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1) ABSTRACT (if submitted during abstract phase)

Project Description:    
Turbulence in the upper ocean influences phytoplankton light exposure and nutrient availability (both required for growth), as well as grazing rates by altering prey-predator encounter rates. The level of turbulence can also have consequences for the aggregation of organic matter and can impact carbon fluxes to the deep ocean. Ultimately, turbulent eddy diffusivity is a key metric for quantifying turbulent fluxes of biogeochemical tracers into and out of the surface mixed layer. Turbulence variations with depth in the top surface layer are particularly important for determining the boundary layer depth (a.k.a. mixing layer that is actively turbulent), and thus, exchange of properties with the ocean interior. In the coastal oceans, where the ocean’s surface can be in close proximity to the seafloor, the surface boundary layer often meets the bottom boundary layer by the mechanical action of winds, waves and tides. Thus, mixing rates generated by turbulence can be elevated throughout the water column.

The oceans’ turbulent nature requires knowledge of the size, timescales and rates at which turbulent eddies mix properties in the ocean for an accurate quantification of turbulent fluxes of momentum, heat and biogeochemical tracers. Turbulent eddy diffusivity, K, is the key parameter required to quantify turbulent fluxes, along with tracer gradients, but microstructure observations that allow us to infer K are sparse in the global and coastal oceans because they require very highly specialized expertise and costly sensors. Thus, quantification of mixing rates and turbulent fluxes from observations are rare, and often limited to evaluations of heat, salt or momentum fluxes from CTD (i.e, conductivity-temperature-depth) data. Alternative methods to estimate K from coarse resolution CTD data (e.g. Thorpe scales or fine scale parameterizations) are not appropriate for low stratification conditions, such as the surface mixed layer where biological activity from primary producers largely occurs.

Microstructure sensor technology has matured enough that reliable estimates of turbulence are achievable from autonomous platforms. Microstructure sensor packages have been deployed on autonomous underwater vehicles, gliders, and floats. However, such efforts to integrate microstructure sensors have often been limited to platforms that measure only physical properties. To our knowledge, microstructure sensors have not been fully integrated on floats that carry biogeochemical (BGC) sensors.

This scoping project aims to investigate the feasibility of integrating microstructure sensors on the Coastal Profiling Float (CPF) that is in development at MBARI by Ken Johnson’s Lab. The integration of microstructure shear probes and/or fast-response thermistors on the CPF would generate concomitant observations of biogeochemical tracer concentrations and microstructure observations in the water column, from which vertical diffusivities (a.k.a. mixing rates) can be inferred in the coastal oceans. The CPF stands out among other profiling floats in that it provides greater stability, payload capacity, and full control on profiling speeds, compared to standard BGC floats. These capabilities are required to capture the full range of turbulence scales in the dissipation range.

2) PROPOSAL

a) All Projects

Statement of the challenge, why it is important

The ocean’s inherent turbulent nature requires knowledge of the size, timescales and rates at which eddies mix properties in the upper ocean, as both the mean flow and turbulence are capable of transporting heat, momentum and carbon from the upper ocean to the interior. Quantification of vertical turbulent fluxes requires knowledge of the distribution of properties with depth, as well as turbulence levels or eddy diffusivities (a.k.a. mixing rates). BGC-Argo floats have significantly advanced our knowledge of the vertical structure of biogeochemical tracers in unprecedented basin-scales, and soon the global scale. However, direct estimates of vertical mixing rates are still very sparse in the global oceans (Waterhouse et al., 2014) because reliable estimates require microstructure observations (~1 cm) from costly and fragile sensors typically deployed on free-falling vertical microstructure profiles (VMPs) from ships, requiring highly specialized expertise. Thus, quantification of vertical mixing rates and turbulent fluxes from observations are rare, and often limited to evaluations of heat, salt or buoyancy fluxes from CTD (i.e., conductivity-temperature-depth) data below the mixed layer. Though indirect methods exist to infer vertical eddy diffusivities, Kz, on physical grounds (e.g., Thorpe scales or finescale parameterizations) from finescale (~1 m) hydrographic measurements (e.g., CTD data from Argo floats, Whalen et al. 2012), these are not appropriate for low stratification conditions, such as the surface mixed layer where phytoplankton grow. In addition, standard Argo floats cannot sample in the coastal oceans, where turbulent mixing rates and biological activity are expected to be orders of magnitude higher than in the open ocean. 

