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INTRODUCTION

The research of suspended matter of diverse origins
with characteristic dimensions from 0.5 µm to 1 mm
[15] is of interest to different branches of oceanology,
specifically, when studying the processes of current
sedimentation. Additionally, the transfer of substances
sorbed on particles is of ecological importance. The
main features of the suspended matter are formed as a
result of the vital activity of marine organisms and the
inflow of mineral substances. A number of studies are
dedicated to the distribution of the suspended matter
in the polar seas of Russia and, specifically, in the Kara
Sea [1, 8, 14, 18, 19, 23, 24]. A review of the works on the
distribution of the suspended matter in the polar seas of
Russia based on optical methods is given in [16].

The optical methods provide efficient tools for
studying the field of the suspended matter concentra�
tion. Earlier studies in the Laptev Sea (1991, the R/V
Yakov Smirnitskiy), the Kara Sea (1993, cruise 49 of
the R/V Dmitriy Mendeleev), the Barents Sea (1998,
cruises 13 and 14 of the R/V Akademik Sergey Vavilov),
and a number of missions in the White Sea have shown
that the magnitude of the light attenuation coefficient
of the seawater C is closely related to the concentration
of the total suspended matter (TSM) and can be used
for the sufficiently accurate express determination of
its spatial distribution [8, 12, 16]. Correlation relations
of the light attenuation coefficient at the wavelength of
530 nm and the suspended matter concentration in
water samples collected concurrently with the optical
measurements were obtained. Similar results are
reported in [17] for the light attenuation coefficient at
alternative wavelengths. In the present work, we ana�

lyze the data of similar research conducted during the
54th cruise of the R/V Akademik Mstislav Keldysh
(September–October 2007) and generalize the results
of concurrent measurements of the light attenuation
coefficient and the concentration of suspended matter
in the Arctic seas of Russia.

For some time, satellite data have been used to
study the field of the suspended matter concentration.
This approach is based on the feasibility of the retrieval
of the magnitude of the backscattering coefficient of
the suspended matter bbp at 555 nm from the satellite
data. For the first time, the relevant algorithm was
developed in [7], where the magnitude of the bbp was
determined from the normalized water�leaving radi�
ances measured with two spectral channels of the Sea�
WiFS color ocean scanner (510 and 555 nm). A corre�
lation relationship was obtained linking the backscat�
tering coefficient of the suspended matter and the
concentration of the latter in the waters of the Barents
Sea. Similar relationships were found for other seas of
Russia and the Atlantic Ocean [11, 20]. Maps of the
monthly distributions of the suspended matter con�
centration in the different seas of Russia have been
created based on the satellite data for the last ten years
[21, 22].

TECHNIQUES OF THE MEASUREMENTS
AND THE DATA PROCESSING

We used a compact transmissometer (PUM) [3] for
the vertical profiling of the light attenuation coeffi�
cient and the data of the MODIS�Aqua color ocean
scanner for investigating the field of the suspended
matter concentration. Such data are available approx�

The Distribution of the Suspended Matter Concentration
in the Kara Sea in September 2007 based on Ship 

and Satellite Data
V. I. Burenkov, Yu. A. Goldin, and M. D. Kravchishina

Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia
E�mail: bur�07@yandex.ru, goldyuri@yandex.ru, kravchishina@ocean.ru

Received September 3, 2008; in final form, May 5, 2009

Abstract—The distribution of the suspended particulate matter concentration in the Kara Sea is analyzed
based on ship and satellite data. The statistical relationships between the suspended matter concentration and
the optical characteristics were revealed. Charts of the distribution of the suspended matter concentration in
the Kara Sea were plotted, which confirmed that the application of optical methods for analyzing the spatial
distribution of the suspended matter is effective. The most turbid waters were observed in the Ob Gulf, Yenisei
Bay, the Baidaratskaya Gulf, and the adjacent regions. The smallest concentrations of suspended matter were
observed in the central and western parts of the Kara Sea.

