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ABSTRACT

Geostrophic wind velocities were cal cul ated using
atmospheric pressure data from Bering Strait stations at
Uelen (Siberia), Bukhta Provideniya (Siberia) and Nome
(Al'aska).  These velocities were matched to Strait see
ice displacenents derived fromsatellite inmagery (1974-

t

movements [6}. Sinilar extensive southward ice nove-
nents preceded by aea ice fracture, called “breakout, ”
were nodel ed [7] An at nospheric pressure difference
from Cape Schmidt (Siberia) to None (Alaska) exceeding
20 @b was related to these events in the winters of 1975
and 1976. At mospheric pressure differences (i. e,
Provideniya to Nome) were also correlated with oceanic
transport directions [8] . However, none of these dif-

19S4), resulting in an all-weather i ce novement now- . .
N . ; ! ferences were true pressure gradients, creaquiring a
icgztnlt??ieréndel. A'so, five ice displacenent modes were m ni mum ofthree sinul taneous surface pressurea.  For
The first mode is Chukchi to Bering Sea movement exanple, the 20-mb pressure difference nentioned above

when northeasterly winds exceed 11.5 m's. The second
and third nodes are Bering to Chukchi Sea novenent.
Mbde two is driven by a preexisting north-flow ng ocean
current during weak opposing winda. Mode three is due
to winds and currents acting in concert.

The first i mobilization Oode (maximum duration one
week) is an apparent bal ance between partherly W nd

anmounts to a geostrophic wind of approximately 15 ns
frnm&o® only if the isobars are perpendicular to a line
joining the reporting statiens. It ia shown in this
paper that ice noves south through the Strait for a
suite of geostrophie wind velocities often with Cape
Schnidt to Nome pressure differences |ess than 20 nb.

New evidence for the feasibility of predicting ice
moverent from pressure-field wind cal culation have been

Stresate. ™ The Socond. 1 mmobi 11 2at] on mode is due o  deronstrated ISV °National Veather Service (WS) syn-
large, double, solid ice arches janming the Strait up to optic pressure data was conbi neq with Fleet Nunerical
four weeks. Cceanography Center (FNOC) techaiques to predict theo-

retical surface W nds for the Strait. A high correla-
INTRODUCTION tion of oceanic transport to the neridional wind com

Both northward snd southward aea ice novement
through tbe BeringStraitcsn be hazardous to oil de-
vel opment in the northern Bering Sea (Fig, 1, see. for
nost place nanes). This wind- and current-dependent
nmovenent can be extensive from Novenber to¥ay and is
connected to dynamic interactions with sea ice in the
vicinities of st. Lawence Island [1, 2] and Norton
Sound 13}.

There have been nunerous papers since ine seventies
relating sea ice notion ‘and oceanic transport in the
Bering Strait to some type of [leteorologic. forcing.
Sequential Landsat (National Aeronautics ar 4 Space Ad=-
mnistration, NASA) and DAPP (U.S. Air Force) inmgery
was used to construct ice displacenent vectors iss the
Strait {4l. Arelationship between southward i ce nove-
ment and northerly surface winds st Cape Wales was
denonst r at ed. Analyses of National Oceanic and Atmo-
spheric Adnministration (NOAA) surface synoptic weather
charts e xul ai ned egi aodes of alternatisg south and north
aes ice '_notion [§_1_and several exteasive sout hward
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ponent in two different current-data col lection years
was found. Unfortunately, this laat technique assumes a
uniform surface wind field within 300 km ofthe Strait,
which is highly inprobable due tothe preponderance of
seaward propagating orographic effects in Arctic wintera
[101.

The main study objective is to create a nonpgram
for all-weather, short-term prediction or nowcasting
[11)ofsea ice novenent through the Bering Strait from
mesascale network [ 12, 10} conputed geos t rophic wind
velocities. The wind Velocities are derived in a
strai ghtforward manner using an atnospheric pressure
network enconpassing the Bering Strait with three Wrld
Met eor ol ogi cal Organi zation (W0) reporting stations:
Uelen (Y, Siberia), Provideniya (P, Siberia), and None
(N, Alaska). The eea ice notion data were conpiled from
11 yearsofdaily visible and infrared NOAA 3-8 satel-
lite i mage transparencies.

