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Project Description:  
This instrument development project will merge methodologies for autonomously measuring the partial pressure of carbon dioxide gas (pCO2) and the dissolved inorganic carbon (DIC) content of sea water to achieve new capabilities on the Wave Glider platform. pCO2 and pH measurements from the Wave Glider are already routine at MBARI; however, the DIC component is novel and would greatly enhance the scientific community’s ability to observe and understand surface ocean processes relevant to global climate and ocean health.
The ocean absorbs ~25% of the anthropogenic carbon emitted annually and understanding the drivers and sensitivities of this air-sea exchange remains a fundamental research priority. Additionally, photosynthesizers at the base of the ocean food chain leave chemical fingerprints in the surface ocean that can be observed and quantitatively deciphered with the envisioned instrumentation. The Carbon Wave Glider will be used to fully characterize seawater carbonate chemistry, which requires information about sea surface temperature, salinity, and two of the four commonly measured carbonate system parameters: DIC, pCO2, pH and total alkalinity. The Wave Glider already carries pCO2 and pH sensors, but these parameters strongly covary making them the least desirable pair for constraining the carbonate system, while the pCO2–DIC and pH-DIC pairs are the most desirable measurement combinations. The ability to continuously transit with the Wave Glider coupled with its near-surface seawater intake location make it an ideal platform for this effort, and will provide sustained, yet agile, observing opportunities. 
Development of the Carbon Wave Glider will require integration of DIC measurement capability with the existing pCO2 components on the Wave Glider (the pH sensor is independent). Both measurements rely on the same detector (LI-COR infrared gas analyzer) and much of the DIC instrument functionality has been rigorously evaluated by Dr. Fassbender in prior research efforts at NOAA’s Pacific Marine Environmental Laboratory (PMEL). This project will thus rely on proven science and largely be an exercise in integration and innovation to miniaturize and merge the systems. This will be a collaborative effort between MBARI and PMEL; however, nearly all development will occur at MBARI. PMEL will provide input on firmware design to ensure the developed product can be deployed on NOAA’s ~40 open ocean climate moorings. PMEL will also assist in instrument field testing on one of their Washington State coastal moorings located in a region that exhibits large natural variability in carbonate chemistry.
The proposed project will rely on existing MBARI assets (Wave Glider) and expertise (pCO2 system) to develop a novel system that can be deployed on a wide range of fixed and mobile surface platforms. Once developed, the Carbon Wave Glider will be used to quantify carbon export, evaluate air-sea gas exchange dynamics, and be paired with AUVs to track upper ocean processes in detail. Future developments may be pursued to incorporate nitrate (ISUS) and optical sensors for more rigorous biological monitoring and to make comparisons with remotely sensed (satellite) observations. To summarize, this development project will enhance MBARI’s collaborations, yield an innovative and much needed new tool, make use of existing assets and expertise, take the laboratory into the ocean, may be commercially transferable, and has potential for significant impact through implementation on NOAA’s global mooring array. 
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