DOI: 10.1134/S0001437010050164

MARINE
GEOLOGY



OCEANOLOGY  Vol. 50  No. 5  2010

THE DISTRIBUTION OF THE SUSPENDED MATTER CONCENTRATION 799

imately a day after the scanner’s flight (in the case of
the SeaWiFS, the time lag equals 14 days), which
enables the express processing of the data and trans�
mitting the latter, if necessary, to a research vessel for
correcting its itinerary depending on the specific fea�
tures of the distributions of the bio�optical parameters.
Especially this approach was practiced during the 54th
cruise of the R/V Akademik Mstislav Keldysh in the
Kara Sea (September–October 2007). The procedures
for the satellite data processing are described in [6].
The earlier algorithm [7] for the determination of the
backscattering coefficient of the suspended matter
using the spectral channels at 510 and 555 nm of the
SeaWiFS scanner were modified to match the chan�
nels of the MODIS�Aqua scanner at 531 and 551 nm.
Notice that the magnitude of the backscattering coef�
ficient of the particles (the concentration of the chlo�
rophyll and other similar parameters) found from the
satellite data represents the value averaged over a cer�
tain layer. For the turbid waters of the Kara Sea, its
thickness is close to 1 m, but, in more transparent
waters, it can be as high as 10 m.

The water samples for the suspended matter were
collected in the water thickness with the help of a
Rosette hydrophysical complex. A plastic bucket was
used to collect the surface water samples. The assess�
ment of the concentration of the TSM, mg/l, involved
filtering of water samples from 0.5 to 5 l in volume
using preliminarily weighed nuclear filters (47 mm in
diameter with a pore size of 0.45 µm) under a 0.4 vac�
uum atmosphere. Every sample was concurrently fil�
tered through three nuclear filters. After the filtering,
the filters were rinsed with a triple distillate and dried
out at 50°С. The suspended matter concentration was
found by the filters’ weighting, which was accurate to
within 0.1 mg. Altogether, 93 samples of suspended
matter were obtained.

At every station, the water was sampled with regard
to the preliminarily recorded vertical profiles of the
light attenuation coefficient.

THE INTERDEPENDENCE BETWEEN 
THE OPTICAL CHARACTERISTICS 
AND THE SUSPENDED MATTER 

CONSENTRATION

As mentioned above, we estimated the concentra�
tion of the TSM from the measurements of the seawa�
ter’s light attenuation coefficient C at 530 nm and the
values of the suspended matter’s backscattering coeffi�
cient bbp retrieved from the satellite data. First, con�
sider the interdependence of the attenuation coeffi�
cient and the concentration of the suspended matter.

To find the interdependence of the light attenua�
tion coefficient and the suspended matter concentra�
tion, use was made of 49 pairs of concurrent measure�
ments of the C and TSM. These data were combined
with the results of the measurements performed in
1993 in the Kara Sea (cruise 49 of the R/V Dmitriy

Mendeleev [5]). The testing confirmed the acceptable
consistency of the data of the two expeditions. To
compare the suspended matter concentration and the
attenuation coefficient, we used data from depth levels
where both quantities featured quasi�homogenous
vertical distributions (in the case of high vertical gradi�
ents, errors inevitably arise due to the nonsynchronic�
ity of the measurements and the difference in the
accuracy of the depth determination).

A summary graph of the interrelation of the C and
TSM is given in Fig. 1a. The regression equation has
the form

TSM = 0.834 C – 0.06. (1)

The total number of data pairs is 156. The squared cor�
relation coefficient is r2 = 0.93, which points to the
close relationship of the quantities in question.

This data set was combined with the result of the
measurements in the Laptev Sea (cruise of the R/V
Yakov Smirnitskiy) and the Barents Sea (1998, cruises
13 and 14 of the R/V Akademik Sergey Vavilov) and the
total number of C and TSM paired measurements
made up 285. The regression equation in this case has
the form

TSM = 0.837 C – 0.04. (2)

The squared correlation coefficient is r2 = 0.92. The
root�mean�square error in the determination of the
concentration of the suspended matter is 30%. The
summary graph of the interrelation of the C and TSM
for this case is given in Fig. 1b. The insignificance of
differences between (1) and (2) allowed us to use (2) as
a common equation for all of the Arctic seas linking
the values of the attenuation coefficient and the sus�
pended matter concentration. In what follows, we
shall use just this relationship. It should be noticed that
the individual equations derived from the data of the
different expeditions in the different seas exhibit cer�
tain discrepancies, but, as a rule, they are within the
accuracy of the determinations of the attenuation
coefficient and the suspended matter concentration.

