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A study of Possible Meteorol ogical Influences On Polynya Size
JINTRODUCTTON s

A polynya is rigorously defined as an irregularly shaped opening
enclosed Dy ice which may contain brash ice or uniform ice of markedly
t hi nner ice than the surroundi ng ice(Stringer, Barnett, and Godin,
1984).  Polynyi are frequently described in the literature as
non-linear open water areas surrounded by sea ice W thout nention of
whether an attenpt was made to clearly differentiate the open water
fromthin ice or if such a distinction was possible.

Polynyi are important for the understanding of climtic,

oceanographic, and biological phenamena in the Arctic.

(1) The open Wat er of the polynyi are
important habitat for mgratory water fow and
mammals (Stirling and Cleater, 1941).

(2) Their formation can be part of the
pattern of break-up and nelt-back of the ice
edge (Stringer and Goves, 1985 .

(3) Polynyi formation may affect the salt
bal ance of the seawater in that they canbe
viewed as conveyor belt-like generators of sea
ice, a process which raises the salinity of
wat er contained Wi t hi n t he polynya (McNutt,
1981; Schumacher, B2agaard, Pease, and Tripp,
1983) .
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(4) "Their | ocation and the time of their
Fresence Can be | nportant for shipping and

other of f shore econamic activity.

. Dey, Moore, and Gregory(1979)describe the use of NOAA t her nal
infrared imagery for monitoring and mapping sea ice freeze-up and
bresk-up and a method Of rectifying NOAA i mages. Dey (19 @) descr ibes
the use of thermal infrared i mages for nonitoring North Water, a
polynya located in Northern Baffin Bay for the nonths of
November-Janua ry.  They concluded NOAA thermal infrared images are
admirably suited for generalized statistical analysis-of sea ice and
that boundaries between first- and multiyear i ce and open water can be

mapped MOre reliably than boundaries between Open water and thin ice.

. Smth and Rigby(198l)state that the timng of freeze-up and -

formation of polynyi, the size of polynyi at maximm ice cover, and
the pattern of break-up and di sappearance are inportant factors for
understanding  ecological relationships. Using NOAA visible and
infrared imagery, Landsat imagery, and weekly i ce conposition maps
fram the Ice Cimtology and Applications Division of the Canadian
Atmosgheric Service, they studied 16 polynyi in the Canadian
Archipelago from July to November, 1975-1977. They reported only
broad dates for formation and di sappearance of the polynyi. They gave
no quantitative neasurenments of the areas.

. Stringer (1982 )measwred the Wi dth and persistence of the Chukchi
Polynya foOr the years 1974-1981 using Landsat and NOAA imagery. The
Chukchi Polynya extends fram Cape Lisburne tO Pt. Barrow. A

qual itative correlation was found betveen average ice nmotion away fram
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the coast and the nean vector wind for all months except perhaps July.

Carleton (198 )mapped the recurring polynyi south of  the
Pt.Hope/Cape Thonpson area using Landsat | MAgery. He was able to
differentiate between open water and thin ice. Be cal cul at ed areas
for both the open water and thin ice regions and related their total
Size to the climatic factors of wnd and tenperature.

DATA 2ND ANALYSIS:

The Geoghysical I nstitute has a library of NOAA images fram 1974
to the present.  Furthermore, a conputerized program(Polar Satelite
Image Digitizer) which enables one to rectify NOAA imagery to the uses
Al'aska Map E and to calculate the areas of digitized features has been
developed at the Geophysical Institute.

It appeared feasible to docunent the dates of appearance and
disappearance Of polynyi for the Bering and cChukchi Seas as Smith and
Rigty did for the polynyi of the Canadian Archipel ago as well as to
quantitatively determine the areas and relate these areas to
climatological data as Carleton did with the Pt.  Hope/Cape Thonpson
polynya. Furthernore, Carleton’s areas, derived fran much nore
detai |l ed rLandsat i magery, could be used to check the accuracy of the
areas calculated by computer from the corrected NOAA | mages.

Ni neteen polynyi [Figure 1 and Table 1) were identified. Two of
these locations, the coast between Etol in Strait and Norton Scund and
the Chukchi polynya, are cliff icult to categorize. At tinmes they fit
the standard definition of a polynya, and at other tines, they would
nore properly be defined as shore |eads. The feature f ran Etelin
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Strait to Norton Sound was considered as one unit whether it appeared
as a continuous shore lead or one or nore distinct polynyi. The
Chukchi polynya Was divi ded into three roughly equal segnents
paralleling t he coast between Cape Lisburne and Pt. Barrow. Thi S was
done SO one could document t he times when it was shore lead-like or

polynya-like and hopefully di scern Sone pattern for this type of
behavi or.

Polynyi B, B, B, J, 0, and W wil|l pe referred to here as the
North Coast Polynya because they formoff the north coasts of st
Matt hew, st. Lawrence, and Nunivak |Slands and of the Yukon Delta,
Seward Peninsula, and Chukotsk Peninsula. They occur |essS frequently.
They appear t0. arise fram a reversal of the predomnant wnd direction
whi ch is thought to come fram the North or Northeast. Thus formation
of " North Coast Polynyi “i S hypothesized to result f ran a wind coming
from the south.  As this wind may be warmer than the ambient air at
the higher latitudes and it may have traversed an extensive region’ of
ice free water in the southern Bering Sea, it may also be responsible

for the extensive cloud cover observed when. these polynyi form

Many polynyi formon the north, south, and eastern coast of the
Chukotsk Peninsula. As the enphasis inthis report was on polynyi
occurring in A askan waters, only the paynya Whi ch occasional |y forms
north of the Peninsulza was included as its formation appears to be
related t 0 the phenamena of reversal of the predom nant wind direction
mentioned above.  This i S called t he Chukotsk Peni nsul a polynya.
Oherwise the designation of individual polynyi is essentially

identical to that found in Stringer (1981, 198 and Smth and
Rigby(1981).
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The original intention was to digitize as many years of NOAA data
as possible.  The imges were processed fram January thru June on a
daily basis; each polynya was designated as frozen, obscured by cloud

cover, not available, or fused with the main body of open water (Tables
4-21) .

Determining t he area of’ 19 polynyi on 180 individual days
involves an upper |imt of 3400 individual neasurenents per year.
This nunber of measurements proved to be an insurmountable task for
the - total nuwber of years of xoaa inmgery available because of the
time required to rectify sane imagery which displayed-extensive cloud
cover.  Therefore, in this work, only the years 1974, 1975, and 1976
were processed. In 1974 it was possible to digitize at |east one
polynya on 95 days of a possible 189. The numers for 1975 and 1976
are 107 out of 181 and 131 out of 212.

Every available imge was examned in an effort to obtain the
most continuous record possible for each of the 19 polynyi. If a
choice was possible, visible imges were usually selected over thernal
infrared.  If further selection was possible, the choice was made on
the basis of the extent of distortion and/or the quality of the

registry poi nts visible.

Digitization of polynyi wasn' t uniformally straightforward. In
January and February only R imagery was available; frequently there
was no imgery at all. The border between first year and thin ice and
open water was hard to find. Soneti mes a polynya woul d appear

immediately of f a coast as a dark band whi ch woul d grade imperceptibly

into the mass of pack ice. One mght hypothesize that in these
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" situations tre open water of the polynya was f reezing as rapidly as it
was being formed. | n still ot her cases, a polynya WaS partially
visible t hr ough 1light cloud cover. | n these cases, one could
occasional Iy verify that the substandard view of the palynya was
suitable for digitization because it was conmpatible with conpletely

clear views of the polynya either | rmedi at el y before or after t he
image 1N question.

In ot her cases, the registry points were difficult to locate
precisely. Difficulties in locating registry peints resulted in
polynyi being placed slightly out of al ignment Wi th the coastal.
features with which they were associated. Fortunately this
msalignment was more likely to occur in an east-west direction than
in a north-south ore, an important di Stinction when areas are being
cal cul ated based on a polar sterecgraphic map like the Al aska Map —E.
It was concluded that minor misalignnents did not change the area

encugh 10 be noticeable given the error inherent in the digitization
Itself.

Each polynya was digitized at least twice. This was to serve two
purposes.  First, it was desirable to |earn hov accurately one coul d
reproduce the area of a given polynya under optimal conditions and
under marginal conditions.  Second, it allows one to differentiate
between genuine daily area fluctuations and variability due to error
In the met hod.

The fol lowing conclusions can be made: (13 It is hard to
accurately neasure areas of less than 200 square kiloneters; the error

is frequently greater than 10% (2) Between 300 and 1000 square .
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kilometers the error is 10% or 1less, and (3) over 1000 square

kilometers the error is much less t han 10%.

Areas for the Cape Thampson/Point Hope Polynya which Carleton

calculated using Landsat | magery were conpared with areas cal cul ated
from NOAA imagery for the Sane day (Table 2) .

