The high CO2-low pH Ocean: Progress toward a Free Ocean Carbon Dioxide Enrichment (FOCE) Experiment.

Free Air CO2 Enrichment (FACE) experiments are now commonplace on land, and a large international network of sites exists. In sharp contrast there is as yet no equivalent ocean network. Yet it is in the ocean where the effects of elevated CO2 levels may have the greatest ecosystem impact. The ocean already holds some 500 billion tons of fossil fuel CO2, and the current invasion rate from the atmosphere is approximately 1 million tons CO2 per hour. The result of this process has been a lowering of the surface ocean pH by approximately 0.1 units during the past 100 years, and geochemical models project an additional drop of 0.2 units by the middle of this century. The promise of cabled observatories in the ocean, which can provide the power and communications necessary for experimental control, opens the door to a new class of ocean experiments to investigate these impacts. 

Scientists and Engineers at the Monterey Bay Aquarium Research Institute (MBARI) have now initiated an attack on this problem and undertaken a series of small scale in-situ CO2 enrichment experiments in order to simulate the predicted future effects of fossil fuel emissions on ocean pH.  The goal of this research is to develop a system capable of long-term deployment (weeks-months) to enable study of important biogeochemical systems such as coral reefs, benthic fauna, and carbonate dissolution studies.  The FOCE prototype was designed to create a controlled lowered pH condition for a freely exchanging volume of seawater.  The challenge is large, both technically and scientifically. In air CO2 simply mixes, with no chemical reactions of concern. In seawater a series of reactions occurs which present complex detection and control problems. In particular, the slow hydration kinetics of the CO2 molecule is a significant barrier to a truly "open" experiment (such that the perturbed seawater has passed through the control zone before the CO2 system reaches equilibrium), and a partially baffled system that will restrict flow, while allowing animals to move in and out, will most likely be required.
 

