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ABSTRACT

During March 1979 field observations in the Bering Sea show that because of the interaction of winds and
ocean swell with the ice, the ice edge divides into three distinct zones. First, adjacent to the open
ocean is an ‘‘edge” zone, 1-15 km in width, which consists of heavily rafted and ridged floes with thick-
nesses of 1-5 m and measuring 10-20 m on a side. Second is a ‘‘transition’’ zone measuring ~5 km in width,
which consists of rectangular ice floes with thicknesses of ~0.5 m and measuring 20~40 m on a side. Third
is the “‘interior’’ zone, which extends over hundreds of kilometers and consists of very large, relatively flat
floes with thicknesses of ~0.3 m. In the edge zone the incident swell causes the floes to fracture, raft and
form pressure ridges, resulting in small thick floes. In the transition zone the swell amplitude is reduced to
the point that the floes fracture in a rectangular pattern with very little rafting or ridging taking place. In
the interior zone the swell amplitude is further reduced such that the waves propagate without fracturing
the ice, so that the floes have horizontal dimensions of kilometers. Because of this ice distribution,
when strong winds blow off the ice, bands of ice floes form at the ice edge. The reason bands form is that
the edge zone ice has a large aerodynamic drag due to the heavy rafting and ridging, so that this ice moves
downwind ahead of the rest of the pack. Once this ice moves away from the pack, the combination of

. aerodynamic drag plus the absorption of wind wave and swell energy leads to the band formation. We ob-
served that these bands, which are on the order of 1 km wide and 10 km in length, move south into
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warmer water until they melt.

1. Introduction

Observations made during a field study in March
1979 at the Bering Sea ice edge show that the inter-
action of ocean waves and wind contributes to ice
edge properties. The discussion of these observa-
tions divides into two parts. In the first, we show
that the ice adjacent to open water divides into three
zones, which we call the edge, transition and interior
zones, following Squire and Moore (1980). In the
second, we show that during periods of off-ice
winds, the combination of the increased aero-
dynamic roughness of the edge zone and the absorp-
tion and reflection of wind-waves and swell leads to
the formation of long, linear bands of ice, measuring
about 10 kmin length and 1 km in width. These bands
form at angles nearly perpendicular to the wind and
move southwest ahead of the pack ice. Observations
of the formation and movement of a single band show
that the band moved southwest ~30 km into warmer
water while the pack advanced only ~10 km.

2. The nature of the ice edge

During an Outer Continental Shelf Environ-
mental Assessment Program (OCSEAP) cruise in
March 1979, Martin and Kauffman (1979) took ice
cores using a helicopter operating from the NOAA
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ship Surveyor. Fig. 1 shows the locations of these
cores, where the southern most stations show
the location of the ice edge. In this section we
discuss the ice edge properties based on the tra-
verse lines labeled W, B and C, which were oc-
cupied on 6, 7 and 9 March, respectively. First,
we discuss the general properties of the ice edge,
then document the specific ice properties observed
on the three traverse lines.

To review the general ice properties, Fig. 2 shows
a schematic diagram in both plan and side view of the
three kinds of ice. First, at the outer edge of the
pack, there is open water. Then, the edge zone which
is 5-15 km wide, consists of small broken floes
which are ~10-20 m in diameter. In cross-section,
these floes are heavily rafted and ridged, with sail
heights of up to 1 m and keel depths of 2-4 m.
Figs. 3a and 3b show from photographs taken on 9
March, an aerial and surface view of the ice near the
edge. The ridge in the foreground of Fig. 3b, which is
1 m high and made up of ice 0.1-0.2 m thick, is
shown from the air in the center foreground of Fig.
3a. The reason for the heavy rafting and ridging in the
edge zone is that both ocean swell and wind act on
the floes to work them against one another. Squire
and Moore (1980) show from data taken on the same
cruise that the swell propagates at least 65 km into
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the pack. From their data, the observed pre-
dominant wave period was 8-10 s, which yields a
wavelength of 100-160 m, so that the 20 m floe
diameter is a fraction of a wavelength.