Under ideal conditions where cloud cover is no impediment and
where extent of the polynya is not anbi guous such as frequently occurs
in June, agreement between areas cal cul ated frem Landsat and NORA
| mgery is very acceptable (rable 2).  Areas of greater than 2000
square Kkilometers agreed within 10% or less. Areas of less than 2000

square kilometers agreed less well. However, there were fewer of

these smaller areas f Or comparison.
RESULTS:

A monthly conparison of the patternm of appearance and
disappearance of the nineteen polynyi utilizing the daily records of
the digitized polynya areas organized by the nonth in Tables 4-9 for
1974, Tabl es 10-15 for 1975, and Tables 16-21 for 1976 is given bel ow.

JANUARY: only in 1975 wasS imagery available. All of it was
infrared imgery. On 20 out of 31 days imagery was either unavailable
or so obscured by cloud cover as to be unuseable.

On January 2 two | arge pelynyi of the order of 10,000 square
kilometers Wer e ohserved South of St. Lawence and munivek | Sl ands.

Everything visible north of Bering Strait was frozen.
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B week of clear weat her between January 12th and 17th reveal ed

polynyi south of of St. Lawence “and Mmivek |slands, in Norton
Sound, off the Seward Peninsula in the Cape Lisburne region and north
of Pt. tay. Sone of them were quite extensive.

FEBRUARY: In 1974 virtually no imagery was avail able. In
approxi mately the last week of February visible imagery became
reqularly available in 1975 and 19’ 76. This is the last nonth for
vhich it was necessary to use infrared imagery for area Calculations.
Eighteen of the nineteen polynyi were recorded at 1least once in 1975
and 1976 . In 1976 there is a continuous record of area neasurements
for the Norton Sound polynya Whi ch spans 18 days; if one neglects one

i ntervening cloudy image, the contiguous record extends for 25 days.

In 1975 MaNy polynyi became quite | arge--of the order of 10,000
square kiloneters in 1976 the |largest polynyi were only half that
size. In 1975 on February 8th, a huge linear polynya formed which
extended fram the north shore of dorten Sound to Pt. Iay, and on

February 24 a second huge |inear pelynya was present fran the Bering
Strait to Pt. Barrow.

A third conspicuous feature of 1975 is the frequent presence of
the North Coast Polynyi hypothesized to be associated with reversal of
the predeminant Wi nd direction. Al of these polynyi except the one
that forms to the north of St.  Matthew Island Were present on
February 8th. The Yukon Delta pelynyatd) coul d be seen for a period
of 6 days with one intervening cloudy day; it was fused with other
polynyi and the conbined area was of the order of 10,000 square
ki | onmeters. The EKotzebue polynya(Q) could be seen for nine days
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starting fran February 8th including one i ntervening day for which
there was no SuUitabl e imagery. |IN this pericd its area averaged
approximately 10,000 square kilometers. During 1976 the Rotzebue
polynya(Q) and the Chukotsk Peninsul a polynya() were present at the

erd of February; the areas of the polynyi in 1976 were much snaller
than was observed in 1975.

MBRCH: |magery was unavailable for eight days in the begi nning
of March 1974, and three days were cloudy to the extent that no
polynyi could be digitized. In 1975 ten days Were cloudy and two were
unavai | abl e. 1n 1976 four days were cloudy.

The North Coast Pelynyi were present freguentl Y in the begi nning
of 1976 and -semewhat | ess frequently in 1975. There are indications
that the Rotzebue palynya (Q) might have been present through nost of
March 1976. As was noted earlier, one of the possible consequences of
formation of a polynya such aS the EKotzebue polynya because of a warm
Wi nd coming fromthe south which has passed over |arge regions of open
water is that the formation may be associated with extensive cloud
cover.  Accordingly, in those cases where North Coast Polynyi are
formned by the action of winds fram the south, the acconpanying
increased cloud cover decreases the chances of observing the conplete
pattern of the formation and disappearance of these features.  Thus
while it 1S possible that the nunber and size of North Coast Polynyi
in the beginning of March 1975 my have at |east equaled if not
exceeded those recorded in 1976, the extent of cloud cover in 1975
prevented docunentation of this. on March gh the Etalin Strait/Yukon
‘Del ta polynya(I) was fused with the Yukon Delta polynya (J) to forman
area of openwater of 14,000 square kilometers. Every other polynya
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“that could be observed on March 8th was a North Coast polynya. Thus
it seems reasonabl e that this situation was present on the many cloudy

days preceding and follow ng March 8th. The Sanme argument could be
made for the peried March 1-13, 1974,

St. Matthew and Nunivak | S| ands appear to always have same open
water Of f' their coasts after mid-March.

APRIL: At least One polynya per day could be digitized for most
of April for all three years. Many polynya in all three years have an
almst conpl ete daily record of area neasurenents.

In 1976 polynyi north Of the Bering Strait were either frozen ofr
small in area;, few North Coast pelynya formed anywhere.

I n 1875 huge polynyi formed north of the Bering Strait for the
first half of March. The area of these polynyi -was rouchly 25, 000
square kiloneters.  The Yukon Delta polynya (J) and t he Kotzebue
polyrya(@ were present on at least a third of the days.

In 1974 polynyi associated with Mnivak and St. Matthew | sl ands
becanme connected to the main body of ice free water in the southern
Bering Sea by the end of April.

MAY: In 1974 there was only one conpletely cloud covered day.
In 1975 there were seven days where inagery was not available and two

days with conplete cloud cover. In 1976 there were five days of
complete Cl oud cover.
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In 1974 St. Matthew, Munivak , and St. Lawr ence Islands and the
Etolin Strait /Yukon Delta polynya were connected to the MRi N body of
ice free water in the southern Bering for the whole of ¥y, In 1975
it appears likely that st. Matthew and Munivak | S| ands were joined to
ice free water in the southern Bering by mid-May but extensive cloud
cover Or lack of suitable imagery makes this difficult to determne.
In 1976 it appears that st. Matthew, MNunivek and St. ILawrence
Islands might have remained surrounded by ice scmewhat later i nto May
than was the case in 1574 and 1975. BHowever, ext ensive cloud cover
makes this difficult to judge.

No North Coast Polynyi were observed formng in 1974 or 1975,
This phenamena may have taken place in 3976.. However, it is cliff icult
to tell if what was observed was due to pelynya formation or melt back
of the ice edge.

The Norton Sound pelynya (K) was well devel oped for the whole
month of May 1974 and by the end of the month had connected with the
main body of ice free water in the southern Bering Sea. Its area was
between ten and twenty thousand square kiloneters. In 1975 and 1976
the Norton Sound pelynya was considerably smaller at this time of the
year until the end of the nonth. Itwasn't possible to determne if
the Norton Sound polynya became connected with the ice free water of
the southern Bering Sea in My of 1975 or 1976,

The group of palynyi north of the Bering Strait became quite
large in 1975. A large polynya of approximately 30,000 square
kiloneters extended fram Pt. Hope to Pt. Barrew during the last five

days of May. Wile a simlar polynya enlarged to 20,000 square
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Kilometers by the end OF 1974 it seems apparent that there was
consi derably nore open water north of Pt. Hope in 1975 than in either
1974 or 1976. Finally there seens to be same indication” that open
water may form NOre frequently, earlier and nore extensively north of
Pt. Hope than south of that |ocation.

JUNE: In 1974 the Bering Sea was essentially open as far north
as Bering Strait fram June lst on; i n 1976 these conditi onS appeared
June 6th. I n 1976 the Norton Sound polynya (K), though fused with
polynyi t0 the north, was still a distinct entity until June 1lédth.
Not until June 26, was the imagery sufficiently cloud free to, docunent
that the Bering Sea was essentially open water north to Bering Strait.

It seens apparent that the ice went out later in 1976 than in 1975 or
1974,

Thus, it IS evident that polynya formation in June is confined to .
the Pt. Hope- Cape Lisburne area and north. For the first ten days
of June 1975 a huge polynya fram roughly Cape Thonpson to Pt. Barrow
attained an area of 50, 000 square kiloneters. Extensive cloud cover

for the rest of the month cbscured the fate of this open Water.

In 1974 and 1976 the pattern of polynya formation is that of many
smal | er, nore polynya-like patches of open water in contrast to the
huge shore-lead |ike feature observed in 1975

JULY: No polynya were digiti.zed for 1975; 1975 wasa heavy ice
year, and the ice remained of f the coast north of Icy Cape for nost of
that summer. | n 1974 open water extended frem the Bering Sea north to
lcy Cape by June 5th. 1In 1976 this wasn't observed until July 23rd.
In 1976 the famly of polynyi fram Pt. Hope to Pt.  Barrow were
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alvays observed as small, di Screet polynyi and not as the huge shore
lead type present in M15.

DISCUSSION:

There Were several approaches taken in an attenpt to relate the

polynya formation patterns to ¢l imatic conditions

Certain generalizations can be nade akout the three years. 1976
contained a large nunber of days for which it was possible to obtain a
continuous record of polynya formation. On the average, polynyi in
1976 tended to be small or frozen. =~ The ice apparently Wwent out later
in the Bering Sea in 1976 than in the other years.

The most conspi cuous feature of 1974 was. the early nelt-back of

the iceedge.

1975 was sel ected as the year for more intensi-ve study because so

many large polynyi forned that spring.

