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[1] The last deglaciation was interrupted by three major
cooling events, the Younger Dryas, the Preboreal
Oscillation and the 8.2-ka cold event. As the Laurentide
Ice Sheet retreated, different outlets from Lake Agassiz
became available causing the proglacial lake to drain to a
new level in a rather short timescale (flood) and divert
continental runoff over hundreds of years (routing). Here we
use an Earth System Model to investigate the impact of
floods (short term, high amplitude) versus routing events
(long term, low amplitude) on the thermohaline circulation
and the resulting climate change. We show that the initial
outbursts of freshwater are not strong enough to influence
large-scale climate and can therefore not be the cause of
millennial-scale climate variability. However, routing events
have the potential of weakening the thermohaline
circulation and therefore causing a cool event in the
Northern Hemisphere. Citation: Meissner, K. J., and P. U.

Clark (2006), Impact of floods versus routing events on the

thermohaline circulation, Geophys. Res. Lett., 33, L15704,

doi:10.1029/2006GL026705.

1. Introduction

[2] Warming of the Northern Hemisphere during the last
deglaciation was interrupted by several abrupt cooling
events, with the three largest being the Younger Dryas
(12.9–11.5 cal ka), the Preboreal Oscillation (PBO)
(11.5 cal ka) and the 8.2–ka cold event (Figure 1). Johnson
and McClure [1976] first postulated that an increased
freshwater flux to the St. Lawrence River associated with
the diversion of continental runoff from the Mississippi
River triggered the Younger Dryas cold event by causing an
increase in North Atlantic sea ice. Rooth [1982] sub-
sequently proposed that this Mississippi-to-St. Lawrence
routing caused the Younger Dryas through its effect on
the thermohaline circulation and attendant poleward ocean
heat transport. This routing hypothesis gained support
through the combined evidence for a drop in the level
of Lake Agassiz, such as would be associated with the
opening of a lower lake outlet that drained east to the St.
Lawrence River, and an increase in the salinity of the
Gulf of Mexico at the start of the Younger Dryas
[Broecker et al., 1989]. The association of routing events
with the Preboreal Oscillation [Fisher et al., 2002], the
8.2-ka event [Barber et al., 1999] (Figure 1), and other
cold events during the last deglaciation suggests a more

generalized role for routing in explaining millennial-scale
climate variability [Clark et al., 2001].
[3] In addition to diverting continental runoff, the open-

ing of a new outlet causes a proglacial lake to drain to a new
level. The time it takes for the lake to lower to its new outlet
is unknown, but is typically estimated to last for months to a
year, and the associated lake-drainage event is referred to as
a flood [Teller et al., 2002; Donnelly et al., 2005]. Accord-
ingly, increases in the freshwater flux associated with the
opening of new outlets for proglacial lakes such as Lake
Agassiz are comprised of two components; a short-lived
flood (<1 yr) and a routing event that is sustained as long as
the lower outlet remains open (102–103 yr). Using the
opening of an eastern outlet for Lake Agassiz drainage
associated with the Younger Dryas as an example, Lake
Agassiz lake level lowered by 110 m, with a corresponding
volume loss of 9500 km3 [Leverington et al., 2000], while
at the same time, runoff from the Lake Agassiz drainage
basin, with an area of �1.4 � 106 km2 [Licciardi et al.,
1999], was diverted from the Mississippi basin to the St.
Lawrence basin by way of the newly opened eastern outlet.
The increase in freshwater flux to the St. Lawrence River
associated with a loss of 9500 km3 from the lake will
depend on the duration of the lake-level lowering, for
example, 0.3 Sv if a duration of one year, 0.06 Sv if a
duration of five years, etc. Based on climate and ice sheet
models, Licciardi et al. [1999] estimated the increase in
freshwater flux to the St. Lawrence River associated with
the drainage-basin diversion to be 0.05 Sv for the duration
of the use of the eastern outlet (�1400 yr) (Figure 1).
[4] Earlier work emphasized the routing of continental

runoff over floods as a cause of abrupt climate change
[Rooth, 1982; Broecker et al., 1989; Teller, 1990]. More
recent work, however, has emphasized the role of floods in
triggering abrupt climate change [Teller et al., 2002; Clarke
et al., 2003; Teller and Leverington, 2004; Teller et al.,
2005; Donnelly et al., 2005; Lowell et al., 2005; LeGrande
et al., 2006]. In doing so, it is necessary to assume that
the lake-level lowering occurred in months to a year.
Otherwise, if the volume of most known lake-level low-
erings [Leverington et al., 2000, 2002] is distributed over
any longer interval, the attendant freshwater fluxes become
similar to or less than the freshwater fluxes associated with
the diversion of the drainage basin, as shown by the
Younger Dryas example above.
[5] At this time, it is not possible to resolve, from the

geologic record, the duration of a lake-level lowering event.
Assuming that proglacial lakes did drain rapidly enough
(<1 yr) to generate floods, however, the question remains as
to how its effect on the Atlantic meridional overturning
circulation (AMOC) compares to that of a smaller freshwa-
ter flux of much longer duration associated with routing
(Figure 1). Here we examine this question by using an Earth
System Model to investigate the impact of floods (short
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