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Abstract.. -The' purpose of this study was to determine the statistical
association bet~een bowhead whales and pack ice in the Bering Sea and
to evaluate the feasibiiity of monitoring this relationship from remote
sensing observation systems. The study was done entirely from
information in existing data bases and Jiter~ture. Three data bases
containing 133 groups of 239 bowhead ~hales and 12,561 nautical miles
(nmi) of surveyleffort in the Bering Sea were used to describe the

bowhead Whale-pack ice association. The 1979 data base contained
83 groups of 14i bowheads encountered along 6,496 nmi of trackline

,

distribu~ed in a northern zone, central zone, and southern zone
(marginal ice front) of the pack ice. The 1983 data base featured
32 groups of60

1
bowheads along 4,056 nmi of trackline in the marginal

ice front. Lastly, the 1986 data base had 18 groups of 38 bowheads

along 2,009 nmi:of trackline in the central zone and marginal ice

front. These three data bases provided coverage of the pack ice from

January through'April which largely corresponds to the period bowheads
I

winter in the B~ring Sea.
I

The results sho\~ that bowheads were widely distributed in the Bering
Sea between January and April. Bowheads were recorded in the marginal
ice front during all three surveys. Their distribution was patchy, and

i
relatively high) numbers of whales occurred in the St. Matthew Island
vicinity. The ~rientation of the whales relative to the island
suggested that the island vicinity was an important concentr~tion area

for bowheads an~ that they appeared to passively move with the advance
of the pack icel between St. Lawrence and St. Matthew islands. Whales
appeared to be associated with the recurring po1ynya at St. Matthew, .

Is1 and i rrespec:ti ve of the southern extent of the front beyond the
• J

island.

Bowheads were a1so distributed south and west of St. Lawrence Island
but more uniformly than in the front. These whales were near the
recurri ng po1yn~yas of St. Lav/,:,ence Isl and and the northern Anadrysk iy
Gulf (Gulf of Anadyr).' Few whales were encountered away from these
locations in the central zone. In all areas, bowheads were primarily
encountered in small groups «2) moving In no specific direction.

iii
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in the pack ice were associated

Bowheads occurred in 10 of the
characterize the pack ice.

in the higher ice

I
I
t

Bowheads encountered in these locations
I

with a wide variety of ice conditions.

11 ice concentration categories ~sed to
Numbers were disproportionately ~reater

. i .

concentrations but this may have been a function of the whales being
easier to detect where less open water was available. In conjunction
with the variety of ice concentrations associated with the whales, the
areas used in the pack ice had pkrsistent open water available over
time. Their association with arkas featuring persistent open water and

a variety of ice concentrations borrespond to the pack ice
characteristics in the vicinitie~ of the three polynyas and the ice
front. The pack ice in these arJas is very broken because the ice

movements around the islands andlthe marginal ice front are very
dynamic.

Regression equations were formulated for predicting the presence or
absence of bowheads in the pack ice and the density of bowheads given
that they are present. The equations were suggestive of a predictive
relationship using various forms of ice-concentration and persistence

of open water but inconclusive because of small numbers of whales
observed.

While the capacity to mathematically predict a bowhead-sea ice
association was inconcl~si~e, there were several important ~onclusions

from ttli s study. The St. t1atthew Isl and vi ci nity appears to be an
important wintering area for bbwhead whales. The ar~a south and west
of St. Lawrence Island including the northern Gulf of Anadyr also
appears to be ari important bowhead whale wintering area. In addition,
the pack ice between 1ongi tudes 171 Ow and 175°~J from' st. La\'Irence

Island to St. Matthew Island may be an important movement corridor for
bowheads. While bowheads occurred elsewhere in the pack ice, these
locations contained relatively large numbers of bowheads wintering in
the pack ice of the Bering Sea.
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Remote sensi ng a:nd surface-based observation systems sui tab1e for'
monitoring the a'ssociation between bowhead \'/hales and sea, ice \'1ere

, .
described and tneir operational costs determined. Remote sensing, .
systems examined included both satellites and airborne/surface radar.
Surface-based o~servation systems included "point" observa~ions from
moored or drifting buoys or visual observations from aircraft.

'. '

The effectivene~s of each technique in providing ice information
relevant to monitoring the winter presence of bowhead whales in the
Bering Sea was evaluated in terms of their capabilities in detecting

I '

the morphology of the pack ice and the timeliness and method of data
• 1

relay to government officials (Minerals Management Service) for
monitoring purp~ses. Fulfillment of the system requirements for an
effective ice md>nitoring system can be met by a combination of

·'l ;

satellite and airborne radar surveillance systems. Only Side Looking
I

Airborne Radar has the demonstrate,d capability as a stand-alone
,

effective ice m6nitoring system. Site-based radar has limited range
capabilities and, thus, fails to meet the lead-time criteria for "ice

, ,
alert" status. :Ship-based marine search radar has potential
application butlmust be used in combination with other systems which
are capable of ~roadly describing the ice characteristics.

I

The use of moored buoys which sense the presence of sea ice either
through acoustibal means or through physical cont~ct is feasible.
Acoustical detection of sea ice for operational purposes is a future,.
capability which will materialize only after research and field
development. S~ecially designed satellite telemetering moored buoys
which are monitpred from the Service Argos, will, hypothetically,
indicate the presence of ice when the buoys are submerged beneath the
ice and cease their signal transmission,,

,
The most expensive approach is the aircraft equipped with Synthetic
Aperture Radar (SAR) or Side Looking Radar (SLR). Both of these
systems provi de: the necessary i nformati on on sea ice characteri sti cs
with all weathe~, day and night capability which can be delivered to

v



the operator and MMS personnel' wjthin three hours after observation.
Pulse compression radar, which is an upgrade to standard marine search
radar, is far less costly than microwave radar to operate but it does
not provide the range of ice information needed to make operational
decisions.

Satell i te imagery an'd poi nt observati ons from buoys have obvi ous
shortcomings in providing the kind of ice information desired but are
useful components of an ice observation program employing airborne or
satellite microwave radar. The costs involved with receiving and
analyzing the NOAA, Landsat and, presumably, the Geosat satellite
information for ice conditions are small 1-n comparison with ope'rating
an aerial surveillance program employing microwave radar. Although the
costs associated with monitoring the position or ice contact events of
either drifting or tethered buoys are relatively low, the expense of
d~velopment, deployment, and retrieval can be significant.

In the future, SAR satellites will likely satisfy some of the
requirements for all-weather ice information if near-real-time data can
be generated and easily accessed 'at the Alaska SAR Facility. The costs
of accessing the satellite SAR ice images presently cannot-be
determined but will ultimately depend upon NoAA's plans for servicing
the commercial sector. Sea ice information derived from passive
mi cro\'/ave sensors on the future mil i tary satell i tes (and as a
complement sensor on some of the satellites carrying' SAR) will most
likely be available from the NOAA/Navy Joint Ice Center at no cost to
the user except for leasing the facsimile equipment and data
communication link.
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1.0 RATIONALE AND OBJECTIVES

The purpose of this study was to statistically analyze the relationship,
between bowhead ;whales and sea ice in the Bering sea and to examine the
application of remote sensing systems for detecting ice conditions

I
associated with ibowhead whales. The western arctic bowhead whale is a
federally listed endangered species whose population winters in the
Bering Sea pack iice.' Their wintering area coincides with the Navarin
Basin, St. Matt~ew - Hall Basin, and St. George Basin petroleum lease

I

areas. Since p~trol!um exploration and production in these areas could
affect the bowhJad population, the Minerals Management Service sponsored,
this study to dJtermine the feasibility of managing petroleum operations

I
around bowhead whale wintering areas by remote sensing systems.,

I
j,

The hypothesis for the study was that bowheads are associated with
specific ice co~ditions that could be recognized fro~ remote sensing

i . ~

systems. Studi~s by Brueggeman (1982) suggested that bowheads may
prefer areas in j the pack ice characteri zed by parti cul ar rati os of ice

I '

to open water~ ;If ~he association between bowhead whales and ice
conditions could be:mathematically expressed in an equation, bowhead
density could bk predicted for a particular set of ice conditions. This

, I ' '
predictive capability could be used in conjunction with a remote sensing

I

system such as a satellite to identify ice conditions associated with

bowheads. ThiS! approach would be cost effective because the pack ice
could be more t~oroughly and frequently monitored than is generally

i

possible throug~ expensive field programs. The remote sensing system
would have to bb dependable, capable of providing daily images, and not

I

too expensive for a' user to access. The resulting system would'provide
MMS with a powerful, tool for managing petroleum operations in the
vicinity of bow~ead: whales on an almost real time basis.

I

The objectives 'of this study were:

1. Define the relationship of the winter distribution of bowhead
whale:s in: the Bering Sea relative to the position and
morph:ology of the sea ice edge by:,

1-1



a. Improving current knowledge of the winter"distribution of
bowhead whales in the Bering Sea by compiling and
analyzing available information, and

b. Relating the Bering Sea ice cover and ice margin to the
winter distribution and abundance of bowhead whales,
especially within the ,Navarin Basin.

2. Define the most feasible means of monitoring sea ice cover
relative to probable bowhead whale presence by:

a. Comparing various sea ice cover observation techniques,
and

b. Recommending the most feasible method of monitoring the
sea ice margin.

These objectives are addressed in Sections 2.0 and 3.0 of the report.
Section 4.0'contains the recommendations of the study.

1-2
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2.0 WINTER DISTRIBUTION OF BOWHEAD WHALES

2.1 INTRODUCTION

The geographic range of the western arctic bowhead whale population
i

extends from t~e Bering Sea to the Beaufort Sea in Canada (Braham et
ale 1984). The population inhabits the Bering Sea during winter and
spring when se~ ice precludes its use of the summer/fall feeding
grounds in the :Beaufort Sea (Brueggeman 1982, Richardson et ale 1985,,
Ljungblad et al,. 1986). Migrations between the Bering and Beaufort
seas follow a ~ecurring lead on the U.S. side of the Chukchi Sea during
spring, whereas the U.S.S.R. side is followed during the fall

I .

(Ljungblad et il. 1986, Miller et ale 1986). The size of the western
arctic bowhead :whale population has declined from an estimated 20,000
animals (Breiw~ck et ale 1984) prior to commercial exploitation to
approximately 4,000 animals (Krogman et ale 1986).

Bowhead whales~occupy the Bering Sea from approximately November
through April (Brueggeman 1982, Brueggeman et ale 1983). The western
arctic populatlon historically occurred in the Bering Sea yearlong
(Bockstoce andlBotkin 1983). During the initial period of commercial

. I'

exploitation (1849-1858) bowheads were taken from April through October,
in the Bering ~ea (Bockstoce and Botkin 1983). The catch of bowheads
during these months suggests that the area was a feeding ground. As,
the population1was'reduced, whalers moved farther north to maintain
their catch leyels. Bowheads appear to have been eliminated from this
summer feeding: area, since there have been no recent sightings in the
Bering Sea dur~ng the ice free period (Brueggeman et ale 1983). This

I

historic information indicates that the original range of the western
~

arctic bowhead1whale population in the Bering Sea was above 54°N from
th~ coast of A~ia to about 173°W (Bockstoce and Botkin 1983). Scammon
(1874) reported that bowhead whales were seldom seen in the Bering Sea
south of 55°N latitude.

2-1



Recent studies (Brueggeman 1982, Brueggeman et al. 1985) show that
bowheads are widespread in the pack ice of the Bering Sea during winter
and spring. These studies found relatively large concentrations of
bowheads near St. Matthew Island, St. Lawrence Island, and the northern
coast of the Gulf of Anadyr. Hanna (1920) reported that bowhead bones
were exceedingly abundant on all beaches of St. Matthew Island during a
1916 field survey. Soviet scientists reported that bowheads winter off
the northern coast of Anadyr where they have been traditionally hunted
by Siberian Eskimos (Bogoslovskaya and Votrogov 1981, Bogoslovskaya
et al. 1982, Fedoseev 1982). Because ,bowheads primarily migrate
through th~ Strait of Anadyr during the spring and fall~ they have been
observed near St. Lawrence Island throughout the fall-winter-spring
period (Kenyon 1972~ 1960, Braham et al. 1984). Whales have also been
reported to winter in the southern margin of the pack ice, particularly
near Cape Navarin (Scammon 1874, Aldrich 1889, Cook 1926, Zenkovich
1954). More recent surveys have reported small numbers of bowheads in
the pack ice from approximately Cape Navarin to southeast of
St. Matthew Island (Brueggeman 1982, Brueggeman et al. 1983,
Leatherwood et al. 1983). Whales have not been recently reported south
of the pack ice in the Bering Sea (Ljungblad et al. 1986).

The western arctic bowhead whale population appears to remain in the
Bering Sea pack ice during the winter-spring. Bowheads found in the
vicinity of St. Matthew Island, St. Lawrence Island, and the northern
coast of the Gulf of Anadyr are associated with polynyas or recurring
areas of open water in the pack ice (Brueggeman 1982, Bogoslovskaya
et al. 1982, Brueggeman et al. 1983). Bowheads, how~ver, also occur
elsewhere in areas of the pack ice represented by a variety of ice
conditions and geographic locations. It is currently unclear if there
is a consistent and predictable association between characteristics of
the sea ice and the distribution pattern of bowhead whales.

The purpose of this report was to assemble one available data base of
bowhead whale observations in the Bering Sea and correlate the observed
distribution to sea ice conditions. The objectives were to:

2-2
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,,
The data basesl used for the analysis are the results of surveys
conducted in tihe Bering Sea pack ice dur; ng 1979, 1983, and 1986. The

I

surveys occurred at various times between January and April when
bowheads i nhab:i t the Beri ng Sea. Each data base is descri bed below.

I

'The results of the analysis were linked in this report with satellite
observation systems; to predict important areas of bowhead use. These

I
areas will be identified from maps for the purpose of managing oil

I
exploration and! production activities on the outer continental shelf of
the Bering se~ Ito ~VOid adversely affecting the western arctic bowhead
wha1 e populatl on. '. I .
2.2 METHODS I '

i
221 0 ·11. C·,· fD.. escrlp :10nand ompatibl, lty oata Bases

I
I
I

I

Identiry data bases suitable for analysis;

Standardize the data bases so that the findings could be
compar~d and merged into a comprehensive data set; and

1. .

corre1lte ~ce characteristics' with bowhead d~stribution so
that ~ea ice could be used to predict bowhead density.

1 '

o

o

o

,
The literature was extensively searched to identify sources of data
suitable for analyiis. Historic and current, published and unpublished
literature was/reviewed. Literature relevant to describing the
association between bowhead whales and pack ice in the Bering Sea was
summarized andlis ~rovided in Appendix A. The literature was
summarized according to a structured format for documenting the
applicability J)f de information for ana1ys;s. While there were

1-
numerous references in the literature to bowhead use of the Bering Sea

1 _

pack ice, therh were only three reported studies with data bases
suitable for q~antitative analysis. These data bases are the sources
of informationjwe used to describe the association of bowhead whales
with pack ice in the Bering Sea.
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1979 Data Base

The 1979 data base was derived from aerial surveys conducted by
Brueggeman (1982) in the Bering Sea pack ice from March 3 to April 15,
1979. Eighty-three groups of bowhead whales comprising 141 animals
were recorded during 6,496 nmi of survey. The survey design and data
collection procedures are fully described below.

The study area was stratified into three survey zones

(Figure 2-1a, b). Fift~en sampling units, each approximately 30 nmi
long by 32 nmi wide, were distributed systematically within these
zones. The southern zone or marginal ice. front contained seven
sampling units, the northern zone five units, and the central zone
three units. The southern and northern zone locations were selected
because bowheads have been historically reported by whalers to winter

in these areas. The central zone was selected because it lies south of
the Strait of Anadyr where whales pass through in the spring and fall.
There ~"ere no surveys south of the pack ice in the open ocean.

Aerial surveys were conducted from two Sikorsky H-52-A helicopters

based on the U.S. Coast Guard icebreaker Polar Sea. The helicopters
flew parallel at 150 to 230 m altitudes and 65 to 80 kt, speeds along
paired transect lines. Eight paired strip transect lines,
approximately 30 nmi long and 1 nmi apart were aligned with
longitudinal lines (north-south) and spaced every 3 nmi in each
sampling unit. A directional radio-navigational system (TACAN) v/as
used between helicopters and the ship to guide the aircraft along the
transects. Single helicopter surveys were flown in sampling units 11
to 15 because one helicopter was not operational.

Two observers, one positioned in the copilot seat and one in the
right-aft section of each helicopter, provided data on marine mammals
and environmental conditions to a dedicated data recorder. Data
collected on bowhead whales included number, group size, behavior,
calves, time, and location. Environmental conditions including
visibility (Appendix A) and glare (percentage of viewing area) were

2-4
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Figure 2-1 a .
i ,

Bowhead "';hale distribution (x =whale location; 0 =whale vocalization detected
by sonobluoy) 'in the Bering Sea pack ice - 1979, 1983, 1986. Ice edges are
iIIustrateld for selected dates (number) in March (-) and April (---)
1979, F:ebrui:uy (._-) and March (-) 1983, and January (-) 1986.
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Figure 2-1b. Survey effort distribution in. the Bering Sea - 1979, 1983, 1986.
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evaluated by each oeserver at the start of each transect line and,
whenever condit~ons changed. Ice concentration (percentage) and floe
size (percentag~~) were visually evaluated every 3 minutes along each
transect line by the observer in the copilot seat (Appendix A). Ice

I

conditions wereievaluated by the same observer for the area surveyed by
I

both aircraft ir order to maintain consistency in the data. Ice
nomenclature fo~lowed that of the World Meteorological Organization
(1970) .

Limited vessel ~urveys were conducted along the transect lines when
aerial surveys were terminated because wind speed exceeded 25 kt,

I

ceil i ng he ight was below 91 m, vi si bi 1ity was 1ess than 2 nmi, or both
I

helicopters were not operational. Too few data were collected during
vessel surveys {or analysis.

I

1983 Data Base

I
The 1983 data b'ase was deri ved from aeri al and vessel surveys conducted

I

by Brueggeman e~t al. (1983) in the Bering Sea pack ice from February 19
i

to March 18, 1~83. Thirty-two groups comprising 60 bowheads were
recorded durinJ 4,056 nmi of surveys. The survey design and data
collection procedures \'Iere similar to those followed in 1979 and they

I· .
are described below.

I

I

Surveys were limited to the marginal ice front between longitudes
171°12'W and t~e U.S.-U.S.S.R. convention line (Figure 2-1a, b). Six
sampling units~ approximately 36 nmi wide and 30 to 60 nmi long, were
distributed ac10ssthe front. Surveys were conducted along
seven-paired transect lines established in each sampling unit. The

I

paired transect: lines were spaced every 4 nmi and were aligned along
I

the longitude lines. Individual transect lines comprising each pair
were separated by 2 nmi and extended 30 to 60 nmi into the pack ice
from the interface-of the marginal ice front with the open ocean.
Surveys were n<'>t conducted in the open ocean because of high seas.

i
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Aerial surveys were conducted from two Sikorsky H-52-A helicopters
based on the U.S. Coast Guard icebreaker Polar Sea. The helicopters
flew transect lines parallel to each other or singly at altitudes of
150 to 230 m and speeds of 65 to 80 kt. The orientation of the
observers in the aircraft and the data collection procedures were
identical to those described in 1979 except for several modifications.
The navigation was determined from a Loran-C system on each helicopter
which is more precise than the TACAN system used in 1979. Ice
thickness in addition to ice concentration and floe size was visually
evaluated every 3 nmi (versus 3 minutes) along the transect lines by
the observer occupying the copilot seat in each helicopter. Ice
characteri sties were eval uated by the same observers for every survey
in order to maintain data consistency.

Single helicopter surveys were conducted when one helicopter was out of
operation. The U.S. Coast Guard restricted the range of single
helicopter surveys to 8 nmi from the vessel. In order to maximize the
us~ of a single helicopter, the ship traveled a predetermined course
that bisected the survey transect lines while the helicopter flew 8 nmi
both north and south of the shi p. Si nglehel icopter surveys ~/ere flown
in units 25 and 26.

Vessel surveys were conducted along the transect lines in place of
aerial surveys when wind speed exceeded 25 kt, ceiling height \lIas below
91 m, vi si bil i ty was 1ess than 2 nmi or both he1icopters ~,ere not in
operation. During vessel surveys, observers were stationed in the loft
conning tower, 34 m above the surface of the water. Two observers, one
on the port and one on the starboard sides, recorded bowhead ~hale5

occurri ng ina 90° arc centered on the bow of the vessel. The posi ti on
of an animal from the vessel was determi ned simultaneously by obtai ni ng
a radial angle with a sighting board and a vertical angle with a
clinometer. Data recorded on ice, environmental conditions, and animal
sightings followed the same procedures described above for the
helicopters. Vessel surveys were also conducted during single
helicopter surveys when observers were available.

2-8
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1986 Data Base

The 1986 data base was derived from aerial surveys conducted by
i

Ljungblad et al~ (1986) in the pack ice and open water of the Bering
I

Sea from January 23 through January 31, 1986. Eighteen groups
comprising 38 b9wheads were recorded during 2,009 nmi of survey in the
pack ice (Figure 2-1a, b). Over'half of the total effort was spent,
flyi ng over ope(1 water from Adak to the pack ice, but poor vJeathel"
precluded sUita~le observation conditions. The survey pattern was
designed to complement and expand upon that used by Brueggeman (1982)
and Brueggeman bt al. (1983).

Fourteen sampling units, each one latitude degree by tllree longitude
degrees, were s~stematically distributed between latitude 58°N and 63"i~ ,
and longitude 1~1°W to the U.S.-U.S.S.R. convention line.,
Approximately nine units were in open water and five units were in the

I '
pack ice, prima~ily~the marginal ice front. Each unit was divided into

I

equidistantly s~aced transect lines oriented in a north-south

direction. Trarsect lines were randomly selected for survey and all
whales occurrinb in!a 0.50 nmi strip on each side of the transect line
were counted.

Aerial surveys :were conducted from a P-3 Orion aircraft. Surveys were
flown at 305 maltitude or lower depending on ceiling height and at 170

j

to 210 k~ speeds along the transect lines. Observers, positioned,
behind the pilo:t and copilot, relayed observations to a data recorder
seated in the ~ft section of the aircraft. Data were logged into an,
on-board compu~er that automatically recorded the speed, altitude, and
position of th~ aircraft in real time. These data were recorded at
10 mi nute i ntenval s along wi th i nformati on provi ded by the observers on
visibility, sea; state (Beaufort wind scale), ice conditions, and
glare. Data r~corded for each whale sighting were number, group size,
direction of t~avel,' behavior, and vertical angle of animal to aircraft
for determining perpendicular distance from transect line. This
information was linked with the location and environmental condition
data to providQ a comprehensive sighting record for each animal.

2-9



Sonobuoys were also deployed from the aircraft along the transect lines
to monitor bowhead whale sounds. Sonobuoyswere used to complement the
observations by documenting the presence or absence of vocalizing
whales in the study area.

Compatibility of Data Bases

The 1979 and 1983 data bases were very compatible (Table 2-1). The
similarities between the 1979 and 1983 data bases included identical
survey platforms, flight and vessel speeds, and aircraft altitudes on
projects managed by the same person. Survey periods largely overlapped
and study areas included the marginal ice front from the St. Matthew
Island vicinity to the U.S.-U.S.S.R. convention line. The 1979 survey
also included the pack ice south and west of St. Lawrence Island.
Environmental conditions and sighting data were measured the same way
\'1hile ice conditions were measured slightly different during the two
years. Ice thickn~ss was measured only in 1983 and ice concentration
was estimated in oktas (1/8) in 1979 and deciles (1/10) in 1983. All
ice concentration estimates were converted to percentages. Lastly, a
line transect survey procedure was followed in 1983 and a strip
transect survey procedure in 1979.

The 1986 surveys were different from the 1979 and 1983 surveys in that
a much larger aircraft was flown ata higher speed and altitude. In
addition, the surveys were conducted earlier than the other two but in
the marginal ice front from the St. Matthew Island vicinity to the
U.S.-U.S.S.R. convention line. Surveys were also conducted in the open
water which was not attempted in 1979 or 1983. Data on environmental
and sighting conditions were collected in a manner similar to the other
survey periods. Ice concentration was estimated in deciles while ice
thickness was not determined in 1986. Lastly, a strip transect survey
procedure was used in 1986.

While differences exist among the three data bases, they are
sUfficiently compatibl~ to evaluate the association of bowhead whales
to sea ice. Ice conditions (floe size and ice concentration), effort,
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TABLE 2:-1

SURVEY CHARACTERISTICS OF THE 1979, 1983,
, and 1986 BOWHEAD WHALE DATABASES

FOR THE BERING SEA

I
I
I
I
I
'I
I
I
I
I
"

I
I
I
III,

Surve!y
Character,i stics

,

o Survey Peri od'
January i
February - March
March - Apri l'

o Survey Platform
- Type I.

Helicopter !(Sikorsky H-52-A)
Vessel (Pol~r Sea Icebreaker)
Airplane (P-3 Orion)

l

Survey Spee'd
65-80 kt I

170-210 kt I
6-8 kt (vesisel)

i
I

- Survey Altitude
150 - 230 n'l
305 m

,

o Data Collecdon Procedures
- Strip widtn

Bound (1.00 nmi)
Unbound ]

Environmen{al conditions
Visibility:
Glare

- Ice conditions
Ice concentration
Floe size
Ice thicknE~sS

- Sighting dAta
Number
Group sizei
Direction bf movement
Behavior '

o Location
Open ocean
Marginal ice' front
Deep pack ide
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1979

x

x
X

X

X

X

X

X
X

X
X

X
X
X
X

X
X

Data Base
1983

x

x
X

X

X

X

X

X
X

X
X
X

X
X
X
X

X

1986

x

x

X

X

X

X
X

X
X

X
X
X
X

X
X



and environmental conditions were estimated for all three survey
peri ods by usi ng simil ar procedures duri ng a time frame when bowheads
were present in the Bering Sea pack ice. These variables are necessary
for describing the bowhead whale-sea ice association.

2.2.2 Data Analysis

Before initiating data analysis, sea ice measurements were made
compatible among the data bases. Ice conditions in the 1983 data base
were estimated from both a vessel and helicopters. A paired t-test of
ice concentration at 68 matched locations showed the percent cover
estimates were significantly different (p<O.OS) between the vessel and
helicopter. Vessel observers consistently overestimated ice
concentration for areas exceeding-SO percent cover and underestimated
it in areas at or below this value when cbmpared to helicopter observer
estimates. Ice concentration values estimated from the vessel were
adjusted to match those from the helicopter, \'/hich are bel ieved to be
the most accurate values. The helicopter provided a vertical view of
the pack ice to observers compared to an oblique view from the vessel.
Furthermore, most of the total area surveyed (68 percent) was by
helicopter and helicopter observers counted most of the whales
(66 percent).

Two procedures were used to adjust the vessel estimates of ice
concentration. The first procedure was to use a regression equation to
adjust ice concentration values exceeding 50 percent ice coverage. The
regression equation was:

AIC = S.63 + 0.247 (VIC)

where:

AIC = Adjusted Ice Concentration (percent)
VIC = Vessel Estimated Ice Concentration (>SO percent)

2-12
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i

The regression ~as significant (p = 0:242), but the·r value·(0.16696)
was low. This lprocedure was, however, the best approach for adjusting
the vessel estimates for the higher ice concentrations (D. Chapman,
pers. comm.).

where: .

VIC = vess~l Estimated Ice Concentration (~50 percent).
!

Another inconslistency in the data bases that required adjustment was
the unit of me~surement for describing ice concentration. Ice
concentration ~as estimated in oktas (1/8) in 1979.and deciles (1/10)

I
in 1983 and 1986. These values were converted to percentages and

I

proportioned into the following categories for describing sea ice
I .

concentration rtn the project area during 1979, 1983, and 1986:,

A different prdcedure was followed to adjust the 50 percent or less ice-,
concentration values estimated from the vessel. There were too few

i ,
matched locations for ice categories within the 0 to 50 percent cover
range to develclp a regression equation. As an alternative, a linear
relationship wds derived by determining the average differences in the

I
ice concentration between the vessel and helicopter estimates for the

I
category with the highest number of matched location observations
(Figure 2-2) . Irhe AO to 50 percent ice concentration category had

I '
17 of the total 18 matched location observations with an average

I .
difference of j1.2 ,percent. A line was connected between this value

I

and the Origin\whiqh represented zero ice; both vessel and helicopter
observers would accurately estimate areas having no ice. One matched
location for ai, intermediate ice concentration (20 percent) fell near
the line whichlsupported the assumed linear relationship. The ice
concentration ~stimates for the vessel were adjusted in the 0 to
50 percent cat&gories from the following equation:

!
AIC = 0.624 (VIC) + (VIC)

55 percent
65 percent
75 percent
85 percent
95 percent
100 percent

45 ­
'55
65 ­
75 ­
85 ­
95
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VESSEL ESTIMATED ICE CONCENTRATION
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Figure 2-2 Actual and adjusted ice concentration estimated by
vessel observers during 1983 survey
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This categoriz~tion was chosen because it provided higher resolution in
the extreme caJegOrieS that are most accurately estimated in the field
and broader re~Qlution for the intermediate categories that are more
difficult for dbservers to visually distingui~h. Other ice condition

j
features including floe size and ice thickness were not adjusted for

I ".the data bases.1 Floe size estimates were sufficiently accurate for
analysis since lthe size categories were ~uch broader and, therefore,
more accurately estimated than ice concentration. Ice thickness was

I
only recorded in 1983. Ice nomenclature followed that of the World
Meteorological iOrganization (1970).

I '
The analysis of the association of bowhead whales with sea ice centered

!
on the availabillity of area in which an observer could see a whale in
the pack ice d~rin~ a survey. The only area a whale could be seen was
in open water ~r grease ice. Grease ice is sufficiently thin to permit

\ ,

an observer to/see a whale. Whales normally could not be seen through
first year ice.:. Therefore, ice concentration was adjusted for grease
ice by treatinlJ itas water. Whale association with the pack ice was

i
correlated with the availability of open water including grease ice
within the eleten concentration categories. Since ice concentration

I

and floe size ~"ere not independent (p<O.OOl) variables (i.e., floe size
increased as iJ:e concentration increased) and ice concentration best
reflected the !ivaiiability of surveyable area, it was the primary
characteristiclused to explain bowhead association with ice.

i
I
l .