Second, the transition zone, which is ~5 km wide,
is characterized by a rectangular pattern. Figs. 7a
and 11 show the most dramatic examples of this
patterned ice, which consists of rectangles measur-
ing ~20 m in width and 40 m in length, with their
long axis perpendicular to the direction of wave
propagation. In cross section, this ice is about 0.3-
0.6 m thick, where the thicker floes consist of two or
three rafted pieces. This zone exists because the
outer ice zone reduces the swell amplitude to the
point that here, the waves fracture the ice without
heavily rafting or ridging it.

At the inside edge of the transition zone, we ob-
serve an abrupt transition from the patterned ice to
large floes measuring kilometers in extent. This
third, interior zone, is the region of large floes where
the swell amplitude is reduced to the point that it
propagates elastically without fracturing the ice.
Fig. 8a shows an aerial view of this ice, where the
floes measure kilometers in extent, and 0.2-0.3 m
in thickness. Satellite images suggest that this zone
extends far to the north. In support of this general
ice edge picture, we next examine the specific
properties along the three traverse lines.

a. Line W

The W traverse took place on 6 March at the
positions shown on Fig. 1. The wind on this day
was negligible and the air temperature was about
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FiG. 2. A schematic diagram of the three kinds of ice which
occur near the ice edge, proceeding inward from open water.
The upper part of the figure shows the ice in plan view; the

lower part, in side view.
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FiG. 3. Floes in the edge zone. (a) aerial view; (b) surface
photograph of the ridge in the foreground of (a). See text for
further explanation.

—5°C. Fig. 4 shows a schematic diagram of the kinds
of ice observed on the traverse; the ice consisted
of an 8 km wide edge zone and a 3 km wide transition
zone with an abrupt transition from the rectangular
floes to the interior zone at the northern edge of the
transition zone. »

The outermost floe on this line was station Scott.
We had divers from the ship survey the bottom ice
profile. Fig. 5a shows an oblique aerial photograph
from a 60 m altitude of Scott preceding the diving.
The dark area toward the camera is called the beach,
and a small ridge-crack system runs horizontally in
the photograph across the floe. The floe measured
about 23 m by 37 m. Fig. 5b shows a surface photo-
graph of the floe sighting down the ridge-crack
system toward the beach; other ridged floes are
visible in the background. We deliberately chose
this floe because it was flat, as opposed to some of
the heavily ridged surrounding floes. In contrast, the
under-ice topography proved to be very rough. To il-
lustrate, Fig. 6a is a map of the surface showing the
survey lines DEC and BEA, with the dashed line
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F1G. 4. A schematic diagram of the kinds of ice observed along
line W. The circles indicate edge zone ice; the small squares,
transition zone ice. Stations Scott, W1 and W2 show coring site
locations.

showing the approximate position where the floe
fractured preceding the diving. Fig. 6b shows the
ice thickness from the two under-ice traverses.
These observations showed that the bottom was
very rough with a maximum depth of 3.5 m.

Second, Fig. 7a shows an aerial photograph of the
floes at station W1 in the transition zone. These
floes measured 10—25 m on a side; the one on which
we landed had a thickness of 0.66 m and showed
evidence of rafting at depths of 0.23 and 0.51 m.
Fig. 7b shows a surface view from our floe; the
pressure ridges behind the helicopter had a height
of ~1 m. When we landed on the floe, we could
feel the ocean swell propagating through the ice and
see the swell-induced relative motion of the sur-
rounding floes. Third, in the interior zone, Fig. 8a
shows an aerial photograph of site W2 from an al-
titude of 150 m, where we landed on the large floe
shown in the center of the photograph. The ice
further in from this station also resembled this floe;
namely the floes were large and flat, with low-
amplitude swell propagating through them. Fig. 8b
shows the surface view; the ice was 0.24 m thick and
covered by ~5 mm of snow.

b. Line B

The B traverse took place on the following day,
7 March, at the positions shown on Fig. 1. As on
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the previous day, the wind was negligible and the air
temperature was about —5°C. Fig. 9 is a sketch of
the ice properties along the traverse line; again, the
ice consisted of an edge zone measuring about 13 km
wide and a 3 km wide transition zone with an abrupt
transition from the rectangular floes to the large, in-
terior floes.