The approaches considered for relating polynya formation to
climatic events were 1) an attempt to correlate nonthly weather
changes at St. Paul Island, Nome, Rotzebue and Barrow Wi th polynyi
formation (Table 3) , 2) an attenpt to correlate the weekly 700 mb naps
published in Monthly Weather Review With polynya formation, and 3) an
attenpt to correlate daily weather changes at Nome, Kotzebue, and

Barrow W th same Of the nore dramatic pelynya formation events in
1975,
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JANUARY: Monthly tenperature averages for St. Paul Island,
Nome, Kotzebue and Barrow were 4 to 6° C col der than the 30 year
averaged temperatures at these stations. The predominant di rection of
the wind was normal at each station in 1975; no 30 year averaged
dominant wind direction is given for st. Paul Island. Nevertheless,
a large polynya Was present south of St, Lawence Island for January
2. The weekly 700 nb pressure map for the. pericd December 31,
1974-January 4, 1975 showed a low extending over Al aska and the 2arctic
Ocean which directed cold air f ram the North. wagner (1975) descri bed
thi s period as extremely cold. The pressure map for the period for
which an extended record of polynyi formati on was documented(January

12-17)showed a low in a similar poSition.

FEBRUARY: Monthly tenperature averages at St. Paul Island and
Nome i n 1675 were 2° ¢ col der than the 30year average; at FKotzebue
and Barrow average tenperatures were 3* C warner than usual.” 1974 and
1976 were 5 to 6* C col der than 1975 at Nome, Rotzebue, and Barrow.
It would appear that the clear cold weather in 3976 was responsible
for the long continuous records of polynyi formation noted earlier for
that year.

Monthly predominant Wi nd direction for the three locations was
normal in 1975,

The 700 mb pressure mapMagner, 1975) for Pebruary 4-8, 1975 shins
a region of high pressure over mainland Al aska which implies a W nd
from the south over the Bering and Chuckchi Seas. Mich”of the-imagery
for the first week of February 1975 revealed the whole region was

“cloud-covered.  The pressure map for February 11-15 inplies a wnd
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fromthe North, a product of a region of hich pressure stretching £ rom
off the Al askan Coast to the Chukotsk Peninsula. This accounts for a
clearing of cloud cover which allowed fairly conplete daily records to
be compiled for polynyi fOr the period February 8-16. Many of these
polynyi were North Coast Polynyi. The pressure map for February 1822
locks simlar to the previous one. Coud cover increased and not as
many polynyi were observable. On the February 25-March 2 pressure map

the low present on the previous maps has nmoved into the eastern Bering

Sea.

Daily polynya records for February 1975 were inspected for
February 8th and February 24th. On February 8th a large polynya Was
observed stretching fran the north shore of Norton Sound to0 Pt. Lay.

On February 24th a huge polynya fornmed fram fram the Bering Strait to
Pt. Barrow

Wnd and tenperature records which seemed to explain observations

around February 8th in a straightforward manner den't have as obvious

an effect around Pebruary 24.

At Kotzebue prior to February 8, the winds were recorded as
originating fromthe SE, S sw, or Wand the tenperatures were -10"¢C
on the average; these conditions are departures f ran the norms, On
February 8th, the winds shifted and now originated fran the N, NWor
NE; the tenperatures fell rapidly to below-20° C on the average. The
days following were quite cold (-20 to -3¢® C), and the winds cane fram
the Eor SE This sequence of events fits the hypothesis that polynyi
are f ormed by winds f ran the South under conditions of relatively warm

tenperatures and perhaps extensive ¢l oud cover and then reveal ed by
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subsequent periods of colder winds fram t he North which di ssipate

earlier cloud cover.

At Kotzebue on February 24 the tenperatures were very cold(-30° C
and lower) and a Wi nd from the south or SWshifted to the originate
from the NE by the end of the day. The succeeding days were
characterized by winds fran the N or NE and warner temperatures(+12°
C); preceding days were characterized by winds fram the north which
were either very cold(-30® ¢ and lower) Or warmer(+12° C) and peri ods

of Winds from the south with very cold tenperatures.

At Pt. Barrowv On February sth winds were recorded as originating
from the VSt and MW, and the tenperatures were around -25* C which is
still wanr than average for this time of the year. Prior to
February 8th the winds Were from the SE, S or SWand the tenperatures

were very cold(-30 to -35° C). The succeeding days were characterized
by winds fram the north and cold (-30° Q).

MARCH  The nonthly tenperature average at St. Paul Island Was
2° C colder than the 30 year average. The monthly tenperature at HNeme
was average(approxirratel.y -14® C); monthly tenperatures at Xotzebue
and Barrow were 3 to 4 C higher than average. Mnthly predoninant
wind direction was fram the east; normal for Nome. At Kotzebue the 30
year predomnant wnd direction is listed as East for Mirch; in 1975

this wind was from the ESE. At Barrow the 30 year predom nant w nd
direction is fromthe m®E; in 1975 this windwas fran due east.
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Comparison of t he monthly 700 mb pressure map for March
1975 (Taubensee, 1975) With pressure maps of the years for which NOAA
imagery is avail abl e and for which Monthly Weather Review publishes a
nonthly weather map (197 4-1%81) reveal s that a high pressure center
comonl y located north of the Chukotsk Peninsula was |ocated north of
t he wmackenzie Delta i N 1975. The appearance of a region of high
pressure over Bering Strait for a week or two i S fairly common having
been present for five of the eight years investigated. March 1975
di spl ayed this unusual behavior for the the whol e month.  Monthly
pressure maps for arch camonly have a low pressure center situated

slightly south of the Bering Strait which was alse the case in 1975.

The weekly pressure nmaps (Taubensee, 1975 for the first three
weeks in March document the formation of this high on the Al aska/ Yukon
border and its progress north to a position off the MacKenzie Delta.
For the last week in March the regien of high pressure renained
relatively stationary and in the first week in 2pril, it moved
slightly to the west. Thus this region of high pressure remained in
an unusual position for approxinmately five weeks. as was noted
earlier much of March was character ized by estensive cloud cover.
However, the polynyi that were visible were frequently the North Coast
Polynyi Which formin Norton Sound and north of the Bering Strait. By
contrast St. Matthew, St. Lawence, and Munivak |slands showed
typi cal polynya formation t0 the south as mght be dictated by the
typical weather pattern displayed by the ¥azch monthly 700 mb pressure
map for the Bering Sea.
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March 8th and March 24th seem likely candi dates for studying
daily weat her effects. The Etclin Strait-Yukon Delta polynya fused
with the Yukon Delta polynya , t he Rotzebue polynya and the Chukotsk
Peni nsul a polynya Were all observable on the sane day.

APRIL: Monthly tenperature averages were 2° C colder than normal
for St. Paul |Sland, Nome, Kotzebue, and Barrov. The predeminant
wind direction at Kotzebue WasS normal when cempared Wi th the 30 year
average (Table 3. At Barraw the normal wind direction is frem the NE,
but in 1975 the predom nant wind came fran ESE. At None the nornal
wind direction is frem the north, but in 1975 the predom nant wi nd
came fromthe NE.  The nonthly 700 nb pressure nmap (Wagner, 1975 is not

conspi cuously different fram that recorded for April in other years.

Inspection Of the weekly 700 mb pressure maps (Wagoner, 3375) f or
Bpril 1975 reveals the region of high pressure north of the MacKenzie
Delta in March noved west to a position north of Alaska the first week
of 2pril and into a position north of western Siberia in the second
week. This inplies winds fran the south or east in the Chukchi Sea
for the first week and winds frem the north in the second week.

This period in the palynya record (Table 13) is characterized by
formation of North Coast Pelynyi and the enlargement of the Chukchi
pelynya t0 25,000 square kilometers for at |east the period f ran April
2 thru April 12. after April 15 the Chukchi polynya had completel y
frozen over or closed decreasing fram 22,000 square kilometers to zero
in 48 hours. For the remainder of April thiS polynya remains small,
frozen, or closed. The Rotzebue polynya traces a simlar pattern.

¢
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The Yukon Delta polynya, a North Coast. Polynya, was small in area
or frozen prior to April 15 and became nuch larger after April 15.
This behavior, contrasted to that described above, inplies that
climatic events effecting polynya fornmation north of Bering Strait may

be different from those effecting pelynya formation to the south.

Daily temperature and wind records at Kotzebue and Barrow are not
easy to interpret,

MAY: Monthly tenmperature averages were approxi mately 1° C | over
in 1975 than the 30 year average at St. Paul, Nome, and Kotzebue; the
monthly tenperature average was normal at Barrow(-7° C),  Monthly
predoninant wind direction was normal at Nome, Kotzebue and
Barrow (Table 3). Except for being somewhat colder than average (and
even here the departures weren't as extreme as they were in previous

months)May is apparently an unexceptional month.

Weekly 700 mb pressure maps(Dicksen, 1975)show the presence of a
high pressure area near Banks Island for the week of May 6-10. No
North Coast Polynya are recorded for My 1975. After May 12 the
Chukchi polynya has fused and is quite |arge.

Dai |y tenperature and wind direction for Rotzebue and Barros are
quite variable for md-My.