The comparison of the vertical profiles of the light
attenuation and the TSM concentration showed that
they changed in a similar way at the majority of the sta�
tions. An example is given in Fig. 2. It should be
noticed that such a good agreement does not always
happen because of different factors. Among others,
one can point to the transformation of the suspended
matter composition with the depth and to errors of the
suspended matter sampling and the assessment of the
suspended particles’ concentration.

As indicated above, the data of the MODIS�Aqua
ocean color scanner were used for revealing the distri�
bution of the suspended matter in the Kara Sea. It
should be noticed that virtually permanent cloudiness
is a specific circumstance of the satellite observations
at high latitudes, which results in the low number of
fragments of the satellite images suitable for data
retrieval. The analytical treatment of the available data
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indicates the poor chances to perform truly concur�
rent satellite observations and ship borne measure�
ments in the Kara Sea. For this reason, we compared
the magnitudes of the backscattering coefficient bbp
found for the satellite data and the estimates of the
TSM concentration based on the satellite information
over the whole period of the expedition in the Kara
Sea. Being aware of some deficiency of this approach,
consider the following circumstances. First, the anal�
ysis of the satellite data revealed the fairly stable distri�
bution of the backscattering coefficient of the sus�
pended matter over the period of the observations.
Among others, this follows from the relative smallness
of the changes in the bbp values for several days at indi�
vidual stations. Second, the distribution of the sus�
pended matter concentration from the satellite data is
qualitatively consistent with that from the ship borne
measurements (in many cases, the term “quantitative
consistency” is applicable too). Certainly, the data
obtained should be considered as preliminary, but it is
unlikely that more representative experimental mate�
rial will be available in the foreseeable future (recall
that obtaining satellite data for the waters of the Kara
Sea is hampered by systematic cloudiness).

The joint examination of the satellite determina�
tions of the backscattering coefficient of the sus�
pended matter bbp and the concentration of the TSM
resulted in the following relationship:

(3)

This expression is based on 34 concurrent determina�
tions of the bbp and the TSM. The squared correlation
coefficient is r2 = 0.87.

TSM 450bbp
0.98

.=

THE DISTRIBUTION OF THE SUSPENDED 
MATTER CONCENTRATION IN THE KARA 
SEA FROM THE DATA OF THE SHIPBORNE 

AND SATELLITE MEASUREMENTS

The distribution of the suspended matter in the sur�
face layer. Figure 3 demonstrates the spatial distribu�
tion of the suspended matter concentration in the sur�
face layer plotted from the data of the MODIS�Aqua
scanner for September 2007 and averaged over the
period from September 1 to 26. As is evident from the
distribution, in spite of the fairly long period of the
averaging, the data are lacking in a number of aquatic
areas of the Kara Sea; i.e., they were under permanent
cloud cover during this period; such areas are marked
with the white color in the satellite images.

As expected, the maximum concentrations of sus�
pended matter occur in the Ob Gulf and Yenisei Bay
thanks to the suspended particles supplied by the river
runoff. The TSM estimates often exceed here 10 mg/l.
It is worth noticing that the turbid waters from the Ob
Gulf and Yenisei Bay are transported mainly eastwards
by the Ob–Yenisei current.

The turbid waters occur in Baidaratskaya Gulf too.
They travel as a narrow stripe northwards along the
western shores of the Yamal peninsula. The excessive
turbidity can be related here to the abrasion of the
shores and the resuspension of the bottom sediments
by the tidal currents. The particle concentration hap�
pens to be as high as 10 mg/l.

It is easy to see that frontal zones occur at the
boundary of the Ob gulf and Yenisei Bay, where the
suspended matter concentration sharply falls by an
order of magnitude and more. At this boundary, the
off�shore velocity of the flow of the river waters decel�

8

6

4

2

0

T
S

M
, 

m
g/

l

С, m–1

(a)

2 4 6 8

8

6

4

2

0

T
S

M
, 

m
g/

l

С, m–1

(b)

2 4 6 8

Fig. 1. The interdependence of the light attenuation coefficient C and the concentration of suspended particles TSM for the Kara
Sea based on the evidence (a) from the concurrent measurements during the expeditions in 1993 and 2007 and based on (b) the
data for the whole Arctic basin. For the details, see the text. The dashed lines depict the regression fitting. The equation param�
eters are given in the text.
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erates and the main amount of suspended particles
sink down to the bottom (first of all, the largest parti�
cles of sand–silt dimensions). Beyond this boundary,
the transformed river waters spread in the surface layer
above the more weighty marine waters. The partly
transformed riverine suspended matter penetrates into
the open sea areas, which results in the relatively high
concentration of suspended particles close to 0.5 mg/l.
These lenses of desalinated waters at the sea surface
are typical of the open Arctic ocean [4, 14]. It is quite
probable that the distribution of the suspended matter
concentration in the off�shore Arctic basin is sub�
jected to the influence of events preceding the instants
of the observations during an expedition. One of such
events can be the propagation of river waters into the
open sea as a result of floods.

