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Introduction

Satellite images from the Kara Sea show that, until July, fast ice extends along the coast and fills the
estuaries of the Ob' and Yenisey rivers. It is separated from offshore drift ice by a region of open water,
comprising a flaw lead/polynya. By August, much of the fast and drift ice has melted and retreated from the
southwestern Kara Sea, leaving behind a persistent patch of ice east of Novaya Zemlya.

Because both the Ob' and Yenisey rivers discharge water throughout the winter, the fast ice is likely
to incorporate river-bome contaminants by bottom adfreezing. During peak river discharge in June, the fast
ice remains in place, and is potentially influenced by the river outflow throughout the length of the estuary.
Breakup and melting of the fast ice in July could release contaminants to the surface waters

By late July and August, when the fast ice has disappeared, the river discharge is observed primarily
along the shore in a zone which extends offshore more than 100km. In fall, newly-forming ice may
incorporate contaminants from the river plume, while in late
winter, convection penetrating to the sea floor may allow
resuspended sediments to be entrained in ice forming in the
flaw lead/polynya. Drift ice formed in this region could men
advect contaminants offshore (PFIRMAN et al., 1995).

Here we discuss the potential for exchange of water,
ice and contaminants with the Barents Sea through Kara Gate
(Karsikye Vorota), south of Novaya Zemlya, in the context of
the temperature and turbidity distribution observed in the
satellite images

SS7 dstribution Kara and Pechora Seas on 8 Aug 1988

Processing of Advanced Very High Resolution Radiometer (AVHRR) Satellite Images

Field of view (swath width) for the sensors is approximately 2500 km. Pixel size at the sub-satellite
point is 1.1 x 1.1 km, increasing to about 3 km across track towards the edge of the swath. The sensitivity
of the AVHRR thermal infra-red channels is approximately 0.12°C. The image processing was primarily
done using MINIMAGE UNIX developed at Ecole des Mines de Paris and software developed in house
(Akvaplan-niva, Tromse, Norway).

Masking Land. Ice and Clouds

Pixels representing open water, land, ice and clouds were separated using threshold values in
different channels. The thresholds and the channels used for the masks were determined for each scene
separately.

It was not possible to isolate the water pixels with very high red reflectance with the use of simple
threshold values. Because of this, the upper parts of the Yenisey and Ob' rivers, as well as Pechorskaya and
Khaypudyrskaya Guba have been masked out. These areas probably have open water with very high
turbiditv.
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Also, due to the relatively low spatial resolution of the imagery, some pixels may represent the total
reflectance of two or more different sources, e.g. water, cloud, and/or ice. This can cause problems in
interpretation. For example, high reflectance percentages around some ice edges might be caused by the
presence of small floes.

Red Reflectance

A major part of the signal received in the red (channel 1) is from the atmosphere. Possibilities for
atmospheric correction of AVHRR data are limited, but over water one can assume that the signal received
in channel 2 (near infrared) is almost entirely derived from the atmosphere. Assuming further that the
atmospheric effects in channel 1 and 2 are constant, an atmospheric correction was made by subtracting the
lowest reflectance (clear water) value found in the channel 2 image from all reflectance values in the channel
1 image.

Red reflectance can be used as a measure for turbidity (S0RENSEN et al., 1989; PRANGSMA and
ROOZEKRANS, 1989; PAGANO, 1991; FROIDEFOND et al., 1993). The relation between reflectance
and turbidity can be assumed to be linear Elevated red reflectance may be due to suspended sediment
and/or biological activity in the surface waters but also to the occurrence of clouds or ice within the pixel.
Therefore, the red reflectance must be interpreted with care.

A color table was assigned to the reflectance values for water and ice. The color scale ranges from
black (null reflectance) through blue, green, yellow and orange to very dark red (20% reflectance). Land and
clouds were overlain with a gray-level image based on channel 2 data.

Sea Surface Temperature

Sea surface temperatures (SSTs) were calculated using thermal infra-red values in AVHRR channels
4 and 5. Together with the image data, the satellite transmits measurements of radiation from two sources
with known temperature, an on-board black body target and deep space. The temperature of deep space is
assumed to be known, and the temperature of the black body is measured on board and transmitted to earth
for every scan line in the image. These values are used to assess a linear relation between the digital output
values and the satellite-received radiances. Slope and intercept for the calibration equation were determined
using data from SO equally spaced scan lines

Brightness temperatures (Tb) for channel 4 and 5 were calculated from the radiance (L) detected by
the sensor, using a sensor specific approximation for the inverse of Planck's radiation law for the AVHRR
sensors, as formulated by Singh (in PRANGSMA and ROOZEKRANS, 1986):

Tb = Bb/(In(Lb)-Ab)-273.15

Where Ab and Bb are constant for a specific sensor and channel.

Sea surface temperatures (Ts) were calculated using regression relationship coefficients for infra-red
channels 4 and 5 (split window technique) as proposed by Deschamps (in PAGANO et al., 1991):

Ts =T4 + 2.63 (T4-T5)-2.18

For eastern North Atlantic waters, SSTs derived using this method are usually accurate within 0.6°C. The
SST and brightness temperature images were classified and color coded in intervals of 1°C. Ice, land and
clouds were merged into the image as was done for the red-reflectance images.

