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A REASSESSMENT OF THE EURASIAN RIVER INPUT
OF WATER, SEDIMENT, MAJOR ELEMENTS,
AND NUTRIENTS TO THE ARCTIC OCEAN

V. V. GORDEEV,* J. M. MARTIN, ** L. S. SIDOROV j***
“and M. V. SIDOROVA***

ABSTRACT. A new assessment of water, suspended sediment, major
elements, and nutrients discharged by rivers into the Arctic ocean is
made. The comparison of this main czaracteristics of the river basins
and water compositions between the two large Eurasian regions located
westward and eastward of the Lena River shows some significant
differences. Some eastern Siberian rivers such as Yana, Alazcya, Indi-
girka, Kolyma) . . . are even more similar to the Canadian Arctic rivers
than to those located to the west of the Lena river. This river flows at the
boundary between the Eurasian and North America tectonic plates. We
concluded that tectonic/topographic factors could partly control the
composition in suspended sediment of the Eurasian rivers. Tentative
mass balances of major elements and silica do not indicate any signifi-
cant trapping over the Arctic shelf. The river input of nutrients is
shown to play a minor role in the primary productivity of this area.

INTRODUCTION

The river discharge from the Eurasian continent plays a key role in
maintaining the stratification of the Arctic Ocean and in controlling the
ice cover and deep-water formation which represent an important vari-
able in the regulation of the global climate (Aagaard, Swift, and Carmark,
1985; Walsh, 1989). Vz‘irious attempts have been made to understand
better the role of the Arctic region in the global budget of fresh water,
dissolved salts, alkalinity, and silicate (Mosby, 1963; Aagaard and Greis-
man, 1975; Rusanov and Shpaikher, 1979; Anderson and others, 1983;
Walsh, 1989; Aagaard and Carmark, 1989; Anderson, Dyssen, and Jones,
1990). Such budgets require a better assessment of the river water
discharge and of its chemical composition.

Data from systematic surveys on the regime and resources of surface
waters in the framework of the former USSR Goskomgidromet and later
of Roskomgidromet system are published in the State Water Cadastre
year-books: “Resources of Surface Waters of the USSR,” 1966-1973;
“Multi-annual data on the regime and resources of surface terrestrial
waters,” 1982—1989.

Concerning the water and solid discharges from the Russian terri-
tory and from the world, several comprehensive textbooks have been
considered: Voskresensky, 1962; Karzun, 1974; Lvovich, 1974.
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The total discharge of major ions, nutrients, and organic matter
from the Russian territory was first assessed by Alekin and Brazhnikova
(1964) and more recently complemented and refined by several authors
(Maltseva, 1980; Romankevich and Artemyev, 1985; Maltseva, Tarasov,
and Smirnov, 1987; Tarasov and others, 1988; Smirnov and others,
1988).

The aim of this paper is to provide a new evaluation of the discharge
of river water and solids, major ions, organic carbon, and nutrients from
the Eurasian land mass into the Arctic Ocean. This budget takes into
account all the available data, including some unpublished values from
the authors. This new budget for the Eurasian rivers is combined with
literature data for the North American continent to build a new mass
balance for the rivers discharging into the Arctic Ocean as a whole.

THE EURASIAN DRAINAGE BASIN OF THE ARCTIC OCEAN AND THE. SPECIFICITY
OF ITS CLIMATE AND GEOLOGY

The Eurasian part of the Arctic Ocean drainage basin covers
13.0 * 10%km?, including the Russian part of the Barents Sea (Ivanov,
1985).

We use in this budget the definition of an “arctic river” given by
Pocklington (1987); that is, a “river which drains land within the Arctic
climatic zone (10°C July isotherm) to the Arctic Ocean or to marine
waters that flow into the Arctic Ocean and which are frozen at least two
months of the year.” The geographical boundaries considered in this
study are shown figure 1. They include all of Greenland and Baffin
Island within the Arctic but exclude southern Alaska, northern Scandina-
via, and the Kola Peninsula. Water from the rivers draining the Arctic
region of Canada into Hudson Bay does not enter the Arctic Ocean but
feeds into the Labrador Current system and is carried southward (Pock-
lington, 1987). Then, the Yukon River, draining indirectly into the Arctic
Ocean as a component of the Pacific water that enters the Arctic Ocean
via the Bering Strait, is included. Transport through the Bering Strait is
also directed to the north with a mean summer flow of 1.6 * 105m3s~1, of
which river runoff accounts for 10 percent (Hood, 1983).

The European part of the basin is characterized by the predomi-
nance of plains and lowlands, whereas in the eastern Siberian part
mountainous landscape prevails (the highest point being the Pobeda
Peak on the Chersky Ridge—3147 m above sealevel).

The major part of the Eurasian territory has a strongly pronounced
continental climate. Mean January temperatures fall from — 15° to —20°C
along the coast of the White Sea to —40° to —45°C and even lower in the
northeastern part of Yakutia.

The European part of the Arctic basin is under the Atlantic influ-
ence. The annual precipitation decreases from 750 to 880 mm in the
southwest to 540 to 600 mm in the northeast. The Ural mountains
prevent the Atlantic humid air masses from being transported to the
eastern part of the Eurasian continent (Zhilg and Alyshinskaya, v. 3,
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1972). The minimum annual precipitation occurs over the Siberian area.
On the coast of the Kara, Laptev, and East Siberian Seas, the rainfall
figures vary between 100 and 300 mm. Eastward, the amount of precipi-
tation increases, reaching 500 mm, in connection with the Pacific influ-
ence (Kuprianov, v. 19, 1969). The maximum annual rainfall is over the
Western and Eastern Sayan mountains (700-2000 mm) and along the
eastern slope of the Putorano Plato in the Middle Siberian flat-mountain
region (1200-1600 mm), which encompasses the largest part of the
Pyasina River drainage basin. However, the same mountains represent
an obstacle to the penetration of humid air masses into the central part of
the Yenisei River drainage basin.

