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[1] The remarkable correspondence between glacial-
interglacial changes in atmospheric CO2 levels and global
climate over much of the Pleistocene suggests that CO2 is
also a key climate change driver. However, there is as yet no
widely accepted explanation of the low glacial CO2 levels.
Here I use an intermediate-complexity climate model to
show that glacial cooling, acting on the rates of organic
carbon production and decay in the ocean, can explain a
significant portion of the glacial CO2 lowering. New model
results show that cooling strengthens the vertical transport
of organic carbon from the surface ocean to the deep ocean,
reduces atmospheric pCO2, and shifts nutrients from the
Atlantic basin to the Indo-Pacific basins. The overall
vertical transport is increased because the cooling effect
on reducing the degradation rate of sinking particulate
organic carbon is greater than on reducing the export
production. This net temperature effect on atmospheric
pCO2 mediated by biology is comparable to the temperature
effect on atmospheric pCO2 driven by solubility, which is
almost always mentioned as a large factor in the glacial
CO2 levels. An implication for the future is that higher
ocean temperatures will act as a positive feedback on
atmospheric CO2 by reducing the vertical transport of
carbon to the deep ocean and thereby increasing CO2

degassing from the ocean. Citation: Matsumoto, K. (2007),

Biology-mediated temperature control on atmospheric pCO2 and

ocean biogeochemistry, Geophys. Res. Lett., 34, L20605,

doi:10.1029/2007GL031301.

1. Introduction

[2] Particulate organic carbon (POC) sinks from the
upper ocean to the deep ocean. This vertical transport of
POC called the organic carbon (OC) ‘‘pump’’ reflects export
production, a part of primary production that escapes
respiratory consumption in the euphotic zone and is
exported to the ocean interior. The pump depletes nutrients
and dissolved inorganic carbon (DIC) in surface ocean
waters. In the deep ocean, the continual supply of POC
from above, combined with global meridional overturning
circulation, creates the clear gradients in nutrient and DIC
concentrations from the North Atlantic to the North Pacific
along the path of the deep water flow. Because of its
influence on DIC, the OC pump has been identified as
key to controlling atmospheric CO2 content [Volk and
Hoffert, 1985]. Experiments with box models [Joos et al.,
1991; Peng and Broecker, 1991] and general circulation

models [Sarmiento and Orr, 1991] show that atmospheric
pCO2 is drawn down by tens to over 100 ppm, when the
pump is strengthened basin-wide under future CO2 emis-
sions scenarios. The pump is also called to explain the large
and regular variability in atmospheric pCO2 over the last
several glacial-interglacial cycles [Siegenthaler et al., 2005].
It is a prime candidate amongst many explanations of this
yet unresolved, glacial CO2 puzzle [Archer et al., 2000]. To
trigger an enhanced OC pump, previous studies have called
on increases in the availability of macronutrient phosphate
[Broecker, 1982] or micronutrient iron [Martin, 1990]. The
underlying idea is that these nutrients are limiting produc-
tion in many parts of the world ocean today [Martin and
Fitzwater, 1988; Wu et al., 2000], and excess supply of
these would relieve the limitation and thereby boost primary
and export production.
[3] Here I propose that the strength of the OC pump can

be changed instead by invoking the effects that temperature
has on OC production and degradation. At the core of this
proposal is the universal observation that metabolic rates
increase with temperature. In a pioneering work, Eppley
[1972] showed that marine phytoplankton growth rates are
roughly doubled for a 10�C increase in temperature (i.e.,
Q10 = 2.0 relation). In a significant step forward, Laws et al.
[2000] showed that temperature is the primary determinant
of how much of the primary production goes into export
production. This is attributed to temperature-dependent
remineralization; POC is more slowly degraded at lower
temperatures, thus allowing more POC to be exported.
There is a potential that a sizable fraction of the last glacial
maximum (LGM) lowering of atmospheric CO2 can be
explained by temperature-driven POC degradation
[Matsumoto et al., 2007]. However, there are a number of
outstanding, unresolved issues at this time. First, it is
unclear how temperature will affect the degradation rate
and pool size of the dissolved organic carbon (DOC).
Second, the effect of temperature on OC production vis-à-
vis remineralization in unknown, because they have oppo-
site effects on the OC pump and atmospheric CO2 (e.g., the
same cooling that slows remineralization and strengthens
the pump will also slow production and weaken the pump).
Third, it is unclear how temperature-driven changes in
production and remineralization will affect the global nutri-
ent distribution, which in turn can affect the OC pump.

2. Model

[4] In order to address these still unresolved issues, I use
GENIE-1, a 3-D, intermediate-complexity, biogeochemical,
climate model [Ridgwell et al., 2007]. Briefly, the physical
model is based on the fast climate model of Edwards and
Marsh [2005], which consists of a 3-D ocean circulation
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