Kara/Barents Water and Ice Exchange

The narrow Litke Current in the northern part of the 61-km-wide Kara Gate flows towards the west
with velocities ranging up to 25 cm/s (PAVLOV et al., 1994). The southern portion of Kara Gate and the 8-
km-wide Yugorsky Shar, are dominated by the east-flowing Pechora Current (NOVTTSKIY, 1961) with
velocities ranging up to about 65 cm/s (PAVLOV et al., 1994). Particularly in the summer, the Pechora
River discharge represents a large portion of this easterly flow (TANSIURA, 1959), mixed with saline
waters of Atlantic origin (ZENKEVITCH, 1963). There are indications in both surface temperature and
turbidity of this water exchange. The Litke Current is seen as cooler, less turbid water in the northern part
of the strait. In return, the warmer, more turbid water of the Pechora Current is observed in the southern
portion of Kara Gate. The eastward flow of turbid water along the coast seems to incorporate some
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influence from the Pechora River discharge as proposed by Tansiura (1959). Pavlov and Pfirman (in press)
estimate that, overall, there is a net annual water inflow from the Barents Sea through the strait of Kara Gate
of about 1,240 km3/year (0.04 Sv, ranging up to 0.6 Sv). la addition, Kuznetsov (1983) estimates that from
May to November about 21,000 km2 of ice flow from the Kara to the Barents Sea. In winter Kuznetsov
(1983) states that the flow reverses and from December to April 98,000 km2 of ice flow from the Barents to
the Kara, resulting in a net ice transport toward the east of 77,000

Assessment of the actual transport through Kara Gate is important, because it represents a direct
path from the more contaminated regions of the southern Kara Sea into a highly productive region of the
Barents Sea. The eastern Novaya Zemlya Current is potentially fed by discharge from fjords where
dumping of radioactive waste took place, as well as by recirculating Ob' and Yenisey river discharge and it
continues in part as the Litke Current through this strait. Although the flux of sediments and contaminants
through the strait has not been measured, there are indications that some westward transport does occur. The
distribution of DDT, lead, and oil hydrocarbons seem to indicate active westward transport through the
strait, and the distribution of zinc, cobalt and nickel (GRIKUROV, 1994) are consistent with this scenario.
Analysis of sea floor sediments by Numberg et al. (in press) also indicates westward transport of some clays
through Kara Gate consistent with the location of the Litke Current observed in the satellite images.
Similarly, Zenkevitch (1963) observed faunal distributions consistent with exchange of water through the
strait. Arctic and boreal benthos in Kara Gate and along the southwestern coast of Novaya Zemlya appear to
drift into the Barents Sea from the colder Kara sea forming a distinctive assemblage in this region.

Drift Experiment

In 1930-1934, Vize (1937) conducted a series of experiments with drifters in the Kara Sea. Over
300 wooden buoys with return addresses were released to the surface waters. On average, 5 buoys were
deployed at each station. 83% of the drifters released in the northwestern Kara Sea near Vize Island were
recovered in the Atlantic Ocean along the coasts of Iceland and Norway. Only a few from the southern Kara
Sea were recovered in the Atlantic, indicating limited export to the Atlantic from this region. Assuming that
the buoys exited the Kara Sea to the north and came south through Fram Strait, the "normal" drift velocity
from the Kara Sea to the northern coast of Iceland or the northwestern coast of Norway, is about 2.5 nautical
miles per day.

In 1934, there was rapid transit from the Kara Sea to the Norwegian Coast, including one drifter —
deployed near Vize Island — that was recovered within 250 days. If these buoys also exited the Kara Sea to
the north and came south through Fram Strait to Norway, this transit time would represent more than triple
the usual velocity: 7.8 nautical miles per day (VIZE, 1937 — note, however, that the actual route is
unknown). This experiment shows that under certain conditions the transit time from the Kara Sea to the
Nordic region can be quite rapid.

Conclusions

Because of the extensive ice cover in the southern Kara Sea, contaminants discharged in rivers are
likely to interact extensively with sea ice, during all the year except for late July to mid October.
Contaminants may be incorporated in the fast ice, as well as in ice forming in the offshore flaw polynya
(PFIRMAN etal.,'1995.

River influence on shelf surface waters reaches its greatest extent in late summer, when it forms a
region of high turbidity and temperature along the shore, extending offshore more than 100km. Examining
the distribution of contaminants on the sea floor (GRIKUROV, 1994; MELNKOV et al., 1994),
sedimentation rates (KLENOVA, 1960), and the ice distribution (PAVLOV and PFIRMAN, in press)
indicates that sediments and contaminants discharged by the rivers accumulate in the region protected by
fast ice cover. Offshore of the fast ice zone, contaminants may be adverted from the region by sea ice
and/or ocean currents.

Both the images and information from the literature indicate exchange of water, ice, sediments,
organisms, and contaminants, through Kara Gate. Coupled with the distribution of pesticides and metals
mapped by Grikurov (1994), these data indicate that the flux of contaminants through the straits south of
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Novaya Zemlya should be investigated because it could influence the large population of detritus feeders in
the region.

The drifter research of Vize (1937) shows that, under special circumstances, rapid transit may occur
from the northern Kara Sea to Norwegian shores.
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