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1) ABSTRACT (new projects only)

We have completed two proposal cycles for development of the Coastal Profiling Float.  The Chemical Sensor Lab and the Chavez Lab now have operational prototypes with most of the primary features needed to meet mission requirements and two upgraded systems are in construction.  This new proposal focuses on preliminary science operations to demonstrate the capabilities of this sensor platform.  There will, of course, be continuing development effort but we believe that by the end of 2017, these development efforts will be focused on refining the existing systems based on lessons learned from actual science operations.

In response to management input during Phase 1, we have refined our approach in transitioning to science operations.  In this 3-year effort, our focus will be as follows:

Yr 1:  Complete and test three units under construction now and build at least one new unit (a total of four available by summer 2018).  This proposal will request 2 new units by year 2 (a total of five by 2019).  Begin preliminary science experiments in Monterey Bay.  A primary technical focus will be navigation of the array using high-resolution model output to select float parking depths to maintain the array geometry.  The primary science focus will be the influence of lateral nutrient transport from upwelling plumes versus canyon upwelling on the development of high chlorophyll levels in the Monterey Bay “upwelling shadow” (Graham et al., 1997; Ryan et al., 2010).  This experiment will include efforts to calibrate/validate the pCO2 values estimated from float pH using Wave Gliders equipped with pCO2 sensors.

Yr 2:  Build one new unit, presuming only one built in Yr 1.  Perform an experiment approximately 100 miles offshore with 5 units that will characterize Net Primary Production (NPP) from diel variability in pH, oxygen, and particle backscatter (Nicholson et al., 2015).  The influence of variability in the nitracline depth on NPP will be examined (Johnson et al., 2010).  This experiment will demonstrate the versatility of the CPF platform by highlighting capabilities in offshore waters.  The experiment will again include a Wave Glider component to examine horizontal variability and sensor calibration,

Yr 3: Perform a science experiment at another west coast location that is accessible by MBARI vessels.  Our initial plan would be to deploy the array on the Oregon shelf to examine the processes that lead to the formation of oxygen deficient waters in this region (Grantham et al., 2004; Hales et al., 2006).  Development of oxygen deficiency on the Oregon shelf is believed to result from short term interactions between upwelling, carbon export and relaxation events that usually remove carbon before it is respired and produces oxygen deficiency (Harrison et al., 2016).  

The science experiments that we envision for the CPF platform all involve deployment of a small arrays of 4 to 5 floats.  The experiments will be designed to show the synergy of operating sensors in 3D arrays.  An additional aspect of the experiments will be coordination with a MBARI Wave Glider equipped with pH and pCO2 sensors and possibly nitrate and/or dissolved inorganic carbon (see Fassbender proposal to add DIC) by Co-PI’s Fassbender and Takeshita.  Operating the Wave Glider around the float array will provide independent assessments of the accuracy of carbon parameters estimated from float pH measurements, as well as the consistency of observations across the array and the influence of sub-mesoscale processes such as fronts.  This will be of great value for the SOCCOM project in the Southern Ocean, where such comparisons are exceptionally difficult to obtain.

We have been successfully deploying the second CPF prototype (CPF-P2) on multi-day unattended missions since the beginning of 2017 and are in the process of building 2 new prototypes with minor improvements.  The new design was finished late in 2016 and we’ve been bench and tank testing the new electronics and developing the software required to take advantage of the new power control functionality since then.  This new power control functionality will increasing mission duration by adding the ability to switch on and off loads.  Initial at-sea testing has begun with the Chavez lab CPF and will continue through 2017 with the Chemical Sensor Lab CPF-P2.  

2) PROPOSAL

a) New Projects

Statement of the problem, why it is important

The continental shelves and slopes comprise only 5 to 10 % of the ocean area (depending on definition), but they contribute half of the global new primary production (Benway et al., 2015).  Variability in this new primary production can be a major control on air-sea CO2 flux (Evans et al., 2015).  The disproportionately high new primary production in coastal systems supports the vast majority of global fish production (Ryther, 1969), which may be significantly impacted by future climate change (Brander, 2007). Other than remote sensing of ocean color, there are no observing systems that provide a systematic view of ecosystem processes such as new or net primary production in coastal systems.  As a result, the Coastal Carbon Synthesis (Benway et al., 2015) calls for greater use of autonomous platforms and sensors to assess carbon cycle processes, “All coastal regions of North America experience short-term events (e.g., winter storms, plankton blooms, hurricanes, upwelling and acidification events) that can strongly influence carbon delivery, processing, and fate, so there is a need to further develop our observational capacity (e.g., novel autonomous platforms) in all continental margin systems to be able to capture event-scale processes and quantify their impacts on coastal carbon budgets.”  Coastal profiling floats also provide an efficient means to monitor regional signals of ocean acidification (Chan et al., 2017) in open, shelf waters.