The lowest suspended matter concentrations from
0.2 to 0.5 mg/l found from the satellite data occur in
the west (near the Novaya Zemlya Islands) and north
of the Kara Sea, where inflow of the river waters is
weak and the biological productivity is low [9]. The
research of the suspended matter conducted in Sep�
tember 1993 in the Kara Sea found the lowest particle
concentration (less than 0.5 mg/l) in the west of the
sea too [19, 24]. A domain of increased turbidity
occurs west of the Yamal peninsula approximately in
the center of the western Kara Sea. This domain
roughly corresponds to the region of higher tempera�
ture on the SST satellite map (see Fig. 2 in [6]). Sup�
posedly, the higher turbidity in this area is related to
the phytoplankton development. In any case, high
chlorophyll fluorescence occurs in this region [10].
Between the latter and the strip of turbid waters near
the Yamal shores, more transparent waters reside.
According to [10], the northbound Yamal current
flows here.

A narrow strip of enhanced turbidity is seen close to
the Novaya Zemlya archipelago. Evidently, this is due
to the supply of the melt water from the coastal land
areas. The suspended particle concentration in the
surface layer of the margins of the Novaya Zemlya
Islands and their bays was as high as 1.3–2.3 mg/l,
which is several times higher against the 0.4 mg/l typ�
ical of the surface waters of the Kara Sea in Septem�
ber–October of 2007. The particle concentration
reached an extremely high level of 51.9 mg/l in the
Ukromnya gulf of Blagopoluchiya Bay and was close
to 9.8 mg/l in the melt waters of an ice massif. Judging
from the satellite data, this material of ice origin yields
no perceptible contribution to the suspended matter
composition of the off�shore areas of the western Kara
Sea.

The cold water domain on the SST map in Fig. 2 in
[6] corresponds to the above strip of enhanced turbid�
ity. This domain relates to a local upwelling in the
northern coastal zone of the Novaya Zemlya Islands
and, probably, to the uptake of melt waters from the
land [10]. Near the northern tip of the Novaya Zemlya
archipelago, the cold and turbid waters of the coastal

upwelling deviate to the east thanks to the interaction
of the eastern Novozemel’skoye current flowing
alongshore to the northeast with the Barents sea waters
penetrating from the north [10]. The fairly extended
domain of cold and turbid waters to the east of the
northern tip of the Novaya Zemlya archipelago is
clearly distinguishable in the satellite distributions of
the SST and TSM.

The suspended matter distribution in the Yamal sec�
tion. The shipboard research of the suspended matter
distribution based on the optical measurements and
water sampling were performed mainly in the Yamal
(1) and Ob (2) sections (Fig. 3).

The first one, which was composed on the basis of
the optical measurement data and using expression
(2), is shown in Fig 4. The stations’ positions and the
depth levels of the water sampling are given in the same
figure. Notice that the involvement of the optical data
allowed us to plot the TSM distribution in greater
detail.

The highest suspended matter concentration in the
surface and bottom layers makes up 10 mg/l and
occurs at station 4954, which is the closest to the
shore. Apparently, the very turbid water is due to the
bottom and shore abrasion induced by the tidal cur�
rents and due to the transport of turbid waters from the
Baidaratskaya gulf. The suspended matter concentra�
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Fig. 2. An example of the quasi�synchronous measure�
ments of the vertical distribution of the light attenuation
coefficient C (solid) and the suspended matter concentra�
tion (diamonds) at station 4956.
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tion in the surface layer sharply falls off the shore and
changes there in relatively narrow limits of 0.3–0.6 mg/l.

