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MBARI is exceptionally well placed to expand our current technology development programs to acquire fundamental data required to support science based policy making but currently unavailable to address these issues.  As a specific example, Oxygen (O2) is a fundamental element in the marine biogeochemical cycle.  The lack of global O2 measurements available to make even minimal estimates of the trend in marine O2 concentration is startling.  In contrast, 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 3000+ profiling floats have been making measurements across the world’s oceans since 2007.  For several years, MBARI has been expanding the reach of current ARGO profiling float technology to include biogeochemical measurements critical to understanding global changes.  This Concept Brief will describe a roadmap for developing critical technologies, virtually non-existent in oceanography today, required to move our existing technology development to level where a global array of floats can be deployed for the decades required to identify and understand the trends and correlations in critical biogeochemical processes necessary to inform policy and decision making at the national and/or international level.  
The goal of the current MBARI research effort is to develop a profiling float capable of making relevant biogeochemical measurements in the coastal zone, a region not addressed by the global ARGO array.  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 oceanographic instrumentation is not defensible at a level 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 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 each year the current ARGO project replaces 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 
           


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









= $56M


The 2 most obvious cost reduction measures 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.  As an 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.  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 achievable.  Currently every vendor of ARGO profiling floats can be considered a traditional, relatively small, low volume, oceanographic specialty manufacturing firm.  At 300-700 units/year of a $76K instrument package, non-traditional, moderate volume, higher reliability manufacturing companies will be interested













V. Relevance to Strategic Plan:

The proposed effort is relevant to MBARI’s mission and strategic plan to all 3 of the overarching goals identified in the 2011 Strategic Plan: 1) Develop or adapt innovative technologies 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 technology developed to other 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. 
VI. Envisioned technology developments:
a. 0 – 3 years

i. Continue on-going development and deployment of scalable, data defensible pre-production biogeochemical profiling float

ii. Identify and work with existing state of the art metrology lab(s) to develop a plan for an oceanographic instrumentation metrology lab 
iii. Identify and work with existing high reliability equipment developers/manufacturers from marine and other fields to evaluate design for reliability strategies 
b. 3 – 5 years

i. Adapt profiling float technology to new applications including deeper water

ii. Development of an oceanographic sensor metrology lab
iii. Develop high reliability, production prototypes
c. >5 years

i. Production and deployment of large number of float/sensor systems as part of a larger, international, multi-institution effort
VII. Related TR working groups:
The profiling float we’re developing is a basic profiling float with an instrument suite optimized for our relevant measurements.  The instrument suite can readily modified to support technologies being proposed in the Process Studies, Time Series, Visualization and Over the Horizon Oceanography technology roadmap themes.
VIII. Opportunities for external collaboration and/or funding
Agilent Labs and NIST are likely places to start a collaboration in developing a rigiorous oceanographic instrumentation metrology capability.  Sparton Corp and Ultra Electronics USSI are both contract engineering and manufacturing companies who have been involved in the design and production of US Navy Sonobuoys (somewhat similar to profiling floats) in quantities of 1000s per year and would be likely places to start in our design for reliability and cost efforts.