It is not possible to determne if the increase in size of the
Chukchi polynya i S due to locatien of a high pressure region near

Banks Island, to the impending break-up, or sane undeterm ned cause.
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JUNE: The ice edge has advanced to the entrance to Norton Sound
by the first Of the month and within Kotzebue Sound by the end of the
month. Monthly tenperatures at Nome and Kotzebue are 2 to 3° C lower

than normal: at Barrow the tenperature is normal ( 8° C). Predom nant
Wi nds are normal at all | ocations (Table 3) .

Weekly 700 wb pressure naps don' t show any anamalous high
pressure region (Taubensee, 19753) .

It appears possible that the events recorded for polynya

formation in June 1975 are those Of a typical break-up season.
The f ollowing conclusions Can be made :

1) The large Size of the Chukchi Polynya in March of 1975 i S
unustal; at this point it seems possible that such an event may occur
only Once in a decade. However, ONe nust investigate a greater nunber

of spring break-ups than was done here to adequately docment this. .

2) Aregion of high pressure which forms anywhere over the
Al askan | andmass or north of Alaska or the MacKenzie Delta and

persists for more than two weeks is an unusual event for March.

3) Wenever the above occurs, there . will be an increased
probability for the formation of polynyi i n atypical locations Such as
the North Coast Polynyi or of atypical size for the time of the year
such as is demonstrated by the formation of the Chukchi polynya in
¥arch and April 1975,
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4) Unuswal polynya foOrnmati on north of Bering Strait may occur
| ndependent|y of such phenamena South of Bering Strait. Polynya
formation south of the Bering may have different climatic causes than
that north of the Strait,

-

5) Al though there are indications that North Coast Polynyi “
development and extensive cloud cover in theBering and Chukchi Seas
are related to a wind from the south, on the whole, climatic variabl es
such as tenperature and wind data at specific weather stations and for

specific t1 Me periods have NOt been adequately rel ated to polynva
formation in this work.

6) The regions of high pressure mentioned above are of interest
not only because of what appears t0 be their | mportance in polynya
formation; they alse could be influential in the appearance of other
unusual gphenamena in the Arctic Ccean. For exanple in March of 3975
huge sections of the fast ice off the MacRenzie Delta broke off,
drifted to the west, and collided with the pack ice off the Rongakut
River in NE Alaska. (Stringer, 1985) .



70°N

68°N

66°N

.64°N

ST. LAWRENCE &
ISLAND NORTON L ‘ .
SOUND .
62°N @ -
:
YUKON
DELTA
ST. MATTHEW ‘
o ISLAND <
60° N }‘
NUN t VAK N ¢
ETOLIN g
ISLAND AL
¥
. "_:;
170* W 160" W
Figure 1. Location of nineteen polynyi in the Chukehi and Bering seas.

ITO°W

180° W

CHUKCH!

SEA

CAPE LISBURNE
HOPE

PT.

S
N, SEWARD
ﬁ» PENINSULA
Q NOME

o

s r al ]
7' 1CY CAPE

C:::) FPT. LAY

§0TZEBUE
W
)

7T2°N

70°N

6a” N

86°N

€4°N

62" N

60" N



Table 1: Identification of Polynyi
Location of Polynyi . Coded Designation on Alaska Base Map
St. Matthew Island. South
St. Matthew Island,North
St. Lawrence Island, South
St. Lawrence Island, North
NMunivak Island., South
Nunivak Island, North
Etolin Strait—-Yukon Delta
Yukon Delta

Norton Sound

F > = T amo e >

Nome

o
e

Seward Peninsula, South
Seward Peninsula, North
Aotzebue

Cape Thompson-Pt. Hope#
Pt. Hope-Cape Lishurne
Cape Lisburne to Pt. Lays
Pt. Lag tolcy Capexx

Icy Cape to Pt. Barrows#

=T < C ~ I B @ T

Chukotsk Peninsula

# Carleton(1973)
## Chukchi Polynya(Stringer, 1982)



Table 2:
YEAR

1974

1975

1976

Comparison

IMAGE DATE

1
a0
7/8

13
17

12
16
3/9

10
17
22
10
15

March
March
April

May

June

April
May

June

Febraury
March
April
May

June

AREAS (squarekil

Landsat{Carleton,
&3
2280
4125

1450
4500

560
1290
1650

1800
4235

475
1850
2660

1980

)

ometers)
N

clauds
2100
2500

1 000
5200

Boo
1100

600

2000
4400
350
i 500
7000

& H B

150
50
150

100
50

20
146
60

100

. \

Carleton believes area was underestimated.

of Areas calculated fromMNDAA imagery with Areas calculated #romiLandsatImagery.

DIBSCUSETON

NOAA area underestimated because ofcloud
cover.

Landsat area. may beunderestimated.

Polynya app ears to be fused with the
Chukechi po yhya on the NDIAA imagery.

Landsat area may be underestimated.
Landsat area may be underestimated.
Polynya app ears to be fused with the

Chukchipoynamiarea may be under—
estimated onboth types of imagery.

Pol nggzﬁp ears to be fusedwith the
Chukchi polynya



MONTH

Jan
Feb
Mar
Apr
Nay
Jun

MONTH

Jan
Feb
Mar
Apr
May

Jun

These data were taken from “Local Climatelogical Data", BubHcations pre mred fromweather observati
Island, NMome. Kotzebue and Barrow by the Envifonmenta

Resultant

Table 3~a.lnpa1‘ison of Thirty year averaged Climato 1 Data with Yearly Clipatological Data Paul.

Thirty Year Average 1974 1975 1974
Prevailing Aver. Hean Resultant  Aver. Resultant Resultant aver. Resultapt Resultant Aver. Resultant
Wind Temp. Wind Wind Temp. Wind Wind Temp. Wind ind emp. in
Direction 0 8 Speed Direction ° E Speed{mph) Divection o & Speed(mph) Dirvection . ° 8 Speed (mph)
~-3.3 =0.8 0460 ~3.1 14. 6 040 -8. 0 5.3 050 -5 & 13. 2
-5. 0 21. 8 020 -9.5 12. 4 020 -2.3 7.1 040 -12. 8 14 .2
-t 6 0.1 070 -3. 4 7.8 010 6.8 2.4 340 --10.7 3.6
-1.9 19. 2 020 -3.9 7.1 290 -2 6 2.6 020 -g 2 5 2
i-l. & 16, 2 090 1.8 3.3 030 +0.1 9 O -0. 7
4.9 14.3 330 +4. 1 6.7 350 +3. 4 2.7 +4. 4
Table 3-b. Comparison of Thirtyyear averaged Climatological Data with Yearly Climatological Data at Mome.
Thirly Year Average 1974 1975 1976
Prevailing Aver. Mean Resultant Aver. Resultant Resultant Aver. Resultant Resultant Aver. Resultant
lind Temp. Wind Wind Temp. Wing Wind emp. in Hind emp. ind
Direction e E Speed Direction ° & Speed (mph) Direction o B Speed{mph) Direction ° g Speed{mph?
E -14.4 11.7 060 -15. 1 b5 070 -18. 2 4.7 040 -17..8 5 &6
ME -15.0 11.3 040 -22. &6 51 040 —-146. 6 7.3 050 -25.6 2.4
E -13.7 10. 9 040 -12. 0 7.2 090 -13. 8 7.9 090 ~1b. i 4.4
N -7.2 10.9 040 - 5.2 090 -10. 3 4.3 050 -12. 4 3.6
N +1. 6 10. 4 050 +3. 4 1.7 360 +1.1 2.7 270 +(). 6 1.7
LIS -r-7. 4 10. i 270 b, 2 b.o 240 +5. 8 3.7 i 90 +5.El 3.1

made at S%t. Paul
r

on
ata Service of e Natioenal Oceanic and Atmo ic Administration.

wind direction is recorded in 10 degree increments clockwise fromtrue north.






Table 3-c| parison of Thirty year averaged Climatol Data with Yearly Climatological Da%ta a vhue.

