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Carbon Dioxide Supersaturation in the 
Surface Waters of Lakes 

Jonathan J. Cole, Nina F. Caraco, George W. Kling, 
Timothy K. Kratz 

Data on the partial pressure of carbon dioxide (C02 ) in the surface waters from a large 
number of lakes (1835) with a worldwide distribution show that only a small proportion 
of the 4665 samples analyzed (less than 1 0 percent) were within ±20 percent of equi
librium with the atmosphere and that most samples (87 percent) were supersaturated. The 
mean partial pressure of C02 averaged 1036 microatmospheres, about three times the 
value in the overlying atmosphere, indicating that lakes are sources rather than sinks of 
atmospheric C02 . On a global scale, the potential efflux of C02 from lakes (about 0.14 
x 1015 grams of carbon per year) is about half as large as riverine transport of organic 
plus inorganic carbon to the ocean. Lakes are a small but potentially important conduit 
for carbon from terrestrial sources to the atmospheric sink. 

Processes that add and remove C02 oc
cur simultaneously in the surface waters of 
lakes. Lakes can thus act either as sources 
or as sinks for COz- Earlier studies have 
shown that Arctic lakes are strongly su
persaturated in C02 and therefore are 
sources to the overlying atmosphere ( 1, 
2). In the Arctic the transport of tundra 
organic matter to surface waters leads to 
C02 supersaturation (1, 2). Other regions 
that lack the vast soil carbon storage of 
the Arctic may behave differently. In fact, 
detailed studies on a limited number of 
temperate and boreal lakes have suggested 
that these lakes are net sinks for atmo
spheric C02 (3), but no comprehensive 
analysis exists. We report data from lakes 
with a worldwide distribution that show 
that boreal, temperate, and tropical lakes 
are typically supersaturated with C02 and 
thus are net sources to the atmosphere. 

Data were obtained both from the litera
ture and from our own direct measurements 
of the partial pressure of C02 (Pc0 ,). The 
value of P co was calculated from pH and 
dissolved ino~ganic carbon (DIC) or acid
neutralizing capacity (ANC) with correc
tions for other physical and chemical vari
ables (4). For the direct measurement of 
P co , we collected water from 0.1 to 0.25 m 
belo~ the surface into a thermally insulated 

J. J. Cole and N. F. Caraco, Institute of Ecosystem Stud
ies, Cary Arboretum, Millbrook, NY 12545, USA 

2-liter glass bottle and equilibrated it with 
50 ml of ambient air (5). Gas chromatog
raphy was used to measure C02 on the 
equilibrated head space. Simultaneously 
ambient air 1 m above the lake surface was 
collected for the measurement of atmo
spheric C02• 

The lakes analyzed range in size from 8.2 
X 106 ha (Lake Superior) to 0.4 ha, span 
latitudes from 60°S to 62°N, and include 
both hard and soft waters (Table 1). For 
each data set there are differences in the 
type of measurements made, the intensity of 
those measurements over time, and geo
graphic location (Table 1). For these rea
sons we discuss the data in terms of a series 
of individual data sets. 

Of the 37 lakes (390 samples) where 
direct measurements of P co were made, 
16 lakes (43%) were supersaturated at all 
samplings. Data for a persistently super-

saturated lake are shown in Fig. 1. The 
mean measured P co for the 3 7 lakes was 
801 ± 67 [Latm (me~n ± standard error), 
about 2.2 times the measured atmospheric 
value (Fig. 2A). Only 7% of the samples 
were within ±20% of atmospheric equi
librium (Fig. 2A). 

In the larger data sets for which P co was 
calculated, we also see a consistent tenaen
cy toward supersaturation. For the 1612 
lakes sampled in autumn [eastern lakes sur
vey (6) (Fig. 2B)], mean Pco was 1031 ± 

2 
19.4 [Latm or three times the atmospheric 
equilibrium value. Relatively few lakes 
(6.6%) were within ±20% of the atmo
spheric equilibrium value. 

Because of thermal mixing, autumn may 
be a time of elevated P co, in surface waters. 
Nevertheless, a similar pattern of supersat
uration was seen for 69 lakes from all over 
the world with full seasonal data for the 
entire ice-free season (Fig. 2C). For lakes 
with ANC-based data, calculated mean 
Pco, averaged 1122 [Latm; for lakes with 
DIC-based data, calculated mean P co was 
1039 [Latm. Both of these values are' well 
above atmospheric equilibrium (7) and sim
ilar to that from the lakes sampled only in 
autumn (Fig. 2B). For 34 of these 69 lakes, 
100% of the samples were supersaturated, 
and for every lake the time-weighted aver
age was above the atmospheric value. 

The 60 lakes (179 samples) sampled only 
during summer stratification, a time of lower
than-average P co,• were also supersaturated. 
The distribution is broader and the mean 
lower ( 680 ± 65 [Latm) than for the other 
data sets (Fig. 2D). For these samples also, 
only 12.8% were within ±20% of the atmo
spheric equilibrium value. 

Tropical African lakes were strongly su
persaturated with the mean P co being 
about six times (2296 ± 409 [Latm) the 
atmospheric value; few samples ( 11%) were 
within ± 20% of atmospheric equilibrium 
(Fig. 2E). 

For the lakes for which we both directly 
measured and calculated P co, we found rel
atively good agreement be~een measured 
and calculated values (8), but such agreement 

Fig. 1. Seasonal cycle of direct 
measurements of the P co in the 
surface water of Mirror La'ke (cir
cles) and in the overlying air 
(squares), showing persistent su
persaturation. Mirror Lake is a soft 
water lake in New Hampshire (15); 
ppmv, parts per million by volume. 
The hatched areas represent ice 
cover. 
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