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IV. Project overview in brief:

The world’s oceans are changing in response to increasing atmospheric carbon dioxide and temperature in ways that will have significant impacts on ecosystem structure and carbon, oxygen and nitrogen (CON) cycles at the global scale (Reid et al., 2009; Riebesell et al., 2009; Doney et al., 2012). Carbon dioxide concentrations are increasing, pH and carbonate ion concentration are decreasing, surface waters are warming, sea ice is decreasing, oxygen concentrations may be decreasing, and density stratification is changing with consequent impacts on nutrient fluxes. These changes, in turn, may act as powerful feedbacks on the climate system. However, there are no, in situ observing systems that can document the impacts of these processes on ocean biogeochemistry at seasonal to annual scales over large areas of the ocean. In particular, history demonstrates that ship-based observations simply cannot provide sufficient measurements to document changes in CON cycles at the global scale.   The Packard Foundation has defined a goal to “increase the probablility that [government and other] decisions will be informed by science”.  In order for MBARI technology to achieve this goal, 3 critical technology efforts need to be undertaken.  First more sensor types, particularly for ecosystem structure, need to be developed.  Second, the level of sensor “metrology” for oceanographic instrumentation must be improved to ensure the system creates “climate quality” data that can be used to track change over decades and serve as a defensible basis for environmental policy and decision making.  Lastly, global systems costs must be reduced to ensure these systems can be operated for the decades required to understand critical trends and correlations.  MBARI is exceptionally well placed to address these issues and this Concept Brief will outline a roadmap for developing these technologies.
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The international Argo program may be the only current oceanographic program successfully making truly global measurements of any kind (Fig. 1).  The focus of the Argo program has been limited to understanding the heat and fresh water content of the ocean.  3500 profiling floats are making measurements across the world’s oceans.  We argue that this successful system can serve as a model for observing biogeochemical properties as well
For several years, MBARI has been expanding the reach of current Argo profiling float technology to measure key biobeochemical propertiesincluding of nitrate, a key phytoplankton nutrient, and pH, a tracer of plankton metabolism and a measure of global climate change impact.  More than 20 profiling floats equipped with nitrate and oxygen sensors, and funded by partner organizations such as NSF and ONR, have been deployed.  A project is currently underway to develop a profiling float capable of making relevant biogeochemical measurements in the coastal zone, a region not addressed by the global Argo array
 
New Sensor Types: There are only a few biogeochemical sensors now capable of being deployed for multi-year periods, including oxygen, nitrate and biooptical sensors for chlorophyll fluorescence and particle backscattering.  pH is in development and expected to be operational soon.   These sensors provide a basic view of ocean metabolism, and serve as the core for a global observing system.  However, they do not allow us to discern changing ecosystem structure or the chemical forces, such as dissolved Si availability, which might control ecosystem structure.  Clearly, a broader suite of sensors is needed that provide greater insight into ecosystem structure and the processes that control it.
Sensor Metrology: The goal of operating global sensor arrays is to detect change over seasonal to decadal and longer time scales.  This requires a significant commitment to sensor metrology. Metrology as we use it here means understanding the theoretical and practical aspects of sensors in order to quantify their measurement accuracy as they are actually used in practice. This is essential to provide data sets that are intercomparable over decadal periods. 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.  Currently, MBARI has no significant effort in this area.
System Costs: Finally, operation of a global sensor array requires a commitment to system affordability and sustainability. The overall lifecycle cost of a global array must be in line with a reasonable expectation of possible funding.  If costs appear problematic then technical solutions may be required that address the most expensive components of the lifecycle cost.    Table 1 shows our estimate of the cost of operating a global array, based on the actual costs of the Argo system, a careful analysis of the cost of adding one additional sensor (oxygen) to Argo (Gruber et al., 2007), and some simple scaling for additional sensors. 
Table 1 

	Global Sensor Array Component
	Unit Cost
	700/year

	Argo T/S floats including telemetry & data system based on US Argo budget ($10M/y) and double for the world
	$28,000
	$20,000,000

	Oxygen sensors including calibration, impact on float energy and data system (Gruber et al., 2007)
	$7,070
	$5,000,000

	Biooptical sensor (Chl. Fluorometer and Particle Backscatter) assuming 1.75 X O2 cost (based on cost of sensors)
	$12,400
	$8,800,000

	Nitrate assuming 3 X O2 cost
	$21,000
	$15,000,000

	pH assuming 1 X O2 cost
	$7,070
	$5,000,000

	Deployment costs assuming most floats are deployed on ships of opportunity and one dedicated, low cost ($8k/d x 250 d/y) ship sustains remainder
	
	$2,000,000

	Total cost per year
	$75,540
	$55,800,000


While programs with annual costs in this range are not uncommon (e.g., amortized cost of an ocean color satellite or annual cost of Deep-Sea Drilling Program), they are also difficult to sustain for decades.  It would clearly be desirable to reduce costs.  Further, while efforts to reduce costs might be viewed as the purview of industry, it is often the case that the markets are not large enough for industry to justify the effort to engineer for significant cost reductions.  Thus there is clearly a role for MBARI in this area.  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 biogeochemical sensor suite.  
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 of basic 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 provide i) high density arrays of floats for synoptic measurements and sample return in Process Studies, ii) more economical Time Series measurements with expanded geographic coverage. iii) still, video and acoustic Visualization systems.  iv) Autonomous profiling floats are clearly suitable for some elements of the OTH Oceanography program.
VIII. Opportunities for external collaboration and/or funding
Agencies,   industry Honeywell – amt of effort to develop sensors from basics can be very large – Durafet example.