Aa a by-product of this study, three nodes of ice
movement and two nodes of ice immobilization in the
Strait have been identified and classified according to
maj or driving forces.
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Fig. 1
the Bering Strait region.
and N is Nome, Alaska.
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The surface pressure station network P—UN'(dashed triengle) covering
P is Bukhta Provideniya, U ia Uelen (both in Siberia)
The Diomede |slands (D) are in tche center

of the Strait,

Cape Schmidt (S1 is below Wrangel |sland, Cape Lisburne (C) is north of Kotzebue

Sound,
Chukchi Peginsulas respectively.

STUDY ASEA

The Bering Strait's oceanic cross secticn is
roughly 8% kmx 50 mand ita annual average tranaport isS
~0, 6 Sv {9] to the north, attributed te higher sea level
in the Bering Sea than in the Arctic Ccean (8, 13].
This relatively small anaual northward transport would
be five times greater if not for wind-induced flow
reversals te the south occurring two to three tinmes per
month and lasting six to twelve days [14]. Daily nean
traaspert can reach 3.1 Sv to the north [8} which im
plies currents up to 70 cnfs, given the above cross=
sectional area.  Current velocities of ehis magnitude
are indications that oceanic flowdriven northor south
tends to be funneled (see Fig. 1) and accelerated on
entering the Strait (15}.

The same funneling applies to arctic winds ia the
Strait, which tend to flow around ra ther than over
topography [_10]. The Chukehi and Seward Peninsulas have
small mountain ranges setting north to ess t snd north to
west respectively (Fig. 1) . Their elevation are at
least: equal to 600 m, which is sufficient te redirect
and accelerate air flow during winter conditions [1§] .
The Strait axis orientation was chosen to be 40°E Trom
the north for conparison with earlier work {7].

DATA

Surface Atnospheric Pressure and Tanparature

Baronetric pressure data, reduced t0 sea | evel, and
tenperature data taken sinultaneously  from Uelea
(66°10°N, 169 °50'W}),  Bukhta Provideniya (86 °26'N,
173 °14'W), and Nonme (64 °30'N, 165 °24'W) are used to
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and Cape Wales (W and Cape Dezhneva (X) are on the tips of the Sewardaad
Mouncain axes are shaded for emphasis.

conpute a geostrophic wind for the Bering Strait. The
accuracies ofthese pressure and tenperature data from
None, a first-order weather statiom, are better than
#0. 25 @b and #1°C, respectively. The two Russian sta=-
tions are part of a global network thae transmits real -
tinme data to the National Meteorol ogical Center (NMC)
and are assumed t0 be within these limits al so.

Geostrophic Wnd Data
These daea were conputed fromthe pressure and

tenperature data provided by the threeabove weat her
stations. The atmospheric fl ow waa assumed to be in
geostrophic bal ance, shown in Eq. (1):

VP
£k x ¥ + ;—' =0 ()

The firstterm iz the Coriolis force, and the second is
the pressure gradient force. f is the Coriolis param
eter (1.321 x 10~ gec=l at 65°N), k ia the vertical
unit ector, V, is the geostrophic velocity vector, VP
is the gradieat of the atmpospheric pressure, and ris
the air density. Using station grid (Fig. 1), pressure
can be represented as a function of latitude (Y) and
longitude (x) on a plane surface:

By(xyy) = axy + byy + C
Bylx, y) = azy + byy + C (2

Pplz, y) = axp + byp + c
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The subscripts N, ¥, and P denote Nome, Uelen, and
Provideniya, respectively. cramersrule can be applied
to Eqs. (2) te solve for unknowns a, b, and c. Sinece
/3x = a and 3P/3y = b,. the pressure gradient (VP) can
be conputed. The geostrephic vel ocity (¥,) can now be
cal culated from Eq. (1) since f is known %nd p for dry
sir cam be estimated from station tenperatures.
Statiomerrors of $1°C (see above} in tenperature
can cause errors of 0.34%in the vel ocity [ sgnitude
since they affect p estimates. Station errors in pres-
suee Of $0. 25 mb can cause naxi num speed errors tl. 4m/s
l'and direction errors greater than £15° for wind speeds
i below 3 m/s. Therefore, at wind speeds <3[]/s, wind
directions shoul d not be considered significant.

