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Dioxide on Coral Reefs
Joan A. Kleypas,' Robert W. Buddemeier,” David Archer,?
Jean-Pierre Gattuso,* Chris Langdon,® Bradley N. Opdyke®

A coral reef represents the net accumulation of calcium carbonate (caco,)

~ produced by corals and other calcifying orfanisms. If calcification declines, then
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Geochemical Consequences of
‘Increased Atmospheric Carbon

reef-building capacity also declines. Coral reef calcification depends on the

saturation state of the carbonate mineral aragonite of surface waters. By the
middle of the next century, an increased concentration of carbon dioxide will

decrease the aragonite saturation state in the tropics by 30 percent and biogenic
aragonite precipitation by 14 to 30 percent, Coral reefs are particularly threat-

ened, because reef-building organisms secrete metastable forms of CaCO,, but

the biogeochemical consequences on other calcifying marine ecosystems may

be equally severe. .
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GLOBAL BIOGEOCHEMICAL CYCLES, VOL. 14, NO. 2, PAGES 639-654, JU

Effect of calcium carbonate saturation state on the calcification
rate of an experimental coral reef

Chris Langdon, Taro Takahashi, Colm Sweeney, Dave Chipman, and John Goddard
Lamant Doberty Earth Observatory of Columbia University, Palisades, New York

Francesca Marubini,' Heather Aceves, and Heidi Bamett
Columbia University’s BIOSPHERE 2 Center, Oracle, Artrona.

Marlin J. Atkinson
Hawni Institute of Marine Biology, Kaneohe

Abstract. mmummhmﬁ: :ﬂruchtw:cﬁ:
by the middle of the 21st century. reduce
mmum‘uummwm.dmtm& level and will

reduce the calcium carbonate saturation state of the surface ocean by an equal percentage.
Using the large 2650 m’ coral reef mesocosm at the BIOSPHERE-2 facility near Tucson,
Arizooa, we investigated the effect of the wmmmmm
on the calcification of coral reef organisms at the scale. Our experimental desi
mu%ﬂjm}ﬁmuﬁdﬂmmdbngmﬂ
and chemical variables (lemperature, salinity nutrients,
OO0, TOO,, and total alkalinity). Periodic additions of NaHCO,, Na,CO,, and/or CaCl,
were made to change the calcium carbonaie saturation state of the water. We found that
there were consistent and reproducible changes in the rate of calcification in response to our
manipulations of the saturation state. We show that the w—u;dd.ﬁmmm:
T hhmﬁmﬂmc‘?‘ ntnu
walﬂﬂfﬂtﬂdhﬂmFMﬂ.[Cl 00,1
suggests that saturation state or a closely related quantity is a environmental
that influences calcification on coral reefs at the ecosystem level. We compare the sensitivity
d’nﬂﬁmﬁmh“—un(du:}nﬂhrﬂ(uﬁum}chmhmm
state and found that the response was not llﬂu'ul. indicates that coral reef
do not seem to be able to acclimate to
m_mmmddqhmmumum 8B0 mmw m
term results is 40%. Previous small-scale, short-term studies predicted a
calcification reduction of 14-30%. This much Jonger, community-scale study suggests that
the impact on coral reefs may be greater than previously suspected. In the next century coral
reefs will be less able to cope with rising sea level and other anthropogenic stresses.

A Large Terrestrial Carbon Sink
~in North America Implied by
Atmospherlc and Oceanic Carbon
_ Dioxide Data and Models
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{which might also produce
appreciable air

produces

J_Idﬂp.

1425

4.1: The Vision 31 Plant, Vision 21 is the DOE Ofice of Fedsil Encrgy's idea for freeing
frorm emvironme mal constrainis  For this seheme, eogl and/or ather feedstock fuels pach as

cleaned of ailfur and reacted with steam o form hydrogen and COx. After heal extraction from the

1%, i is sequestered from the atmosphers. The hydrogen can evertually be used a3 2 trarsportation

fuel or it could be axidized in a high-temperaturs fucd cell and (e reactant bet pases could drive a gas
percent, which Is the goal Alr polhutants wre negligitle and net OO, emissions are 2ero of nearly so.
The overall cost goal is 10 percent less (han that of 3 state-of-the-an pulverized coal plant

enal power
blamags and some waske malerab are
twhine and a steamn geacrator to make electricty, This sysiern could have an efficiency of 60 1o 65
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IPCC 1990 Assumptions for
“Business as Usual”

1. In 100 years renewable and nuclear
technologies will provide more than 75% of
all electric power, compared to 24% in 1990.

2. Non-carbon technologies (including solar and
wind) are assumed to'grow to about twice the
size of the entire global energy system in
1990. -

3. Energy consumed per unit of economic
activity declines to 1/3 of 1990 levels.

These assumptions pose huge technical
challenges
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A fairly clear sense of the quantities required for é
climate control has emerged. For example, if a l
target of stabilization of atmospheric CO; levels at
about 550 ppm (about twice pre-industrial values) —
is set, then deviations from present trends of
about 3.7 billion tons CO; per year by 2025, and
14.6 billion tons per year by 2050 will be required.
This may be achlieved by a combination of !
conservation/efficlency, fuel substitution, and
geologic/ocean CO; sequestration. i
3

1
Ocean Botiom | *1000m )

Fig. 4. Schematic CO, meiease sysiem wilh coufinement vessel (Golomb, 1993)

MSL

Each option has its advocates, and major policy
choices have yet to be made. However if equal
weight is glven then the global sequestration

* target may approach 1.2 billion tons CO; per year
by 2025. An advantage of sequestration is that it
makes enhanced use of most of the trillion dollar
fossil fuel Infrastructure and workforce that we
depend on to create wealth, and provide power for
our technologically advanced society, until such
time as new power systems emerge.

Amboan) Seawaler
b W

The U.S. share of this target is likely to be about
25%, or 0.3 billion tons per year. This includes
both geologic (land based) and oceanic options. If
the ocean option Is taken as 25% of this, then we
would consider 75 million tons CO, per year (or
0.2 million tons per day). This impressive number
is less than 1% of even present day global surface
ocean uptake.

Powsi Plon! with

CO; Aemowal
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Fogure: Uypisren. for direct ocesn drspossl of C0awho =/ uh it "parbea s g ik b our g w1 20901 el 4 75 2han | ev b

Options for direct ocean disposal of C0;

Disposal scenarios that are tha focus of current research include droplet
plume and densa plume dissolution. dry ice and towed pipe dispermion, and
isolation ws » dense lake of CO; on tha sea floor. Towed pipe and droplat
plume scenarios may offer tha best spproach in the near future.

Back to article.
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Figurs 3 image of the twa OOy droplets Tacked durling sscenl as they cross 'he
scale (mm. divisions) The bubbles are i free notion with & mean apward velocity
of 11 2mufsee. The image »4s ‘akea from o vides frame grab st 654m depth, 23
minaies aller -viease The drapiels decame sitached sad moved tagether, aut did
aon WErge aind heir dimensions could be separately determined.

Diameter [em)]

Time (min]

Figure 4. Flot of the thanging drapiet dismeter wiin ‘ime, and remaining mass
fraction of the draplets. The dropict size derived frem HDTY rideo analysis, 22
listed in Table 1, is shown by poiats () and frinngles (b), respectively, The solid line
inadicmies the irend of diameter verus time calculsted from equation (1) with a
dissolution rate of 3.7 pmoliem'fsec. The dashed Yine shows the remaining mass
fraction relative (o the initial mass of the OOy droplets.

[26] uopoes; ssepy Buiujeway
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A: At Injection
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-Sea CO, Studies
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