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[1] We use a coupled climate/carbon-cycle model to
examine the consequences of stabilizing atmospheric CO2

at different levels for ocean chemistry. Our simulations
show the potential for major damage to at least some ocean
ecosystems at atmospheric CO2 stabilization levels as low
as 450 ppm. Before the industrial revolution, more than
98% of corals reefs were surrounded by waters that were
>3.5 times saturated with respect to their skeleton materials
(aragonite). If atmospheric CO2 is stabilized at 450 ppm
only 8% of existing coral reefs will be surrounded by water
with this saturation level. Also at this CO2 level 7% of the
ocean South of 60�S will become undersaturated with
respect to aragonite, and parts of the high latitude ocean will
experience a decrease in pH by more than 0.2 units. Results
presented here provide an independent and additional basis
for choosing targets of atmospheric CO2 stabilization levels.
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1. Introduction

[2] Article 2 of the United Nations Framework Conven-
tion on Climate Change (UNFCCC) calls for the stabiliza-
tion of atmospheric greenhouse gas concentrations at levels
that ‘‘prevent dangerous anthropogenic interference with the
climate system’’, but the UNFCCC does not define ‘‘dan-
gerous interference’’. Usually, studies on the choice of
stabilization target for the concentration of atmospheric
CO2, the most important anthropogenic greenhouse gas, is
based on the consideration of its radiative effects, such as
the magnitude and rate of temperature change [Caldeira et
al., 2003; Den Elzen and Meinshausen, 2006; Harvey,
2007]. However, increasing atmospheric CO2 concentra-
tions not only interfere with the climate system by trapping
infrared radiation, but also affect marine ecosystems by
perturbing ocean chemistry [Royal Society, 2005].
[3] One consequence of atmospheric CO2 dissolving into

seawater is the formation of carbonic acid (H2CO3), which
releases hydrogen ions (H+) and decreases pH, a process
referred to as ocean acidification [Caldeira and Wickett,
2003]. Excess hydrogen ions react with carbonate ions
(CO3

2�) to form bicarbonate ions (HCO3
�), reducing

[CO3
2�] and the ocean’s saturation state with respect to

aragonite and calcite, two major forms of calcium carbonate
(CaCO3). These changes in ocean chemistry could impact
marine ecosystems in various ways. A decrease in the
saturation state of calcium carbonate can weaken the ability

of calcifying organisms to make calcium carbonate shells
[Kleypas et al., 2006], especially for reef-building corals
that build their skeleton materials out of aragonite, a more
soluble form of CaCO3 [Gattuso et al., 1998; Leclercq et
al., 2000; Langdon and Atkinson, 2005]. As seawater
becomes undersaturated with respect to calcium carbonate
(saturation state < 1), the shells of calcifying organisms are
increasingly prone to dissolution, as has been observed for
pteropods which produce shells out of aragonite [Orr et al.,
2005]. Furthermore, a decrease in ocean pH can affect the
growth of marine organisms by altering the acid-base
balance within their cells, the availability of nutrients, and
the effects of toxins [Royal Society, 2005].
[4] Here we use a coupled climate/carbon-cycle model to

provide information that can help to determine what atmo-
spheric CO2 stabilization level would constitute ‘‘dangerous
interference’’ based on the consideration of changes in
ocean chemistry. Compared to previous modeling studies
on ocean acidification [Kleypas et al., 1999; Caldeira and
Wickett, 2003; Orr et al., 2005; Caldeira and Wickett,
2005], this is the first study presenting geographical dis-
tributions of ocean chemistry under different atmospheric
CO2 stabilization scenarios obtained from the simulation of
a coupled climate/carbon-cycle model. The results pre-
sented here can help in the development of an independent
and additional basis for choosing targets of CO2 stabiliza-
tion levels and allowable CO2 emissions.

2. Methods

2.1. Model

[5] The model we use in this study is the University of
Victoria (UVic) Earth System Climate Model version 2.8
[Weaver et al., 2001]. The UVic model is an earth system
model of intermediate complexity that consists of a 19-layer
general ocean circulation model coupled to an atmosphere,
sea-ice, and carbon cycle component. The ocean carbon
cycle and carbonate chemistry are represented by an inor-
ganic carbon cycle component based on the protocol of
Ocean Carbon Cycle Intercomparison Project (OCMIP,
http://www.ipsl.jussieu.fr/OCMIP) with an addition of a
simple marine biology component.

2.2. Simulation Experiment Setup

[6] To examine the consequence of atmospheric CO2

stabilization concentrations for ocean chemistry we con-
struct a set of CO2 pathways in which atmospheric CO2

concentrations are stabilized between 280 and 2000 ppm
(Figure S1 of the auxiliary material1). CO2 stabilization
pathways considered include stabilization at pre-industrial
(280 ppm) and present-day (380 ppm) levels, between 450

1Auxiliary materials are available in the HTML. doi:10.1029/
2008GL035072.
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