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Climate-driven shifts in quantity and seasonality of river discharge
over the past 1000 years from the hydrographic apex of North America
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[1] Runoff generated from high elevations is the primary
source of freshwater for western North America, yet this
critical resource is managed on the basis of short instrumental
records that capture an insufficient range of climatic
conditions. Here we probe the effects of climate change
over the past ~1000 years on river discharge in the upper
Mackenzie River system based on paleoenvironmental
information from the Peace-Athabasca Delta. The delta
landscape responds to hydroclimatic changes with marked
variability, while Lake Athabasca level appears to directly
monitor overall water availability. The latter fluctuated
systematically over the past millennium, with the highest
levels occurring in concert with maximum glacier extent
during the Little Ice Age, and the lowest during the 11th
century, prior to medieval glacier expansion. Recent climate-
driven hydrological change appears to be on a trajectory to
even lower levels as high-elevation snow and glacier
meltwater contributions both continue to decline.
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Jarvis, R. N. Sinnatamby, Y. Yi, and J. W. Johnston (2008),
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America, Geophys. Res. Lett., 35, L24402, doi:10.1029/
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1. Introduction

[2] Many regions of western North America are experi-
encing critical water shortages, suggesting we have entered
a new hydrological regime that will challenge society to
respond effectively [Barnett et al., 2005, 2008; Milly et al.,
2008]. Shrinking headwater glaciers, decreasing high-
elevation snowmelt runoff, and declining river discharges
in the northern Cordillera, the so-called hydrographic apex
of North America [Rood et al., 2005], have largely un-
known consequences for natural resource development and
downstream watersheds [Schindler and Donahue, 2006].
Like other streams that drain this part of the continent and
flow across the northern Great Plains, where seasonal and
extended intervals of water deficit are a natural element of
the landscape, the Peace and Athabasca rivers provide water
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that is crucial for societal needs. Climate variability and
rapidly increasing industrial development are, however,
raising concerns over the future availability of water resour-
ces for continued economic growth in these watersheds and
to maintain the integrity of aquatic ecosystems, including
the Peace-Athabasca Delta (PAD). This is particularly acute
for the Athabasca River because the Alberta oil sands
industry remains dependent on its water for bitumen extrac-
tion. Water consumption at current and projected rates could
have undesirable ecological effects on the PAD and other
downstream ecosystems [Schindler and Donahue, 2006;
Wolfe et al., 2008]. Assessment of contemporary relations
between climate and river discharge is limited by the short
duration of meteorological and hydrometric records (gener-
ally <100 years) [Déry and Wood, 2005; Rood et al., 2005,
2008]. Longer hydrological records are needed to evaluate
the responses of river discharge to a range of natural
climatic conditions - knowledge that is essential for in-
formed management of water resources.

[3] Here, we assemble high-resolution paleohydrological
records from multiple proxies measured in lake sediment
cores obtained from an oxbow lake (PAD 15), an upland
perched basin (PAD 5), and two lowland basins (PAD 9,
PAD 12) in the Peace-Athabasca Delta, as well as from a
lagoonal pond on nearby Bustard Island in Lake Athabasca,
to examine the effects of changing climate and runoff
generation on the quantity and seasonality of river discharge
in western Canada (Figure 1). Located in the Boreal Plains
ecozone at the convergence of the Peace and Athabasca
rivers, the PAD is a large (3900 km?), lake-rich floodplain
landscape recognized by international conventions for its
ecological significance. Our hydrological reconstructions
span the past millennium, a time frame that includes a
broad range of climatic conditions during the medieval
(~1000 to 1530 CE), Little Ice Age (LIA; ~1530 to
1890) and post-LIA intervals as identified in the Athabasca
headwater region [Edwards et al., 2008].

2. Methods

[4] Sediment cores were collected in June 2001 (PAD 5,
9, 12) and July 2004 (Bustard Island North Pond) from a
floating platform, and in March 2005 (PAD 15) from lake
ice. A gravity corer was used to collect the upper ~30-cm of
sediment from all basins. Overlapping 1-m core sequences
of lake sediment were retrieved from PAD 5, 9, 12 and
Bustard Island North Pond using a Russian peat corer with
extension rods. A continuous 5.3-m sediment core was
collected from PAD 15 using a vibra-corer system. All
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