Approach to the problem

The Argo array of profiling floats has been the only in situ oceanographic observing system that has demonstrated the capability to scale to a global network (Riser et al., 2016).  The coastal profiling float project has built on this proven observing system to assess its capability for providing large scale observations in the coastal zone.  The system has been developed to provide a solution to the needs outlined in the Benway et al. (2015) report.   

We have completed two proposal cycles for development of the Coastal Profiling Float.  The Chemical Sensor Lab and the Chavez Lab now have operational prototypes with most of the primary features needed to meet mission requirements and two upgraded systems are in construction.  This new proposal focuses on preliminary science operations to demonstrate the capabilities of this sensor platform.  There will, of course, be continuing development effort but we believe that by the end of 2017, these development efforts will be focused on refining the existing systems based on lessons learned from actual science operations.

How does it relate/contribute to MBARI’s mission and strategic plan?

The 3 overarching goals from the 2011 strategic plan can be summarized as “Develop or adapt innovative technologies … to explore and understand how natural ocean systems operate and how they respond to natural and anthropogenic change …[and] transfer the knowledge gained, solutions devised, and the technology developed to communities outside of MBARI”.  The CPF extends existing profiling float technology to allow a comprehensive suite of biogeochemical instruments to be deployed in the coastal zone and upper 500 meters of the world’s oceans in order to understand the effects of a warming climate, increased use of nitrogen fertilizers, acidification, loss of sea ice, decreasing oxygen concentrations and a variety of other natural and anthropogenically driven processes. The end goal for the CPF is to transfer the technology to a commercial partner making it available to entire oceanographic community.

How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? 

The David & Lucille Packard Foundation U.S. West Coast Strategic Plan identifies 4 desired outcomes for their activities in the next 10 years.  One of these is “Fisheries and protected area managers are equipped to implement ecosystem-based management and adapt to the impacts of climate change and ocean acidification”.  The CPF is targeted at providing precisely the kind of fundamental, economically sustainable, ecosystem wide data required by fisheries and protected area managers to make science driven, ecosystem-based policy decisions.  

Does it relate to the Technology Roadmap? If so, please describe how. 

The CPF fits in 2 of the 3 initiatives identified in the Technical Roadmap, “Taking the laboratory into the ocean” and “Advancing a persistent presence” and the “Biogeochemical cycles” challenge also identified in the Technology Roadmap.

Publications (from other projects over the last 5 years)

None yet.

b) Continuing Projects

Not applicable

c) New and Continuing Projects: Plans for 2018

Research Activities

Yr 1:  Complete and test units under construction now and build at least one new unit (a total of four available by summer 2018).  This proposal will request 2 new units by year 2.  

During summer of 2018, we will begin preliminary science experiments in Monterey Bay using the CPF array.  The CPF has the capability to park at a specified depth in the water column or on the sea floor based on commands received over the Iridium satellite network.  A primary technical focus associated with the experiments will be using this capability to navigate individual floats to maintain the array geometry using high-resolution model output to select float parking depths.   This experiment will use output from the ROMS ocean model operated by the Cooperative Ocean Prediction System (COPS, http://west.rssoffice.com/) that is led by Yi Chao.  They operate a high-resolution model in real time with a three-day forecast.  The forecast data are available on line in netCDF files.  Each float sends its current position along with the science data after each profile.  We currently have the tools to plot each float’s track in Google Earth.  Navigating wayward floats will require finding a specific subsurface current from the forecast  with a direction roughly toward the desired position for each float in the array.  The after a float surfaces and its offset from the desired position is determined, it will be set to the depth of that current as the new park depth for that float.  If a serendipitous current is not found, we would park the float on the sea floor to minimize drift in any direction. Figure 1 shows an example of the predicted trajectories for floats at three depths in northern Monterey Bay.  While there are not always days with complete reversals in current direction, it should be possible to maintain an acceptable  array geometry by careful selection of parking depths Figure 1 Predicted trajectories (4 Jul 2017 to 7 Jul 2017) at 1 m (red), 20 m (purple) and 30 m (yellow) computed using the Drop-a-Drifter interface to the COPS high resolution model.  



The primary science focus will be the influence of lateral nutrient transport from upwelling plumes versus canyon upwelling on the development of high chlorophyll levels in the Monterey Bay “upwelling shadow” (Graham et al., 1997; Ryan et al., 2010).  High concentrations of chlorophyll (Ryan et al., 2008) and high rates of net primary production (Johnson and Needoba, 2008) regularly occur in the northern part of the bay.  The floats will be deployed in a grid and data will be collected both during the vertical profiles every 2-6 hours and every 15 minutes (or so) while they are parked on the bottom.  That will enable detection of internal waves as they pass along the bottom, as well as plumes of surface water entering the northern area of the bay.