The analysis olf this relationship was conducted in two broad steps.
The first steplwas'an analysis of the presence or absence of bowhead
whales in the ari9us ice concentrations. The purpose of this analysis
was to predict~ presence or absence of whales for a given ice,
concentration.j The second step was an analysis of this relationship'
for those area's in which whales were present. The purpose of this
analysis was tio predict number of bowhead groups in a specific ice, '

concentration Iprovided whales were present. The analyses were done for
" .

each survey year and all years combined.. '
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The presence or absence analysis step was conducted in two phases. The
first phase was to incorporate the entire data base into the analysis
by using both the trackline and whale locations. Tracklines were
divided into 3,403 segments that corresponded to changes in ice
concentrations. The distance surveyed in each segment was linked to a

specific ice concentration and the presence or absence of a whale.
There were 3,291 trackline segments without whales and 112 segments

with whales. A second phase of the analysis was to evaluate the
presence or absence of whales for the variables ice concentration and

persistence of open water. Inclusion of this latter variable assumed
that if whales were associated with the availability of open water in a
given ice concentration then the persistence of that water may be
important in predicting presence or absence.

Persistence of open water was evaluated for 126 cells (5 min. latitude

by 10 min. longitude) from NOAA satellite imagery. Each cell was
classified according to six categories: 1) open water surrounded by

ice, 2) mixed ice and water, 3) closed or frozen, 4) open ocean,
5) cloud covered, or 6) no imagery. The cells were classified by
superimposing'a transparency of the cell locations onto a satellite
image photo and determi ni ng the persi stence category for each cell.
Image distortion was compensated for by manually adjusting the image to
fit a rectified map developed for the respective image. One hundred
and sixty of 265 total photos examined were sufficiently cloud free for

analysis. This included 70 days of coverage between January and
April 1979, 65 days between January and April 1983, and 25 days for
January 1986 (Table 2-2). Photo coverage was generally complete for

each of these months, which overlapped the survey periods and time
bowheads inhabit the Bering Sea; time constraints limited the 1986
analysis to the January survey period. While temporal coverage was
good, spatial coverage was variable as described by the categorical
percentages of cell s visible per photo (Table 2-3). In general,
however, the persistence values were derived from a large base of
imagery somevo/hat evenly distributed across the months and the study
area.
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TABLE- 2-2

NUMBER OF DAYS OF USABLE NOAA SATELLITE IMAGERY FOR DETERMINING
PERSISTE:NCE ,OF OPEN WATER AT 126 CELLS IN THE STUDY AREA

, DURING 1979, 1983, AND 1986

Month 1979 1983 1986

January 9 19 25
February 20 20 0
March 21 22 0
April 20 12 0

Total 70 65 25

TABLE 2-3
I
I

NUMBER OF DAryS OF USABLE NOAA SATELLITE IMAGERY WHERE A PERCENTAGE
OF THETIOTAL. 126 CELLS SAMPLED WAS VISIBLE FOR DETERMINING

THE PERSISTENCE OF WATER DURING 1979, 1983, AND 1986
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The statistical procedures used to analyze the presence or absence
relationship to sea ice were the chi-square and the multiple
regression. Stepwise multiple regression was used to predict presence
or absence of bowheads for the dependent variables of ice concentration
and persistence of water.

Given whales were present, the second step in the analysis was to
predict number of bowhead groups per nautical mile of water in the
various ice concentration categories. Chi-square and stepwise multiple
regression were used to test this relationship. The dependent
variables used in the regression were ice concentration and persistence.

2.3 RESULTS

A total of 133 groups representing 239 bowhead whales were observed in
the Bering Sea pack ice during 12,561 nmi of survey in 1979, 1983, and
1986 (Table 2-4). Approximately 60 percent of the whales were recorded
in 1979, 25 percent in 1983, and! 15 percent in 1986. Correspondingly,
survey effort was highest in 1979 and lowest in 1986. Weather
conditions during these survey periods were quite variable but they
seldom affected the observability of the whales from the survey
platforms'. The influence of wind speed on the water was greatly
reduced by the pack ice. Fog and blowing snow hindered the
observability of bowheads, so surveys were' not conducted during these
conditions.

2.3.1 Distribution and Group Size

Bowheads occurred in all three zones of the pack ice (Figure 2-1a).
Numbers were highest in the southern zone or marginal ice front t lowest
in the central zone, and intermediate in the northern zone. The
northern zone was surveyed in 1979 when whales were widespread in each
of the four survey units. The central zone was surveyed in 1979 and
1986 when whales were recorded both southeast and southwest of
St. Lawrence Island. The southern zone or marginal ice front was
surveyed during all three years. Whales were widely distributed in the
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rABLE 2-4

EFFORT AND NUI~BER OF BOWHEAD WHALES OBSERVED III THE STUDY AREA, 1979, 1983, AI'lD 1986

1979 1983 1986 rOTAL-
Survey Survey Survey Survey

Sampling distance distance distance distance
Zone Uni~ (nm) Number Groups (nm) Number Groups (nm) Number Groups (nm) Number Groups

Northern 9 696.6 30 12 0.0 --£I -- 0.0 -- -- 696.6 30 12
.. _.~ --~_ ... ---~_ .....-... .~ - -"-'T-O'~ .. ~-- ---'S4"B:~?-'--7- ~-~-·"J:-O~---;.;.-_Y_--~-- -·,O-;-D·-=·------·==,,~~--y---·548-o·l·-··-·7·- ~~7----- - --

11 341.5 11 7 0.0 -- 0.0 -- -- 341.5 11 7
12 348.0 3 2 0.0 -- -- 0.0 -- -- 348.0 3 2

~- -._" ...... ,...• - - -"- _. -_.- "" .--'-

Subtotal 1,934.2 51 28 0.0 -- -- 0.0 -- -- 1,934.2 51 28

Central 13 316.8 3 2 0.0 -- -- 0.0 -- -- 316.8 3 2
14 369.2 0 0 0.0 -- -- 0.0 -- -- 369.2 0 0
15 332.5 0 0 0.0 -- -- 0.0 -- -- 332.5 0 0
16 0.0 -- -- 0.0 -- -- 587.9 3 2 587.9 3 2

N Subtotal 1,018.5 3 2 0.0 587.9 3 2 1,606.4 6 4I -- --.....
U)

Southern or 24 289.0 0 0 213.6 0 0 672.6 14 7 .1,175.2 14 7
Marginal 25 924.7 86 52 831.9 20 14 620.4 21 9 2,377 .0 127 75
Ice Front 26 809.7 0 0 1,027.9 40 18 111.2 0 0 1,948.8 40 18

27 807.7 0 0 687.9 0 0 16.7 0 0 1,512.3 0 0
28 712.2 1.£1 1 886.2 0 0 0.0 -- -- 1,598.4 1 1
29 0.0 -- -- 408.9 0 0 0.0 -- -- 408.9 0 0- - - -

Subtotal 3, 54{!oo3• ..§l II .4Aq§.~~ §Q 11 Id?Sl·9 ~~ li. ..~,020.6 lli ill
TOTAL 6,496.lJ 141 83 4,056.4 60 32 2,008.8 38 18 12,561.2 239 133

!I Zones and the associated sampling units corresponded to the Inorpho1ogy of the pack ice irrespective of geography.

~I Dash signifies the unit was not surveyed .

.£1 An additional ten groups representing 18 bowheads were recorded north of unit 28.
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front but relatively high numbers of whales were concentrated near
St. Matthew Island in Units 24, 25, and 26. ' The distribution was

extremely clustered in 1979 at longitude 173°W, and in 1983 at longi­

tudes 173°W and 174°W (Figure 2-3). The whales were more scattered in

1986 between longitudes 171-173°W when surveys were conducted in Jan­

ury and the ice edge was north of St. Matthew Island. These results
show that while bowheads \</ere widespread in the pack ice, they annually
concentrated in the marginal ice front from longitudes 172°W through
17SoW.

The distance of whales from the ice edge into the pack ice was variable

(Figure 2-4). Distance equalled the difference between the location of

a group of whales and the closest ice edge. t1easurements \</ere made

only when an ice edge could be delineated for the same day a whale was

si ghted. It woul d have been inaccurate to use ice edge posi ti ons and

whale locations for different days because of the highly dynamic
movements of the pack ice. Ice edge locations were delineated from
NOAA satellite imagery that was transferred to a base map and
gerigraphically rectified. The ice edge was defined as the southernmost,
boundary of the pack ice. The results show that bowheads occurred

close to the ice edge but also deep into the pack ice. Determination
of the ice edge boundary was limited, however, by the resolution of the

NOAA satellite imagery (1.0 km). Consequently, bowhead distribution in

the pack ice did not appear to be entirely associated with ice edge
location.

Whales encountered in the pack ice were usually in small groups during

1979, 1983, and 1986 (Figure 2.,.S). Over 60 percent of the "'hales '.

recorded were singles. Group sizes did not exceed 6 animals except in

1983 when 1 group of 12 animals was recorded. A group was defined as
an aggregate 'of animals within three to five body lengths of each

other. These results contrast to much larger group sizes reported for
wha1es feedi ng in the Beaufort Sea (B. ~lursi g, pers. comm.). The group

sizes we observed over the three years demonstrate that bowheads winter
in small groups. Furthermore, the animals were not travelling in a

consistent direction, which suggests they were overwintering and not
engaged in a major movement (Figure 2-6).
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Figure 2-3 . Survey: effort and number of bowhead whales recorded at each longitude
degree I,in the marginal ice front - 1979, 1983. and 1986.
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Figure 2·4. Frequency distribution of distances of bowhead whales from the ice edge into

the pack ice--1979, 1983, 1986.
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Figure 2-5. Percent frequency of bowhead whale group sizes observed in 1979, 1983, and 1986.



2-24

Figure 2·6. Directional orientation of bowhead whales in the study area during 1979 and 1983.
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I .

The pack ice of~ the study area was characteri zed by ice concentra ti on
1, .

and floe size for each of the three survey years (Tables 2-5, 2-6,

2-7). Ice cond:entration was adjusted to el iminate grease ice and to
treat it as opJn water. Grease ice is an early stage of sea'ice

j, •

development. It was treated as open water for the following reasons:
I

1} grease ice is difficult to consistently distinguish from open water
to accurately ~stimate ice coverage; 2} the ratio of grease to first

I
year ice cannot: be ,distinguished in an ice concentration category which
combines thesejice :types into a single value of ice coverage (i.e., 55

to 65 percent ice concentration category could have 50 percent first
I . .

year ice a~d 5ffi percent grease ice of the total ice or a variety of
combinations w~ich~cannot be determined from the category); 3} bowheads

I

are observableiin grea~e ice from a survey platform but not first year
ice; therefore~ grease ice and open water within the pack ice are

•
essentially id~ntical for detecting bowhead whales; and 4} our analysis

I "
of the association of bowheads and the pack ice centered on the
observability ~f the area available to bowheads from the survey
platforms. Cohsequently, ice concentration estimates were adjusted for

I
grease ice so that 'the categories were more comparable and suitable for
analysis of bO~hea~ occurrence. The biological im~lications of this
modification a~e unclear since the data are insufficient to determine
if bowhead 'whales equally use open water in the pack ice and grease ice.

I ,,
I

The characteristics of the pack ice in the study area were generally
I .

simil ar among ~he three survey years except for the southern extension
of the pack ic6 (F~gure 2-1). The pack ice advanced approximately
90 nmi further)south in 1983 than in 1979. The 1979 ice conditions
were milder than average (Potocsky 1975). In 1979, the pack ice
advanced until :approximately the fourth week in March when the
prevailing winds changed from northeast to south'and pushed the pack

I

ice northward [Sal0 et al. 1980}. Conversely, the 1983 ice conditions
I .

were more sevei~e t~an average (Potocsky 1975). The pack ice advanced
until approxim~tely the first week in April when a change in the
prevailing win~j direction initiated its northward retreat (Wilson
et al. 1984). ,During. both 1979 and 1983, the surveys at the marginal

I
,:1
':1

:1
:1
I
I
I
I
I
;

I
I-,
I
I
I
I
I
I,.
I
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Table 2-5. Ice characteristics of study area adjusted for grease ice~ March - April 1979

Percent area coverage of each Percent area coverage of Total
Samp- Percent ice concentration category each floe size category area
1ing area" Pancake- Medium- Vast- sur~eyed

Zone unit of ice 0-5 5-15 15-25 25-35 35-45 45-55 55-65 65-75 75:.85 85-95 95-100 sma 11 large giant (nm )

Northern 9 55.4 - 3.0 2.9 2.8 5.7 11.3 19.6 20.1 17.4 12.1 5.1 0.0 50.3 39.8 9.9 696.6
10 42.1 2.0 8.3 13.1 15.8 16.2 14.9 . 14.2 10.0 4.9 0.6 0.0 49.9 38.0 12.1 548.1
11 74.6 0.0 0.0 0.0 0.0 0.2 1.6 17.5 31.4 31.6 17.7 0.0 13.7 32.1 54.2 341.5
12 73.9 0.0 0.5 0.6 0.9 l.:.§. 4.6 11.8 26.6 31.2 22.0 0.0 --h!! 25.3 67.9 348.0

SUbtotal~/ 58.4 1.6 3.6 4.8" 6.7 9.0 12.4 16.5 19.4 16.9 9.1 0.0 31.9 34.4 33.7 1 934.2

Central 13 76.5 0.0 0.0 0.0 0.0 0.4 3.3 10.6 27.3 33.6 24.8 0.0 2.6 15.9 81.5 316.8

14 78.8 0.0 0.0 0.0 0.2 0.5 0.5 5.1 26.8 37.4 29.5 0.0 0.2 8.7 91.1 369.2

15 78.3 0.0 0.4 0.5 0.3 0.3 2.4 6.8 23.5 32.8 29.1 3.9 10.5 15.5 74.0 332.5

N

SUbtotal~/I 77.9 0.0 0.1 0.2 0.2 0.4 2.0 7.3 25.9 34.7 27.9 1.3 4.3 13.1 82.6 1 018.5N
0'">

Southern 24 73.4 0.0 0.0 0.9 1.8 2.71 3.7 12.0 26.7 30;9 21.3 0.0 27.9 46.9 25.2 289.0

01argina1 25 50.4 15.1 8.6 5.9 5.8 5.4 7.5 10.0 11.5 12.5 12.6 5.1 36.2 28.8 35.0 924.7

ice front) 26 48.1 2.9 2.0 6.5 13.6 20.4 18.7 14.8 11.5 7.0 2.1 0.5 93.2 6.3 0.5 809.7

27 24. 1 41.9 15.2 6.3 7.4 8.3 6.2 3.5 2.3 2.5 4.0 2.4 31.8 7.7 60.5 807.7

28 54.7 1.2 3.9 6.5 ~ 11.0 12.8 ' 18.5 18.5 13.5 5.1 0.0 20.8 28.1 51.1 712.2

SUbtotal~/ ~ .L1.d. 1& .§.J! g 1O~4 ~ l1i 12.1 .l2.. 7 L"i b.Q iiJ. P~6 32.,3" 3}43.3

Total 55.0 8.3 4.9 4.6 6.5 8.5 9.7 12.3 16.4 16.4 11. 1 1.3 31.2 24.6 44.2 6 496.1

!/ Mean values except for total area surveyed.
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Table 2-6. Ice characteristics of study area adjusted for grease ice, February - March 1983

Percent area Percent area

coverage of each ice concentration coverage of each floe size Total

Sam- Percent category category area

p1 ing area Pancake- Medium- Vast- surveyed

Zone unit of ice 0-5 5-15 15-25 25-35 35-45 45-55 55-65 65-75 75-85 85-95 95-100 small large giant (nm2)

~--.....- .. ~-._-_.~ -~-, &~ _._-

" -
1.2'.' 1.7Southern 24 65.9 9.9 0.7 ' 1.2 5.5 9.0 21.7 33.1 16.0 0:0 6.3 4.8 88.9 213.6-

25 63.8 5.2 3.6 5.4 4.7 4. 1 3.9 9.8 20.0 20.9 15.5 6.9 0.1 12.9 87.0 831.9 ....;,

26 62.7 6.8 3.4 3.6 - 2.7 6.6 9.6 7.6 16.1 22.8 15.7 5.1 5.7 19.8 74.5 1 027.9

N 27 62.6 5.2 4.9 5.5 2.5 5.2 7.6 10.7 15.7 19.5 17.4 5.8 59.3 22.5 18.2 687.9
I

N
......... 28 51.2 19.0 9.7 1.4 0.9 2.5 6.3 14.1 18.2 14.7 9.6 3.6 24.8 33.8 41.4 886.2,

2Y 53.6 16.9 6.1, 5.3 h!! L1. .hl 6.9 29.5 26.8 -1.:1 0.0 52.3 12.5 35.2 408.9 .
-,

Total!1 59.7 10.1 5.2 3.8 2.5 4.3 6.3 10.0 18.9 21.0 13.4 4.5 22.1 19.9 58.0 4 056.4 ..;

!I Mean values except for total area surveyed.
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Table 2-7. Ice characteristics of study area adjusted for grease ice, January 1986

Percent area Percent area

Sam- Percent

coverage of each ice concentration

category

coverage of each floe size

category

Total

area

Zone

pling area

unit of ice 0-5 5-15 15-2S 25-35 35-45 45-55 55-65 65-75 75-E5 85-95 95~100

Pancake-

small

Medium-

large

Vast-

giant

surveyed

Cnm2)

Central 16 81.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2004 48.9 29.6 1.1 0.0 100.0 0.0 587.9

Southern 24 62.8 5.8 5.6 5.6 3.6 5.8 2.3 11.4 14.1 18.9 21.5 5.4 62.8 23.5 13.7 672.6
,

25 47.6 18.7 15.8 1.3 3.1 6.1 5.2 8.4 7.6 15.9 16.9 1.0 99.1 0.9 0.0 620.4
N . 111.2I 26 35.6 12.2 20.9 13.2 10.0 10.8 5.2 7.3 7.4 6.5 6.5 0.0 100.0 0.0 0.0
N
00

27 28.1 0.0 0.0 34.5 50.0 15.5 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 16.7

Subtotal 53.6 11.8 11.3 4.6 4.4 6.5 3.7 9.6 10.6 16.4 18.1 3.0 79.2 13.3 7.5 1 420.9

Tota1!/ 61.7 8.4 7.9 3.3 3.1 4.6 2.7 6.8 13.4 25.9 21.5 2.4 49.5 45.8 4.7 2 008.8

a/ Mean values except for total area surveyed.

4863a

_ ~,__J ,__I __ \__ - - -\ - -, - -- - -



,I

I
I
I
:1
I
I
I
I
I
I
I
I
I
I
I
I
I
':"":

I

'---...

ice front were conducted before the pack ice retreated and when it was
at or near its ,maximum' southern extent. The 1986 surveys were conducted
during January, considerably before the pack ice completed its southern
advance. The ~979 surveys of the northern and central zones were
conducted when:the pack ice was retreating, but the ice edge location
was considerably south of the survey areas. We can, therefore, generally
conclude that the 1979, 1983, and 1986 surveys were conducted before
spring breakuptwhen most bowheads were wintering in the Bering Sea.

Ice coverage i~ the study area was highest in the central zone, lowest,
in the marginal ice front, and intermediate in the northern zones
(Tables 2-5, 2~6, 2-7). The central zone had about 80 percent ice, ...

coverage in both 1979 and 1986. Ice coverage was consistently high
[

across this zo~e which featured large proportions of area in the higher
ice concentrati!on and floe size categories (Figure 2-7) ... These
characteristics show that this was a transition zone of extensive ice,

between the mor'edynamic northern zone and marginal ice front. The
marginal ice fi·onthad between 45 and 60 percent ice coverage during theI .
three survey years. Ice coverage consistently decreased from east to
west across thJ front between units 24 and 27, especially during the
less extreme iJe years of 1979 and 1986. The ice coverage pattern was

I .
very broken an~ it featured relatively equal proportions of area in a
wide variety of ice concentration and floe size categories. These
characteri stidare primari ly shaped by the action of the open ocean on, .

the front but ~lso by the presence of St. Matthew Island and its
associated polYnya. Ice coverage in the northern zone was also broken,
but less than 1n the front. The northern zone had approximately

! '
60 percent iceicoverage, which generally increased from east to west.
Ice coverage i~ this zone featured a wide variety of ice concentration.
and floe size categories that had larger proportions of area in higher
categories than observed in the front. St. Lawrence Island, the
northern Gulf of Anadyr and their associated polynyas, and the highly
active Straits of Anadyr between these land masses greatly influenced. ,

the ice covera~e patterns observed in this zone. These results show
that the pack lce in the northern zones and front was very broken and, .

provided more bpen'water for bowheads,compared to the much more
compacted central zone.,
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Bowhead whales were associated with a variety of ice conditions located,
in areas having p1ersistent proportions of open water that \-Iere

I

primarily near pdllynyas. Duri ng the three survey years, bO\'/heads
occurred in esse~tiallY every ice concentration category comprising the

pack ice (FigUre/2-8). The whales, however, were not distributed in
proportion to the availability of open water in each category

(p<O.05). The oJserved number of bowhead groups waS generally lower
I'

than expected fov' the a to 45 percent ice concentrati ons but hi gtler

than expected fo~ the 55 to 95 percent ice concentrations.
Approximately 55!percent of the 133 groups were associated with the 55

to 85 percent ick concentrations (Table 2-8). In the other
I '

concentrations, the observed number of groups approximately equaled the
1
j

expected number ii n the 45 to 55 percent ice concentrati on category
while no 'whales ~ere 'seen in the 95 to 100 percent category since it
was predominantl~ ic~ covered. There were no whales seen south of the
pack ice in the ~penocean nor were there whale vocalizations heard in

I
the open water d(lring 1986 when 10 sonobuoys were deployed between the
Pribilof Islandsjand the pack ice.

I ",.
Bowheads occurred in areas of the pack ice where there was a persistent

proportion of opkn water (Table 2-9). Persistence was defined as the
• I '

category with the highest frequency of occurrence. The locations of
I

126 cells that either contained a bowhead sighting or were randomly
selected from thle 'su~vey tracklille were examined from NOAA satellite
imagery to deter~inethepersistenceof open water over ti~e. Cells or
areas of persist~nt mixed or open water were assumed to be attractive

I

to bowhead whale~. A 15 to 30-day window centered around the date a
cell was surveyeh represented the time frame for sel ecti I1g the imagery

'/ "
to eval uate pers;istence. Between 4 and 10 days of usabl e satell ite

I :
images \'1ere avai'lable'for each cell. Chi-square analysis of a two by
three contingenct table comparing cells with and without bowheads to
persistence of w~ter;showed that the hypothesis of independence was
rejected (p~O.05? The observed number of cells with whales exceeded
the expected values for ice conditions with persistent mixed or open

I

water, whereas ,the reverse was the case for cell s wi thout whal es.
!

i
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. TABLE 2-8

PERCENT OF BOWHEAD WHALES RELATIVE TO PERCENT OF TOTAL OPEN WATER
AVAILABLE IN EACH ICE CONCENTRATION CATEGORY OF THE STUDY AREA,

1979, 1983, AND 1986

1979 1983 1986 Total
Ice PercentY Percent Percent Percent Percent Percent Percent Percent
Concentration Open Number Open . Number Open Number Open Number
Category Water Groups Water Groups Water Groups Water Groups

.. - - _. ,. ...,.- - " - -- ._" - -
~ - ----~ ..,~ -- ....._.. ~~,. ~. ".. .. - "- ...- .--. .. ..."._. ~ ~ _....~~~...- -_._--

0-5 17.4 16.9- 16.2 0.0 - 23.2 2.8 17 .9 10.9
5 - 15 10.2 7.1 13.3 7.8 20.5 2.8 12.6 6.7

15 - 25 8.7 5.2 8.9 10.9 7.5 0.0 8.6 5.9
25 - 35 10.7 6.8 5.2 3.0 5.8 2.8 8.4 5.4
35 - 45 12.1 8. 1 6.8 0.0 7.5 5.6 9.8 5.8
45 - 55 11.3 10.6 8.7 4.7 3.9 5.6 9.5 8.5

N 55 - 65 10.3 14.0 10.3 12.5 6.2 25.0 9.7 15. 1
I 65 - 75 9.3 14.2 14.9 26.7 9.9 22.2 11.0 18.3w

w 75 - 85 6.8 11.3 12. 1 26.6 9.8 16.6 8.8 15.7
85 - 95 3.2 5.8 3.6 7.8 5.7 16.6 3.7 7.7
95 - 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0-- --
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100;0

Total Groups -- 83 -- 32 -- 18 -- 133

Total Distance 2,601.7 -- 1,380.5 -- 675.4 -- 4,657.6
(nmi)

~/ Percent open water equals the proportion of the total open water (including grease ice) distance
surveyed in each ice concentration category.
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TABLE 2-9

OBSERVATION FREQUENCY OF THREE CATEGORIES OF SEA SURFACE CONDITIONS
IN THE STUDY AREA FOR LOCATIONS WITH AND WITHOUT WHALES

a/
Sea Surface Category-

Whale Open- Open
Present/Absent Closed Mixed Ocean Total

Cells with Whales 3 74 2 .!!/ 79
(9) E./ (62) ( 8)

Cells without Whales 12 25 10 47
-.i2l ( 37) (4)

Total 15 99 12 126 !l/

a/ Closed = 100 percent frozen, open-mixed =ice free to mixed with
sea ice, and open ocean = south of pack ice.

b/ Ce11 s wi th whales in the open ocean category were in the ·pack ice
near its southern terminus. Their inclusion in the open ocean was
due to the interpretation of the position from the satellite photo
images.

c/ Parenthesis signify expected value.

d/ Calculated x2 = 28.7.
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Approximately 95 percent of the cells with whales'were ranked in the
, ,

mixed and open water categories while ~1 percent of the nonwhale cells
were ranked in jthese categories. These results suggest that while
whales were associated with a variety of ice conditions, the locations
were in areas df the pack ice where mixed to open water were more
persistent than those found for a set of randomly selected nonwhale
1ocati ons. '1

I

I

Si nce these resiul ts demonstrated that bowhead di stributi on was
I .

influenced by ice concentration and persistence of mixed to open water
I ,

in the pack ic~, these variables were incorporated into regression, ,
equations to P1edi?t 1) presence or absence of bowheads in the pack ice
and 2) number (,If groups per nautical mile· if whales were present. The
presence or ab~;ence' analysis was conducted in two phases. The entire

I '
data base withQut persistence information was initially used to test

I
the relationship between ice concentration and presence or ,absence of
whales. The rE~greSsiOn was, however, not significant and the
r2(0.005; CV=!541,percent) was low because of the large number of
segments without whales (3,291 segments without whales, 112 segments
with whales). IA second analysis was conducted for 581 segments that
were in 126 celTs evaluated for persistence of open water. There were

I
111 whales in 19 cells and 470 trackline segments without whales in 47

I
cells. Persistence was expressed as the percent of total days of .
usable imagerylaccording to each of the six categories described on
page 2-16. Th~ persistence of water variable was included with the ice
concentration ~ariable. The regression was not significant but the
r2 (0.059; cv l 200 percent) increased 12 times abov~ that of the,,
initial analys1is. The first variable selected in the forward stepwise
regression wasl persistence of percent mixed ice (MP) and the second
variable was the arcsine of the percent area of water adjusted for
grease ice for) ice':concentrati~n (CGWA). The inclusion of the second
variable increlased the r2 from 0.027 to 0.059. The resulting

, I,:

equation for predicting number of groups (N) was:
I ' , .
I

N = 0.0023 + 0.5 * MP + 0.0034 * CGWA., ,; :

i

2-35



While the relationship is not conclusive, it is suggestive that areas
in the pack ice with a persistent mix of ice and open water influenced
the bowhead distribution in the Bering Sea.

Given that whales were present, a regression equation was developed to
predict. the number of bowhead groups per nautical mile of open water
from ice concentration and persistence of open water in the pack ice.
A forward stepwise regression analysis selected two forms of the
variable concentration. but not p~rsistence of open water. The r2

increased from 0.31 (cv = 99 percent) for the arcsine of the percent
area of ice adjusted for grease (CGA) in a given ice concentration
category to 0.41 (cv = 92 percent) for the percent area of water
adjusted for grease (CGWTR) in a given ice concentration category. The
resulting equation for predicting number of groups per nmi (NPN) \'ias:

NPN = -21.2 + 0.38 * CGA + 21.7 * CGWTR.

2The r values calculated for each survey year from these variables
were 0.47 (cv = 95 ~e~cent) for 1979, 0.45 (cv = 84 percent) for 1983,
and 0.69 (cv = 46 percent) for 1986.

2.4 DISCUSSION

In this study, equations were deve}oped to predict both bowhead whale
density and presence/absence of the whal es from a variety of ice
parameters. The coefficients of variation and the confidences
interpreted for such predictive equations were, hO'llever, extremely
large and the results may not be useful for management purposes.
Results are in part inconclusive due to tile number of observations on
which the analyses were based, as well as the small number of whales
sighted within these observations. The results were, however,
suggestive that ice concentration is probably a variable influencing
bowhead distribution in the pack ice of the Bering Sea and that the
persistence of some open water in the pack ice may influence the
geographic areas inhabited by bowheads. While the capability to
predict bowhead distribution from ice conditions is inconclusive, the
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resu1 ts of the study pravi de the most comprehensi ve descripti on of
bowhead whale o~currence in the Bering Sea pack ice since Townsend

J -

(1935) charted the commercial catch distribution.