The landscape for microstructure observations is changing, as new sensor developments allow for reliable estimates of turbulence from autonomous platforms. Microstructure sensors have been deployed on autonomous underwater vehicles (e.g., Dhanak et al., 1999; Goodman et al., 2006; Fisher et al., 2018), gliders (e.g., Fer et al., 2014), and floats (e.g., Sherman and Davis, 1995; Nagai et al, 2015, Lien et al, 2016). However, such efforts have often been limited to platforms that measure only physical properties, and the shortcomings for inferring eddy diffusivities in the surface mixed layer on physical grounds remain challenging. Microstructure sensor packages have been deployed on gliders that carried biogeochemical (BGC) sensors (Sarah Nicholson from CSIRO, personal communication), but to our knowledge, microstructure sensors have not been deployed or fully integrated on floats that carry BGC sensors. Given the state of development of MBARI’s Coastal Profiling Float (CPF) and capabilities, the time for acquiring concomitant BGC and microstructure observations in the upper and coastal oceans is ripe.

Biogeochemical observations, along with mixing rates in the water column, will not only allow for proper quantification of vertical turbulent fluxes of biogeochemical tracers in the coastal oceans. Mixing rates can influence light and nutrient levels that phytoplankton are exposed to and thus phytoplankton growth rates (e.g., Lindemann et al., 2017). Turbulence can also impact phytoplankton grazing rates through prey-predator interactions (e.g., Rothschild and Osborn, 1988; Lewis and Pedley, 2001), as well as larval fish feeding rates (e.g., MacKenzie et al., 1994, Pécseli et al., 2014). Turbulence is also largely responsible for the supply of oxygen to the Oxygen Minimum Zones (OMZs, see e.g. Llanillo et al, 2018). Ultimately, turbulence has been shown to have an influence on particle aggregation rates (e.g., Takeuchi et al., 2019), and thus, carbon export. This set of observations will therefore inform how turbulent mixing influences biological rates and the vertical structure of BGC tracers, allowing for a deeper understanding of turbulence-driven biophysical interactions in the upper and coastal oceans. Mechanistic understanding of biogeochemical-physical processes on these scales is key to advance, test and validate mixing schemes in models of the coastal oceans, which could result in better predictive capabilities for phytoplankton distributions, fisheries management and the fate of carbon in the coastal oceans. In particular, the generated datasets can be used in data assimilation models of the coastal circulation (e.g., Edwards et al., 2015). In turn, the knowledge gained on how turbulent mixing shapes tracer distributions in the upper ocean can be used in a reverse mode to infer vertical mixing rates from coarse resolution BGC Argo data on biophysical interaction grounds (e.g., Eppley et al. 1979, Lewis et al. 1984a, 1984b) providing an opportunity to scale up estimates of mixing rates for the upcoming global BGC Argo array.

Relevance

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

The outcome of this scoping project can contribute to position MBARI as a world leader in ocean science and technology, by amalgamating recent technological developments in the microstructure sensor industry and MBARI’s own CPF platform development. The scoping research proposed would not be possible without the “peer relationship between engineers and scientists” that MBARI fosters.

The advancement of research would be possible through “the development of better systems” (i.e., the CPF with additional microstructure observation capabilities), “and methods for scientific research” that may allow for estimates of diffusivities in the top surface layer of the world’s oceans.

The project aims to “adapt innovative technologies… to explore and understand how natural ocean systems operate” in the coastal oceans from the bottom to the top surface layer, two of the overarching goals as stated in MBARI’s Strategic Plan 2011.

Does it relate to the Technology Roadmap? If so, please describe how. (See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)

The project relates to the scientific challenges summarized in the Technology Roadmap under the themes of “Biogeochemical cycles” and “Ecosystem Processes”, and to two of the three overarching institutional priorities: “Taking the laboratory into the ocean”, and “Advancing a persistent presence”.
How does it relate/contribute to the Packard Foundation’s Ocean Grantmaking Program? (See https://www.packard.org/what-we-fund/ocean/ and documents therein.)

The CPF equipped with microstructure sensors will provide unique concomitant observations of the turbulence environment that are required to better constrain the circulation in coastal ocean models. Coastal ocean models are useful for prediction of spawning fish habitat areas (e.g., Song et al. 2012). The addition of environmental variables in ecosystem-based models used for fisheries management has also been identified as a pressing need (Collie et al, 2016), i.e., a need for more tactical ecosystem models that can respond dynamically to changing ecological and environmental conditions. Thus, the project can contribute to improve fisheries management in the coastal oceans and their sustainability.

Overall approach to the challenge: Over the complete term of the project, what is needed to address the challenge (e.g., sensors, platforms, marine operations, de novo R & D, etc.)

Research

This scoping project aims to investigate the feasibility of integrating microstructure sensors on the CPF that is in development at MBARI by Ken Johnson’s Lab. Microstructure sensor packages from Rockland Scientific International (RSI) Inc. have been developed for easy integration on autonomous platforms. As a first step, we intend to “piggyback” a self-contained MicroRider sensor package (from RSI) on the CPF. 

