Downwelling solves dead zones on a large scale 
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Over the past decade, artificial downwelling concepts using renewable energy resources have been proposed to increase ventilation below the pycnocline (Ouchi et al., 1998; Sasaki et al., 2009; Carstens, 2008; Antonini et al., 2012, 2015, 2016; Stigebrandt et al., 2015a; Xiao et al., 2018). In these concepts, surface oxygen-rich water is transported downward into the hypoxic bottom through an erect pipe (Fig. 1). The flow discharged from the pipe outlet rises immediately because fresher and warmer surface water has a lower density than the ambient water. The resultant buoyant plume entrains ambient dense water during the upward motion, steadily losing its buoyancy. As the plume reaches beneath the pycnocline, it becomes neutrally buoyant and horizontally spreads out in a process referred to as detrainment or interleaving. A compensatory downward flow occurs far away from the discharge point to replenish the water entrained by the plume, completing a circulation below the pycnocline (Stigebrandt and Kalén, 2013; Bendtsen et al., 2013). Observation have proved that the circulation flow is tens of times greater than the initial pipe flow to increase destratification and ventilation (Stigebrandt et al., 2015a). It is therefore possible to mitigate coastal hypoxia on a relatively large scale via artificial downwelling.
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