I
i

The results sho~ that bowheads were widespread in the pack ice, but
they were more ~~onfi ned in the margi na1 ice front. Bowhead

j

distribution inj the marginal ice front was very clumped in 1979 and
1983 when inten~ivesurveys were conducted across a broad swath of the
front. The majbrity of the whales observed in 1979 and all the whales

I
observed in 198;3 were in the vicinity of St. Matthew Island. 140reover,

I
a proportion ofl the two bowhead distributions overlapped. The \~hales

I
occurred primar~lY as singles, distributed in a northeast-southwest
direction west !of St. t~atthe\" Island. Whales inhabited this area when
the pack ice wa~s present i rrespecti ve of the 1ocati on of the ice lI edge ll

which was consiberably farther south cif St. Matthew Island in 1983 than
in 1979. Thei~ locations corresponded to the western bo~der of the
St. Matthew Isl,and polynya. The St. Matthew Isl and polynya was vi si bl e
on sate" ite i~ageS coveri ng 17 percent of the days between February
and April 1983 trTable 2-10). The minimum size of the polynya visible
in the images iveraged over approximately 300 nmi 2 during these
months. AlthoJgh the island vicinity was obscured by clouds most of

Ithe time dud ng these mOnths in 1979 and 1983, the po1ynya ;s normally
present throug~out the winter when the prevailing noftheast ~inds blow

the ice awa~ f10m t~e island.
,.

Bowhead distri8ution was more widespread in 1986 when the ice front was
J " ' •north of St. M~tthew Island, but the whales occurred 1n a band of

longitudes braclketing St. ~,1atthew Island. The advance of the pack ice
south would haJe almost certainly pushed these whales into the vicinity,
of St. Ma~thewIIsland. These results and those of 1979 and 1983.

strongly suggest that bowheads move south with the advance of the pack
ice from St. LAwrence Island to the vicinity of St. Matthew Island
where a substaJltial number winter near-the polynya. The importance of,
this area is c6rroborated by sightings by Burns (unpublished data) of

I

three groups of five bowheads west (2) and north (1) of St. Matthew
Isl and on 4 ani! 8 April 1971. Hanna (1920) reported furthermore that

l-

•
I
;
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TABLE 2-10

OAYS (N) OF USABLE NOAA SATELLITE IMAGERY AND MINIMUM AVERAGE ex + SO) SIZE (nm2) OF T~E
-POLYNYAS AT ST. MATTHEw ISLAND, ST. LAWRENCE ISLAND, AND THE NORTHERN GULF OF ANADY~/

January February March April
Polynya Location

and Year N x + SO Range II x + SO Range N x + SO Range N x + SO Range.

St. Matthew Island
1Y79 --- --- -3 147 + 72 lUI - 230
1Y83 --- 4 272 + 106 199 - 424 Y 432 :.- 696 87 - 2,250 4 985 + 852 54 - 1,710
1Y86

St. Lawrence Island
197Y --- 15 l,346.:t:. 774 256 - 3,105 15 952 + 637 322 - 2,468 8 2,646.:t:. 1,644 682 - 5,431
1983 10 605 + 252 275 - l,U85 9 -673 + 217 ' 402 - 991 15 l,188.:t:. 1,008 169 - 3,476 8 l,045.:t:. 503 527 - 2,021

N 1986 21 723 + 636I 147 ., 3,121
w -

00

Gul f of Anadyr
1Y79 5 88U + 784 397 - 2,26l! 13 808 + 574 110 - 1,759 23 l,024.:t:. 388 473 - 1,802 17 5,Y21.:t:. 5,7U8 790 ., 25,715
1983 9 2,260.:t:. 1,567 57Y - 4,938 8 1,071 .:t:. 585 158 - 1,768 16 2,275.:t:. 1,235 500 - 5,367 11 2,229.:t:. 1,210 385 - 4,427
1986 22 1,2% .:t:. 1,206 220 ., 5,575

2./ I'olynya area was delineated on NOAA satell ite imagery and digitized into a computer which rectified the images to a USGS base map and calculated the
area. Polynya sizes represent minimum area since frequently the polynya was partially obscured by clouds. The sample sizes (N) represent
essentially all the usable.imagery for each month. Only January was examined in 1986.

486l:ia
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large numbers of bowhead whale bones were scattered along the beach of-
St. Matthew Islilnd during a survey in 1916. Our results in conjunction
with others idehtify the ;mport~nce of the St. r"'atthew Island vicinity
. I . ,
where the polyn,rya probably serves asa refuge to bowheads from heavy
ice sin~e open ~ater or water covered with thin ice (new ice) are
always availabl~ when the pack ice is present (Stirling and Cleator

.1981) . l
Whales also occ~rred elsewhere in the marginal ice front but our
observations sdggest the numbers are much smaller then around
St. Matthew Islbnd. Most whales historically and more recently

1 .

occurred between Cape Navarin and St. Matthew Island, although'
Leatherwood et lal. (1983) recently reported a bowhead southeast of the

I "
island in the nront. A reason for the disparity of bowhead occurrences
across the froJt is, unclear bui whalers hist~riCallY hunted much more
intensely in th1e front near Cape Navarin than at St. Matthew Island
(Bockstoce and (Botki n 1983). If the soci al structure of the bowhead
population is organized for young animals to learn range location by
fo 11 owi ng 0 1de~ more domi nant animals as is found in many spec'i es of
ungulates (GieJt 1971), then the higher occurrence of bowheads at

I
St. Matthew Island may derive from a larger number of older whales that
were not harveJted from the population and have maintained tr~ditional

I
use of the area.

I
I
i

In addi ti on tolthe '~arginal ice front, substa"nti al numbers of" bowhead
whales occurred in the northern zone, south and west of St. Lawrence

. "I .
Island and less frequently in the central zone. Whales were spread

i r .,

across the northern zone in 1979. Since.this was the only year the
. I

northern zone was surveyed, the pattern of use coul d not be
I

corroborated. iSurveys by Russian scientists (Bogoslovskaya and
Votrogov 1981, IBOgOslovs~aya et al., 1982) and observations by the
Siberian Eskimos identify that the northern Gulf of Anadyr has been

I '
tradi ti ona11y inhabited by ~owheads duri ng the \'li nter and spri ng. Thi s
area contains A large polynya that recurs each year. Furtherm~re,

,
whalers historically reported whales in this area and the St. Lawrence
Island vicinit) (Aldrich 1889, Cook 1926, Bodfish 1936, Tomilin 1957).

I
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Whales are also known to winter and migrate near St. Lawrence Island
where Eskimos continue to annually hunt them. Whales occurring near
St. Lawrence Island were associated with the St. Lawrence polynya. The
St. Lawrence Island polynya was visible on NOAA satellite imagery
covering 43 percent of the days between February and,April 1979 and 35

percent of the days between January and April 1983 (Table 2-10). The
minimum area of the polynya visible in the image, while quite variable,
averaged over 600 nmi 2. The northern Gulf of Anadyr polynya was
visible 48 percent and 38 percent of the days between January and April
1979 and 1983, respectively (Table 2-10). The minimum area visible on
the images, while quite variable, usually averaged over 900 nmi 2.
Cloud cover obscured both of these polynyas most of the time and
frequently precluded determining their absolute daily sizes from the
images. These" polynyas, like the St. Matthew Isla~d polynya, are
consequently present e~ch year and probably provide a refuge for
bowheads from the heavy pack ice during winter and spring.

The few whales observed in the central zone in 1979 and 1985 were
widely spaced. During 1979, the whales were closely associated with
those seen south of the northern coast of the Gulf of Anadyr. The
whales observed in 1986 were considerably south of the St. Lawrence
Island polynya, in relatively heavy ice. The few whales observed in
the central zone may be due to the small amount of open water available
for seeing whales from a survey platform. In addition, this general
ar.ea of pack ice between St. Lawrence and St. Matthew Islands

, .
characteristically featu,res areas of extensive and heavy ice (Potocsky
1~75) that dlo not provide consistent areas of open water for whales to
inhabit during t1arch/April when ice is at its maximum extent and
development.

In general, the results of these studies show that bowhead distribution
is associated with areas having very dynamic ice conditions. The ice
conditions around St. Lawrence Island, St. Matthew Island, and the
northern Gulf of Anadyr include recurring polynyas while the area
between St. Lawrence Island and the Gulf of Anadyr is in the highly
active Strait of Anadyr. Moreover, the marginal ice front is very
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dynamic because of its close association with the open ocean and the
i

associated wavE~ action on the pack ice. Because of the high activity
I

in these areas~ they feature a variety of ice conditions. That variety
corresponds to !the 'vari ety of ice conceritrati ons associ ated with
bowhead whalesj The broken features of these areas coupled with a
depend~bility df open water provide bowh~ads a refuge in the pack ice.

l" -

, i e

2.5 SUMMARY AND CONCLUSIONS

The distrfbutfln and association of bowhead whales fn t~e pack fce of
the Bering Sealwere determined from three data bases. The data bases
had 83 groups Jlf 141 bowheads in 1979, 32 groups of 60 bowheads in
1983, and 18 g~'oupi of 38 bowheads in 1986. ' A total of almost
12,561' nmiwer~ sur'veyed in the p~ck'ice from vessel and aircraft
during these yJars;'

I

I
The resul ts denilonstrated that bowhead whal es were wi despread in the
pack ice. Bowtlead~\ i nhabi ted the margi na1 ; ce front duri ng each of the
three survey yJ!ars.: Their numbers were relatively high in the vicinity
of St. MatthewlIsland. Whales were more evenly distributed in the
northern zone d)f the study area which -included St. Lawrence Island, the

I '
Strai ts of Ana~lyr, :and the northern Gul f of Anadyr. These areas have
very dynamic i¢e conditions and they feature more broken ice and

,
persistent oper:1 water than in the central zone where few whales were,
observed. Bowt:leads were correlated with a variety of ice
concentrationslwhich reflects the broken ice characteristics of the
northern and smuthern zones. Because bowheads were associated with sea
ice, regressioh equations were formulated to predict prese~ce or

I
absence and density of bowhead whales in the various ice concentrations
comprising the/pack ice. Small sample sizes, however, contributed to
low r2 values ~nd high coefficients of variation for the equations.
Consequently, the capacity to mathematically predict bowhead whale

i
association with sea ice was inconclusive.
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There are several important conclusions from this study, which provide
guidance for MMS to manage petroleum operations in the Bering Sea when
bowheads are present. The pack ice around the St. Matthew Island

-or,. • •

vicinity is an important wintering area for bowhead whales. The whales
appear to access this area by passively moving with the advances of the
pack ice. Consequently,'a band of. pack ice between St. Matthew and
St. Lawrence islands appears to be one possible movement corridor
during the fall and spring. This area should be recognized as a
potentially sensitive area for bowhead whales. Based on our
observations, few whales appear to advance with the pack ice beyond the
southern extreme of the St. Matthew Island area. T~e pack ice near St.
Lawrence Island and west into the n,orthern Gulf of Anadyr appears to
also be an important wintering area. Historic records indicate that
both these areas and the St. Matthew Island area have been
traditionally used by whales during winter. While these areas may be
sensitive to development, whales are obviously also scattered elsewhere
throughout the pack ice. This represents a more difficult management
problem that will require careful consideration .. The areas east of St.
Lawrence and St. Matthew islands appear to receive much lower use by
bowheads throughout the wintering period because the pack ice is
generally heavy and very compacted.
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3.0 SEA ICE MONITORING METHODS

. I
3.1 CHARACTERISTICS OF POTENTIAL MONITORING SYSTEMS

I
3.1.1 Introduc1tion'. ,

This section p)esents a comparative analysis of the current and

pote~tial methJds o~ observing sea ice conditions in the Bering Sea to
I

indirectly monitor or predict the presence of bowhead whales. The
I '

analysis consis,ted of, first, identifying those systems capable of sea
ice detection Jith current or potential application in the Alaska area
and, secondly, eval~ating the effectiveness of each of these systems, in
monitoring the sea ice margin pursuant to specified operational
criteria. The systems identified as having ice observation
capabilities cOnsisted of two categories: remote sensing and

I .
surface-based Observations. In the context of this section, remote

I
sensing is restricted to methods which record electromagnetic radiation

I

reflected or radiated from an object (Spencer and Krebs 1981). Nearly
I

all of the sys1tems,described in this section use the technology of

remote sensingl for ice observation and include s~tellites and
airborne/surface radar. Surface-based marine observations are
basically II po i/nt ll observations, more-or-less continuous along a IIline ll

from moored or! drifting bUOyS, or visual observations from aircraft.

1
Tables 3-1 and 3-2 enumerate the ice monitoring systems evaluated in
this section. IThese system~ were initially selected by virtue of their
current and pdtential ability to detect some parameter of the ice cover.

I

i
I

The effectiveriess of each technique in providing ice information
relavent to mdnitoring the winter presence of bowhead whales in the
Bering Sea werle ev'aluated in terms of their capabilities in detecting'
the morphology of 'the sea ice edge (i ncl udi ng drift rate) and the,
timeliness and method of data relay to government official~ (Minerals

I
Management Service) for monitoring purposes.
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~/ Measurement in parentheses signifies spatial resolution of system.

3-2

TABLE 3-1

CURRENT ICE MONITORING SYSTEMS AND GENERAL CAPABILITIES

1. Satell ites:

I
I
I
I
I
I
I
\,"'-

I
"

I
I'
I

--

I
I
I
I
I
I
,I

ice extent/internal
geometry/inferred ice age

Ice extent/internal
geometry/some topography

1st yr ice extent

sea ice-water boundary

sUbjective mapping of most
ice features

ice-water boundaries/
flow sizes/leads/some
topography/some ice age

same as 2.b

ice-water boundary
individual targets

ice target detection
ice target velocities

Geosat (1985-88)
radar altimeter (8 cm)

Advanced TIROS-N (NOAA) (1.0 km)~/
scanning radiometer
(HPRT broadcast: 1.1 km)

Nimbus 7
passive microwave radiometer
(25 km).!I

Landsat 4 and 5
visible/infrared radiometers
(80 m)

b.

a.

d.

c.

2. Airborne:

a. Visual

b. Real Aperture Radar
(Side Looking Radar)
(30-400 m)

c. Synthetic Aperture Radar
active microwave (6-12 m)

d. Marine Radar
pulse compression

3. Rig- Land- Ship-Based Radar



3-3

TABLE 3-2,

FUTURE:ICEMONITORING SYSTEMS AND GENERAL CAPABILITIES

la/ Measurement in parentheses signifies spatial resolution of system.
I

I
'I
I
I
I
I
I
I
"~I

I
,I
'I
"

",I
,I'
~' .

':1
"I
I'
I

1

1., Satellites:!

a. NOAA H~M (through the 190s)
visible/infrared radiometers

I,
b. Defens~ Military Satellite

Program (DMSP) (1987- mid 90's)
passiv~ microwave radiometer
(25 km)

I
c'. ERS-l (1989-92)

synthetic aperture radar
(30 m) j

I· '
d. Radars(lt (1990)

1. synthetic aperture radar (26 m)
2. adv~nced very high resolution

radliometer-visib1e/IR (1.1 km)
3. mod~lar optoelectronic

multi-spectral scanner (30 m)
I

e. J -ERS-'il (1991)
synthetic aperture radar
l'f. Alpha and Beta Polar Platforms

(earlyl-mid 1990's)
s~nthe~ic ape~ture radar
ml crow;ave radlometer
radar tal timeter

2. Point Obse~vations:
. l

I
a. Sonobu'oys r .

echo s:oundi ng

b. Moored buoys
sUbmerigi bl,e buoys

.1

same as present series

ice edge/ice cover/1st year
ice vs. old ice

ice edge/internal geometry
topography inferred ice
types/thickness/physical
properties

same as l.c

same as 1.c

Alpha, same as l.b and 1.c.
Beta, same as 1.b.

pack ice-present/absent
possible ice properties
requires research

pack ice-present/absent
possible ice coverage
requires development



3.1.2 Methods

The operational criteria against which the systems' capabilities are
compared are based on requirements established by MMS for an effective
ice monitoring system. An effective ice monitoring system must be
capable of detecting those ice characteristics significantly associated
with bowhead whale habitat while allowing near-real ,time accessibility
of the information by the users. A discussion of each of the
operational criteria follows.

Ice Characteristics

The results in Section 2.0 show that bowhead whales are associated with
a variety of ice conditions. The whales were observed in essentially
every ice concentration category and they were widespread in the pack
ice. Areas of the pack ice'where bowheads were most commonly observed

featured a mosaic of broken ice combined with a persistence of open
water or open water mixed with sea ice. These two ~ea surface
conditions were evaluated according to their presence or absence in 6 x
6 nmi cells examined from satellite imagery. Other ice characteristics
considered included floe size and ice thickness. Floe size, however,

was not an independent variable because it increased' in size with
increasing ice concentrations. Ice concentration was felt to be a
better measure for jUdging whale association with sea ice. Ice
thickness was evaluated because bowheads were observed in grease ice.
Their occurrence in the more advanced ice thickness stages was not
examined because observers could not detect whales in young or older
ice. A full discussion of these results is given in Section 2.0.

While the results in Section 2.0 show only broad rel~tionships between
bowhead whales and sea ice, the following ice Characteristics must be
detectable for an ice monitoring system to effectively identify areas
likely to be associated with bowhead whales.
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I
o Extent of pack ice - the presence of pack ice in the Bering Sea

1-
between November and June signals the associated occurrence of

•bOWhead Whales. The southern margin of the pack ice or ice
I

edge m~st be detectable to within a 1 km resolution from an ice
monito~ing system to determine the pack ice extent.

I '
o Presence of water in pack ice - ice concentration combines

ratios of water to sea ice cover. Since whales were observed
in ice concentrat;ons ranging between 5-15 percent and
85-95 percent ice coverage, an effective ice monitoring system
must bJ able to detect ice concentrations (0-100 percent)

. I. 'h k'comprlslng It e pac lce.
I '

o Presence of grease ice - grease ice, an initial stage in the
1

development of sea ice, was treated as open wat~r in the
I ,"

Section 2.0 analysis of ice concentration. Bowheads were
observkd in grease ice « 5 cm thick). Since there can be
I' -

large Continuous areas of grease ice in the pack ice (i.e.,
POlynY)ls), :they must be detectable from an ice monitoring

, i

systeml'to effectively identify potential bowhead Whale use
areas.

I
Consequently, ~the system must be able to detect the ice edge, ice
concentration,l and~grease ice (from older stages of ice development) to
be effective fpr m6nitoring potential bowhead whale use areas. While
these characte~istics were used to evaluate ice observation systems,
the capabi 1i tires of each ice observati on system exami ned were defi ned
according to ~ comprehensive suite of sea ice characteristics. These
systems could ~hen' be reexamined relative to advances in defining the
association o~ bowhead whales with sea ice.

I
I

The capabilit~es of the currently available and futu~e ice observation
systems are given in Tables 3-3 and 3-4. Only ice features relevant to

1

the Navarin Bdsin environment (landfast ice or multiyear ice were not
I
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TABLE 3-3
CAPABILITIES OF CURRENT SYSTEMS

IN DETECTING CHARACTERISTICS OF THE BERING SEA ,ICE COVER

Nimbus
NOAA Series 7 Landsat Geosat

Vi sual IR SMMR MSS (Altimeter) Comments

Ice Concentration:
Open Water (10%) X X X
Very Open Pack (10·-30%) X X X X
Open Pack (40-60%) X X X X
Close Pack (70-80%) X X X X
Very Close Pack (90% 100%) X X X X
Compact Pact (100%) X X X X

Ice Thickness Inferred by Age:
New IceY X X X

Frazi 1 (Scm)
Grease (Scm)
Slush (Scm'
Shugu (Scm)
Dark Nilas (Scm)
Light Nilas (S-lOcm)
Ice Rind (Scm)
Pancake (lOcm)

Young Ice X X X
Gray (l 0-1 Scm) X X X
Gray-White (lS-30cm) X X ,X

First Year Ice (30-120cm) X X X X
Thin First Year (30-S0cm)
Medium First Year

(70-120cm)
Thick First Year (120cm)

Forms of Floating Ice (Di ameter) :
Pancake (3m)
Brash (2m) X
Ice Cake (20m)

~/Small Floe (20-100m) ~/ X
Medium Floe (100-S00m) ~/ xEI X
Big Floe (SOOm-2km) X X X
Vast Floe (2-10km) X X X
Giant Floe (lOkm) X X X

Ice Edge: X X X X
Compacted X X X
Diffuse X X X
Ice 1imit X
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I
aj New ice is inferred th\"'ough other fractures.
~j Floe categories are inferred through tonal appearance.

TABLE·3-3 (Continued)
, 'CAPABILITIES OF CURRENT SYSTEMS

IN DETECTING CHARACTERISTICS OF THE BERING SEA ICE COVER
I

resolution
1imtted

resolution
1imi ted

inferred
through other
features

by sequential
images

by sequential
images

by sequenti a1
images

some

major zones
major zones

Comments

X

X
X
X

X

X

X

X

X

x
X

XX

X

X

X

X

X

X

X

X

X

X

X

Nimbus
NOAA Series 7 Landsat Geosat

. Visual IR SMMR fvlSS (Altimeter)

I
.I

Compacting

Openings in the Ice:
Polynyas

Fracture
Fracture Zone
Leads

Diverging

Ice Surface Features:
Level Ice
Rafted Ice
Ridged Ice

New Ridge
Weathered Ridge j

Very Weathered Ri dgl~
Aged Ridge .
Consolidated Ridge I

State of Melting:
Puddled
Thaw Holes
Dried Ice
Rotten Ice
Flooded Ice

Pack Ice Deformation:
Fi nger Ra fti ng
Rafting
Ridging
Fracturing
Hummocking

Pack Ice Motion
Processes:

Sheari ng

I·
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I
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I
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I
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Notification Procedure

The monitoring system must provide reports of the position and rate of
movement of the ice cover to the Minerals Management Service, Regional
Supervisor for Offshore Field Operations, Alaska DCS Region, and to
field officials of the oil and gas companies within 3 hours of
observation.

Ice observations must be made frequently enough to allow time to is?ue
a warning when rapidly moving sea ice is still 220 kmfrom the oil and
gas platforms and moving at a maximum rate of 80 km per day. The
minimal observational frequency was decided to be once per day once the
ice edge moved to within 300 km of a platform and continued advancing
southward at an 80 km/day rate.

I
I
I
I
I
I
I
\ ~

,I,
I.,

I
I
1
'I
I'
'I
I·

-.

'. '

,I
I
I

system, or combination of systems, is
night in all weather conditions between.

Operational Frequency

Operating Capacity

An effective ice monitoring
required to operate day and
December 1 and May 31.

included) were considered in the evalution. In addition, the capacity
. .

of an observation system to detect classes of ice thickness was based
on distinguishing the ice development stage or age (i.e., gray vs.
white ice). Although short pulse radar (microwave systems) has been
shown to measure ice thickness accurately to 5 cmfrom altitudes up to
2 kilometers (Schertler et al. 1975), there are no fully operational
systems in current use (Inkster, personal communications). The sea ice
nomenclature used in this section follows that of the World
~leteorological Organization (W~10) which is based on ice morphology
(Dunbar 1969).
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TIROS Polar:'-Orbiting Environmental Satellites (NOAA Series) - The
Advanced V~ry High Resolution Radiometer (AVHRR) on the NOAA
satellite ~eries provides visual and thermal infrared imagery (TIR)
of sea ice/conditions at 1 km resolution (NESDIS 1985). Current
practice is to maintain two satellites in orbit, therefore
providing ~Orning and afternoon observations of the Bering Sea with

I, '
track scans measuring nearly 3000 km across. Visible imagery is

I
used for ice analysis during the spring period while infrared

I

imagery isluseful during the winter when low light conditions'
'predominat(~. The presence of clouds precludes routi,ne observation
of the icelconditions. '

The data a~e broadcast in real time to both Automatic Picture
Transmissibn (APT) and High Resolution Pictu~e Transmission (HRPT)
, I
users (NESDIS 1984). In the Alaska area the AVHRR data are
received a~ the NOAA-managed Command and Data Acquisition Center at
Gilmore Crbek. The data are recorded and retransmitted via
satell ite ito Suitland, Maryland for central processing. The data
are routed to NOAA's National Weather Service Forecast Offices in
Fai rbanks land 'Juneau vi a dedi cated terrestri al communi cati on, 1
circuits for local processing. The satellite imagery is
distribute1d to commercial users through either the GOES-TAP (TAP
signifies Ithe 'capability of the system to tap into various
programs) lprog'ram or WSFO-TAP Program. The customers are
responsible for providing their own terminal display equipment,

~ "

acquiring:appropriate telephone communications, signing an
agreementlwith the government and, for the GOES-TAP, paying both an
initial cdnnection and annual service fee.

I

Satell ites:

3.1.3 Results and Oiscussion

TechniquesExami~atio~ of IC~ Observation
(Curr~nt Capabilities)

j
I

3.1.3.1

I,
'I
I
I
I
'.~ !

I
':1

·1·
I~::,' '

j

,I
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Interpretation of the NOAA satellite imagery by experienced
analysts and digital enhancements of the infrared imagery permit
the delineation of several characteristics of the ice cover (McNutt
1981, Mullane 1978, McClain 1978) as shown in Table 3-3. Ice
concentrations (or percentages of ice coverage) are estimated on
the appearance of the gray-shades while individual ice features
such as ice floes, ice edge, and leads are perceptible within the
capability of the sensor's resolution. Enhancements of the

I

infrared imagery which entail the assignment of specified
temperatures to levels of gray shading facilitates the detection of
ice types, particularly the youngest ice forms and the ice-open
water boundary by surface temperature differences (Hufford 1981,
Jayaweera 1976). Pack ice motion processes are determined through
comparison of consecutive observations of lead and polynya
formation and closing. Techniques are also available for the
automated determination of ice motion vectors using two-dimensio~al

correlation analyses on consecutive images. The presence of
melting ice is indicated by subtle changes in the gray tones or
texture of the the imagery.

Table 3-4 shows the NOAA system's compliance to the operational
requirements. The NOAA system fulfills all requirements except it
does not satisfy the requirement for all-weather observational
capability. It was shown, during the t4arginal Ice Zone Experiment
in the Bering Sea, that the ice edge'derived from the NOAA imagery
was in close agreement with ground observations (Cavalieri et al.
1983, Cavalieri and Gloersen 1983). The lack of a geographically
rectified base map, however, can lead to some errors in the mapping
of ice conditlons.

Land Satellites (Landsat) - Landsat platforms 4 and 5 are in near
polar, sun synchronous orbit but at a lower altitude than the
TIROS-N series. The primary earth-observing instruments on these
spacecraft are the Multi-spectral Scanner (MSS) and the Thematic
Mapper (Tr4). 'Both the MSS and TM scan the earth at swath wi dths of

3-10
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TABLE 3-4
I '

COMPLIANCE OF THE TIROS-N POLAR ENVIRONMENTAL SATELLITE SYSTEM
I

TO THE OPERATIONAL CRITERIA FOR A FEASIBLE ICE MONITORING SYSTEM
I
!

I
185 km. The resolutions of the MSS and TM sensors are 80 and 30

, meters, re1specti vely. Themati c Mapper data are not taken over the
I

Beri ng Sea' due' to the posi ti on of the Track i ng and Data Rel ay
Satellite ~(TDRES). A second TDREs was lost in the Challenger space

i
shuttle d~sast~r, thU~ TM data will not be taken for the Bering Sea
in the near future.

l
Landsat i~agery (MSS data only) is processed at the Landsat Quick

I
Look Facility :at the University of Alaska in Fairbanks. Hard copy
prints of Ithe images are dispersed to the users via air courier
express. The ,time between data receipt and del ivery to the users

~ -,

is about 5 hours.

Ice Edge

.........,..

X

x

x

x

x

x
X (AVHRR IR)

System Compliance
Yes NoRequirements

Within 3 hr after
observation

Once/day

All-weather/
day and night

Locati on (l km)

~ 5 cm, grease

0% - 100%

Reporting Timel

\

!

Operating
Capabilities

Feature

Ice Concentration
I
I
I

, I
Ice Thickness/Age

Observing Freqlency
(must allow fof adequate

I

l,ead time for \'Alert")

Environmental I

I
I'
I,

I,
I
:1
t

~ -.,.

t
I
(....~'
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The high resolution capability of the MSS sensor in combination
with the high reflectance of ice in all of the MSS spectral bands
allows the detecti on of numerous features of the sea ice cover

(McNutt 1981, Campbell et ale 1975, Stringer et a1. 1980) as shown

in Table 3-3. The MSS visible range is useful for mapping ice

concentrations, ice edge; and qualitatively distinguishing thin ice

from thicker ice. Lead patterns and ice floe distributions are
easily identified by virtue of high contrast linear features
(Campbell et ale 1975). Melt features are revealed through low
reflectance level in the near-IR range. While individual ice
features such as ridges, hummocks and rafted ice are not
distinguishable on the Landsat imagery, major ridge systems (40 m
wide by 10 km long) are reliably identified (Stringer et ale 1980).

Operational use of the Landsat imagery for ice detection in the
Bering Sea is limited by cloud cover and spatial and temporal
coverage. According to Dr. Miller (pers. comm.) of the Quick Look
Facility in Fairbanks, the Landsat system provides observation of

some part of the Navari[l Basin for 7 days in a .row every 9 days.
Dense cloud cover precludes ice observation; however, "significant"

ice detail can be obtained through thin clouds (Stringer et a1.
1980 ).

As Table 3-5 shows, the Landsat system does not satisfy all of the
operational criteria established for Navarin Basin ice detection
system. The imagery has sufficient resolution. to identify those
ice conditions associated with bowhead whales, but the routine use
of Landsat imagery is hampered by cloud cover and limited areal and
temporal coverage of observation over a specific area. The time
between observation and delivery of the information to the

1

operators and r~r1S personnel exceeds, by2 hours, th~ minimum time
requirements.

3-12

•
II
I
I
,I,

I
I
I
·1
I

\..~,
t
II

...

'I,
I:
'I
:1,

I
I



3-13

i

2.-/ Quick Lookl Landsat imagery available from the University of Alaska
4 to 5 hourS after data receipt.