3

" Satellite | magery
The ice-notion data came primarily from visible and
infrared NOAA 3-8 VHRR (Very High Resol ution Radioneter)
satelli te immgery. the infrared imagery was utilized
. mainly during December, January, and February when
6 daylight was minimal. fo(inimize errors due to the
i earth 'scurvature, the scale waa taken fromthe closest
|land ness. The net 24-h ice notion was neasured di-
rectly by tracking identifiable floes or indirectly by
measuring the change in ice edge location south or serth
of the Diomede |slands. AOinimum oftwo days’ imagery
ia necessary to docunent a displacement with an error
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ICE INTO CHUKCHI >20 XM/DAY ZONE

During the ice-covered nonths (Novenber through
Hay) from 1974 to1984, nearly 40%ofthe total obser-
vation days were obscured by undercast. However, the
technique outlined below based on the remaining 60% of
the data, if repreeentative, will be an all-weather,
under cast-independent predictive tool.

RESULTS WITH DI SCUSSI ON

Constructing fhe Sea |ce Myvenent_Prediction Nonbaram
Net daily sed 1ce diaplacements derived from satel -

lite imgery have been e xanmined and conpared to simul ta- ;

neous mesoscale atnospheric pressure network (MAPN)
computed V.'e to produce an enpirical nowcast nomogram
(Fig. 2). Table 1 lists sone of the events ueedin the
nonogram construction and classifies them according to
Oode (major driving force)and zone [net novenent and
direction).
are positioned in Fig.
V. (direction [ fron] and epeed as independent vari -
agles). The sma 11 center circle represents ¥,'s with
speeds less than 3 mfs, Due to neasurement ertfora and
the minimal effects on ice notion at these |ow wnd
speeds, Vg's within this circle should be considered as
approxima ely zero winds. V,(ace Table 1, definition
B for sign) represents the.i\d conponent parallel to the
assumed Strait axis, 40° from north. This axis ia
indicated by ice nuvenent direction arrows that meet in

~ | CE | NTO BERING > 20 KM/DAY !
ZONE

30 STRAIT AXIS

90

1CE | NTO BERI NG

120 ZONE
ICE | NTO CHUKCHI
ZONE

180

Fig. 2.

The Bering Strait sea ice novement prediction nomogram with Geeek and Latin letters

representing sanpl e MAPN-computed V,'S used In ita construction (eee Tabie 1). The Strait axis

ia 40° fromthe north and haa ice novenent arrows neeting in thazeoNet
center solid-line circle ia the €3 nfa wind-speed zone and it

ties >15%.

o

eyttt —

F

I ce notion Zone. The
represents direction uncertain- |

The Greek and Latin letters from Table 1 :
2 t» c:present an MAPN-computed

.



TABLE 1. Selected net sea ice movement {I) events for the Bering 8trait
plotted in Fig. 2.

W nds opposed to nor nal

ocean

2(14,15 Mar 82)

A(11 Feb 84)

(11.5 n/8 < V4o £ 16.5 N's)

M2 May 77)

I < 20 kefday Zone, (O mfs < V40 ¢ 7.5 U/a), D

T(3 May84)

1(23 Jan 82), (21 Mar 79)

w(24 Feb 82)

A10, 11 Feb 79), B(16, 17 Feb 79), €(1,2 Feb 76)

E(5 May 34), F(2,3 Har 82)