The first station occupied was a floe next to the
ship in the edge zone. Again, the floes measured
10-20 m in width, and coring observations showed
that its thickness was greater than 1 m. Many of the
floes seen near the ship had wetted surfaces, which
are caused by the swell washing water onto the ice
surface. For station BS5 in the edge zone, the floe on
which we landed measured ~20 m across and had a
thickness of 0.34 m. Most of the surrounding floes
were again rough and ridged. Moving farther into the
pack, the rectangular broken ice pattern became
very prominent. Finally, at station B4 in the interior
zone, the ice again consisted of large flat floes which
measured 0.26 m thick. Most of the floes observed

F1G. 5. Floe Scott. (a) An oblique aerial photograph from 60 m.
Dark area toward camera is called the beach; small ridgecrack line
runs horizontally across the floe. (b) Surface view sighting down
the ridge-crack line toward the beach.
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FiG. 6. The shapé of floe Scott: (a) surface map of Scott (courtesy Vernon
Squire); (b) two under-ice cross sections of Scott. Letters A, B, C, D and E on
cross sections refer to survey lines on (6a).

on this traverse also had wetted edges. This tra-
verse line again shows that the thickest floes occur at
the ice edge. :

c. Line C

The C traverse took place on 9 March 1979. On
8 March the weather deteriorated, consisting of
blowing snow from the northeast with air tempera-

tures of —1 to —3°C. On 9 March, the wind was
5.5 ms™ from the northeast at temperatures
between —4 and —5°C. The ice was beginning to
rot, and there was a strong southerly swell prop-
agating into the pack. Fig. 10 shows the traverse
line. Because of the wind, the ice was more open
along the line, and the smooth progression from
small floes to large floes as we flew north was not
evident. Rather, the ice consisted of bands of open
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Fic. 7. Site W1. (a) Aerial photograph from 75 m of nearby floes;
(b) surface photograph.

water and intermingled large and small floes for the
first 30 km, at which point we reached the interior
zone. We landed at two stations on the traverse line,
C4 and C3.

C4 was a large floe consisting of ice which was
mushy except in the bottom few centimeters, meas-
uring 0.16 m thick with a minimum ice temperature
of —3.1°C. On the floe surface, large amplitude
8 s waves propagated through the ice on which we
stood. For contrast, station C3 was on a large floe
immediately adjacent to the rectangular broken ice;
Fig. 11 shows an aerial view from an altitude of
150 m. This picture shows rectangular floes being
broken off by the swell from the large floe, where
the long axis of the rectangular floes is at right

angles to the direction of swell propagation. We

landed on the large floe in the left foreground of Fig.
11 to observe that the ice was not mushy and meas-
ured 0.33 m thick, with a minimum ice temperature
of —4.3°C. Therefore, the apparent cause of the
floe distribution in Fig. 11 is that when the thin floes
are warm, they are more elastic, so that the swell
propagates through them without fracturing them,
whereas the colder thicker floes, as shown in Fig. 11,
fracture as the swell passes through them.
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3. The formation and movement of the ice edge bands
a. Introduction

One effect of the ice distribution described in the
previous section is that it leads to the formation of
ice edge bands. Muench and Charnell (1977) review
the satellite observations of the bands of ice which
form at the edge of the Bering Sea pack ice during
periods of off-ice winds. They show from analysis of
satellite data that these bands have lengths on the
order of 10 km, widths on the order of 1 km, and that
the long axes of these bands are generally oriented -
at 40-90° to the left of the wind. They speculate
that these bands form due to surface convergences
caused by atmospheric roll vortices.