Thirty Yea erage 1974 1979 19
MONTH Prevailing Aver Mean Resultant Aver. Resultant Resultant Aver. Resultant Resultant Aver. Resultant
ni'f\‘é?gion Tsmnﬁ‘ 52’223 Di'?'g?:'tjion TemDF Spgéﬂnnp}n m?é?tmn Tgmp' &plged‘(imph) Dx?ectﬂon Tsmg' Spgeﬁ(mph)
Jan E -19. 8 14. 5 060 219 0 3.9 100 -2, 2 b7 070 ~-20. b 7.1
Feb E -20. 2 12.8 030 -25. 9 1.7 090 ~-18. 9 6.8 350 -27. &6 1.6
Mar E -10. 1 12. 6 050 -17. 2 4.9 110 -14. 9 ?.1 090 -17.3 4.9
Apr ESE -10, & 12.8 060 -11.1 2.1 120 -12. 8 2.0 180 -14. 4 0.7
May w -0.7 10. 9 270 =41 4.1 290 21 L. 6 290 -1.1 7 .5
Jun v +h. 4 12. 3 280 +4.2 10.8 270 +3. 1 a7 260 +4. 1 6.0
Table 3-d. Comparison of Thirty year averaged Climatological Data withYearlyClimatological Dataat Barrow.
Thirty Year Average 1974 1975 1976
MONTH Prevailing Aver. Mean Resultant Aver. Resultant Resultant Aver. Resultant Resultant Aver. Resultant
’ m';«,éiarc'gion Tsmg' 5?223 Di‘r’"é?gion Tgmg' Spt;'gs%mph) Digéggion Tgmg' Sp'g;s((!mph) Di%?gion Temg Speed?mph)
Jan ESE -26. 0 11. 2 280 ~-28. 9 5. 6 i 100 -3 4 2. 2 070 -28. 3 2.3
Feb E -28. i 10. @ 310 -33. 3 2. 3 ! 080 -25. 3 2.9 290 --30. 9 i.8
Mar . EMNE 24 2 11.1 060 ~-28. 9 2. & ; 090 -21. 8 8.2 050 -26. 3 5.0
Apr NE -18.3  11.5 060 @22 42 L 110 -20.3 1.8 080 -18.9 4.9
May ENE 7.2 11.6 090 -7, 7 9.7 ; 080 -7.2 a8.7 060 -8. 2 8.8
Jun 33 +0. 6 11. 3 10CJ -1.1 2. 6 090 +Q. 9 5.5 080 +0. 8 3.2
rvation made tISt. Paul

Thesedats were taken from “Local Climatological Data” publxcatlonsfre red from weather obs

erva s a
Island, Mome.,Kotzebue and Barrow by the Environmental Data Service a National Oceanic and Atmospheric Administration

Resultant wind direction is recorded in 10 degree increments clockwise from true north.



Chukchi and Bering Seas in 1974

Areas of Nineteen Polynyi i

Table 4.

@

]

FEBRUARY A

N
]
N
N
N
N
N
N
N
N
N
N
N

01/032
02/033
03/034
04/035
05/036
04/037
07/038
0(3/039

09/040
10/041
1i /042
12/043
13/044
14/045
1 5/046
167047
17/048
15/049
19/050
20/051
21 /052
22/053
23/054
24/055
25/056
26/057
27/058
28/059

N
N
N
N
N
N
N
Cc
N
N
N
N
N

E
Cc

Open water.

0:
X armany X’s is the total areainsquare kilometers of two or more fused polynyi.

No suitable imagery:

N:
of

Frozen;

Cloudy; F:
The number

iii/(4)

left an

the
area of 11100 square kilometers,

to

X2

indicates an
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Table 6. Areas of Nineteen Polynyi in the Chukchi and Bering Seas in 1974.

APRIL A B E 2] H I J K L M P Q R s T u W w
01/091 1.37 F c 3.90 X X F 9740 X . c F 2010 35s 93 F F
(4) (4)
02/092 1.17 F 7220 F 5. 46 X X F 1.12 X 2340 X F 1950 222 F F F F
{4) (4) (4)
03/093 N N N N 4280 c c F 9800 X 2170 X F c F F F F N
04/094 c c c c c c c c c C c c c c F F F F F
05/095 c C c c c c 8880 X X 1720 X F 2660 295 715 1220 F F
06/096 7540 F c c 1 ‘ :43‘)? 1.( 26)» X 9940 X X c c F 2400 268 c c c F
07/097 8420 F 3090 F . l.(%é)ﬁ c [¢ l(‘l‘()) X X 5240 X F 2250 32a c c c F
087098 N N N N 1030 c c c c c 2910 X c c c F F F c
09/099 [+ c [« [+ C c 529 l(%l)t X X 2060 X F 2420 F F F F F
10/100 c c c c C c c F 8750 X 2840 X F 1770 1a2 F F F F
11/101 c c 2970 F C c c c 8190 X 2320 X F 2920 310 F 54
12/102 3370 F &320 F 4.(%? X X F l(‘li? X 2690 X F 2420 C F F F F
13/103 716 F 5750 F Cc c C c 8460 X c c c 2530 C F 1610 c ‘F
147104 436 c c c C c c c 9510 X 2540 X F b44 429 c c c F
15/105 c c 1.22 F C c c c 1.03 X 2520 X c c 412 c c c c
(4) (4)
14/106 [« c c c C c [« c 8320 X 731 c c 378 286 c c c [«
17/107 c c 3850 c C c c c l.(gz X 1590 163 c c c c c c c
18/108 1950 F 2480 c c c c c 8480 X 2220 X c 2150 311 c c c F
197109 2700 [+ [+ c C c [« c 9730 X % [« c 2680 C c
20/110 2340 F 8140 c c c c c 1.(22).’ X 4780 X F 241 144 F F F F
21/111 2700 F 5270 c c c C c 2880 X 1720 X F 332 C c [+ c F
22/112 c [¢ [¢ c C c [¢ c c c 3500 X F 3630 a6 F F F F
23/113 2550 c c c C c c c c c c 3740 c 186 c c
24/114 N N N N N N N N N N N N N N N N N N N
257115 c c c c C c c 7920 X X | Cc c c c c c c c c
26/116 c c c c c c c 9590  x x | ¢ c c c 312 172 168 F c
1}
27/117 c c 6090 ¢ a 0 o 1.(%:)3 X x | 251 F F F 180 180 717 F
28/118 [+ [+ 9((211) X C c [« F 9300 X 9a F F F 200 520 1740 F F
29/119 o] o] o] o 0. 0 o] F l.ul‘l)# X F F F F 204 4a2 1840 1400 F
30/120 1] 0 7.(?'.;: X 1] 0 0 F 1.(%? X 199 367 F F 442 4170 X X F
c: cloudy; F: Frozens N: No suitable imagey: 0: Open water
X: The number to the left of an X or many X’sis the total area in square kilometers of two or more fused polynyi.

ill/(4) indicates an area of 11100 square kilometers.




MAY A B D E [+] H

[

K L M P [¢] R S T u Y
01/121 0 “o o 0 0 o Fooa e © 396 741 F 139 279 2240 X F
027122 s] J 0 Q 0 0 0 F 1.‘%~ X s38 756 F 122 189 F 2170 1 8n
03/123 (1} o 0 Q 0 0 0 F 1.(:3&)- X 498 @58 F F 195 F 2480 3010
04/124 0 0 0 o 0 0 0 F 1 ‘ 2.')3 X 609 838 F c 238 F 18RO 48460
05/129 0 o 0 o 0 0 0 F x.‘g? X 1330 1440 F 256 F ¢ c c
06/126 o 0 0 o 0 0 0 F x.(ﬁ X 1650 1910 F 279 F F F F
07/127 0 0 0 (1] 0 0 0 F 1.(%&)3 X 1990 1610 F 347 70 F 490 F
087128 0 0 0 (4} 0 0 0 c c c 1470 X F 290 192 F 830 297
097129 0 0 0 0 0 0 0 c c c c o F &5 551 F 1930 F
10/130 (v} 0 0 0 0 0 0 c c c F F F F 806 2590 X 1120
11/131 0 0 0 1] 0 0 0 F 1.‘2‘.;) X c F F F Boo 3440 X 2780
12/132 0 0 0 0 0 0 0 c c c 1040 1530 F 300 728 6490 x 1700
13/133 0 0 o’ a 0 0 0 F 1.‘{5; X 2400 X F 379 5B3 s920 «x 1440
14/134 0 0 0 0 0 0 0 F 1.‘2!)3 X 4300 X F 572 290 C c c
15/135 0 0 0 0 0 0 0 c c c c c c 269 239 5990 X 721
1671346 0 0 0 0 0 0 0 c c c c c c c 290 C c o
17/137 0 0 0 0 0 0 0 c C c c o c c o c c Cc
187138 0 0 0 0 0 0 0 c c c c c F c 519 5130 X c
19/139 0 0 0 0 0 0 0 c c c c c F F 713 6180  «x c
20/140 0 0 0 0 0 0 0 F 1.‘2‘)7 X 388 c F F 796 7220 X c
21/141 0 0 0 0 0 0 0 F 1.‘21)6 X X c F F F 6160 X F
22/142 0 0 0 0 0 0 0 F 2.&()) X X c F F 866 5520 X F
23/ 143 0 0 0 0 0 0 0 F, 2.‘2')1 X X C F 121 2020 88BO X X
247144 0 0 0 0 0 0 0 F 2,08 144 1130 F 207 1.20 X X X
(4) (4)
257145 0 1] 0 0 0 0 0 c [ c c c F 49 1“.2? X X X
2467144 0 0 0 0 a 0 0 c 2.25 X X c F 100 1.84 X X X
(4) t4)
277147 0 0 0 0 0 0 0 c .30 X X c F E 1.77 X X X
(4) (3)
287148 0 0 0 Q 0 0 0 c c c c o F 100 1.‘% X X X
297149 0 0 0 o 0 0 0 0 C c c c F F 1.‘2% X X X
30/150 0 0 0 0 0 0 o 0 0 o} 0 0 F 204 2.(2:)! X X X
31/1s1 0 0 0 0 0 0 0 0 0 0 0 0 F 223 2.(% X X X
c: Cloudyi F: Frozeni N: No suitable imagery: O Open water.
X: The number to the left of an X or many X‘s is the total area in square kilometers of two or more Fqsndpolqnui.