Concomitant observations of BGC properties vertical distributions and microstructure from CPF-MicroRider deployments in the Monterey Bay will be used to test and validate methodologies for estimating eddy diffusivities from coarse-resolution BGC float data (i.e., in the absence of direct turbulence observations). Bio-optical data from SOCCOM floats deployed in the Southern Ocean, where the surface mixed layer is expected to be highly homogenized due to the strong activity of storms, has revealed significant vertical gradients in the surface mixed layer (Carranza et al., 2018). This highlights the difference between the mixed layer (homogenized in density) and mixing layers (actively turbulent). Moreover, the existence of vertical gradients in the bio-optics and other BGC tracers within the mixed layer opens new possibilities for inferring vertical eddy diffusivities, Kz, on biophysical interaction grounds. 

Three approaches will be explored to estimate Kz from coarse-resolution float data, two of which exploit the observation that BGC tracers exhibit vertical gradients in the surface mixed layer:
1) Based on the existence of gradients in nitrate concentrations, and under the assumption that nitrate fluxes to the top surface layer fuel primary production, one can estimate Kz as a function of depth (Eppley et al. 1979, King and Devol 1979, Lewis et al. 1986). 
2) From photo-adaptation principles in a turbulent layer, it is possible to estimate upper and lower bounds of bulk mixed-layer Kz, from a suite of photo-adaptive parameters with known characteristic timescales of photo-adaptation (Lewis et al. 1984a, 1984b, Cullen and Lewis 1984, Falkowski 1983).
3) From variance in the float’s rising velocities. The time step between measurements at depth, which is recorded internally, together with the CTD’s sampling frequency, allow us to compute a profile of the float’s vertical velocity. Accounting for a theoretical float’s rising velocity in the absence of turbulence, the residual of the vertical velocity, w’, can be used to estimate Kz. Estimates of Kz as a function of depth have proved successful from CTD’s deployed on gliders (FrajkaWilliams et al., 2011; Beaird et al. 2012).
Any of these alternative (indirect) approaches that allow to estimate Kz in the surface layer from coarse-resolution (~1 m) float data require microstructure observations for validation purposes (i.e., direct estimates of turbulence intensity). Concomitant microstructure observations along with a full set of BGC parameters and the CTD on the CPF will be used to validate the three approaches.

On physical grounds, vertical eddy diffusivity is linked to dissipation rates through some knowledge of stratification (i.e., N2 ~ dρ/dz, inversely proportional to Kz; Osborn, 1980), which by definition is weak in the surface mixed layer. Thus, estimates of Kz for the surface mixed layer from microstructure data (i.e., direct measurements of dissipation rates) will also depend on whether stratification in density is measurable. We will explore stratification in density for various CTD sampling frequencies (i.e., maximizing the vertical resolution). Nonetheless, dissipation rates per se provide a metric for turbulence intensity in the mixed layer, and will be useful to validate vertical variations in Kz from the alternative methods outlined above. 

The three approaches are based on coarse-resolution float data, and thus scalable to the entire BGC float array. We anticipate that turbulence and mixing levels in the Monterey Bay can be very different from the open ocean (i.e., by orders of magnitude), and thus, some approaches may be more suitable for the coastal ocean (e.g., 3) than the ones that rely on the existence of vertical gradients (e.g., 1 and 2). However, despite high turbulence levels one might expect in the Monterey Bay due to the presence of the canyon, evidence from nitrate concentration estimates from glider data (Figure 1) suggest large vertical gradients within the top surface layer, and nitrate concentrations fueling primary production and oxygen saturation (not shown). In the same way, both microstructure shear and temperature probes are expected to have different sensitivities (e.g., to turbulence regimes and profiling speeds). A scoping research goal is to explore and evaluate which of the two types of microstructure sensors could be more suitable for open ocean vs. coastal turbulence regimes and observing systems. The outcome of this scalability component can be useful for the ArgoMix prospects (Roemmich et al., 2019; OceanObs’19 white paper).
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Engineering/Technology Development

Microstructure shear probes and fast response thermistors measure turbulent kinetic energy (TKE) and thermal variance dissipation rates, from which eddy diffusivities can be inferred. For reliable dissipation rates from microstructure measurements, the sensors have to profile fast enough such that Taylor’s frozen turbulence hypothesis is valid (i.e. turbulence billows that evolve on timescales that range on orders of 10-100s are “frozen” as one profiles through the water column), but slow enough to capture the full range of turbulence dissipation scales. Typically, high-accuracy dissipation rates in the surface layer are best collected from free-fall VMPs that sample ~250 m of water column at falling (or rising) speeds of ~0.5-0.8 m s-1. Microstructure measurements of vertical gradients in horizontal velocity (i.e. vertical shear, du/dz) and temperature (dT/dz, see e.g. Figure 2a) are sampled in the frequency domain (at 512 Hz), and are scaled by the sensors’ profiling speed to convert to the wavenumber domain (i.e., 1/λ in the vertical). Spectral estimates of shear and temperature gradients in the dissipation range of turbulence (Figure 2b) are used to compute dissipation rates of TKE and temperature variance (Figure 2c).