These bands also form at the edge of ice packs in
other seas; Campbell et al. (1977, Fig. 5) document
their formation in January 1974 in the Gulf of St.
Lawrence from Skylab photographs; and S. Martin
has seen NOAA imagery of their formation at the
edge of the Antarctic pack ice. As an example of these
bands, Fig. 12 is an aerial photograph taken from
the NASA Convair-990 over the Bering Sea in 1973,
Julian day 60, 00 h, 06 min, 30s at 59.87°N,
175.063°W (from Anonymous, 1973). The aircraft

- e =P

FiG. 8. Site W2. (a) Aerial photograph from 150 m; (b) surface
photograph.
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FiG. 9. A schematic diagram of the kinds of ice observed along
line B. Arrows mark the coring stations; see also legend for
Fig. 4.

heading was 002-004°, and its altitude was 10.5 km
with 70° field-of-view, so that the picture measures
14.7 km across.
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F1G. 10. A schematic diagram of the kinds of ice observed along
Line C. The scale is half that of Figs. 4 and 9. The region marked
30% open water above Station C3 consisted of large floes
with leads.
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FiG. 11. Site C3. Aerial view from 150 m of floes broken by
swell adjacent to large floes on which we landed. Helicopter
antenna is at lower right.

The picture shows that beneath the cloud bands
which are aligned approximately parallel to the
wind, ice bands are visible with their long axes
aligned at approximately right angles to the wind. At
their widest point, the bands are ~0.6 km wide, and
are 10-13 km long. For the same day, Gloersen
and LaViolette (1974) show the surface pressure
map and a U.S. Air Force Weather Service Satel-
lite image of the Bering Sea ice. The satellite image
shows numerous ice bands at the edge; the weather
map shows that the winds are approximately from
the northeast. Coast Guard weather data gathered at
the same time (from Campbell et al., 1975) shows
that the surface air temperature was —10°C and
the wind speed was 5 m s™!.

F1G. 12. Aerial photograph from 10.5 km of the ice edge bands;
north is to the top. See text for further explanation, photograph
courtesy NASA.



FiG. 13. Aerial view of the green floe; panel measures 1 m X 2 m.

How do these bands form? In the previous sec-
tion, we showed that the effect of the wind and
waves at the ice edge was to work the ice in the
edge zone so that it consists of numerous small
floes, which are heavily rafted and ridged. There-
fore, the pack ice has an outer zone of much
thicker ice, with considerable top and bottom
topography, adjacent to the open water. We car-
ried out from the Surveyor a field experiment
during a period of off-ice winds to study the move-
ment of this thicker edge ice relative to the thinner
ice in the transition zone. We found that the ice in
the edge zone moved faster downwind than the in-
terior ice, possibly due to its increased aero-
dynamic roughness. Once this ice moved away from
the rest of the pack, the reflection and absorption
of wind-wave energy, particularly at short periods,
became even greater due to more developed seas at
increased fetches. As.shown below, the energy from
both wind waves and swell contributes to the band
formation. The bands then continue to move south-
west until they melt-under the action of warm water
and waves.

b. The experiment

On the morning of 11 March, following a night of
weak (4 m s™!) easterly winds which compacted the
ice edge, we used the helicopter to place six targets
on ice floes. The targets were then tracked over a
23 h period with their positions determined from the
Global Navigation System (GNS-500A) on the
helicopter. Each target consisted of a colored nylon
rectangle measuring approximately 1 m X 2 m
which was nailed to the ice. Also, on three of the
floes, we set up 2 m high wooden poles with radar
reflectors mounted on top. Although we found that
the reflector signal could not be distinguished from
the ice on the radar of the ship, the poles served as
good visual targets.
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All of the floes tagged were initially within 3 km of
the ice edge. Five of the floes tagged were snow-
covered, rafted cakes measuring about 20 m x 15 m.
Fig. 13 shows the appearance of one of these floes
(green) shortly after the target was placed. The floe
had a small ridge running down the middle with
a rafted, snow-free area to the left. The sixth fioe
(blue) was a pancake measuring only 3 m X Sm
with slightly raised edges. Although we did ‘not
measure the bottom topography of these floes, the
0.4 m deep holes drilled for the poles did not reach
bottom. We assume from our preceding discussion
that the floe thicknesses were of order 1-5 m.

