
Laboratory analyses of library samples currently are being
performed. Complete data interpretation and reports should be
available by the summer of 1983.
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crew. This work was supported by Department of Energy grant
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Carbon dioxide partial pressure in
surface waters of the southern ocean

TARO TAKAHASHI and DAVID CHIPMAN

Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964

Measurements of the partial pressure of carbon dioxide (CO2)
in surface waters were carried out during the U.S.-U.S.S.R. Wed-
dell Polynya expedition (wEPOLEx-81) (Gordon, Antarctic Journal,
this issue). The direction of the net transfer of CO2 between the
atmosphere and the oceans via gas exchange may be charac-
terized in terms of the CO 2 partial pressures (pCO2) in the
surface ocean water and in the overlying atmosphere. If the
pCO2 in the atmosphere is greater than that in the surface water,
the net CO2 flux should be from air to sea, and thus the ocean
acts as a CO2 sink. If the partial pressures are equal, there
should be no net transfer flux of CO 2 across the air-sea interface.
Because seawater exerts a large temperature effect on pCO 2 (i.e.,
4.3 percent per degree Centigrade when alkalinity and total
CO2 concentration in seawater are constant), the warm, low-
latitude ocean waters are believed to have a greater pCO 2 than
the atmosphere, and thus to act as a source of CO 2; the cold,
high-latitude waters have a low pCO 2 and hence act as a CO2
sink.

In the equatorial oceans, the observed pCO 2 values in surface
water are much greater than anticipated for high temperatures
(Broecker et al. 1979). This anomaly has been attributed to the
upwelling of colder and CO2- rich subsurface waters (Broecker et
al. in press). In contrast, in the high-latitude northern oceans,
including the Norwegian-Greenland Sea, the observed pCO2
values are as low as one-half of the atmospheric value of about
340 microatmospheres, and these low values can be entirely
accounted for by the low temperatures. The results of the Geo-
chemical Ocean Sections Study (GE0SEcS) expeditions during
the austral summers of 1972, 1974, and 1978 (Broecker etal. 1979;
Takahashi and Azevedo 1982) indicate that the surface water
pCO2 values in the southern ocean are not as low as those in the
northern oceans but are nearly the same as those in the at-
mosphere, although the temperatures are as low as those in the
northern oceans. Since the vertical mixing of ocean water is

enhanced during the cold winter months, the CO 2 con-
centration in surface water in the southern ocean might be
increased due to mixing with CO,-rich subsurface waters, and
hence the effect of cooling on the CO2 partial pressure of seawa-
ter may be compensated by an increase in the total CO 2 con-
centration. Therefore, we hypothesized that the pCO 2 in the
southern ocean surface water might not be reduced even during
the period of a maximum cooling, and thus the ocean would not
become a strong CO2 sink.

The ship's track and the pCO2 data obtained during the expe-
dition are shown in figures 1 and 2. The pCO 2 contour lines in
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Figure 1. Distribution of partial pressure of CO 2 (pCO2 ; expressed in
10- 6 atmospheres) in surface waters of the southern ocean observed
during the GEOSECS Atlantic expedition in January 1973, the GEOSECS
Pacific expedition in February—March 1974, and the GEOSECS Indian
Ocean expedition in February 1978. The ship's track and the pCO2
data obtained during the WEPOLEX expedition in October—November
1981 also are indicated. The GEOSECS data are for the austral summer,
and the WEPOLEX data are for the austral spring.

103
1982 REVIEW



E

!
, 1W Avg

	

	
^1917drlv INTa .0 "r,42

14 NOV

C;' !-5OOO

L-	
L'	316 313

317 )9.

