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We are encouraged that referee #2 thinks this article on ocean acidification has the
potential to be a useful summary of the problems and concerns that are discussed. We
certainly will take the specific comments into careful consideration in making revisions
to our manuscript. Here we provide brief responses to the specific comments made by
referee #2 in the order they were raised:

1. The objective of the introduction was not to give a full historical account of ocean

acidification relevant research as this has been done more completely in several other

publications, including that of Gattuso and Hansson (2011, Chapter 1 in the book

Ocean Acidification published by Oxford University Press). However, we will acknowl-

edge in the revision a number of the pioneers of OA relevant research that we currently
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only refer to “as well as others.”

2. As we state, misconceptions concerning OA have arisen in a number of different
forums including the scientific literature and popular media, at scientific meetings and
workshops, in manuscript and proposal reviews, as well as in informal discussions. Our
intent with this article was to mainly raise the awareness of a general problem, and not
to criticize specifically individual studies or scientists. We realize this leads to the article
being somewhat under supported by the science behind our discussion. Whether the
opinionated parts of this article are appropriate for a final publication in Biogeosciences
remains to be seen, but there are few alternatives to BGD that facilitate the publication
of opinionated pieces and discussions.

3. The effects of upwelling on biological and chemical processes are certainly an im-
portant aspect to consider in the context of ocean acidification, but the resulting effect
and the resulting anthropogenic acidification rate of waters affected by upwelling de-
pends on numerous factors beyond the scope of this article. Nevertheless, we agree
that this issue requires attention and needs to be addressed. Several previous publi-
cations have addressed or discussed the issues associated with upwelling, onwelling
or ventilation in coastal regions including for example, Hales et al. (2003), Andersson
and Mackenzie (2004), Feely et al. (2008; 2010), Hauri et al. (2009), Cao et al. (2011),
Mucci et al. (2011) as well as others.

4. If it is not clear why dissolution of shallow water carbonates will not significantly
buffer shallow water environments on timescales of decades to hundreds of years, we
are seriously failing to get this message across. As this is our main point of section 5,
we will have to consider carefully the revisions of this section to make it absolutely clear
why and how. We will also need to place our arguments in the context of the work of
Cao and Dai (2011) on the South China Sea from which they concluded that carbonate
dissolution in marginal seas could contribute significant total alkalinity accumulations to
the upper layer of the open ocean to enhance the buffer capacity of the ocean to rising
atmospheric CO2. For a preliminary discussion regarding ‘significant buffer effect’ see
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our response to the comment by Hauck et al.
5. For this comment please see our response to Hauck et al.

6. Pages 6173-6174 are essentially where we outline why CaCO3 dissolution will not
produce a significant buffer effect for coastal carbonate ecosystems, including coral
reefs, on the decadal to centurial timescale. As the details of these results have been
shown in many other publications (e.g., Andersson et al., 2003, 2005, 2006, 2007;
Morse et al., 2006), we would like to refer the interested reader to these publications.
However, conceptually, it boils down to a mass balance problem where the rate of
dissolution needs to be fast enough in order for total alkalinity to accumulate in order
to balance the rate of increase in DIC owing to anthropogenic uptake of CO2 and the
rate of physical mixing.

7. We agree that the use of different units can be confusing and will correct this ac-
cordingly.

References:

Andersson, A. J., and Mackenzie, F. T.: Shallow-water ocean: A source or sink of
atmospheric CO2, Front. Ecol. Environ., 2, 348-353, 2004.

Andersson, A. J., Bates, N. R., and Mackenzie, F. T.: Dissolution of carbonate sedi-
ments under rising pCO2 and ocean acidiifAcation: observations from Devil's Hole,
Bermuda, Aquat. Geochem., 13, 237-264, 2007.

Andersson, A. J., Mackenzie, F. T., and Lerman, A.: Coastal ocean and carbonate
systems in the high CO2 world of the Anthropocene, Am. J. Sci., 305, 875-918, 2005.

Andersson, A. J., Mackenzie, F. T., and Lerman, A.: Coastal ocean CO2-carbonic
acid-carbonate sediment system of the Anthropocene, Global Biogeochem. Cy., 20,
GB1S92, doi:10.1029/2005GB002506, 2006.

Cao, Z., and Dai, M.: ShallowaARdepth CaCO3 dissolution: Evidence from excess cal-

C2837

cium in the South China Sea and its export to the Pacific Ocean, Global Biogeochem.
Cy., 25, GB2019, doi:10.1029/2009GB003690, 2011.

Cao, Z., Dai, M., Zheng, N., Wang, D., Li, Q., Zhai, W., Meng, F., and Gan, J.: Dy-
namics of the carbonate system in a large continental shelf system under the influ-
ence of both a river plume and coastal upwelling, J. Geophy. Res., 116, G02010,
doi:10.1029/2010JG001596, 2011.

Feely, R. A., Alin, S. R., Newton, J., Sabine, C. L., Warner, M., Devol, A., Krembs, C.,
and Maloy, C.: The combined effects of ocean acidiinAcation, mixing, and respiration
on pH and carbonate saturation in an urbanized estuary, Estuarine, Coastal and Shelf
Science, 88, 442-449, 2010.

Feely, R. A., Sabine, C. L., HernandezaARAyon, J. M., lanson, D., and Hales, B.:
Evidence for upwelling of corrosive “acidified” water onto the continental shelf, Science,
320, 1490-1492, 2008.

Gattuso, J.-P., and Hansson, L.: Ocean acidification, Oxford University Press, in press,
2011. Hales, B., Bandstra, L., Takahashi, T., et al. 2003. The Oregon coastal ocean: a
sink for atmospheric CO2, News Coast Ocean Proc, 17, 4-5.

Hauri, C., Gruber, N., Plattner, G.-K., Alin, S., Feely, R. A., Hales, B., and Wheelerp, P.:
Ocean acidification in the California current system, Oceanography, 22, 60-71, 2009.

Morse, J. W., Andersson, A. J., and Mackenzie, F. T.: Initial responses of carbonate-
rich shelf sediments to rising atmospheric pCO2 and ocean acidiihAcation: role of high
Mg-calcites, Geochim. Cosmochim. Acta, 70, 5814-5830, 2006.

Mucci, A., Starr, M., Gilbert, D., and Sundby, B.: Acidification of lower St. Lawrence es-
tuary bottom waters. Atmosphere-Ocean, doi:10.1080/ 07055900.2011.599265, 2011.

Interactive comment on Biogeosciences Discuss., 8, 6161, 2011.

C2838



