Artificial downwelling systems solve dead zones
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Artificial downwelling systems, which is one of the geo-engineering-based adaptation options, are recognized as an important support for these plans and for the subsequent mitigating hypoxia in coastal waters []. Artificial downwelling, as an engineering solution to coastal hypoxia, powered by green energy, such as solar, wind, wave, or tidal energy, can develop a compensatory downward flow on a kilometer scale, favoring below-pycnocline ventilation and thus mitigating hypoxia in bottom water. This may be the most realistic alternative for mitigating hypoxia in coastal waters in the future []. Artificial downwelling transports oxygen-rich surface waters into oxygen-deficient deeper layers [], strengthen the below-pycnocline ventilation, increase the dissolved oxygen concentration in the bottom waters, and consequently mitigate bottom hypoxia. Most studies to date yielded positive results with respect to artificial ocean downwelling: (1) Well-designed artificial downwelling systems maintained stratification and did not significantly increase bottom water temperature; therefore, in stratified oceans, the thermocline remained stable and the process preserved a cold-seawater fishery habitat for acrobenthic cåommunities []; (2) levels of dissolved oxygen concentration (DO) were usually elevated in bottom waters []; and (3) concentrations of iron, methane, phosphorus, nitrogen, and hydrogen sulfide were shown to decrease in bottom waters and sediments [].
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