This experiment will include efforts to calibrate/validate the pCO2 values estimated from float pH using Wave Gliders equipped with pCO2 sensors.  Operating the Wave Glider around the float array will provide independent assessments of the accuracy of carbon parameters estimated from float pH measurements, as well as the consistency of observations across the array and the influence of sub-mesoscale processes such as fronts.  This will be of great value for the SOCCOM project in the Southern Ocean, where such comparisons are exceptionally difficult to obtain.

Yr 2:  Build one new unit, presuming only one built in Yr 1.  Perform an experiment approximately 100 miles offshore with 5 units that will characterize Net Primary Production (NPP) from diel variability in pH, oxygen, and particle backscatter (Nicholson et al., 2015).  The influence of variability in the nitracline depth on NPP will be examined (Johnson et al., 2010).  This experiment will demonstrate the versatility of the CPF platform by highlighting capabilities in offshore waters.  The experiment will again include a Wave Glider component to examine horizontal variability and sensor calibration.

In this experiment, the floats will profile 10 times per day from 200 m for one month (about 300 profiles, which should be within the capacity of rechargeable Li batteries) with a goal to detect diel variability in pH, oxygen, particle backscatter, and perhaps nitrate, as well as spatial coherence for the signals.  Diel signals in these properties reflect the balance between gross primary production and community respiration in the water column.  Observing systems that can detect these signals have the potential to replace the much more complicated and potentially biased shipboard measurements of these properties. 

While detection of diel signals is routine on coastal moorings (Johnson et al., 2006; Johnson, 2010; Martz et al., 2014) it is much more difficult in the open ocean where rates are low.  Detection of the diel oxygen cycle in open ocean conditions has recently been demonstrated with glider data collected near the Hawaii Ocean Time-series (HOT) station (Nicholson et al., 2015).  Diel oxygen signals were also clearly detectable at the MSE mooring, 115 km offshore (Johnson, 2010).  The precision of the MBARI Deep-Sea DuraFET pH sensor is such that it should also be able to detect diel cycles in pH.  That variability can be used to compute diel changes in Dissolved Inorganic Carbon (DIC), which enables the respiratory quotient (ΔCO2/ΔO2) to be examined and possible influences of calcification to be explored.  While the nitrate sensor will not have sufficient sensitivity to detect diel nitrate cycles, it can observe episodic nutrient injections, which fuel the system (Johnson et al., 2010).  

Yr 3: Perform a science experiment at another west coast location.  Our initial plan would be to deploy the array on the Oregon shelf to examine the processes that lead to the formation of oxygen deficient waters in this region (Grantham et al., 2004; Hales et al., 2006).  Development of oxygen deficiency on the Oregon shelf is believed to result from short term interactions between upwelling, carbon export and relaxation events that usually remove carbon before it is respired and produces oxygen deficiency (Harrison et al., 2016).  Based on results in Yr 1 and 2, this experiment could be conducted as “an external proposal that requests support for building additional CPFs in support of a well-planned, multi-PI science experiment”, as noted in Management feedback to the Phase 1 proposal for this effort.

Engineering/technology development

As mentioned earlier, the development efforts for this new proposal should be focused on refining the existing CPF design primarily in 2 specific areas.  First, using the power control functionality in the new electronics to extend mission duration.  Second, using the ROMS model to “navigate” the floats in order to keep them in the desired measurement volume.  There will of course be many opportunities for improving the CPF design based on lessons learned while performing more sophisticated science missions, but at this point we believe all the fundamental functionality is in place (or will be by the end of 2017) to accomplish the science missions we are proposing.

It seems worthwhile to explicitly describe the current status of the CPF project relative to the 4 deliverables identified in the proposal for 2017.

Deliverable 1: “At the end of 2017 we expect to have 3X CPF-P2s, 1X test tank prototype and a benchtop pressure simulator text fixture.”
	Progress: As of June 30, 2017, we have 1 well tested CPF-P2 serial number 001 (CPF-P2 SN001) and 1 test tank prototype.  The benchtop simulator is underway as an intern project and should be complete by the end of the summer.  CPF-P2 SN002 is being built now and the CPF-P2 SN003 should be complete in Q4 of 2017.