I

TABLE 3-5
"

COMPLIANCE OF. THE LANDSAT SATELLITE SYSTEM TO OPERATIONAL
CRITERIAIESTABLISHED FOR A FEASIBLE ICE MONITORING SYSTEM

Nimbus 7 ~ The Nimbus 7 satellite has a passive microwave sensor, ' .

called the Scanning Multichannel Microwave Radiometer (SMMR). The,
highest f~equency channel (37 Ghz) is processed to 25·km

1

resolution. Algorithms have been developed to provide contours of
first yea~ sea ice concentrations in percent which have agreed well
with grou~d truthing in the Marginal Ice Zone experiments
(Cavalieri: eta1. 1983, Cavalieri and Gloersen 1983). In addition,
the .81 C~ pol~rization was able to distinguish between new, young,
and first:year ice types (Johnson et a1. 1985).

x
X

A11-\'/eather/
day and night

Within 3 hr after
observation

System Compliance
Requirements Yes No

0% - 100% X

Location (1 km) X

~ 5 cm, grease X

Once/day X

Reporti ng Time:
!
i
I

Environmental
Operating
Capabilities

I
Ice Concentration

I

Feature

Ice Edge

Ice Thickness/~ge
I

Observing Freq~ency
(must allow for adequate
"Alert" lead t~me)

I
," -

'I'
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Though the Nimbus 7 satellite continues to be active, the SMMR data
are no longer available to the marine community due to budget

restraints,within NOAA. We have, however, provided information on
the application of SMMR data to ice detection since there is a, ,

possibility that SMM~ data will be available in the future.

Additionally, experience acquired by the ice research community in

using SMMR data for ice detection will be the basis for evaluating
the potential capability of future satellite systems which will
carry instrumentation similar in the SMMR capabilities.

Table 3-3 identifies those ice characteristics t~at have been
obtained from the SMMR by algorithmic extraction. Quantitative
fractions (in increments of 10%) of first year (.and multi-year) ice
are provided by algorithms developed by Swift (1984) and private
sector entities. Though field experiments have shown the sensor to
have some capability in discerning young ice forms, more research
is required to relate microwave emission to the actual aging of sea
ice (Swift 1984).

Tabie 3-6 shows the compliance of the Nimbus 7 passive microwave
system to the operational requirements. The coarse resolution of
the system precl udes fulfi 11 i ng the ice edge detecti on requi rement
,of 1 km, and limits the interpretation of ice concentration values
of the pack ice. The system does meet the environmental operations
capabilities, but the actual operation and reporting traits can not
be determined until the SMMR data dissemination is resumed.

Geosat .. The U.S. Navy's GEOSAT, launched in March 1985, is a polar
orbiting satellite carrying a radar altimeter. The precision is
about twice that of the SEASAT-A altimeter (Sherman 1985).

Experience with the SEASAT-A and GEOS-3 satellites show that
altimetry accurately determined the position of the sea ice
boundary without ,weather and illumination limitations (Dwyer and
Godin 1980). In principle, further analysis of the return pulse
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I
a/ Compliances baseq on previous experience of the use of SMMR data

for Marginal Ice Zone field studies (SMMR data not currently
available ~or operational use) .

• TABLE 3~6

COMPLIANCE~/~ OF NIMBUS 7 SATELLITE SYSTEM TO OPERATIONAL
CRITERIA!ESTABLISHED FOR A FEASIBLE ICE MONITORING SYSTEM

shape can ~ive information on ice characteristics of the inner pack
ice (JOI Report, 1985). T"'~ sea ice boundary is detected with an

- -I,

accuracy Q:f +l- 8 km (Sherman 1985).

X

x

x

x

System Compliance
Yes No

x
X

Possible

Once/day

Within 3 hr after
observation

Requirements

Location (1 km)

All-weather/
day and night

~ 5 cm, grease

0% - 100%

A readout ~of the GEOSAT digital data occurs at John Hopkins
University with further dissemination to the Naval ResearCh
Facility ~t Bay, St. Louis, MS and then to the Fleet Numerical
Oceanogra~)hicCenter (FNOC) at Monterey, CA. The radar altimetry

I,

data are presently not available to the marine community, although
the techniques for operational use are under development. Also,
GEOSAT is'presently undergoing an orbital revision, after which it

I

will repeat o~bits every 17 days (instead of once per day).
I

,.

Envi ronmental
Operating
Capabilities

Reporti ng' Time:
I,

i
I

Ice Concentration,
Ice Edge

Ice Thickness/Age,
1

Observing Freq~ency
(must allow for adequate
"Ice Alert" leAd time)

"Feature

I
'I

"I
I
I
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TABLE 3-7
COMPLIANCE OF GEOSAT SATELLITE SYSTEM TO OPERATIONAL

CRITERIA ESTABLISHED FOR A FEASIBLE ICE MONITORING SYSTEM

Table 3-3 shows the capabilities of the Geosat for detecting
characteristics of the sea ice cover. Currently, the only
information expected from radar altimetry is the'location of the
ice-open water boundary. Previous studies have gathered some
qualitative information on lower ice concentrations and very rough
information on higher ice concentrations (Dwyer and Godin 1980).
However, it is difficult to predict what kinds of information may
evolve from future research of radar altimetry.

Table 3-7 shows the compliance of the Geosat system to the
operational criteria. It is clear that this system \'Iill not supply
all of the information necessary to monitor the presence of bowhead
whales with regards to specific ice edge characteristics. Because
of the narrow field-of-view of the radar altimeter, it is unlikely
that dally coverage of the entire Navarin Basin will be obtained.
However" the turnaround time for accessing the processed altimeter
data will be within three hours according to Wilkerson (pers.
comm.) of NOAA.

Feature

Ice Concentration

Ice Edge

Ice Thickness/Age

Observing Frequency
(must allow for adequate
"Ice Alert" lead time)

Environmental
Operating
Capabilities

Reporting Time

Requirements

011 - 10011

Location (l km)

~ 5 cm, grease

Once/day

All-weather/
day and night

Within 3 hr after
observation
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System Compliance
Yes No

x

X

x

x (To be
revised
to once/
17 days

x
X

X
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Ai rborne Radar :Ice Survei 11 ance Technique:

I

Visual Reconnaissance - Aerial ice surveillance using visual ice
observing ~echniques has benefited the marine ferrying of cargo
though icy ~aters of both civilian and defense establishments along
Alaska's B~aufort Sea course. However, visual observation of ice

i

conditions iis limited by weather conditions (low ceilings, fog and
precipitatl0n) and by darkness. There may be times when good
weather CO~ditions and the urgent need for ice information coincide
to require:visual ice reconnaissance. It is the most effective and
inexpensiv~ method of obtaining real-time ice information (this
implies the use of a rig-based helicopter in lieu of charter

• I

aircraft from the operating area) .

T~ble 3-8 thowS the compliance of visual ice observing techniques
to the established operational criteria. The shortcomings of this
method are associ ated wi.th clouds and darkness obscuri ng vi si bil i ty
of the sea ice.

I

Side Looking Radars (SLR) - Side looking r~dars are active
i

microwave rmaging radars that include both real and synthetic
aperture radars. The principal difference between real and

I
synthetic aperture radars is resolution (Inkster 1984) which is

I

independen:t of; aircraft altitude. The resolution (30-40 meters) of,
the real aperture radar, or Side Looking Airborne Radar (SLAR) is

I •.

restricted by the length of the antenna that receives the radar
i '

signal. lhe synthetic aperture radars provide higher resolution
;

(6-12 meters) by using the motion of the aircraft to simulate a
larger an~enna. Both systems display similar capabilities in,
detecting :various sea ice features as shown in Table 3-9 (Lynden
et a1. 1984, Luther et al. 1984, Grittner et al. 1983, Hengeveld
1978, Losnchi1ov et a1. 1978, McNutt 1977). The lower resolution,,
of the SLAR is the only major difference between the two systems.

1

3-17



3-18

TABLE 3-8

COMPLIANCE OF VISUAL ICE RECONNAISSANCE TECHNIQUES TO 'OPERATIONAL
CRITERIA ESTABLISHED FOR A FEASIBLE ICE MONITORING SYSTEM

The SAR or SLR ice imagery can be telemetered to the user via a VHF
radio link when the aircraft is within a 330 km range. The user
receives a IIsnap-shot-1ikell view of the ice conditions (Lowry 1985).

This information can be "ea1-time imagery or' imagery recorded
earlier and stored on magnetic tape. This type of data conveyance
requires the user to have, at least, a system capable of
reproducing the radar iMage. The other method of delivering the
ice information is by telecopying the analysis to the user after
the aircraft has returned to the base of operations. This method
is practiced in the Alaska area, however, the time required for
performing the reconnaissance over the Navarin Basin, returning to
the base of operations and preparing the ice analysis would exceed
three hours.
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System Compliance
Yes No

Once/day

Requirements

All-weather/
day and night

Location (l km)

within 3 hr after
observation

0% - 100%

S. 5 cm, grease

Ice Edge

Ice Concentration

Environmental
Operating
Capabilities

Reporting Time

Ice Thickness/Age

Feature

Observing Frequency
(must allow for adequate
IIIce A1ert ll lead time)
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I TABLE 3-9

CAPABILITIES OF AIRBORNE RADAR TECHNIQUES IN
DE1ECTING CHARACTERISTICS OF tHE SEA ICE COVER

(Side Lookfng, Syn'thetic Aperture and Pulse Compression Radar)

• IIce Concentratlon: X X
Open Water (l 0%) i X X
Very Open Pack (10-30%) X X
Open Pack (40-60~)' X X
Close Pack (70-8~%) X X
Very Close Pack (90%100%) X X
Compact Pact (100%) X X

I
. I

Ice Thickness InfeY'redbyl\ge:
New Ice '. X X

Frazi 1 (5cm)
Grease (5cm)
Slush (5cm) X X
Shugu (5cm) I .X
Dark Nilas (5cm) X X
Light Nilas (5tlOcm)
Ice Ri nd (5cm) I

Pancake (l Ocm) I X
Young Ice I, X X

Gray (10-15cm)i ·
Gray-White (15t30cm)

First Year Ice (j30-120cm) X X
Thin First Yea~ (30-50cm)
Medium First Year

(70-120cm) ; X
Thick First Year (120cm) X

I
I

Forms of Floating Ice (Diameter):
Pancake (3m) : X
Brash (2m) I X .!?/ X
Ice Cake (20m) X X
Small Floe (20-100m) X X
Medi urn Floe (l 00~500m) X X
Big Floe, (500m-2km) X X
Vast Floe (2-10k!m) X X
_Gi ant Floe (lOkm') X X
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Ice Characteristicd

Ice Edge:
Compacted
Diffuse
Ice 1imit

SLR

X
X
X

SAR

X
X
X
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PC Radar

X2.1
X
X a/
Xa/
X"i/
X"i/
X,"!/

X b/c/
Xc/-
Xc/
Xc/
Xc/
Xc/
X ~/

X
X
X

Comments



TABLE 3-9 (Continued)
CAPABILITIES OF AIRBORNE RADAR TECHNIQUES IN

DETECTING CHARACTERISTICS OF THE SEA ICE COVER
(Side Looking, Synthetic Aperture and Pulse Compression Radar)

a/ Recognizable under special conditions.
b/ Classified indirectly by pattern recognition.
c/ Recognition requires confirmation by other methods.
0/ Inferred through other features.
e/ Inferred through the presence of fracture in ice.

3-20

Ice Characteristics

Pack Ice Deformation:
Finger Rafting
Rafti ng
Ridging
Fracturing
Hummocking

Pack Ice Motion Processes:
Shearing
Compacting
Diverging

Ice Surface Features:
Level Ice
Rafted Ice
Ridged Ice

New Ridge
Weathered Ridge
Very Weathered Ridge
Aged Ridge
Consolidated Ridge

State of Mel ting:
Puddled
Thaw Holes
Dried Ice
Rotten Ice
Flooded Ice

Openings in the Ice:
Polynyas
Fracture
Fracture Zone
Leads

SLR

x
X
X
x:Y
X
X
X
X

X
X
X
X
X

X
X

X

X
X
X!/
X

SAR

X
X
X
)(S!/

X
X
X
X

X
X
X
X
X

X
X

X

X
X
X
X

PC Radar

X

X

X

Comments

detected by
sequential
observations
observations

infer by ice type

li/.
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Time1ines: of delivery of ice information to users dependent on
factors a~sociated with scale of mission, location of operations'
base" and' data downlinking capabilities.

I
;

TABLE 3-10

COMPLIANCE OF AIRBORNE"SLAR/SLR SYSTEMS TO OPERATIONAL
CRITERIA ESTABLISHED FOR A FEASIBLE ICE MONITORING SYSTEMl .

Table 3-1~ shows the compliance of the airborne SAR/SLR systems to
the operational criteria. Both systems comply with all of the, '

operationdl criteria. As discussed above, the one possible problem
may be th~ physical limitations in delivery of the ice information

I

to indust~y and MMS officials in Anchorage within the three hour
time 1imii (based on previous experience, a four to five hour time, '

period iSJmor~ likely).
I

I
Pulse Comriression Maritime Patrol Radar - The Pulse Compression
(PC) Rada~ is an upgrade to standard marine search radar in terms

i

of better ;reso1ution and sea clutter suppression. The airborne
Pulse com*ression Radar is considered a potential ice monitoring
observati~n system for the Bering Sea because of field testing
conducted!over the ice fields off of Newfoundland, Canada. The

x
X

Possible 2.-/

X

X

X

X

System Compliance
Yes NoRequirements

Once/day .

A11-weather/
day and night

Within 3 hr­
after observation

Location (l km)

~ 5 cm, grease

0% - 100%

a/

Environmental
Operating
Capabi 1i ti es '

Reporti ng Timel

,
I

Ice Concentrat~on
I
IIce Edge
I

Ice Thickness/~ge '

Observing Frequency
(Must allow for adequate
IIA1ert ll state)1 ' '
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primary objective of the field tests was to determine the
capabilities of the radar (AN/APS-128) in detecting icebergs which
were occasionally embedded in the pack ice (Eaton Corporation 1984,
1985, Currie and Haykin 1985). The field tests showed that the
radar was capable of detecting ice targets with a radar cross
section of 0.1 to 0.5 square meters at ranges of 40 km. The ice
pack could be distinguished from sea clutter using scan to scan
integration and "slow decay" techniques. Pack ice was shown as a
speckled area and the density of speckles may be related to ice
concentration. The radar also showed some ability to provide a
gray-scale map of the interior of the pack ice.

Table 3-·9 shows the potential capability of PC radar for detecting
various sea ice characteristics based on ~he qualitative evidence
gained from the field test program discussed above. No field
studies ha~e been conducted to quantitatively relate return echo of
PC radar to sea ice characteristics (Inkster-Intera Technologies,
pers. comm.). As the table shows, the PC radar is capable of
detecting the ice water boundary (ice edge) and the pack ice. This
capability is diminished during certain atmospheric conditions.

Table 3-11 shows the compliance of the PC airborne radar system to
the operational criteria. While the system fulfills over half of
the operational criteria, it cannot be operated during heavy fog or
severe weather conditions and the products can not be quantified.
Without extensive field testing, it is not possible to determine
the capability of the radar to quantify source concentrations. The
primary capability of the system would be detecting the ice edge.

,

Ship-, Land- and Rig-based Radar:

. The use of rig-based radar for sea ice monitoring is currently used by
several oil companies in both the Canadian and Alaskan sectors (Intera,
LTD, pers. comm.) of the Beaufort Sea. Land-based radar systems have
been used by the Japanese to study ice movements off the Okhotsk Sea
coast of Hokkaido (Tabata 1975, Sonu and Aota 1985). Sea ice movements
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TABLE 3-11

COMPLIANCE OF PULSE COMPRESSION MARINE SEARCH AIRBORNE RADAR
TO OPERATIONAL CRITERIA FOR A FEASIBLE.ICE MONITORING SYSTEM

i

Environmental A11-weather/ xE./
Operating day and night X
Capabi 1iti es ,

I
Reporting Time , Within 3 hr X

after observation

1

through the Be~ing Strait have been monitored using land-based radar at
I .

Tin City, Alaslka. Land-based radars are mentioned since partial
I '

observation of, ice conditions in the Navarin Basin could be
" ,

accomplished through installment of a radar on Hall Island (northwest
I

of St. Matthew Island). Since these islands are environmentally
protected areais, the feasibility of such an installation is low. A,
review of the available literature reveals that the fundamental, ',
advantage of these systems is the capability of real-time ice

x
x

Possible~/

x

System Compliance
Yes ' NoRequirements

Location (l km)

0%-100%

.~ 5 cm, grease

Once/day

i
Only if t~rgets on the radar screen are defined as specific
concentra~ions through other observational means.

I
Requiremeht for low altitude flight limits aircraft operations to
"safe" wehther conditions while ice detection can be constrained
by sea clutter and some meteorological conditions., ..

I

b/

,
Ice Thickness/Age

I
,I

Observing Freq~ency
(Must allow for
adequate "Alert"
state) l

Ice Edge

i
I

Ice Concentration
~ ,,

Feature

JI
'.

:,!",,,',,'
, ,

I'
II
" .'

'I
i~t

'I' \

"I,
t
,I
'I"
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observation and the tracking of individual ice features. Shortcomings
include range limitations and signal distortion by environmental
factors.

Rig-based radars are currently used in conjunction with airborne and
other techniques to improve the range at which low lying ice floes can
be detected. The radar is, generally, a standard marine search radar
mounted on top of a derrick. Canadian Marine Drilling Ltd. uses a
derrick-top radar in combination with a standard "bridge top" radar.
With the use of a digital radar processor, the scans are integrated to
yield more efficient detection and floe velocity information. Targets
are typically detected within about 20 kilometers.

The literature surveyed does not provide information on the use of
ship-based radar for sea ice detection. It is assumed that this system
would have a configuration similar to the radar equipment used on the
stable rig platforms and, therefore, have similar system
characteristics and operational constraints (discussed below). The
obvious advantage of ship-based radar is that the ship can move to
within detection range of the ice edge and survey the ice margin along
a more or less continuous line.

The capability of sea ice detection by marine radar is affected by
atmospheric and oceanographic conditions (Straw, Furuno USA, pers.
cornm.). The moisture content and temperature of the sea ice and the
presence of rain or fog may attenuate the radar signal. High ocean
waves are often better detected than sea ice due to their high aspect
angle to the radar waves (otherwise known as "sea clutter l' ). These
disruptive environmental conditions are more likely to occur in the
Bering Sea than in the Beaufort Sea where the application of rig-based
radars for specialized ice detection have been successfully used in
this much different environment.
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Radar installed on mountain tops by Japanese researchers has been used'
to detail the behavior of ice floe movements. Features such as
polynyas, very 'high pressure ridges, and ice-open water boundaries were
identified as well. Other than the ability to increase the radar

1.

hori zon (a func:ti on of antenna hei ght), 1and-based radars operate no
differently frdm rig-based radars and hence, are sUbject to similar

~ ,

constraints in!icedetection. Considering the concept of installing
radar on Hall Island, the radar range would be on the order of 90 ,km

I

(assuming the ~adar was installed at highest elevation of 507 meters).,
The radar cou1 d be remotely controll ed by a VHF radi 0 si gna1 and the
information tr~nsmitted to the rigs by a radar relay system.

;

I

The capabi1ity!of marine radar to define various ice cover
characteristics is unclear. The literature reviewed does not reveal

i ;

the quantitative relationship of radar echo to ice floe sizes or ice,
concentration., However, ridges and leads are detectable out 'to a 12 km
range using a Radar Image Display System and the ice-open water
boundary is di~cernib1e when sea clutter is minimized by off-ice winds
or when the clutter can be averaged out by filtering techniques

I '

(Routledge, pe~s. comm.). Since, by definition, radar reflectivity, ,

depends upon tbe size, shape, aspect and dielectric properties at the
surface of the! target (Glossary of Meteorology 1959), studies have been
undertaken to ~uantify the relationship between ice features and radar
return. However, these studies are not available in the published

I .
literature. table, 3-12 provides what little information is available
on the capabil~tiek of rig-based radar in detecting various'sea ice
characteristic~.

The success ot ice detection by marine radar seems to be related to the
experience of ~he operator in conventional target plotting techniques

I

and recognitidn of targets over an extended time period. The targets
I '

to be monitored are initially identified by visual or aerial radar
observation and then tracked by rig-based radar.

I
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TABLE 3.,.12
CAPABILITIES OF RIG- UR SHIP-BASED RADAR IN

DETECTING CHARACTERISTICS OF THE SEA ICE CUVER

Rig- or Ship-Based
Ice Conditions Radar
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possible if targets
can be identified as
specific floes
from other sources

Comments

possible, requires
further research
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X
X
X
X

X

, I

Forms of Floating Ice (Diameter):
Pancake (3m)
Brasil' (2m)
Ice Cake (20m)
Small Floe (20-1UOm)
Mediu~ Floe (lUO-500m)
Big Floe (500m-2km)
Vast Floe (2-10km)
Giant Floe (lUkm)

Ice Edge:
Compacted
Diffuse
Ice 1imit

Ice Concentration: X
Open Water (lU%)
Very Open Pack (10-3U%)
Open Pack (40-6U%)
Close Pack (7U-80%)
Very Close Pack (90%-10U%)
Compact Pack (100%) .

Ice Thickness Inferred by Age:
New Ice

Fraz i 1 (5cm)
Grease (5cm)
Slush (5cm)
Shugu (5cm)
Dark Ni1as (5cm)
Light Ni1as (5-10cm)
Ice Rind (5crn)
Pancake (10cm)

Young Ice
Gray (1O-15cm)
Gray-White (15-3Ucm)

First Year Ice (30-l20cm)
Thin First Year (3U-5Ucm)
NediUlIl First Year

(7U-120cm)
Thick First Year (12Ucm)



TABLE 3-12 (Continued)
CAPABILITIES OF RIG- OR SHIP-BASED RADAR IN

UETEtTING CHARACTERISTICS OF THE SEA ICE COVER

I
1

Pack lee Ueformation~
Finger Rafting ,
Rafting
Ridging

,Fracturing "
Hummocking

Pack Ice Motion Proc~sses:

Shearing
Compacting
Diverging

Ice Surface Features:
Level Ice
Rafted lee
Ridged Ice

New Ridge
Wea thered Ridge,
Very Weathered Ridge
Aged Ridge ,
Con'sol idated Ri()!ge

I
II
I
t,
~I

"

'-'"

I,

",
'1\

~I:.
'I
:1
'/1"-'I '

,I
'>1\

"I,
I~

',I'•• ~ J

Ice Conditions

State of Melting:
Puddled
Thaw Holes
Dried Ice
Rotten Ice
Flooded Ice

Openings in the Ice::
Po lynyas '
Fracture
Fracture Zone
Leads

.~ I

Rig- or Ship-Based
Radar

x

x
x

x

x
X

X
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Comments

inferred by tracking

inferred by nature of
signal return



Table 3-13 shows the compliance of the rig-, ship- or shore-based radar
system to the operational criteria. The discrimination of ice
concentration may possibly be facilitated by some radar image. .
processing techniques based on correlations between radar echo and
target properties that have been determined by private industry. Given
current knowledge, identification of ice features is. possible only
through comparison of the radar image with "snapshots" of the actual
ice conditions taken by either visual or airborne radar
reconnaissance. Since the rig-based radar horizon is on the order of
20 km, this is far less than the 220 km radius required for advanced
warning of ice incursion.

3.1.3.2 Examination of Ice Observation Techniques (Future Capabilities)

Sa te11 i tes :

Special Sensor Microwave Imager (SSM/I) - The SSM/I is a pas~ive

microwave radiometer that detects thermal energy' emitted by the
earth-a1~osphere system in the microwave portion of the
electromagnetic spectrum which is unconstrained by light 'quality or
meteorological conditions. The resolution of the sensor is 25 km.
It will be capabl~ of determining the positions of the ice edge
within.!. 12.5 km and the sea ice cover within.!. 12 percent (JOI
Report 1985, Sherman 1985). The potential capability of the SSM/!
to detect sea ice characteristics is given in Table 3-14. These
determinations are tentative, depending on the resolving power of
the sensor.

One proposed satellite system will be configured with the SSM/I
sensor within the decade. A SSM/I will be installed on the
satellite for the Defense Meteorological Satellite Program (DMSP)
and launched in 1987. Almost total coverage of the polar regions
will be obtained every 24 hours (Sherman 1985).
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. TABLE '3-13

COMPLIANicE OF SHIP-, LAND-, AND RIG-BASED RADAR SYSTEMS TO
OPERATIfjlNALCRITERIA FOR A FEASIBLE ICE MONITORING SYSTEM

!
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Ice detection limited by some environmental conditions.
I

Possible~/

x

x

x

'1.£/

x~/

x

System Compliance
Yes NoRequirements

Within 3 hr
after observation

All-weather/
day and night

Location (l km)

0%-100%

.s. 5 cm, grease

Once/day

,
Only poss'ible' if targets can be identified as specific ice
features iby other observati onal means.

Applies to ship-based radar only. Rig-based radar ice detection
limited ~y radar horizon, therefore, lead time signalling an ice
warni ng woul d' be i nsuffi ci ent., "

I
Installat~on began on an interconnecting link among the Fleet
Numerical Oceanographic Center (FNOC), Air Force Global Weather
Central (4FGWC) and NOAA's .facilities in Suitland, MD in 1985. All
centers will exchange their products via ,a domestic communications

, ,

satellite 'link called the Shared Processing System. NOAA will
provide Level II data whic~ are time-tagged, earth-located,
geophysical units. This digital data will be available to the

I

community:through the National Weather Service. The SSM/I data may

b/

c/

Environmental
Operating
Capabilities

I

Reporti ng Ti me;

Ice Concentrat~on

Ice Edge

Ice Thickness/~ge,

Observi ng Freq\Jency
(Must allow ifor'
adequate "Allert"
state) !

Feature

4~1,

.il
~I'

I.,
I.
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'1\
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2! Recognition is strongly dependent on season and function of radar

TABLE 3-14
CAPABILITIES OF FUTURE SATELLITE SYSTEMS IN DETECTING

CHARACTERISTICS OF THE BERING SEA ICE COVER

Forms of Floating Ice (Diameter):
Pancake (3m)
Brash (2m)
Ice Cake (20m)
Small Floe (20-100m)
Medium Floe (lOO-SOOm)
Big Floe (SOOm-2km)
Vast Floe (2-10km)
Giant Floe (lOkm)

DMSP
(SSM/I)

,I­
II
I
,I
I
t
II'
I
:1'

t
I'
'"'"

I­
I'
1/
,I
~I~

system parameters.

I~

I

under certain conditions
under certain conditions
under certain conditions

if compacted

under certain conditions
under certain conditions

Comments

X

X
X
X
X
X
X
X
X

X
X
X
X

X
X

X
X
X
X
X
X

x2!
X

X
X
X
X

ERS 1
RADARSAT
JERS 1
(SAR)
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X

x
X
X
X
X
X

Ice Edge:
Compacted
Di ffuse
Ice limit

Ice Thickness Inferred by Age:
New Ice

Frazi 1 (Scm)
Grease (Scm)
Sl ush (Scm)
Shugu (Scm)
Dark Nilas (Scm)
Light Nilas (S-lOcm)
Ice Rind (Scm)
Pancake (lOcm)

Young Ice
Gray (l 0-1 Scm)
Gray-White (lS-30cm)

First Year Ice (30-120cm)
Thin First Year (30-S0cm)
r~edium First Year

(70-120cm)
Thick First Year (120cm)

Ice Characteristics

Ice Concentration:
Open Water (10%)
Very Open Pack (l 0-30%)
Open Pack (40-60%)
Close Pack (70-80%)
Very Close Pack (90% 100%)
Compact Pack (100%)



TABLE 3-14 (Continued)
CAPABILITIES OF FUTURE SATELLITE SYSTEMS IN DETECTING

;

CHARACTERISTICS OF THE BERING SEA ICE COVER
I

j,

Process(~s:,

JI,
~I

I~

Iv
t
I·'y-

~I, '.. ....

't
I,",, I

l.
,'1\

~I,
~"./

,'I
:1
'I'
\1
I~

:'1,

,:'

Ice Characteristics

Pack Ice Deformation:
Finger Rafting
Rafti ng
Ridging
Fracturing
Hummocking

Pack Ice Motion
Shearing
Compacting
Diverging

Ice Surface Features:
Level Ice
Rafted Ice
Ridged Ice

New Ridge
Weathered Ridge ,
Very Weathered Ridge
Aged Ridge' I
Consolidated Ridge,

State of Melting:
Puddled
Thaw Holes
Dried Ice
Rotten Ice
Flooded Ice

Openings in the Ice:
Polynyas
Fracture
Fracture Zone '
Leads

DMSP
(SSM/I)

X
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ERS 1
RADARSAT
JERS 1
(SAR)

x
X

X
X
X
X

X
X
X
X
X

X

X
X
X,
X

Comments

infer through other features

resolution limited for DMSP



3-32

According to the available literature, there are no algorithms
under development to extract ice types (ice thickness inferred)
from the SSM/I sensor data other than discriminating between first
year and multi-year sea ice. Such a requirement may be pursued by
private interests that receive the sensor data directly from the
satellite on a Local User Terminal. The timeliness of receiving
the data in a form useful for monitoring purposes depends on the
design of the Shared Processing System and the extent to which NOAA
parti ci pates.

The compl i ance of the DMSP satell He system to the MMS sti pul ated
operational requirements is given in Table 3-15. This system
should be capable of identifying ice concentrations and the sea ice
edge but the resolution will be low. As already mentioned (Section
3.1.3), the Marginal Ice Zone Experiments in both the eastern aryd
western Arctic showed that the passive microwave data from the
Nimbus 7 SMMR observation of the ice edge and ice concentrations
coincided to a high degree with ground-truth measurements by
aircraft. It is expected the SSM/I sensor will perform equally as
well.

