Global Change Biology (2004) 10, 1285–1298, doi: 10.1111/j.1365-2486.2004.00805.x

A model of carbon evasion and sedimentation in
temperate lakes
P A U L C . H A N S O N *, A M I N A I . P O L L A R D *, D A R R E N L . B A D E * , K A T I E P R E D I C K w ,
S T E P H E N R . C A R P E N T E R * and J O N A T H A N A . F O L E Y z
*Center for Limnology, University of Wisconsin–Madison, 680 N. Park St., Madison, WI 53706-1492, USA, wDepartment of
Zoology, University of Wisconsin–Madison, 430 Lincoln Dr, Madison, WI 53706, USA, zCenter for Sustainability and the Global
Environment (SAGE), Gaylord Nelson Institute for Environmental Studies, University of Wisconsin–Madison, 1710 University
Ave., Madison, WI 53726, USA

Abstract
Lakes process terrigenous carbon. The carbon load processed by lakes may partially
offset estimates made for terrestrial net ecosystem exchange (NEE). The balance within
lakes between carbon burial and evasion to the atmosphere determines whether lakes
are net sinks or net sources of atmospheric carbon. Here we develop a model to study
processing of both autochthonous and allochthonous carbon sources in lakes. We run the
model over gradients of dissolved organic carbon (DOC) and total phosphorus (TP)
concentrations found in the Northern Highlands Lake District of Wisconsin. In our
model, lakes processed between 5 and 28 g C m!2 (watershed) yr!1 derived from the
watershed, which approximates one-tenth of NEE for similar terrestrial systems without
lakes. Most lakes were net heterotrophic and had carbon evasion in excess of carbon
burial, making them net sources of carbon to the atmosphere. Only lakes low in DOC
and moderate to high in TP were net autotrophic and net sinks of carbon from the
atmosphere.
Key words: carbon, flux, lake, landscape, metabolism, model, sedimentation

Received 8 September 2003; revised version received 31 December 2003 and accepted 14 January 2004

Introduction
North temperate lakes play an important role in
processing organic carbon derived from the landscape
as a whole. CO2 supersaturation (Hope et al., 1996;
Striegl et al., 2001; Sobek et al., 2003) and net efflux of
CO2 from lakes to the atmosphere (Cole et al., 1994;
Riera et al., 1999) suggest that most lakes vent
terrigenous carbon to the atmosphere. Lakes act both
as conduits of inorganic carbon to the atmosphere
(Riera et al., 1999; Hanson et al., 2003) and as
mineralization sites for terrigenous organic carbon
(Hessen, 1992; del Giorgio et al., 1999; Jansson et al.,

forms to that load, and the influence of that load on key
carbon cycling processes in lakes.
Understanding carbon cycling through lakes may
reduce uncertainty in estimates of terrestrial net
ecosystem exchange (NEE). For inverse modeling and
biometric assessments, omission of processes such as
carbon export through aquatic systems could result in
biased estimates of carbon sequestration (Curtis et al.,
2002; Houghton, 2003). These systematic problems
require independent data sources to identify and
correct sources of error (Wilson & Baldocchi, 2001).
Indeed, a direct comparison of eddy-covariance and
ecological inventory estimates of carbon exchange in a