The integration of microstructure sensors on gliders or AUVs is more mature than on floats. Gliders are advantageous as they have higher payload and stability, but they require a dynamical model to estimate the velocity past the probe needed for appropriate scaling of the wavenumber spectra. In addition, they are limited in temporal and spatial coverage to a few 100 km and weeks-to-months deployments. Profiling floats are unique in their capability for long-term observations. Shear probes and fast-response thermistors have been integrated successfully on profiler floats that have carried sensors for physical parameters, but none of these efforts included floats carrying BGC sensors. The first BGC sensor to be fully integrated on floats is likely to be oxygen, but nitrate remains a challenge due to the power constraints on most floats (Judah Goldberg, personal communication).

MBARI’s CPF stands out among other profiling floats in that it provides higher stability, payload capacity, which allows it to carry the full suite of BGC sensors (i.e., pH, oxygen, nitrate, fluorescence, backscattering, and optical radiometer), and full control on profiling speeds, compared to standard BGC Argo floats. These capabilities are required to capture the full range of turbulence scales in the dissipation range.

The main goal for this project will be to attach a MicroRider package to the CPF. The MicroRider carries a full suite of standard turbulence sensors: 2 shear probes and 2 fast-response thermistors, and additional supporting sensors (vibrational and tilt sensors) that allow for appropriate removal of mechanical noise or contamination of the float’s motion from the measured turbulence signals. Since this sensor package can be self-logged and self-powered (RSI can provide an external battery canister), minimal engineering effort is required for this integration. The MicroRider records data internally (4 GB, upgradable to 16 GB), and requires instrument recovery for data acquisition.  The sensor package can be leased for a month from RSI at a relatively small fraction of the cost (< 20%). Test deployments in the tank and at sea in the Monterey Bay will allow to evaluate float’s stability and performance, and optimal profiling speed for reliable estimates of dissipation rates from both shear-probes and fast-response thermistors.

A second (scoping) goal will be to determine the feasibility of full-integration of microstructure sensors on the CPF. Full integration would require power and software adjustments to allow the CPF to control the turbulence sensor functionality and telemeter the processed data to shore - aspects of which RSI has been working on. RSI is developing microstructure sensor kits, specifically designed to be fully integrated on the float’s end cap. These kits are currently being sold in bulk to float manufacturers, but RSI (Judah Goldberg, personal communication) has expressed interest in selling one of these kits to us, for testing purposes, provided the end goal is to transfer the CPF technology and microstructure sensor integration to the industry. 
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Marine Operations/Field Programs

Test deployments will be conducted in Monterey Bay where complex topography, strong internal wave activity and barotropic tide provides an ideal mixing ground to test the reliability of dissipation rates obtained from the CPF on a wide range of mixing regimes. The deployment could occur anytime during the phytoplankton growing season, but ideally during the upwelling season when fronts in the coastal ocean and the “upwelling shadow” develop (Castelao et al, 2006; Woodson et al, 2009; Graham, 1993). We plan to conduct 2 science missions, one targeting an area of high turbulence like the mouth of Monterey Canyon, and another in a region of expected relatively low turbulence like the “upwelling shadow” in the northern part of the bay (Figure 1a). The bathymetry around the mouth of the Monterey Canyon makes it susceptible to internal wave breaking that leads to high turbulence (Carter and Gregg, 2002; Kunze, 2002). The upwelling shadow develops due to the presence of the Santa Cruz Mountains, which act as a barrier for the predominant northerly and upwelling-favorable winds, generating a region of strong upper ocean stratification in the summer and presumably low turbulence levels. 

CPF-MicroRider deployments at sea are best handled from the R/V Paragon. However, CPF-MicroRider science missions would benefit from additional measurements from a nearby Biological Oceanography (BOG) cruise for BGC sensor calibration purposes, and the determination of characteristic timescales of photo-adaptive parameters, which would be helpful to test methodologies that allow us to infer Kz from coarse resolution BGC sensor data based on theoretical models (i.e., approach 2 in the Research section).

Data

What data products will be generated?

Vertical profiles of dissipation rates for TKE and temperature variance (from microstructure shear and temperature data), along with a full suite of BGC measurements through the water column will be acquired at each profile location (see e.g. Figure 2c). Profiling frequency will be determined during the scoping project, but will aim to capture the diurnal changes in light conditions as well as the semidiurnal internal tide (i.e. ~ at least 4-6 times daily). 