Deliverable 2: “We will have the shore side infrastructure i.e., shore side data telemetry infrastructure, automated data processing and visualization, float track visualization and the other tools, techniques and processes required to run multi-CPF, long term science missions.”  
	Progress: All done except tools techniques and process required to run multi-CPF, long term science missions.  While we have preliminary versions of tools in place to do this and have used them for our single CPF missions, we certainly can’t consider them done until we’ve used them successfully on multi-CPF missions.

Deliverable 3: “As a demonstration of the CPF concept functionality, we expect to run a weeks to month long demonstration with all three of our CPFs deployed simultaneously by the end of 2017.”  
	Progress: Our longest mission to date with CPF-P2 SN001 was 9 days.  The new CPF electronics with the ability to power on and off loads as necessary will be integrated in CPF-P2 SN002 and SN003 and eventually retrofitted into CPF-P2 SN001.  We expect to be running missions with all 3 CPFs by the end of 2017 although the “weeks to month long demonstration might realistically not happen until Q1 of 2018.  We are pleased to report the new electronics have been integrated into the Chavez Lab CPF, have undergone tank testing and should begin at sea testing in July 2017.

Deliverable 4: “At least one commercial company is aware of our CPF development project and the results of this mission should provide a reasonable background for future discussions about transferring the CPF technology.”
	Progress: The Chemical Sensor lab as a general rule prefers to wait until some significant science has been done before advertising work in progress like the CPF.  We have had informal discussions about the CPF with our colleagues in the Argo and ALPS communities with an encouraging degree of interest.  We expect to start formal presentations of our results to the community and discussions with commercial partners after successful completion of our year 1 science mission.

Field programs (detail ship requirements/deployments/diver requirements)

Yr 1:  Field experiments in year 1 will likely be conducted primarily with CPF systems deployed from the Paragon and using an MBARI Wave Glider.  No diver support is expected. 

Isotope Usage

None

Specific deliverables

For year 1
1. A second CPF (CP-P2 SN002) 
2. Completion of a coastal experiment using 2 CPFs.
3. Coastal ocean data from this experiment publically available on FloatViz.
4. A science publication (or conference presentation) describing the tools, techniques, processes and results from this experiment.

Milestones (see personnel classification list for staff classifications)
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	Total Resources[footnoteRef:5] for each resource category for all milestones listed here [5:  This number should be the same number you entered on the resource requests for this particular resource.] 


	Milestone Date
	CPF-P2 SN002 Complete
	Coastal Experiment Complete
	Experiment Data on FloatViz
	Publication/Presentation ready for submission
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Budget justification
Per the MT’s comment, we are spreading our budget request to build 2 CPFs over 2 years, 1 in year 1 and a second in year 2.  However, we have learned that getting parts from our (or any) shop for one CPF at a time takes remarkably more time and money than getting parts for multiple units simultaneously.  In order to reduce this unnecessary overhead, our budget request is about 10% more than is strictly required to build 1 unit as this will allow us to build the piece parts simultaneously for both units in year 

Project team

Ken Johnson, Yui Takeshita, Andrea Fassbender, Gene Massion, and Chemical Sensor Lab personnel.

Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.

The workbench we’ve been using in the LRAUV lab by the test tank has proven incredibly useful in our testing process and we sincerely hope we can continue to use this space in addition to the Chemical Sensor Lab

Data storage requirements (see Todd Ruston for assistance)

5 Gbytes on Atlas.

Data availability outside project team, uniqueness

As we transition to operational status with the CPF, all CPF data will be made available in real time on the FloatVIZ web site.

R/V Paragon Requests
If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.
We will be requesting 14 days of Paragon time: 6 missions at 2 days each and 2 contingency days.  Gene Massion is a qualified Paragon operator.

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

No

Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

No

Monterey Bay National Marine Sanctuary (MBNMS)

General Permit
Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.

Is a permit with MBNMS required for your work? 

 To the best of our understanding, the proposed work is covered under our current permit.

SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None of the proposed experiments will be conducted in any of the MBNMS SESAs.  However, it is possible that a wayward float could drift over or touch down in a SESA before we can recover it, e.g. in bad weather.

California Department of Fish & Wildlife
A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas. Please see Mandy Allen for questions.

Will you be collecting samples that require a permit?

No samples other than seawater will be collected as part of the proposed work 
Will you be working in a State Marine Protected Area?

No, although it is possible that a wayward float could drift over or touch down in the Soquel Canyon SMCA before we can recover e.g. in bad weather.


Authorizations/Permits from other Agencies or Organizations
Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

No

Active Acoustics
We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2018_Proposal_Process/documents/mbari_acoustic_instruments_2016-08-08_ver_10.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

We are using a Sonardyne 7815 Coastal Acoustic Transponder on each float.


Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	

	Low
	
	X
	
	X
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