The relevance to the strategic plan is obvious.  If you even have to ask you shouldn’t be reading this.

OR

This proposed project relates and contributes to MBARI’s mission and strategic plan at several levels. More specifically, the proposed project directly addresses all 3 of the overarching goals in the 2011 strategic plan: 1) Develop or adapt innovative technologies that allow researchers to identify and resolve important questions and advance our understanding of the ocean. 2) Utilize those developments to explore and understand how natural ocean systems operate and how they respond to natural and anthropogenic change. 3) Transfer the knowledge gained, solutions devised, and the technology developed to communities outside of MBARI researchers, educators, policy makers, resource managers, industry, and the general public.  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.  These are the exact measurements the proposed system will be making. 
VI. Envisioned technology developments (short bullets under each heading):
a. 0 – 3 years

i. Development and deployment of scalable, data defensible pre-production profiling float with CTD, pH, O2, FL/BB, nitrate, PAR

ii. Identify and work with existing state of the art metrology lab(s) to develop a plan for developing an oceanographic instrumentation metrology lab.
iii. Identify and work with existing high reliability equipment developers/manufacturers from marine and other fields to evaluate desgn for reliability strategies.

iv. Trade study of various deployment methods including but not limited to ships, planes, autonomous vessels and ???
b. 3 – 5 years

i. Development of a sensor metrology lab possibly independent of MBARI
ii. Move complete float/sensor system technology from research to high(er) reliability production process
c. >5 years

i. Production and deployment of large number of float/sensor systems as part of a larger international multi-institution effort
ii. What about the data???

VII. Related TR working groups:
a. Process studies

i. High density arrays of floats for synoptic measurements and sample return

b. Time series

i. What can M1,2,N do in the water column that profiling floats can’t (maybe measure current )?

c. Visualization

i. Still, video and acoustic imaging systems on floats

d. OTH oceanography
VIII. Opportunities for external collaboration and/or funding (1 paragraph):

