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Jonathan Cole and Michael Pace
Institute of Ecosystem Studies, Millbrook, New York, USA

Lars Tranvik
Department of Limnology, Evolutionary Biology Centre, Uppsala University, Uppsala, Sweden
Received 12 February 2004; revised 12 August 2004; accepted 9 September 2004; published 20 October 2004.

[1] Lake sediments are ‘‘hot spots’’ of methane production in the landscape. However,

regional and global lake methane emissions, contributing to the greenhouse effect, are
poorly known. We developed predictions of methane emissions from easily measured
lake characteristics based on measurements for 11 North American and 13 Swedish lakes,
and literature values from 49 lakes. Results suggest that open water methane emission can
be predicted from variables such as lake area, water depth, concentrations of total
phosphorus, dissolved organic carbon, and methane, and the anoxic lake volume fraction.
Using these relations, we provide regional estimates from lakes in Sweden and the upper
midwest of the United States. Considering both open water and plant-mediated fluxes, we
estimate global emissions as 8–48 Tg CH4 yr!1 (6–16% of total natural methane
emissions and greater than oceanic emission), indicating that lakes should be included as
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1. Introduction
[2] Methane is an important radiative trace gas, accounting for about 20% of the green house effect [Cicerone and
Oremland, 1988; Wuebbles and Hayhoe, 2002]. Inland
waters are thought to be important sources of methane,
but documentation of emissions from these sources has been
limited. Nevertheless, St. Louis et al. [2000] estimate that
7% of anthropogenic global warming equivalents comes
from methane emitted from man-made reservoirs alone.
Estimating emissions from lakes and reservoirs is difficult,
since there are at least four emission pathways which may
be regulated differently: ebullition flux, diffusive flux,
storage flux, and flux through aquatic vegetation. Present

ment to the atmosphere, with limited impact of methane
oxidation in the water column. Hence the ebullition flux
component should be related primarily to the net methane
production rate in the sediments (i.e., the gross methane
production rate minus potential methane oxidation) and the
hydrostatic pressure which has to be overcome for the
bubbles to leave the sediment [Fendinger et al., 1992;
Mattson and Likens, 1990].
[3] As a result of the diffusive export from anoxic
sediment, methane eventually enters the water column. As
soon as the methane reaches oxic sediment or water, a large
proportion is likely oxidized by methane-oxidizing bacteria
[Bastviken et al., 2002]. Most of the methane that escapes