1. 11/(4) indicates an area of 11100 square kilometers.
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Table B. Areas of- Nineteen Polynyi i. Chukchi and Bering Seas in 1974,
JUNE A B E G H 1 J K [y M P @ R
01/152 0 0 o o] 0 0 o o 0 0 0 (] [ 219
02/153 0 0 0 0 0 0 0 0 o 0. 1] o c 374
03/154 D 0 0 0 0 0 0 o] 0 ¢ c
04/155 0 0 0 a 0 0 2] v} 0 C 1720
05/154 0 0 0 0 0 0 0 o [5) 0 0 c 16920
06/ 157 0 0 0 0 0 0 0 0 0 0 0 o c 2100
077158 0 0 0 0 0 0 8] D 0 0 0 0 G
08/159 0 0 0 0 0 0 o o o 0 0 0 F 40
092/160 0 0 0 0 0 0 0 0 0 o (1] 0 F
10/1461 0 0 0 0 0 0 0 0 0 0 0 0 c [«
11/162 0 0 0 0 0 cl 0 0 0 0 (8] 0 c c
12/163 0 0 0 0 0 0 0 0 0 0 o 0 c c
137164 0 0 0 0 0 0 0 0 0 0 0 0 c c
14/165 0 0 0 0 0 0 0 0 0 0 0 0 c c
15/166 (1] 0 0 0 0 0 0 0 0 0" 0 0 c R
1671467 0 0 0 0 0 0 0 0 0 o 0 0 F 195
177168 0 0 0 0 0 0 0 0 0 0 0 0 c 400
18/1469 0 0 0 0 0 0 0 0 0 0 0 0 F 304
19/170 0 0 0 0 0 0 0 0 0 0 0 0 c F
20/171 0 0 0 0 0 0 0 0 0 0 0 0 F F
21/172 0 0 0 0 0 0 0 0 0 o 0 0 F
22/173 0 0 0 0 0 u] 0 0 0 0 0 0 F C
237174 c 0 0 0 0 0 0 0 o 0 0 0 F F
24/175 o 0 0 1] 0 0 0 0 0 0 o 0 o F
25/176 0 0 0 0 0 0 0 0 0 v] 0 0 1] F
267177 0 0 0 0 0 0 0 0 0 o 0 0 1] c
277178 0 0 0 0 0 0 0 0 0 D (5] o 0 c
23/ 179 u 0 0 0 0 0 0 0 0 1} 0 0 ] c
29/180 0 0 0 0 0 0 0 0 0 0 0 0 o c
30/181 0 0 0 0 0 0 0 0 0 o 0 0 [n] 1.94
(4}
c: Cloudy: Fi Frozen: N: Mo suitable imagerys 0: Open water.
X: The number to the left of an X or many X‘s is the total area in squaré kilometers of two

i.11/{(4) indicates an area of 11100 square kilometers.



JULY A B

01/183 0 0

02/1B4 o

03/185 o

04/184 o

05/187 o}

c: Cloudyi F:

X: The number to the

i 11/(4)

. Table 9. Areas of Nineteen Polynyi i

indicates an

D E G H I J K

0 1] 0 1] 0 n] 0

0 0 0 0

0 o} 0 0

0 0 o

(o] 0 0
Frozen: N: No suitable imagery; 0:

left of an X e many X's

is the total

area of11100 square kilometers.

. Chukchi and Bering Seas in 1974,
(N M Q R g T

D

0

Open water.

o

0
0

0
L)

P

0

L}

X

c

C F
¢ c
X c
N N
] F

area insquarekilometers of two or more fused polynyi.
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Area of Nineteen Polynyi i.

Chukchi and Bering Seas in 1975.

FEBRUARY A B D E G H 1 J K L M P ] R 5 T U
01/032 c c c c c c c c c -G c ¢ C c c c c c
02/033 c c c c c c c c C c ¢ c c c c c c
03/034 < c c c c c c c c c C c c C c c c c
04/035 c c c c c c c C c c C G C c C c c c
05/036 C c c c c c c c C c c c ¢ c c 'C c c
06/037 C C c c c C c c c c c C C c c C c c
07/038 c c c c c c c c 196 ¢ c c C c c 5430 F F
08/039 N N F 3040 F 4190 1.20 X X F i.49 X X X X X F F
(4) (4)
09/040 N N c c F 5020 1.92 X X F c c 1.09 X X X X F
(4) (4)
10/041 N N c c c c 1%2? X X F F F 20460 F 91340 X X X
11 /042 c c c c c c c c 6520 F c c 1.04 F 1. 59 % X X
(4) (4)
12/043 N N N N c c :3.(21)1 X X F c c N N N N N N
13/044 390 F F F 4390 X 2.88 9B70 X X 261 c 1.27 X 322 1. 97 X X
(4) (4) (4)
14/045 N N a72 F F F F F 8640 X F F 1.12 X F 1.92 X X
(4) (1)
157046 N N 3920 F N N F F 9280 X 3330 X 9240 X F !izz X X
16/047 470 F 8550 F 4440 F 1040 F 8230 «x 5370 X 8010 5290 F 2.(};% X X
17/048 549 F c c 2420 F F c c c 5410 X C c c C c 1750
10/049 c c c c c G c c c c c c c c c C c c
19/050 N N c c N N F 1230 F 7290  «x c c c c c c 2720
207061 N N N N N N F 350 F F c c C c c c c 1340
21 /052 312 F c c c c c c c c c c c 1730 F 9210 X' X
227053 c c c c c c c c c c C c C c c c c c
23/054 c c c c c c c c c c c c ( c c ¢ c c
24/055 N N 6940 F N N c 454 c c X 312% X X X X X
25/056 c c c c c c c c c c c c Cc 7a50 112? X X X
26/057 c c c c c c c c c c c c C 42460 c c c
a87/058 c c c c c c c c c c c c C c c C c c
287059 c C c c c c C c c c c C c c ¢ C c c
c: Cloudy; F: Frozeni N: No suitable imagery; 0: Open water.
X: The number to the left of an X or many X’s is the total area in square kilometers of two or more fused polynyi.

1.14/(4) indicates an area of 11100 square kilometers.
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Table 12. Areasof Nineteen Polynyi i‘ Chukchi and Bering Seas im 1975.
MARCH A B E G H 1 J K L M P e R 5] T U
01 /060 C C c C. c c c c c c c C ¢ c C c C C
02/0461 c c c c c c c c C c c c c c c c C
03/042 c c c c c c c c c c C C c c c C c c
0470463 N N F 2580 F 4200 0280 X F c 104 F ¢ c c c 7570 X
057044 c c c c F 3410 7290 X F c c C 3940 c 6504 1020 548 5240
06/065 C C c c c c c c c c c C c c c c c
077046 c c c c c c c c c c c c c c c c c c
00/067 N N F 3610 N N 112% X F F c c 7300 c c c c c
097048 N N N N N N N N N N N N N N N N N N
10/069 c c c c c c c c c c c c c c c c c c
1 1 /070 c C c c c c c c c c c c c c c c c c
12/071 N N c € N N c c c c c C c c c c c
13/072 N N N N N N N N N N N N N N N N N
14/073 N N 1410 F [+ c 2‘2()) X X 354 217 610 3220 F F C C C
15/074 N N 2310 F 3330 F 1(2? F 7030 311 2500 X 2950 X [« C 3980 X
147075 c c c c c c c c c c c c 2850 X c c 6900 X
17/076 N N 4400 F N N 3930 1200 6500 X 5400 X 47i0 X % c 5400 X
18/077 N N 2950 F N N 9590 F 5940 786 5370 X F c F % 8950 X
19/078 2340 F 4340 F 3230 F F F 4600 790 &270 X 2470 @25 F 557 &720 X
20/079 2770  F 4200 F 5990 X F F 5720 1140 7890 X c c c 746 7770 X
21/080 4110 F “ 6850 F 4720 F F c c 1000 7720 «x F N N N N N
22/081 2770 F &240 F 5770 F , F F 5920 116 7240 F F 462 F c c
23,082 N N 8740 F N N c c c c c c c 2100 c 4880 X X
24/083 N N 6580 F N N c 1630 ¢ c c c c c c c c
25/084 N N 1.‘:2% F N N F F 1630 F 7140 X c c c c c 3B7
26/085 c C c c c c c c C c c C c 1100 c 7440 F F
277086 c c c c c c c c C c c c c c c C c ¢
28/087 N N c c F 1770 2060 ¢ c c c c c c c c 754 3760
297088 c c c c c c c C c c c c c c c c c
30/089 N N c C F 2130 F 1 900 c c c c C c c c c 4020
31/090 N N F 484 N N F 9746 1570 c c c c C ¢ c 1410 3040
c: Cloudy} F: frozen; N: No suitable imagery; O: Open water.
X: The number to the left of an X or many X's i& the total area in squarekilometers of two or move fused polymyi.

