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Project Description:  
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.
The initial science experiment that we envision for the CPF is deployment of a small array of 5 floats approximately 100 miles offshore.  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, and spatial coherence for the signals.  Diel signals in these properties reflect the balance between gross primary production and community respiration in the water column.  Systems that can observe 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 (Johnson et al., 2010), which fuel the system.  
An additional aspect of this experiment will be coordination of the array with a MBARI Wave Glider equipped with pH and pCO2 sensors and possibly nitrate (see Fassbender proposal to add nitrate) 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.
This experiment will require one week of Rachel Carson time to deploy the array and conduct hydrographic casts around the floats and, after about one month, an additional week of Rachel Carson time to recover floats.  It will also require a Wave Glider equipped with pH and pCO2 (possibly nitrate) sensors for the same time period.
We view this initial science experiment as relatively risk free since the science objective can be achieved with relatively short deployments on the order of 1 month (Nicholson et al., 2015). Important topics in the coastal zone will likely require deployments approaching 1 year because of much greater variability.  In future years, we will move the array into the coast and conduct longer term experiments with it to demonstrate the scientific value of the platform and build the support needed to successfully transition it to the ocean science community.
We have been successfully deploying the existing CPF prototype (CPF-P1) on multi-day unattended missions since the beginning of 2017 and are in the process of building 2 new and improved prototypes (CPF-P2).  CPF-P1 basically meets all the requirements that we defined early in the development process with one major exception: mission duration.  Increasing mission duration required the new electronics, whose design was finished late in 2016.  We’ve been bench and tank testing the new electronics and the software required to take advantage of the new power control functionality this year.  Initial at-sea testing will begin in the next few weeks with the Chavez lab CPF and will continue through 2017 with the Chemical Sensor Lab CPF-P2.  
Extended developments in 2018 include efforts to navigate the array.  The original plan was to use the California ROMS model 3 day predictions run on an operational basis by CeNCOOS to identify serendipitous currents that move floats in the desired direction.  In addition, to using model data to adapt the CPF mission, we have identified a second approach to mitigate the risk of a profiler drifting out of the desired measurement volume.  Nick Raymond, our 2016 intern, was able to demonstrate the feasibility of making rough horizontal velocity measurement of the required (not very high) accuracy using inexpensive, low power, commercial off the shelf (COTS) inertial measurement units (IMUs).  Based on this work and the recent introduction of new, low power COTS IMUs with 2 orders of magnitude better performance, we will continue evaluating and testing the possibility of making actual horizontal velocity measurements on board the CPF.
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