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The ocean currently functions as a global carbon dioxide sink. Most of the net carbon uptake in the ocean occurs
through carbon sequestration in the ocean interior. A proportion of the carbon transported from the surface to the
deeper layers of the ocean is the result of the export of organic matter produced through biological production
into the ocean interior. This export is referred to as “export production” but is also popularly called the “biological
pump”. The relative importance of export production to the total transport of carbon from the surface to the
interior ocean varies from region to region. However, these differences are not well documented on a global scale.
In addition, the biological processes determining the magnitude of export production are expected to respond
differently to changes in ocean conditions caused by climate change than the physical processes responsible for
ocean carbon uptake. Thus, prediction of the ocean’s potential to function as a global carbon sink under future
climate conditions requires that the biological and physical signals in net ocean carbon uptake can be differentiated
from one another.

The objective of this study was to quantify the relative importance of the export production to total export
of carbon from the surface layer to the interior of the ocean in different ocean regions and to consider how climate
change may be expected to influence the export production.

We developed the model employed to estimate the relative importance of the export production on a new
data set from the circumnavigating Galathea 3 expedition (2006-2007: www.galathea3.dk). We present data from
the following major oceanic basins: North Atlantic, South Atlantic, Southern Ocean, the Equatorial Pacific and
the Caribbean Sea.

In the model, measurements of in situ concentrations at depth intervals throughout the water column to
depths of approximately 500 m of dissolved inorganic carbon and nutrients (phosphate, nitrite, nitrate and
ammonia) are used together with concurrent estimates of the air-sea carbon dioxide flux to determine the relative
contribution of physical mixing processes and biological production in the removal of dissolved inorganic carbon
from the photic zone of the ocean. A simple one-dimensional model of the biologically active mixed layer is used
to quantify the local mixing intensity and the export of organic matter from the photic zone to the mesopelagic
layer. A local steady state condition on timescales of 2-4 weeks is assumed, a condition met by the Galathea 3
data set, as data were gathered in the local spring-summer season. The estimate of the air-sea carbon dioxide
flux is based on measurements from the expedition of the carbon dioxide content in sea surface and atmosphere
combined with calculations of the local wind speed 4 weeks prior to the arrival of the expedition.

The model and its application to the global Galathea 3 data set provide an estimate of the transport of or-
ganic and inorganic carbon out of the photic zone and an estimate of how large a part is based on biological
activity. To assess the vulnerability of export production to climate change induced changes in ocean conditions,
we also consider here the coupling of our estimates of export production and mixing rates to various biological
parameters included in the Galathea data set (i.e., magnitude of primary production, size distributions of algae,
etc.) as well as the coupling of the estimates to physical factors such as sea surface temperature, stratification and
wind speed.