! Mode 1.  Iato Bering Sea (wind-forced),
current direction.
a. 1> 20 lon/day Zone (V4 > 16.5 mfs)
Events: Y(14,15 Apr 82),
(17 Feb 81}, A(17 Jan 83),
$(6,7 Har 78), 41(27 Dec 76)
b. 1< 20 lon/day Zone,
Events: u(1B Feb 84), X(19 Feb 83), N{(11 Hay 81)
V(22 Feb 76), W27 Eeb 79),
' Hode 2. Into Chukchi Sea (ocean current forced, weak winds oppose curreat
direction).
a.
Events: K(9 Apr 82), R(7 Dec 76),
Q(25 Feb 79),
Mode 3. Into Chukchi Sea (major forces are ocean currsst and Wind in the
same direction)
| s. 1 >20 km/day Zone, (Vap < 0 O/s), see Definition B
i below for direction. ‘'~
Eveats: G(8 Apr 82), (6 Feb S2), MN(4 Feb 82),
“ P(22 Mar 78), 0O(31 Jan S1),
11(27,28 Feb 76),
Mode &, First immobilization node,

oce  current aad wind in

opposition (respective stresses apparently in balance)

0. Zezo Net .
(7.5 mfs < Vgg £ 11.5 a/8)

Events:  J(23 Har 82),

| ce Hovemeat Zone (I

S(21 Feb 76),

9

H{24 Jan 631

L(21 Apr 81), O(1l Apr 78), P(2 Apr 78)

Def initions:

A. Vi =Yg speed conponent par al 61~ o Strait axis %0°E from north (Fig. 2). st
> 310° or < 130" > 0
B. 1£Y, direction _—4 = 310° or = 130°>V4{‘= ]
i S— 130° < Vg < 3l0° Ne< o

H
1

:

by wind-speed ranges along the V.. axis. These nemogram
zones are used to characterize three motion nodes and
one imobilization node in the Strait. A fifth node,
though not yet predictable, was a discovery of this
procedure aad will be discussed later.

Hode 1 contains twozomes of W nd-forced sea ice
nmovenent into the Bering Sea which imitially nust offset’
anorthward-flow ng ocean current (9, 13] . The thresh-
old for southward movenent. is a V4o exceeding 11.5 afs.
The bounds or V,for each zone are shown in Table 1 and
Fig. 2. The >20 lan/day Zone conditions would push an
amount Of ice into the Bering Sea sea approxi mately
equal to double the area of St. Lawence Island for five
daya. Exanples of node 1 occurred 11, 20, and 27 De-
cenber 1976, during total ice cover whea the Bering
Strait ocean current at 10 m from the bottom switched
fromnorth to south [8] . The average UAPN-computed V,

A

———

prrpe number

PLBANTL

CACKEPULLY READ RIeTL0an

during these three cases was 29 nfa from61° (¥, Fig.
2), The 27 Decenber 1976 event, with clear satellite
i magery, showed net southward Strait ice novenent of
23 km

Mode 2 includes omly one nonpbgram zone. Sea ice
novenent is northward i Nnto the Chukehi Sea, and this
Oode is ocean current dominated with mnor opposing w nd
inf lueace. The northward nmovenent represented bythe
I CE I NTO CHUKCHI ZONE with Omis ¢ V,<¢ 7.5 n's, i: aue
to a preexisting northward-flowing ocean current that
owe rpawers the weak opposing wind. A M approxi matel
60% of V4o [7.5 m's) is 4.5 mis or the W40 equivalent o
a gentle breeze. Nevertheless, the net northward sea
ice novenent is reduced to less than 20 kniday. This
current appears to be a conmbination ofresidua 1 cent ri -
butiocas {17] from the Bering Sea eide and a pernmanent
dowaward aea | evel slope [8] fromthe Bering toward the
Chukchi of sterie origin [i3].