We initially placed the targets in a cross as shown
at the top of Fig. 14. We then overflew the targets at
4,9, and 23 h from the time of placement and re-
corded their positions. As Fig. 14 shows, not all of
the floes were found at each overflight. For the
same period, Table 1 shows the averaged wind
data. The evolution of the targeted floes was as fol-
lows: When the targets were first placed, the ice
edge was compact, with only a few ice cakes in the
open water to the south. This was probably due to
the weak easterly winds on the day preceding the
experiment and to swell energy being reflected and
absorbed by the ice. Fig. 15 is a photograph looking
from the ice toward the open water at thl% time,

O hr

. sams'
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*
N sarms Aot

> Direction of swell
270°

* RED
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o PURPLE-2
.

%0_5’“5., PURPLE -1
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FiG. 14. A schematic diagram of the observed advance and
relative positions of the targeted ice floes during the 23 h ob-
servation period. Floes are represented as shown in the ledger.
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F1G. 15. Aerial view from 75 m looking toward the ice edge as it
appeared just after the placement of the targets. The *‘blue’’ floe
is barely visible in the middle of the photograph.

where at least in the original photograph, the radar
target mounted on the blue floe is visible in the
middle of the picture.

At 4 h, after the wind began to pick up from
the north, the targeted floes began to move away
from the edge, creating as Fig. 16 shows, a band of
90% ice concentration outside of both an area of 25%
concentration and a large, inner area of 90% con-
centration. As Fig. 14 shows, the outer ice band
formed a hook outward from the pack ice. One floe
(yellow) was in the 25% ice concentration region,
while the other targets were in the inner high-
concentration region.

At 9 h, which occurred at twilight so that photo-
graphs were impossible, all of the targeted floes were
inside of a band of ice floes measuring 1-2 km
across, which was located several hundred meters
southwest of the main pack. This suggests the
velocity of the floes in the band averaged 1 x 1072
m s~! faster than those in the pack. On our final
survey at 23 h, which was in the morning of the next
day, we observed many bands of ice similar to those
shown in Fig. 12. As Fig. 14 shows, the targeted
band was now ~15 km south of the ice edge,
requiring the floes in the band to have moved over-
night at an average velocity of 0.25 m s~! faster
than the pack. The band measured ~2 km wide at its
widest part and 8—10 km in length. The band was

TaBLE 1. Averaged wind data for the 23 h period.

Time Average speed Average bearing
period (ms™1) “T)
0-4 4.9 021
4--9 7.5 000
9-23 10.5 006
0-23 8.8 008

JANE BAUER AND SEELYE MARTIN
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Fi1G. 16. Aerial view from 150 m of the ice edge as it appeared
4 h after the placement of the targets. The targeted ice floes
were mostly located in the higher concentration of floes shown in
the foreground.

widest at the end toward the swell and had a long,
curving tail, which is shown in Fig. 17.

Fig. 18 shows the appearance of the head sight-
ing against the direction of swell propagation. As
with most bands observed, the downwind edges of
the band were sharp. Because of the action of the
swell and wind waves, the head and upwind edges
were diffuse, consisting of a mixture of many small
fragments of ice and larger, mostly submerged floes
which were covered with small pieces of ice. To
summarize, during our observational period the floes
moved from 58°56.6'N, 170°4.7'W to 58°41.9'N,
170°22.4'W, so that they traveled 32 km in the direc-
tion 210°, or at ~25° to the right of the average wind,
at an average speed of 0.38 m s™1, or from Table 1 at
4% of the mean wind speed.

Although we cannot describe quantitatively the
band formation and movement, we can carry out a
scale analysis of the forces acting on the band

F1G. 17. An aerial view from 75 m of the tail of the band in Fig. 14,
as it appeared 23 h after the target placement.
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F1G. 18. A view from 25 m of the small fragments, pancakes and
submerged floes at an edge of the band being acted on by wind
and swell.

which drive it to the south. The problem divides into
two parts: the initial movement of the band away
from the pack ice, and its subsequent continued
motion.