The multi-annual permafrost-permeated rocks are very widespread
over the Eurasian basin and have a substantial impact on the water
balance, playing the role of a water-resistant layer which increases the
specific water discharge.

As far as vegetation is concerned, the basin is divided into 4 zones:
the tundra, the forest-tundra, the forest (taiga), and the bald rocky
terrain, the latter being determined by the elevation above sealevel.

A characteristic feature of the Eurasian Arctic basin is a combination
of geological structures of different origin and history: the East-
European and Siberian platform and the folded areas, respectively. They
are composed of terrigenous, carbonate, chemogenic, and volcanic sedi-
mentary rocks from the Archean to the Quaternary age (Markov, 1985).
Also occurring are the easily washed out evaporite deposits (gypsum,
anhydrite, halite, salt, rock), which generate highly mineralized ground
waters to exert a marked influence on the chemical composition of river
water, for example, in the middle reaches of the Lena River (Gordeev
and Sidorov, 1993).

The thermal regime of the Arctic basin rivers depends on climate,
subsoil water temperatures, areas of permafrost, and on the distribution
of lakes and glaciers. The Eurasian Arctic rivers that are meridionally
directed have a characteristic flood surge wave moving northward,
breaking up ice and causing ice dams and high water levels. The rivers of
the European part of the basin have an ice cover during 4 to 6 months. In
contrast, the Siberian rivers have a thick ice cover (more than 2 m
thickness) during 8 months. The small Siberian rivers are totally frozen in
winter (October-May).

MATERIALS AND METHODS

The water runoff and total suspended matter have been calculated
using the Roskomgidromet network up to 1985 for the Chukchi Sea
basin, up to 1988 for Barents, White, and Kara Sea basins, up to 1990
inclusive for the Laptev and East Siberian Sea basins.

Materials and methods.—TSM was determined by filtering water
through paper filters (so-called “blue tape”) with a pore size of about 1.0
to 1.5 pm s0 as to collect a minimum weight sample of 0.1 g (Goskomgi-
dromet, 1977). About 20 samples were collected monthly along several
selected cross sections both at surface and at various depthes. Each 10
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days at winter time and 5 days during other seasons, one large volume
sample was taken. Samples of 1 liter volume were collected and filtered
through 0.45 wm poresize membrane filters (SINPORE, Czechoslovakia)
for the nutrient elements analysis.

Organic matter in the Laptey and East Siberian Sea basin rivers has
been determined in unfiltered river waters by means of bichromate and
permanganate oxidations in an acidic medium (Semenov, 1977). The
Total Organic Carbon (TOC) was measured by bichromate oxidation and
the ratio between bichromate and permanganate oxidations (Skopintsev
and Goncharova, 1988).

The flux of TOC for the rivers of the Barents, White, Kara, and
Chukchi Seas was calculated for the period 1971 to 1980. To determine
the TOC flux into the ocean from these rivers over a period of one year,
the multi-year average water discharge for a definite period was multi-
plied by the multi-year mean values of TOG content for the same period.
The average multi-year flux of TOC was obtained by adding the TOC
flux during three periods: winter, spring (high water), summer, and
autumn. The total delivery of TOC into the ocean was determined by
summation for these perlods (Maltseva, Tarasov, and Smirnov, 1987).
Nutrient fluxes to the Laptev and East Siberian Sea rivers have been
computed in a similar way but for the period 1985 to 1990.

The TOC flux to the Laptev and East Siberian Seas by rivers was
calculated for the period 1985 to 1990. The long-term monthly fluxes of
TOC were computed by averaging the monthly fluxes over six years. The
total discharge of TOC into the Arctic Ocean was determined by summa-
tion of the long-term mqnthly fluxes of TOC.

The major ion fluxes were calculated as well as TOC flux for the
Laptev and East Siberian Sea basins, 1976 to 1985 for the Barents and
White Sea basins, 1971 to 1980 for the Kara Sea basin, and 1980 to 1990
for the Laptev and East Siberian Sea basins.

WATER AND SUSPENDED-SF;DIMENT DISCHARGE INTO THE EURASIAN ARCTIC SEAS

Our data on the discharge of river water and suspended sediment
into the Arctic Seas from the Eurasian land mass are listed in table 1. The
largest rivers of the Eurasian Arctic, as regards the annual water dis-
charge (over 100km?), are the Yenisei (620km?), Lena (525km?), Ob
(429km?), Kolyma (132km?), Pechora (131km?), Northern Dvina (110km?)
(fig. 1). Together, these 6 rivers provide more than 60 percent of the
annual water discharge from the Eurasian territory into the Arctic Ocean.
The long-term multi-annual runoff of the largest rivers discharging into
the Arctic, as well as their total major ion discharge, generally referred to
as TDS (total dissolved solids), solid discharge (TSM), and total organic
carbon (TOCQ) discharge are shown in figure 2.

The specific water discharge into the Arctic Ocean from the Eurasian
land mass decreases from west to east, from 9 to 13 I s~! km~2 for the
Barents and White Sea basin to 4 to 7 I s7! km™2 for Laptev and
East-Siberian Sea basin, with an average of 7.3 I s=! km~2. The rivers that