Whatever the method of data retrieval, algorithms (computer
software) will need to be developed by industry to translate the
digital data into a form showing ice edge location and ice
concentrations. Algorithms are presently under development to make
the ice information routinely available for meteorologists at AFGWC
and the Navy's FNOC to support ship routing in the polar regions
(U.S. Air Force). Presumably, the data will also be available to
the Joint Navy/NOAA Ice Center in Suitland, MD for inclusion on
their ice maps transmitted to Alaska three times weekly on National
Weather Service circuits.
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TABLE 3-15

COMPLIANCE OF DMSP SATELLITE PROGRAMS TO
OPERATIONAL CRITERIA FOR A FEASIBLE ICE MONITORING SYSTEM

System Compliance
Feature Requirements Yes No

Ice Concentration 0%-100% ~/

Ice Edge. , Location (l km) X

Ice Thickness/Age < 5 cm, grease X

Observing Frequency Once/day X
(Must a11 ow tor
adequate "Al'ert"
state) •,

;

Environmental All-weather/ X
Operating day and night X
Capabilities

.
"Reporting .Time ~ Withi n 3 hr Possible

after observation

a/ To the nea'rest 10 percent only.
I
I

Synthetic Aperture Radar (SAR) - The Synthetic Aperture Radar is an
active mic~owave radar which electronically synthesizes the

I •

equivalent ~f an antennae large enough to achieve a spatial
reso1 uti on 'of a few tens of meters (Weeks and Baker 1985). The· .

usefulness ~f SAR in detecting most sea ice characteristics
I

unobstructe,d by weather .or darkness was proven by the Seasat-A
.sate11ite l~unched in 1978 (now defunct) and by numerous SAR

•
aircraft o~erf1~ghts.
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Three satellites containing SAR systems are scheduled for future
deployment:

1. ESA (European Space Agency) Remote Sensing Satellite #1 (BRS1)
1aunch : 1989

2. Canada's Radar Satellite (Radarsat): 1990
3. Japan's Earth Resources Satellite #1 (J-ERS-1): 1990

The SAR sensor capabilities for determining various sea ice cover
parameters (Weller et a1. 1983, Jet Propulsion Laboratory 1978) are
shown in Table 3-14. It is clear that these satellite systems will
provide detai1'ed information on the character of the ice margin for
all-weather, day and night conditions.

A SAR readout station will be established at the Geophysical
Institute at the University of Alaska in Fairbanks in 198a
(Weller et al. 1983). This station will receive a few minutes of
SAR data daily from both the ERSl and Radarsat satellites and
possibly the Japanese SAR satellite when they become operational in
1989 to 1991. Current p1ans'are to have a digital representation
of ice image made within 3 to 5 hours after the raw SAR data are
down1inked (Miller, pers. comm.). The digital image will be
available at the readout facility and relayed to NOAA/Navy Joint
Ice Center in Suitland, Maryland and to NOAA's ocean service
Anchorage facilities. The automated extraction of ice types and
concentration will depend upon the development of algorithms by
either research groups or industry.

Table 3-16 estimates the compliance of the fut~re satellite SAR
systems to the operational criteria. Experience with the Seasat-A
SAR and aircraft-borne SAR show that the sensors will likely be
capable of detecting those ice features found associated with
bowhead whales. The main drawback of the SAR imagery for
monitoring planning purposes is the temporal and spatial
limitations of coverage. Since minimum swath widths for ERS-1 and
Radarsat ice surveillance will be 80 and 130 km, respectively, it
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Pol ar Pl atforms':

i
I

I

is certain ~hat gaps in areal coverage will occur. The
determination of orbital configurations and SAR data allotments to

I

participati~g countries will depend upon research and operational
, f •

needs to b~ decided in future negotiations.

x

X
X

x
X

X

Possible~

System Compliance
Yes NoReqiJirements

All-weather/
day and night

Within 3 hr
after observation

Location (1 km)

S. 5 cm, grease

Once/day

'0%-100%

TABLE 3-16

COMPLIANCE OF SATELLITE SAR SYSTEMS TO OPERATIONAL
CRITERIA FOR A FEASIBLE ICE'MONITORING SYSTEM

i

\
Possible b~sed, on optimal program.

I
!

NASA's Polar Pl~tform is one of the planned elements of the Space,
Station Complex which will provide a unique vantage point for
moni tori ng oceainographi cprocesses (~lcEl roy and Schnei der 1984). A
precise date for deployment is not set and may be significantly delayed
due to the spade shuttl e di saster.

Environmental
Operating
Capabilities

Reporting Time:

Ice Edge

Ice Thickness/~ge

Observing Frequency
(Must allow for
adequate IIAltert ll

state) .

Ice Concentratipn

Feature

"I'
,i .'

,it

f
I
I
I,
I
·1
f
\t
,I
'1\,
II'
I,
~I

I
:1'

I



The system will consist of two platforms called Alpha and Beta
(collectively known as the Polar Platform). Both platforms will
contain a suite of oceanographic monitoring instruments which comprise
a part of NASAls "Earth Observing System" (EOS). Both platforms will
carry a Coarse Resolution Microwave Imager and a radar altimeter which
are similar in ice detection capabilities to the SSM/Ion the DMSP and
the radar altimeter on the Geosat satellite, respectively. A SAR,
based on Seasat and the Shuttle Imaging Radar (SIR) will be carried
only on the Alpha Platform and will provide all-weather ice imagery at
a ground resolution of 30 meters (McElroy and Schneider 1984, 1985).
This SAR, called a SEASAR, will be designed to satisfy both operational
and research requirements (Butle\ 1984).

Considerable attention will be paid to data processing and
distribution. Some processing will be done on-board for "qu ick-look"
purposes and direct broadcast. The direct bro~dcast scheme will be
similar to what is practiced now in the dissemination of NOAA satellite
imagery. It is speculated that SEASAR imageries of arctic sea ice
conditions (including the Bering Sea) will be directly downlinked to
the SAR readout station that is to be located in Fairbanks.

The Pol ar Pl atform wi 11 carry ice ,sensi ng i nstrumentati on that has
evolved from the missions planned for the 80's (DMSP, Geosat, ERS1,
J-ERSl and Radarsat) as well as from previous satellite systems such as
Nim~us 7 and Seasat-A.. The capabilities of each of these ice. ,

monitoring systems in detecting sea ice and meeting'operational
requirements has already been discussed. It is apparent that,
conceptually, the Polar Platform will provide a comprehensive coverage
of sea ice conditions at a frequenc~ sufficient to meet operational
requirements.

Buoys:

Three kinds of bUOyS are considered for ice detection purposes: ice
drift buoys, hydroacoustical buoys, and specially designed moored buoys.
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Ice Drift'E:uoys' - Ice drift buoys have limited application to this"
;

study, since it is difficult to determine from the drift data
r '

whether th~ buoy is on the ice or in the sea (Vinje 1978). This
discriminai:ion may ,be aided by the installation of a temperature

I " ..'

sensor on ¥he bottom of the buoy, but on~e having entered the water
their usef~lness for monitoring sea ice diminishes. Though their

I .

drift rate~ may give a good indication of wind velocity and~

therefore, iare useful for ice forecasting, this factor is only
partially ~elevant to the objectives of this study. In view of
these considerations, ice drift buoys are not considered a reliable
system for 'monitori,ng the Beri ng Sea ice edg,~.

Sonobuoys ~ Hydroacoustical measurements of the marginal ice zone
have included fixed and free drifting sonobuoy arrays (McPhee

i
1983). Hydroacoustic technology has also been applied to
monitoring :marine biology (Cummings 1983). Fixed location

hYdrOaCOus~iC techniques have been applied to under-the-ice
assessment of fish activity (Ehrenberg 1983). Apparently,
acoustical.~ech~iques have never been used to operationally monitor

I •

the advanc~ of the ice edge in any sea.

The proble~s associated with applying sonar techniques to
I

operational l ice; monitoring are formidable (Cummings and

Unterstein~r, p~rs. comm.). These problems are related to the
physical impact' of sea ice on the buoy system, data telemetry,

,

power need~ and interpretation of the acoustic signal. Submerged
buoys would, not be affected by drifting ice; however, the telemetry

of the data req~ires either an acoustic or hardwire link with an RF
transmitte~ on ~ moored surface buoy which would be vulnerable to
drifting se:a ice (Ehrenberg 1983). Also, technology needs to be

I

developed that minimizes power consumption, thereby diminishing the
need for fr~quent trips to recharge the batteries. .Since the

1 • •

acoustic signal' is unique for each material sensed, the task of
identifying the, signal of various sea ice forms would entail a

I

field progr~m involving the services of the few available experts
in acoustic~l to~ography. Ultimately, the interpretive process
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must be automated for a real-time observation network to be
viable. Further research on the application of acoustic or sonar
techniques for detecting sea ice is being sought by the U.S

Government for Antarctic ice monitoring purposes (Ehrenberg, pers.
comm.). A similar field program would be' required for the Bering

Sea before conclusions can be reached about the feasibility of
employing acoustical techniques for ice monitoring.

Table 3-17 estimates the compliance of hydroacoustical ice sensing

techniques (moored buoys) to the operational criteria. As the
table shows, there is potential for measurement of certain ice

parameters with no environmental limitations. However, it is
evident that a si~nificant research and development effort must be

undertaken to make this system viable.

Submersible Buoys - A moored buoy equipped with-an Argos
transmitter can be designed to be submerged under the advancing ice
pack with the cessation of transmission indicating the presence of
ice (McDowell, pers. comm.). A small, deep-moored buoy configured
with a salt water switch "duck-under" mounted on top of the antenna
can alternatively act to terminate the signal in the presence of a

saline solution (Anderson, pers. comm,). Thus, the first sign of
encroaching ice is-the sporadic (or continuous) loss of signal.

The ARGOS satel1 ite" capabil ity provides for monitoring the signal

from the buoys at ro'ughly. two hour interval s in the Navarin area.
The signal is received by the NOAA satellites equipped with the

Argos Data Collection and Location System (DCLS) which downlinks
the data to one of three existing telemetry ground stations. The
data are ultimately processed at the Argos Data Processing Center
in Toulouse, Franc.e. The data are di rectly accessed by

international 'Telex or a modem-equipped telephone. Data
acquisition-to-availability time averages four hours (ARGOS Users
Gui de 1984).
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a/ Possible given further study and field experience.

b/ Direct readout' only.
I
i

The data can also be transmitted to one of the NOAA satellites
(whichever !oneis in view of the platform) whiCh contain a VHF
beacon transmitter that continuously telemeters the data being
received. 'It can be downlinked to a Local User Terminal (LUT)
within a 1,.200 kilometer view-range of the satellite. The LUT
stores all ,of the data recei ved and when the satell i te has passed

\

from view, 'extracts the pertinent platform data. The number of
satellite passes within range of the Navarin Basin is about twelve
per day, th'eref~re, moni tori ng the status of the buoys can be
accomplished at least every three hours. Another data
communicati'ons method involves bouncing the radio signal off of
ionized me~eor burst trails (Sytsma and Leader 1982). Meteor burst
communicati'on allows the telemetering of data up to distances of

,

TABLE 3:"17

COMPLIANCE OF HYDROACOUSTICAL BUOYS TO OPERATIONAL
CRITERIA FOR A FEASIBLE ICE MONITORING SYSTEM

x
X

X

Possible!/

PossibleY"

PossibleY

System Compliance
Yes NoRequirements

Within 3 hr
after observation

All-weather/
day and night

Locati on (l km)

~ 5 cm grease'

Once/day

0%-100%

Reporti ng Time,
, I

,
Observing Freq~ency

(Must allow fior
adequate "Alert"
state) I

Environmental
Operating
Capabilities.

Ice Edge

Ice Thickness/~ge

Ice Concentration'

Feature

:,,11

,

'I,

'I
)1

'I
I
I
I
I,
I
,I.
'I'
v

I,
:1

1­
'I,
,I
'I'
I



'2,000 km. Since meteor trails are available every three minutes,

the status of the buoys can be determined more frequently than by
the system using the NOAA satellites.

Table 3-18 shows the hypothetical capabilities of the "submersible"
buoys for detecting va!"ious sea ice characteristics. Based on the
premise of the system, it is possible that the ice concentrations

can be empirically correlated ~dth the frequency of "duck-under"
events. Once the ice edge has passed over the location of the

buoy, the resumption of the signal and its duration may suggest the
presence of leads and polynyas.

Table 3-19 sho\'/s the capability of the submersible buoy ice
monitoring technique to meet the operational criteria. The
advantage of this technique is its potential reliability in timely

signalling of ice incursion within the 220 km radius of the rig
site and the subsequent tracking of the ice edge advance at a

relatively low cost. The capability of distinguishing various ice
concentrations, however, depends upon corroborating the system

response to changing ice conditions with ground"truthing (satellite
and/or airborne observation). Thi smethod wi 11 have to be used in

combination with other observation systems to fulfill the
ope~ational criteria since the parameter of ice thickness cannot be
determined.

3.1.4 Summary

The evaluation of the ice monitoring systems in te~ms of satisfying
system requirements is summarize~ in"Table 3-20. No ~urrent satellite

system, or combination thereof, will satisfy all of the operational
criteria for an effective ice monitoring system. Both the TIROS/NOAA
and 'the Landsat satellites are unreliable due to cloud limitations,
while Nimbus 7 passive microw~ve satellite is, in addition to its
questionable availability, lacking in resolution and rapid data

" ,
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TABLE 3-18
POTENTtAL CAPABILITIES OF MOORED SUBMERSIBLE BUOYS IN

DEtECTING CHARACTERISTICS OF THE SEA ICE COVER

I
';"·1.

;I

:1

I
-I
,I
I A

·1
.1
,I
~

I,
I

,;

I,
'I
I
I
II,
II,

I

Ice Characteristics
I,
,

Ice Concentratton:
Open Wa ter (l!0%)
Very Open Pack (10-30%)
Open Pack (40-60%)
Close Pack (~0~80%)

Very Close Pack (90% 100%)
Compact Pact !(100%)

Ice Thickness I:nferred by Age:
New Ice .

Frazil (5cm)
Grease (5cn))
Slush (5cm);
Shugu (5cm) :
Dark Nilas l(5cm)
Light Ni1a~ (5-10cm)
Ice Rind (Scm)
Pancake (lO·cm)

Young Ice !
Gray (lO-lScm)
Gray-White l(lS-30cm)

First Year Ice (30-120cm)
Thi n Fi rst \Year (30-S0cm)
Medium First Year

(70-120cm)
Thick First Year (120cm)

I

Forms of F1oati~g Ice (Diameter):
Pancake (3m) ,
Brash (2m) ,
Ice Cake (20m')
Small Floe (20-100m)
Medi urn Floe (11 OO-SOOm)
Big Floe (SOOm-2km)
Vast Floe (2-;lOkm)
Giant Floe (10km)

Moored
Submersible

Buoys

X!/
X
X!I
X!/
X!/
X!I
X

3-41
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TABLE 3-18 (Continued)
POTENTIAL CAPABILITIES OF MOORED SUBMERSIBLE BUOYS IN

DETECTING CHARACTERISTICS OF THE SEA ICE COVER

a/ Possible with futher research.

3-42

Ice Conditions

Ice Edge:
Compacted
Di ffuse
Ice 1imi t

Pack Ice Deformation:
Fi nger Ra fti ng
Rafti ng
Ridging
Fracturing
Hummocking

Pack Ice Motion Processes:
Shearing
Compacting
Diverging

Ice Surface Features:
Level Ice
Rafted Ice
Ridged Ice

New Ridge
Weathered Ridge
Very Weathered Ridge
Aged Ridge
Consolidated Ridge

State of Melting:
Puddled
Thaw Holes
Dried Ice
Rotten Ice
Flooded Ice

Openings in the Ice:
Polynyas
Fracture
Fracture Zone
Leads

Moored
Submersible

Buoys

x

Comments

I
I
I
I,

I
I
I
I
I
I
,I

I
D
I
I
I
I
I"
I



i 'b/, Direct rea.dout only; 3 to 5 hours if using Service Argos.
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a/ Possible diven further study and field experience.

TABLE 3-19

COMPLIANCE OF SUBMERSIBLE MOORED BUOYS TO OPERATIONAL
CRITERIA FOR A FEASIBLE ICE MONITORING SYSTEM

I

x

x
X

x

x
Possible.!/

System Compliance
Yes No

All-weather/
day and ni ght

Wi thin 3 hr
after observation

Location (l km)

~ 5 cm, grease

Once/day

0%-100%

. Requi rements

Reporti ng Time

Environmental
Operating
Capabilities

Ice Edge

Ice Thickness/Age. ,
Observi ng Frequ:ency

(Must allow for
adequate "Al~rt"

state)

IceConcentrat~on

Feature

'II
I
I
I
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TABLE 3-20
COMPARATIVE SUMMARY OF THE CAPABILITIES OF CURRENT AND FUTURE

ICE MONITORING TECHNIQUES IN MEETING SYSTEM REQUIREMENTS

a/ 1. Ice Concentration: 0 - 100%•

. 2. Ice Edge: Distinguish ( 1 km) southern margin of pack ice from
open ocean. -

3. Ice Thickness/Age: Distinguish grease (less than or equal' 10
5 cm) from young or first year ice.

4. Observing Frequency must provide fOr adequate lead time when
lce moves wnh,n 220 km radius of rig and advancing at
80 km/day (minimum observing frequency required: once daily).

5. All-Weather Observing Capabil ities

6. _Day/Night Observing Capabil Hies

7. Reporting Time: Within 3 hrs after observation.

Y = Yes, N = tb, P = Possible
( ) = CondHional (see text)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Y
Y

P

P
Y
Y
Y

Y
Y
N
N
Y

7

(Y)

(Y)Y

Y

Y

Y
Y

Y
Y
N
Y

N
Y
N
Y
Y

6

Y

Y

Y
Y

Y

Y
N

N
N

N
N

N
Y
Y

54

C
•.• a/

nter1<r-

3

Y (Y) P

N N Y

Y (Y) P

P P Y
Y N Y

Y (Y) Y
Y N Y
Y Y Y
Y N (Y)

Y (Y) Y
Y '(Y) Y
Y (Y) N
N P N
N N N

2

B. FUTURE SYSTEMS:
1. Satell ites:

a. lJ.ISP (1987) (Y)
(SSoI/I)

b. SAR Sa tel 1 ites: Y
ERS-l (1989)
Radarsa t (1990)
J-ERS-l (1991)

c. Alpha/Beta Polar Y
Platforms (mid-1990's)

2. Point Observation:
a. &lnobuoys P
b. Moored Submersible P

Buoys

System

A. CURRENT:

1. Satell ites:
a. NOAA Sa tell i tes

AVHRR Visible Y
AVHRR Infrared Y

b. Landsat (MSS) Y
c. Nimbus 7 (SMMR) Y
d. Geosat (al timeter) N

2. Aerial:
a. SLR/SLAR Y
b. Marine Radar P
c. Visual Y

3. Rig-, Ship-, Land-Radar P
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turnaround. Th€ radar altimeter data from the Geosat (when it comes on"
line) will. be ai reliable method of locating the ice-open water boundary
during cloudy p~riods, but only on certain days and in widely scattered
areas.

The only exi sti!ng sfstem for ice detecti on that wi 11 meet all of the
requirements is airborne active microwave radar. An aircraft can fly

;

abov~ turbulent weather and image the ice with a high degree of detail
independent of Iweather and light conditions. Sophisticated analog and­
digital process~ng algo~ithms allow real-time d~ta processing and
downlinking of ~he image data to a surface site. However, the practice
usually followe~ in,the Alaska area is to analyze the data once the

I

aircraft has returned to the base of operations. ·This introduces time
- I

delays in view ~f the long ferrying distances to and from the Navarin
Basin. Without direct downlinking of the data to a drill site, it is
possible only u~der, the most favorable conditions to transmit the
analyzed data, lor telecopy the hard copy imagery, to the field
personnel and MMS officials within three hours afte~ the aircraft

I ,

overflight.
,,

Aircraft equipped with Pulse Compression (PC) radar, which is a more
i •

advanced versi o:n of standard Hari ne Patrol Radar, have a 1imi ted
capability to ~etect ice characteristics required to monitor pack ice.
Given optimal weather and sea conditions, the PC radar would be capable,
of detecting an' ice-;-open water boundary and certain features of the ice
zone at an aver:age range of 30 to 40 km. Si gnifi cant wave acti on at,
the ice edge or. prefipitation will depreciate the quality of the radar
return. Inclement weather will also affect the aircraft since
operating altitudes are low. Though the radar capability is not

I

limited by the rack of light, visual confirmation of radar targets is
occasionally ne'cessary and, therefore, difficult during 10\'/ lig~lt

conditions.

The advantages ~nd disadvantages of visual ice reconnaissance are
fa i rly obvi ous' j There are occasi ons, \'Jhen thi s approach used in

,
combination with aerial radar overflights proves effective in ground
truthing and fiJling in data needs.
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Rig- or ship-based radar is useful for tracking the movement of ice at
close range ,.(about 20 km). While a ship may ferry to withi~ detection
range of the pack ice, the rig-based'radar will be effective only when
the ice moves within range; therefore, rig-based radar is inadequate in
terms of warning criteria.

A synthesis of satellite and aircraft observations of ice conditions is
an optimal approach to satisfying operational requirements. The
observations from satellites provide a broad areal coverage of ice
conditions and are useful for tracking the ice edge southward through
the Bering Sea when it is beyond the 220 km radius from the drill site.
Aerial ice reconnaissance using microwave radar accurately locates the
ice edge and distinguishes ice concentrations, and if necessary, ice
development stages in· the pack ice.

The advent of the SAR ocean sensi ng satell i te mi ssi ons at the end of
the 1980 I s wi 11 undoubtedly enhance the qual i ty of operati ona1 ice
information and reduce the effect of environmental constraints. Some
questions remain to be answered concerning data retrieval and delivery
of the information to field personnel in a time frame sufficient for
making tactical decisions. Current plans indicate that operations
contingent on real-time, all weather i'ce information will be achieved
by the SAR satellite systems' and the Polar Platform in the 1990's.

The microwave sensor on the DMSP ~ate11ite, scheduled for
i!"p1ementation in 1987, will permit the detection of ice features but
the resolution will be 25 km. With this coarse resolution, only
information on ice concentrations (to the nearest 10 percent) can be
provided independent of cloud cover and light conditions. Daily
coverage of the Navarin Basin area is expected. However, data
processing may possibly require more time than is desired for an
effective ice warning program. As evidenced from the operational use
of similar ice information acquired from the Nimbus 7 satellite, the
DMSP ice data will be corroborated with the ice observations from the
NOAA system to improve the continu.ity of ice edge detection.

, 3-46
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The use of sur~ace moored buoys which sense the presence of ice either
i '

through acoust;:Cal means Or by physical contact, is a feasible
I .

alternative ic~ monitoring system. Employing hydroacoustical
techniques willt require sUbstantial field work to develop the system.

I

Moored bUoys Wh:i ch sUbmerge beneath the encroachi ng ice pack provi de an
alternative meins of locating the ice edge and tracking the ice as it

I

moves by certai:n points. This system satisfies the early warning,
criteria and re'quirements for all the environmental characteristics.

I

Since no inform'ation is obtained on ice characteristics, a 'moored bUoy
I

program would have to be used in combination with satellite or aircraft
ice o,bservation' to satisfy all operational requirements.

3.2 COSTS AND PPERATIONS OF MONITORING SYSTEMS,

3.2.1 Introduc'ti on

This section p~ovides information on the operation costs of the ice
monitoring sys~ems and an evaluation of their reliability, facility of
use, and attain~ent of the requirements specified by the Minerals
Management Serv~ce for an effective sea ice monitoring system. The
systems examine~ include satellite, airborne, and surface platform,
based ice obser~ation systems.

3.2.2 Methods'

Data on the ope~ational costs of sea ice monitoring systems, including
the maintenance' of the system and the acqui si tion of data
(communication ~nd equipment costs) were obtained from the
manufacturers a~d private sector contractors who supply, or who could

I

develop the cap,abi 1i ty to supply, these services and wi th the pUbl i c
utilities which provide data transmission services.

The operationali costs of satellite, airborne radar, and surface
platform ice mo:'nitoring systems are given in Tables 3-21,3-22, and

I .

3-23, respectiv~lY.1 These costs are expressed as daily costs of
I

equipment operation, data processing or interpretation and, when
appropriate, th~ total cost of equ.ipment acquisition.
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b/ Satellites scheduled for future launching.

a/ Geosat radar altimetry data are not currently delivered to the
mari ne communi ty.

TABLE 3-21

COSTS (PER DAY) OF SATELLITEt40NITORING SYSTEMS

I
I
I
-I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Costs not available.

Costs not available.
Costs not available.
Costs not available.
Costs not available.

Receiving Data
Satell ite Equipment Link Analy~is Expendables Maintenance Total

NOAA $15 $1 $20 '$2 $3 $41
Series

Landsat $125 - $250 $40 none none $165 -
(per surveillance window) $290

GeosatY $33 included in none none $33
receiving
equipment

DMSP!V

ERS-l,2P.../
RadarsatP.../
JERS-l!V
Polar PlatformP.../



"'-..

3-49

Note: The service contract rate does not include the necessary
equipment at the site to receive the imagery in real-time. The
image product is usually analyzed at the base of operations and
the analysis can be transmitted to the client via telecopier.

TABLE· 3-22

COSTS OF AERIAL RADAR MONITORING SYSTEMS

$20K/day + $600 per
flight hour

$7K/day + $900 per
flight hour

Not avail abl e.

Service Contract
(Includes Technicians,
Data Processing)

$500 - $l,OOOK

$7,000 - $9,000K

Development
Costs/Receiving/
Downlink Equipment/
Data Processing

, $8,000 - $lO,OOOK

Marine Patrol Radar
I

Radar Sys tem

Synthetic Aperture
Radar (SAR) I

Side Looking Radar.
(SLAR) .

II

I
I
I
I
I
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3.2.3 Results and Discussion

3.2.3.1 Satellite Monitoring Systems

Note: The cost per unit includes the cost of 'a Platform Terminal
Transmitter (PTT) but not that required for development of
moored monitors.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

$lOO/day

Total
Service Contract
(Equipment and
Data Analysis)

$25-$30/day
(via Service Argos)

$40K
(Local User Terminal-­
purchase price.)'

Receiving Equipment
(Data Collection/
Posi ti on)Cost/Unit

$7-9K

TABLE 3-23

COSTS OF ICE BUOYS AND MOORED MONITORS

Information on the systems' reliability, equipment durability, degree
of maintenance and facility of their use was largely obtained from the
author's personal experience with these systems. Further information
on· radar ice detection techniques was gleaned from final reports
written by NOAA and NASA Principal Investigators. Information on the
development and reliability of ice bUOyS and moored monitors came
directly from a manufacturer. This information is summarized in
Table 3-24 and discussed in Section 3.2.3. The systems were
qualitatively rated and the assigned values were determined from
opinions gathered from individuals knowledgable about the operation of
the systems.

Ice Buoys
Moored Monitors

There are three satellite systems which currently have ice detection
capabilities, while at least five are planned in the future
(Table 3-21). Routine ice information is obtained from both NOAA and
Land satellites while sea ice data from Geosat has not been requested

Surface
Platform
System
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TABLE 3-24

QUALITATIVE RATINGS FOR VARIOUS ICE MONITORING SYSTEM~/

Reliability of System Fad 1ity of Use

Ice Maintenance Attainment Timel iness
Monitoring Freq. Access to Simpl icity of System of Reporting
System Durability Ease (days) Information of Operation Requirements System

.. - .- ~ ~ .. ._ __ _0· r _ ..• _

-.~ -

Sate 11 ite-

Polar Orbital (NOAA 9) 3 3 15 3 3 No 3
Landsat 3 NA NA 2 2 No 2
Nimbus 3 NA NA 1 1 No U
Geosat 3 3 6 mo. 3 3 No 3w DMSP (future) 3 3 6 mo. 3 3- . No UI

(J1

SAR (future) 3 U U U U Yes. 3.....
Polar Orbital (future) 3 3 15 3 3 No 3

Airborne Systems

Side Looking Radar 3 2 U 3 2 Yes 3
Synthetic Aperture 3 2 U 3 2 Yes 3
Marine Patrol Radar 3 3 U 1 3 No 3

Surface Platform Systems

Sonobuoys Z 1 NA 3 2 No 3
Hoored 14onitors U 1 NA 3 2 No 3

a/ Qualitative Rating Categories: 3--Good; 2--Intermediate; l--Poor; NA--Not Applicable;
U--Undetermined (because information is not available)



by the civil marine community in Alaska. :The new gene~ation of ocean
sensing satellites carrying passive and active micrOwave rad~ometers

will provide considerably more information on polar ice conditions than
what is currently available. The availability of Synthetic Aperture
Radar (SAR) observations of sea ice from satell ites and associated
costs will be linked to an Alaska SAR Fac.ility (ASF) that will be
establiShed at the University of Alaska, Fairbanks during 1987-90.

NOAA Polar Orbital Satellites:

Advanced Very High Resolution Radiometers on the NOAA satellites
provide visible and infrared images of the sea ice cover. NOAA 9 and
10 imagery are currently received; hOwever, six more ir1 this series
will be launched by the year 2000.

Table 3-21 shows. the cost associated with accessing the actual NOAA
satellite imagery on a daily basis at a particular land site. The
costs of receiving the actual imagery at a remote offshore site are not

considered since it is more practical to transmit the ice condition

analysis or a copy of the imagery v~a te1ecopier or other facsimile

device. The daily costs of the receiving equip~ent, the data link, and

processing are derived from the present lease rate for one UPI
Unifax II GOES Satellite Receiver and th~ service charge for a GOES-TAP
on a Satellite Field Service Station (SFSS - a NOAA facility). Not
included in this daily cost is a one time connect charge of $1,000.
The cost of analYZing the imagery is based on commercial rates in the
Alaskan area. Expendables include paper and processing chemicals. Two

hours (at $45 per hour) of maintenance per month is standard practice.

Arrangements can be made to obtain copies of the NOAA satellite imagery
from the SFSS at the National Weather Service in Anchorage on a same
day basis. Fees may be levied to cover duplication costs, but no
prlclng program is currently in effect. Analysis of ice conditions
derived from NOAA satellite data is prepared three times per week at
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Land Satellite~(Landsat):

the NOAA faci1;'tyand disseminated via the NWS facsimile service. An
Alden Facsimile Recorder is needed to receive these data and the cost

I

.of equipment a~d data link exceed that of the UPI satellite receiver.