How will the data products be managed?

The CPF sends a data file with BGC sensor data after each profile via the Iridium satellite network, which are managed by the Chemical Sensor Lab. Processing of microstructure data will be performed upon recovery of the MicroRider, at the end of each at-sea deployment mission. Magdalena Carranza will process and manage the turbulence data. 

Describe data availability outside of the project team.

We will make the processed microstructure data freely available through the FloatViz interface, for quick visualization and data dissemination. Vertical profiles of dissipation rates of TKE and temperature variance (see e.g. Figure 2c), and derived profiles of vertical diffusivities for momentum (Kz) and temperature variance (χ), will be integrated in FloatViz. The raw high-resolution shear and temperature data (sampled at 512 Hz, see e.g. Figure 2a) will be made available for download through an ftp server.

Describe data storage requirements.

We estimate ~ 20 MB of raw microstructure data per profile to 200 m (e.g., with 2 shear probes + 1 thermistor), which could result in ~1.2 GB of data per month and will be stored on Atlas.

Anticipated Impact

Who are the consumers of the instruments, methods, systems, and data that will be generated?

Consumers: physical, biological, and chemical oceanography communities will be interested in this effort. The CPF is a one-of-a-kind platform that will allow integration of a turbulence sensor with the full BGC sensor suite, opening doorways to address fundamental scientific questions that have stagnated due to technology deficits. The suite of observations can also be beneficial to the ocean modeling community, to test and improve parameterizations of biogeochemical processes and mixing schemes in the coastal ocean. The outcomes in terms of scalability evaluation will be of interest to any future prospects of incorporating microstructure observations in the global Argo array (ArgoMix).

Connections: Rockland Scientific, and potential external collaborators from academic institutions such as APL-UW (James Girton), and SIO-UCSD (Peter Franks and Rob Pinkel).

Anticipated Outreach

What outreach assets might you need to better reach the audience/consumers you are targeting? Specify how you might like to reach your audience (published paper, seminar, conference, social media, etc.) and what type of assets (graphic, animation, video, etc.) you might need ITD to help generate.

We will disseminate the outcomes of our work in meetings and conferences, potentially one of the Gordon Research Conferences on Ocean Mixing (though now rescheduled for 2022), and/or a major conference like the ASLO Meeting 2021 (currently scheduled for Jun 22 - 27, in Palma de Mallorca, Spain) or the AGU Fall Meeting 2021 (typically held in San Francisco, in December 2021). We anticipate at least one paper to be published in a peer-reviewed journal (e.g., AGU Advances or Continental Shelf Research). 

We will work with ITD to develop graphics and/or animations that would help convey turbulence related biophysical interactions research to a broad audience, for example to help clarify the concepts of mixed vs. mixing layers in the context of phytoplankton’s response to turbulence.

Intellectual Property (IP) Considerations 

Do you anticipate a need for a cooperative research and development agreement or licensing arrangement with an external entity?

We will investigate the IP considerations as part of this scoping proposal. Transitioning the technology/science outside MBARI will be relevant in the event we determine full microstructure sensor integration on the CPF would be feasible and worth the additional engineering efforts.

Will novel IP be created, and how might it be disseminated (e.g., open-source, royalty-free license, commercial license agreement)?

TBD.

Will the work potentially result in a patentable product or service?

TBD.

For additional guidance please review MBARI’s intellectual property internal web page: https://mww.mbari.org/itd/ip/.


b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date

   [Click here to enter text]   

What percentage of labor and budget have been used through the 1st half of year?

   [Click here to enter text]   

Will you complete the current year’s scheduled work?

   [Click here to enter text]   

If you are at less than 50% resource usage, what is the plan to complete, or what work won’t be done this year?

   [Click here to enter text]   

Significant changes from previous project proposal 

   [Click here to enter text]   

Over the past two years, what peer-reviewed publications, education and/or outreach activities have resulted directly from this project? Please be brief.

   [Click here to enter text]   

To date has any novel intellectual property been developed and/or disseminated?

   [Click here to enter text]   


c) All Projects: Specific Plans for 2021

Research Activities

The Monterey Bay provides an ideal oceanographic ground for turbulence measurements, allowing for a wide range of turbulence regimes to test different approaches to get at Kz, as well as sensitivities from shear vs temperature microstructure probes on the CPF. The complexity of the topography in the Submarine Canyon can lead to various turbulence mixing scenarios, depending on the slope steepness, internal tide characteristics and angle of incidence (Kunze et al. 2002). Many of the mixing hotspots are also expected to be hotspots for biological activity. 