From our observations, the initial motion appears
to be an effect of the increase in roughness of the
floes near the edge, which leads to a greater aero-
dynamic drag. Because of our uncertainty about the
relative water and air drag coefficients, we cannot
show this quantitatively. Once the ice floes move
away from the pack, however, their large velocity
relative to the pack is very much an effect of the
absorption and reflection of wind-generated waves.

To estimate the magnitudes of the forces on an
ice floe away from the pack, we assume that the
major forces acting on an ice floe are the aero-
dynamic wind drag, the hydrodynamic water drag,
and the force created by the absorption and re-
flection of wind waves and swell. Using a quadratic
stress law for the drag, the first two forces
become

Fa paCuAan - UiI(Ua - Ui))

—puCuA |U; — Up|(U; — Uy),

I

F, =

where p is the density, C the drag coefficient, A the
surface area of the floe, U the velocity, and the
-subscripts a, w, and i represent air, water and ice
respectively. Banke ez al. (1976) found the air-ice
coefficient C, to be ~2 x 1073 for arctic ice and as
large as 4.5 x 1072 for sharp-edged pancakes. There-
fore,forU, = 10 m s™,U; = 0.4 m s}, C, of order
1073, and a typical floe of 400 m® surface area,
F, is of order 10* N, and is nearly independent
of U;.

In contrast, the water drag strongly depends on
the quantity (U; — U,). First, McPhee and Smith
(1975) found a C,, of ~3.4 x 1073 for fairly smooth,

MONTHLY WEATHER REVIEW

VoLUME 108

arctic ice. If we assume our rough ice (Fig. 6b)
can be modeled as a bluff body (Schlichting, 1968,
p. 623), then C, is of order 10~2. For this C,, and
the same floe with (U; — U,) = 0.1 m s™!, F,; is of
order 10 N; while for (U; — U,) = 0.4 m s}, which
corresponds to the observed case if U,, were zero,
then F, is of the order of 10® N. Therefore, the
wind stress appears to be insufficient to move the
ice at the observed velocity. '

To estimate next the magnitude of the wave forc-
ing, Longuet-Higgins (1977) shows that the force
per unit width exerted on a floating body by waves is
equal to Yp,g(a® + a'* — b?) where g is the gravita-
tional acceleration, a the incident wave amplitude,
and a’ and b the reflected and transmitted am-
plitudes respectively. Wadhams (1973) from experi-
ments with petri dishes in a wave tank, shows that the
energy of short-period waves is almost all reflected
or absorbed while that of longer period waves is
mostly transmitted with an exponential energy
decay with distance into the ice. Dean and Harleman
(1966) also suggest that for stationary and moored
obstacles, the reflection coefficients are generally
quite large when the length of the obstacle is larger
than half the incident wavelength. Using this
criterion for a 20 m long ice floe in deep water,
waves with periods <5 s will have large reflection
coefficients. Therefore, estimates of the force
exerted on a 20 m wide floe by totally reflected wind
waves of various amplitudes are of order 10 N for
a =0.01m, 10> N fora = 0.1 m, and 10* N for an
amplitude of 0.3 m. For all but the smallest wave
amplitudes, this forcing is greater or equal to the
wind forcing. Depending on floe size then, wave
forcing will increase as the fetch increases. Further,
it will also increase if the ice floes in a band behave
as a large floe and reflect the longer waves. The
conclusion of this scale analysis is that once the
floes move away from the pack, wave forcing causes
them to move at a faster velocity than the pack
interior.