The use of Landsat imagery for ice analysis. is considered reliable only
when the target area is virtually cloud free. Furthermore, since the
three ground t~acks which comprise the surveillance window typically
occur within a,nineday time period, the target area images may be a

images to locations beyond Fairbanks are not
Air courier express provides same day service
for about $25.

Since cloudy cdnditions limit the usefulness of the Landsat imagery for
ice analysis, i'magery should be ordered only when the ice cover is

,
visible. Such :determination is facilitated by using the NOAA satellite
imagery to disc:ern the cloud conditions in the area of interest. The
National Weath~r Service in Anchorage or Fairbanks can provide this
i nformati on.

Landsat ice co~diti'on imagery is obtainable on an operational basis
only from the q\ui ck' LOOk Faci1 ity operated by the Uni versi ty of A1 aska
in Fairbanks. !Charges are made per surveillance window, which, in the
northern' 1atit~des,. consists of three adjacent ground tracks (paths)
during which tHe Landsat sensors view a part.or all of a target area.

I .

The image products include enhancements and enlargements produced on
9-inch film or Ipaper. The image must be manually rectified into
geographical c~ordinates to ·perform the analysis; thus, accounting for
an analysis fee of about two hours per target area at·$20 per hour.

As shown in Ta~le 3-24, the reliability of this system is good and it
is easy to ope~'ate.; However, the fact that the AVHRR imagery of ice
conditions 1ack.s all-weather capability means -that it does not meet the,
system requiredlents as specified by the MMS., .

. The costs to deliver the
included in Table ~i21.

to most cities in Alaska

'II
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few days 01 d by the time they are recei ved. Thus, only at rare times
can the Landsat imagery be useful in monitoring the ice edge to the
degree specified by the MMS.

Geosat:

Radar altimetry data from the U. S. Navy IS Geosat are capab1 e of
detecting, without environmental restraints, the ice-open water
boundary over a small area. According to personnel operating the Naval
Ocean Data Distribution System (NODDS), radar altimetry data can be
made available in response to any user requests.

The costs developed in Table 3-21 assume that the radar altimetry
information is Level II data which shows the ice-open water boundary in
time-tagged, earth located geophysical units. The cost of acquiring
the radar altimetry data is further based on leasing a computer data
link with the NODDS and including a charge per connect-hour and
quarterly administration fee (charged by NOAA). Since there has been
no prior operational application of these data, it is not known if
additional work (implying added costs) is needed to prepare the data
for delivery to the user.

Using the computer data link approach offers reliable and simple access
to the Geosat ice information as shown in Table 3-24. Since the
a1 timetry data will only indicate an ice-open water boundary with
little information on sea' ice characteristics, the Geosat does not meet
all of the MMS requirements for an ice monitoring system.

DMSP:

The Defense Meteorological Satellite Program (DMSP) will carry a
passive microwave radiometer called a Special Sensor Microwave Imager
(SSM/I). The launch of the DMSP satellite is scheduled for 1987.
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The Joint NOAA~Navy Ice Center in Suitland, Maryland will probably
incorporate the SSM!I information on ice extent and ice cover into its
daily ice analysis for the Northern Hemisphere. These ice charts will
be facsimiled ~o the National Weather Service Forecast Offices in,
Alaska which will make them available to the user community. The SSM/I,
data may also be available on the NOOOS. The costs for acquiring the

. I

data will probably be on the order of tens of dollars per day.
t

Access to the information should be convenient and routine. The SSM/I
data will, howe:ver,like the radar altimetry data, need to be,
corroborated wi:th other ice information to form a complete ice
monitoring program.
, .

. Synthetic Aperture Radar (SAR) Satellites:,

A new generatidn of oceanic satell ite sensi ng technology will commence
j

with the launch of the European Space Agency1s (ESA) ERS-l satellite in
1989. The ERS-l satellite will carry an active microwave sensor called
Syntheti c Aperture Radar (SAR) whi ch, wi 11 allow unrestri cted

Ii. .

observation of 'detailed features of the sea ice cover. More SAR
satellites are iplanned for launch during the 1990s.

The SAR digitall data for the Alaska marine area will be processed at
the University -of Alaska, Fairbanks. The establishment of this
station, called the, Alaskan SAR Facil ity (ASF), is being undertaken by
NASA whose primary task is to make the data available to ESA Principal
Investigators for research purposes. Planning for the commercial (or
operational) us~ of SAR data, which implies a fast delivery service,
comes under th~ responsibility of NOAA. The acquisition of ERA-l SAR
will be competi~iveamong several investigators and preference will
likely be dete~mined by ESA..

, ,

Satellite SAR data are not expected to begin to satisfy commercial
opera.tional req'uirements for ice information until the 1990s when
information will be processed from more than one orbiting SAR sensor.
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The costs to the private sector for obtaining the SAR imagery and the
methods by which the data may be passed to other government agencies
are unknown.

3.2.3.2 Airborne Systems

Table 3-22 gives the purchase costs and lease rates of three types of
aerial radar ice monitoring systems. The purchase costs were obtained
from manufacturers and represent a general range of prices; albeit,
very sophisticated SARsystems are much more expensive than shown. The
lease rates are based on an average of quotes received by two service
companies. The overall costs of a leasing program vary depending on
whether the aircraft is on standby, engaged in other proximate work,
and other negotiable factors.

A Marine Search Radar (Pulse Compression Radar) equipped aircraft is a
less costly ice surveillance method than SAR or SLR aircraft, but the
radar is incapable of detecting certain ice features that are important
in identifying ice conditions associated with bowhead whales.
Moreover, the aircraft is vulnerable to turbulent weather conditions
due to the low altitudes needed for adequate radar return.

Clearly, the Airborne SAR and SLR ice monitoring systems are highly
reliable for obtaining routine ice information in compliance with the
MMS operational criteria. Marine Search Radar is adequate for only the
detection of the ice boundary and high profile features of the inner
ice pack. Rates for the Marine Search Radar system have not been
determine since it is still undergoing field tests~

3.2.3.3 Surface Platform Systems

The estimated costs for surface deployed ice buoys and moored monitors
are given in Table 3-23. 'The cost per bUOy includes the cost for a
Pl atform Termi nal Transmitter whi ch ;s needed to tel emeter the data to
the Data Collection System on the NOAA 9 satellite. The data are
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collected and processed by the Service Argos System-which is located in
France or by a ;Loca'l User Terminal (LUT) which receives the signal,
directly from t,he satellite (within 2,000 nautical miles)'. Both

\~ " - ~

Servi ceArgos a,nd the LUT provi de pri ntouts of the buoys· posi ti on and,
data collected ;(temperature, pressure etc.). The buoys· location and
data information car be queried from Service Argos via computer data,
link (Tymnet c~arges are not included in the daily rate).

,
The moored moni,tors consist of hydroacoustical buoys and submersible
buoys, both of :which require development and field testing. The costs
fo~ design, fi~ld testing and deployment 'are not determined.

Field programs 'using drifting ice buoys to track ice movement show that
the equipment ;'s generally durable. The cost of retrieving a
malfunctioning buoy may approach the unit costs (similarly so for
moored monito'rs~), thus, the ease of maintenance is rated poor. Though

I

access to the data collected by the buoy systems (via satellite DeS) is
, "

good, the complli cated deployment schemes and mai ntenance diffi cul ti es
detract from t~e, simplicity of the operations. The effectiveness of
buoys to monitor the movement of the ice edge remains to be evaluated. ~ .-
as one componerit of a comprehensive ice monitoring ~rogram~

I

The only kind ~f rig-based radar considered feasible for ice detection
in compliance ~ith the operational requirements is g~ound wave radar

~ ;' '"

whose transmi ss:i on follow the curvature, of the earth and "sees II hazards
hidden over-the-horizon. This radar technology is still in the, ,

research phase :and therefore, little information is available to base a
costing analysis.

3.2.4 Summary,

This report has shoWn cost estimates of operating various ice
monitoring systems as well as quali,tative ratings of each system·s
reliability and ease of operation.

I
~
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The most expensiv,e approach iS,the aircraft equipped with Synthetic
Aperature Radar or Side Looking Radar. Both of these systems provide
the necessary information on sea ice characteristics with all weather,

• ~ I ,~r

day and night capability, which can be delivered to the "operator and
Mr~S personnel wi thin three hours after observati on. , Pul se compressi on
radar, which is an upgrade to standard marine search radar, is far less
costly th,an microwave radar to operate but it does n,ot provide the
range of ice information needed to make operation decisions.

Satell i teimagery and poi nt observations from buoys have obvious
shortcomings in providing the kind ofic~ information desired but are
useful components of an ice observation program 'employing airborne or
satellite microwave radar. The costs involved with receiving and
analyzi ng the NOAA, Landsat, and, presumably, the Geosat satell i te
information for ice conditions are small in comparison with operating
an aerial surveillance program employing microwave radar. Although the
costs associated with monitoring the position or ice contact events of
either drifting or tethered buoys are relatively low, the expense of
development, deploymept, and retrieval can be significant.

In the future, SAR satellites will likely satisfy some of the
requirements for all-weather ice information if near-real-time data can
be generated and easily accessed· at the Alaska SAR Facility. The costs
of accessing the satellite SAR ice images presently cannot be
determined but will ultimately depend upon NOAA's plans for servicing
the commercial sector. Ice edg~ information derived from passive
microwave sensors on future military satellites (and as a complement
sensor on some of the satellites carrying SAR) will most likely be
available from the NOAA/Navy Joint Ice Center at no cost to the user
except for leasing the facsimile equipment and data communication link.

3.3 FEASIBILITY ANALYSIS OF MONITORING SYSTEMS

The monitoring systems examined in this report are rank-ordered in
Tables 3-25 and 3-26. The current systems (Table 3-25) and future
systems (Table 3-26) were ranked separately because of the uncertainty
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£! Only ship-based radar was considered because the other forms were not
capable of adequately covering a broad geographic area.

;

d/ Nimbus 7 was ranked lowest because of the low resolution and the
unavailability of: current data.

b/ An effective system must fulfill both components of this criterium.
Systems that partially met the criterium did not comply with the
requirements.

5. Ice thickness
6. Ice concentration
7. Facility of use/reliability
8. Cost

1. Ice edge
2. All-weather/day or night
3. Observation frequency
4. Reporting tim~s

TABLE 3-25
RANK-ORDtR OF OBSERVATION SYSTEMS CURRENTLY AVAILABLE

FOR MONITORING THE ASSOCIATION OF BOWHEAD WHALES
WITH SEA ICE IN THE BERING SEA

Rank Observation Evaluation Criteria~/
Order System 2!?-/ 3 4 5 6 7 8

Yes (Y), No (N), Possible (P), Conditional ) ,
Good (G)" Intermediate (I), Poor (P)

SLR/SAR (Airb()rne) Y Y Y P Y Y G/G High

2 NOAA (AVHRR) Y N Y Y Y Y G/G Low

3 LANDSAT Y N N P Y Y I/G Low

4 P.C. Radar (Ali rborne ) Y N Y Y N P I/G High

5 Sh i p-, 1and- , Y N Y Y N P G/G High
rig-based Radar£/

6 GEOSAT N Y N Y N N G/G Low

7 Nimbus 7 N Y N N P Y PIG Low

~/ An effective observation system must fulfill criteria 1 through 4, listed
. below. Fulfillmeht of additional criteria 5 througn 7 increases the
effectiveness of a system and increases the rank-order. Criteria 5
through 7 are ordered in decreasing priority. Cost had little influence
on the ranking sibce so few systems fulfilled the required criteria.

I
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a/ An effective observation system must fulfi 11 criteri a 1 through 4, 1i sted
below. Fulfillment of additional criteria 5 through 7 increases the
effectiveness of a system and increases the rank-order. Criteria 5
through 7 are ordered in decreasing priority. Cost had little influence
on the ranking since so few system~ fulfilled the required criteria.

1 . SAR Satell ites Y Y P (Y) (Y) Y .U/G U
.

2 Polar Platforms Y Y P, (Y) (Y) Y G/G U

3 DMSP~ N Y Y P N (Y) G/G U

4 Submersible Buoy Y Y y, Y N P U/G U

5 Sonobuoy P Y y, Y P P U/G U
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b/ DMSP was ranked low because of low resolution (25 km).
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), Unavailable (U),

Evaluation Criteria~
23456

5. Ice thickness
6. Ice concentration
7. Facility of use/reliability

"8. Cost

TABLE 3-26
RANK-ORDER OF FUTURE OBSERVATION SYSTEMS

FOR MONITORING THE ASSOCIATION OF BOWHEAD WHALES
WITH SEA ICE lN THE BERING SEA

Yes (Y), No (N), Possible (P), Conditional
Good (U), Intermediate (I), Poor (P)

1. Ice edge
2. All-weather/day or night
3. Observation frequency
4. Reporting times

Rank Observation
Order System
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of the latter ~ystems becoming fully operational. The systems were

ranked according to, the crite~ia described in the report which included

1) operational :requirements, 2) reliability, 3) facility of use, and
'" .

4) cost. The ~yste~s were qualitatively evaluated relative to these

cri teri a, and ranked, in an order of decreasi ng sui tabi 1i ty for
I •

moni tori ng the 'asso~iati on of bowheads with sea ice.

The ranking pro:cess, was heavily weighted toward the operational

requirements siince these requirements must be met for a system to be
, 1 •

useful; In pa~ticular, the system must be capable of detecting the ice
;

edge, operating during all weather conditions during the day and night,

monitoring the area once per day, and reporting the information in a

short time peri:od. Systems meeting more criteria in the evaluation

received a high'er ranking and fewer received a lower ranking.
,

Re1i abi 1ity, falci 1ity of use, and cost generally contri buted very

little to the r:anking, since the capability of the various systems to

fulfill the operational requirements was unequal and typically overrode

these other cri,teria. Furthermore, the reliability and facility of use

of the vari ous ,systems was generally good except for several systems

that already ra:nked, low due to failure to fulfill the operational

requirements.

The ai rborne ra'dar observati on' systems were ranked hi ghest. Both the

SAR and SLR ful~i11ed the operational requirements and provided

measurements of high resolution. Although these systems also had the

highest operatfng costs, they were the only ones of the entire suite of

systems examined that fully met the operational requirements.

The remal mng systems were ranked lower because they di d not fU1 fi 11

the all-weather, conditi ons, day or ni ght operati ona1 requi rements

except for the Nimbus 7 satellite and Geosat. The former system,

however, has a :very low resolution, and since the data are not

available, it was r~nked lowest of all the systems. The Geosat was

ranked low because the observa ti on frequency is once per 17 days,

although the ice edge can be detected in all weather during day or

night. The all:-weather condition is a particularly important criteria

to fulfill because the Bering Sea is predominantly cloud-covered during
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the period when bowhead are present. While the remalnlng systems, as
ranked in decreasing order, were NOAA (AVHRR, IR), Landsat, PC Radar,
and ship-land-rig-based systems,' they are not feasible ice monitoring
systems for the Bering Sea.

In addition to the currently available systems, five of the six future
observati on systems were rank-ordered (Tabl e 3-26). Ice moored bUoys
were excl uded because they do not ful fill, the operational
requirements. The highest ranked system was theSAR satellites. While
there is uncertainty about their facility of use, they will potentially
fulfill the criteria for monitoring bowheads' association with sea
ice. The sophisticated instrumentation proposed for this system and
the polar platforms will provide additional monitoring opportunities as
more information became available"for defining the association of
bowheads with sea ice. The DSMP satellite also offers many monitoring
opportunities, but it was ranked number three because the resolution is
lower than the other systems. The rankings of the two types of buoys
were low because of the limited spatial coverage of these "po int"
observation systems.

We recommend the following approach for MMS to follow for monitoring
the pack ice in the Bering Sea. A combination of systems inclUding the
Geosat, NOAA, and Landsat satellites should be used to monitor the
initial advances of the pack' ice. The NOAA satelli~e should be the
primary system because it provides high resolution imagery with broad
geographi c coverage of the Bey.; ng Sea. When the south~rn margi n of the
pack ice is within 220kmof oil or gas platforms, the, airborne radar
systems should be instituted to resume the monitoring. This should
co'ntinue until the pack ice has retreated to the 220 km buffer
distance. This approach is the only reliable system currently
available to remotely monitor' the association of bowheads with sea ice
in the Bering Sea.

"
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4.0 RECOMMENDATIONS

This report provides a framework for recommending additional studies
for enhancing the value of the results to more clearly define the,
association of mowhead Whales with sea ice and to reach statistically
significant conclusions about this association. A clear definition of
the factors governing the winter distribution of whales would improve

the capacity to develop mathematical equations to predict bowhead
densities in the pack ice. This predictive capability could be linked

,
to a sea ice monitoring prog:am for managing petroleum activities in
the bowhead wintering area of the Bering Sea: The recommendations we

j

propose include:

1) Field surveys of known bowhead whale wintering areas should be .
conducted to increase the sample sizes for observations of pack ice
characteristics. Random searches of the pack ice should not be
conducted because of the uncertainty of finding whales.

2) Field surveys should include obtaining a photographic record of sea
ice conditions that can be compared to observer estimates. This
would reduce the variability of the estimates by compensating for
observer errors. It also would provide a mechanism for ground
verifying ice estimates from satellite imagery.'

3) Persistence of open water should be evaluated for more locations
for more ye,ars from satellite imagery, since this variable appeared
to inf1uenoe bo~head winter distribution. More locations would
provide a b~tter measure of bowhead presence or absence in the pack
ice and mo~e years would identify the interannual variation of the
measurements.

4) Addi ti ona1 stud'i es shoul d be conducted to fully descri be the
relationship of St. Lawrence and St. Matthew island areas to
wintering bowhead whales. These studies should address the
Characteristics, of the pack ice and polynyas around the island.
Po1ynya characteri stics that shou1 d be further exami ned incl ude
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size, persistence, orientation, and movement relative to wind
direction and speed. This should be accomplished through a
multiyear study of satellite imagery.

5) . Satell ite tracking studi es of bowhead whal es shoul d incorporate
monitoring movements of the whales in .the Bering Sea.

6) Sea ice monitoring,relative to bowhead whale occurrences will
require a combJnation of observation systems. General movement
patterns of the pack .i ce shoul d be moni tored from the NOAA
satellite system. Once the pack ice reaches a critical distance

(220km) from a petroleum activity, it should be monitored by the
SLR/SAR Airborne Radar System. This is the only system capable of
monitoring the ice during all environmental conditions, at a
spatial resolution and reporting time sufficient to manage
petroleum activities relative to bowhead whale occurrences in the
pack ice. Supplementary information can be provided from other
systems.

The bowhead whale is an endangered marine mammal . The Bering Sea
wintering area is an essential component of the bowheads annual range.
The current study has provided a broad foundation of the association of
bowhead whales to sea ice in the Bering Sea, and an evaluation of
current and future observation systems capable of remotely monitoring
this association.
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APPENDIX A

ANNOTATED BIBLIOGRAPHY

The annotated biblipgraphy summarizes published and unpublished
information about the distribution and association of bowheads in the
Bering Sea pack ice. The purpose of the bibliography is to identify
sources of inf~rmation to define this relationship and not to provide a
comprehensive neview of all bowhead related literature. Pertinent
information is 'identified and summarized according to a format
specifically designed to describe the contents of a manuscript or a
data base for ~nalysis of the bowheads. The summaries are provided
below. :.
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Purpose:

Study Area:

Survey Period:

,
Survey
Platform:

Survey ,Type:

Data Recorded:

Survey
Cond it ions:

Effort:

Abundance and
Distribution:

I

)ldrith~ H.L..' 1889,. Arctic Alaska and Siberia~ or;, ,
eight months with the arctic wha1emen. Rand~ McNa11y~

and Company, Publishers: Chicago and New York.

.
INTRODUCTI ON

I
, I

Describe bowhead whal ing in' the western Arctic and Bering
Sea from experiences on a whaling vessel.

Bering, Chukchi, and Beaufort seas.

1887 .

METHODS

Whaling vessel

Hunting as the vessel worked its way through the pack ice.

ll.ocation, ice conditions, time period, and number of whales
&aug~t were irregularly and only generally recorded.

RESULTS

Not usually recorded, but whales were hunted at every
possible opportunity.

i
Not identified.

:The route followed by whalers while travelling through the
I '
rerirg Sea to the Beaufort Sea was from Cape Navarin to
Hndian Point on the Siberian Coast west of St. Lawrence
hs1ahd. ' Aldrich reported that bowheads were encountered
(
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Habitat Use:

Data
Appl icabi 1ity:

"

Aldrich, H.L. (Continued)

along th is route but wha 1es were se ldom taken south of Cape
Navarin. This statement may however be a reflection of ice
condition hindering captures of whales rather than absence
of whales south of Cape Navarin. Table 1 summarizes the
catches of bowhead whales f~r the Berin~ Sea.

Bowhead catches and sightings in the Bering Sea were always
associated with the sea ice. Ice conditions near catches
were seldom described except for that of the following
statement where whales were reported in "large leads on the
other (north) side of solid pack ice."

Historical, descriptive account. There is general
information on location and ice conditions associated with
bowhead sightings or catches.
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ALDRICH, H.L.
ABUNDANCE AND DISTRIBUTION
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Page

Year

Date

Location

I Caught or Hit:

Number
Species

Vessel

Ice Conditions

t
I

I
l
!,
,

24

1887

Spring

Bering Sea near ice edge

1
Bowhead

.. Young Phoen ;x"

Large lead on other side
of solid ice

A.. 3

33

1887

Spring

Bering Sea near Indian Point

1
Bowhead

"Young Phoenix"

In the pack; ice
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METHODS

RESULTS

1848-1914.
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from the catch records were:
Species
Number of an i rna 1s
Sex of animal
Age (ca1f vs. adu1t )

Bockstoce, J.R. and D.B. Botkin. 1983. The historical
status and reduction of the western arctic bowhead whale
(Balaena mysticetus) population by the pelagic whaling
fleet, 1848-1914. Rep. Int. Whal. Comm. Special Issue
5. pp. 109-141.

INTRODUCTI ON

This paper estimates the number of bowheads that existed
prior to the co~mencement of commercial hunting from the
daily entries in the logbooks and journals of the whaling
industry.

The study area was the Bering, Chukchi, and Beaufort seas.

Whaling vessels

Commercial hunting

Pertinent data extracted
Date
Location (lat./long.)
Wind direction/speed
Visibility
Ice Cover

Population estimates were adjusted for wind, speed,
visibility, and ice conditions.

Purpose:

Citation:

Study Area:

Survey Period:

Survey
Platform:

Data Recorded:

Survey TyPe:

Survey
Cond i t ions:
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Bockstoce, J.R. (Continued)

Effort: ' Approxim~~e1y 4,000 Whaling logbooks and journals were
examined. From these nearly 800 seasonal Arctic cruises

; were found of which 550 were suitable for analysis. These
, "

represented about 20 percent qf the 'voyages to the western
Ar'c'tic each year. More than 66,000 daily observations were
extracted from these documents representing 516 seasonal
cruises, which are equal to 19 percent of the total number
of ,whaling cruises conducted in the western Arctic.

Abundance: Between 1849 and 1914 a total of 3,198 whales were caught
and 3,573 killed during 19 percent of the voyages. They

, .
estimate from a weighted cumulative catch and kill that

I

, 16,'600 bowheads were caught and 18,650 were killed. The
pr~-exp1oitation size of the bowhead whale population as
es~imated from the DeLury Method and variations of it was
approximately 20,00q (.!.1O,000) animal s.

Distribution: Informal accounts sugqest that whalers took a few whales as
, they worked north toward the Bering Strait through the

melting floes, but by early June most of the whales had
i' •

, passed them and gone deep into the ice on the migration to
th~ summer feedi ng grounds in the Arc-ti c Ocean. About 25
pefcent of the total whales caught were taken before July,
primarily in the Bering or Chukchi seas. Records suggest
that bowheads were essentially eliminated from a large part

, ,

of [the original range in the Bering Sea, particularly below
60~ N. Whalers caught bowheads in the north and southwest
Bering Sea during spring, summer, and fall whiCh suggests
they fed in this area.

Habitat Use: Logbooks contained some data about ice conditions of the
catch locations. A brief description of an analysis of
these data sho\'1 that only four whales were caught when ice

A- 5



Data
Appli cabi 1i ty:

Bockstoce, J.R. (Continued)

covered five-eighths of the visible ocean, and only a small
percentage was caught when ice covered one-half of the
visible ocean. Most whales were caught under conditions of
low percentage of ice cover during moderate winds and
visibility. Catches in these ice conditions, however, may
have been due to the capacity of a vessel to maneuver and
move through areas of low ice cover versus high ice cover.
Furthermore, high ice cover provided many opportunities for
a whale to escape from a pursuing whaling boat.

Good information on general bowhead distribution in the
Bering Sea, some description of seasonality, and few data on
bowhead association with sea ice. Publication identifies
ice cover information in the data base, but there is no
analysis or presentation of the information. Maps of the
catch distribution of bowheads are also provided.
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Citation:

Purpose:

Study Area:

, Survey Peri od:

Survey
P1 atform: .

Survey Type :

Data Recorded:

Survey
Conditions:

Effort:

Abundance and
Distribution:

; J,~ ,

Bodfish, H.H. 1936. Chasing the bowhead. Harvard
University Press, Cambridge, Mass. 281 pp.

INTRODUCTION

A narrative of 31 years of arctic whaling by Captain Bodfish.

Primarily Bering, Chukchi, and Beaufort seas.

1880-1911.

METHODS

Whaling vessel

Hunting as the vessel worked its way through the ice.

Position, ice conditions, time period, and number of whales

ca~,ght were irregularly reported in the book.

RESULTS

Not usually recorded, but whales were hunted at every
possible opportunity.

Not i den,ti fi ed.

Bowhead whales were found widely distributed in the pack ice
of the Bering Sea. Specific'catch locations were generally
not given but whales were taken near St. Lawrence Island,
East Cape, and Indian Point. No mention was made of whales
being taken in the open water, south of the pack ice.
Table 1 summarizes the sightings and catches of bowhead,
whales for the Bering Sea.
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Habitat Use:

Data
Appl icability:

, .~ .

.. Bodfish, H.H. (Continued)

Bowhead sighting and catch locations in the Bering Sea were
always associated with the sea ice. Whales were reported in
a variety of ice conditions, including IIbroken ice ll

, II mush
ice ll

, and IIfissures or holes anywhere bowheads can fit their
spout holes above water ll

•

Historical, descriptive account. There is general
information on location and ice conditions associated with
bowhead sightings or catches.

A- 9



r
Citation: Bogoslovskaya, LoS., L.M. Votrogov and 1.1. Krupnik. 1982.

The Bowhead Whale off Chukotka: Migrations and
Aboriginal Whaling. Rep. Int. Whaling Comm. 32:391-399.

INTRODUCTI ON

Purpose: This paper summarizes available literature, the author1s
data, and data provided by the native people of Chukotka.
Seasonal migrations off Chukotka are described.

Study Area: The study area was Chukotka from the Gulf of Anadyr to the
Chukchi Sea.

Survey Period: The survey period was from mid-June to early November
1969-1980.

METHODS

Survey

Platform: The survey vehicle was not identified.

Survey TyPe: The survey type was not identified.

Data Recorded: There was no information on data recorded.

RESULTS

Survey
Conditions: Survey conditions were not addressed.

Effort: Survey dates and locations were not provided.

Abundance: No abundance estimates were made. Sightings from coastal
villages ranged from livery few ll to livery manyli during the
year.
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Distribution:

Habitat Use:

Data
Appl icabi 1ity:

'\,'i"

Bogoslovskaya, L.S. (Continued)

Bowheads migrate from the western Chukchi Sea in late
August. These animals may reside in the Sirenikovskaya
Polynya (northern Gul f of Anadyr) duri ng wi nter. Spri ng
migration from this area begins in mid-April and continues
through early June. Calves have been observed in the area.
dud ng spri ng.

Many bowheads were observed to migrate in leads between the
shore and pack ice. Whales over-wintering in the Polynya
moved in accordance with ice movements. The northern coast
is reported to be free of ice during winter.

Ver,y little information about the data base was given making
an evaluation of suitability impossible.
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The study period was March through June, 1980.

The study area was the northern Gulf of Anadyr.

The purpose of this paper was to study the distribution of
whales and birds in the eastern Bering Sea.

No abundance est imates were made. One group of 30 bowhead
whales was observed along the ice-free area of the southern
Chukotskiy Peninsula. This was a casual observation and
does not represent the total population in this area.
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Mass
in the Bering
Comm. Doc.

INTRODUCTI ON

RESULTS
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Bogos10vskaya, L.S. and L.M. Votrogov. 1981.
wintering of birds and whales in ice lanes
Sea. [Original in Russian]. Int. Whaling
SC/33/02. 3 pages.

METHODS

No survey dates or locations were given.

Aerial surveys and interviews.

No survey type was indicated.

No information on data recorded was given.

Survey conditions were not addressed.

Citation:

Purpose:

Effort:

Abundance:

Data
Recorded:

Study Area:

Survey Peri od:

Survey TyPe:

Survey
Platform:

Survey
Cond it ions:
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Distribution:

Habitat Use:

Data
App1 icabi 1i ty:

Bogos1ovskaya, L.S. (Continued)

A small population of bowheads winter along the north coast
of the Gulf of Anadyr. The population generally migrates
into the area during the first week of November and resides
until spring. Mating may occur during their residence in
this area.

The bowhead resided in the ice-free IPo1ynya" of the
northern Gulf of Anadyr.

Due to the observational nature of this data base it does
not appear to be suitable for incorporation into the Task A
data base.
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Citation:

Purpose:

Study Area:

Survey Period:

Survey
Platform:

Survey Type:

1 Data Recorded:

Braham, H.W., B.D. Krogman, and G.M. Carroll. 1984.
Bowhead and white whale,migration, distribution, and
abundance in the Bering, Chukchi, and Beaufort seas,
1975-78•. NOAA Tech. Rept. NMFS SSRF-778. 39 pages.