During the first phase of the project (1-3 months), we will identify the most pressing science questions in terms of biophysical interactions in the Monterey Bay, to optimize the utility of the simultaneous turbulence and BGC measurements for the broader science community, coordinating deployment site and strategy with the CPF project leaders and other MBARI scientists (e.g. participating in the BOG cruises). For instance, the CANON mission scheduled for the end of July 2020, is targeting the canyon mouth because of the high biological activity there, and CPF-MicroRider measurements could complement the CANON 2020 mission. 

Pre-deployment science objectives include determining optimal deployment sites within Monterey Bay, and interesting hotspots for mixing and phytoplankton activity. One approach is to target the mouth of the canyon (high turbulence) and upwelling shadow (low turbulence) during the upwelling season (April-June, Bograd et al., 2009, and see Marine Operations/Field programs section). Another approach could be to target a front, where turbulence levels are expected to change abruptly and leverage from the CPF’s navigational capabilities (under development), aiming to sample following the current along both sides of a density front. To identify locations of front’s persistence, we would aim to analyze horizontal gradients from ROMS model output (e.g. from UCSC’s coastal modeling group). One of the major tasks will be to familiarize with turbulence data for quality assessment, leveraging materials from a Turbulence Workshop from RSI that the Lead Scientist and other MBARI Team members attended virtually in May 2020. For example, we will determine the optimal profiling speed of the CPF, a key parameter to sample the full range of turbulence dissipation scales, which will depend on the targeted site and depth of the water column.

Post-deployment science activities will include post-processing microstructure data for reliable estimates of dissipation rates (from both shear and temperature probes). One research goal will be to validate the three methodologies to estimate Kz in the surface mixed layer from indirect methods (i.e., from coarse resolution BGC and CTD data, see Research section).

Engineering/technology development

Engineering and development tasks required to “piggyback” the MicroRider into the CPF during the first phase of the project (1-3 months) include:

1) Determine MicroRider package placement on the CPF, considering these are highly sensitive to any perturbed flow by the float or other sensors.
2) Adjustments to the float’s buoyancy control to compensate for the increased drag and mass from the MicroRider.
3) A significant challenge with the MicroRider-1000 is the power draw - typically ~1.4 W when sampling, but RSI can provide an external battery canister for additional power. We will aim to use the “cyclic sampling” mode on the MicroRider and turn off sampling unless the float is profiling (i.e. every ~4h). This will require synchronization of the clocks with the float’s controller, and thus, an accurate estimation of the profile timing.
4) Design, machine and test brackets to attach the MicroRider securely to the CPF. 

We intend to lease the MicroRider sensor package from RSI for a month, in late spring or summer. During the deployment month, and with the instrument at hand, the goal will be to work closely with engineers to troubleshoot any potential issues that may arise during the integration of the MicroRider to the CPF, and quality control microstructure data to evaluate the reliability of the dissipation rates from the CPF-MicroRider integration. Activities will include bench testing, engineering test deployments in the tank and at sea, and evaluation of float’s stability and performance making use of the vibrational and tilt sensors on the MicroRider. 

Will novel intellectual property be developed and/or disseminated?
Dissemination includes patenting, licensing, and collaboration agreements.

TBD

Field programs (detail ship requirements/deployments/diver requirements)
In addition to describing anticipated field programs, please be sure to include requirements for specific platforms and equipment (Dorado AUVs, LRAUVs, Wave Glider, mini ROV, etc.) for each proposed field program so that expectations are clear. Requests must also be entered in the budget entry system.  

CPF-MicroRider deployments at sea will be performed in a stepwise manner, during deployment month (TBD, May-July). For deployments at sea, we will aim for a 1-day engineering deployment, to fully test the CPF-MicroRider at sea, prior to two 5-day CPF-MicroRider science missions. For the science missions, the goal would be to deploy on a Monday (Day 1) and recover on a Friday (Day 5), though we would aim for a recovery/re-deployment on ~ Day 3 to ensure good acquisition and quality of the turbulence measurements. (At least for the first science mission, we will aim to recover Tuesday afternoon/Wednesday morning.) It is also possible that we need to recharge the battery pack (from RSI) overnight, before redeploying for final recovery on Friday (TBD). All float deployments and recoveries will be handled from the RV Paragon. 

We plan to deploy the CPF-MicroRider contemporaneously with the monthly BOG cruise or CANON intended for late spring/early summer (Francisco Chavez, personal communication), in order to leverage the rosette sampling for the float’s BGC sensor calibration purposes. We will coordinate with the BOG cruise PIs for the possibility of dark-light incubation experiments to determine characteristic timescales of photo-adaptive parameters (also measurable from the floats). However, deployment month (May-July) will also be subject to availability of a MicroRider for leasing from RSI.