AVTHORTE P e o
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Mbde 3 includes the I€E | NTO CHURKCHI >20 kni day
ZONE with VY49 ¢ 0. The wind and water stress are in the
sanme direction. Al wind speeds in this node produce
northward ice notion adj aceat to Norton Sound and
Chukchi sea ice inj ections of double the SLI area in
five days. However, higher wind-speed events (> 5 nfa)
“have sometimes produced | ess net Tovenent than the
| ow-wi nd- speed or current-dominated events. The nomo=
gra@ breakdown of the net daily sea ice notion into
20-km slots despite satellite inmgery displacenent
, accuracy ofxskmis a resultofthisphenomenon. This
+ indicates that opposing internal and boundary ice
'stresses may play an inportant role at higher wnd

speeda.

Mode 4 ia one of zero netice noverment, usually
lasting less than one week, with 7.5 m/fs < V4o
<11.5 nla. The primary force balance in the Strait

ares i S between the wi nd stress pushing ice. south and
the water stress pushing ice north. The relative
magni t udes of the opposing surface wind stress (t ) and
. water stress (t ) are quite conparable and add credi-
j bility to the_nomosram desizn (see Aopendix Al.

% APRI L 1983 (1200 GMT}

Fig. 3. Orographic effects on surface wnd
velocities despite a well defined isobaric
pattern (dashed |ines). The nunbers adjacent
to sites ace surface pressurxes in Ob ninus
. 1000, unless the nunber is greater tham 60,
then pressures aeio mb mnus 900. Surface
wind speeds ace ~50/a for e ach perpendicul ar

flag, ~2.5 mis for slaat flags, and ~0 for a
circle (i. e., .¥). The stations shown are
Provideniya [P], Uelea [U], Home [N],

Kotzebue (K], Point Lay (L], and Cape Schm dt
[s]. The MAPN~-computed Ve i a showa by the
arrow,

|
Using the Womogram

Sinul taneous surface-pressure snd tenperature data
from Uelea, Provideniya, and Nome for 00 and 1200 GMT
shoul d be available tothe user less than three hours
after recording at the respective stations. These data
(PN’ s R £AD be combined with Eqa. (2) to solve for
P ir gensity (p) is approxi mated using a three-
station average tenperature and the equation ofstate
fordry air, p =®/RT. P is the standard sea level
at nospheric pressure (1013.3 nmb), R is the gas constant,
and T is the absolute tenperature. The solution for VP,
p and V., can be obtained fromeEq. ( 1). The Vv, for 00
and 12007 GHT are conmbined to obtain an average Gel ocity
(V) - Once ¥, is known, the two necessary independent
vaFiables speed ‘?radi us_vector) and direction (vectorjal

——

i

angl e), can be plettedon polar-coordinate graph paper
with the gomogram's five wind speed_zones and V4o axis
super i nposed. For exanple, using data fromFig. 3,

B, = 999.4 amb, P,= 1008.0 nb, B, = 1011.3 nb, and sn
average tenperature of -5°C (n(ﬁ shown), Vv,= 23 0O/s
from S6. S'(ace arrow). Plotting this value 6() on Fig.

4 (bottom) and drawing s perpendi cul ar from the V45 axia
to X predicts oet ice novenent >20 km/day to the south.
The net ice nmovenent obtained from satellite imagery was
45 km sout h.

i
Testing the Nomogram Techni que i
1

MAPN advant ages over ot her techni ques. Figure 5
demonstrates the NAPN advantage over both pattern recog-
nitionand ¥4C synoptic analysis. A type oc¢ “relaxed” !
at nospheric pressure field has exis ved for four days, |
which from pattern-recognition auslyses [18] denotes !
probable northward ice novenent. Novever, the MAPN- :
cal cul ated geostrophic wind velocity indicates that the ,
"bra kes" are being applied to northward sea ice Oeve-
ment. The 1200 GMI, 25 Mazch 1978 V, was 11.0 mie from
75°, and the average Vv, for the ngxt 12-h period was
12.4 wfs from 68.4%. The net ice Onvenment switched from
north to 6 km south by 26 Harch.