INTRODUCTION

The objectives of this study were to summarize the current
state of knowledge on bowhead and white whale populations,
define migration routes and timing, and estimate population
size from field research and review of the literature in the
Bering, Chukchi, and Beaufort seas.

The study area included the eastern Bering Sea, the Chukchi
Sea east of the USA-USSR 1867 Convention Line, and the
Beaufort Sea to the United States-Canadian border at
longitude 141 o W.

Field studies were conducted from September 1975 through
September 1978.

~1ETHODS

Fixed-wing aerial survey with aircraft altitudes of 70-300 m
in the Bering and Chukchi seas. Additionally, ice and
land camps were used in the Beaufort Sea.

Aerial surveys were systematic and random strip transects.
The strip width was not identified. Land surveys were
generally continuous.

Data recorded for each sighting during aerial surveys
included species, number of adults and/or calves, local time
of sighting, position (to 1 nm2), perpendicular angular
distance from aircraft to animal, animal activity, and

A-14
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Braham, H.W. (Continued)

environmental data on weather, visibility and ice.
Informati on recorded duri ng ice and 1and surveys i ncl uded '
number of animals, direction of travel, behavior, weather
conditions, time of day, and when possible, length of time
animals spent at the surface and duration of dives.

RESULTS

Survey
Conditions: The survey conditions were not-addressed.

Effort: The survey dates and locations applicable to Task A are as
foll ows:
15, 18, 19, 21 MAR 76 - St. Lawrence Is. and-Bering Strait
6, 8, 9, 12, 13, 15, 17-23 APR 76 - Bristol Bay and

St. Lawrence Is.
31 MAR - 3 APR 77 - St. Lawrence Is. and S. Chukchi

Abundance: No absolute abundance estimate was made. Relative abundance
wa~ quantified as whales observed in the survey area
irrespective of effort, eight bowheads were observed .

Distribution: Distribution of bowheads was determined by plotting
o~servations chronologically and geographically. No
bowheads were observed during the March 1976 surveys in the
northern Bering Sea. In the April 1976 surveys three

I

bowheads were sighted in the northern Bering Sea with none
observed below latitude 63°N. Five bowheads in three groups
were si ghted duri ng the March-April 1977 surveys; two groups
were southwest of St. Lawrence Island and one group was in
the Bering Strait.
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Habitat Use:

Data
App1 icabi 1i ty:

Braham, H.W. (Continued)

Ice, the primary habitat variable for Task A, was recorded
during the surveys and some summarization of percent cover
was presented. During the March 1976 northern Bering Sea
survey, ice coverage was nearly 90 percent and pack ice was
thick. Ice was thick between latitude 64° and 65°N and
medium thickness occurred below 64°N while coverage was
70-100 percent (80 percent most common) during the April
1976 surveys. No ice data were presented for the
March-April 1977 surveys. No association between ice type

'.

.or cover and bowhead distribution is presented, but the
authors cite other papers associating pack ice breakup and
spring migration timing.

This data base appears to be suitable for incorporation into
the Task A data base, although sample size is small.
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Citation:

Purpose:

Study. Area:

Survey Period:

Survey
Platform:

Survey Type:

Data Recorded:

Brueggeman, J.J., R.A. Grotefendt and A.W. Erickson. 1983:
Endangered Whales of the Navarin Basin, Alaska.
Envirosphere Co. 73 pp plus appendices.

INTRODUCTION

The objectives of this study were to:
1) Assess the winter habitat use of the Navarin Basin by

cetaceans;
2) 'Assess habi tat use of the Navari n Basi n by endangered

whales during the ice-free season.

The study area was the Navarin Basin bounded by the
U.S.-USSR Convention line to the west, 174°W longitude to
the east, 63°N and 58°N latitude to the north and south

i

respectively.

The survey peri od was from 11 May 1982 th rough 18 March 1983.

METHODS

Aerial and vessel surveys were conducted. Aerial surveys
were flown at 150-230 m altitudes using two helicopters.
Vessel surveys were used only when weather conditions
precluded flying.

Stratified systematic and random strip sampling with strip
width of 0.5 nm.

Data recorded during the surveys included: number, species,
vertical angle of aircraft to animal, direction of travel,
relation to aircraft, group size, time, position, and
environmental conditions (wind, sea surface temperature,
glare, and ice characteristics).

A-17



Survey
Conditions:

Effort:

Abundance:

Distribution:

Habitat Use:

Data
Applicability:

Brueggeman, J.J. (Continued)

RESULTS

Conditions were generally good during surveys.

The Navarin Basin was surveyed on the following dates:
11 May - 10 June 1982
20 July - 19 August 1982
29 October - 12 November 1982
19 February - 18 March 1983

No bowhead whales were observed in the Navarin Basin during
the spring, summer and fall surveys. During the
February-March survey, 21-32 bowheads were observed or an
estimated 171 + 113 bowheads.

All bowheads' observed were sighted southwest of St. Matthew
Island in the marginal ice front.

Bowheads were largely concentrated along the western fringe
of the St. Matthew Island Polynya. Most bowheads were
observed in 80-100 percent ice coverage predominated by new
and young ice. Floe size did not appear to influence
bowhead dlstribution.

This data base is suitable for incorporation into the Task A
data base.
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Citation:

Purpose:

Study Area:

Survey Period:

Survey
Platform:

Survey Type:

Data Recorded:

Survey
Conditions:

.}'

I

Brueggeman, J.J. 1982. Early spring distribution of
bowhead whales in the Bering Sea. J. Wi1d1. Manage.
,46( 4): 1036-1 044.

INTRODUCTION

To investigate the early spring distribution of bowhead
whales in the Bering Sea.

The study area was in the pack ice of the northwest Bering,
Sea, including the marginal ice front from St. Matthew
Island to Cape Navarin.

The survey was conducted from 2 March through 13 April 1979.

METHODS

Aerial and vessel surveys were conducted. Aerial surveys
were flown at 150-230 m altitude using two helicopters.
Vessel surveys were used only when weather conditions
precluded flying.

,
Stratified systematic paired strip sampling was used with a
strip width of 1.8 km.

The data recorded during the surveys included: location of
sighting, ice concentration, floe size, visibility, effort,
reaction to aircraft, and animal sighting information.

RESULTS

Survey conditions were generally good to excellent.
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Effort:

Abundance:

Distribution:

Habitat Use:

Data
Appl icability:

Brueggeman, J.J. (Continued)

The Bering Sea between pack ice south and west of
St. Lawrence Island to the ice edge was stratified into
three zones and surveyed from 2 March through 13 April 1979.

During the surveys, 109 bowheads representing an estimated
" .

176 whales were observed.

Approximately 75 percent of the observed whales occurred
near St. Matthew and St. Lawrence Islands. Approximately 60
percent of the 109 animals were observed in the marginal ice
front, 38 percent in the northern zone, and 3 percent in the
central zone.

Whales. appeared to be attracted to areas with 3-4 okta ice,
characteristic of the areas near St. Matthew and St.
Lawrence Islands. Most whales, however, were in 5-6 okta
ice which was most available. No whales were observed in
open water.

This data base is suitable for incorporation into the
Task A data base.
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INTRODUCTION

Study Period: 1879-1896 (chapter I-IX), yearly account.

Re: Chapters I-IX, pp 1-122.

"

Study Area: Includes whaling in the Bering Sea, Arctic, and off Japan.

METHODS

RESULTS

A- 21

Records numbers caught and sometimes the number caught by
other vessels or fleets but doesn't always identify the
species caught. Sometimes records sightings of whales not
pu~sued. See Table 1.

Records date, vessel, numbers of whales caught, generally
the location caught (sometimes as specific as
latitude/longitude coordinates), and occasionally the
species and ice conditions.

Casual observations made onboard wha1in~ barks and
observations of catches and adventures of other barks.

Casual observations.

Cook, John A. 1926. Pursuing the whale: A quarter-century
of whaling in the Arctic. Houghton Mifflin Company,
Boston, MA and New York, NY. 334 pp.

Abundance and
Distribution:

Data Recorded:

Survey Type:

Study
Platform:

Purpose: Personal, descriptive, yearly account of the whaling
industry from 1879-1916 by a seaman/captain of various
whaling vessels.

Citation:
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TABLE 1

COOK, JOHN A.
ABUNDANCE AND DISTRIBUTION

Caught or Hit
Page Year Date Location N Species Vessel

7 Arctic 1 ? "Josephi'1e"

8 1887 Yellow Sea and Sea of Okhotsk 6 Right "Coral"

15 1889 winter Yellow Sea 3 Right "John &Winthrop"

18 1890 AUG 4 ~orth Pacific, Kodiak grounds? 1 Right "John &Winthrop"

19 1890 AUG 19 North Pacific, Kodiak grounds? 1 Right "John &Winthrop"

20 winter 1889- 9 Right or "John &Winthrop"
AUG 19, 1890 Arctic bowheads

):0 21 DEC 1890 - 9 Right or "Jesse H. Freeman"
I NOV 1891 Arctic bowheads

N
N 21 1892 MAR Before entering the arctic 1 Right "Jesse H. Freeman"

21 1892 S£P Arctic "a few" ? "Jesse H. Freeman"

21 1892 OCT 6 Lat 71°15'N; Long 1700 10'W 2 ? "Helen Mar"

21-22 1892 OCT 6 Lat71°15'N; Long 1700 10'W 1" ? "Jesse H. Freeman"

28 1893 APR 11 Lat 60 0 40'N; Long 178°30'W

28 1893 APR 18 Lat 62°05'N; Long 177°10'£ 1 Bowhead "Belvedere"

28 1893 MAY 12 Lat 61°50'N; Long 177°44'£ 1 ? "Belvedere"

28 1893 MAY 14 In sight of Cape Navarin, Siberia 1 ? "Belvedere"

29 1893 MAY 14 In sight of Cape Navarin, Siberia 1 ? "Belvedere"

29 1893 HAY 14 In sight of Cape Navarin, Siberia 1 ? "Navarch"

38 1893 AUG 22 Arctic, Herschel Island bore 1 Bowhead "Navarch"
SSW 25 mi les

Ice Conditions

Arctic, very open of ice

In heavy ice

In heavy ice

Sighted the ice

"in ice" - until 6/12

"thick ice~'

"thick ice"; heavy,
thick, strips of ice

"thick ice"; heavy,
thick, strips of ice

Comments

1 whale taken all season

Catch for the season

Catch for the season

Whale went under strip
of ice

Saw lots of whales Apr 18
through May

Saw 4 whales (spp?)

Harpooned one but lost it
under the ice

'I
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TABLE 1 (Continued)

COOK, JOHN A.
ABUNDANCE AND DISTRIBUTION

Caught or. Hit
Page Year Date Location # Species Vessel Ice Conditions COlllllents

41 1893 AUG 22- Arctic, east as far as Cape 13 ? "Navarch" 3 of these taken' on 9/6
SEP 9 Dalhousie at the entrance

of Liverpool Bay

41 1893 "APR, ,18-" 17 ? "Navarch" Total ,catch
OCT 10

44· 1894 APR 16- lat 61 0 40'N;-10ng178°E .. "Navarch" Solid ice pack

44 1894' APR 24- In sight of Cape Navarin ~ "Navarch" Too much ice to go after Saw many whales (spp?)
26 whales

44 1894 APR 28 In sight of Cape Navarin 1 ? "Navarch" Whale shot but lost

44 1894 APR 30 From Cape Navarin bore 20 mi NE "Navarch" Among ice, too much ice Saw whales, !spp?)
)::0 to get whales
I

N
w 44 1894 MAY 3-5 From Cape Navarin bore 20 mi NE "Navarch" Among too much ice to get Sa~ whales, (spp?)

whales; bucking the ice

45 1894 JUN 3-4 Diomede Islands, anchored to "Navarch" Among too much ice to get Chased several, none
ground ice off the islands whales; bucking the ice caught, (spp?)

46 1894 JUN 14 St. lawrence Island "a few" ? St. lawrence natives

49 1894 AUG 19 Arctic, Herschel Island area 13 ? 6 steamers Heavy ice fields "Mary D. Hume" , "Newport" ,
"Ba1arnaR ,"Narwha1",
"Grampus", "Karluk"

49 1894 AUG 20 Arctic, off Herschel Island "Navarch" Heavy ice fields Chased whales (spp?),
none caught

50 1894 AUG 20 Arctic, off Herschel Island 1 ? "Grampus" Heavy ice fieldS

50 1894 AUG 20 Arctic, off ~ersche1 Island 1 ? "Karluk" Heavy ice fields

50 1894 AUG 21 Arctic, off Herschel Island ? "Navarch" Heavy ice fields Chased many (spp?), none
caught

50 1894 AUG 21 Arctic, off Herschel Island ? ? "Newport and Heavy ice fields Each got whales (spp, #?)
"Mary D. Hume"
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TABLE 1 (Continued)

COOK, JOHN A.
ABUNDANCE AND DISTRIBUTION

Page Year Date Location
Caught or' Hit
N Species Vessel Ice Condit ions COllll1ents

50 1894 AUG 22 Forced to leave grounds Heavy ice fields coming
towards shore in heavy
masses

50 1894 AUG 31 West of Cape Dalhousie "Navarch" Thick ice Saw whales but couldn't
catch due to ice (spp?)

50

51

1894 AUG 31. West of Cape Dalhousie

NAR 1892-
SEP 3, 1894

69

?

Arctic or
bowhead .whales

"Narwhal"

"Narwhal"

Thick ice

1894 SEP 4

::x::o
I

N
"J::.

51

51-52 1894

53 1894

SEP 5

SEP 6

West of Cape Dalhousie?

West of Cape Dalhousie?

Lat 70 0 20'N; Long 136°45'W

2 Bowhead

?

"Navarch"

"Navarch"

"Navarch"

In among strips of ice

Between 2 large floes of
ice in lane of open
water about 1/2 mi wide

Several bowheads sighted.
2 hit; not fastened to

Sighted several (at
least 6)

Sighted 1 whale (spp?)
but didn't catch it

53 1894 SEP 9 Near King Point "Navarch" Saw 2 whales but didn't
catch any

54 1894 SEP 11 "All whales seen going in NEdirection"; so ship headed NE

54

54

54

55

1894 SEP 13 NE of King Point?

1894 SEP 14 NE of King Point?

1894 SEP 15 NE of King Point?

1894 SEP 23 Near Herschel Island

?

?

."Thrasher"

"Navarch"

"Navarch"

"Newport"

1 whale (spp?) chased,
not caught

Saw "Newport" 'chasing
1 whale - caught?

55 1894 OCT Herschel Island Young ice had formed over
the whaling grounds
ending the whaling season

66 1895 JUL 14 North of Cape Bathurst "Navarch" Ice floes, many Chased 1 whale (spp?) but
lost in the ice floes

1895 JUL 14 North of Cape Bathurst

1895 JUL 14 North of Cape Bathurst

"Newport"

"Mary D. Hume"

Ice floes, many

_l--
Shot it, but lost it

---
Ice floes, many

-----
?

? calf

---)<--
66

66

1_ l_'_'
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TABLE 1 (Continued)

COOK, JOHN A.
ABUNDANCE AND DISTRIBUTION

Caught or Hit
Page Year Date Location # Species Vessel Ice Conditions Comments

"

110 1896 AUG 1 ice permitted vessels to Saw several (spp?), none
move eastward as far as caught
McKinley Bay

110 1896 AUG 3 Baillie Island, Cape Bathlust "Navarch"
_..

110 1896 AUG 7 Baillie Island, Cape Bathlust ice so heavy and closely
packed that it I S

impossible for·.vessels
to go farther north or
east

110 1896 AUG 8 Baillie Island, Cape Bathlust 1 ? sma 11 one "Jesse H. Freeman"

110 1896 AUG 8 Baillie Island, Cape Bathlust 1 ? "Alexander"

):::0 110 1896 AUG 8 Baillie Island, Cape Bathlust 1 ? "Beluga" Harpooned. but lost it
I

N 111 1896 AUG 18 Northeast of Baillie Island "Navarch" cruised among ice Saw 1 bowhead, not-...J

10-30 mi caught

111 1896 AUG 30 Thetis Islands "Navarch" whales seen among ice, Saw larie numbers of
large floes whales spp?) .

111 1896 AUG 30 Thetis Islands 1 ? "Navarch" whales seen among ice, Harpooned, but lost
large floes among large floes

112 1896 AUG 31 Thetis Islands 1 ? "Navarch" whales seen among ice. Harpooned, but lost
large floes among 1arge floes

112 1896 AUG 31 Thetis Islands 1 ? "Navarch"

112 1896 SEP 3 Off Point Tangent 2 ? "Narwhal" Got 2 in the past week

113 1896 SEP 4 Off Point Tangent 1 ? "Beluga"

113 1896 SEP 7 Fo110win9 along edge
J of pack lce

113 1896 SEP 9 Heading for Herald Island 1 ? "r~erma id"



TABLE 1 (Continued)

COOK, JOHN A.
ABUNDANCE AND DISTRIBUTION

Caught or Hit
Page Year Date Location # Species Vessel Ice Conditions Corrments

114 1896 SEP 11 Lat 7l o l2'N; Long l67°W "Navarch" following ice pack Saw 1 whale (spp?), not
caught

114 1896 SEP 12 Lat 7l o l0'N; Long l72°W 1 ? "Jeanette" following ice pack

114 1896 SEP 14 Lat 7l o l0'N; Long l72°W "Navarch" following ice pack Chased many (spp?). none
caught

114 1896 . SEP 13 Lat 7l o l0'N; Long l72°W 1 ? "Jeanette" following ice pack

114 1896 SEP 14 Lat 7l o l0'N; Long l72°W 1 ? not bowhead "Navarch" following ice pack Struck and killed 1. but
it sunk and they lost it

115 1896 SEP 15 Lat 7l o l0'N; Long l72°W "Navarch" following ice pack Chased many (spp?). but
not caught

)::> 115 1896 SEP 15 Lat 7l o l0'N; Long l72°W 1 ? "Orca" following ice pack
I

N 115 1896 SEP 16 Lat 7l o l0'N; Long l72°W "Navarch" following ice pack Chased 1 (spp?). but notco caught

115 1896 SEP 16 Lat 7l o l0'N; Long l72°W 1 ? "Orca" following ice pack

115- 1896 SEP 17 Lat 70 0 58'N; Long l7l o55'W 1 ? "Navarch" harpooned among ice
116

117 1896 SEP 18 Lat 70 0 50'N; Long l72°W 3 ? "Jeanette" Had taken 3 since coming
westward

117 1896 SEP 18 Lat 70 0 50'N; Long l72°W 3 ? "Orca" Had taken 3 since coming
westward

117 1896 SEP 22 Off Herald Island. along edge 1 ? "Beluga" along edge of ice Harpooned 1 but lost it
of ice

117 1896 SEP 22 Off Herald Island. along edge 1 ? "Thrasher" along edge of ice Harpooned 1 but lost it
of ice

117 1896 SEP 22 Off Herald Island, along edge 1 ? "Orca" along edge of ice
of ice

--------"
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TABLE 1 (Continued)

COOK. JOHN A.
ABUNDANCE AND DISTRIBUTION



Habitat Use:

Miscellaneous:

Data
Applicability:

Cook, J.A. (Continued)

Some mention of ice conditions but only occasionally. First
ice usually met at approximately latitude 6DoN. Mentioned
as thick ice, large or small floes, or pack ice. Recorded
along with abundance and distribution.

There is mention of whales caught in Navarin Basin area (see
Table 2 and refer to the Abundance and Distribution section.)

Historical, descriptive account. There is information on
numbers of bowheads caught, location, and ice conditions.
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TABLE 2

COOK, JOHN A.
WHALES CAUGHT IN NAVARIN BASIN AREA

Ca"ught or Hit
Page Year Date Location # Species Vessel Ice Conditions Comments

28 1893 APR 11 Lat 600 40'N; Long 178°30'W 1 ? sighted the ice

28 1893 APR 18 Lat 62°05'N; Long 177°10'E 1 Bowhead "Belvedere" "in ice" - until June 12 Saw lots of whales from
APR 18 - MAY

28 1893 MAY 12 Lat 61 0 50'N; long 177°44'E 1 ? "Belvedere" . "in ice"

28 1893 MAY 14 In sight of Cape Navarin, Siberia 1 ? "Belvedere" "-_. "thick'ice"

29 1893 MAY 14 In sight of Cape Navarin, Siberia 1 ? "Belvedere" "thick ice", heavy thick Saw 4 (spp?l
strips of ice

29 1893 MAY 14 In sight of Cape Navarin, Siberia 1 ? "Navarch" "thick ice", heavy thick Harpooned 1 but
strips of ice lost it under the ice

):::0 44 1894 APR 16 Lat 61 0 40'N; Long 178°E "Navarch" so lid ice pack
I
w.... 44 1894 APR 24- In sight of Cape Navarin "Navarch" too much ice to go after Saw many whales (spp?)

26 whales

44 1894 APR 28 In sight of Cape Navarin 1 ? "Navarch" among ice. bucking the Whale shot but lost.
ice field went under ice.

44 1894 APR 30 From Cape Navarin bore 20 mi NE "Navarch" among ice - too much ice Saw whales (spp?)
to get whales. Bucking
the ice field

44 1894 MAY 3-5 From Cape Navarin bore 20 mi NE "Navarch" among ice - too much ice
to get whales. Bucking
the ice field



Citation: Fay, F.H. 1974. The role of ice in the ecology of marine
mammals of the Bering Sea. In: D.W. Hood and E.J.. -
Kelley, eds. Oceanography of the Bering Sea with
emphasis on renewable resources. Univ. Alaska, Fairbanks
Inst. Mar. Sci. Occas. Publ. 2:383-399.

INTRODUCTI ON

Purpose: The purpose of 'this paper was to summarize the available
literature on the ,relationship between ice and marine
mammals.

Study Area: Summarized literature available on the distribution of
marine mammals in the Bering Sea. Also describes
distribution of ice in the Bering Sea during winter months.

RESULTS

Distribution: The bowhead winters in the ice front of the central and
southwest Bering Sea. They migrate to the Arctic Ocean from
March to May and summer along the edge of the permanent ice
pack. Results were derived from secondary data sources.
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Citation:

Purpose:

Study Area:

Survey Peri od:

Survey
Platform:

Survey Type:

Da ta Recorded:

Survey
Conditions:

Effort:

Fedoseev, G.A. 1982. Aerial sightings to bowhead whales
distribution and their number in the Chukchi and east
Siberian seas. Unpublished paper presented at the
,International Whaling Commission meeting, Brighton,
England. 1982. Paper No. SC/34/P523.

INTRODUCTION

This paper summarizes sightings of bowhead whales from
aerial surveys conducted from 1960 through 1980.

The survey area was the Chukchi and east Siberian seas with
one survey in the Bering Sea.

ThJ survey period was not specifically identified in the
, ,

paper.

METHODS

Aerial surveys from fixed-wing aircraft. Some surveys were
conducted at 200 m altitude.

The survey type was not identified for most of the surveys
di~cussed in this paper, although one survey used strip
sampling with strip width of 1,000 m.

No,information on data recorded was given.

RESULTS

Conditions were not reported.

Mo~t surveys were conducted in the Chukchi Sea with one
!

survey into the Bering Sea in mid-December.
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Abundance:

Distribution:

Habitat Use:

Data
App1 icabi1 ity:

. Fedoseev, G~A. (Continued)

Dud ng the December Bed ng Sea survey, 15 bowheads were
sighted. During surveys in early October along the northern
coast of the Chukotskiy Peninsula, 375 bowheads were
observed. These observations represented an estimated 3500
whales.

The whales sighted during the December Bering Sea surveys
were located south of St. Lawrence Island. Bowheads
observed in the autumn Chukchi Sea surveys were among cake
ice in the coastal zone. ~dditionally, bowheads were
observed near new forming ice.

The whales observed in the Bering Sea were at the edge of
7-8 ball ice. This paper concluded that movement away from
the Chukchi Sea is directly dependent on ice formation
processes.

The Bering Sea survey from this study may be suitable for
incorporation into the Task A data base.

..,
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Citation:

Purpose:

Study Area:

Survey Period:

Survey
Platform:

Survey Type:

Data Recorded:

Survey
Conditions:

Effort:

Abundance and
Distribution:

Habitat Use:

Data
Applicability:

Hanna, G. D. 1920. Mammals of the St. Matthew Islands,
Bering Sea. J. Mammal. 118-122.

. INTRODUC TI ON

Survey of mammals on the three islands comprising the
St. Matthew Island group.

St; Matthew, Hall, and Pinnacle Islands in the Bering Sea.

July, 1916

Foot surveys.

Ground reconnaissance.

Not described.

RESULTS

Not applicable.

Six days.

No~bowheads were observed but the author reported that the
bones of this species were exceedingly abundant on all
be~ches.

No information,

No quantitative data but observations suggest that
St. Matthew Island vicinity was historically used by bowhead
whales.
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Citation:

Purpose:

Study Area:

Survey Period:

Survey
. Pl atform:

Survey Type:

Data Recorded:

Kenyon, K.W. 1972. Aerial surveys of marine mammals in the
Bering Sea, 6-16 April 1972. Unpublished Manuscript.
(Copies available through: Natl. Mar. Mammal Lab.,
NWAFC, 7600 Sand Point Way N.E., Bldg. 32. Seattle, WA
98115) •

INTRODUCTION

The purpose of this survey was to obtain information on the
distribution and general abundance of the Pacific walrus and
all other marine mammals encountered in the Bering Sea.

The survey area was from the Bering Strait to the Alaska
peninsula and from the Alaskan coast to Siberian coastal
waters.

Surveys were conducted on 7 and 11-16 April 1960.

METHODS

Aerial surveys were conducted with fixed-wing aircraft at
500 ft al titude.

Systematic and random strip sampling with strip width of
1 nm.

Information recorded during surveys was: time, number of
animals inside and outside of survey strip, percent ice
cover, and ice type.
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Survey
Conditions:

Effort:

Abundance:

Distribution:

Habitat Use:

Data
Applicability:

Kenyon, K.W. (Continued)

RESULTS'

Weather duri ng the surveys was generally cl ear.

The survey dates and locations are:
7 APR 72 - Norton Sound

,
11 'APR 72 N. Bering to Gulf of Anadyr
12 "APR 72 - St. Lawrence Is. to St. Matthew Is.
13 :APR 72 - Bristol Bay and to the west
14 :APR 72 - Bri sto1 Bay north to Bethe1
15 APR 72 - St. Lawrence Is.
16 'APR 72 - Norton Sound

Only one bowhead whale was observed during the surveys.

The one bowhead was observed just north of St. Lawrence
Island in young ice in about 60 percent cover.

Ice conditions (ice cover and type) were recorded
periodically during the surveys. These data are presented
in this paper.

This data base will be suitable for. incorporation into the
,

Task A data base.
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Citation:

Purpose:

Study Area:

Study Period:

Survey
P1 atform:

Survey Type:

Data Recorded:

Kenyon, K.W. 1960. Aerial surveys of marine mammals in the
Ber.ing Sea. 23 February to 2 March 1960 and 26-28 April
1960: Unpublished manuscript. (Copies available
through: Nat1. Mar. Mammal Lab., NWAFC, 7600 Sand Point
Way N.E., Bldg. 32. Seatt1°e, WA 98115).

INTRODUCTION

The purpose of this paper was to record observations of
marine mammals, especially the Pacific walrus (Odobenus
rosmarus di vergens ), in the. Beri ng Sea duri ng 1ate wi nter
and early spring and to estimate the walrus and bearded s~al

populations based on his information.

The study area included the Bering Strait to northern
Bristol Bay from the Alaskan Coast to the Gulf of Anadyr.

Surveys were conducted from February to April 1960.

METHODS

-
Aerial surveys flown in fixed-wing aircraft at 500-700 ft
altitudes.

Systematic and random strip sampling with strip width of
1 mi.

The data recorded was not addressed.
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Survey
Conditions:

Effort:

Abundance:

Distribution:

Habitat Use:

Data
Applicability:

Kenyon, K.W. (Continued)

RESULTS

The', survey condi ti ons were not reported.

The survey dates and 1ocati ons are:
23 FEB-2 MAR 1960 - north Bering Sea south of St. Lawrence
Island.
26-28 APR 1960 - Central to northern Bering Sea.

No abundance estimate was made for bowheads. Only one
bowhead whale was observed.

One bowhead whale was seen in a lead about 55 miles north of
St! Lawrence Island on 27 April. No othe~ whales were
observed.

Ice conditions were classified using the classification
system given by Armstrong &Roberts (1956) but was not
presented in this report. ' No association of whale
distribution with ice type is presented.

This data base may be suitable for incorporation into the
data base but no decision can be made until the data base is
actually examined.



Citation:

Purpose:

Study Area:

Survey Period:

Survey

Platform:

Survey Type:

Data Recorded:

~rogman, B.D., H.W. Braham, R.M. Sonntag and R.G. Puns1y.
1979. Early spring distribution, density, and abundance
of the Pacific walrus (Odobenus rosmarus) in 1976.
Unpublished manuscript. (Copies available through:
Nat1. Mar. Mammal Lab., NWAFC. 7600 Sand Point Way N.E.,
Bldg. 32. ,Seattle,WA 98115.)

INTROOUC TI ON

The objectives of this study were to assess walrus
distributio~ on the pack ice during the period 'of maximum
extent of ice coverage in the Bering Sea.

The study area i.nc1 udes the Beri ng Sea above 56°N and the
Chukchi Sea to 68°20 ' N.

Field studies were conducted from March through June 1976.

METHODS

Aerial surveys were conducted from a fixed~wing aircraft at
300-1000 ft (generally 500 ft) altitudes.

Random and systematic strip sampling with strip widtns of
0.868 nm or 1 nm depending on aircraft type.

Information recorded for each sighting included species,
number of adults and/or calves, geographical position (to 1
nm2), perpendicular angular distance from aircraft to
animal, animal activity and environmental conditions
including weather', visibility, and ice.
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Krogman, B.D. eta1. (Continued) ,

RESULTS

Survey
Conditions: Survey conditions were not specifically addressed.