Isotope Usage
Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

No

Safety Disposal Needs
So the Safety office can plan and budget accordingly, please respond to the questions below regarding  any anticipated safety disposal needs for the coming year. Budget for cost of such removal will be captured by the safety office based on responses received.

Will this project generate more than 1 gallon (4 liters) of battery waste per year?

No.

If yes, please indicate the type of batteries (alkaline, NiCad, NiMH, lithium ion or lithium metal) and the approximate amount of each to be generated.

   [Click here to enter text]   

Will this project generate more than 15 gallons (60 liters) of hazardous liquid waste per year?

No.

If yes, please indicate the composition of the waste(s) and the quantity of each to be generated.

   [Click here to enter text]   

Specific deliverables

1) Building capacity at MBARI for turbulence measurements at sea. The knowledge gained during the CPF-MicroRider integration can be transferable to other autonomous platforms (i.e., gliders or AUVs). 
Possible follow-on work could leverage MBARI's Long Range AUV (LRAUV) and previous development and integration of the Rockwell instrument (from Tim Stanton, NPS) for turbulence measurements.

2) Simultaneous observations of dissipation rates (from both shear and temperature probes), along with BGC observations throughout the water column from the full suite of sensors that the CPF carries (Oxygen, nitrate, pH, fluorescence, backscattering, optical radiometer), in the Monterey Bay. An example of raw and processed data from RSI microstructure sensors is shown in Figure 2.

3) Publication in a peer reviewed journal (e.g. AGU Advances, or Continental Shelf Research?).

4) Report that estimates effort to fully integrate the Rockland sensor with CPF hardware, software, electrical and telemetry systems. 

Milestones and required personnel (see personnel classification list for staff classifications)

Milestone 1: Bench and Tank Testing
Milestone 2: Engineering Test at Sea
Milestone 3: Science Mission 1 (low turbulence regime)
Milestone 4: Science Mission 2 (high turbulence regime)
Milestone 5: Scoping for full CPF-Microstructure sensor integration
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	Science Mission 1 (low turbulence)
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Budget justification

We request funds to lease a standard MicroRider-1000 from RSI for 30 days (priced at $13K), and to purchase a high-energy external battery canister from RSI ($10K) to provide power to the MicroRider. Unfortunately, RSI does not lease the external battery canister, but we envision this effort could lead to a future purchase of a MicroRider (e.g., from external funds) and/or it could be reused by other MBARI Labs to power sensors on different autonomous platforms (e.g., LRAUV, or Spray Gliders).

12 days of R/V Paragon time are requested for CPF-MicroRider float deployment and recovery to accomplish 1 engineering mission (1-day + 1 contingency day) and 2 science missions (4 Paragon days each, with one recovery/redeploy in between for microstructure data recovery/quality assessment that may require to recharge the MicroRider’s battery overnight), including 2 additional contingency days (e.g., for deploy/recovery on week 4 of deployment month). We request 9 days for Jared Figurski and 9 days for a TBD DMO crew, after CPF deployments transition to DMO.

Labor hours from the machine shop services required to attach the MicroRider to the CPF are budgeted in the CPF proposal (901206).

Labor hours for Andy Hamilton (consulting on how/where to mount the microstructure sensors on the CPF, 40 hs), for Yanwu Wang (turbulence sensor signal processing on a mobile platform, 40 hs) and Tom O’Reilly (scope full software integration with CPF, 40 hs) are budgeted in this proposal. 

Travel money for conferences for the Lead Scientist are budgeted in the PI’s main group proposal (901817). (The Lead Scientist Fellowship funds will be spent on a laptop computer, ~3.5K, but remaining funds could cover some travel/conference costs.)

Note: In recognizing that the MBARI budget may be tight in 2021, PI startup funds can be used to cover the costs associated with this project.

Project team

MBARI Team members: 
· Andrea Fassbender (Scientist, PI)
· Magdalena Carranza (Postdoctoral Fellow, Lead Scientist)
· Gene Massion (Ocean Engineer),
· Ken Johnson (Senior Scientist),
· Yui Takeshita (Scientist),
· Andy Hamilton (Mechanical Engineering Group Lead),
· Yanwu Zhang (Senior Research Engineer),
· Tom O’Reilly (Software Engineer).

Potential external collaborators: James Girton (APL-UW), Peter Franks (Scripps-UCSD), Rob Pinkel (Scripps-UCSD).

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.

[bookmark: _heading=h.30j0zll]No. We will use the existing CPF Lab basis (including the additional space assigned from the LRAUV Lab) 

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. DMO staff have extremely limited availability to be operators and only with advanced budgeting and planning.