The effects of orography are striking, even with a
wel | -defined surface pressure pattern as denonstrated on
5 April 1983 (Fig. 3). The large variations i n dicec-
tion and speed of surface winds at P, U and N are
evidence that previous attempts (7, 15] to correlate
10CS1 winda with ice novement or ocean current direction
intheir vicinity metwithlimted sucees a.

These above examples Show alse the dangers Of using
pure synoptic asalyses to derive the surface wind field.
In their most recent work [9], an error is made by
asguming t he derived surface wind field to be usi form
within 300 km ofthe Strait.

NOAA satellite imagery. Atime period having 23
consecutive undercast~ free days (6-23 April 19S2) was
chosen to test the accuracy of the MAPN aad numogrum
pradictions. _The nunbers 6-2S are April datesand
rep resent the ¥V, posi tiemscombiningcthe 00 and 1200 GHT
V.'s on those dasz (Fig. 4, bottom). If cthe wind direc~
tion changed by Dore than 90° inl12 *, and/or the change
reversed the direction of ice motion, no prediction
would be made. If any of the three network stations
failed co reportateither the 00 or 1200 GMT tine
periods, thenthe closest _ available simultaneous time
periods were used for the V. Figure 4 (tdp) Shows the
nec sea ice noverment I'n kmderived from satel -
lite imagery for the corresponding days. Allow ng for

the error beuads on the imagery (35 kn) and the
v, (£1.4 nfa), the somogram technique failed in only 2
cdges out of 23 and was 91% correct.

The first csae wes 12 April 1982 where a ¥V, of
14 O/sfrom 22° produced 36 km of actual sout hwar'g ice
nmovenent instead of the <20 km south predicted. The
second case on 25 April 19S2 had 16 km net northward sea
ice nmovenent shown on the satellite imagery. The HAPN
VG of 10,2 mfa from 31.4° predicted zeronet notion.

Buoy drift dats. The nonpgram rechnique was ap-
plied in hindcast fashion to recenttuey drift data in
the Strait area[19). Though this data isofa differ-
ent type than the satellite inmagery, the MAPN prediction
was correct for 33 of 39 days or ~85%. The present HAPN
does not include corrections for conditions of rapidly
changi ng atnospheric pressure (isallebaric effect) or
cases Wwhere tbe isobaric radius of curvature is less
than 300 km [20i. These refinements can be built into
t he windevelecity cal cul ation and onapplication to the
nomogram appear to increase the accuracy ~5%.
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Fig. 4. Satellite imagery derived ice displacenent (top) compared to HAPN V ' s for 6-28
April 1982 plotted with corresponding day numbers on the ses |Ce novement Pﬂdlﬁ-ion nomo
gram (botton). The Dunber positiona represent wind velocity vectors whose V49 conponents
define the daily predicted ice novement zone. X is .s sanple Vg calcul ated from surf ace
prassure dats in Fig. 3. Drawing a perpendicular line from X:Bo t e Strait axis results in
aVao = 22 mfs. This ia the Ice Into Bering >20 knlday Zone.

oy arches fornmed, it appears that it wasnot cold enough
M%'&m_seam Arches (Hode 5) for new ice formation and tbe presence of arches prge-
The doubl'e sea ice arch represents the |onger vented resupply by ol d ice -advection from the north.
duration second node of ice immsbilizatioa. Only five These arches are not the arched fractures seen in sea
cases (a possible sixth waa noted on Laodsat Data for ice during failure modes [2, 7] but evidently represent
5 April 1976) have been found in 11 years of sea ice strong inpedinenta to southward sea ice movenent (eee
satellite data. A photograph Oade froma satellite  Appendix B for details). Aa evidence of the lack of
imege (Fig. 6) taken 5 Hay 19S50 shows the characteristic fractures in theiee canopy during the solid-arch phase,
solid, double ice arch using the tip of the Chukehi  the above (14 April to10My 1980) period represented a
Peni nsul a (Cape Dezhneva), tbe Diomede Isiands, and the halt in whal e (Bowhead} migration through the Strait