1. 1i/¢4) indicates an area of 11100 squave kilometers.
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Table 13. Area of Nineteen Pnlgngii. Chukchi and Bering Beas in 19735. .
APRIL A B E e} H I J K [y M P o) R- s T Y]
01/091 N N N N c [¢ [N c c F N N C ¢ C C [ C
02/092 C C F 290 F 1600 F 1100 631 F F F F F 109 1840 X 3990
03/093 c c c c c c c c 974 c c c c c c c C 31920
04/094 c c c c F 3090 c c €y ¢ € c c c 5350 X X
05/095 N N F 2220 N N F C 2570 C ‘t C c 3910 c ¢ 2.(%% X X
06/094 N N 1230 X F 3250 1020 203 2300 " C c c 3260 ¢ 992 ‘?h%a X X
07/097 N N 1240 X N N c 480 F C C c 3090 206 1110 2.(2% X X
08/098 N N F 2320 N N F 549 F 142 282 F 840 X 470 2.(2'{ X X
09/099 N N 4550 F N N F F 1180 2946 1040 744 3390 X &3b 2.(2? X X
10/100 N N 4450 F c c 544 F 1780 887 2650 X 2830 X c 2.(2% X X
117101 N N c c N N F F 1700 492 2090 X 2900  «x c 2.(3? X © X
12/102 c c c c c c c c c c c c F 700 124 2.‘%()) X X
137103 c c c c c c c c c c c c c c c Cc c c
14/104 c c c c c c c c c c c c c c c (o c c
15/105 N N 1950 F N N 1010 4390 F c 190 418 c 1210 F F F F
167106 N N N N 3440 X F 3880 F c c ¢ c &40 F F F F
17/107 N N 3450 F N N F 3250 F F F F c F F F F F
18/108 N N N N 1510 F F 2640 F F c c F F F F F F
19/109 c c c c c c c c c c c c 574 c 488 508 440 F
20/110 c C c c c c c c c c c c c c c Cc c c
21/111 N N 1 640 F F 21340 ¢ 5780 F c c c 17'50 F 318 684 349 252
22/112 &00 F 1920 F F F F 3360 181 F 324 230 C F 222 302 380 F
23/113 N N 30&0 F 22150 F F 5180 X F . 948 211 F F F c 358 C
24/114 c c N N c c c 1940 2590 3B7 1440 X c C c Cc c c
257119 c c 7910 F 4500 X 1430 1310 4240 878 3140 X C 66 c C &28 F
267114 N N 1(2‘)? F N [« F 6140 X 4090 X c 231 91 1200 X F
271117 1510 F 2800 F 4840 F F F 5740 X 4640 X G c c 1380 X F
28/118 N N 8640 F N N F F 4370 X 7150 X F F F 1080 X c
297119 N N N N N N N N N N N N N N N N N N
30/ 120 N N c c 4790 F F F 5920  x a790  x F F F F F F
C: Cloudy; F: Frozen: N: No suitable imagery: 0: Open water.
X The number to the left of am X or many X‘s is the %total area in square kilometers of two or more fused polynyi.

£.41/44) indicates an area of 11100 square kilometers.
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Table 14. Area of Nineteen Polynyi iN theChukchi and Bering Seas iN 1975.

MAY A g D E [ H I J K L, M P Q R 8 T u Vv W

01/121 N 0990 F N N 1590 c 6390 % 30 x F 585 F o c F

027122 N N l.( %? F N N 1450 c. 4360 X 94640 X c B0O5 F C 1040 F [

03/123 c c 1,98 F c c c F 6650 X X c c c F 1400 4s1 ¢

04/ 124 N N c c N N c c &030 X 1.(:43()) X c c c c a8 850 c \

05/125 C C o o c c c c c c c c c c c c C c C

06/126 N N "(2? F N F F 59s0 X 9720 X c c C c F 1100 ¢

077127 N N l.(%? F 376.0 F F F solo 6469 6940 X c F F 308 F 22 N

08/ 128 N N N N N . N N N N N N N N N N N N

09/ 129 N N N N N c c 1.(!3!)3 X X c 97

10/130 N N N N N N N N N N

11/131 N N N N N N N N

127132 N N 5.80 F N 2740 F 1.89 X X X F F ' 916 1.49 X X

(4) (4) (%)

13/133 N N N N N N 3440 c c C c c c F 518 l.(%? X X N

14/134 N N c c N N c F 1.90 X X X F F 880 3.15 X X C
(4) (3)

1571435 N N N N 4] 0 cC “ F 1.34 X X X F F c 2.11 X X N
(4) (4)

167136 N N 7.13 N 0 0 1.13 F 2.35 X X X F 488 438 2.53 X X F

i {4) (4) {3) 3)

177137 o o N N 0 0 c F 1.(3? X X F F 863 N N N N F

187138 o 0 c c 0 0 c c c C c c c 728 C 2.('2’()) X X c

197139 N N N N N N N N N N N N N N N N N N N

20/ 140 N N N N N N N N N N N N N N N N N N N

217143 N N N N N N N N N N N N N N N N N N N

22/ 142 c c c o c c c c c c c c c &92 F l.(Z? X X c

237144 N N N N N N N N N- N N N N N N N N N

24/ 144 c C c o c c C c c c c 1.(2()) X X c

257145 C c c c c c c c c c c c F F F 2.(:4%% X X c

2b6/144 c C c c c c c c Cc c c c c c [ c c c

27/147 C C c c c c c c 3.95 X X X c 681 3. 29 X X X c
4) {(4)

287148 C C o c c c c c [ C c c c [4 2.(2:)! X X X c

29/ 149 c c c c c c c c 3.49 x X X c F 3.33 X X X c
(4) 4)

307150 C C c c c c c c 2.54 X X X c F 2.38 X X X c
(4) (4)

31/151 C C 0 0 c c c c 3.38  x X X c [ 3.04 X X X c
(4) (4)

C: Cloudy: F: Frozeni N: No suitable imagery: O: Open water.

X. The numbar to the Yeft of an X or many X’sis the total area in square kilometers af two or mare fused polynyi.

1. 11/(4) indicates an area o# 11100 sqkuare kilometers
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Table 15. Areas of Nineteen Polynyii Chukchi an d Bering Seas in 1975.
JUNE A B E G H I J K L p @ R 8 T
01/152 0 o o 0 0 0 0 F 3. 00 X X X F F 2.74 X X X
(4) (4)
02/153 0 0 0 0 0 0 0 F 3.89 X X X F 262 3.71 X X X
4) 4)
03/ 154 0 0 0 0 0 0 0 F 3.1% X X F F 321 X X
(4) (4)
04/155 0 0 0 0 0 0 0 F 4.55 X X X 374 272 4.20 x X X
(4) «4)
057154 0 0 0 0 0 0 0 F 2.72 X X 218 501 2.97 X X X
4) 4)
06/157 0 0 0 0 0 0 0 0 0 0 0 0 346 3.(2? X X X X
07/158 0 0 0 0 0 0 0 0 o o c c c c ¢ ‘e
087159 0 0 0 0 0 o 0 0 0 0 356 4.(:3? X X X X
09/160 0 0 0 0 0 0 0 0 0 0 o 0 302 4,62 x X X X
10/161 0 0 0 0 0 0 0 0 0 0 0 0 366 412? X X X X
11/162 0 0 0 0 0 0 0 0 0 0 0 0 c 5:7? X X X X
12/163 ‘0 0 0 0 0 0 0 0 0 0 0 0 0 c c c X X
13/164 0 0 0 0 0 0 0 0 0 0 0 0 o c c c c c
147145 0 0 0 0 0 0 0 0 0 0 0 0 0 c c c c c
157146 0 0 0 0 0 0 0 0 0 0 0 0 0 c c ¢ c c
167167 0 0 0 0 0 0 0 0 0 0 0 o 1) c c c c ¢
177168 0 0 0 0 0 0 0 0 0 0 0 0 0 c c :3.(%: X X
18/1469 0 I 0 0 0 0 0 0 0 0 0 i) ] c c c c c
19/170 0 0 0 0 0 0 0 0 0 0 0 0 Q c c c c c
20/171 0 ] 0 0 0 0 0 0 0 0 0 0 o c c c c c
21/172 0 0 0 0 0 0 0 0 0 0 0 o 0 c c c c c
22/173 0 a 0 0 0 0 0 0 0 0 o 0 o c c ¢ c c
23/174 0 0 0 0 0 0 0 0 0 0 0 0 0 c c ¢ c ¢
24/ 175 0 0 0 ‘0 0 0 0 0 0 0 0 0 0 c c c c ¢
25/176 o 0 0 0 ol 0 0 0 0 V] 0 0 0 c c c c c
26/ 177 0 0 0 0 0 0 0 0 0 0 1] 0 o c c c c
27/178 0 0 0 0 0 0 0 0 0 0 0 0 0 'F c c c
28/ 179 c c ¢ c c c c C c c c c c F c 1%3? X X
29/180 ¢l 0 o o (0] 0 o] 0 o ] 0 c c c c c
30/181 v] 0 o 0 o 0 0 0 1] 0 ] c c c c ¢
C: Cloaudy; F: Frozen: N: No suitable imagery: 0 Dpen water

X: The number to the left of an X or many X’s is the total area in square kilometers of two or more fused polynyi.
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Table 16. Areasof Nineteen Polynyi