328
AF-2522-25 //-2/

Limited Station 0
Basic Station o
Super Station .
Ice Core	X	 /

:TEdQC

lo , w	 51	 oc	 51	 IO°E

Figure 2. Ship's track and the partial pressure of CO2 (pCO2 ; ex-
pressed in 10-6 atmospheres) in surface waters observed during the
WEPOLEX expedition in October-November 1981 on board the USSR
Somov. The pCO 2 values are underlined; the station numbers are
not. These measurements are the first observational data for sur-
face water pCO2 obtained in the ice-covered oceanic area during the
austral spring.

figure 1 are based on the data obtained by Takahashi and associ-
ates during GEOSECS expeditions in the austral summers of 1973,
1974, and 1978. The values obtained during the present expedi-
tion (underlined in figures 1 and 2) in the austral spring of 1981
are similar to those of the previous expeditions and range from
307 to 340 microatmospheres. Atmospheric CO 2 measurements
obtained during this expedition show that the partial pressure
of CO2 in the atmosphere is 341 (± 1.4) microatmospheres (as-
suming a mean barometric pressure of 1.000 atmosphere).
Thus, the observed pCO 2 in surface water is slightly less than or
nearly equal to the atmospheric pCO 2 , although the tempera-
ture of water is generally — 1.9°C. Accordingly, the surface water
of the southern ocean appears to be nearly in equilibrium or
slightly undersaturated with atmospheric CO 2 during the aus-
tral spring. Furthermore, the austral summer data of the CEO-
SECS expeditions indicate that the southern ocean waters are not
far from equilibrium with atmospheric CO 2 , as shown in figure
1, although there are some local variations. Therefore, we con-
clude that the southern ocean surface waters are nearly in equi-
librium with the atmospheric CO 2 throughout the year and are
neither a strong sink nor a source of CO 2 . However, because of
the absence of a large polynya area, which may be caused by a
deep, vertical, convective chimney in ocean water, we did not
have a chance to observe the significance of polynya in the CO2
exchange between the atmosphere and oceans.

Our observations reveal a significant difference between the
CO2 chemistry of the southern ocean and that of the northern
high-latitude oceans, including the Norwegian-Greenland Sea.
The pCO2 observed during the summers of 1979 and 1981 in
surface waters of the Norwegian-Greenland Sea average about
230 microatmospheres at the mean temperature of 6.0°C; values
as low as 160 microatmospheres at - 0.1°C have been observed
along the edges of ice fields. The mean pCO 2 value is about 70
percent of the atmospheric pCO2 of 330 to 340 microat-
mospheres, indicating that the northern water is a strong sink
for CO2 . These low pCO2 values in surface water have not been
observed in the southern ocean.

The warm North Atlantic surface water, which is nearly in
equilibrium with the atmospheric CO 2. cools rapidly (in a time
scale of weeks) as it flows northward into and through the
Norwegian-Greenland basin and farther into the ice-covered
Arctic Basin. Since the residence time of the surface water in the
Norwegian-Greenland basin is expected to be short, while the
time scale for CO2 uptake by the surface water is of an order of a
year or longer, the water does not have enough time to absorb
significant amounts of CO 2 from the atmosphere. Furthermore,
during the summer months, the vertical mixing between the
surface and deep waters is expected to be at a minimum and the
photosynthetic utilization of carbon in surface water is expected
to be at a maximum. These factors contribute to lowering of
pCO2 in the surface water in the northern oceans.

In the antarctic circumpolar region, however, the water flows
around the antarctic continent, driven by the westerly wind and
unimpeded by major topographic barriers. The exchange rate of
the surface water between the circumpolar water and the warm
surface waters of the Atlantic, Pacific, and Indian Oceans gener-
ally is slow because they are separated by the Antarctic Con-
vergence Zone. No coherent southward flow of the warm sur-
face waters across the convergence zone into the circumpolar
region exists. Thus, the residence time of circumpolar surface
water is much longer than that in the Norwegian-Greenland
Sea, and, accordingly, the southern ocean circumpolar surface
water tends to be close to equilibrium with the atmospheric
CO2 . Enhanced vertical mixing, which brings CO 2-rich deep
water to the surface, and a minimum photosynthetic utilization
Of CO2 during the austral winter tend to increase the pCO 2 on
the surface water.

This work has been supported by U.S. Department of Energy
grant DE-ACO2-81ER60000.
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