Seward Peninsula tip (Cape Wales) as anchor pointa. {Huf ford, 1954, Natiomal Wather Service, Anchorage,
Since the inmage chosen wae taken 21 days. after_the  pers. comm. ).

paye numbe /%
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The double arches were di scovered indirectly
throughfailure of the nonbgram prediction s yS tem. I N
all double-arch cases, the nomegram with )M, fromthe
HAPN predicted greater than 20 kmiday of net ice nove-
nent into the Bering for at least 50% of the arch pe-
ried. There Were several V,.'s as high as 26 mfs with
a0 ice novement. In addition, the greater than 20 mb
pressure difference iee breakout criterion {7} from Cape
Schmi dt te Neme waa exceeded at some time during all the
double<azch periods.

25 MARCK 1978 (1200 GMT)

! P
! SIBERIA.
i o L

* Fig. S. An exanpl e ofthe advantages ofthe’

| MAPN analysis over both pattern recognition
and NMC surface isobaric amslyaia  The

i station, surf ace pressure, flag, and Ve
designations ace asin Fig. 5.

' R
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A CHUKCH! PENINSULAY]
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Fig. 6.

Peninsula and in Norton Sound.

/

1ick” ane

A phot ograph made from asateliite i mage taken May 5,
the characteristic solid, double ies srch in the Beriag Strait.
| arge expanse of open water(OW) south of the Strait,

SUMMARY AND CONCLUSI ONS

The conbination of MAPN=-calculated V,'s with the
nonmogr am provi des au all-weather Bering Straitseaice
novenent nowcasting capability with an accuracy of
approximately  85%. The HABN i nprovenent aver WMC
surface pressure analyses aad pattern-recognition
techni ques haa been denonstrat ed. This study, though
met eorol ogi cal |y oriented, has also shed Iight ea ocean-
ographi ¢ phenonena.

I
Sea_Iece Movenent Hodes
~“Thres modes of iceJovenent were found. ‘The first!
is a sout hward atmosphericslly forced Covement into the !
Bering Sea requiring a V4 > 11.5 nfs to offset a pre-
exi sting north-flaw ng oceancurrent.  The second node !
is current-forced novenment intot he Chukchi Sea of f-
setting weak opposing synoptic winds (V46 < 7. 5m/s). The
third mode ia usually lagenorthward ‘ice movemeat
(>20 km/day) under the influence of southwest wi nds and
anorth-flaw ng ocean curreat.

—— e rmy

Sea Ice | nmbilization Modas

There were two ice immobilization nodes found in
the Strait. The first is an apparent bal ance between
wind stress fromthe north and a. current-induced water
stress from the south. This node is short term usually
lasting less than one week. The second node. wasfound
only5times in 11 years. Double, solid sea ice arches,
nade possible by the Diomede Islands anchoring their
Oiddle colum, weethe apparent cause. A theoretical
estimate of the double-arch strength ahowed the ability
to withstand the V,'a generated during the arch pe
riods. This |longer-period immobilizaticm npde (upto
four weeka) can hinder spring whale nmigration into the
Chukchi and sid in opening up the region bel ow the
Straitas wel | as Narten Sound.
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APPENDIX A estimated by conparing the arches in Fig. 7 to the insee

