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[1] Measurements of nitrogen and phosphorus (N and P) concentrations from previously
unstudied streams and rivers throughout west Siberia suggest that climate warming
and/or associated permafrost thaw will likely amplify the transport of N and P to the Kara
Sea and adjacent Arctic Ocean. We present concentrations of dissolved organic
nitrogen (DON), ammonium (NH4-N), nitrate (NO3-N), total dissolved nitrogen (TDN),
and total dissolved phosphorus (TDP) from 96 streams and rivers within the
Ob’-Irtysh, Nadym, and Pur river drainage basins. The sampled sites span �106 km2,
a large climatic gradient (�55�N–68�N), and include 41 cold, permafrost-influenced and
55 warm, permafrost-free watersheds. Concentrations for all measured watersheds
average 765 mg L�1 (DON), 19.3 mg L�1 (NH4-N), 36.7 mg L�1 (NO3-N), 821 mg L�1

(TDN), and 104 mg L�1 (TDP). Our results show no statistically significant difference
in dissolved inorganic N (NH4-N and NO3-N) between permafrost-influenced and
permafrost-free watersheds. However, we do find significantly higher concentrations of
DON, TDN, and TDP in permafrost-free watersheds (increasing as a function of
watershed peatland coverage) than in permafrost-influenced watersheds. When combined
with climate model simulations, these relationships enable a simple ‘‘space-for-time’’
substitution to estimate possible increases in N and P release from west Siberia by the year
2100. Results suggest that predicted climate warming in west Siberia will be
associated with �32–53% increases in DON concentrations, �30–50% increases in TDN
concentrations, and 29–47% increases in TDP concentrations as averaged across the
region. While such increases in N and P are unlikely to significantly influence
primary production in the Kara Sea as a whole, they will likely have large
local impacts in the Ob’ and Yenisey bays and nearshore environments.
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1. Introduction

[2] Average annual arctic temperatures have increased at
almost twice the global rate over recent decades and are
predicted to increase by an additional 4–7�C over the next
century [e.g., Arctic Climate Impact Assessment, 2005].
Continued warming will likely have profound consequences
for many systems throughout the region, including perma-
frost extent [Lawrence and Slater, 2005], river discharge
[Peterson et al., 2002; Manabe et al., 2004a, 2004b; Wu et
al., 2005; Pavelsky and Smith, 2006; Smith et al., 2007] and
stream biogeochemistry [e.g., Frey and Smith, 2005; Frey et
al., 2007]. West Siberia (Figure 1) not only appears to be

particularly susceptible to changes in climate [Serreze et al.,
2000; Frey and Smith, 2003], but it also plays a vital role in
scenarios of arctic and global change because the region
contains at least two key biophysical features, namely:
(1) the presence of the world’s most extensive organic-rich
peatlands, where much of an estimated �70 Pg of carbon is
currently stored in permafrost [Sheng et al., 2004; Smith et
al., 2004] and (2) the export of massive volumes of
freshwater to the Kara Sea and Arctic Ocean, where the
Ob’ and Yenisey rivers of west Siberia alone supply �35%
of the total freshwater runoff that the Arctic Ocean receives
[Aagaard and Carmack, 1989]. These two features in
concert create a situation where the Kara Sea receives more
dissolved organic matter (DOM) than any other part of the
Arctic Ocean [Opsahl et al., 1999]. The Arctic Ocean in
turn is an important global sink for terrestrial DOM,
receiving more DOM per unit volume than any other ocean
basin in the world [Opsahl et al., 1999]. Streams and rivers
draining west Siberian peatlands thus provide a globally
significant link between a massive pool of terrestrial organic
matter and the adjacent marine environment.
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