Efforts: The survey dates and locations applicable to Task A are as
,

foll ows:
15,'18,19,& 21 MAR 76 St. Lawrence Is. - Bering Strait
13,15,19-23 APR 76 St. Lawrence Is.
8,9,11,17,19-21,23 APR 76 S. Bering
12-15,17,18,21-26 APR 76 Central-W Bering

Abundance: No bowhead sightings reported.-

Distribution: Not described.

Habitat Use: Not described.

Data
Applicability: The March 76 and 13-23 April 76 surveys were reported in

Braham et al. 1984. The 8-23 April 76 survey was an ADFG
survey and will be suitable for incorporation into the data
base. The 12-26 April 76 survey was a survey by Russian
scientists and may not be available for incorporation into
the data base.
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Citation: Leatherwood, S. A.E. Bowles, and R.R. Reeves. 1983.
Endangered whales of the eastern Bering Sea and She1ikof
Strait, Alaska: results of aerial surveys, April 1982
through April 1983 with notes on other marine mammals
seen. Hubbs-Sea World Research Institute. San Diego,
California. 319 pp.

INTRODUCTI ON

Purpose: Determi ne endangered wha 1e abundance, di stri buti on, habi tat
use, and behavior in the eastern Bering Sea and She1ikof
Stra it.

Study Area: Eastern Bering Sea and She11kof Strait. Survey area in the
eastern Bering Sea was Bristol Bay and the southeast Bering
Sea south of 62 0 N and east of 1740 N, and She1ikof Strait
between Kodiak Island and the Alaska Penninsu1a.

Survey Period: Not given.

METHODS

Survey

Platform: Twin engine aircraft including Grumman Goose and Twin Otter.

Survey Type: Stratified systematic and random transect sampling with
line-transect estimation procedures.

Data Recorded: Data recorded during the surveys included: time, position,
species, number, sighting cue, initial behavior, response to
aircraft, swim direction, number of calves, and
environmental conditions.
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Survey
Conditions:

Effort:

Abundance:

Distribution:

Habitat Use:

Data
Applicability:

I

j
Leatherwood, S. (Continued)

RESULTS

For, periods when bowheads were most likely to be present,
the percentages of the total distances surveyed during sea
condi ti ons1 ess than or equal to Beaufort 3 were as foll ows:

74 percent for mid to late March
65 percen~ for January
74 percent for mi d February to early March

For periods when bowheads were most likely to be present the
effort was:

1,000 nm for mid and late March
1,135 nm for January
'956 nm for mid February to early March

One group of seven bowhead whales was seen on 31 March, 1982

southeast of St. Matthew Island at 60° 05 1 .6 N, 171°36.8 1 w.

Although surveys were conducted from 174°00 Wto the coast
of Alaska between 62°00 N and the Alaska Peninsula, the
single bowhead sighting was near St. Matthew Island.

The whales were at least 6 nm into the pancake ice and about
23 nm south of where the ice conditions changed to extensive
broken floes. From monthly summaries of ice conditions
based on satellite imagery, the whales appeared to be at
least 26 nm north of open water and 23 nm south of heavy
paCk-ice. The whales were in 36 fathoms of water.

Single sighting of seven bowheads can be included in the
distribution to better describe the winter range.
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INTRODUCTION

Study Period: Whaling accounts from 1840's-1870·s.

Re: Chapter V pp 52-65 only.

Study. Area: Consists of area in which whalers pursued bowheads,
including the Bering Sea. Bowhead whales were seldom seen
in the Bering Sea south of latitude 55°N.. .
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Scammon, Charles M. 1874. The Marine Mammals of the
Northwestern Coast of North America. J.H. Carmany
Company, San Francisco, CA 319 pp.
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METHODS

Very little said and vague (i.e., "many whales •.. ").

Casual observations.

Casual observations made onboard whaling barks, records from
whaling captains and records from ship logs.

Citation:

Purpose: Descriptive (natural history) account of marine mammals and
the whaling activities off the northwestern coast of North
America written by a whaling captain. Includes a chapter
(Chapt~r V) devoted to the bowhead or great polar white
whale.

Abundance:

Study
Platform:

Survey Type:



I
'I
:1
,I
I
:1
C
:1
iU

·ft
,e
·D
'D

, -

"0
'0
o
'U
u
o

.
Scammon, C.M. (Continued)

Distribution: Gives general location that whalers found bowheads, but no
numbers associated with the location. The bowhead whale was
seen and pursued from Nova Zembla to eastern Siberia. They
inhabited the Sea of Okhotsk south of latitude 54°N, and
Spitsbergen in the Arctic. They were found as far west as
Davis Strait. Bowheads were seldom seen in the Bering Sea
south of latitude 55°N. They were found in the Arctic Ocean
adjoining the Bering Sea. Bowheads were formerly taken off
Karaginski Island, latitude 59°N. They were also pursued
along the coast of the Kamchatka Peninsula, around the
Kurile Islands and in the Sea of Japan. The animals can
pass from the Atlantic to the Pacific Ocean.

Habitat Use: Some information on ice conditions recorded. Bowheads
preferred to be among scattered floes or borders of ice
fields rather than in open water. Whales were divided into
three age/size classes, t~e third class containing the
smallest whales - these generally were found among broken
floes the first of the season and were known to break
th~ough ice three inches thick that formed over the water
between the floes. Whalers moved north as fast as the
broken floes permitted t keeping close to shore as possible
to be on the best whaling ground. He suspected that the
whales wintered at the southern edge of the winter ice
barrier. He knew of no records of whales being captured
south of winter ice fields. Called "ice whales".,

Miscellaneous: - Whalers met the ice at approximately latitude GOoN around
May 1. The Bering Sea was sufficiently clear of ice from
approximately July 1-20 for fleets to get to the Arctic
as high as latitude 72°N.
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r~ i sce 11 aneous:
(Cont inued)

Data
Applicability:

Scammon, C.M. (Continued)

,
In 1848 the American bark IISuperiorll under Captain Roys

, was the first vessel to work through Bering Strait to the
Arctic Ocean.

- Classificat i on of bowheads of the Arct ic went as follows:
1st Class - largest, brown color, averaged 200 barrels oil
2nd Class - smaller, black, averaged 100 barrels oil
3rd Class - smallest, black, averaged 75 barrels oil

Historical, descriptive account.
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Citation: Tomilin, A.G. 1957. Mammals of the U.S.S:R.and Adjacent

Countries. Volume IX. Cetaceans. Izd. Akad. Nauk.
SSSR, Moskva, 756 pp. [In Russian.] (Trans1. by Isr.
Program Sci. Trans1, 1967, 717 pp; available from Nat1.
Mar. Mammal Lab., NWAFC, 7600 Sand Point Way N.E., Bldg.
32. Seattle, WA 98115.)

Re: pp 5-42

INTRODUCTION

Purpose: Accou'nt of natural history of cetacea including species
identification key and notes on the Whaling industry.

Study Area: ~rorldwide including Chukchi, Bering, and Beaufort seas and

the Sea of Okhotsk.

Study Period: N/A.

METHODS

Study
Platform: Literature review plus study of preserved specimens.

Survey TyPe: Literature review.

Data Recorded: Natural history, morphometries, distribution and migration
l;'outes, history of wha 1ing.

RESULTS

Abundance: N/A.
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Tomilin, A.G. (Continued)

Distribution: Gives range but numbers are not associated with location.
Tomilin divides Greenland right whales into three stocks
based on a review of the literature. These are Stock I:
The Spitsbergen stock, which migrated from the eastern coast
of Greenland and isles of Iceland and Jan Mayen to
Spitsbergen. From Spitsbergen some returned to the Denmark
Strait by the same route and some moved along the western
coasts of Spitsbergen, turning to the northeastern portion
of Greenland and along the eastern coast of Greenland to the
Denmark Strait. This stock occurred as far as Nova Zembla.

Stock II: The West Greenland stock, which migrated from the
Davis Strait to Baffin Bay; as far north as Smith Sound,
also Lancaster Sound and around Baffin Island and Cockburn
Land.

Stock III: The Bering-Chukchi stock, migrated from the
Beaufort Sea along the Alaska Peninsula to the Chukchi Sea
and then through the Bering Strait to the Bering Sea and
back. They were also seen in autumn in regions of Cape
Serdtse-Kamen, Cape Shmidt, Wrangell Island t and Herald
Bank. In winter, some were seen in the Sea of Okhotsk. It
is possible that a few penetrated the East Siberia Sea and
Laptev Sea. See Table 1.

Habitat Use: The Bering-Chukchi stock winter in the Bering Sea (Gulf of
Anadyr; near St. Lawrence and Karaginski Island). They
migrated as far south as the Aleutians,Kamchatka, and Sea
of Okhotsk (near Tauiskaya Bay, in Penzhinskii, and
Shantarski i Bays). In the spri ng, as the ice receded, they
passed through the Bering Strait to the Chukchi Sea and
along the coast of Alaska to the Beaufort Sea. They spent
the first half of summer far from the coastline of the
Chukot Peninsula and some remained at the ice edge in the
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TABLE 1

TOMILIN, A.G.
DISTRIBUTION

Year Date Location
Caught or Hit
# Species Vessel Ice Conditions Coments

1913 Between Wrangel and Herald Islands 22 Greenland "Belvedere" Reported by F.P.
Slabodzyan. He also
said that this region
was the best in the
Chukchi Sea for hunting
whales. - .• - .,

»
I
~
\0

1940

1933

1924-1932

JAN Off of Point Hope~-

Bering Strait, off of Sireniki Village

Off of Netekenishvin and Enurmin Villages 6

F. Ra.iny

Sireniki Village

Netekenishvin and
Enurmin Village

F. Ra tny reports ,that_ in_
Jan 1940 at least 20
whales were spotted
daily.

Native hunters

Nat he hunters



Habitat Use:
(Continued)

Mi scell aneous:

Data
Appl icability:

Tomilin, A.G. (Continued)

Beaufort Sea through summer. Others migrated to the
Wrangell and Herald Island regions and some as far west as
the East Siberian Sea. In winter, they followed the edge of
the ice, descending to the Bering Sea via the Bering
Strait. Some solitary whales wintered between Cape Chaplin
and Cape Stoletie. They migrated nearer the coastline
during the autumn migration. Whales prefer areas with
partial ice cover. They can break ice cover 20-30 cm thick
and can push ice floes apart.

In the region of the Bering Sea the whaling industry
existed mainly in the Gulf of Anadyr near St. Lawrence
and Karginksii Islands.

- Records sightings and catches made by native populations.
- Between 1788 and 1879 an average of 8,000 bowheads were

taken each year from all three stocks of bowheads.
- Bowheads were not discovered in the Bering Sea until 1843.
- From 1804-1876 American whalers off Chykot, Kamchatka and

Sea of Okhotsk took 194,000 bowheads and Pacific right
Whales. From 1911-1930 only five bowheads were taken off
the northwestern coast of America.

- Stocks mix - proven by harpoon record

Historical account. Gives some general information on
abundance, catch and ice conditions.
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INTRODUCTI ON

Re: Chapters 17 (pp 272-290) and 19 (pp 310-337).

Study Period: Historical account covering whaling industry from first
known whaling activities to 1932.

METHODS

A-51

Casual observations, literature review.

Literature review plus 3-year cruise in 1932, documenting
whaling activities worldwide.

...

Zenkovich, B.A. 1954. Around the world after whales. Gov.
Pub1. of Geogr. Lit., Moscow, U.S.S.R. [Original in
Russian.] (Trans1. by L.A. Hutchinson, Translation and
Interpretation, Central Duplicating Service, La Jolla,
CA. 408 pp.)

Records range of animals, natural history, population
, estimates, catch estimates, hunting techniques.

Data Recorded:

Survey Type:

Study
Platform:

Study Area: Wor:1 dwi de hi stori ca1 account. Inc1 udes OCcurrence of
bOWheads in the Bering Strait, Bering Sea, Chukchi Sea,
Kurile Islands area and along the Kamchatka Peninsula.

Purpose: Descriptive, historical" account of the whaling industry
around the world and possible extermination of the animals .
Includes a chapter concerning right and bOWhead whales (Chp.
17). Includes some natural history and status of population
information.

Citation:
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RESULTS

Zenkovich, B.A. (Continued)

Records population and catch estimates sometimes by
location. At time of cruise the Chukchi natives estimated
bowhead population at 100. See Table 1.
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Some information on population size
Information on migration route.

Numbers usually not associated with a specific location.
The only mention of the Bering Sea area is that from
1849-1850, 200 Greenland wha1es.were caught in the Bering
Strait.

Historical account.
and numbers caught.

No ~etai1ed description of ice conditions. Chukchi natives
said that bowheads appeared in Bering Strait in early
November or October if the winter was especially cold and
there was heavy ice. Whales wi ntered on the southern fri nge
of the ice, among floes, south of Anadyr Gulf on the Asiatic
side of the Bering ~ea. Southern extent unknown but
observed as far south as Cape Kronotsky. Spring, northward
migration depended on movement of ice and has been observed
to occur as early as April. May - Cape Kronotsky, along
Kamchatka and in 01iutorsky Gulf and east to 165 0

longitude. June-July - the bulk of whales were in Bering
Strait and Anadyr Gulf. August - near Pribo10f Islands and
Northern Deep Bay - but at this time of year most whales
were in Chukchi Sea from Wrange1 Island to Cape Barrow.

..

Abundance:

Distribution:

Miscellaneous:

Data
App1icabi 1i ty:

-Habitat Use:
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ZENKOVICH. B.A.
ABUNDANCE

Caught or Hit
Page Year Date Location # Species Vessel

273 1935? Walrus Bay. 150 miles offshore in 1 SMooth whale Capt. Zarva
the Kamchatka Sea

277 1937? early Kamchatka Sea 2 smooth whale - "Avanguard"
June Okhotsk type

280 during Off of Uelen. Naukan. Dezhnero. Polar whales Native hunters
migration .Chaplilio. I1ndSireniKi- Villages

in the Chukchi Sea

285 during Chukchi Sea Polar whales Chukchi whalers
migration

~ 310 1669-1787 Bay of Biscay Polar whales Dutch FleetI
<.11
w

312 1680-1689 around Spitsbergen Greenlands

312 1697 between Spitsbergen and Greenland.
312 l7l8-about 1818 Davis Strait Greenlands

313 1843 Sea of Ukhotsk around Greenlands
. Shantarsky Islands

313 1848 Chukchi Sea Greenlands

314 1753-1773 Around S. Africa. New Zealand. smooth whale
Australia. and Tasman Sea

314 1804-1817 Southern waters Amer ican fl eet..
326 1847-1861 Near Shantarsky Islands. many in

Tugursky. Ulbansky. and
Usalginsky Bays

Ice Conditions

on southern edge of ice
p'ack-, i ..no

- open ··wa·ter·
among floes

Cormtents

Either the Japanese or
Okhotsk type

Eskimo hunters report no
mere,·-th-a·n-·~ 10- spohts .. of
bowheads together in the
last decade. Used to he
telis of spouts;· Now'no
more than 100 bowheads in
the area.

Chukchi whalers killed
more than 1O.000'whales. ,
1n one season

100.000 killed by Dutch
plus 100.000 more killed
by other nations durinQ
this time period

10.000 killed

1.888 whales killed

Hunted in Davis Strait

Hunted in Okhotsk Sea

Hunted in Chukchi Sea

14.000 killed/year for
20 years

Killed 193.522 whales,
50 whales taken each day



TABLE 1 (Continued)

ZENKOVICH, B.A.
ABUNDANCE

Off Kamchatka and Chukchi shores 570
from Cape Lopatka to Cape Stone­
Heart. Mainly in Kronotsky Gulf
and near Komandorskie Islands

Page Year Date

--
327 1852-1853

327 1852-1853

327 1852~1853

329 1849-1850

331 1864-1873

334 DEC 14, 1889-
):> MAR 22, 1890I
(J"I .
..j::. 334 1890

335 1904-1905

336 1925-1926

Location

Off of Finland

Sea of Okhotsk

Bering Strait

Off mouth of Kutin and Tugar
Rivers of Turgursky Bay

Wrangel and America Bay

Near Korea

Chukchi Sea

Caught or Hit
# Species

15 ?

? small one

9 Bowheads

200 Greenlands

85 ?

23 ?

50

Vessel

Russian-Finnish
Company "Shomi"

"Turko"

"Turko"

Chukchi natives

Norwegians

Ice Cond it ions Conrnents

Reported by first mate

Chukchi natives killed
about 10/year

- _~"i""_l""_"_'f"_'"'' .... ..
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~/ Surface visibility classification was taken from the National
Marine Fisheries Service's Platform of Opportunities Program
(Consig1ieii and Bouchet 1981).
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Category

Excellent

Very good

Good

Fair

Poor

Unacceptable

APPENDIX B
D8FINITION OF SURFACE VISIBILITY CATEGORIES

USED DURING AERIAL AND VESSEL SURVEysa/

Definition

Surface of water calm, a high overcast solid enough to
prevent sun glare. Beaufort =0, visibility greater
than 5 km. Marine mammals will appear black against a
uniform gray background.

May be a light ripple on the surface or slightly
uneven lighting, but still relatively easy to
distinguish anima1~ at a distance. Beaufort =1 or 2,
visibility greater than 5 km.

May be a light chop, some sun glare or dark shadows in
par~ of survey track. Beaufort less than or equal to
3, visibility less than or equal to 5 km. Animals up
close (300 m Or less) can still be detected and fairly
readily identified.

Choppy waves with some slight whitecapping, sun glare
or dark shadows in 50 percent or less of the survey
track. Beaufort less than or equal to 4, visibility
less than or equal to 1 km .

Wind in excess of 15 kt, waves over 2 ft with
whitecaps, sun glare may occur in over 50 percent of
the survey track. Beaufort less than or equal to 5,
visibility less than or equal to 500 m. Animals may
be missed unless within 100 m of the survey track1ine,
identification difficult except for larger species.

Wind in excess of 25 kt; waves over 3 ft high with
pronounced whitecapping. Sun glare mayor may not be
present. Beaufort greater than or equal to 6 or
visibility less than or equal to 300 m. Detection of
any marine mammal unlikely unless observer is looking
directly at the location where it surfaces.
Identification very difficult due to improbability of
seeing animal more than once.
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a/ Ice description were taken from the World Meteorological
Organization (1970). Ice floe sizes were modified from the World
Meteorological Organization according to definitions of National
Oceanic and Atmospheric Administration., ,
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Category

Ice thickness
New ice
Young ice
1st year ice

Ice type
Grease ice

Slush (Brash)

Pancake ice

Floes

Small floe
Medium Hoe
Large fl cie
Vast floe
Giant floe

Ice Concentration

APPENDIX C
SEA ICE CLASSIFICATION USED DURING

AERIAL AND VESSEL SURVEYS!/

Description

less than or equal to 10 cm
10-30 cm
greater than or equal to 30 cm

A later stage of freezing than fragile ice (fine
spicules or plates of ice suspended in water)
when the crystals have coagulated to form a soupy
layer on the surface. Grease ice reflects little
light, giving the sea a matt appearance.

'Snow whi ch is saturated and mi xed wi th water on
ice surfaces, or as a viscous floating mass in
water after a heavy snowfall.

Predominately circular pieces of ice from 30 cm
to 3 m in diameter, and up to about 10 cm in
thickness, with raised rims due to the pieces
striking against one another.

Any relatively flat piece of ice 10 m or more
across.

less than 10 m across
10-30 m across
30-100 m across
100-200 m across
greater than 200 m acrosS

The ratio of tenths or eighths of the sea surface
actually covered by ice to the total area of sea
surface, both ice-covered and ice-free, at a
specific location or over a defined area.
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TABlE,1

"Record o£ Bowhead Whales Encountered in Bering Sea During March-April 1979

Location
17630W
17633W
17635W
17636W
17647W
17647W
17637W
17654W
17651W
17645W
17819W
17305W
17323W
17323W
17323W
17323W
17318W
17326W
17321W
17319W
17321W
17324W
17324W
17324W
17317W
17317W
17318W
17319W
17319W
17320W
17320W
17319W
17319W
17319W
17326W
17326W
17326W
17325W
17325W
1732SW
17325W
17325W
17325W
17325W

'17325W
1732SW
17325W

0-1

6225N
6224N
6223N
6222N

. 6217N
6217N
6226N
6237N
6237N
62~7N

6152N
6042N
6037N
6037N
6037N
6037N
6038N

'6034N
6036N
6036N
6035N
6033N
6032N
6032N
6044N
6044N
6044N
6043N
6042N
6040N
6039N
6039N
6030N
6029N
6026N
6026N
6027N
6030N
6030N
6030N
6031N
603SN
6036N
6036N
6038N
6038N
6039N

Number
5
3
1
l'
2
2
1
1
1
1
1
1
4
2
1
1
2
1
1
1
3
1
l'
3
1
2

"1
1
1
1
3
1
1
1
1
1
1
1
1
1
1
3

, 1

5
6
2
1

Date
3-05-79,
3-05-79,
3-05-79"
3-05;-79 1

3-05-79'
3-05-79
3-05-79'
3-05,-79
3-05-79"
3-05-79
3-12-79:
3-16-79'
3-16,-79
3-16-79'
3-16,-79,
3-16-79,
3-16,-79'
3-17-79
3-17-79 I
3-17-79'
3-17-79~

3-17-79 :'
3-17-79
3-17-79
3-18-79
3-18-79'
3-18-79
3-18-79
3-18-79
3-18-79
3'""'18-79
3-18-79
3-18-79 '
3-18-79
3-18-79
3-18-79,'
3-18-79:
3-18'""'79'
3-18-79
3-18-79 1

3-18-79'
3-18-79
3-18-79'
3-18-79;
3-18-79'
3-18-79
3-18-79



I
TABLE 1 (Continued)

I
Date Number Location

3-18-79 1 6038N 17326W I3-18-79 5 6043N 17326W
3-18-79 1 6045N 17326W
3-18-79 2 6045N 17326W I3-18-79 1 6047N 17336W
3-18-'79 2 6036N 17335W
3-18-79 2 6031N 17336W
3-18-79 1 6024N 17342W I3-18-79 1 6024N 17342W
3-18-79 1 6025N 17341W
3-18-79 1 6030N 17341W -3-18-79 ,1 6032N 17341W
3-18-79 2 6032N 17341W
3-18-79 1 6032N 17341W

I3-18-79 3 6045N 17352W
3-18-79 1 6037N 17353W
3-24-79 5 6327N 17155W
3-24-79' 1 6326N 1.7155W I3-24-79 1 6327N 17159W
3-24-79 1 6327N 17159W
3-24-79 2' 6318N 17152W

I3""24-79 6 6317N 17153W
3-24-79 2' 6305N 17152W
3-24-79 1. 6308N 17153W
3-24-79 1 6308N 17153W I3-26-79 5 6334N 17214W
3-26-79 2 6337N 17222W
3-26-79 3 6337N 17222W

m4-04-79 1 6344N 17235W
4-04-79 1 6333N 17340W
4-04-79 1 6332N. 17340W
4-04-79 1 6332N 17340W I4-04-79 1 6327N 17338W
4-04-79 1 6322N 17339W
4-04-79 1 6322N 17339W I4-05-79 4 6330N 17352W
4-05-79 2 6333N 17353W
4-05-79 1 6333N 17352W

R4-05-79 1 6334N 17352W
4-05-79 1 6336N 17353W

" .
4-05-79 1 6338N 17421W
4-05-79 1 6403N 17440W R4-06-79 1 6355N 17511W
4-06-79 2 6401N 17549W
4-07-79 2 6330N 17443W

R4-07-79 1 6324N 17435W

I

0-2
n
0
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TAaLE l·(Continued)

Record o£ Bowhead Whales Encountered in Bering Sea During February-March 1983

Location
17352W
17400W
17420W
17420W
17420W
17420W
17428W
17428W
17352W
17357W
17403W
17410W
17410W
17411W
17416W
17427W
17413W
17403W
17353W
17341W
17416W
17416W
17404W
17401W
17356W
17357W
17356W
17352W
17353W
17353W
17357W
17324W

6017N
6017N
6009N
6009N
5955N
5954N
5955N
6000N
6023N
6017N
6012N
6007N
6005N
6003N
6001N
6007N
6013N
6015N
6017N
6019N
6004N
6004N
6012N
6014N
6012N
6017N
6019N
6010N
6009N
6009N
6017N
5947N

0-3

Number
3
1
1
1
7

12
2
2
1
1

'4
1,

1
1
1
1
1
1
4
2
1
1
1.
1
1
1
1
1
1
1
1
1

Date
3-12-83
3-12-83
3-12-83'
3-12"83
3-12-83
3-12-83,
3-12-83
3-12-83'
3-12-83
3-12-83
3-12-83,
3-12-83
3-12-83
3-12-83
3-12-83
3-13-83'
3-13-83
3-13-83
3-13-83
3-13-83'
3-13-83
3-13-83
3-13-83
3-13-83
3-13-83
3-13-83
3-13-83,
3-13-83
3-13-83
3-13-83
3-13-83
3-15-83'

m.

I
I
,I
I
I
il
(

I
I
I
I
I
I
I
I
I
I
I
I



TABLE 1 (Continued)

Record o£ Bowhead Whales Encountered in Bering Sea During January 1986

Location

L

Date
1-23-86
1-23-:86
1-24-86
1-24-86
1-24-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-27-86
1-31-86
1-31-86

Number
'1
5
1
1
1
1
2
4
1
1
1
2
6
b
1
1
2
1

6032N
6106N
6129N
6116N
6129N
6146N
6200N
6143N
6144N
6147N
6138N
6135N
6135N
6134N
6133N

> 6137N
6220N
6210N

0-4

17112W
17208W
17247W
17148W
17111W
17344W
17324W
17232W
17218W
17214W
17259W
17308W
17305W
17308W
17304W
17307W
16817W
17109W

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Figure 1 Groups of bowhead whales recorded in 5 min. latitude by 10 min. longitude
grids in the Bering Sea, 1979.
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Figure 2 Groups of bowhead whales recorded in 5 min. latitude by 10 min. longitude
grids in the Bering Sea, 1983.

57

180 179 178 177 176 175 174 173' 172 171 170 169 168 167

58

60

59



"

'~.p .,', j. " ".i"i,'

58

60

59

I 61

i
,I
, i

i
i 63

!
I

62
,I

I

Ii I
I
I

57
167

167

L

I,

E-3

Groups of bowhead whales recorded in 5 min. latitude by 10 min. longitude
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Figure 4 Groupsof bowheadwhales recorded in 5 min. latitude by 10 min. longitude
grids in the Bering Sea· 1979, 1983. 1986.
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APPENDIX F

EVALUATION OF THE STATISTICAL ANALYSIS
OF THE REPORTED RESULTS

by
Douglas G. Chapman

The aim of section 2.0 of this report was to assemble the available
information on winter distribution of bowhead whales in the Bering Sea
and, as possible, correlate the observed distribution with sea ice
conditions. As the report demonstrates, the number of usable data

bases was small. The data bases that were usable had to contain
information on whale sightings on an objective basis and on ice
conditions. These were limited to data from research surveys in 1979,
1983, and 1986. Furthermore, there were differences between some of
the measurements in 'di fferent years or between different p1 atforms that
required adjustrrientand which added considerable noise to the data.
This tended to 10we~ the correlations between environmental variables
a~d variables relating to whale distribution.

The primary tool used to develop a quantitative relationship between
exogenous variables (i.e., ice characteristics and whale distribution)
was multiple re~ression. In searching for such relationships with a
number of possible predictive variables, it is best to approach this in
a two step operation. A search is made for the best predictive
variables using par~ of the data. Following the identification of such
a best set, their usefulness is validated for the remaining part of the
data. This is particularly true when the best predictive variables
appear to yield a yery high correlation.

I,

In the analysis undertaken in this report, this two step procedure was- .
inappropriate for two reasons. In the first place, the number of
transects in whi~h whales were sighted was small and as pointed out
above, further complicated by inconsistencies between years

F-l



or between platforms. Secondly, the proportion of the variation
explained by the exogenous variables was quite small. Thus the
multiple regressions have limited value from a management point of view.

The two step procedures discussed above Should not be confused with the
"

two step procedure carried out in the stuqy and referred to in the
report beginning on page 2-15. The two steps used were (l) to
determine an equation to predict presence or absence of whales from ice
variables, and (2) to predict the number'of groups, given that whales
were present. Whereas ice concentration had been selected from a large
number of variables related to ice as the initial predictor, a,study of
the survey results suggested that persistence of open water within the
pack ice played some role. This is biologically reasonable since
whales would conserve energy if they were able to seek out and find
protected areas within the ice where open water persists for reasonable
periods.

A simple chi square analysis (Table 2-9) demonstrated that indeed
whales were found more frequently than expected in such persistent
open-mixed areas, although not exclusively. Thus, when this variable
was added to ice concentration as a predictive variable for either of
the relationships stated above, it sUbstantially increased the r 2 for

the proportion of the variation explained. The final r2 values were~
however, still low, particularly in predicting the presence or absence
of whales.

In view of the limited information provided by the multiple regression
equations, it is reasonable to consider some other statistical
procedures that might provide a better management tool. Non-parametric
methods, cluster, or discriminant analysis are procedures that could be
considered., Non-parametric methods will in general be less efficient
than parametric procedures such as multiple regression and while they
may be more robust they cannot provide mOire precise predictions.
Cluster analysis or discriminant analysis will only yield the same

F-2
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quantitative informa,tion as multivariate analysis and if the
j~.'. •

relationship is poor due to excessive noise in the system these will
yield the same results.

What are the alternatives for further investigation? Additional
observations with a standard protocol to eliminate differences that
occurred between the, surveys of 1979, 1983, and 1986 wi 11 be of some,
but only limited additional value. Alternatively, attempts may be made
to measure new variables, though at this stage it is difficult to
specify what they sh~u1d be and what new variables will be of
predictive value. A third possibility is to modify the scale on which
the prediction i's to, be attempted. It is possible that useful
predictions could be; made for much larger unit areas. Even this is,
uncertain until more'surveys have been carried out and more information
obtained on the winter distribution of'the whole bowhead whale stock.
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