draw ng. The span width (2A) of the arch fromehe
Conparison _of Wnd (ta) and Water (tw) Stress Di onede Islands to the Seward Peninsula is 43" km and
from ehe Chukchi Peni nsul a to the Diomedesis 37 km
=9, c (u L (A1) The width of the Diemede |sland bl ockage zone is 7 kam
2 [1]. The e astern arch (Diomede Is lands-Seward Penin
= p G UL (42) sula) has a 8 ~ 80° while the western arch (Diomede
wwo v Islands-Chukchi Peminsula) is oore irregular with an
where (using values typi cal of the Strait conditi ons) average 9of~80° alse. FromEq. (B1)
p_ = density of dry air at -20°C ~ l.bkg/m3 8 =N/ + ¢/2 (31}
G, = 10 mdrag coefficient [21] for air/water where ¢ = angle of intermsl friction
«3 X 10“3 = Fig.
U = average wind speed in the Zero Net Ice Motion © = see Tig. 7
Zone ~10 a/s ¢ ia estimted as 70° for both archea. Next E
. : : 9. (B2)
T, B ratio of gurface wl.n_d speed (10 m) to t_he used to sal ve fortas defined by Eq. (83).
cal cul ated geostrophic w¢ nd ~0. 6 for arctic
conditions [22] A= -3 + ein 52
p, & density of water at 0°C ~ 1 x 10°kg/m? . 1 a ®) (52)
C =2 mdrag coet‘f’ment (23] for ice/water °
W
~ 16 x 1 t=p ov? (83)
U, @ current speed due only to tidal residuals ism
the Bering Strait area ~0.10/s [37]) . This Here [2}:
assumes that the usual seasurface slope =i
downward te the morth (8, 13] driving the mean Az half a ;
) . s 2 Az pan width (m
flowisall bait elimnated by a V4 of 10 m's. ¢ scohesivestrength (N m
=

; 2
After inserting these values in Eq. (Al) and Egq. (A2): t ?\?\,,t nd“;ﬁff v\g?;r usntl rteszr iﬁnb,“:]/&))
~ o P Smaaa density of nedium (kg/m?)

T, = 615 Nm; ¢.=0.16 Nni C = drag coefficient (unitless )
Vzwnd velocity (nfa)
APPENDIX B

. . “Cohesive strength (c) for Amundsen Charnel (Beau-
Estimating Acch Strengths fort Sea, June) sea iCe iN a solid arch was estimated

Work by Sedhi [ 2_]| will be used to show the reason :
for double arch existence despiee the stroag MAPN Wi nda. [f;clm qu_.héBZn)etansduEgs. ((%3‘) Z:;pfiildl :.Jorethti(; 2?&199(322‘:?
Figure 7 ia an enlargement of the Strait area from & . ;erass assumed) was cal culated using a typical
Fig. 6. The dashed curves differentiate the sea ice 10-mair-ice drag coefficient of 1 X 10 ‘for C and

arches from t he ecoastal boundaries and the dark areaa local winda for V. Recent Bering Sea work [Q shows C
are open water. The singl e-arch stresgthcan be » - el

23

FREE ARCH °

* CHUKCHI
PENINSULA

" —— - 12
Fig. 7. An enlargement of t he Straitareataken from weFig. 6 photograph.

The dashed curves show the actmal “sea ice arches to avoid confusion with |and

boundaries. The large dark area i S openwater. Theinset (cop) isasketch of

an idealized free arch ahowing the apan width (2A) and the angle (8) between

the horizontal and tangent te the free surface.
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to be three times the Sodhi [2] estimate resulting in
¢ = 5979 N/mast he cohesive strength of sea ice at
faglure. Givem this ¢, gakiag ¢ = 70°, and A ~ 20 x
10~ m (dolible axches) and substituting into Eq. (B2), t
(aee) = 0.58 N/m?.

Remenberi ng  that waterstress generally opposes
wind northerly stress ; T is estinmated to be -0.16 Nni
from Eq. (A2). The air s'f.:enta ia calculated from Eg.
{B4):

TEY P, (B4)
Therefore T, = (0.58) = (-0.16) = 0.74 N nr.
i Hencefrom Eq. (A1)

U = 23 m/e = V40 On the nonogram axis.

a

v, converts [22}) to a surface wi nd speed of13.8
of/s. This speed occurs less than 10%of the tinme {24]
at Tin City (near Cape Wales, Fig. 1). The estimted
V4o value of 2301a is close ta the Oaximum V49 of 26
m/s calculated for three of the arch cases. The
cohesive-strength estimate used here could have been
slighely larger since no evidence of areh breakup dugping
the these wi nds existed. The observed manner of double
arch destruction ia a relaxation of the aertherly w nda
and a switch to pure water stress orcombined W nd and
water Stress from the south.
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