12 days of R/V Paragon time are requested for CPF-MicroRider float deployment and recovery to accomplish 1 engineering mission (1-day + 1 contingency day) and 2 science missions (4 days each, with one recovery/redeploy in between for microstructure data quality and 1-day contingent to battery recharge overnight), including 2 additional contingency days (e.g., for deploy/recovery on week 4 of deployment month).  

While the CPF deployment/recovery transitions to DMO (in the CPF proposal 901206), Gene Massion is the R/V Paragon operator that will assist with our deployments (likely for 2-3 days). Jacki Long is also certified to operate the R/V Paragon, and Joseph Warren could possibly be certified next year. 

Note: it is possible that at least 4/12 days are half-day R/V Paragon missions (e.g., first deployment and last recovery of CPF-MicroRider science missions), and they could be shared with other MBARI groups/missions.

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	X
	
	
	

	Medium
	
	X
	
	

	Low
	 
	
	X
	X



We consider the lease of the MicroRider a high risk investment, because of the possible contingencies involved with leasing equipment (e.g., instrument loss, a sensor brakes, etc.). We are inquiring about insurance policies with RSI. Most likely one of the requirements would be to issue an insurance certificate to RSI from MBARI’s insurance carrier (Basilio Martinez, personal communication).

d) Compliance Considerations

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

NA.

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.

NA.

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 https://mww.mbari.org/pco/permits/mbnms-2020-006_exp28feb2025.pdf. Please see Mandy Allen for questions.

Is a permit with MBNMS required for your work? 

Yes, but the proposed work should be authorized by the current general 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). If your work will be conducted in one of these areas, please indicate which area by number or name.

We do not intend to deploy in any of the MBNMS SESAs, but the optimal deployment site (TBD) may result in the CPF-MicroRider drifting into SESA#6 or #8 if we are not able to recover a float in time (e.g. due to bad weather).

Anchors
For activities conducted under MBARI's permit for the Monterey Bay National Marine Sanctuary, Paragraph 16, we are required to recover anchors weighing less than 500 pounds. Project proposals, which involve anchors weighing less than 500 pounds, shall specifically indicate cruise time allocated to anchor recovery. Lack of cruise time is not an acceptable reason for deeming an anchor less than 500 pounds “unrecoverable” under Paragraph 17 of MBNMS permit. Also under Paragraph 17, ALL anchors not recovered during the year must be reported detailing location, description of anchor, and reason not recovered. (Mandy Allen will collect this information from project teams to submit as part of the annual report to the Sanctuary.) Each ship will be tracking anchors deployed, duration of attempted anchor recovery, and anchors abandoned on the seafloor with the intent that they be recovered in the future as per MBNMS permit requirements.

Will you be deploying equipment that will require anchoring? If so, please indicate approximate weight of anchors to be used and recovery plans.

No

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 (MPAs). Please see Mandy Allen for questions.

Will you be collecting samples that require a permit?

No.

Will you be working in a State Marine Protected Area?(See link above for Statewide MPAs or this link for Central California MPAs.)

No, but it is possible that the float could drift into the Soquel Canyon State Marine Conservation Area (SCSMCA), if we decide to target the upwelling shadow front.


United States Coast Guard
If your project will deploy or maintain moorings, the project team must ensure proper compliance and notification of these activities to the US Coast Guard. DMO does not automatically do these notifications on behalf of projects. Two common types of permits and notifications that may apply to your project are Private Aid to Navigation (PATON) authorizations (required for buoys deployed for six (6) months or longer) and Notice to Mariners, which must be submitted for temporary PATONs (less than 6-month deployments). Other science operations may submit a request for a Local Notice to Mariners and are useful for missions or deployments with risk of 3rd Party Liability such as the Wave Glider.

Will your project require a PATON? 

No.

If yes, have you obtained a PATON? (Please provide a copy to Mandy Allen.)

   [Click here to enter "Yes" or "No."]

Will your project require submission of a Local Notice to Mariners?

Yes, we will likely do so for the longer CPF-MicroRider science missions.

If yes, please indicate who will be submitting request and provide a copy of the submission to Mandy Allen.

Magdalena Carranza  

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.

None.

Active Acoustics
We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2021_Proposal_Process/mbari_acoustic_instruments_updated_may_13_2020_ver_13.xlsx. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

None.  
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Figure 2. (a) Example of raw profile data
from microstructure sensors on a Vertical
Microstructure Profiler (VMP-250), from
shear probes (left) and temperature probes
(right). (b) Spectral estimates for an 8-s
record of microstructure measurements,
from which dissipation rates can be
estimated (by integration under the blue/
yellow curves, until wavenumber k_max
indicated by the triangles). (c) Vertical
profile of dissipation rates, €, estimated
from spectral estimates (~2 m resolution).
Data courtesy of RSI, acquired from a
VMP-250 deployed in Haro Strait.










