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[1] Loads and yields of dissolved and particulate nitrogen (N) and phosphorus (P) were
measured and modeled at three locations on the Yukon River (YR) and on the Tanana and
Porcupine Rivers in Alaska during 2001–2005. Total export of N and P upstream of
Yukon Delta averaged 120 Gg N a�1 and 56 Gg P a�1, respectively, with 43.5% of total N
(TN) as dissolved organic N, and 98% of total P (TP) as particulate phosphorus.
Approximately half of the annual export of TN and TP occurred during spring. Hydrologic
yields of TN (5.6–13.3 mmol N m�2 a�1) and TP (0.8–9.0 mmol P m�2 a�1) were least in
the Porcupine basin and greatest in the Tanana basin and were proportional to water
yield. Comparison of current and historical dissolved organic matter (DOM) export from
the basin indicates decreased DON export with respect to total water discharge during
summer and autumn in recent decades. Any possible climate-related change in annual
water discharge will result in proportional changes in N and P export.
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1. Introduction

[2] Global climate change is altering hydrology across the
arctic/subarctic regions. The magnitude and timing of water
discharge (Q) in arctic and subarctic watersheds has
changed in recent decades [Peterson et al., 2002; Yang et
al., 2002; McClelland et al., 2006] owing to thawing
permafrost, changes in precipitation patterns, and warmer
temperatures. In the Yukon basin, hydrologic change in
recent decades appears to be limited mostly to change in the
timing and source of water discharge and not to change in
total annual Q [Walvoord and Striegl, 2007]. The relation-
ship between Q and carbon export in the Yukon basin
appears to be changing [Striegl et al., 2005, 2007], suggest-
ing that Q-nutrient relationships may also be changing.
Thawing permafrost releases stored nutrients, which be-
come available for metabolism by terrestrial and freshwater
organisms or for export downstream. The effect of these
releases on within-river cycling and net export of N and P to
receiving waters is not accurately quantified because, as
with most northern rivers, Q and nutrient data for the Yukon
River are limited [Kempe, 1982; Leenheer, 1982; Telang et
al., 1991; Brabets et al., 2000; Striegl et al., 2005, 2007]
(see also NWIS, U.S. Geological Survey National Water
Information System, Web Data for the Nation, http://
waterdata.usgs.gov/nwis, hereinafter referred to as NWIS
web data). In order to help rectify this situation, the United
States Geological Survey (USGS) conducted a comprehen-
sive study of river flow and water chemistry of the Yukon

River and two of its major tributaries, the Porcupine and
Tanana Rivers, during 2001–2005 [Schuster, 2003] (http://
ak.water.usgs.gov/yukon; http://www.usgs.gov/nasqan/).
This paper focuses on the N and P aspects of that larger
study, quantifying source and seasonality of nutrient export
over a wide range of flow conditions at the 66,000 to
831,000 km2 scale and establishing a benchmark against
which future changes can be compared. Where possible,
current conditions are compared with historical record to
evaluate possible responses to recent climatic warming in
the basin.

2. Study Area

[3] The Yukon River flows approximately 3340 km from
British Columbia through Yukon Territory and Alaska to the
Bering Sea, draining approximately 853,300 km2 (Figure 1),
and annually depositing 18 billion kg of sediment in flood-
plains and delivering 55 billion kilograms of sediment to
Norton Sound [Brabets et al., 2000]. It supplies the Arctic
Ocean with �8% of its freshwater inputs [Aagaard and
Carmack, 1989] and is of prime importance to the ecology
of the Bering Sea, contributing most of its freshwater
runoff, sediment load, and dissolved solutes [Lisitsysn,
1969]. Approximately 126,000 people live within the basin
and depend on the Yukon River and its tributaries for
drinking water, commerce, and recreational and subsistence
fish and game resources. The Yukon basin is diverse,
encompassing twenty different ecoregions and having large
variability in topography, climate, soils, geology, perma-
frost, land cover, and water quality [Brabets et al., 2000].
[4] Air temperature records between 1961 and 1990

indicate a warming trend of about 0.75�C per decade at
latitudes of the Yukon River [Chapman and Walsh, 1993].
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