The phytoplankton development is the most likely
factor causing the local increase up to 0.6 mg/l of the
surface suspended matter concentration off shore at
station 4960. The hydrological data indicate here a
density jump at a depth of 10 m, and the surface chlo�
rophyll was fairly high, making up up to 1.4 mg/m3

[10]. The suspended matter concentration at this sta�
tion rapidly decreased with the depth, being smaller
than 0.2 mg/l below the depth level of 10 m. Hence,
the phytoplankton hypothetically develops here

mainly in the thin surface layer above the pycnocline.
A similar phenomenon occurred earlier in the western
Kara Sea in September of 1993 [19]. A suspended mat�
ter concentration below 0.5 mg/l is typical of the
waters of the western Kara Sea, but higher concentra�
tions from 0.6 to 1.7 mg/l were discovered in the sur�
face 10 m thick layer at four stations. It turned out that
this local increase in the turbidity was due to the dia�
toms blooming.

As a rule, the suspended matter concentration does
not exceed 0.2 mg/l at depths greater than 20–30 m in
the open Kara Sea.
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Fig. 3. The spatial distribution of the suspended matter concentration in the Kara Sea based on the evidence from the data of the
MODIS�Aqua color scanner based on the algorithm developed for the present study. The data are averaged over the period of Sep�
tember 1–26, 2007. The lines depict the Yamal (1) and Ob (2) sections occupied during the expedition.
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A strong nepheloid layer develops in the near�bot�
tom thickness in the east of the section, where the sus�
pended matter concentration becomes as high as
16 mg/l at the most shallow station (station 4954).
This nepheloid layer is observable to the point of sta�
tion 4960; the suspended matter concentration sub�
stantially decreases when moving off shore.

The suspended matter distribution in the Ob section.
Figure 5 shows the spatial distribution of the TSM

based on the optical measurements data and the recal�
culation using (2). 

In the section from the river Ob to the St. Anna
trench, the suspended matter concentration regularly
decreased northwards by an order of magnitude and
more with the distance from the Ob estuary. As a rule,
the suspended matter concentration at the surface
depth levels of the Ob estuary exceeded 7 mg/l, but it
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reached 80 mg/l near the bottom thanks to the tidal
resuspension of the bottom sediments.

Passing northwards, a frontal zone develops in the
waters of salinity of 10–15 psu (close to station 4999)
featuring a sharp drop of the suspended matter con�
centration. There, the interaction of the riverine and
marine waters leads to the precipitation of an
increased amount of relatively large�grain material
along with the pelitic substance thanks to the change
in sign of the clay minerals. Concurrently, the coagu�
lation of colloids and the flocculation of dissolve iron
and dissolved organic matter occur [13]. North of this
zone (north of station 4999), the activity of brackish
water and marine organisms gains increasing signifi�
cance. This zone occupies the Ob shallows and the
internal shelf. The sediment concentration varies from
0.4 to 0.6 mg/l in the near�surface layers. A nepheloid
layer with a suspended matter concentration as high as
20 mg/l occurs near the bottom in the shelf part of the
section. 

The suspended matter concentration varies in the
range of 0.2–0.3 mg/l near the surface and virtually in
the entire water thickness at the external shelf when
approaching the St. Anna trench. The fine particles of
modified riverine sediments arrive here in negligible
amounts.

CONCLUSIONS

The comparison of the satellite information and
the ship borne determinations of the concentration of
suspended particles in the water samples and using
submersible optical instrumentation provided support
for the efficiency of the application of the optical tech�
niques for research in field of the concentration of sus�
pended matter. The interrelations of the particle con�
centration and the optical properties were established
based on concurrent measurements. The satellite map
obtained is consistent with the data of the direct deter�
minations at least at a qualitative level, but the quanti�
tative consistency mostly took place too. The analysis
performed allowed us to reveal the basic patterns of the
distribution of the suspended matter in the Kara Sea’s
waters. The most turbid waters occur in the Ob gulf,
Yenisei Bay, the Baidaratskaya gulf, and the adjacent
regions. The lowest suspended matter concentrations
were found in the central and western Kara Sea. A nar�
row strip of turbid waters is observable close to the
western margin of the Yamal peninsula. The strip is
due to the resuspension of the bottom sediments by the
tidal motions and, probably, due to the water transport
from the Baidaratskaya gulf. The waters from the Ob
gulf and Yenisei Bay, whose enhanced turbidity is
attributable to the river runoff, propagate mainly east�
wards. The eastern coastal zone of the Novaya Zemlya
Islands features a narrow strip of higher suspended
matter concentration related to the supply of extra
suspended particles with the runoff of the melt water
from the land.
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