Wave effects may also contribute to the relative
motion of the ice in the band. As Fig. 14 shows, the
floes were initially placed in a cross. During the
first 4 h, motion of the floes was to the south or
southwest relative to the purple-2 floe, represented
by the square in Fig. 14. During the remaining 19 h,
the relative motion was to the northeast. This lat-
ter change in relative position required a 2 x 1072
m s~ ! speed difference between the purple-2 floe and
the others. The causes of this motion are unclear.
The motion may have been largely diffusive; it may
have been due in part to a shear Zone occurring
along the northeast-southwest axis of the band.
The floes on the windward edge of the band are sub-
ject to wave forcing toward the southwest, which is
greatest along the windward edge and decreases with
distance into the band. Thus, windward floes are
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forced slightly faster than leeward floes, resulting
in relative motion along a northeast-southwest line.

c. Consequences of the band motion

Table 2, which lists the air temperature and water
temperature, salinity and freezing point measured
near the band, shows that as the ice band moved
south, it moved into warmer, more saline water.
At the beginning of our observations, the water
temperature was —1.20°C, and the salinity was
31.9%o. At the end of the 23 h, the ice was in water
of —0.45°C and a salinity of 32.2%o. In both cases, the
freezing temperature of the water was ~—1.7°C.
During this time, the air temperature decreased
below the freezing point of the ice; a result of the
northerly, off-ice winds of the Siberian high pressure
system. However, because the water temperature
ranged from +0.5 to +1.3°C above freezing, we ob-
served the ice to melt.

Since the band was relatively long and narrow,
lateral melting may have been of some importance,
but vertical melting was most likely dominant due
to the larger exposed surface area. By fracturing
the floes, the waves create for each floe a larger
ratio of surface area to volume which also yields
increased melting. Also, waves breaking over the ice
cause melting of the upper surface. As Fig. 18
shows, both fracturing and melting is visible along
the windward and swellward edges of the band.
Thus, the transport of ice in the form of long,
thin bands of small floes into warmer water appears
to be an efficient way to melt the pack ice.

Satellite images show the importance of this
melting regime on a larger scale. Both Muench and
Ahlnas (1976) and McNutt (1981) report, from view-
ing consecutive images, that floes in the pack ice
interior move to the southwest throughout most of
the eastern Bering Sea in late winter-early spring.
The southern edge, however, does not appear to
advance south during much of this time. This sug-
gests that during periods of northeast winds the
bands carry away enough ice to melt in the south-
west to control the ice edge position.

4. Conclusions

From analysis of satellite data, several investiga-
tors such as Campbell et al. (1975), Muench and
Ahlnas (1976) and McNutt (1981) conclude that
much of the ice in the Bering Sea forms in the north,
then is conveyed to the southwest by the strong
northeast winds which accompany the anticyclonic
circulation of the Siberian high-pressure system.
The present investigation of the southern ice edge
processes shows in part how the ice edge position
is maintained.

Basically, the large floes of the pack ice are ad-
vected southwest by the wind. As they approach the
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TABLE 2. Water and air properties observed from
the ship near the band.

Elapsed Air Water Freezing
time temperature  temperature  Salinity point
(h) O (&) (%) O

0 -0.70 -1.20 31.94 -1.73
4 -1.09 -1.30 32.05 T -1.73
9 -1.79 -0.62 32.11 -1.73
23 —-4.50 -0.45 32.23 -1.74
Average -3.14 -0.60 32.11 -1.73

ice edge, the ocean swell propagating into the pack
first fractures them into the characteristic rec-
tangular pattern, then in the edge zone the floes are
heavily rafted and ridged, which leads to a great in-
crease in aerodynamic roughness. Because of this
roughness increase, the ice in the edge zone moves
away from the pack with greater relative velocity,
and distributes itself into the characteristic bands.
Enhanced by the absorption and reflection of wave
momentum, these bands continue to move south-
west into warmer water until they disintegrate.
Further, the southward movement and disintegra-
tion of the bands exposes the transition zone to
higher swell amplitudes, so that this zone becomes
the edge zone and in turn becomes heavily rafted.
and ridged, so that it too blows southwest. In our
case, a band moved 32 km in 23 h at an average
speed of 0.38 m s™! into water that was 1.3°C
warmer than its freezing temperature. Thus the
formation and movement of the ice bands are one
method for the rapid dispersal and melting of the
pack ice.
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