II M

Chukehi and Bering Seas in 19764.

b

FEBRUARY A B E G H I J K L P @ R 8 T U
01/032 N N N N N N N N N N N N N N N N N N
02/033 N N N N N N N N N N N N N N N N N N
03/034 N N N N N N N N N N N N N N N N N N
04/035 N N N N N N N N N N’ N N N N N N N N
05/036 451 F 1170 F C c N c c c 2530 X F 1490 C C C C
047037 648 F 2570 F 1380 F F F 3580 1080 130 C F 2160 F C F F
077038 2420 F F F 1230 F F F 4310 2060 3050 c F 1180 F C C c
087039 i 60 F F F F F F F 4070 F 88s4 X c 1210 c C F F
09/040 1250 F 1680 F c c F F 4520 X 8310 X F 3730 F F F F
107041 550 F 2010 F c c F F 984 F 653 F F 1970 F C c c
i1/042 c c c c c c F F 9s 2010 11%? X F 2010 F C c c
12/043 c c 1947 F c c F F 4B20 X iIE? X F 4000 785 F F c
13/044 c c 829 F c c F F 315 273 F F F 1720 C C c c
14/045 c c 1330 F c c F F 1890 196 &34 245 F [ Cc F F F
1 5/046 2746 F 230 F 4461 F F F 483 206 214 F c 5960 F F F F
167047 648 F 740 F 728 F c F 553 c c c - c c c F F F
17/048 540 F c c 404 c c F 475 F “ F F c c F F F F
187049 c c c [ c c c F 4570 xi F 1330 F 5280 F F F F
19/050 416 F BiO F 429 ¢ c F 1513 F, 96 F c c o F 1020 F
20/051 c c 140 ¢ c c 1440 F 60460 xI 361 1370 F 2770 F F 1320 F
21/052 c c c c c c c F 271 F 146 9s0 F 2460 F F 1 490 F
22/053 275 F 1250 F 972 F 345 F 1230 318 562 X F 1450 F F 1530 F
23/054 388 F 91 F 1140 F c F i240 F 154 1910 € c C c c c
24/055 264 F 484 F 1100 ¢ c c c c 455 ¢ F F F c c c
257054 324 F a8 “F 820 F F F 654 F 532 1310 F 1410 F F F F
26/057 F F 2200 F N N 362 F 741 263 508 k02 652 ¢ c c c c
277058 2313 F 134 F 2470 F F F F F F 927 F 6847 c c
20/059 c c F F c c c F 23 F F 770 c C c c c
2$'/040 c c c c c c F F 42646 C c 670 F 720 F c c
C. Cloudy; F: Frozen: N: No suitable imagery; Q: Open water

X: The number to the leftof an X ar many X’sis the total area in square kilometers n# two ornmfefusehpolgnut

1. t1/{4)indicates an area of 11100 square kilometers.
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. Table 17. Areasof Nineteen Polynyi . € Chukchi and Bering Seas in1974. .
MARCH A B D E (] H I J K (D M P @ R () T U W
01/061 c c c c c c 537 ¢ 531 ¢ c ¢ ¢ c g8 ¢ c C
02/042 c c c c c c c o c c c ¢ c F 980 F F F
03/063 c 854 ¢ c c 1760 1020 1450 ¢ c c c ¢ ' c c c C
04/064 c 1140 ¢ c c 2370 C 2150 ¢ c c c c c c c c
05/045 C C c c c c C c c C C C c Cc c C c c
067064 c o c c c c o o c c ¢ c c c c c c c
07/067 c c c c € 3610 C 3550 ¢ c c c 2130 ¢ 562 326 ¢ c
08/048 C c c c, c 4830 406 &050 ¢ c C c 1480 C 610 c 2070
09/069 c 1850 ¢ 4640 5970 15940 X c q ‘c c 1240 F 1080 1470 F F
10/070 c c c 4170 ¢ 6150 570 6030 ¢ c c c 3030 ¢ c 1050 ¢ o
117071 c C c C C c C (of c C C C c c c c C C
12/072 (o c c C C c C C c C C Cc . c c c c Cc Cc
13/073 c 1200 ¢ 3750 ¢ 2860 306 4440 ¢ c c F c 369 ¢ c 1000 113?
147074 3B3 F 2380 F 4B4 F F F 220 C 530 1180 2570 ¢ 742 C c
i 5/075 1600 F 7720 F 1780 F F F 1640 154 3780 X c c c 800 C c
16/076 1520 F 8790 F 2630 F F F 2160 1780 3950 (" C 2830 ¢ C C c
177077 2360 F 112§ F 3900 F F F 6080 X 1%2? X F 4460 F F C c
187074 3270 F 113? F 6380 F 1330 F 7440 X 1129 c F 3200 F F F F
19/079 3390 F c c 5780 F F F 6370 c c c c c C 938
207080 c c 1.9 C N N 1170 c c c 896 C 362 178 € 280 2000

(4)

217081 3620 F 212? F 6050 F F c c o 1121 X c 640 188 F 1740 1470
22/062 2960 F 112? c c c c 4800 X c 4780 1867 F 1680 1290
23/083 3360 C ¢ c 2370 ¢ c c c c c c ¢ 1880 149 F 1260 F
24/084 576 C c c 2470 ¢ c c c c c’ c e 1100 F F F F
25/085 268 C c o 840 F F 2250 F 4100 X F 5120 F F F F
26/086 850 F 1230 F F 516 F F 672 F 4930 X F 5240 F F F F
27/007 421 F lkﬁ? F 1700 F F F 1870 F 62 F F 4490 138 F F F
28/088 o o c o 1040 F F F 1560 F 4920  x F 5450 F F F F
29/089 236 F F 81 2360 ¢ c F 1690 € F 148 F 4660 F F F F
30/090 c C c 529 ¢ c c F F F F F F 5320 F F F F
31/091 o c 3270 C c c 746 F 1220 348 F F F 4790 F F F F
C: Cloudy; F Frozen; N: No suvitable imagery: o: Open water.
X: The number to the left of an X or many X’'s is the total area in sguere kilomaters of two or meore fused polynyi.

1.11/(4) ind: _ ates an area of 11100 square kilometers
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X: The number to the left of an X or many X‘s is the %tetal area’ in square kilometers of two or meore fused polynyi.
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. Table 20. Areas of Nineteen Palynyi ’ e Chukchi and Bering Seas in 1976. .
JUNE A B [} E G H | J K [N M e 2 R ] T ]
01/153 N N N N N N N N N N N N N N N N N N
02/ 1 54 N N N N N N N N N M ] N N N N N N N
03/155 N N N N N N N N N N N N N N N N N N
04/154! C c c c C c c c lkﬁ? X X X F F F 7360 X F
05/157 N N N N N N N N N N N N N N N N N N
067158 c c c c c c c c c c c c c c c c c 4100
07/159 c c c c c C C c c C C c c F F 4460 X F
08/160 C c c c c c ¢ c c c c c c F c c c F
09/161 1] 0 0 0 0 0 C c 1k2? X X X F F F 7840 X 840
10/162 0 ol 0 0 0 0 N N N N F 79 218 7300 X 683
117163 0 o 0 0 0 0 F 142 X X F 64 F  B260 X 146
1271464 D 1] 0 0 0 0 0 F lkZ? X X X F c F 7200 X I
13/165 0 0 0 0 0 0 0 F lkﬁ? X X X I c C 6000 X 105
1471484 0 0 0 0 0 0 0 F 112? X X X F 181 364 4930 X 252
15/167 0 0 0 0 0 0 c C c F 845 &940  «x X
1671468 0 0 0 0 0 0 0 c c c c c F 1390 112? X X 93
17/169 0 0 ) 0 0 0 0 c c ¢ c c F 1200 1.42 X 6B6
18/170 0 0 0 0 0 0 0 c c c c c c c 134 X 1200
19/171 0 0 0 0 0 0 0 c c c c (o [ c ¢ c c ¢
20/ 172 0 0 0 0 0 0 0 ¢ ¢ c e c c c ¢ c c c
21/173 N N N N N N N N N N N N N N N N N N
22/174 0 0 0 0 0 0 0 c c ¢ [ c c c c c c c
237175 0 0 0 0 0 0 0 c c C c c c c c c ¢ c
24/176 0 0 0 1] 0 0 0 C c c C c c ' C c c c.
25/177 0 0 0 0 0 0 0 c ¢ c (v c F 353 4500 X ana
26/178 0 0 0 0 o 0 0 1) 0 0 (] ) c I ¢ c c c
271179 0 a 0 0 0 0 0 0 3} 0 0 0 c c C I c F
28/180 0 0 0 0 Q 0 0 0 0 0 y] 0 c 556 - C 3220 140 F
25/181 0 0 0 0 0 0 0 0 ) 0 o 0 c 4850 X 4530 576 F
30/i B2 0 0 0 0 0 0 0 0 0 0 0 0 c c ¢ c c c
C: Cloudy; F: Frozen: N:  Nosuitable imagery; 0: Dpen water.
X The number to the left of an X or many X’s is the total area in square kilometers of two or more fused polynyi.

1. 14/{4) indicates anareaofilid square kilometers
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