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The flux of gases across the air-water interface is a key
process in biogeochemistry affecting both the water body and,
depending on system scale, the atmosphere (Wanninkhof
1992). Estimating the magnitude of these gas fluxes is useful
in a number of contexts and studies including: measurement
of open ocean primary production using oxygen isotopes (Luz
and Barkan 2000); the role of oceans in the control of CO2

(and other greenhouse gasses) in the atmosphere (McGillis et
al. 2001; Takahashi et al. 2002); the role of inland waters in
regional (Billett and Moore 2008) or global C cycle (e.g.,
Richey et al. 2002; Cole et al. 2007; Bastviken et al. 2008) air-
sea exchange of toxic volatiles such as mercury (Mason et al.
1994); or whole system metabolism estimates for individual
lakes or rivers (Hanson et al. 2004; Van de Bogert et al. 2007).

The actual physics of gas exchange is complex (MacIntyre
et al. 1995). Nevertheless, the diffusive transfer of gases to or
from aquatic surfaces can be adequately described using the
equation:

F = k(Csur – Ceq ) (1)

where F is the flux (e.g., mmol m–2 d–1); k is the piston veloc-
ity (e.g., m d–1) which can be conceptualized as the depth of
the water column equilibrating with the atmosphere per unit
time; and Csur and Ceq are actual surface water and air-equilib-
rium concentrations, respectively, of the gas in focus (Jähne et
al. 1987; MacIntyre et al. 1995). Three components are
required to calculate the diffusive flux. While the first two, Csur

and Ceq, can be obtained by measurements of air and surface
water gas concentrations, temperature, and pressure, the
third, k, is more difficult to assess and is, in theory, a function
of turbulent energy exchange between the surface water and
the atmosphere (e.g., McKenna and McGillis 2004). However,
from studies in which Csur, Ceq, and F have been simultane-
ously measured, k can be calculated. This work has generated
extremely useful, empirically determined estimates of k (e.g.,
Wanninkhof 1992; Wanninkhof and McGillis 1999). Mea-
sured values of k vary, as theory predicts, with both the gas in
question and the temperature. The variation of k values
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Abstract
The rate of gas exchange between air and water is an essential quantity in a number of contexts, from mass

balances to the calculation of whole-system metabolism. The exchange of a gas between water and the atmos-
phere is controlled by differential partial pressures of gases in air and in water (both straightforward to measure)
and by the amount of turbulent energy exchange between the air-water interface, the measurement of which is
neither simple nor direct. This physical exchange is often expressed as a piston velocity (k). We compared four
methods for estimating k in a series of small (0.3 to 45 ha), low-wind (mean wind < 3 m s–1) lakes: 1) floating
chambers using ambient CH4; 2) whole-lake SF6 additions; 3) three wind-based models from the literature; and
4) C mass balances constrained by whole-lake 13C additions. All of the methods, with the exception of one wind-
based model, converged on values for k600 of between 0.35 and 0.74 m d–1 with no biases among methods. The
floating chambers, if designed properly, are a cost-effective way of obtaining site-specific values of k for low
wind lakes over fairly short time frames (hours).
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