How the oceans take in CO2 

The capacity of the world's oceans for absorbing CO2 is also finite. Indeed, as noted earlier, a huge amount of dissolved carbon is sequestered there, amounting to roughly fifty times what is found in the atmosphere. Therefore, wouldn't an increase of but a few percent in what is stored in the oceans eliminate all concerns about possible global warming? Or a small error in our estimate of what the oceans now hold? 

The answer to both questions, unfortunately, is no, and the reason is that the ability of the oceans to absorb anthropogenic CO2 is controlled more stringently by chemical reactions than by the storage capacity of the oceans themselves. 

The surface of the oceans absorbs CO2 from the air by combining it with carbonate and borate ions, in a self-limiting buffering reaction that keeps the acidity of the oceans low enough to store dissolved carbon. The total uptake capacity of the ocean, as determined by its carbonate (and borate) ion concentration, is about 1800 Gt C, which is equal to only about one-third of the total fossil fuel inventory. This much-lower number moves the oceans from the major leagues into the minors, as far as global warming is concerned. Additional buffering capacity is available in the form of carbonate sediments that lie far below the surface, on the ocean floor. But since there is so little vertical circulation at such depths, it takes hundreds to thousands of years for any CO2-enriched surface water to come within their reach. 

The CO2 that comes in contact with the sea surface is only slowly taken in, for there are long delays in even the ocean's normal buffering process, since most of the dissolved carbonate and borate is in the slowly-circulating deep ocean. Tracking with chemical tracers such as carbon-14 (radiocarbon) indicates that the time it takes for the deep ocean water to circulate to the surface ranges from a few hundred years in the North Atlantic to over 1500 years in portions of the Pacific. Thus waiting for the oceans to take their turn in absorbing anthropogenic CO2 will require a kind of geologic patience. 

Calculating the time scales involved 

As much as scientists and policy-makers would love it, there is no single number that tells us how long anthropogenic CO2, once introduced, will remain in the air, since what the oceans take in is limited by chemical reactions whose rates depend in part on how much CO2 is introduced. The more we add, the more carbonate and borate ions are depleted near the surface ocean, the deeper the surface water must go to be dissolved, and hence the slower the process goes. 

Sophisticated models that simulate ocean circulation to calculate the time required to dissolve pulses of CO2 of various sizes have been run for many years. They all confirm that the process is slow, and that the larger the dose, the longer the time required. Such models indicate that 100 to 200 years would be needed to absorb about two-thirds of the carbon added since the dawn of the Industrial Revolution, were it injected all at once, and another 100 to 200 years to absorb two-thirds of what remains, and so on. For a dose that is ten times larger, 500 to 1500 years would be required to dissolve the first and subsequent two-thirds. 

